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INTRODUCTION 
 

This Proceedings of papers consists from full papers from the International conference "Information 

technology and development of education" - ITRO 2021, that was held at the Technical Faculty 

“Mihajlo Pupin” in Zrenjanin on November 26th 2021.  

The International conference on Information technology and development of education has had 

a goal to contribute to the development of education in Serbia and the Region, as well as, to gather 

experts from natural and technical sciences’ teaching fields.  

The expected scientific-skilled analysis of the accomplishment in the field of the contemporary 

information and communication technologies, as well as analysis of state, needs and tendencies in 

education all around the world and in our country has been realized. 

The authors and the participants of the Conference have dealt with the following thematic areas: 

- Education in crisis situations 

- Educational challenges 

- Theoretic and methodology questions of contemporary pedagogy 

- Digital didactics of media 

- Modern communication in teaching 

- Curriculum of contemporary teaching 

- E-learning 

- Education management 

- Methodic questions of natural and technical sciences subject teaching 

- Information and communication technologies 

All submitted papers have been reviewed by at least two independent members of the Science 

Committee. There were total of 94 authors that took part at the Conference from 12 countries, 3 

continents: 52 from the Republic of Serbia and 42 from foreign countries such as: Macedonia, Bosnia 

and Herzegovina, Hungary, Slovakia, India, Bulgaria, Rumania, Albania, USA, Canada, Malaysia. 

They were presented 49 scientific papers.  

 

The papers presented at the Conference and published in Proceedings can be useful for teachers while 

learning and teaching in the fields of informatics, technics and other teaching subjects and activities. 

Contribution to the science and teaching development in this Region and wider has been achieved in 

this way.   

The ITRO Organizing Committee would like to thank the authors of papers, reviewers and 

participants in the Conference who have contributed to its tradition and successful realization. 

 

 

 

Chairman of the Organizing Committee 

Snežana Jokić, Ph.D, Ass. Professor 
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Importance of Learning SOA in Modern GIS 

Lectures 

 D. Sladić*, A. Radulović*, M.Zarić*, B. Markoski**  

* University of Novi Sad, Faculty of Technical Sciences, Novi Sad, Serbia 

** University of Novi Sad/Technical Faculty Mihajlo Pupin, Zrenjanin, Serbia 

{dudab, sanjica, miroslavzaric, markoni}@uns.ac.rs 

 
Abstract – Dissemination of geospatial data has large 

importance in promoting its use to the wider audience 

rather than the narrow group of experts. Geospatial data is 

acquired through various surveying techniques and 

technologies such as GNSS, LiDAR, remote sensing, 

photogrammetry, etc. However, to promote its use and 

make it publicly available, modern Web technologies are 

used. To bridge the communication gap between the two 

group of domain experts (geospatial and web) it is necessary 

to develop a methodology which will connect these two 

areas. The aim of the paper is to demonstrate a theoretical 

framework and a stack of technologies necessary to adopt 

the basic concepts of web development domain in the field of 

geoinformatics and AEC in general. The case study is 

demonstrated on the student project performed in the 

curriculum at the Master studies of Geodesy and 

Geoinformatics, University of Novi Sad.  

I. INTRODUCTION 

While Web development is well known to the 

experts and students in the field of computer science 

and software engineering, it is relatively unknown to 

the experts from the field of geodesy and AEC 

(architecture, engineering and construction) domain 

in general. The purpose of introducing basic 

concepts and technologies of the Web development 

to the geodetic audience is to fill the knowledge and 

communication gap between these two groups of 

experts. Domain experts are more competent in 

perceiving the requirements in terms of data 

dissemination and presentation but lack skills to 

perceive the process of development and 

possibilities of the technologies underpinning the 

entire process. On the other hand, IT experts lack 

knowledge about the domain and its potential needs. 

This way, a vast amount of potential uses of 

geospatial data is lost. Many years of experience in 

bringing information technologies to the geospatial 

domain in the field of geoinformatics have shown 

that this approach brings results and geospatial data 

finds increasing use through the development of 

various applications. The purpose of the paper is to 

share this experience through demonstrating the 

theoretical and practical content of the course called 

Geoportals and Geospatial Services at Master 

studies of Geodesy and Geoinformatics, Faculty of 

Technical Sciences, University of Novi Sad. It also 

demonstrates how the topic is methodically 

presented and introduced to the students that are not 

very familiar with programming and informatics to a 

greater extent.  

The paper is structured as follows: after the 

introduction in Section 1, Section 2 presents 

theoretical aspect of the service-oriented 

architecture of spatial data infrastructures and 

geoportals. Section 3 presents practical approach 

that is used to demonstrate the basic theoretical 

concepts in the form of a student project. 

Conclusions and future improvements are given 

afterwards. 

II. THE ROLE OF SERVICE ORIENTED 

ARCHITECTURE IN GEOPSATIAL DOMAIN 

A. Service-oriented architecture 

Service Oriented Architecture (SOA) is a 

distributed computing architecture based on weakly 

coupled service interactions in which a service 

interaction model shows the interaction between 

different agents for publishing, finding, and 

invoking services. This model is also called the 

publish-find-bind model and includes publishing 

resource descriptions so that they are available to 

users, finding resources of interest based on set of 

criteria and interacting with the resource provider in 

the goal of accessing the desired resource (binding) 

[1]. Within such an architecture, a key role is played 

by a service that is a register of available resources 

whose purpose is to mediate between users and 

providers through enabling the publication and 

search of content. This allows users to dynamically 

find and communicate with the appropriate resource 

provider without knowing in advance of its 

existence. The advantage of using this architecture 

is that monolithic software applications are replaced 
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by weakly coupled services that can be reused and 

combined in different application domains. These 

services are compliant with standards so that users 

do not depend solely on one manufacturer. 

Geospatial services can be defined as modular 

applications that contain and describe themselves 

and consist of a set of operations, accessible through 

interfaces, that allow clients to invoke the behavior 

that the user wants. Clients can invoke services over 

a network using standardized protocols regardless of 

the language, object model, or platform on which 

the services or client are installed. If applications are 

created according to common interfaces, they can be 

created without dependence, before or during 

execution, on other applications or services. 

Applications and services can be added, modified, 

or replaced without affecting other applications. The 

operational flow of activities can be changed during 

execution, enabling a quick response to time-critical 

situations. This weakly coupled approach based on 

standards, can produce highly adaptable systems, 

that is, systems that can be flexibly adapted to 

changing requirements and technologies. 

Geospatial services are RESTful Web services 

[2] that implement OGC standards [3] for the 

service interface. Representational State Transfer 

(REST) is a software architecture for distributed 

systems such as the WWW [4]. Although the WSDL 

standard is intended for Web service specification 

[5], REST has taken a leading role in the field of 

geoinformation, so the OGC consortium has adopted 

it as the basis for developing OGC specifications. 

RESTful services are based on the HTTP protocol 

and use HTTP methods such as GET and POST to 

send client requests to the server in a client-server 

architecture [6]. 

SOA provides a technical framework for the 

development of Spatial Data Infrastructures 

(SDI)[7]. SDI is defined as a framework of policies, 

institutional arrangements, technologies, data, and 

people that enables the sharing and effective usage 

of geospatial information by standardizing formats 

and protocols for access and interoperability [8]. 

SDI services are part of a distributed system based 

on SOA, through the implementation of a three-tier 

architecture of a distributed geospatial information 

system consisting of three tiers: 

 Data tier - contains data in a database or file 

system. 

 Service tier - implements services that 

mediate between the data tier and the 

application tier, by accessing the data tier at 

the user's request, downloading data, 

processing (in the form of map rendering, 

data filtering, coordinate transformation, 

etc.) and delivering the result to the end 

user. 

 Application tier - a set of applications that 

access services. These applications can run 

in a web browser (so-called thin client) or 

can be desktop applications (so-called thick 

client) that have support for standard 

interfaces.  

Figure 1 shows a system that is organized as a 

three-tier service-oriented architecture. The first tier 

contains user applications that request response 

from services located in the second tier, and these 

services rely on data stored in the third tier (usually 

databases or a file system). 

 
Figure II.  Three-tier architecture 

From the user's point of view, the services follow 

the process that goes from finding geospatial data, 

through evaluation and access, to their exploitation, 

i.e. use. Finding geospatial data involves using 

services such as metadata catalogs [9] to find data of 

interest to a particular geographic region. Evaluation 

includes detailed reports, data samples, and 

visualizations (e.g., through web mapping, or simple 

vector representation of data) to help the user 

determine if such data suits him. Access involves 

ordering, packaging and delivery, offline or online, 

of the requested data (where the coordinates and 

attributes are according to the data form). Finally, 

exploitation (use) means what the user does with the 

data for their own needs. 

The geospatial data infrastructure includes 

services that help find and interact with data. These 

services are divided into three types: discovery 

services, access services and processing services. 

Search and retrieval services for geospatial 

resources include metadata catalog services. Data 

access services include raster data access services 

and vector data access services. Processing services 

include services for data visualization and web map 

creation, coordinate transformation, image 

classification and many others. All these services 

are based on the standards. For example, the 

composition of services for access to vector (Web 

Feature Service - WFS) [10] and raster (Web 
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Coverage Service - WCS) [11] geospatial data and 

visualization service (Web Map Service - WMS) 

[12] is performed to display data from different 

sources.  

In a distributed environment, users are allowed 

to use different applications, if they implement the 

same standards and connect on the same application 

layer. Such applications can be used to display and 

visualize data from a web map service and can also 

allow data to be updated and searched. These tools 

are able to connect to the server through common 

data download interfaces for visualization or 

updating. In this way, users can use a variety of 

tools without worrying about data conversion, which 

is a key advantage of a standard-based service 

approach. 

The service approach provides a number of 

advantages, and one of them is the reduction of 

development costs, because not all components are 

developed, but only those that were not previously 

developed, which promotes the reuse of components 

or services. They also allow to hide complexity, 

develop applications on already built parts and focus 

only on the application, i.e., business needs and the 

development of user applications. Only the services 

needed for a particular application are integrated, 

and if the available services are not needed, it is not 

necessary to buy or use them. End users require 

simplicity and interoperability (so-called plug & 

play access). The Web is a very heterogeneous 

environment, and the costs of building and 

achieving interoperability are high, so it is necessary 

to rely on an infrastructure built on services based 

on open standards. 

B. INSPIRE and NSDI 

INSPIRE (INfrastructure for SPatial Information 

Information in Europe initiative) is an initiative 

launched, developed, and adopted as a directive by 

the European Union on 14 March 2007, in 

cooperation with Member States and associated 

countries. The purpose of the directive is to define 

the basic rules aimed at establishing the Spatial 

Information Infrastructure in the European Union 

for the needs of Community environmental policies 

and the needs of policies and activities that may 

have an impact on the environment [13]. The basic 

components of the INSPIRE Directive to be adopted 

set out in its implementing rules are divided into: 

 Metadata - information about geospatial 

data and services, such as the topic of the 

geospatial data set, quality, origin, scope, 

etc. 

 Data specifications - harmonization of 

geoinformation with reference to content 

and position, 

 Network services - technology and 

standards under which geoinformation and 

metadata are available over the Internet, 

 Data and service exchange - conditions, 

including those under which geoinformation 

is available, 

 Monitoring and reporting - reporting and 

monitoring the implementation of INSPIRE. 

The National Geospatial Data Infrastructure 

(NSDI) represents the strategy, technologies, rules, 

standards and human resources required for the 

collection, processing, storage, access, exchange and 

optimal use of geospatial data of the Republic of 

Serbia [14]. NSDI refers to digital geospatial data 

and appropriate geospatial data services for the 

territory of the Republic of Serbia which are under 

the jurisdiction of: state administration bodies, local 

self-government bodies, public companies and legal 

entities entrusted with geodata management, use of 

data and services and provision of public services 

based on these geospatial data. The establishment of 

the NSDI includes formation of metadata for 

geospatial datasets and services, formation of 

geospatial datasets and geodatabases, formation of 

geospatial data services, networking technology. 

Maintaining NSDI involves updating data and 

ensuring the functioning of services and 

technologies. NSDI contains metadata, services and 

sets of geospatial data on cadastral parcels, 

addresses, environmental protection, hydrography, 

transport networks, administrative units, land cover, 

elevation, etc. Through this geoportal, a public 

metadata service is maintained and provides users 

with links to other services included in the NSDI, as 

well as finding, accessing and using geospatial data. 

The national geospatial data infrastructure is the 

connection and exchange of harmonized data from 

different sources from different data owners that are 

easily accessible to users via the Internet. The NSDI 

components include geospatial data, metadata, 

services, standards and the institutional framework, 

i.e. the basic SDI components. The technical 

framework (TF) of NSDI specifies basic standards 

for data and services and serves as a basis for the 

implementation of standards within the NSDI. The 

main goal of the TF is to identify the basic standards 

related to data exchange within the NSDI, the 

services offered within the NSDI and the standards 

they support. Requirements for partners for 

cooperation within the NSDI in accordance with 

digital rights management and documentation of 
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data sets and services are also presented. By 

focusing on the technical aspect of NSDI, the TF 

provides a basis for the implementation of standards 

covering NSDI. The result is a recommendation of a 

set of standards that will meet the specific 

requirements of the NSDI basis. TF follows the 

three basic pillars of INSPIRE: metadata, 

information models for geospatial data and network 

services based on the principles of SOA. Another 

important aspect is management of geospatial digital 

rights GeoDRM (Geospatial Digital Rights 

Management). 

C. Implementation Technologies 

Technical implementation of NSDI is realized 

using web development technologies. Front-end 

web development deals with that part of the site or 

web application that is displayed in the web 

browser. Front-end development refers to the 

development of web applications in which a 

significant part of the functionality is based on the 

front end. This requires a thorough knowledge of the 

JavaScript programming language. Web design is 

used to design web pages for better user experience 

and uses HTML, CSS, as well as tools such as 

Photoshop, Adobe XD, etc. Geospatial web 

applications are mainly focused on the 

implementation of the required functionalities and 

are less oriented towards web design. Therefore, the 

primary focus is on JavaScript and JavaScript 

libraries and frameworks with the necessary 

knowledge of HTML and CSS. JavaScript libraries 

and frameworks used for the development of 

geoportals are presented in Table 1. 

JavaScript libraries and frameworks 

DOM/UI 2D Geospatial 3D visualisation 

jQuery 

Bootsrap 

Angular 

React 

Vue 

...  

OpenLayers 

GoogleMaps 

Here maps 

Leaflet 

... 

D3.js 

HighCharts 

Three.js 

Babylon.js 

A-frame 

Cesium 

... 

Figure 2 shows 3D point cloud data from the 

Laboratory of Geoinformatics [15] visualized in a 

web browser, as an example of using JavaScript 

library for the 3D visualization of geospatial data. 

 
Figure 2. 3D point cloud for the city of Novi Sad 

To communicate with a backend on a remote 

server, AJAX is used to enable asynchronous 

communication with a web server. It allows reading 

data from a web server - after the page is loaded and 

updating the web page without reloading the page. 

Data is sent to a web server in the background. It 

uses a combination of XMLHttpRequest object built 

into the browser to search for data from a web 

server and JavaScript and HTML DOM to display 

or use data. AJAX allows websites to be updated 

asynchronously by exchanging data with the web 

server behind the scenes. This means that it is 

possible to update parts of the web page without 

reloading the entire page. Format used for data 

exchange between client and server is JSON. It is a 

text, written in JavaScript object notation. It is a 

universal format on the web. When data is 

exchanged between a browser and a server, the data 

can only be text. Hence the JSON is text. Any 

JavaScript object can be converted to JSON and sent 

to the server. The JSON obtained from the server 

can be converted to JavaScript objects. This way, 

we can work with JavaScript objects, without 

complicated parsing and translation. Geospatial 

extension of JSON called GeoJSON is a format for 

encoding various geospatial data structures. 

GeoJSON supports the following types of geometry: 

Point, LineString, Polygon, MultiPoint, 

MultiLineString, and MultiPolygon. Geometric 

objects with additional properties (attributes) are 

called Features, while classes of feature objects are 

called FeatureTypes. Feature sets of the same class 

are contained in FeatureCollection objects. 

Back-end web development deals with the 

business logic that runs on the server and 

communicates directly with the database, while 

giving the client side an interface to access that data. 

It covers a wide range of technologies, from the 

script that runs the contact form on the site to some 

of the most complex software systems. It uses 

programming languages such as Java, .Net, Python, 

etc. and development environments such as Spring 

TABLE I.  JAVASCRIPT LIBRARIES AND 

FRAMEWORKS 
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Boot, relational databases and SQL, object relational 

mapping such as Java Persistence API (JPA), etc. 

III. DEVELOPMENT OF A4GEO GEOPORTAL 

A case study related to the education in the field 

of SDI and Geoportals will be shown on the 

example of the development of A4GEO geoportal 

that is implemented as a student project in the 

course called Geoportals and Geospatial Services at 

Master studies of Geodesy and Geoinformatics, 

Faculty of Technical Sciences, University of Novi 

Sad. The implementation is based on three-tier 

architecture shown on Figure 2. 

 
Figure 3. Three-tier architecture of A4GEO 

project 

A. Database development 

Data tier is implemented using 

PostgreSQL/Postgis relational database management 

system. It uses SQL which is a standard language 

for storing, querying and retrieving data from a 

database. It is intended for data management in 

relational database management systems. It includes 

data insert, queries, updating and deleting, creating 

and modifying schemas, as well as data for access 

control. SQL is a relational query language. It is 

uniform, because all data and results of operations 

are presented in the form of a table. 

 

Cadastral datasets are loaded into the 

PostgreSQL to form cadastral database. Cadastral 

database contains two parts: alphanumeric and 

graphic part. Alphanumeric dataset contains plain 

alphanumeric data about properties, rights (such as 

ownership rights) and right holders. Graphic dataset 

is a cadastral map. It contains 2D representation of 

parcel and building boundaries (polygons). This 

geospatial data can be stored in shapefiles or Postgis 

database (geospatial extension of PostgreSQL). 

B. A4GEO Back-end development and Rest 

services 

A4GEO project uses two different solutions for 

the back-end development. To access and visualize 

geospatial data of cadastral maps an open-source 

solution GeoServer [16] is used. It is used to deliver 

geospatial data through WMS and WFS interface. 

GeoServer is an open-source server for exchanging 

geospatial data which publishes data from all 

important spatial data sources using open standards. 

It supports OGC WMS, WFS, WCS open standards. 

Its main goal is interoperability. 

Alphanumeric data is accessed through Rest 

services developed in Spring Boot environment 

[17]. The Spring environment provides a 

comprehensive model for programming and 

configuring modern Java-based business 

applications on any type of executive platform. 

A key element of Spring is infrastructure support 

at the application level. Spring focuses on the 

structure of business applications so that teams can 

focus on business logic at the application level, 

without unnecessarily dealing with specifics of the 

execution environments. Spring Boot goes a step 

further by allowing easy development of Spring-

based applications that can "just run", with minimal 

configuration, which makes very easy to setup the 

project. Spring also simplifies work with rest 

services that send data in JSON format. Object-

relational mapping is also used to avoid writing 

SQL and accelerated the process of development. 

Java Persistence API (JPA) is a Java API that 

enables the management of relational data (data 

from relational databases) in object-oriented 

applications written in the Java programming 

language. It supports basic CRUD (Create / Read / 

Update / Delete) operations.  

C. A4GEO Frontend 

A4GEO frontend is developed in an Angular 

framework [18]. Angular framework uses Angular 

CLI, a command line tool for managing the 

application development cycle in Angular. CLI is 

used to create the initial file system of the Angular 

project and supports all phases of the development 

cycle, including development, testing, build 

versioning, and deployment. Angular Material 

contains components for developing a graphical user 

interface for Angular. Angular Material consists of a 

set of components that implement common patterns 

of user interaction according to the Material Design 

specification. It consists of the common graphical 

user interface elements such as menu, button, table, 
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data entry forms, etc. Figure 3 shows a print screen 

of the user interface to access and manipulate 

alphanumeric cadastral data about rights and right 

holder stored in a cadastral database. 

 
Figure 4. Alphanumeric cadastral data 

Geoportal is realized using OpenLayers an open-

source JavaScript library for working with 

geospatial data. It uses Geoserver as a backend to 

retrieve and display data in OGC WMS, WFS and 

WCS format. OpenLayers can display raster maps, 

vector data and markers loaded from any source. It 

was developed with the aim of promoting the use of 

geospatial information of all kinds. Using npm 

install ol command, OpenLayers library can be 

easily installed and integrated in the project. It is 

also necessary to install (npm install proj4) Proj4js 

JavaScript library [19] that supports all the 

coordinate systems and projections including 

coordinate system and projection for Serbia (EPSG: 

32634 - WGS 84 / UTM zone 34N - Serbia). Figure 

5 shows cadastral map data on the developed 

geoportal as part of A4GEO web application. 

 
Figure 5. Geospatial vector data (cadastral map) 

IV. CONCLUSION 

The paper described the basic theoretical 

concepts and practical work related to the field of 

SDI and geoportals and geospatial services that is 

used in education. The experience gained through 

the years of implementation of this curriculum 

showed the good results in increasing awareness of 

geospatial data sharing and technologies that enable 

this. Although, experts and students in the field of 

geodesy and geoinformatics are not familiar and 

prone to programming and informatics in general, 

acceptance of the newly gained knowledge and 

skills showed excellent results not only in studies, 

but in further professional career, too. 
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Abstract - In the analysis of the results of distance learning 

programs, which arose from the Covid-19 pandemic, we 

paid much attention to the technical and methodological 

aspects, but little heed was given to the social and societal 

elements. This study explores these aspects through some 

distinct examples and country-specific experiences in light 

of international reports and research results. It also 

addresses indicators such as access to the appropriate 

devices and the Internet, as well as other social aspects 

related to distance learning. 

I. INTRODUCTION 

The constantly evolving products and solutions 
of digital technology cause many problems and 
often provoke debates in society, but their presence 
in the educational process is almost unquestioned 
today. Indeed, for young people growing up in the 
21st century, ICT and the Internet are now clearly 
part of the education system, and most institutions 
(notably in the higher education sphere) are 
unimaginable without digital technology (Buda & 
Czémán, 2021). 

The coronavirus pandemic has resulted in a new 
social and, at the same time, new educational 
situation in the countries of the region, which has 
been resolved in various ways. Traditional contact-
based education has been discontinued and was 
replaced by online instruction. Also common is that 
numerous digital curricula have been produced 
during this period, and significant databases have 
become available. In addition, many online 
platforms (such as a significant number of test 
builders) have made their previously premium 
services available free of charge. 

As a result of the Covid-19 pandemic, social 
conditions around the world have changed radically 
in a short time.  In addition to social conditions, 
education was significantly affected by this global 
pandemic. A large number of educational 

institutions closed down, and the only option for 
continuing education became emergency remote 
teaching - ERT (Bozkurt & Sharma, 2020; Hodges, 
et al. 2020). According to visualized UNESCO 
(https://en.unesco.org/covid19/educationresponse) 
reports, April 2nd saw one of the highest amounts of 
school closures, when 84.8% of the total enrolled 
learners’ institutions had been closed either partially 
or completely. At this time, this process affected 
1,484,712,787 learners and led to 172 countrywide 
closures in 210 countries. In this situation, due to the 
circumstances, the transition to distance learning 
was not a result of pedagogical innovation, but 
rather an emergency response. Nonetheless, some 
institutions have handled the situation successfully, 
and in many cases, even created a more efficient, 
interactive and learner-centered educational 
environment. In several instances, however, these 
emergency solutions were not based on well-
thought-out strategies. Our view is that the teacher’s 
system, along with that of the effectiveness of the 
tasks sent via e-mail doesn’t fall short of the 
expected efficiency and interactivity (Molnár, et al., 
2000). 

Internet service providers were not prepared for 
the sudden surge in demand, and people living in 
smaller settlements could experience the 
disadvantages of the insufficient penetration. The 
communication platforms (e.g. Zoom, Skype, 
Webex, Moodle, GoToMeeting, BlueJeans) were 
not always able to respond immediately to the 
demand, which complicated online education even 
further. The electricity consumption of the 
population has also increased, and in some countries 
it was not always possible to ensure a stable power 
supply. Therefore, power cuts caused a lot of 
inconvenience both for students and teachers 
(Oyedotun, 2020). 

mailto:zsolt.namesztovszki@magister.uns.ac.rs
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As an online survey of 59 countries reflects, 
almost all (87 percent) of education systems 
reported that unequal ICT access at home was a 
problem when introducing emergency remote 
education – ERE (Bond, 2020; Manca, et al., 2021). 
In addition, inadequate internet infrastructure (for 62 
per cent) and electricity infrastructure (for 28 per 
cent) was also a problem (United Nations, 2020a). 

II. SOCIAL ASPECTS OF EMERGENCY REMOTE 

EDUCATION DURING THE COVID-19 PANDEMIC 

While the methodological and technological 
solutions related to instruction during the pandemic 
have been subject to several research efforts, a 
smaller emphasis was placed on the respective 
impact on micro-communities of educational 
institutions along with the given socialization 
process. 

Opportunities for students from lower-income or 
rural households were most often affected, but there 
were also significant differences between countries 
and regions. While less than 15 per cent of students 
in Western Europe and North America had no 
internet access at the time of the study, the 
proportion was as high as 80 per cent in sub-Saharan 
Africa. This lack of access precluded the students 
concerned from online distance learning (Giannini, 
2020; UNESCO, 2020; UNICEF, World Bank, 
2020). 

Large numbers of students were deprived of the 
opportunity for directed learning along with being 
excluded from a part or a full spectrum of their 
regular social context. The elimination of interaction 
with teachers along with direct communication with 
peers were considered among the greatest losses 
(Espino-Díaz, et al. 2020; Ferri, et al. 2020).  

Since face to face meetings in the physical space 
were cancelled the resulting lack of personal contact 
with fellow learners and instructors precluded any 
opportunity to gain shared experiences. Thus 
existing social connections could not develop while 
very few new contacts were established. This is 
especially true for those who started their studies 
during the implementation of emergency remote 
teaching programs.  Such students could hardly or 
not at all enjoy the feeling of attending an 
educational institution, and were not able to learn 
the respective written or unwritten rules, or become 
familiar with the given traditions. Consequently, a 
sense of belonging to a community was not 
developed either.   

Furthermore, another group was significantly 
impacted by the lockdowns. Accordingly, institution 
closures compelled students just starting 
independent living away from their families 

according to their own pace to return to the home of 
their parents.  Reintegration into the original family 
context, the loss of independence gained during 
participation in traditional face to face instruction 
coupled with the restricted personal freedom meant 
added difficulty.  

In addition to the obstacles to children's 
socialisation in their peer group, the lack of a 
school's childcare function was a problem for many, 
as there was also the need to care for children who 
remained at home. This meant not only childcare but 
also the provision of meals; the closure of schools 
meant the loss of school meals. In the first months 
of the epidemic, 370 million children in 195 
countries were affected, while hunger and 
malnutrition among the most disadvantaged 
increased (United Nations, 2020b). After the first 
shocks school meal programs were reorganized in 
several countries, but governments experimented 
with the introduction of meal vouchers and food 
packages as well. Furthermore, financial assistance 
was introduced in certain countries (Bárcena, 2020).  
From the students’ point of view this approach has 
proven to be the least effective as in such cases there 
were no guarantees that the funds were used 
according to the original intent. Occasionally, 
despite the goodwill and helpful intentions, the 
given problem was made worse as impassioned 
disputes about the use of the monies increased intra-
familial tension. Long term lockdowns, social 
isolation, restriction of cultural and recreational 
activities, the financial and professional uncertainty 
experienced by the parents along with the concern 
of older students for the health and wellbeing of 
themselves and their loved ones, or worries about 
the potential loss of a family member or friend were 
significant sources of stress.  The inability to cope 
with the resulting tension exposed children to 
physical, emotional, or sexual abuse in addition to 
being victimized by domestic violence. The 
implementation of curfews and functioning 
difficulties of the warning mechanism built in the 
child protection system further deepened the crisis. 
Moreover, due to the lack of personal contact, the 
warning signs could not be recognized in the greater 
vicinity of potential victims.   

III. CONCLUSIONS 

The availability of direct experience 
notwithstanding, the impact of the remote teaching 
programs implemented in response to the pandemic 
cannot be fully assessed. One of the main 
conclusions is that regardless of the return to the 
regular face to face teaching schedule certain 
students are reluctant to resume learning within 
traditional contexts. The potential causes include 
reluctance toward any social contact on the part of 
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parents or children excessively concerned about 
contracting the disease and many students, 
especially those whose prolonged stay at home led 
to significant weight gain, are afraid of being 
victimized by bullying or harassment by their peers 
again. A high number of students are concerned 
about academic failure due to the educational lag 
developed as a result of the lockdown and the fear 
of their inability to make up for the given losses.  

Several research results confirm the formation 
of the learning gap during the implementation of 
remote teaching programs. Engzell and colleagues 
have investigated changes in the knowledge levels 
of Dutch primary school pupils during emergency 
remote education (Engzell et al., 2020). The national 
examination results of about 350,000 Dutch students 
in mathematics, spelling and reading comprehension 
in the first half of 2020 were compared with the 
examination results of the three years prior to 2020. 
They found that students acquired around 3 
percentage points less knowledge during the first 
pandemic wave than they did in the same period in 
previous years. This is equivalent to about one fifth 
of a school years’ worth of knowledge, meaning that 
students made little or no progress with the 
curriculum during the period of absence. It was also 
shown that the negative impact was not uniform 
across pupils; the fallback could be up to 55% 
higher for children of parents with lower levels of 
education than for children of more educated parents 
(Buda & Czémán, 2021). The discrepancy mainly 
results from the differing ability of families to 
compensate for the cessation of school or the loss of 
direct instruction. Having studied the extent of 
support provided to Spanish students of lower 
secondary level schools by their families Bonal and 
González identified significant differences related to 
the educational background of the parents. Families 
with lower qualifications or educational level had 
fewer resources and lesser knowledge to help their 
children in completing their school assignments as 
compared to the greater level of assistance given by 
their more educated counterparts. (Bonal & 
González 2020).  

Other research results (Hammerstein, et al. 
2021; Kuhfeld, et al. 2020) further confirm the 
negative impact of the knowledge gap emerging as a 
result of online or remote instruction while 
quantifying the respective influence on the economy 
as well. According to an OECD report issued in 
September 2020 the academic loss or learning gap 
related to the implementation of remote learning 
programs is irreversible and its economic impact 
implies that students experiencing the lockdowns 
can expect a 3% decrease of their overall income 
during their lifespan. (Hanushek – Woessmann 
2020). 

Consequently, the implementation of remedial 
programs or schemes aimed at eliminating the 
respective academic gap and preventing dropping 
out, especially for marginalized groups, is vital. 
Since learning programs utilizing digital solutions 
are expected to gain increasing prevalence in the 
future the educational environment of disadvantaged 
families should be improved both by providing 
appropriate infrastructure and devices along with 
educational support materials and instruction 
manuals (United Nations 2020a). Such methods and 
solutions should be developed, which enable 
students not only to acquire knowledge effectively, 
but to maintain intensive contact with peers and 
teachers while improving their social presence. 
Potential solutions include interactivity and 
cooperation based teaching and learning methods, 
such as differentiated group work, experience-
oriented teaching, and gamification-based content 
i.e. digital escape rooms (Molnár-Orosz, 2021). These 
technologies and the wide scale utilization of the 
given methodological options provide the direction 
for the development of remote learning schemes in 
the future.   
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Abstract - The emphasis of this paper is on the perception of 

teaching during the Covid 19 pandemic. The subject of the 

research was presented through the definition of the most 

adequate type of teaching online. The research was 

conducted in the period when the virus - covid 19 first 

appeared (2020). The sample consisted of students from the 

Technical Faculty in Zrenjanin (N = 83). The results of the 

research showed the extent to which students believe that 

online learning is represented in the Republic of Serbia, as 

well as which software is most used. 

I. INTRODUCTION 

The motivation for this work was the sudden 
pandemic that is present in the Republic of Serbia. 
The term "e-learning" is one of the most widely used 
syntax processes today in modern education around 
the world. Various definitions of e-learning are used. 
E-learning is a methodology by which "teaching 
content or learning activities are delivered using 
electronic technologies"[1]. E-learning involves the 
application of different forms of information and 
communication technologies in the education 
component in order to improve the quality of learning 
[2]. The role of blended and online learning, 
including ‘flipped learning’ as well as the use of 
various learning management systems or ‘platforms’ 
in tertiary education is the subject of much 
examination amongst scholars. There is growing 
interest in the way that online or cloud-based tools, 
and pedagogy implemented to support such tools, 
might generate greater participation and interaction 
between students, and between students and their 
teachers in tertiary education [3].  

This paper’s structure consists of several sections. 
The Research methodology section explains the 
research problem, research goal, research questions, 
hypothesis, place and method of research and sample. 
The next section is something about online learning 
platforms. The results of research are presented in 
next section. The Final sections are discussion and 
conclusions.   

II. THEORETICAL BACKGROUND 

E-learning is a modern method of teaching and 
learning in academic and other institutions that takes 

place with the help of information and 
communication technologies (ICT) where the learner 
is at the center [6]. 

“Higher distance education offers a scenario for 
the development of teaching-learning processes 
through educational platforms and their 
functionalities for didactic communication, mainly 
online forum [4]. ”The learning platform is a way of 
structuring the instruction that fosters optimal 
organization of content and interaction with students, 
and it is used by most of the Universities. Teaching 
must take advantage of virtual environments and 
adapting the discourse to the uniqueness of the virtual 
environments complexity. Learning platforms have 
been presented as virtual scenarios that promote 
educational innovation and professional 
development, more focused on the model of 
educational personalization, with emphasis on 
cooperation. [4]. The key elements of a new 
technological education platform are: a massive open 
online course (MOOC); learning management 
systems (LMS); the ecosystem of support for a new 
education; a new education infrastructure [5]. The 
utilization of technology improves the quality degree 
of learning and teaching. One of the most used e-
learning platforms is Google Classroom. Google 
Classroom is developed by Google for academic 
purposes that support a blended learning platform. 
This application is so simple to use, does not take too 
many spaces on the smartphone's memory and help 
teacher and student keep on the lesson's track. Google 
Classroom allows teachers to spend more time with 
their students and less time on the paperwork, and it 
is now even better. Google's latest announcement 
brings new functionality to Google Classroom. 
Included in the new functionality is the ability to add 
more than one teacher, as well as to preparing for 
classes in advance as well [7]. Technology has 
facilitated language learning by introducing 
platforms for educational purposes. These platforms 
are also known as Online Management Learning 
Systems (OMLS) or Course Management Systems 
(CMS). These systems allow students to connect in 
groups or individually. These platforms help the 
students to get access to lectures through handouts or 
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videos. These platforms can help teachers to publish 
activities and tests for their students and assess them. 
Some of these platforms are commercial like 
Blackboard, and others are free and provide open-
access for both the teacher and his group like Moodle 
[8]. Moodle is a free learning management system 
that enables you to create powerful, flexible, and 
engaging online learning experiences. Moodle is 
designed to support a style of learning called Social 
Constructionist Pedagogy. This style of learning is 
interactive. The difference between a traditional class 
and the social constructionist philosophy is the 
difference between a lecture and a discussion. 
Moodle enables to add six types of interactive course 
material. This is course material that a student 
interacts with, by answering questions, entering text, 
or uploading files: 

• Assignment (uploading files to be reviewed 
by the teacher and/or students) 

• Choice (a single question) 

• Journal (an online journal) 

• Lesson (a conditional, branching activity) 

• Quiz (an online test) 

• Survey (with results available to the teacher 
and/or students) [9] 

Moodle also offers five kinds of activities where 
students interact with each other. These are used to 
create social course material: 

• Chat (live online chat between students) 

• Forum (you can choose the number of online 
bulletin boards for each course) 

• Glossary (students and/or teachers can 
contribute terms to site-wide glossaries) [9]. 

Figure 1. shows how the respondents answered 
the question “How online learning can improve 
teaching?”.The answers were as follows: student 
grupe work on joint projects (26), by hiring 
professors to pay attention to the work and progress 
of students (41), by providing additional activities to 
students in accordance with their interest (35), using 
digital tools for interactive teaching and online 
learning (32). [10] 

 
Figure 1. How online learning can improve 

teaching [10] 

III. RESEARCH METHODOLOGY 

Research is conducted upon the methodology 
presented as follows: 

1. Research goal- The goal is to determine which 
online learning platforms the student uses 
during online teaching. 

2. Research questions: 

RQ1: Which online learning platforms did you 
use during online classes? 

3. Hypothesis:  

Respondents claim that it is best to use Google 
classroom when teaching online. 

4. Place and method of research – The research 
was conducted at the Technical Faculty at 
Zrenjanin by dividing the survey trough social 
networks. 

5. Sample –The survey was conducted in the 
period from 20.04.2020 to 26.04.2020 where 
the respondents were 83 students from the 
Technical Faculty in Zrenjanin. 
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IV. EMPIRICAL RESEARCH RESULTS 

AND DISCUSSION 

Table 1 shows a sample of students by age. 

TABLE I. Years of students on scale 

Years on scale 19-25 26-30 

Number of students 79 4 

The survey was completed by 79 respondents 
studying at the faculty in Zrenjanin. Most are aged 
19-25. 

Table 2 shows the year of study of the 
respondents. 

TABLE II. Years of study 

Years of 

study First Second  Third  Fifth 

Number of 

students 39 13 12 12 

A small number are older than 26. The 
respondents were from all years. In the first year there 
were 39 respondents, in the second 13, in the third 12, 
in the fourth seven and in the master 12 students. 

Table 3 shows the area of study. 

TABLE 3.  Department 

Departmen

t 

I

T 

Mech

anical 

engin

eerin

g 

Mana

geme

nt 

Engin

eerin

g 

Oil 

and 

Gas 

Clot

hin

g 

engi

neer

ing 

Envir

omen

tal 

engin

eerin

g 

Number of 

students 

4

8 
6 5 12 7   

The students were from several fields: IT (48), 
mechanical engineering (6), oil and gas (12), clothing 
engineering (7), environmental engineering (5) and 
Management Engineering (5). 

Picture 2 shows the online learning platforms that 
students use. 

 
Figure 2. Online learning platforms  

To the question of which online platforms 
students use, there were different answers: Google 
classroom (43), Moodle (7), Zoom (1), Kahoot (1), 

Udemy (1), others (35) said that they use none. 
Suffice it to conclude that students used a small 
number of online learning platforms. 

The survey was completed by 79 respondents 
studying at the faculty in Zrenjanin. Most are aged 
19-25. A small number are older than 26. The 
respondents were from all years. In the first year there 
were 39 respondents, in the second 13, in the third 12, 
in the fourth seven and in the master 12 students. The 
students were from several fields: IT (48), 
mechanical engineering (6), oil and gas (12), clothing 
engineering (7), environmental engineering (5) and 
Management Engineering (5).To the question of 
which online learning platforms students use, there 
were different answers: Google classroom (43), 
Moodle (7), Zoom (1), Kahoot (1), Udemy (1), others 
(35) said that they use none. Suffice it to conclude 
that students used a small number of platforms. 

V. CONCLUSION 

Online learning as one of the forms of e-
education, is full and massive in Serbia received 
practical application during the COVID 19 
pandemic. In e-learning, students can determine the 
pace, place and time of learning, which is also a 
significant advantage of this type of education. This 
kind of learning is significant cheaper than classical 
teaching, the quality of education is at a higher level, 
time the savings are great, and a large number of 
students can be educated in a short time. The results 
of the research show that Google classroom is mostly 
representative software for online teaching. On the 
basis of which we can say that the hypothesis was 
comfired. It would be necessary to investigate 
whether professors manage during online classes and 
to see which platform they like to use for teaching, 
etc. 
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Abstract – A pandemic COVID-19 virus has been declared 

in Serbia due to which it was necessary to suspend 

temporarily direct educational work in primary and 

secondary schools because of the epidemiological situation.  

Government of the Republic of Serbia has temporarily 

suspended the immediate teaching in higher classes in 

schools, which doesn`t mean that the educational work with 

students has been also suspended. The Educational work 

has been continued in schools for the students from the first 

to the fourth grade in elementary schools, while it has been 

continued through distance learning with the older classes. 

In addition to numerous definitions which describe the 

distance learning, it can most simply be defined as a process 

of exchange of data and information between the students 

and their professor via the Internet realizing the educational 

work. The aim of this paper is to bring the concept of 

distance learning closer and to explain its significance and 

the platforms through which it can be realized. Considering 

the selected subject research within the set thesis, the main 

empirical goal of the research is to show how much distance 

learning has managed to replace a traditional school 

teaching, according to the students` opinion. In other words, 

the goal is to establish to what extent the students were able 

to adjust to the teaching of distance. Also, one of the goals is 

to determine whether distance learning negatively affects 

social development of students as well as how much time it 

takes. The surveying technique monitored by the 

appropriate instrument (anonymous questionnaire) was 

used to collect data. The survey was made with the help of 

Google questionnaire and was sent to high school students. 

I. INTRODUCTION 

The notion of so-called "distance learning", in 
today's time is associated with the concept of 
learning via the Internet, i.e. by e-learning. Every 
day new information are created, and the general 
development continuously requires new knowledge 
and skills. There is a need for the faster, timely 
education, which will be open, wide available at the 
same time. Thanks to the Internet, learning is no 
longer confined to the four walls of the classroom 
and is available to anyone at any time of the day" 
[1] ”through continuous testing, knowledge 
verification at all levels, then electronic 
communication with professors and others course 
participants, use of ICT (information and 
communication technologies) for learning purposes. 
In short, approaching and connecting the Internet 
and learning, in other words - Internet-enabled 

learning. ”Serbia is meeting for the first time with 
distance learning when it comes to regular 
schooling. Although she was not ready for this form 
of teaching, online platforms that are easy to use as 
for professors as well as for students, have helped a 
lot. Some of these platforms are Microsoft Teams, 
Google Classroom, Viber, Zoom and many others 
that have been used for interaction and material 
exchange.  

"The distance learning does not mean physical 
student and teacher`s presence. They are spatially 
and temporally distant from each other, but using 
modern technology this distance is overcome. This 
kind of learning is enabled at all education levels- 
from elementary school, high school and college to 
adult education. The reasons for distance learning 
are different - a great distance from school or 
college, illness. At the beginning of the distance 
learning the student should meet his/her teacher to 
make their communication easier and the student 
will be explained how it works at the same time. 
Both participants in the process must have a good 
equipment to make a distance learning functional. 
That means a good computer, internet that is in 
constant function and, of course, a lot of patience.” 
[2] 

II. THEORY AND HYPOTHESES 

"A distance learning is actually a very old 
concept. The first successful attempts were in the 
middle of the nineteenth century when the students, 
who from some reasons had been prevented to 
physically attend classes, received learning 
materials by mail once a week. Universities 
accepted this model of learning very quickly and in 
just a couple of decades diplomas from famous 
universities became more accessible than ever, even 
to those who had no money for classical studies. 
However, the real renaissance a distance learning 
experienced with the advent of the internet.” [3] An 
important segment for the realization of teaching is 
monitoring and evaluation of teaching and learning, 
student achievements and own practice, especially 
in these changed circumstances, because, for 
example, even the most experienced teachers 
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sometimes won't be able to predict what the effects 
of giving an application of a particular method or 
planning student activities would be like if class 
lasts less than 45 minutes or if teaching takes place 
online. Therefore, it is necessary to monitor the 
effects of the planned methods, activities, learning 
materials and etc. during each class, and after each 
class to reconsider whether something could have 
been done in others way, whether the goal has been 
achieved, whether the students achieved planning 
outcomes, etc. Student’s achievements need to be 
continuously monitored and students should be 
given the feedback and tips for further progress, 
because the new work organization greatly  will 
influence both  on them and their way of working 
and it depends on a teacher to a large degree how 
the students will adapt to new circumstances.  [4] 

Main hypothesis: 

A distance learning cannot replace a traditional 
teaching in schools. 

Auxiliary hypotheses: 

 The students need   more time for a distance 
learning than teaching in schools so they do 
not have enough left time for sports and 
other activities. 

 A distance learning has a negative effect on a 
student social development. 

III. ONLINE PLATFORMS 

Due to the impossibility of performing the 
traditional classes in schools because they are closed 
due to the COVID-19 pandemic, a distance learning 
with the help of digital platforms takes over a major 
role. Moving schools into the environment of a 
distance learning, Microsoft Teams can provide an 
online classroom that enables shared virtual, face to 
face connections, tasks, files, and conversations on a 
single platform available on a mobile device, tablet, 
computer or search engine. ” [5]  

"Google Classroom is a free application or a type 
of a distance learning platform. Google classroom 
offers teachers the opportunity to create their own 
virtual (on-line) space, actually a classroom where 
they can communicate with students, share 
materials, links, ask those questions, tasks, but also 
evaluate their activity. ” [6] 

Viber is a multi-platform application that 
students also use with their professors and head 
teachers for materials and information`s exchange. 

Zoom platform is an online platform that is great 
for a video communication. It's not limited by the 
number of participants, but it is by the meeting time 
of 40 minutes. 

"Edmodo is a distance learning platform. It 
provides access to teachers, students and parents. 

Teachers can post messages, texts, different files, 
they can create tasks and tests as well as evaluate. 
They have a complete control over the work 
environment and manage it. Students have access to 
all teaching materials assigned to them by the 
teacher, but they can also set different types of 
content themselves. The parental account is linked 
to the student's account and every parent can track 
just a progress of his own child.” [7] 

“Moodle is a unified set of tools which allows 
access to common sources of knowledge, the 
exchange of educational materials, as well as the use 
of additional modules which provide the expansion 
of functionality.” [8] "Moodle is an online platform  
for a distance learning, designed to enrich students' 
experience and knowledge giving them access to 
materials for learning, courses, activities, taking 
exams, tests, etc., all via the internet. Moodle is a 
platform designed to provide teachers, 
administrators and participants (students) a safe and 
integrated system for a creation of a personalized 
learning environment. The Moodle platform is 
proven to be a reliable tool and with over 90 million 
users all over the world on academic and corporate 
level and represents the most popular and most 
commonly used e-learning platform. ” [9] 

Common to these platforms is: 

 They are free to use; 

 We can use them on our own computers and 
telephones; 

 No settings; 

 4. An excellent video and audio quality. In 
Serbia the Ministry of Education created a 
portal for elementary and high schools where 
they placed recorded classes in accordance 
with the teaching plan and program and 
sorted them according to the areas of work 
and years of study by which students can 
access. The portal`s address is: 
https://www.mojaskola.gov.rs/ 

The plan of The Ministry of Education is that 
schools can use those classes in the future in case of 
extraordinary circumstances as well as in regular 
circumstances if it is estimated that there is a need.  

IV. RESEARCH METHODOLOGY 

An online survey technique which is accompanied 
by an appropriate instrument (an anonymous 
questionnaire) is used for data collection, so the 
research results would show the more realistic 
picture that exists in high schools in Serbia. The 
survey contains 21 questions that are divided into 
basic, general, teaching and social ones. Some of the 

https://www.mojaskola.gov.rs/
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results of the questions are shown with the help of 
the graph. 

1. We use a platform(s) to monitor a distance 
learning.

 

Figure 1. Platforms used by students to monitor a 

distance learning. 

2. The place where I live has a completely 
developed 4G network and I have no problems 
with the Internet connection. 

 

Figure 2. Students who have a completely 

developed 4G network in the place where they live. 

3. I consider that a distance learning makes a social 
development difficult. 

 

Figure 3. A social development 

V. DISCUSSION OF RESULTS 

Although a distance learning is similar in other 
schools, the success of it depends both on the 
professor and students. It also depends on the 

development of 4G networks in the place of 
residence of students. 41% of respondents do not 
have a fully developed 4G network and because of 
that they have both problems with the Internet 
connection and at monitoring a distance learning. 
44% of the respondents failed to adjust at a distance 
learning for the entire duration of the same. 81% of 
respondents did not agree with the claim that during 
the distance learning teachers respect the duration of 
classes and rest, which is a problem if they have 
some other activities that are not related to teaching 
and 29% of respondents did not agree with the claim 
that professors in case of technical problems have 
understanding. 90% of respondents do not 
understand the material as they would understand in 
school by a traditional type of teaching. 62% of 
respondents have a neutral attitude about the success 
of a communication with the professor during the 
class, as well as about the claim that the professor 
tries to bring the material closer to them as he would 
do at school and that he is ready to listen to them if 
they have any objections. 85% of respondents by 
their subjective feeling consider that they did not 
acquire a sufficient knowledge by a distance 
learning for a new school year. By attending a 
distance learning classes the eyes are exposed to an 
excessive looking at the computer and / or mobile 
phone screen due to which the eyes become even 
more tired which can lead to the worsening of the 
vision which is not the case when we speak about 
the traditional type of teaching in schools. 71% of 
respondents notice some vision problems due to an 
excessive computer and mobile phone use. The 
results show that the main hypothesis set above in 
the paper is entirely confirmed, ie to teach students 
through a distance learning cannot replace a 
traditional type of teaching in school.  59% of 
respondents spend 5-8 hours  a day learning and 
following a distance learning, while 9% of 
respondents even more than 8 hours ,due of which  
54% of respondents did not agree with the claim that 
they have sufficient time for extracurricular 
activities during the follow-up teaching at a distance 
learning and it shows that the given auxiliary 
hypothesis is also  confirmed, which means that a 
distance learning takes more time from teaching in 
schools so the students  don’t have any left enough 
time for sports and others activities. The second 
hypothesis was also confirmed with 95% of 
respondents who agreed with the claim that a 
distance learning makes their social development 
difficult. The goal of teaching at distance is to 
reduce contacts due current epidemiological 
situations, but that badly affects the social 
development of students. 
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VI. CONCLUSION 

Based on the results of the survey, we have found 
out that many students do not have a completely 
developed 4G network, that they failed to adapt to a 
distance teaching duration and, as the most 
important, that a large number of students do not 
understand the material as they would understand in 
a traditional school teaching. It can't be said that the 
distance learning is bad, because it depends on many 
things: on the professor, on the student, but also on a 
technical equipment. According to the presented 
research about a teaching on distance from the 
perspective of high school students in Serbia we can 
conclude that a teaching on distance cannot replace 
a traditional teaching in schools, thus the hypothesis 
set in this work is fully confirmed. Students have 
gone to school for years using the traditional kind of 
teaching, so they were not ready to cross 
"overnight" to another kind of teaching, in this case 
to a distance learning. A mitigating circumstance is 
that every high school student is familiar with the 
technology and has his own mobile phone that can 
be used for following a distance learning. A distance 
learning cannot replace learning through an 
interaction “face to face”, but it can be used as an 
addition to a traditional form of teaching. Statistical 
data processing in a conducted research were 
obtained data confirming the first auxiliary 
hypothesis, which means that a distance learning 
takes more time from teaching in schools so the 
students  don’t have any left enough time for sports 
and others activities. Also, the second auxiliary 
hypothesis is confirmed, which means that a 
distance learning negatively affects a social 
development of students. 
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Abstract - The main goal of this paper is to analyze the use 

of different LMS during the implementation of distance 

learning in primary schools. For the needs of the research, a 

survey was conducted among primary school teachers. In 

the survey, in addition to the commitment to the platform 

they used, the teachers also evaluated it in accordance with 

the ISO / IEC 9126-4 standard, which defines the software 

quality metrics in use. The results showed that most 

teachers used the Google Classroom platform, whose 

characteristics of effectiveness, productivity, safety and 

satisfaction on a scale of 1 to 5 were rated high (average 

around 4). The general thesis in conclusion is that the 

expansion of the use of the Google classroom followed due to 

its simplicity and accessibility of the platform itself. 

I. INTRODUCTION 

The education system in the Republic of Serbia 

can be divided into 3 comprehensive units: primary, 

secondary and higher education. A common and 

essential factor of all three levels of education is the 

teaching process. This process takes place 

continuously, with minor interruptions, during most 

of the school year, with the exception of holidays in 

primary and secondary education, as well as exam 

deadlines in higher education. The teaching process 

is a key segment of education due to the fact that 

during its implementation, students are directly 

transferred knowledge by teachers and professors. In 

combination with various practical examples and 

tasks for the exercise, pupils and students acquire the 

necessary knowledge, skills and competencies, 

which over time build them into an independent and 

educational member of the social community. 

During the teaching, teachers and professors use 

different forms and methods, at all levels of 

education. The method of classical, ie traditional 

teaching has been present for a long time and was 

considered the foundation of the educational process. 

The accelerated development of information and 

internet technologies has conditioned their influence 

in education, which has led to a modern approach to 

the teaching process. First of all, new technologies 

have brought the possibility of faster flow and 

exchange of information, both in the teacher / 

professor - student / student relationship, and 

between students and students with each other. Also, 

many processes and phenomena that teachers and 

professors explained in an abstract way, can now be 

visually demonstrated using various animations and 

simulations. All these benefits have contributed to 

the fact that the timely approach to teaching has 

gained so much momentum, that some higher 

education institutions have accredited directions, 

where complete teaching is performed at a distance. 

However, the professional public agrees that the 

most optimal model of teaching, the so-called. a 

hybrid model, which implies a combination of 

traditional and modern approach, because it is 

indisputable that despite technological development, 

the fundamental role of teachers as lecturers must not 

be surpassed. 

Precisely on the hybrid principle, classes are 

mostly organized in schools and colleges across our 

country. Teachers in classrooms and classrooms 

teach the material, which is available to pupils and 

students through various platforms after the end of 

the lecture. Those from home can remember the 

lecture or if they missed an hour to see it for the first 

time. They use the same platforms to create and 

teach homework, seminar and project assignments, 

which completes the model of hybrid teaching as a 

whole. 

However, in March 2020, due to the COVID19 

virus pandemic, a state of emergency was declared in 

the Republic of Serbia. All types of public gatherings 

are prohibited and all public institutions are closed, 

except for health ones. Unfortunately, these 

measures meant the closure of all schools and 

faculties, after the expiration of a little more than 

mailto:acomamic@gmail.com
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half of the current school year. In order for the 

school year not to end prematurely, and for pupils 

and students to be left without the constitutionally 

guaranteed right to education for an indefinite 

period, the Ministry of Education, Science and 

Technological Development made a decision that 

from March 17, 2020. until the end of the state of 

emergency, classes take place entirely at a distance 

[1]. 

The topic of this paper is an overview of the use 

of different LMS in primary schools, during the state 

of emergency and the epidemic of the COVID 19 

virus in the Republic of Serbia. This paper is written 

in real time, by authors which were directly involved 

in the process of conducting distance learning, which 

gives it additional scientific value. After the 

introduction, a brief overview of the very concept of 

LMS is given. Chapter 3 presents the most 

commonly used systems during distance learning. 

Chapter 4 presents the research methodology used, 

while Chapter 5 provides a brief overview of related 

research. The obtained results are presented in the 

sixth, while in the last chapter a conclusion is 

represented. 

II. LEARNING MANAGEMENT SYSTEMS 

(LMS) 

The Learning Management System is a software 

platform that provides a virtual and collaborative 

environment for the entire teaching process. It is 

characterized by simple setting of teaching materials 

and tests, monitoring of progress and efficient 

communication with students, proper storage of 

pedagogical documentation, etc. 

The concept of a learning management system 

arose directly from e-learning. Although the first 

LMS appeared in the higher education sector, a large 

percentage of LMSs today are commercially 

oriented, ie manufacturers offer their systems to 

primary and secondary, public and private schools. 

Learning management systems make up the largest 

segment of the learning systems market. 

Learning management systems are designed to 

identify learning deficiencies, using analytical data 

and reporting. LMSs are focused on providing online 

learning, but support a range of uses, acting as a 

platform for online content, including courses, 

asynchronous and synchronous. The LMS may offer 

instructor-led training classroom management or a 

diverted classroom, used in higher education. 

Modern LMSs include intelligent algorithms for 

making automated course recommendations based 

on user skills profiles, as well as for extracting 

metadata from teaching materials to make such 

recommendations even more accurate [2]. 

The advantages of using an LMS are [3] [16]: 

 Easy placement of materials in various 

formats (text, images, audio and video). 

 Ability to correct, update and supplement 

material in real time. 

 Access from anywhere at any time 

 Pupils and students determine the pace of 

their work. 

 Possibility of frequent evaluation 

 Intensive communication 

Some of the problems that occur when using LMS 

are [3]: 

 Technical requirements (hardware, software, 

fast and constant internet connection) 

 Great engagement of teachers (preparation of 

materials and tests, communication) 

 Inability to control unethical student behavior 

during testing 

III. LMS USED IN PRIMARY EDUCATION 

In the first week of the transition to distance 

learning, the Institute for the Advancement of 

Education and Upbringing published on its website 

a list of recommended platforms for distance 

learning. Some of the recommended platforms are: 

My School, Microsoft Teams, Edmondo, Google 

Classroom and Moodle. These platforms will be 

presented in more detail in the following 

subsections. 

A. My school - a platform of the Ministry of 

Education 

The Ministry of Education, Science and 

Technological Development has launched the "My 

School" platform, as a direct support to the 

realization of distance learning. Tests and additional 

materials are available on this portal, which are 

directly related to the hours broadcast through the 

RTS communication channels. The platform is 

available at https://www.mojaskola.gov.rs/. For 

those who do not have internet access, free access is 

provided through all three national mobile operators. 

The main feature of this LMS is that it is 

intended exclusively for primary and secondary 

school students, while teachers do not have the 

opportunity to work in their role. Elementary school 

students access the platform using already created 
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parameters, while high school students must create 

an account on their own. Also, parents of 

elementary school students can create accounts for 

their children and thus monitor their progress. The 

courses are divided into four categories: 

 The first cycle of primary school 

 Second cycle of primary school 

 Gymnasium 

 Secondary vocational school 

The lessons are in video format, and after each 

one a short test is created with which the student can 

independently check what he has learned. 

 
[4] Figure 1. Appearance of the My School platform 

interface 

B. Microsoft Teams 

This application is part of a much broader Office 

365 platform. MS Teams is fully customized for 

educational purposes. The application is free to use 

during the entire period of distance learning and can 

be accessed via the link 

https://teams.microsoft.com/. Teachers receive 

access parameters from school principals, and class 

teachers also receive data for students. When 

students log in to the system for the first time, they 

see Office 365 services, but when students first 

access Teams, permission is required to join Teams 

School, which must be approved by the class 

teacher. 

The organization of work in the Teams program 

is done by creating teams: a team is automatically 

created for each class managed by the class teacher, 

and additionally teams are created for learning the 

subject (for subject teaching), a team that consists of 

a teachers' council, etc. It is possible to additionally 

create teams for student sections, etc. but for the 

sake of clarity it is advisable to agree on a rule for 

the appointment of these teams. For the 

communication of teachers, a team of the teachers 

'council is created within the school "Teachers' 

council" to which all members of the team (teachers, 

administration, psychological and pedagogical 

service) have been added. It is not advisable to 

create a large number of teams that are difficult to 

administer and monitor due to their large number, 

but only necessary for the functioning of teaching. 

The teacher who created the team chooses who to 

add to the team and administers it [5]. 

 
[5] Figure 2. Appearance of the MS Teams 

application interface 

C. Edmodo 

Edmodo is a distance learning platform. It is 

accessible to teachers, students and parents. 

Teachers can post messages, texts, various files, 

create assignments and tests as well as grade. They 

completely control and manage the work 

environment. Students have access to all teaching 

materials assigned to them by the teacher, but they 

can also post different types of content themselves. 

A parental account is linked to a student account and 

each parent can only monitor the progress of their 

child. The access link can be found at 

https://new.edmodo.com/. 

Edmodo does not require students to have their 

own email addresses and is therefore very suitable 

for working with lower grade students. Edmodo is a 

global social network dedicated to education, and 

work on it is free. Allows you to create classrooms 

and small groups, Post posts, create questionnaires, 

tests and assignments. Edmodo offers the possibility 

for the teacher to enroll (add) his / her students only 

by entering their name, without specifying the e-

mail address. This is especially suitable for students 

under the age of 13 [6]. 

 

 
[6] Figure 3. Appearance of the Edmondo interface 

https://new.edmodo.com/
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D. Google Classroom 

Google Classroom is a free web platform 

developed by Google. Google Classroom integrates 

documents, worksheets, slides, gmail, and calendars 

into a cohesive platform for managing student-

teacher communication. Students can be invited to 

join the lecture via a private code or are 

automatically imported from the school domain. 

Teachers can create, distribute and mark 

assignments within the Google ecosystem. Each 

class creates a separate folder in the appropriate user 

facility, where the student can submit papers 

assessed by the teacher. Task due dates are added to 

Google Calendar, and each task can belong to a 

category (or topic). Teachers can track each 

student's progress by reviewing the document's 

revision history, and once they receive grades, 

teachers can return the work along with comments. 

The classroom has mobile applications, available for 

iOS and Android [7] [8]. 

This is definitely the platform that has 

experienced the greatest expansion in the number of 

users, during the implementation of distance 

learning. It is characterized, above all, by simplicity 

and clarity. An active gmail account is required to 

use. It can be accessed via the link 

https://classroom.google.com. 

 
Figure 4. Google Classroom layout 

E. Moodle 

This is the most common protoform for learning 

management in the world. Moodle is a free open-

source learning management system written in PHP 

and distributed under the GNU (General Public 

License). Moodle is used for blended learning, 

distance education, inverted classroom and other e-

learning projects in schools, colleges and other 

sectors. It is used with customizable management 

features to create private websites with online 

courses [9]. 

Moodle requires installation on a web server. 

Many LMS platforms use mudl as their basis. An 

example of this is the platform of the Ministry of 

My School. 

 

 
[18] Figure 5. Moodle Architecture Overview 

IV. RESEARCH METHODOLOGY 

The research methodology in this paper is based 

on the experiences of primary school teachers, who 

were actively involved in the implementation of 

distance learning through certain platforms. For 

these needs, a Google questionnaire was created, in 

which the respondents were asked to first give an 

answer as to which platform they used for the 

implementation of distance learning. Then, in the 

continuation of the questionnaire, teachers are asked 

to evaluate the used platform in accordance with the 

standard ISO / IEC 9126-4, which defines the 

quality metrics of the software in use. 

A. Data collection 

The Google Questionnaire was used as a data 

collection tool. Created questions can be divided 

into two groups, ie general questions and questions 

related to software quality assessment according to 

the ISO / IEC 9126-4 standard. The first group 

contains questions, to which the respondents answer 

by marking the answers or choosing one of the 

offered answers from the drop-down list. The My 

School MPNTR platform is not offered in this 

questionnaire, due to the fact that it is intended 

exclusively for students, without a defined teaching 

role. The questions and answers are given in the 

table below. 

TABLE 1. QUESTIONS AND ANSWERS 

FROM THE GENERAL GROUP 

N

o 
QUESTIONS 

TYPE OF 

ANSWER 

1. 
What subject do you 

teach? 

Drop-down 

list 

2. 

How many years of 

experience in education 

do you have? 

marking 

3. 

Which platform did you 

use during distance 

learning? 

marking 

The second group contains the offered 

characteristics of the software, according to the ISO 

https://classroom.google.com/
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/ IEC 9126-4 standard, which the respondents rated 

with a rating scale from 1 to 5. 

B. ISO / IEC 9126-4 standard 

The ISO / IEC 9126-4 standard defines the 

software quality metrics in use. It is part of a wider 

family of software standards ISO / IEC 9126, which 

provide guidelines for evaluating software quality. 

Other parts of ISO / IEC 9126 are [10]: 

 ISO / IEC 9126-1 - Software quality model 

 ISO / IEC 9126-2 - External software quality 

metrics 

 ISO / IEC 9126-3 - Internal software quality 

metrics 

Quality metrics (model) in use are available 

when the final product is used in real conditions. 

According to the standard, internal quality 

determines external quality, and external quality 

defines quality in use. The elements of software 

quality in use are effectiveness, productivity, 

security, and satisfaction (Figure 6). 

 
[10] Figure 6. Software quality model in use 

according to ISO / IEC 9126-4 

Effectiveness, in this research, refers to the 

degree of contribution of the used software, the 

success of the realization of the curriculum. 

Productivity is a characteristic that shows the 

achievement of the teacher's goals in the work in 

proportion to the invested resources (time, 

hardware, etc.). Security - is a characteristic of 

software that defines the procedures, methods, 

procedures and standards that ensure the integrity of 

a particular software system and related data. It also 

defines the security of user data (data for 

authorization, authentication). Satisfaction is the 

degree to which a software product or system 

provides functions that meet the needs of teachers in 

the implementation of distance learning. 

V. RELATED RESEARCH 

The lack of adequate related research is quite 

expected, bearing in mind that the paper was written 

in real time. Several references, with similar themes, 

that were available at the time of writing are listed 

in the literature under ordinal numbers [11], [12] 

and [13]. Since the methodologies and goals of the 

mentioned research are different in relation to this 

paper, the similarity remains exclusively thematic. 

A partially similar research was conducted on a 

sample of about 15,000 primary and secondary 

school teachers by the Institute for the Advancement 

of Education and Upbringing. The survey asks, 

among other things, to search for and mark the 

platform, which was used during distance learning, 

without entering into a deeper evaluation. Also, 

answers were offered as to whether the respondent 

used another LMS, whether he used only 

communication tools or none of the above. This 

research confirmed the dominance of the Google 

classroom platform. 

 
[14] Figure 7. Part of the ZUOV survey 

VI. RESULTS AND DISCUSSION 

116 class and subject teachers from the territory 

of the Srem administrative district participated in the 

research. The results showed that by far the most 

teachers used the Google classroom for distance 

teaching (54.3%). A large number of teachers stated 

that they used another platform (31%), followed by 

Edmodo (8.6%), Moodle (3.4%), Microsoft Teams 

(2.6%). All of the above is shown in the image 

below.  

 
Figure 8. Percentage of platforms used 

 Regarding the assessment of the used platforms 

according to the ISO / IEC 9126-4 standard, most 

teachers gave a grade of 4 on the assessment scale. 

The mentioned grade for effectiveness was given by 

54.3%, for productivity by 51.7%, for safety by 44% 
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and for satisfaction by 44.8% of teachers. The 

overall average score is 3.94 for effectiveness, 3.84 

for productivity, 4.11 for safety and 3.99 for 

satisfaction. As Google Classroom was identified by 

respondents as the most used platform, a more 

detailed analysis is given in the next subsection. 

A. Detailed results for Google Classroom 

The Google classroom was used by 63 

respondents, or 54.3%, for distance learning. 

Teachers gave average scores of 3.94 for 

effectiveness, 3.84 for productivity, 4.11 for safety 

and 3.99% for satisfaction for this platform. Of the 

63 respondents, 19 are primary school teachers, 

which is about 30%, and 44 (70%) are subject 

teachers. The graph below provides an overview of 

the average grades given by classroom and subject 

teachers, where it can be seen that the grades of the 

required characteristics are approximately the same, 

ie that teachers have approximately the same 

opinion about the experiential effectiveness, 

productivity, safety and satisfaction of Google 

classroom. whether it is a class or subject teaching. 

Based on this, it is concluded that the mentioned 

platform is almost equally useful for the 

implementation of distance learning, both in lower 

and higher grades. 

 

 
Figure 9. Comparative presentation of grades for 

class and subject teaching 

 
Figure 10. Percentage presentation of teachers by 

years of experience 

It can be seen from Figure 11 that the largest 

percentage of teachers (36%) belong to the group 

with 16 to 25 years of experience. If we add groups 

8 to 15 and 26 to 35, where the percentage is 24%, 

we come to the conclusion that the Google 

classroom platform is suitable for use by teachers of 

different ages, and not only those younger. This data 

also shows that the level of information literacy of 

older teachers is very high. The graph below 

provides an overview of the average scores by the 

three age groups that used the platform the most, 

where it can be seen that the two younger groups (8 

to 15 and 16 to 25) gave approximately the same, 

while the older group (26 to 35) evaluated the 

offered characteristics with a shade lower, but again 

high grades. 

 

 
Figure 11. Estimates of characteristics for the three 

most common age groups 

VII. CONCLUSION 

The sudden transition from classical to distance 

teaching has led to great organizational challenges, 

both for the line ministry and for the teachers 

themselves. Relocating the entire educational 

process to the virtual world has been particularly 

challenging for primary school teachers because 

their students do not possess the level of IT skills as 

students and high school students. Also, a large 

number of teachers themselves have so far not 

encountered e-learning platforms in this way. 

However, despite all the difficulties, the general 

conclusion is distance learning in the second 

semester of the 2019/20 school year. passed 

successfully. 

Most teachers opted to use the Google 

Classroom as a platform, or 54.3%. The same 

platform received high marks for effectiveness, 

productivity, safety and satisfaction according to the 

ISO / IEC 9126-4 standard (average around 4). 

During this period, the Google classroom entered a 

remarkable expansion of usage, which preceded 

some platforms that were still in use by a number of 
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teachers (Moodle, Edmodo, etc.) even before the 

transition to distance learning. The reason for this 

lies in the extremely intuitive interface and ease of 

access through the google account that most 

teachers and students use before for classic e-mail. 

The experience gained during this period is 

extremely valuable because it gives good guidelines 

on how to prepare for the next school year. It is 

possible that the use of LMS will remain as an 

auxiliary tool, which will serve as a supplement to 

the reduced classical teaching. 
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Abstract – This paper processes the idea of using video 

games for the purpose of education as well as exploring the 

relationship the current generation has with them. 

I. WHAT MAKES A GAME?  

The most widely accepted definition is that a 

game is any activity that is undertaken for the 

pleasure it provides regardless of the final result. 

What helps a game to be repeated many times is the 

pleasure which it produces, often seen in children 

(as well as adults) having their favorite game and 

replaying it many times regardless of how simplistic 

it might be.  

II. CHILD'S PLAY 

The basic stimulus for a child's development is 

play. Lack of activities that produce pleasure causes 

tension and irritability in the child. The more often 

these unpleasant conditions occur, the harder it is to 

develop abilities that the child has. By following the 

way a child plays, it is possible to understand how 

they experience the world around them, how they 

develop, and in which areas of development 

additional encouragement is needed. Play 

encourages all areas of development in a child: 

intellectual, moral, physical, perceptual, emotional, 

social and so on. By arranging cubes and similar 

materials, the child compares objects, sorts them 

according to different criteria, develops a sense of 

color, shape, etc. The child develops curiosity, 

perception and observation, but also creativity, 

attention and memory. Through play, the child 

experiments and tests their abilities, without having 

to take full responsibility for their actions. A game 

in which the child is successful and progresses by 

overcoming higher levels, leads to an increased 

degree of self-confidence and security in 

communication with peers. In addition to the above, 

another important function of game is that it could 

be a means to control behavior. Through various 

games, the child prepares for roles in real human 

relationships, whether they are peers or adults. The 

child becomes aware that there are others in their 

environment and that they should be taken into 

account. By respecting the rules of the game, the 

child learns responsible behavior. Most games 

encourage a child's physical development, as they 

require certain body movements. So that muscles 

develop and correct posture is established. 

III. MATURE AGE 

Considering that through growing up, numerous 

obligations appear that, in childhood, the individual 

did not even know existed, free time becomes 

shorter and shorter, and fun activities become less 

frequent or non-existent. Most people in adulthood 

try to maintain the vitality of the organism, by going 

to sports activities at least once a week (eg football 

with colleagues from work, basketball, recreational 

swimming). Games free a person from the 

commercial interests they are surrounded by on a 

daily basis, completely liberating and relaxing them, 

returning them to their original state and providing 

an opportunity for further development. Play 

signifies joy, contentment, freedom, carefreeness. 

Today's problems: depression, aggression, 

melancholy are more present in people who play 

less, while people who do play are resistant, more 

adaptable to changes in their environment and easier 

to cope with stress, as the proverb goes “All work 

and no play makes Jack a dull boy”. Since games 

are not a response to biological needs, the person in 

it is to some extent free from emotional burdens 

experiencing pressure or stress, the brain is focused 

on processing above the frame, not disturbed by fear 

of failure, so it’s is awake and active but not 

stressed. During play, the brain is preoccupied with 

ideas, rules and actions of the game. In adulthood, 

man is limited by environment, time, space, 

obligations, so they play as a sideline, which is 

again isolated in a special way, and takes place 

within precisely defined boundaries of time and 

space, so it creates a sense of displacement from 

their environment and transition to another, virtual 

one. There are special play areas: game boards, 
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limited spaces, chessboards, rings, stadiums, arenas 

and so on. Going beyond those limits, either 

accidentally or by mistake, is forbidden and it brings 

with it certain consequences, penalty points and the 

like. Most games are limited by time: each game 

starts and ends at the agreed sign, or the duration is 

predetermined. The reasons why it is necessary to 

play in adulthood are numerous, playing leads to 

calm, the ability to focus on certain details, the 

development of creativity etc. Games improve brain 

function, includes the activity of the left and right 

halves of the brain, left – analytical and tells what to 

do next, which step to take, which strategy will lead 

to victory, and right - artistic allows you to enjoy 

recognizing colors, shapes, ... actively involving 

brain function can affect dementia in later years in 

terms of its prevention, memory exercise and 

involvement in intellectually complex activities 

reduces the risk of this ability impairment. Games 

improve relationships, communication at all levels, 

sharing fun and laughter with others encourages 

empathy, intimacy and trust. "Man is an eternal 

child of the game (homo ludens) because he is 

constantly amazed and wild, he creates and destroys, 

he believes, so he doubts. In a constant game, forget 

yourself, surrender, wake up dreaming. " 1  

IV. A GAME OF HISTORY 

Games exist and were studied even at a time 

when people were not aware of their theoretical 

basis. Play has existed since the existence of human 

society, since the existence of a child. It was created 

long before the first schools, it is as old as education 

itself. Its beginnings are somewhere in the 

prehistoric past and present in all parts of the world, 

it was nurtured by the entire human race, and it has 

always been a basic activity and an integral part of 

growing up. Numerous archeological excavations, 

found toys, drawings in caves, on pottery, etc. 

indicate this fact. Play followed the child and was 

given importance much earlier before physical 

education was introduced in schools and before 

school became an institution. The general 

development of society, socio-historical conditions 

often dictated the way children play with toys and 

engage in sports activities. Attention to it was paid 

depending on economic conditions, levels of culture 

and understanding of games and sports as life's 

needs. It was once considered an evil that should be 

nipped in the bud, because it was believed to dull 

younger generations, fortunately, there were not 

                                                           
1 Др Владета Јеротић, 

http://www.politika.rs/sr/clanak/371533/Drustvo/Covek-

na-putu-od-bogova-do-Boga  

many such views and they did not last long enough 

to cause bigger problems to humanity. Ancient 

philosophers were among the first to research the 

concept of play, but they saw it only in the function 

of helping learning, getting used to respecting 

regulations and rituals, that is, as a school for adult 

training. Socio-economic events, i.e. current social 

arrangements, had a decisive influence on the 

development of the game throughout history, 

analyzing the philosophical and educational systems 

of individual peoples and cultures. The ruling 

classes realized very early on that activities through 

play could be used to achieve certain socio-political 

goals. This is confirmed by the examples of ancient 

China, India, Egypt, Persia, Sparta, Athens, Rome 

and others. In the works of the most famous Chinese 

philosopher Confucius (551-479), the role of 

physical exercise is positively assessed. China took 

sports disciplines seriously, in the first place was 

archery, which combines precision, physical 

strength and deep thinking on how the arrow will 

achieve the right result. It should be emphasized that 

running was also popular among the people. In the 

Yuan dynasty, there was a competition that was 

twice as long as a marathon and began 600 years 

before the first marathon. In Persia, the main focus 

was on the physical development of the youth, with 

the main task of developing physical strength and 

speed, as well as spiritual freshness, patience and 

modesty. According to Herodotus, the youth in 

Persia had three most important tasks: to learn to 

ride a horse, to shoot an arrow, and to tell the truth, 

the latter is very interesting, since for the first time 

physical and spiritual values are mixed. In addition 

to the classics, games were also popular: polo 

hockey on the field, dances with weapons and such. 

It is known that upbringing in Sparta did not have 

the character of gentle care for young people, on the 

contrary, children were exposed to strict and cruel 

conditions, in order to get used to patience and 

obedience. Physical fitness was taken into account, 

so here too play had the form of physical exercises 

with competitions. Priority was given to: running 

(barefoot), jumping, discus and javelin throwing, 

wrestling, singing, etc. As for Athens, Plato and 

Aristotle tried to make the gymnastic system a 

means of general education of the Greek youth, and 

not only their physical abilities. It was considered 

that whoever does not know how to swim is the 

same as an illiterate person. The Greek 

understanding of physical education is still relevant 

in the world today, and it was also done through 

play. Children's natural tendency towards play was 

not neglected, so children grew up with toys: dolls, 

swings and different animal models. In Kant, there 
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is a philosophical reflection on play that will, soon 

after the publication of his writings too become one 

of the central categories of his philosophy, and 

especially of aesthetics. As the main characteristic 

of play Kant, as opposed to work, emphasizes 

freedom from goals, needs and the struggle for 

survival. According to his interpretation - play is 

free from responsibility and consequences, it is 

"purposelessness without purpose" (Kant, 1975, 

109). Philosophers of the modern age see art as the 

highest form of play, as the highest possibility in the 

medium of illusion. When asked whether 

Michelangelo's David stands in a Florentine square 

or in his "imaginary" world, Fink answers: here and 

there; he is a marble block but also a young man 

before the struggle for life and death (Fink, 1979, 

(1) 416). David's world emerges on the ground of 

the unreal, which is unreal and super-real at the 

same time. According to his philosophy, while 

creating and playing, man lives in two dimensions, 

in ordinary reality on one hand, and in the imaginary 

sphere that is built as an imaginary world of play on 

the other. What connects play and art is precisely 

that world of the imaginary which, as a real 

possibility, is more real than any reality. Games lead 

to an understanding of the world and as a final 

creation they are thus close to art. 

V. VIDEO GAMES 

It is safe to say that life today is completely 

computer dependent. It may sound a little 

catastrophic, but the facts speak for themselves. 

There is a well-known joke that reads "If satellite 

signals disappeared, half of the inhabitants of Asia 

would not know how to return home from work." 

Much professional literature has been written about 

the importance of computers, and the author has no 

pretensions to deal with this topic themself, but they 

intend to analyze the importance of a huge field of 

computer science and informatics, as two separate 

and at the same time inseparable scientific 

disciplines, the author will explore video games. Of 

course, not everyone understands this area, a good 

number of computer users believe that this is an area 

that leads to "dumbing down" the population, 

reducing existence to sitting in front of a screen and 

wasting time. The fact is that this is an industry that 

is constantly evolving, has huge opportunities huge 

commercial significance and if used correctly and 

selectively, an incredible educational significance, at 

least as much as commercial. Such influence of 

games and their spread to other media is reminiscent 

of movie sagas of the second half of the XX century, 

Star Wars and Star Trek, because both universes 

penetrated first into music, then into literature and 

comics, and with the advent of computers into 

games themselves. This indicates a pattern of new 

media entering cultural life. Films such as Avatar 

suggest a different type of relationship between the 

film and the digital: not only do they take on 

concepts typical of games, but they also use 

techniques that originated in the gaming industry to 

create the franchise itself. 

VI. GAME DESIGN 

Computer games are games that are played on 

personal computers, as well as on mobile computer 

devices. The original intention of the creators of 

games was to entertain the users, but there are more 

and more video games of an educational nature, 

intended for different training exercises and the like. 

In order to develop a video game, it is necessary to 

know and apply complex software, as well as to use 

the maximum capabilities of computer hardware 

which is very demanding in terms of speed, graphics 

capabilities and the like. In order to develop a 

functional video game, it takes hours and hours of 

planning, development of an idea, scenario and a 

complete project in general, which all in one word is 

called design. A whole team of experts is needed, of 

which each member who works on the development 

of a computer game, must have knowledge of 

informatics, i.e. computer science, must know all 

methods of developing numerous software, but also 

have knowledge in the field of information 

technology. The video game must be graphically 

well designed and done. Therefore, in addition to 

information, technological and software knowledge, 

knowledge in the field of graphic design is also 

required. A team working on the development of a 

computer game must have people who know the 

field of information technology well, but also 

graphic designers who specialize in video games. In 

the end, in addition to all these elements, there is a 

need to create a sound environment within the game, 

what will be heard when the character steps on 

different types of terrain or when he suddenly hits 

the ground after a big fall? For this reason, experts 

in shaping and manipulating sound are also being 

introduced into the team. Thus assembled teams of 

experts in sound creation, graphic design, software 

processing and many others, are capable of creating 

today's complex games. 

VII. THE SOUND OF VIDEO GAMES 

Sound in video games, depending on the type of 

game, is classified into several categories:  
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• Ambiences - these are audio files that are 

related to specific locations in the game. The 

name itself indicates the basic task of these 

files, which is to be the soundtrack of certain 

locations. The ambience contains several 

combined sounds that are specific to the 

location to which they are assigned and 

contribute to the realism of the game.  

• Sound effects - These are all audio files that 

are played as game feedback to a player's 

action. They are divided into sounds that are 

"heard" by the characters within the game 

and sounds that are related to the player's 

interaction with the game.  

• Dialog - this category includes recorded 

speech files. The task of the dialogue is to 

make the characters as realistic as possible.  

• Music - reminiscent of the ambience, 

because it is played in a similar way, begins 

when the player enters a location, and ends 

with leaving it. The sound design process 

consists of editing audio files from sound 

effect libraries, and processing them through 

audio processors that change the overall feel 

of the sound.  

VIII. EDUCATIONAL GAMES 

It has already been said earlier in the text that 

most people when mentioning games first think of 

leisure activities, and not education. However, 

lately, more and more research shows that playing 

certain games can have a positive effect on learning. 

Educational games develop traditional skills, such as 

reading and mathematical logic. At the same time, 

they teach children teamwork, perseverance and a 

better understanding of the world around them. "The 

first educational video games were developed in 

order to improve certain activities via computers in 

order to improve the teaching process and practice 

tasks. Later, games were developed that contained 

simulation and strategy. Computer games are good 

for introducing children from preschool to the 

educational system, since they have all the elements 

that are attractive to children: a lot of color, 

animation, sound ... " 2 Although games can never 

replace classical learning in school, it is evident that 

educational games can greatly contribute to the 

development of many skills. Fun activities in the 

process of learning through play will only interest 

                                                           
2 

https://www.researchgate.net/publication/284696549_Ed

ucational_Game_Model_for_Pre-School_Children 

children to join and understand the whole 

educational process as something positive, without 

even being aware of it. Simply put for a child 

through an example, every historical event that they 

"experience" within the game will be far closer and 

easier to remember than the one they only hear 

about or even see it in a movie. "By didactic games 

we mean those children's games which, in addition 

to having all the general properties of games, also 

contain specially adapted and built-in activities 

(perceptual, discovery, logical, speech, music and 

others). These games are subordinated to some 

special educational tasks that are set in advance. 

With the help of didactic games, children gain new 

experiences, moving from lower collective 

development to higher and more perfect forms." 3  

Computer games are gaining more and more 

importance every day, although the process is slow, 

it should be noted that the quality has significantly 

improved, there is a strict delineation of possible 

users of games. Classification by age leads to the 

creation of standards that game manufacturers must 

adhere to. Parents have a crucial role to play in 

controlling and choosing the games their children 

play. Children discover the cause-and-effect 

relationships of their actions in computer games 

very early. Information technology provides 

stimulation of the senses through the use of image, 

sound, tone, film. This kind of multimedia 

presentation stimulates children's attention and 

enables faster memory and learning. Games that are 

developed with the help of computers are divided 

into four groups: functional, imagination games, 

games with ready-made rules and construction 

games. Computer games are used in the educational 

process to improve and develop:  

• Cognitive abilities  

• Psychomotor abilities  

• Attitudes and measures of value.  

• Acquisition and acquisition of knowledge  

• Interactive domain 

IX. RESEARCH METHODOLOGY 

The author of this paper chose a survey as a tool 

for non-experimental research that uses personal 

statements about opinions, beliefs, attitudes and 

behavior as the basic source of data. The research 

was conducted on a sample of 180 respondents, 

                                                           
3 

http://doiserbia.nb.rs/phd/fulltext/NS20130709NAMEST

OVSKI.pdf 
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which ensured the representativeness of the sample, 

and thus the most important epistemological 

assumption of this type of research. Since the 

service is mostly used in the field of public opinion 

research, attitudes or information, the author of the 

paper believes that this type of research is ideal for 

the topic covered by this paper. The author uses an 

analytical (explanatory) survey that follows the 

logic of experimental research and is aimed at 

testing the hypotheses. The analytical survey can 

prove cause-and-effect relationships, which is 

directly related to the questions that the author will 

try to get answers to from the respondents, who are 

mostly high school students. The aim of this survey 

is to investigate the extent to which high school 

students are aware of the impact of computer games, 

on their personal physical and mental development, 

their relationship with others and the environment in 

general, and how games can be used for personal 

gain in terms of education and expanding 

knowledge. Computer games, although still at the 

mercy of older populations (primarily parents), are 

increasingly entering the educational sphere, and are 

developing positive qualities in consumers, in terms 

of logical reasoning, decision-making and the ability 

to separate good from bad. In the preparation of this 

paper, the methods used were analysis and 

synthesis, as well as the statistical method when 

processing the results. In the whole world, the 

school year 2020/2021 takes place in changed 

circumstances compared to previous years, due to 

the Covid19 pandemic. For that reason, the author 

considered that optimal results would be given by 

research using questionnaires, which the 

respondents filled out online. The results were 

statistically processed. The sample of research 

consisted, mostly students of the high school "Dušan 

Vasiljev" in Kikinda, 180 of them. The ratio of age 

and gender of the respondents is presented in 

Figures 1 and 2. (blue = male, red = female, one 

student responded helicopter for unknown reasons.) 

 

 
The author created a Google questionnaire for 

the research:  

https://docs.google.com/forms/d/e/1FAIpQLSfy

ToYc6i4qJmznOlEPZxD51o-

EhJPlPqphtWJq3IPDrZjN8A/viewform 

The questionnaire contained 10 questions; the 

first two questions were informative, gender and age 

of the respondents, while the other eight were aimed 

at obtaining data on the importance of computer 

games for the population surveyed. The 

questionnaire is not of the uniform type, it contains 

questions that have the possibility of multiple 

choices, checklists, questions to which the 

respondents enter the answers in the appropriate 

forms and the like. The first two questions related to 

the percentage of students who play games: (blue = 

yes, red = rarely, orange = no) 

 

The third question is closely related to the 

previous one, the respondents are given the 

opportunity to enter the answers themselves, if they 

answered positively, ie to explain why they think 

https://docs.google.com/forms/d/e/1FAIpQLSfyToYc6i4qJmznOlEPZxD51o-EhJPlPqphtWJq3IPDrZjN8A/viewform
https://docs.google.com/forms/d/e/1FAIpQLSfyToYc6i4qJmznOlEPZxD51o-EhJPlPqphtWJq3IPDrZjN8A/viewform
https://docs.google.com/forms/d/e/1FAIpQLSfyToYc6i4qJmznOlEPZxD51o-EhJPlPqphtWJq3IPDrZjN8A/viewform
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that it is not possible to learn anything by playing 

games. - The largest number of respondents 45.6% 

believe that games facilitate learning a foreign 

language, - 21% of respondents believe that 

computer games encourage logical thinking and the 

ability to make quick decisions. - 21% of 

respondents believe that computer games encourage 

reflexes, good coordination of movement and 

coping in space. - 10% of surveyed students believe 

that games introduce players to history and 

important historical events. Here are some 

interesting answers:  

1. It depends on the type of game. If it is chess or 

something similar, I believe that it is possible to 

develop cognitive abilities and educate yourself to 

some extent. If it is a shooter ... I don't mind if it is 

played moderately (less than once a day) but 

nothing can be learned in that case.  

2. I think that you can learn everything from 

games depending on which game it is. In some 

games we practice quick thinking and decision 

making, reflexes, coping and in general whether we 

depend on someone else or we are self-sufficient 

and do not need to trust anyone.  

3. Because they are only there to take our time 

and to fool us, I don't believe I could learn anything 

smart there. After all, it all depends on what kind of 

game it is.  

The fourth question refers to the types of games, 

surprising the variety in the choice of games, from 

sports, adventure, through war, social games, 

educational, all the way to complex thinking. The 

fifth question gives respondents the opportunity to 

choose, in their own opinion, the most important 

elements of a game: 

 
When asked if they knew the names of some 

well-known companies in the world of games, 

10.6% of respondents answered in the negative, 

10.6% had heard of Rockstar Games and Epic 

Games. The answers to the seventh question show 

how familiar the respondents are with the 

commercial side of the computer game industry: 

 
The previous chart refers to the eighth question, 

which is closely related to the following ninth: To 

the question "If you worked in the gaming industry, 

what would you like to be your job?" - 19.32% of 

respondents answered that they do not want to work 

in this field, a good part would like to work on 

screenplay and to design characters, and the smallest 

share belongs to developers. Here are some 

interesting answers:  

1. I would like to be involved in a project to 

develop a classic first person shooter, and to design 

a weapon for that game that would be in the game.  

2. I'd like to be the person who tries out new 

games and gives an opinion to the company. If that 

job exists at all.  

3. I would like to create music for games.  

 

To the last, tenth question: "Have you 

independently researched something that could help 

make games?" 95% of respondents answer in the 

negative, the answer of one student is interesting: 

Yes, a better presentation of games to parents would 

help in a bigger picture, because most parents think 

that video games make children violent, or deny 

them in the form of learning, for example, I learned 

to write, read and speak English from video games. 

X. CONCLUSION 

Based on the analysis of the results of the 

questionnaire, it can be said that the goal of the 

research has been fully achieved, people of this age 

are aware of the pros and cons of the world of 
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computer games, are able to select the content they 

need and eliminate redundant parts. However, there 

is a noticeable tendency of "starmal" answers, in 

which respondents try to give answers in accordance 

with, according to their beliefs, the current situation 

in society, which is still not in favor of computer 

games and treats them exclusively as a means of 

entertainment. The initial hypothesis of the research 

was confirmed, the respondents do not use computer 

games exclusively for entertainment purposes, 

games of this type quickly cease to hold the user's 

attention. Games with a quality script, a good basis 

for learning new content, a historical background, 

are far more interesting for this population. 

Computer games are a really promising option for 

the generations to come, you just need standards and 

protocols to precisely define the boundaries and 

ways of use, in order to have an educational 

function to a greater extent than has been the case so 

far. 
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Abstract - After graduating from high school, many high 

school students decide to continue their studies. The decision 

of what they want to be and what they will study is made by 

some of them a long time ago, but for some there is 

hesitation until the last moment. Due to some reasons, there 

are some of them who decide to continue their education at 

the technical faculty, even though they have problems with 

the topics they have learned in mathematics subjects. It 

happens to almost every new generation of students. That 

led us to research to find a solution and change that 

practice. In this paper, a questionnaire has been prepared 

for students in first study year from technical faculties with 

questions with which we want to see which mathematical 

topics students have the most problems with, i.e., facing 

difficulties in solving tasks. Research results are given by 

statistical analysis. Then, a conclusion from the results is 

drawn. Finally, in the end of the paper, a possible solution 

for the identified problematic topics is stated. 

I. INTRODUCTION 

Technical faculties are a good choice for students. 
Many of the graduate’s students of those faculties in 
a very short time find work and profit with their 
knowledge. But studying at a technical college 
cannot be considered an easy and simple obligation. 
By the end of high school, the students themselves 
already know which subjects are their favorite and 
which are not, which are easier to master and for 
which they need a lot of time and commitment. It is 
very important for the choice of faculty to study but 
also for the remaining period of life in which one 
must profit from the profession. But it also happens 
for different reasons: lack of financial means to study 
at a university in a city other than the hometown, 
lack of company, i.e., the other acquaintances did not 
enroll in that faculty, etc. In that way, under the 
influence of some factors, the future students decide, 
realize it and thus encounter other problems. 

All the above affects the results achieved by 
students in colloquia and exams in the subjects they 
take in the current semester. Realizing the situation 
primarily for the difficulties in mastering the 
material in mathematics subjects taught by students 
at technical colleges, we decided to do research that 
wants to determine which previously studied topics 

are difficult and incomprehensible to students. With 
the research we also want to determine the reasons 
for those difficulties that occur in students to find a 
solution, and to determine the reasons for those 
difficulties that occur in students to find a solution to 
eradicate them. It is important to do all this because 
mathematics is associated with many sciences. 
Without mathematical knowledge, we cannot explain 
some complex physical and natural phenomena, and 
cannot solve some more complex problems of 
everyday life. For that, students must learn at least 
mathematics at university level (low-level 
mathematics aimed for all university students, no 
matter on which faculty the students are). Paper [2] 
is aimed at data analysis of student’s outcomes for 
the subject mathematics at university level. The 
results obtained from the overall testing is processed 
with statistical data analysis. 

Methods used for learning such as: visual 
learning, verbal, physical, logical, and so on are also 
important to apply when studying some 
mathematical topics. In [1] authors want to see how 
and how many of the learning methods as: visual 
learning, aural, verbal, physical, logical, social, and 
personal learning are used in the study of computer 
science subjects [1]. All these methods are important 
because each one is good in its own way and has a 
big impact on the student, because it uses different 
parts of the brain.  

Testing the knowledge of students at technical 
faculties is an interesting and intriguing research 
topic. In [3] authors analyze the impact of the 
knowledge acquired from the previous mathematical 
education in correlation with knowledge gained from 
lectures and exercises in Mathematics. Analysis was 
based on a test. Testing was conducted on students 
of technical faculties. One part of these students was 
tested with electronic tests, and the other part were 
tested on classical way. In the end of their research, 
they see that both ways i.e. classical and electronic 
diverge each other and we cannot precisely define 
what results are less reliable. Researchers in [7] 
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comparing the knowledge of students in the subject 
Calculus 2 from two technical faculties (marked in 
the paper as technical faculty 1 and technical faculty 
2) in two different academic years 2014/2015 and 
2015/2016. In 2014/2015 academic year, teaching 
was implemented with classical method with 
blackboard and chalk. In 2015/2016 academic year, 
teaching was implemented as combination of 
classical method with using of mathematical 
software such as MatLab and Mathematica. 

Some math topics like the theory of Fourier series 
is complicated but their application is simple. Matlab 
as program package is suitable for easily plotting 
trigonometric series and the most convenient way for 
understanding their characteristics. In [4] authors 
present a program written in Matlab that plot partial 
sums of three trigonometric series, as a way of 
finding periodic functions that series represent. 

Explanation for solving problems in the field of 
mathematics, solved in the Matlab programming 
language are given in [5]. The goal in [5] is to show 
that Matlab is a user-friendly programming language 
easy to use. Commands are invoked in a very simple 
way with a simple syntax, where in comparison with 
other programming languages; they require detailed 
knowledge of the language itself.  

Connection between the mathematical notions 
and using the computer as educational support at 
university level is very important. In [6] 
mathematical notions used in integral calculations 
will be explained with help of computer program. 
The notions, indefinite and definite integral, their 
calculations and their applications can be easily 
understand using the computer programs for their 
presentation. Images obtained with computer 
programs allows the students to better understand 
and learn integrals and give them appropriate 
training to use this knowledge for current real 
problems. The authors use mathematical package 
Mathematica, as computer program to help learning 
integral calculations. 

II. RESEARCH METHODOLOGY 

The research methodology consists of one test. 
The test contains 5 tasks and 5 questions, which are 
given below: 

1. Draw the graphs of functions: f(x)=sinx, 

f(x)=cosx, f(x)=tgx, f(x)=ctgx, f(x)=log x2  , f(x)=2x, 

f(x)=5, f(x)=x2-6x+5. 

2. Calculate   

4 1 4
1

3 3 5

3 1 5
2

2 2 6

 
     

 

 
    

 

 

3. Solve the system of equations with at least 

two methods  .
12y3x-

3 =5y  -2x 






 

4. The base of a straight prism is a triangle 
with sides 15 cm, 26 cm and 37 cm. Calculate the 
area and volume of the prism, if its height is 12 cm. 

5. Translate the given figure for 3 squares on 
the right and 1 square down. Then rotate the 
resulting image at an angle of 90° counterclockwise 
around the point G. 

 

6. Which topics in math were harder for you to 
master in high school? 

7. Did you have a high grade in math subject in 
high school? 

8. Did you want to teach math in high school? 

9. Why your choice was a technical college? 

10. Do you want to work by profession when 
you graduate from college? 

Students took the test online through Microsoft 
Teams. They had one hour and thirty minutes to 
solve the tasks and answer the questions. The test 
was answered by groups of 25 students from the first 
school years of academic year 2020/2021, from 
University Goce Delcev Stip. 

III. MAIN RESULTS 

First, we will show the results for tasks. Results 
are given in Figure1. 

 

 
Figure 1. Task results 
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The blue column shows how many students 
correctly solved the appropriate task, the red how 
incorrectly, the gray how many did not start solving 
the task at all, the orange one started, and half 
correctly solved and the yellow one started but 
solved the task a little bit correctly. Figure 1. clearly 
shows that students have the most problem with the 
first and fourth task. For the third and the fifth we 
can see that they are not very problematic to solve, 
while for the second we can see that there is a few 
students who know and few that did not know how 
to solve it. 

Statistical analysis of the results obtained from 
tasks are given in Figure 2 to Figure 6. 

 

Figure 2. Statistical analysis of the results 
obtained for the first task 

 

Figure 3. Statistical analysis of the results 
obtained for the second task 

 

Figure 4. Statistical analysis of the results 
obtained for the third task 

 

Figure 5. Statistical analysis of the results 
obtained for the fourth task 

 

Figure 6. Statistical analysis of the results 
obtained for the fifth task 

From the answers to the questions, we can see 
that students have problems with stereometry, 
planimetry, functions, fractions, inequalities, solving 
some equations and transformations. About the grade 
for subject Mathematica, several students had grade 
5, some grade 4 and three of them grade 3. Half of 
students included in the survey wrote that they liked 
math subjects in high school, wanted practice tasks 
and spend good time learning math. The other half 
stated that they did not like math subjects because it 
was difficult to them to learn math, the lessons were 
not interesting, and they wasted a lot of time at home 
to master the material without some satisfied results. 
On the question “Why your choice was a technical 
college?” students gave different answers. Some 
because they had private companies in which they 
would work by profession after graduating from 
college, others because the majors they enrolled in 
were tempting, some because there were math 
subjects quite in the direction they enrolled in, and 
they wanted math but there were also answers that 
some enrolled because their parents were pressuring 
them to enroll in technical college. One student 
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replied that he had enrolled in this college because 
his friend had enrolled there. To the tenth question 
most students answered that they want to work after 
graduation with their profession. Only a few of them 
answered that after graduation they will think and 
decide what to do in their life and career. 

IV. CONCLUSION 

Considering the presented results, we can say that 
some of the students who were enrolled at the 
Faculty of Natural and Technical Sciences at the 
University Goce Delchev Stip in the first year have 
more mathematical topics that are problematic and 
uninteresting, of course taking in advance the 
opinion of all students. Thinking about how to 
overcome the difficulties and lack of interest in 
mathematics, we decided for the students involved in 
the research to include additional introductory 
classes before the regular lectures and exercises that 
will solve tasks from topics unclear to students. In 
the same classes, students will be able to ask 
questions about different topics and will be able to 
open discussions about some of their ambiguities 
related to topics in mathematics. We worked on tasks 
such as fraction operations, double fractions, solving 
equations, solving systems, probability. 

For the other problems, uninteresting and difficult 
material such as geometric transformations, 
functions, circle and round, inequalities, we decided 
to advise students to use GeoGebra software when 
learning math topics. This will make the content 
more accessible to them, learning more interesting 
and the time spent learning math will not last for 
hours because the software will help them when they 
encounter problems. 

Only by daily monitoring of students by 
monitoring their knowledge, their thinking, class 
behavior, commitment, activity at home and in class 
we can draw conclusions about the problematic 
mathematical topics among students in the latest 
generation of students. The importance of perceiving 
them is important to see what to pay more attention 
to in class and what to give as advice to students 
when studying independently at home. 
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Abstract – Primary and secondary computer education 

nowadays requires modern aids to be included throughout 

the educational process. The purpose of these aids is to 

encourage children to code, to be more interactive, and to 

express their creativity. A new class of computing devices, 

called Single Board Computers (SBC) are tools that can help 

achieve the modern educational requirements as critical 

thinking, problem solving, creativity, interaction etc. The 

main idea here is to present a short survey of educational 

programmable hardware systems. In our case study, we want 

to point out the benefits of SBC and their impact on the 

education process.  

I. INTRODUCTION 

Modern days require a modern educational 
approach. It is especially important to use modern 
educational tools in the computer educational process. 
These modern tools will ensure implementation of 
modern educational trends and practices. But it is 
more important that the use of modern practices is 
spread all over the educational process so that both 
children and teachers will have benefits from it.  

 There are many initiatives, projects, communities, 
and foundations which are committed on design and 
manufacturing of educational hardware and software. 
These educational computing platforms are intendent 
to encourage children to code with the use robots such 
as Lego Mindstorms, and other programmable 
hardware platforms such as Arduino [5], BBC 
Micro:bit, Calliope mini and etc. Most of these 
educational devices are described as half the size of a 
credit card and, depending on the hardware board they 
have a processor (ARM, AVR, etc.), several sensors, 
Bluetooth, USB connectivity and additional 
development tool kit sets with different modules and 
accessories. The educational software is intended to 
simplify programming concepts and make it easier for 
teachers and children to teach how to code. This 
means that the educational software is customized for 
children of different ages with or without technical 
pre-knowledge to programing. All educational 
computing platform can be used to code on one or 
more high level programming languages as C/C++, 
Python, Java, JavaScript, etc. or visual user-facing 

(drag and drop) block editors. There are various code 
editors, IDEs, interpreters, simulators, cloud-based 
programming environments and, etc. that are 
developed and intendent for coding the educational 
hardware.   

Other advantages of these educational devices are 
the small size, affordability, ease of use with simple 
installation, they have many tutorials and examples, 
good documentation, and good auxiliary materials for 
beginners. These devices can bring different 
dimension in the approach to encourage children to 
code so that at the same time they can have fun and 
acquire and learn new programing skills. 

By using computing educational aids through the 
educational process children can work together on 
many different and interesting problems and 
immediately feel the benefits from their work. In fact, 
such an approach can bring various benefits within the 
whole educational process and not only in computing 
education. One of the goals could be finding different 
applications across the different school subjects. With 
this approach it will increase the interest, curiosity, 
concentration, creativity, and many other crucial 
qualities which are critical for personal development. 

Our focus with educational hardware will be on 
SBC [13] (microcontrollers and microcontroller kits) 
that are designed and built for educational use. The 
target group of our interest are primary school 
students.  

The paper is organized as follows: General 
description of SBC with some representatives will be 
covered in Section 2. Section 3 will be devoted to the 
advantages and disadvantages analysis of all 
presented SBC in the previous section. Questionnaire 
in two primary schools in Berovo conducted over the 
teaching staff will be referred in Section 4. In the end 
there is a conclusion section. 

II. SINGLE BOARD COMPUTERS 

As the name itself tells us, SBC is a complete 
computer built on single circuit (printed) board, with 
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microprocessor(s) (MPU), memory, input/output 
(I/O) and other additional features required of a 
functional computer. On the other hand, a single-
board microcontroller (MCU) is a microcontroller 
built onto a single circuit (printed) board. This board 
consists of all the circuitry necessary for a useful 
control task and is built with microprocessor, I/O 
circuits, a clock generator, RAM, stored program 
memory and any necessary support Integrated Circuit 
(IC). 

The Central Processing Unit (CPU) is the logic 
electronic circuitry that control execution of the 
program instructions containing a computer program. 
Microprocessors consist of only a CPU, while the 
microcontrollers contain a CPU, Memory, I/O, all 
integrated into one chip. An MCU can be viewed as a 
single-chip computer, whereas an MPU has 
surrounding chips that support various functions like 
memory, interfaces, and I/O. One of the main 
differences between MCU and MPU is that a MPU 
will typically run an operating system. 

In the next paragraph, we will briefly introduce the 
most popular and widespread educational hardware. 
Their basic characteristics and most important 
features will be included as well.  

A. Arduino 
Arduino (Fig. 1) is an open-source, easy-to-use 

hardware and software company, project, and user 
community that designs, develops and manufactures 
single-board microcontrollers and microcontroller 
kits [2]. Arduino boards can read inputs, light on a 
sensor, a finger on a button, etc. or can turn it into an 
output activating a motor, turning on an LED, etc. 
You can tell your board what to do by sending a set of 
instructions to the microcontroller on the board. 

The Arduino hardware products are distributed 
under a CC-BY-SA license, while software is licensed 
under the GNU Lesser General Public License 
(LGPL) or the GNU General Public License (GPL). 
There various official Arduino boards are available 
from the official website or by the authorized 
distributers.  

There are various microprocessors and controllers 
that are used to develop a range of Arduino boards. 
The boards are equipped with sets of digital and 
analog I/O pins that can be connect to various 
expansion boards, breadboards, modules, and other 
circuits. The boards contain serial communication 
interface and most of the model include Universal 
Serial Bus (USB) which, among the other things, are 
used for loading programs. 

 
Figure 1.  Arduino Uno SMD R3 

The Arduino boards are based off an Atmel [3] 8-

bit AVR, 32-bit ARM Cortex-M or Intel Quark (x86) 

microcontrollers with varying flash memory sizes, 

pins, and features. The microcontrollers can be 

programmed in any programming language with 

compiler that produces binary code for the target 

processor. Arduino can be programmed by C and 

C++ programming languages, using a standard API 

also known as “Arduino language”. Apart from 

traditional compiler toolchains, the Arduino provides 

open-source IDE and web editor.  

Because of the simplicity and the accessible user 

experience, this platform takes part in thousands of 

different projects and applications. The software is 

easy to use for beginners and advanced users alike. 

Anyone, including children can start by following the 

step-by-step instructions of the kit or sharing the 

ideas online with the Arduino community. 

Arduino simplifies the process of working with 

microcontrollers, and some advantages are low cost, 

Cross-platform (run on Mac, Windows, and Linux), 

simple, clear programming environment, open 

source, extensible hardware, and software 

B. Micro:bit 
The Micro:bit [8] (Fig. 2) is open source 

educational hardware originally created by the BBC 
[4] and collaborators for use in computer education in 
the UK. This device is with half size of credit card, 
and the boards are based on ARM Cortex-M 
microcontroller, flash memory, static RAM memory, 
require 3V power supply, it has two embedded 
accelerometer and magnetometer sensors, there are 
also two connecting interfaces Bluetooth and USB, 
two programmable buttons, a display that consists of 
25 LEDs, and five ring I/O pins connectors. The 
device can be powered by either USB or an external 
battery pack. 
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Figure 2.  Micro:bit 

The second nearly identical Micro:bit board has 
been released in October 2020. This board is 
identified as v2. Mainly the differences between the 
boards are in the hardware configuration. Naturally, 
newer boards have better hardware such as 
microprocessor, more memory, and other new 
features. 

There are two official code editors: Microsoft 
MakeCode [10] and MicroPython [9] for Micro:bit 
board that can run as a web application in the browser. 
These code editors are available on their foundation 
web site [8]. There are other non-official editors for 
programing on Micro:bit. Except the text-based 
programming, some of the editors provide 
programming of Micro:bit by visual block-based 
languages. There is a possibility to switch to the text-
based code which is behind blocks. The programing 
languages that can be used for programming the 
Micro:bit are Python, JavaScript, C++, Pascal, etc. 

This device is particularly designed with purpose 
to encourage children to code and build new things. It 
is designed to work alongside other systems to 
improve computing education. Alongside this board 
there is are different development kit sets with 
different modules and accessories that enriches board 
functionalities and applications. 

C. Calliope mini 
Calliope mini (Fig. 3) is a tiny SBC developed for 

educational usage at German primary schools [6]. 
This initiative was been inspired by the BBC 
Micro:bit. The Calliope mini is in the shape of a star 
(Fig. 3) that prevents short circuits which is more 
secure for the children. It can be said that it’s based on 
Micro:bit with ARM Cortex-M0 microcontroller, 
flash memory, RAM memory. This device has 
additional components such as a loudspeaker, 
microphone and RGB light-emitting diode, two 
Grove connectors, extended input and output options. 

 
Figure 3.  Calliope mini 

The Calliope mini can be programmed in C++, 
JavaScript, Python programing languages. There are 
several editors that can run as web applications in the 
browser or as offline desktop editors. The visual 
development software that can be used to program 
Calliope mini includes Scratch [15] the Microsoft 
MakeCode based editor, Open Roberta Lab (NEPO) 
[12] and the Calliope mini Swift Playground (Apple 
App) [16]. There is also MicroPython support for the 
Calliope mini. Calliope mini kit set with accessories 
enriches board functionalities and applications. 

D. Additional remarks 
There are other SBC that can be used in computing 

education but from various reasons that are not 
mentioned here. The Raspberry Pi, Banana Pi, 
GoWarrior, Omega2, etc. can be included to the 
category of educational hardware but because of their 
characteristics, software, and programing user 
interface, required level of knowledge of 
programming languages, their purpose is not very 
appropriate for our target group of users. 

III. ANALYSIS ON SINGLE BOARD COMPUTERS  

The devices mentioned in the previous section are 
chosen for analysis because of their predefined 
purpose. These devices are specially designed 
computing educational platforms which are intended 
for the youngest population. 

 Each of the representatives have their strengths 
and specific characteristic. For analysis purposes, 
several will be considered as different categories to 
evaluate and compare. Apart from this, some of the 
categories will have greater weight during evaluation 
from the obvious reasons. For example, easy 
comprehensibility, simplicity will have greater value 
during the evaluation. Simplicity is it important for 
our target group.  

To have a more general and efficient analysis there 
will be considered several main categories as 
software, safety use, range of applications, 
development tool kit sets, study documentation as 
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guides, books, tutorials, or videos. The comparation 
will be made upon the officially available hardware, 

software tools and documentation. Depending on the 
situation, we will mention important information 
from nonofficial sources. The intention here is not to 
make strict conclusion for the best educational SBC 
but rather to present general conclusions. This 
analysis can make it easier for teachers to choose 
educational hardware according to their personal 
preferences.  

The analysis done in Table I only confirms the 
general conclusions so far. It is important to note that 
according to the analysis Arduino boards are for more 
advanced applications. These boards are intended for 
users with prior knowledge about programing 
languages and hardware. The main disadvantage 
concerning the software can be overcome by using 
nonofficial drag-and-drop Arduino friendly block 
coding editors as ArduBlock [1], EduKits [7], Open 
Roberta Lab (NEPO) [12], etc. 

The general conclusion about the other two SBCs 
is mostly the same. Both are designed and developed 
for use in computer education, and they are intended 
for primary school students. Because Calliope mini 
was inspired by the Micro:bit, it can be said that in 
some way, it is his extended and improved version. 
It’s needed to be mentioned that the shape of Calliope 
mini is safer for use. There is not an absolute winner 
between the two of them. The choice between them 
may depend on their own preference and their 
availability. 

IV. TEASHING STAFF QUESTIONNAIRE  

During the summer period primary and secondary 
high school teaching staff in Macedonia have a 
variety of activities including various trainings. With 
the support of British Council under the program 
“21st Century Schools” [14] there was an online 
course, Micro:bit Basics for Teachers [11]. Apart of 
this, there was an internal training for the teaching 
staff in secondary schools OOU “Dedo Iljo 
Maleshevski” and OOU “Nikola Petrov Rusinski” in 
Berovo. This was a good reason to carry out a 
questionnaire for the teaching staff that attended the 
training. The main aim of the results of this 
questionnaire is to obtain an assessment of the 
Micro:bit for their possible use in the educational 
process. It should be noted that the assessment is 
according to the teacher’s opinion and convictions. 

The questionnaire contained fifteen questions with 
multiple possible answers. This questionnaire is about 
the educational process and use of additional aids as 
Micro:bit. Teachers from various age groups and with 
different professional profiles participate in the 
questionnaire. The number of teachers that participate 
in this questionnaire are 24. More general questions 
concerning the educational processes with the results 
are given in Table II. In Table III, questions are given 
with the results relating opinion about possibly use of 
the Micro:bit in the educational process. The results 
are presented with number and percentage. 

TABLE I.  TABULAR SBC ANALYSIS 

             SBC 

Categories  
Arduino Micro:bit Calliope 

Software 

Intended for 

students 

(basic 
knowledge) 

Intended for 
children 

(beginners) 

Intended for 
children 

(beginners) 

Compactness 
and safety 

use 

Various 

board with 
different 

shape and 

sizes 

Credit card size 
Shape of a star  

for safer use 

Tool kit sets 
Wide range 
of different 

tool kit sets 

Starter set with 
additional 

accessories 

Starter set with 
additional 

accessories 

Range of 

applications  

Wide range 

of education, 

home and  

cheap  
industrial - 

scientific 

application 

Wide range of 

educational 
application 

Wide range of 

educational 
application 

Study 

documents 

Various study 

materials 

intended for 
students 

Various study 

materials 

intended for 
children 

Various study  

materials 

intended for 
children 

Simplicity of 

use and 
understend   

Requires 

certain 
knowledge   

Easy to use and 

comprehend  

Easy to use and 

comprehend 

TABLE II.  MICRO:BIT QUESTIONNAIRE FOR TEACHERS, 
PART I 

1. Do you think that students are interested to embrace new innovative 
learning methods that include modern aids? 

Answers 
Yes, the most of 

them  

Yes, but only a 

few in a class  

No, they are not 

interested 

Results 11 (45.83%) 12 (50%) 1 (4.16%) 

2. Do you think that the way in which you are teaching influences on 
students’ motivation? 

Answers Yes, it is crucial  
Yes, but not 

always  

No, the method is 

not important  

Results 9 (37.5%) 14 (58.33%) 1 (4.16%) 

3. How often do you use different teaching methods that include 

modern aids? 

Answers Very often Not very often 

Never, I prefer 

traditional 

teaching 

Results 5 (20.83%) 16 (66.66%) 3 (12.5%) 

4. How often do you use a computer or other educational electronic 

device in a classroom when you are teaching a new unit? 

Answers 

Always, 

when the 
unit allows  

Not very 

often 

Not very 

often, due 

to limited  
aids 

disposal 

Never 

Results 9 (37.5%) 8 (33.33%) 6 (25%) 1 (4.16%) 
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According to the results from Table II, there is 

mostly a positive opinion for the need of innovative 

approach, but availability of the computers or 

educational aids leads to limitations. As it can be seen 

from the results in Table III there is a divided opinion 

which goes in favor of Micro:bit and its benefits. The 

results lead to the general conclusion that use of such 

educational aids has a great potential to improve the 

educational process.  

V. CONCLUSIONS 

In this paper, a general description is given of 
educational hardware aids as SBC. An analysis has 
been made on the advantages and disadvantages of all 
mentioned SBCs. We discussed the benefits from it 
and the improvements that it can apply on the 
educational process.  

A questionnaire was carried out to assess teachers’ 
opinion concerning the possible use of Micro:bit in 
the education process. The questionnaire results give 
a general picture of the opinion of the teachers 
concerning the benefits and positive practices of the 
use of educational aids like Micro:bit.  
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TABLE III.  MICRO:BIT QUESTIONNAIRE FOR TEACHERS, 
PART II 

5. Are you willing to embrace the use of education aids such as Micro:bit 

in your classes? 

Answers 
Yes, always 

when the aids 

are suitable 

Yes, but rarely 
No, there is no use  

of this types of 

aids 

Results 14 (58.33%) 6 (25%) 4 (16.66%) 

6. Do you think that use of Micro:bit will encourage/motivate students to 

code? 

Answers 

Yes, all will be 

encourage/ 

motivate 

Yes, but only 
few of them 

No, it will not 

make the 

difference 

Results 9 (37.5%) 13 (54.16%) 2 (8.33%) 

7. Will you motivate students to use Micro:bit?   

Answers Yes, very often  Yes, but rarely  No 

Results 11 (45.83%) 11 (45.83%) 2 (8.33%) 

8. Do you think that Micro:bit is simple for using and coding? 

Answers Yes, it is simple  
Yes, but for a 
certain group 

No, it is 
complicated 

Results 9 (37.5%) 13 (54.2%) 2 (8.3%) 

9. Do you think that Micro:bit can helps you to improve and enrich the 

teaching plan? 

Answers 

Yes, it will 
improve and 

enrich the 

teaching plan   

Yes, but will 
takes me a long 

time than the 

usual planning 

No, will not 
improve the 

process of 

planning 

Results 5 (20.83%) 14 (58.33%) 5 (20.83%) 

10. Do you think that with Micro:bit will be increase communication 

between students and increase your cooperation with students? 

Answers 

Yes, will able to 

increase 

communication 
and cooperation   

Yes, but will 

depends from 

the personal 
characteristic  

No, doesn’t 
increase 

communication 

Results 8 (33.3%) 13 (54.2%) 3 (12.5%) 

11. Do you think that use of this type of educational aids as Micro:bit 

can increase building and improve personal characteristics and skills as 

curiosity, concentration, creativity, communication, teamwork, etc.? 

Answers Yes, I agree 
Yes, partially 

agree 
No. I disagree 

Results 10 (41.66%) 13 (54.16%) 1 (4.16%) 

12. Do you think that students who are usually passive on classes can be 

encouraged to be more active with additional aids as micro:biit? 

Answers Yes, always 

Yes, depends on 
the type of the 

unit, or the 

given task 

No, the passive 

students are 
passive 

Results 6 (25%) 15 (62.5%) 3 (12.5%) 

13. Do you think that you will need more time for preparation if you want 

to use the Micro:bit in your class? 

Answers 

Yes, always 

independently 

of the lesson  

Yes, but 

depends on the 

lesson  

No  

Results 10 (41.7%) 14 (58.3%) / 

14. Do you think that in general there will be benefits from using 
Micro:bit as additional aids in the educational process 

Answers Yes 
Yes, but not 

particularly  
No 

Results 10 (41.66%) 10 (41.66%) 4 (16.66%) 

15. Would you like to recommend the Micro:bit to your colleagues? 

Answers Yes, very often Yes, sometime No 

Results 8 (33.33%) 15 (62.5%) 1 (4.16%) 

http://blog.ardublock.com/
https://www.bbc.com/
https://edukits.co/
https://makecode.microbit.org/
https://microbit.britishcouncil.org/
https://www.britishcouncil.mk/en/programmes/education/21st-century-schools
https://www.britishcouncil.mk/en/programmes/education/21st-century-schools
https://apps.apple.com/de/app/swift-playgrounds/id908519492
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Abstract - This paper aims to analyze the importance of 

locus of control, as a psychological construct in students. It 

is emphasized that locus of control creates the behavior of 

students and thus influences their academic achievements. 

This paper, based on previous research, shows that students 

who have an internal locus of control are more responsible, 

motivated, more satisfied and have better success. In 

contrast, students who have an external locus of control 

achieve a poorer academic performance, which is 

accompanied by stress, lack of motivation and creativity. 

Therefore, the importance of students' approach to their 

locus of control is emphasized. 

I. INTRODUCTION 

The student population represents the future 

workforce, so it is very important to direct them in 

the right way in relation to their locus of control. 

Vijayashree and Jagdischchandra (2011) explain 

locus of control as a personality variable that assigns 

individuals according to the degree to which they 

accept personal responsibility for what happens to 

them and this is called internal locus of control, as 

opposed to attributing responsibility to forces 

beyond their control which is noted as an external 

locus 1. Students' approach to their locus of 

control is important, as it indicates how they will 

behave as employees in the future. Locus of control 

is closely related to the functions and actions of 

individuals, and as such, it is observed as a 

personality variable that defines school 

achievement. Understanding the effects of locus of 

control and taking adequate actions towards a 

certain direction, leads to more efficient schooling. 

It is very important to approach students 

according to their locus of control, therefore locus of 

teacher control has a very big role 2; 3; 4. The 

locus of control of students directly affects the 

experience they have during schooling, which 

includes academic achievement, life and school 

satisfaction, relationships with teachers and other 

students 5; 6; 7; 8; 9; 10; 11; 12; 13; 14; 15; 16; 17; 

18. Furthermore, research shows that students, who 

have an internal locus of control, are more resistant 

to negative events, are more satisfied, are not prone 

to experiencing stress, which results in better 

achievement during schooling. While people with an 

external locus of control are more prone to 

dissatisfaction, stress, and constant mood swings 

accompanied by a lack of motivation and 

responsibility which ultimately results in poor 

performance in tasks during schooling 19; 20; 21; 

22; 23; 24; 25; 26; 27; 28; 29; 30). 

II. RESEARCH METHODOLOGY 

A.  Research subject and problem  

The teacher-student relationship imposes various 

problems. Often misunderstandings can be a 

problem that later results in a poor student outcome. 

Therefore, it is necessary to approach students 

correctly, to find the appropriate motivational 

technique. The subject of the research is the analysis 

of locus of control as a psychological construct, 

which can serve as an indicator of the characteristics 

and behavior of students, on the basis of which an 

appropriate approach to students can be created. 

B. Research questions 

Based on the subjects and research problems, the 

following research questions are noted: 

IP1: Does locus of control affect the teacher-

student relationship? 

IP2: Is locus of control a predictor of academic 

achievement? 

IP2: Does locus of control play a role in the 

social engagement of students? 

C. Research goal 

The aim of this theoretical research is to 

understand the significance of students' locus of 

control of during schooling, based on previous 

empirical research. 

mailto:mihaljbakator@gmail.com
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III. THEORETICAL FRAMEWORK 

A. Significance of locus of control in the teacher - 

student (IP1) relation 

A teacher's job is not only to transfer certain 

knowledge, but also to make the approach to 

students pedagogically oriented. The results of one 

study show that the effect of locus of control 

contributed to student life satisfaction 5. 

Therefore, it is necessary for teachers during the 

interaction with students to work on raising 

satisfaction, both towards a certain task (schooling) 

and towards life. 

When educating students, it is important to 

approach teachers based on their locus of control. 

According to Cook, L. D. (2019), the teacher control 

locus is an important factor in determining 

classroom-learning outcomes. With the right 

approach to students' locus of control by teachers, 

they can improve their productivity, and alleviate 

the negative feelings that occur during schooling. 

Teachers in urban schools experience significant 

stressors that can affect their efficiency, well-being, 

retention, and ability to meet the needs of their 

students 2. The results of one study 3, indicate 

that teachers are most likely to feel unable to solve 

the situation and solve the problem, and that the 

personal locus of control has a key influence on this 

4. 

B. The significance of locus control type on student 

academic achievement (IP2) 

The internal locus of control results in better 

academic adjustment and better performance, while 

external locus of control results in lower academic 

success. Students with a dominant internal locus of 

control find it easier to change their behavior, 

regardless of whether that behavior was supported 

positively or negatively, while students with an 

external locus of control find it harder to change 

their behavior 23. Based on theoretical concepts 

8; 9; 10; 11, and research results, which speak in 

favor of differences in values and locus of control 

between different educational youth and 

professional orientations, as well as gender 

differences 12; 13; 14; 15; 16; 17). It was noted that 

there is a connection between value orientations and 

loci of control, as well as that students of different 

genders and from different faculties differ in 

preferred life values and the degree of possession of 

internal locus of control 18. Students who have 

expressed a desire to start their own business in the 

future have a higher level of internal locus of control 

31. 

Lefcourt, Martin, and Seleh (1984) examined the 

behavior of students with more pronounced 

indicators of internal and external locus of control 

and found that students with internal locus of 

control had fewer consequences of some negative 

events from the past compared to students with 

external locus of control 19. In relation to the 

students' locus of control, the experience of stress 

during schooling can also be predicted 6. Students 

with an external locus of control are more likely to 

develop mood swings compared to students with an 

internal locus of control, and are more stressed, and 

are often dissatisfied 20. Galluch, P. S., & Miller-

Serrano, M. (2018), argued that the fear of negative 

evaluation is the underlying cause of stress, while 

social desirability leads to a person experiencing 

stress but not feeling it. It is emphasized that 

internal locus of control has a positive effect on 

performance, and that excessive stress leads to 

reduced performance. Also, the intensity of 

engagement in learning is more pronounced in 

people with internal locus of control 21. 

The difference in the academic achievement of 

students with internal and external locus of control 

was also investigated by Kader, A. (2014). The 

locus of control has proven to be a significant 

predictor of academic achievement and success 7. 

Strickland, (1988, according to Hewes & Hillman, 

2001) states that individuals who have internal locus 

of control adapt better to the environment and 

achieve better academic success 32. This is 

followed by Bender (1995), who believes that 

external locus of control causes a lack of motivation 

to learn and continuous failure, despite continuous 

attempts to solve school tasks 22. 

C. The role of locus of control in social engagement 

(IP3) 

According to Tomašević A.N. et al. (2021) there 

is a high positive relationship between internal locus 

of control and social engagement, i.e. there is a 

connection between an engaged approach to online 

teaching and accepting students' responsibility for 

their own lives. The research also showed that there 

are differences in responses by groups, showed that 

there are no statistically significant differences in 

the level of internal locus of control in students of 

different sexes, in students attending different 

student programs, and in students attending different 

years of study 24. This is followed by other 

research, where Vrban, K. (2020) indicates that 

students with an internal locus of control are 

perceived as creative people, and that the 

determinants of creativity positively affect their 
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entrepreneurial intentions 25. Abdalla, MMI, et al., 

(2019), found a significant predictive effect of 

problem-based learning (PBL) acceptance on 

academic self-concept (ASC) and internal locus of 

control (ILOC) 26.  

This is followed by Baković, M. (2020), who 

says that students with high subjective well-being 

have high self-efficacy, are essentially motivated, 

and have internal locus of control. Students who 

have a lower level of motivation than others and a 

higher level of self-efficacy and intrinsic motivation 

achieve higher academic achievement. Furthermore, 

motivation and the external locus of control are in a 

negative relationship, and self-efficacy and internal 

locus of control are positive predictors of subjective 

well-being 27. 

It is very important to look at students as 

adolescents with problems that are characteristic of 

that age. In a research dealing with adolescent risk 

behavior, locus of control is used as a predictor 

defined as an assessment of belief in the possibility 

of controlling events, both in the external 

environment and in terms of internal events 28. 

Several studies 28;29, on the topic of risky 

behaviors indicate that adolescents with risky 

behavior are characterized by an external locus of 

control, while their peers without risky behavior are 

characterized by an internal locus of control. Strong 

internal locus of control has a protective potential in 

relation to the use of light and heavy drugs, as well 

as alcohol, but there is no probability that the same 

outcome will be realized in the case of gambling / 

betting 30.  

D. Summary of previous empirical studies on 

students' locus of control 

Previous research has included a large number of 

studies that study the effects of locus of control type 

of the student population. Table 1 presents a 

summary of the outcomes of previous empirical 

studies. 

TABLE 1. SUMMARY OF PREVIOUS EMPIRICAL STUDIES ON 

THE IMPORTANCE OF LOCUS OF CONTROL DURING 
SCHOOLING 

Authors Effects of locus of control 

Karaman, M.A., et al. 

(2018) 

An approach to locus of 

control contributes to student 

life satisfaction. 

Strickland, (1988, 

according to Hewes & 

Hillman, 2001) 

People with an internal locus 

of control adapt better in the 

environment and achieve better 

academic success. 

Mueller & Thomas, 

(2001) 

Students who have expressed a 

desire to start their own 

business in the future have a 

higher level of internal locus of 

control. 

Bojović et al., (2015); 

Bouillet,(2004); Ilišin 

& Radin, (2002);  

Marić & Novović, 

(2010);  

Mamlin et al., (2001) 

The type of locus of control 

affects the level of education 

and professional orientation. 

Sakač, M. D., & 

Marić, M. R. (2019) 

The type of locus of control 

determines value orientations 

and life values. 

Bender (1995) 

People with an external locus 

of control are more likely to 

fail, and lack motivation to 

learn. 

Cook, L.D. (2019) 

Teacher's locus of control is an 

important factor in determining 

classroom learning outcomes. 

Lefkort, et al. (1984) 

Students with an internal locus 

of control cope better with 

negative events and situations. 

Helmbrecht, B., & 

Ayars, C. (2021) 

In relation to students' locus of 

control, the experience of 

stress during schooling can be 

predicted. 

Au, E.W. (2015) 

Students with an external locus 

of control are more likely to 

develop mood swings, are 

more stressed, and are often 

dissatisfied. 

Kader, A. (2014) 

Locus of control has proven to 

be a significant predictor of 

academic achievement and 

success. 

The internal locus of control 

results in better academic 

adjustment and better 

performance, while the 

external locus of control results 

in lower academic success. 

Kutanis, R. Ö., et al. 

(2011) 

Students with a dominant 

internal locus of control find it 

easier to change their behavior. 
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Tomašević A.N. et al. 

(2021) 

There is a high positive 

relationship between the 

internal locus of control and 

social engagement, i.e. there is 

a connection between an 

engaged approach to teaching 

and an acceptance of 

responsibility for one's own 

life. 

Vrban, K. (2020) 

Students with an internal locus 

of control are perceived as 

creative individuals. 

Baković, M. (2020) 

Students who have an internal 

locus of control are essentially 

motivated, with high subjective 

well-being, and achieve greater 

academic achievement. 

Marković, et al. 

(2011) 

Locus of control is used as a 

predictor defined as an 

assessment of belief in the 

possibility of controlling 

events, both in the external 

environment and in terms of 

internal events. 

Gudjonsson, 

Sigurdsson, (2004) 

Students (Adolescents) with 

risky behavior are 

characterized by an external 

locus of control, while their 

peers without risky behavior 

are characterized by an internal 

locus of control. 

Janković, U. (2021) 

Strong internal locus of control 

has a protective potential in 

relation to the use of light and 

heavy drugs, as well as alcohol 

in young people. 

Jagdischchandra i 

Vijayashree (2011) 

Locus of control is a 

personality variable that 

assigns individuals according 

to the degree to which they 

accept personal responsibility 

for what happens to them. 

Camacho, et al., 

(2018) 

Teachers' personal locus of 

control, with an emphasis on 

external locus, indicate that 

employees are most likely to 

feel unable to solve the 

situation and solve problems, 

and the most common feelings 

that appear are anger, anxiety, 

sadness, emotional exhaustion, 

incompetence, positivity and 

confusion. 

Galluch, P. S., & 

Miller-Serrano, M. 

(2018) 

Internal locus of control has a 

positive effect on performance 

and the elimination of stress. 

Cahyadi, A., 

Hendryadi, H., & 

Mappadang, A. 

(2021) 

 

The intensity of engagement in 

learning is more pronounced in 

people with internal locus of 

control. 

IV. CONCLUSION 

 Based on the presented results of previously 

conducted studies, it can be concluded that locus of 

control as a psychological construct of personality is 

a predictor for student action during schooling. 

Therefore, it can be said that locus of control can be 

a significant indicator of academic success, as well 

as socio-social integration into the school 

environment. Based on defining the type of locus of 

control, an adequate approach can be created that 

will influence students to direct their behavior to the 

highest quality content and a better future. 
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Abstract - With the start of the pandemic, group 

communication is transferred online. Google Classroom 

serves as communication center for students of Southeast 

European University who study together to spread 

information from one another for a particular task. This 

research uses qualitative content analysis to determine 

whether discussion forums on Google Classroom could be 

viewed as group communication in the usual academic 

explanation of the term. And the usual academic 

explanation of group communication is that it comprises of 

five main features: size, interdependence, task, norms and 

identity.  The findings suggest that online discussion forums 

have all five features of face-to-face group work – size, 

interdependence, assignment, individuality, and norms. The 

study concludes that though online forums bring in 

limitations to interactions, discussion forums can indeed be 

viewed as group communication. These findings should help 

teachers plan for and deal with the difficulty of 

communication between group members in Google 

Classroom.  

I. INTRODUCTION 

Discussion thread is grouping together all 

comments or discussion on the same topic or it can 

be defined as one topic under discussion by a group 

of people, in this case students. And group 

communication means interaction of three or more 

individuals to accomplish a certain task (e.g., 

Rothwell, 2013), and it is generally supposed that 

people can achieve more by working in groups with 

others than they can by working on their own. In the 

digital age, group interactions has started to drift 

online. Groups collaborate through email, 

discussion forums, and are generally using Internet 

tools such as Google Classroom that allow working 

on their group projects remotely. Online support 

groups are appreciated by individuals in need of 

compassion (Turner, Grube, and Meyers, 2001). 

Participation, context, timing, and structure of 

interaction in Google classroom are automatically 

recorded, providing rich group interaction data for 

researchers.  

Though online group communication appears 

favorable to all those participating, scholars noted 

several deficiencies of web interactions for teams, 

such as poor relational development (e.g., Galston, 

2000; Straus, 1999) and excessive group size (Jones, 

Ravid, and Rafaeli, 2004) that could lead to poor 

group cohesion (Rice, 1987). Thus, it is important to 

understand how modern online communities 

function and whether interaction between people in 

such format can qualify as group communication in 

its traditional understanding and fully substitute face 

to-face group interactions. This study focuses on 

Google Classroom group communication, a 

prominent example of an online user forum at South 

East European University. It is a technical support 

community that is hosted by the Google, but with 

content created exclusively by its users, learners and 

students in this situation. The study analyzed what 

features of group communication these discussion 

threads had and whether they could be seen as 

similar to face-to face group work. 

II. LITERATURE REVIEW 

Communication and group communication in 

learning is a process of transforming messages in 

the form of science and technology from educators 

to students, where students are able to understand 

the purpose of the message in accordance with 

predetermined objectives, thereby increasing the 

insight of science and technology and cause 

behavior change for the better.(Subandi, 2018; 

Choirudin 2018). In addition to that, Subandi(2018) 

explains also that teachers are the party most 

responsible for the ongoing effective 

communication in learning, so that lecturers as 

teachers are required to have good communication 

skills in order to produce an effective learning 

process. 

While face-to-face group communication is 

commonly defined as three or more people working 

interdependently for the purpose of accomplishing a 

task (e.g., Myers and Anderson, 2008, Rothwell, 
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2013), online communities are often larger networks 

of people who gather around a common purpose or 

activity and use computer-mediated communication 

as their primary means of interaction (Baym, 2000; 

Rheingold, 2000; Smith and Kollock, 1999). In 

order to explore how online interaction fits into the 

description of group communication, I analyzed 

how features of Google Classroom-mediated 

communication identified by scholars align with the 

core concepts of traditional face-to-face group 

communication. The literature review focuses on the 

five commonly accepted features of groups – size, 

interdependence, task, identity, and norms (Keyton 

and Beck, 2009).  

 A. Group size and the impact of varying group size 

Group size is of an essential concern in 
discussion groups and many results and findings 

indicate that smaller groups establish and maintain 

higher levels of communication quality. Therefore, 

in terms of group size feature, the research shows 

that three or four, at the most five, is the optimal 

size of group communication, while there are 

exceptions, for the most part, and group size is often 

thought of in terms of 3-12 people.  

Different from what many researchers support, 

online groups can be very large in size compared to 

traditional face-to-face groups Black et al., 2011; 

Huffaker, 2011; Rice, 1987). Jones, Ravid, and 

Rafaeli (2004) found that the larger the online group 

was, the fewer messages were exchanged between 

members and they were shorter. Huffaker (2011), on 

the contrary, argued that group size positively 

impacted communication activity and shared 

language, but agreed to previous findings which 

showed that the more discussion participants there 

were in online groups, the more likely information 

overload and lack of group cohesion might occur 

(Rice, 1987). In this context, Burgeon and Bonito 

(2002) spoke of  the group discussion quality also, 

and they defined it, so that it is the group members 

‘evaluation of the level of effectiveness and 

satisfaction experienced during group discussion 

and high quality group discussion that generate 

multiple perspective, where shared knowledge 

allows members to understand the problem. The size 

of online groups affected group stability and quality, 

contributing to both acquisition of new members 

and loss of older ones (Butler, 2001). Thus, the large 

number of individuals involved in computer-

mediated interaction at the same time and on the 

same topic is usually viewed as a factor hindering 

group communication experience. Despite the large 

size of online groups, few participants are still 

active contributors to community interaction and 

contribute more valuable information than others 

and engage social as well as practical 

communication to keep community interactions 

going (Howison, Inoue, and Crowston, 2006).  

B. Member Interdependence in Google Classroom  

 Group members are mutually dependent in 

that the behavior of one group member affects both 

relational and task behaviors of other group 

members (Myers and Anderson, 2008). Despite the 

fact that online groups can be large in size, 

researchers argue that learners in them still perceive 

that what helps one member in a group helps all 

members in the group, and what hurts one member 

in a group hurts all members in the group. Johnson 

(1998) presented the concept of interdependence, 

more referred to as positive interdependence, by 

stating that the success of one person is dependent 

on the success of the group. All members should 

rely on one another to achieve the goal and need to 

believe that they are linked together to succeed. In 

relation to this, Heinz and Rice (2009) found that 

the more group members communicated online, the 

stronger were their relational ties. Despite the fact 

that some researchers disputed that the group 

member relationship could be well maintained via 

computer-mediated communication, others consider 

that on line communication made relational 

development difficult and even impossible. They 

consider that CMC lacks social context, physical 

environment and members nonverbal behaviors, 

gestures, that characterize the nature of the social 

situation. But still, although CMC is supposed to be 

low in social presence, online users in Google 

classroom have over time learned to adapt to the 

new environment and use textual messages for 

communicating, users could transmit nonverbal cues 

through text by filling messages with verbal, 

grammatical features anticipated to reproduce face 

to face oral communication. 

 C. Task  

Task groups are groups of learners or individuals 

brought together to accomplish a specific action or 

produce a product. Our students in Google 

Classroom have participated in an educational 

setting where they have already experienced a task 

group in action. Therefore group members are 

interdependent and manage their efforts to 

accomplish a common task, which is the purpose of 

the group’s existence (Myers and Anderson, 

2008).Different research has shown that when group 

problem solving is computer mediated, respectively 

on online platforms, communications become more 

task oriented with clearer role expectations, while 

face-to-face communications are more cohesive and 
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personal. In relation to this, Li (2007) found that 

face-to-face groups perform better than computer-

mediated groups in problem analysis and criteria 

establishment and on line communication groups, 

on the other hand, are less efficient than face-to-face 

groups in terms of communication effectiveness. 

While they used double the time to complete their 

tasks, they only produced half of the communication 

messages that their face-to-face peers produced. At 

the same time, although face-to-face groups 

performed communication functions better, they did 

not necessarily have better group outcomes than on 

line groups. Furthermore, Walther (1992) argued 

that computer-mediated communication was more 

efficient in performing tasks than traditional group 

work due to its lack of unnecessary emphatic and 

emotional cues. Whether online groups are an 

efficient means for solving tasks depends, then, on 

the type of the specific task and characteristics of 

the group. Generally group members are more 

motivated to help each other when cohesion is high 

and task oriented (high exam performance) has been 

an example of this.  

D. Group norms  

Group norms are crucial rules that can support a 

group to work efficiently and discourage behaviors 

that deter its value. Even though unwritten, they 

govern how group members interact with each 

other, work as a team and make decisions. Myers 

and Anderson (2008) characterize them as one of 

the secondary group features and a group norm is 

perceived as a rule that groups adopt to regulate 

members’ behavior (Bonney, 1974; Feldman, 1984). 

Active group members establish and legitimize 

certain group patterns that may eventually become 

norms (Bettenhausen and Murnighan, 1985). Norm 

violation can cause sanctions to be imposed on 

group members (Shaw, 1981). Different online 

communities appear to feature a variety of norms 

specific to their field of study. However, relatively 

only a little computer mediated communication 

literature touched upon the topic of group norms. 

This may be due to the diversity of online 

community types and the appearance of new ones 

over the past few years. Early studies of computer 

mediated communication made a general 

assumption that norms in computer-mediated 

communication developed over time and helped to 

mediate online relationships between group 

members (Walther and Burgoon, 1992). Likewise, 

Black, Wesler, Cosley, and DeGroot (2011) argued 

that the establishment of group norms should govern 

online group members’ behavior. Such governance 

processes are important as they help to coordinate 

communication of members who may be physically 

detached or have different expectations about group 

work. This study investigates whether norms of an 

online forum were closely followed by members 

and whether members in select threads came up 

with norms of their own.  

E.  Group Identity  

Group identity refers to a person’s sense of 

belonging to a particular group. Generally, 

computer-mediated groups can take longer time to 

communicate than face-to-face groups, and as a 

result it also takes longer for them to come up with a 

shared group identity (Walther,1992). Google 

classroom learners tend to form a shared identity in 

discussing topics of common interest and use shared 

language and talking about items using the same 

word choices. The five features of group work 

described in this study seem to be present in users’ 

interactions on Google Classroom discussion 

forums and in order to explore the specific 

characteristic of online interactions on Google 

Classroom, this study tried to answer the following 

research question: Can learner interaction on 

Google Classroom be described as a group work? 

III. METHOD 

To gather data that would serve to answer the 

research question, a qualitative content analysis of 

information-rich discussion threads from different 

sections of the Google classroom was carried out. 

Based on the assumption that interaction between 

users within one thread might be seen as group 

communication, a forum thread composed of posts 

made by individual forum users served as the 

component of analysis. I studied several discussion 

threads and employed determined criterion-based 

sampling to select 10 information-rich cases based 

on three criteria. First, the thread had to be marked 

as “resolved” by users. Second, I looked for threads 

where three or more users were engaged in a 

discussion. Finally, I selected threads that had a 

sufficient number of posts and information in them 

to be considered a discussion rather than a question 

and an immediate answer to it. The time frame for 

the study was from March 22nd, 2020 to May 15th, 

2020. This time period is explained by the fact that 

while most of the analyzed threads were active for a 

relatively short period of time (e.g., a week), two of 

the analyzed discussion threads stayed active for 

almost a year, and information in both of them was 

relevant for the study. In order to determine the size 

of the possible online group, I counted the number 

of active users in the thread. I measured a user to be 

actively involved in the discussion if there were 
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three or more posts from him or her. I categorized 

some of the analyzed discussion topics as normal, as 

people in them were discussing everyday issues and 

concerns, such as poor air quality or slow economic 

development. Other threads discuss more 

specialized and practical issues. I used assessment to 

categorize users’ communication in the threads as 

relational or task. Thus, I analyzed textual 

information from discussion threads that related to 

the studied online group communication features 

(member interdependence, group identity, task, and 

norms) and then compared the results to those in the 

existing literature. I also conduct online interviews 

of several active students who were discussion 

forum users in order to get an inside perspective at 

the discussions. I asked questions concerning 

relational and task communication in forum threads, 

as well as regarding perceptions of group work in 

general. Bringing together interviews with textual 

data analysis allowed for some data triangulation 

and certainly affected the credibility and validity of 

study outcomes. 

IV. RESULTS 

All of the learners share the characteristics of 

being owners of Google classroom profile. Every 

Google classroom learner can become a member by 

registering on Google classroom with their ID. 

School interactions are conducted through textual 

messages and take the form of threads. Users create 

multiple new threads every day searching about 

issues they have with their onsite classes. The 

discussion forums include a status system that 

allows students to thank helpful colleagues by 

“liking” their posts, marking posts as useful, or 

indicating that a specific post helped to resolve the 

issue discussed in the thread. Accordingly, students 

get points by posting helpful responses – five points 

for useful responses and 10 for the one that helped 

to resolve the issue. The more points a user has, the 

higher their rank (from first to sixth) and the more 

privileges they have. Users can also specify that 

they have the same issue as the topic starter by 

clicking the “I have this question too” key. 

However, as the observations showed, this feature 

was not used by many users. On the contrary, most 

users appeared to ask questions that had already 

been asked before. This is a violation of the Google 

classroom’s ethics norm, as users are expected to 

first try to search for an answer and only after that 

ask a new question. This to some extent explains 

why interaction in the mainstream threads comes 

down to one or two answers from other class 

members, which is enough to solve the issue. Such 

threads cannot meet the requirements as group 

interaction as only two users are involved, and they 

do not communicate information sufficient for 

analysis. Other interactions, however, extended over 

several months and occurred between many users, 

which generated some rich data on member 

interdependence, identity, and specific norms within 

each of the online class interactions.  

V. DISCUSSION AND CONCLUSION 

 The purpose of this study was to find out if a 

discussion thread on Google classroom discussion 

forums could be viewed as group communication. 

Outcomes of textual analysis of Google Classroom 

threads showed that five features of group work 

were to varying degrees present in users’ 

interactions. The number of vigorous participants 

ranged from four to ten people. Learners depended 

on each other for information, and their 

communication established relational progress. For 

the most part, user communication was task-

oriented and aimed at finding solutions to issues. 

Although there were exceptions, users in general 

tended to follow ethical and organizational norms of 

the discussion forum. Finally, members identified 

with each other on issues that mattered to them. At 

the same time, some of these features took forms 

that were different from those found in traditional 

face-to-face groups. Observation of comments 

illustrated that not all users who communicated in a 

thread shared the same identity, and sometimes 

users could split into two opposing camps within the 

same discussion, each with its own shared beliefs. 

Moreover, some users’ posts did not show evidence 

of them identifying with anyone else. A discussion 

thread, then, cannot be viewed as group interaction 

in itself, as some discussion participants did not 

identify with others. Absence of a clear group task 

and an end result to user interaction in select 

discussions was another issue that made it difficult 

to view such forum threads as group work. Posts 

lacked task-related communication, and such 

threads appeared to be collective of user feedback 

rather than purposeful group discussions. At the 

same time, however, several discussion threads were 

rich on task-related communication and did have a 

clear outcome. Thus, an online forum interaction 

may or may not have an end result. It appears that 

threads settling on typical issues are less likely to 

have an end result, while threads that address 

specific technical problem are more likely to arrive 

at a definite conclusion. Further research is needed 

to confirm this assumption.  Most significantly, only 

two of the analyzed discussion threads possessed 

five core features of group communication at the 

same time. While all 10 interactions had an 
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appropriate number of users involved, and at least 

one of these users was dependent on others for help, 

one or more of the three other important group 

features was missing. Users either did not 

demonstrate proof of shared identity, failed to 

follow norms, or did not have a clear group task that 

they worked to achieve. With these features absent, 

these threads cannot be viewed as group 

communication. While admitting the essentials and 

limitations that web forums introduce to the 

communication process (e.g., interactions can only 

be in order), I disagree that member interactions 

within these two discussion threads can be viewed 

as group communication. This study had certain 

limitations. Due to resource constraint, a fairly small 

number of discussion threads was selected by 

determined non-probability sampling methods and 

then analyzed. While qualitative content analysis 

helped to collect rich data, the findings cannot be 

generalized and applied to other threads or 

discussion forum websites. Quantitative research 

methods and random sampling would allow for a 

systematic analysis of a larger number of discussion 

threads and expand the applicability of findings. 

Another limitation was the lack of interviewee 

participants. The number of the interviewees should 

be increased to provide for better research power. 

For future studies, a regulations scheme can be 

created to determine whether specific patterns or 

words in textual interaction of members on web 

discussion forums point to member 

interdependency, group task, norms, or identity. 

Then, using quantitative research methods, it would 

be possible to test the hypothesis of whether the 

discussion topic influences the presence or absence 

of an end result in group interaction and 

communication.  

REFERENCES 

[1]. Burgoon, J. K., Bonito, J., Ramirez, A., Kam, K., Dunbar, N. E., & Fischer, 

J. (2002). Testing the interactivity principle: Effects of Mediation, 

Propinquity, and verbal and nonverbal modalities in interpersonal 
interaction. Journal of Communication, 52(3), 657- 

[2]. Bonney, W. C. (1974). The maturation of groups. Small Group 

Behavior, 5, 445–461.  
[3].   Butler, B. S. (2001). Membership size, communication activity, 

and sustainability: A resource-based model of online social 

structures. Information Systems Research, 12, 346–362.  
[4]. 5 Butler, B., Joyce, E., and Pike, J. (2008). Don’t look now, but 

we’ve created a bureaucracy: The nature and roles of policies and 

rules in Wikipedia. Proceedings of the twenty-sixth Annual 
SIGCHI Conference on Human Factors in Computing Systems 

(pp. 1101-1110). New York, NY: Annual SIGCHI Conference on 

Human Factors in Computing Systems.  
[5]. Carey, J. (1980). Paralanguage in computer mediated 

communication. In N. K. Sondheimer (Ed.), The 18th annual 

meeting of the association for computational linguistics and 
parasession on topics of interactive discource: Proceedings of the 

conference (pp. 67-69). Philadelphia, PA: University of 

Pennsylvania. 
[6]. Cramton, C. D. (2001). The mutual knowledge problem and its 

consequences for dispersed collaboration. Organization Science, 
12, 346–371.  

[7]. Feldman, D. C. (1984). The development and enforcement of 

group norms. Academy of Management Review, 9, 47–53.  
[8]. Galston, W. A. (2000). Does the internet strengthen community? 

National Civic Review, 89, 193–202.  

[9]. Gruhl, D., Guha, R., Liben-Nowell, D., and Tomkins, A. (2004). 
Information diffusion through blogspace. Proceedings of the 13th 

International Conference on the World Wide Web (pp. 491–501). 

New York, NY: 13th International Conference on the World Wide 
Web.  

[10]. Gumpert, G., and Cathcart, R. (1986). Interpersonal 

communication in a media world (3rd ed.). New York, NY: 

Oxford University Press.  

[11]. Heinz, M., and Rice, R. E. (2009). An integrated model of 

knowledge sharing in contemporary communication 
environments. Communication Yearbook, 33, 134–175.  

[12]. Johnson, D.W., & Johnson, R.T. (1990). Using cooperative 

learning in math. In N., Davidson (ed.), Cooperative Learning In 
Mathematics (pp.103-125). Menlo Park, California, USA: 

Addison-Wesley Publishing 

[13]. Subandi, C Choirudin, (2018)Building Interactive Communication 
with Google Classroom, International Journal of Engineering & 

Technology  

 

 



International Conference on Information Technology and Development of Education – ITRO 2021 

November, 2021. Zrenjanin, Republic of Serbia 

 

53 

Implementation of Drones in Teaching 

D. Kreculj*, M. Gaborov**, N. Ratkovic Kovacevic***,  

V. Nikolic****, S. Minic*****, N. Cvorovic****** 

* Academy of Technical Applied Studies, Serbia, Belgrade 

** Technical Faculty „Mihajlo Pupin“, Serbia, Zrenjanin 

*** Academy of Technical Applied Studies, Serbia, Belgrade 

****University of Criminal Investigation and Police Studies, Serbia, Belgrade 

***** Teacher Education Faculty, Serbia, Leposavic 

******10th Belgrade Gymnasium, Belgrade, Serbia 

kreculj7@gmail.com 

 
Abstract - Drones are used in a studying of specific technical 

areas through targeted courses are used. They present 

innovative and flexible teaching tools that are applicable in 

a multiple education fields. Usually they have not complex 

constructions, small in size and according to price 

affordable solution. Their increase implementations are the 

result of merging and interweaving several scientific fields, 

such as electricity, mechanical engineering, automatic 

control, computer programming, aviation etc. With drones 

in learning approaches, students will adopt and develop 

significant technological, cross-curricular and digital 

competencies. In parallel, they analyze parts of the 

mechatronic constructions and acquire the programming 

and control skills about drone flights. In this paper the main 

properties of the specific Ryze Tello drone model, suitable 

for a teaching proccesses in schools on different levels are 

described. It has been proven that drones can be applied 

from a theoretical and practical point of view in primary 

and secondary schools, but also in academies and 

universities. Then special up-to-date application 

DroneBlocks, for a quick and easy drone model control, in 

details is considered. The key facts about blocks of codes 

and line codes in well-known and often used programming 

language JavaScript, are also discussed. The designed codes 

for programming of drone flight mission controls have been 

deployed and presented too.     

I. INTRODUCTION 

Today there is an evident expansion in the 
production and then using of drones. These 
technical devices, are used for various purposes, ie. 
in the army, police, traffic, agricultural, education, 
commerce, science, media, etc. For educational 
purposes and teaching besides existing models new 
innovative ones are being continuously developed. 

As many innovative technologies implemented 
into teaching curriculum, drones have potential to be 
another engaging method of integrating STEAM 
(Science, Technology, Engineering, Arts and 
Mathematics) in education. Innovatively oriented 
teachers are always looking for the new methods 
and approaches to engage students more in topics 
and provide meaningful lessons. Corresponding 
curriculums, which based on drones, show 

significant  promises through exciting and dynamic 
accesses to teach programming and related  

technologies. Associated interactivity and 
modularity should be exceptionally motivating to 
students but also teachers. The program will be easy 
to implement and possibility for competitions take 
the students to a new level of active learning. 
Undoubtedly drones will be a new and exciting part 
of technological and engineering education for 
dynamically coming years. 

Technology enhanced learning is an effective 
way to deliver appropriate and requested timely 
student education. With the advanced technologies 
in classrooms, the pedagogy method approaches in 
teaching must also change.  

Drones are expected to be the main form of fast 
goods and reconnaissance delivery in a few 
following years. Thus they will be used in 
dangerous industrial processes, for testing damage 
and malfunctions, military and police purposes, 
precision guidance, auto-programmed flights, and 
similar. 

There are many programs, trainings and 
workshops that offer robotics, automation and 
programming separately, but no current specific 
course, or curriculum sets, that offer united drone 
piloting, coding, problem solving and computational 
thinking at some schooling level. [1] 

For certain drone models in project phase it is 
necessary to define their control systems. Such 
system must be adaptable, precise and easy to 
perform. The realization of the drone quality control 
implies the use of special devices, interfaces and 
applications via computers, or ubiquitous mobile 
phones. 

II. DRONES IN CLASSROOM 

Drones as UAV (Unmanned Aircraft Vehicle) do 
not have a long tradition overall. However today 
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they are in intensive research, project and 
development processes and procedures. The 
education system must accept and consider such 
type of mini aircrafts, as a reliable multifunctional 
teaching tool as soon as possible. Recently they 
were introduced even even in primary schools in 
different countries.  

In higher education drones from theoretical and 
practical point of view are studied. Students usually 
learn about construction, aerodynamics, engines, 
control, equipment, By allowing them to operate 
with drones, educators can inspire students to learn 
about local geography, cartography and the local 
history of their communities. 

Teachers usually are using drones for the 
following reasons: 

 Drones are powerful math teaching tools, 

 Provide a frame to teach STEAM related 
topics, 

 Can help students develop soft skills, 

 Conduce a frame to teach STEAM subjects. 
[2] 

Students can study operation states and create 
simulation drone models to discover and remove 
process inefficiencies. Availability of modern 
technologies in teaching STEAM subjects with 
block coding and drones in a quality and high level 
has resulted. There is a constant aspiration that some 
new teaching tools are appearing during the time.  

Drones can be equipped with various sensors to 
be as safe and efficient as possible. Some drones 
have a distance sensor on all six sides to try to avoid 
existing obstacles. Yet the most common sensor on 
drones is the gyroscope. It helps the drone pilot to 
maintain a stable flight, and will dose the thrust on 
each of the four propellers to keep it as still as 
possible during flight. In order for pilots to get the 
maximum power during the flight, they need 
excellent knowledge of aerodynamics, as well as the 
ability to react quickly if it would be needed. [2] 

Specific university courses can greatly benefit by 
introduction and considerations drone properties. 
They can be used for the realization of teaching 
units in many inventive ways. Students from various 
engineering discipline, but even from journalism, 
pharmacy, archeology, have started using this 
inventive technology to enhance their professional 
training, and to add real-world examples to their 
studies activities. The prominent example of simple 
school drone in figure 1 is presented. 

While it may sound obviously, students from 
different engineering fields, including electronic and 

aeronautical engineering, are greatly benefiting from 
drones, as they allow them to build and test concepts 
at very low operation costs. Besides they try out and 
examine drones on real life environments and 
conditions. Surely drones can be very powerful 
learning tools for practices as nowadays as in the 
future. However, unlike other technological 
innovations which are often developed, or brought 
to market by entrepreneurs, there are some teachers 
which are finding new uses and applications that can 
truly unveil their teaching potential. [3] 

Figure 1. Drone for the classroom 

When students make constructive modifications 
and fly their own drones, they learn about 
automatics, electricity, computer programming, 
aviation, project management, physics at once. In 
general, technical and vocational education prepares 
students for work in a specific conditions and it is 
rooted in apprenticeship and hands-on learning and 
authentic working environments. 

There are real-world things and amazing 
technologies that are learning since primary school. 
It is expected that through high school drone 
technology will be integrated across a lot of 
different educational programs in the coming years.  

Drones, as a category of UAVs, are becoming 
increasingly affordable because of different reasons. 
With decent entry-level models that are available for 
nearly $100, to the model equipped with high-
definition cameras costing about $1000. Drones are 
powered by much of the same tech that powers 
phones. Both drones and smart phones are part of 
the Internet of Things (IoT), and they collect and 
share data with other connected objects (devices) 
from the environment (figure 1).  

There are two areas where drones could show a 
major leap in use. The first is interdisciplinary 
project-based learning and examples of those 
projects are drones for school lessons. This is an 
interdisciplinary program that was developed at 
certain universities by today. In this program 
content, students assume the role of engineers and 
actually design drones. The second is the process of 
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creating drones that involves many different 
STEAM teaching concepts from a large number of 
different science disciplines. 

Teachers working at the technical vocational 
schools, consider drones from different perspectives 
(options). One is that drones have many real-world 
applications and the ability to operate drones will be 
an asset in many industries. While other is that 
vocational education program typically includes 
work experience, apprenticeship, and there are 
certain opportunities for students to use drones for 
learning the real-world applications. Many schools 
have broadcast media programs. Students in these 
programs could use drones to create media 
productions for real needs, wishes and audiences. 
Drones will have a very large impact on a overall 
student learning and much designed activities will 
be occurred outside of the classrooms. Also they are 
going to play an increasingly important role in 
economy and reasonable opportunities are using 
drones to engage students through authentic place-
based learning experiences. [4] 

III. THE RYZE TELLO DRONE  

The Rize Tello drone is known as the TLW004 
and is a product of Ryze Tech company. It is made 
in a combination of plastic and cardboard materials. 
The mass of this drone is only 80g, including the 
battery, while its dimensions are 98×92.5x41mm, 
and it belongs to the category of smaller drones. 

The Tello drone is made up of several 
construction elements (figure 2). It has a main beam, 
propeller holder on which electrical motors that 
drive 4 propellers (diameter of 3 inches) are 
attached, and security arches that protect them. On 
the side there is a button to turn on the device and a 
microUSB port, while on the front exist camera. 
Inside them Intel 14-core processor is, which 
powers the device, as well as a removable 1100mAh 
battery (3,8V) located on the bottom. [5] 

 
Figure 2. Ryze Tello drone [5] 

The drone has a built-in distance detection 
function, known as the Range Finder, while signals 
are in charge of 2,4GHz Wi-Fi according to the 
802.11n standard. It contains barometer, LED and 
Vision system, so that the device can be undisturbed 

used even at night conditions. Since it is a drone 
intended for fun and learning, the final distance of 
100m is appropriate, with a flight speed of 8m/s, the 
maximum altitude is about 10m, and the flight time 
up to 13 minutes. The big advantage is that the 
drone is charged with electricity via a microUSB 
port by high capacity battery. The cost of the device 
is affordable and amounts to around 120 euros. [6] 

The camera in a drone of 5MP resolution is, 
while the made photos are very good, because the 
device has electronic image stabilization, which has 
2592×1936 pixel resolutions. The images are stored 
in JPG format and they are recorded by the device in 
720p resolution of 30 fps. [5] 

The software is specifically designed to precisely 
manage this device. It can be downloaded free both 
for devices with have Android and iOS operating 
system. Thereby the installation process takes a 
short time and after that the software is ready to 
operate immediately. All that have to do is turn on 
the device (by pressing the button on the side) and 
immediately after enter the name and password of 
the Wi-Fi network in the software, whereupon the 
phone and the drone are interconnected. After 
connecting the cameras, the view in front of the 
drone will be displayed on the phone screen. In the 
upper left corner a button that activate drone takeoff 
is, select flight mode, which includes Throw&Go, 
Flips, Up&Away, 360 and others, and settings 
where somebody can select the connection mode (in 
case with a physical controller, ie joystick), flight 
speed (slow/fast), VR device, photo quality, low 
battery mode, bit rate, user manual and more. [6] 

Tello allows students to easily and quickly learn 
the basics of programming process. There is also a 
possibility of drone reprogramming, by using the 
Scratch development environment. To stack blocks 
of commands in program Scratch all listed are 
needed, according to them the drone will perform 
tasks, ie move toward given instructions from the 
previously defined codes. [6] 

Flying with the Tello drone is quite easy for 
users (students). For those feeling adventurous, the 
Tello is VR-headset compatible for FPV flying. 
Swipe on a smart phone will activate 8D flips for 
click aerial movings. For more tactile control, 
connect a Bluetooth controller to smart phone and 
after that flying itself is more traditionally oriented. 
Tello lightweight, yet durable design features 
software and hardware protections, making it easy 
to fly with undoubtedly great confidence. [7] 

Tello has built-in Bluetooth and two antennas. It 
uses DJI flight technology, then has auto take-off 
and landing achievable with just one touch on the 
screen. Besides of that drone own a system for 
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precise hovering in place and notification of battery 
charge, and safe landing even when the connection 
is lost. It is compatible with VR, has an option for 
8D rotation and automatic flying up and down. [8] 

Undoubtedly the use of the Tello drone for 
educational purposes is evident and justified. 
Aircraft drone allows anyone without prior 
adequately knowledge and experience to program 
simple missions, as to practice the development of 
more complex operations. [9]   

IV. DRONESBLOCKS APPLICATION  

Parallel with the introduction of drones into 
wider operational use, there have been efforts to 
proper control them in a correct and simple ways as 
possible. It is understood by construction engineers 
that for a particular drone model, a corresponding 
unique platform for efficient flight control is 
immediately produced and used.  

DroneBlocks is one of the new software for 
defining and establishing control of drone air 
operations. With the almost constant update process 
the latest version of this software is currently 3.3 
(july 2021).  

DroneBlocks is sophisticated block-based 
programming application for performing drone 
movement in the air. It has collection of eight 
general command groups for programming drone 
flights (see figure 3), and they are the following: 

1. Takeoff order - for drone takeoff, 

2. Navigations - group of navigation 
commands, 

3. Flip - commands for the direction of the 
drones inclination during the flight, 

4. Loops - loop commands, 

5. Logic - commands logical operators, 

6. Math - commands mathematical operators, 

7. Variables - commands for variables, 

8. Land - order to land the drone. 

 
Figure 3. Interface of DroneBlocks Application 

The DroneBlocks App is a drag and drop block 
programming environment, that supports many of 
the leading DJI drone products. By today the 
supported drones are following: Phantom 3, 
Phantom 4, Mavic Pro, Mavic Air, Spark and Tello. 
DroneBlocks is a free download and available in the 
iOS App Store, Google Play Store and Chrome App 
Store.  

Using the DJI SDK DroneBlocks allows users to 
tap into the autonomous functionality of their DJI 
drone. It is important not only for increasing general 
student interesting in STEAM subjects, but to teach 
real applications of specific drone technologies.  

Drag and drop coding allows end users to create 
their own custom flights as projects, with logic and 
algorithmically settings. By today many creative 
mission solutions with the help of DroneBlocks 
have been generated. The possibilities of various 
autonomous mission realizations are almost 
limitless with such flexible application for drones. 

One of the most popular DroneBlocks feature is 
the ability to share the formed autonomous mission 
code with other who are interested. Namely any 
mission saved to the cloud application can be easy 
exchange with anyone who uses only computer 
(phone) and web browser. [10] 

Drones can notably help students to develop soft 
skills and prapare students for demand and 
unforeseeable professional aspiration and 
determination. The STEAM approach is surely 
subject of consideration in a modern education 
system. With affordable DroneBlocks application, 
implemented STEAM concept by professors can 
build student interest in regarding flying drones. It is 
feasible to take one step further, because they can 
program drone trajectories independently and then 
observe in detail phases of flights. So appropriate 
drone tests can be performed and widely analyzed. 
The main features of each constituent and belonging 
STEAM area in figure 4 are listed. [10] 

DroneBlocks is a free application that is 
compatible with Chrome, iPad and Android devices. 
Application supports teaching coding with the DJI 
Phantom 3 and 4, Mavic Pro and Air, Spark, Tello, 
and Tello EDU drones. It is considered as a fun way 
to introduce, or continue to teach programming 
concepts along with drone safety and flying 
techniques. The DroneBlocks app is very valuable 
in a contemporary educational adjustment and 
settings. It is normally assisted by curriculum 
supported teaching and advanced drone 
programming with Python and JavaScript. [10] 
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Figure 4. The STEAM concept with DroneBlocks 

[10] 

DroneBlocks is the best way to code flight path 
before powering operations on connecting drone. 
The TakeOff block is for instructs drone to start 
flight. No value is needed, as it tells drone to 
automatically hover at 4-5 feet. To change the 
altitude from its current height, can be used a Fly 
up, or Down block, and then enter the exact distance 
for the drone moving. It is needed to monitor the 
max height, or any obstacles, that drone could go 
into flying upwards, but when flying down, the 
drone will stop in case it reaches the minimum 
distance required for landing procedure. [10] 

Navigate forwards and backwards by using the 
Flyforward, or Backward block are done, and 
entering the exact values in inches (centimeters) for 
the moving drone. The Tello EDU uses internal 
sensors to determine distances (not GPS), so it is not 
precise. Furthermore, Yaw blocks can be used to 
change which direction the drone nose is facing, 
while Loop blocks can be added to repeat block 
commands. [10] 

Through this application, programming is not 
complex and demand, ie. it works completely in 
block mode for created missions. By selecting and 
dragging commands from certain groups, to the 
device is given appropriate instructions, one after 
the other. At the same time, all done can be viewed 
in the code display mode from frequently used 
JavaScript. But there is an option to write code 
directly, which is certainly a higher level of 
understanding and implementation programming 
(visible on figure 5). The written codes should be 
tested on a real drone connected by a specific 
channel to the device where the coding is 
performed. [10] 

In DroneBlocks environment on button “Show 
mission code” from the menu icon can be clicked to 
view the actual text code of program at any time. 
When somebody is planning to start a new program 
mission, then can drag the previous program into the 
trash, or log in to a open Google account to save 
some missions. This is recommended especially for 
classroom using, or when sharing screen display. 
[10]  

 
Figure 5. Drag and Drop versus JavaScript coding 

DroneBlocks application has some unique 
properties. These features define and determine the 
potential application areas of the same. All listed 
can be resumed as follow (figure 5):  

Cloud based lessons and videos; 

 Clear lessons that build upon each 
introduced skill; 

 DroneBlocks lessons are aligned to include 
universal education standards;  

 True STEAM applications across all 
subjects; 

 Open Source for dynamic block based 
coding engaging learners of all ages; 

 In accordance with iOS, Android, Chrome; 

 Collaborative as encourage and incorporate 
feedback from students, teachers and 
developers; 

 Compatible with more advanced and 
powerful drones. [10] 

Moreover, there are internet resources where 
registered members, for $5 per month, will be able 
to access DroneBlocks Tello Simulator, or to 
complete course for about $50. On that way they 
can explore DroneBlocks coding without a real 
drone, while this option is compatible with the 
concept of known block coding. Thus, code 
execution and drone flight can be realized in a 
separate virtual content-enhanced environment, as 
seen directly in figure 6.  
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Figure 6. DroneBlocks Tello simulator [10] 

Simulators enable developers to test functionality 
on a virtual phone before deploying to a physical 
device. This can prove useful and allow code bugs 
to be discovered early in the development drone 
lifecycle. The Simulator provides a virtual Tello 
drone that behaves and acts similar to Tello in the 
real operational circumstances. It is an interactive 
3D environment for DroneBlocks missions to 
control Tello in 3D. Recently certain drone 
telemetry to the simulator was added. [11] 

Virtual laboratories have significant 
implementation in modern education process. 
However, it is important to notice that even though 
simulation has many benefits, it is not sufficient for 
complex requested project testing procedures. Only 
virtual software interface and labs are not a 
complete replacement for overall running code tests 
on a real Tello drone. [12] 

In addition, some special class with drones can 
be realized within the section from subject 
Informatics and Computing in primary and 
secondary schools. The planned teaching unit refers 
to the programming of unmanned aerial vehicles, ie 
drones, in usual occasion. But it is applicable during 
and unpredictable distance learning when the online 
platforms (Zoom, Microsoft Teams etc.) are used, as 
a tool for primary communication with students, and 
a e-mail channel as a secondary one. If students 
show observed interest in something more than 
regular classes, it certainly deserves to show the 
teacher attention and invest time to a chosen smaller 
group of students. Also, teachers are usually 
motivated to continue encouraging students to this 
activity in the future schooling and designing 
elective, free activities. The initial analyzes indicate 
that students mostly expressed a clear desire to 
continue these types of distance learning. [13] 

V. CONCLUSION 

Today there are different drone models 
constructions in general. Although they are usually 
intended for commerce and industrial needs and 
tasks, some of them are quite useful for the 
education purposes. Such drone types are used 
during teaching processes - lecture and practice 

activities, in colleges and faculties, but partially can 
be applied in a primary and secondary schools.  
There is a constant need for new innovative teaching 
tools in order to improve usually classroom ambient. 
Drone is valuable multifunctional device from a 
theoretical and practical education aspect.  

Tello is a tailor-made, flexible and 
programmable drone appropriate for education 
process environments. By taking drone students 
study mechanics, control and learn through trial and 
error. Drones yield students to work hands-on, 
making learning easier by experiment (test) 
conditions and develop fine motor skills and hand-
eye space coordination. 

The proposed DroneBlocks App makes 
programming drone missions affordable through a 
well-known, easy-to-use block programming 
interface. After connecting the Wi-Fi of a laptop, 
tablet, or smart phone, students can access to the 
drone system directly, and run their currently and 
already formed flight missions. Programmed 
missions as sets of code blocks are assumed, 
typically beginning with a takeoff, then followed by 
various commands, such as fly in some direction, 
yaw, camera, etc. Application DroneBlocks is 
basically designed for beginning through advanced 
learning and accommodating different learning 
methods and types. With the listed equipment 
students get the opportunities to learn Block, Python 
and JavaScript coding, by executing created codes 
using small, friendly Tello drone, that fly 
autonomously.  

JavaScript is among the most powerful and 
flexible modern programming languages of the web. 
By using DroneBlocks codes students will be able to 
engage with these programming language, learn 
programming fundamental steps and basic of object-
oriented concepts. The listed codes will allow 
students to send JavaScipt commands directly to the 
Tello Drone via usually a Wi-Fi connection.  

However, even if students do not have 
assessment to drone (equipment), they can learn 
coding by practices through affordable online option 
covered with DroneBlocks Simulator. Assumed 
virtual simulator enable users to develop and also 
test (eliminate errors and deficiencies) special codes 
fast, in quite easy procedures and safety operational 
mode. Moreover, there are certain coding options 
for advanced users, who have moved beyond block 
coding with simple DroneBlocks. With this 
approach students can make control system for 
Tello drone project by using advanced programming 
languages, like JavaScript and Python. 

In the competitive education drones tend to be 
widely represented and inclusive. Such 
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technological devices may be applied in various 
schooling levels and are extremely conducive to 
students with diverse learning styles, by helping 
them explore math, science, logic and design 
principles. Further affordable DroneBlocks a very 
valid tool for widely present 21st century educators  
is imposed to teach outstanding STEAM school 
subjects with block coding and quite innovative 
drone model construction. Additionally, by adopting 
drones in a teaching system it will be created 
positive impact in education at all, where the 
covered technologies are used for supporting more 
productive and interactive student learning 
experiences. In summary, the listed approaches can 
contribute to the achievements of the teaching goals 
and fulfilling the demand learning outcomes.  
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Abstract - In recent decades, e-learning platforms have 

evolved from tools for disseminating materials and providing 

quiz-based assessments to sophisticated software systems 

that provide new learning opportunities. The article de-

scribes Modern Web Based Learning Platforms. The main 

characteristics of Modern Web Based Learning Platforms 

are considered. Features are presented that expand the op-

portunities for learning in a web-based environment such as 

the use of multimedia, collaboration and self-assessment. 

Cloud Learning Platforms are considered as a new stage in 

the development of Web Based Learning Platforms. The ad-

vantages of the Cloud Learning Platforms are indicated. The 

Cloud services with application in education are presented. A 

scenario for application of the Microsoft Teams cloud plat-

form in the education in Technology and Entrepreneurship 

5-7 grade is presented. 

I. INTRODUCTION 

Advances in information technology, coupled 
with the changes in society, are creating new para-
digms for education and training. These massive 
changes have tremendous impact on our educational 
and training systems. Learners, from the perspective 
of this educational and training paradigm, require 
rich learning environments supported by well-de-
signed resources [1]. 

The main factors influencing the development of 
technology and societies in the 20th and 21st centu-
ries are information and energy. Information technol-
ogy is becoming part of modern tools for education, 
training and coaching. Interactive models and mobile 
platforms for analysis, organization, indexing, visu-
alization and knowledge transfer complete the picture 
[2]. 

Web-based Learning Platforms are integrated 
software solutions for e-learning. They provide a 
range of tools for transmitting and acquiring new 
knowledge, skills and attitudes which aims to encour-
age and guide the learning process through the use of 
computer and Internet connection. 

Web-based learning platforms are gradually be-
coming an integral part of education and provide 
teachers with access to tools that not only comple-
ment traditional forms of learning, but also have the 
potential to increase efficiency in the overall learning 
process. Each platform offers didactic tools in four 

main areas - course design, organization of commu-
nication between teachers and students, access to ad-
ditional and external resources and an electronic test-
ing system. This infrastructure allows diversification 
of didactic approaches and information channels that 
take into account the different learning strategies and 
styles of learners in order to maximize the learning 
content taught. 

A modern learning management system, this 
name not only hints at the time of creation, but says 
that unlike traditional platforms, the new ones are full 
of a number of modern features, providing a more 
personalized and in-depth experience. Each of them 
aims to make learners and teachers, average users and 
administrators love their interaction with the plat-
form. 

These platforms even provide an opportunity that 
can cover all aspects of learning, making it engaging, 
interactive and interesting. 

A new wave of modern LMS solutions has 
emerged that focus on learners' experiences and 
sometimes on specific pedagogies that are not well 
supported in traditional LMS solutions. Suppliers in 
this category include companies such as Docebo, To-
tara, Litmos, Motivis and NovoEd and many oth-
ers.Modern Learning System features. 

II. BASIC FEATURES OF MODERN WEB-
BASED LEARNING PLATFORMS 

Modern   Web Based Learning Platforms are flex-
ible, dynamic and can be accessed on the user’s pre-
ferred device, including smartphones and tablets. 
Content can also come from a variety of sources, in-
cluding crowdsourcing, making the information more 
dynamic and varied for learning.  

The main features of modern Web-Based Learn-
ing Platforms are: 

 User-friendly interface responsive, accessi-
ble, and easy to navigate; 

  Learner-centric tools and collaborative 
learning environments empowering both 
teaching and learning; 

 Personalized dashboard providing users with 
the details of the process, progress, deadlines; 
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 Calendar allowing tracking of both course and 
personal events and deadlines.Notifications 
on new tasks, assignments, deadlines, and 
due, blog and forum posts, etc.; 

 Simple file uploader and management tool 
that eases the process of organizing the mate-
rials, creating folders and shortcuts; 

 Roles and permission assignment allowing 
quickly assign roles to specific users in spe-
cific contexts. 

Advanced features that extend learning possibili-
ties: 

 Ability to use media files for courses. 

 Use collaboration tools such as forums, wikis, 
chats and blogs to share information and 
ideas, create communities. 

 Only evaluation through tests, surveys, con-
duct seminars that encourage users to evaluate 
each other. 

 Standard compliance with recognized indus-
try standards such as SCORM, AICC, xAPI, 
CMI 5. 

 Tracking progress and completion, allowing 
tracking of the implementation of the task and 
the course, assessment of competencies and 
assessment, preparation of reports; 

 A wide range of reward opportunities. 

III. CLOUD TECHNOLOGIES IN WEB BASED 

LEARNING PLATFORMS 

Cloud computing is a computing model of net-
works of network, and the main task is to corroborate 
users to use the hardware and software resources on 
the demand basis by paying money as per the usage. 
Clouds can bejoining up of the resources either phys-
ical or virtualized on a centralized propagated data 
centers. A cloud consists of various types of work-
loads like batch style backend jobs and client facing 
applications [3].  

Cloud based learning takes the notion of a perpet-
ual, universally accessible, scalable network of com-
puters and applies it to electronic learning-everything 
from online classrooms at accredited universities, to 
smaller training modules to be used within compa-
nies or other private enterprises. With this technol-
ogy, learners can access their tools from any com-
puter, regardless of platform, as long as the computer 
is able to connect to the cloud. Further, as there are 
spikes in traffic or as the amount of resources availa-
ble to the users of the system grow, the system auto-
matically adjusts to the need, ensuring that the overall 
user experience remains relatively the same . 

Cloud-based eLearning platform: 

 No hardware to purchase or maintain; 

 No in-house IT staff required; 

 Easily expandable; 

 Anywhere and anytime access to training; 

 Flexible and customizable; 

 Protected and secure access. 

Some of the most popular platforms such as 
Blackboard and Moodle take advantage of cloud 
technology. 

Examples of Сloud Web Based Learning Plat-
forms: 

 Haikilearning [3]; 

 Scholarlms [4]; 

 Moodle clood [5];  

 Edmodo [6]; 

 Google Classroom [7]; 

 MS Teams [8]. 

The cloud learning environment provided by 
Cloud Web Based Learning Platforms provides the 
opportunity for visualization, interactivity, naviga-
tion, spatial orientation and individualization of the 
path to information. 

Cloud services with application in education are: 

 Cloud office packages; 

 Data storage in the cloud; 

 Cloud environments for e-learning. 

Cloud office packages with application in educa-
tion are: MS Officce 365 and included in Google 
Workspace for Education - Google Docs, Google 
Forms,  Google Sites and more. 

Components of cloud office suites: 

Applications for creating and editing documents - 
MS Word online, Google Docs; 

 Communication applications - Microsoft 
Teams; Meet. 

 Calendars and contact management tools - 
Google Calendar; 

 Space for storing the files you work with - 
Google Drive, OneDrive, etc. 

Data storage in a cloud environment: 

 Google Drive is a Google storage service that 
provides the ability to view and edit files in a 
variety of formats. The free storage space it 
offers is 15 GB; 

 Dropbox is a fast, intuitive and free service 
with the ability to automatically back up files, 
which offers 2 GB of storage space, but has 
the ability to expand up to 16 GB; 

 Box is a free and easy-to-use storage service 
that offers 10 GB of free space. 
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Cloud environments for e-learning 

E-learning environments are a completely new 
type of technology in education. These environments 
provide training tools to support the learning process. 
E-learning environments are available online and rely 
on Internet technologies for their existence. In recent 
decades, e-learning platforms have evolved from 
tools for disseminating materials and providing quiz-
based assessments to sophisticated software systems 
that provide new learning opportunities. 

IV. SCENARIO FOR APPLICATION OF THE MI-

CROSOFT TEAMS CLOUD PLATFORM IN THE 

EDUCATION IN TECHNOLOGY AND ENTRE-

PRENEURSHIP 5-7 GRADE 

Microsoft Teams for Education provides an 
online classroom so students and teachers can find 
new ways to continue to focus on learning — free for 
schools and universities.  

In a distance learning scenario, teams can work 
seamlessly with multiple LMSes and applications, 
supporting the important need for online lectures, dis-
cussions, and productive collaboration. So in partner-
ship with Teams features, such as meetings, live 
events, tasks, etc., you can continue to use the same 
LMS. You can turn off Teams features that aren't 
right for you and create a multi-tool solution that al-
lows students to do the best job. 

The scenario for application of the TEAMS Cloud 
Platform in the education in Technology and Entre-
preneurship 5-7 grade includes: 

 Selection of the Teams platform from MS Of-
fice.com; 

 Creating a class team; 

 Sharing and organizing files in a classroom; 

 Tasks and degrees in your class team; 

 Using a class notebook in Teams. 

Selection of the Teams platform from MS Of-
fice.com 

Open MS Office.com in your web browser and 
log in with your school email and password. Select 
the MS Teams [8], (Figure 1). 

 
Figure 1. Selection of the Teams platform from 

MS Office.com 

 Creating a class team (Figure 2) 

 You may already have classes set up for you 
by your IT administrator. Otherwise, create one. 

 In Teams, select the Teams button from the ap-
plication bar. 

 Choose to join or create a team - Create a team. 

 Select a class as a team type. 

 Enter a name and Optional class description. 

 Select Next. 

 
Figure 2. Class team 

 Sharing and organizing files in a classroom 

Any file you share in a channel or chat can be 
opened by all students in the channel or chat. 

       Tasks and degrees in your class team.   

The only way your task should be recorded is a 
title. All other fields are optional. Title (required). 

     Using a class notebook in Teams. 

The class notebook provides each student with a 
place to take notes and work with the class. 

CONCLUSION 

Web Basic Learning Platforms have become in-
creasingly common in education. While there is a 
time and place for face-to-face learning, increasingly 
learning and courses are being conducted through 
digital channels. Not only can this be cheaper and 
easier to manage for businesses, but for educators it 
also means being able to reach people from a dis-
tance.  Web-based Learning Platforms are integrated 
software solutions for e-learning. They provide a 
range of tools for transmitting and acquiring new 
knowledge, skills and attitudes which aims to encour-
age and guide the learning process through the use of 
computer and Internet connection. 

Cloud web-based learning platforms will provide 
a more flexible and interactive learning environment. 
They will allow faster communication and data ex-
change between the individual participants in the ed-
ucational process. The idea of using cloud technolo-
gies in education is to enrich the curriculum so that 
students are active participants in the educational 
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process. Cloud technologies allow teachers and stu-
dents to share text, graphics, audio and video files. 
They allow the teacher to set group and individual 
tasks for students electronically, which in turn makes 
the learning process more flexible and interactive. 
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Abstract – Rapid development of information and 

communication technology affects all areas of our life, 

including education and learning environment. We live in a 

world where people are addicted to technology. Everyday 

life cannot be imagined without use of mobile phones, 

computers, laptops, and tablets. Despite the already existing 

e-learning, mobile teaching and learning is becoming more 

and more used. Mobile teaching is about planning and 

executing learning through mobile devices. This way of 

learning can influence both the professors (lecturers), and 

students. This learning is also made possible by the Internet 

which helps to create modern methods when integrated with 

the pedagogical instruction. The aim of this study is to 

review the mobile-based teaching and learning in high 

education. 

I. INTRODUCTION 

Today information and communication 

technology are almost everywhere, so also in 

education. Students learn with use of computers and 

technology and with their help they develop new 

skills daily. A new generation of educational tools 

have been introduced by using mobile devices. 

Mobile devices include any portable and ease of use, 

connected technology, such as basic mobile phones, 

smartphones, e-readers, netbooks, tablets, iPads, and 

computers [2]. They give quick and easy access to a 

wealth of resources. Mobile devices lead to new 

educational model called mobile teaching and 

learning [7].  

Mobile learning is a need, not a want. It is 

believed that by allowing students to use mobile 

devices in the classroom, motivation to learn and to 

achieve increases [3]. Students want information and 

communication technologies to enhance their 

university experience, as well as to provide 

experiences that are transferable to all aspects of 

their lives [4]. Students want to keep up with new 

technologies to have a better and more successful 

career. 

Mobile teaching is about planning and executing 

learning through mobile devices together with 

Internet (Wi-Fi or static). The growing popularity of 

the term ‘mobile learning’ can influence both the 

professors (lecturers), and students: mainly students 

who carry the mobile devices and move around with 

them, whilst the term ‘mobile teaching’ is hardly 

used at all. Our starting point and our focus are the 

emphasis on learning, but our attitude towards 

mobile teaching is to redefine it as facilitation and 

support of mobile learning. 

The purpose of this study is to look at the benefits 

and perspective of mobile devices in education, and 

into the challenges to the universities, professors, 

and students in its implementation. 

II. BENEFITS, PERSPECTIVE AND CHALLENGES OF 

MOBILE DEVICES IN EDUCATION 

Professors and students have positive and 

negative thoughts about using mobile devices at the 

same time. Professors are more afraid about using 

new technologies and methods in learning unlike 

student. They think that the method good for student 

- they don’t need books, notes, only device; they 

worry about student health - using devices maybe 

affect their eyes, head (headache); they are afraid 

about losing traditional way of learning with books, 

classrooms, chalk, table, and the most important 

students.   

According to professors, mobile devices will 

positively influence on students’ motivation, 

inspiration, desire to learn more, communication, 

teamwork, collaboration, and ability to research, 

make homework’s and projects. But, there are also 

some challenges they must face up, like:  

 there are privacy and safety issues,  

 distraction is also one big challenge for 

professors,  
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 there is the opinion that students will use the 

devices for communication with friends and 

for playing games, and not for useful things, 

 management in educational institutions 

(universities) must take responsibility to 

block certain applications or websites; and 

professors and teaching assistant need to 

move around the class to control and monitor 

the use of such devices by students, 

 not all students have access to modern 

technology (some families are poor, and 

some students live in rural environment), 

 Some students find it difficult to write 

lengthy text responses on the device due to 

lack of keyboards. Use of separate keyboards 

debilitate better power and reduce portability, 

 there is no access to variety digital books, 

universities should provide students more 

options, 

 reading a large amount of text on the small 

screen of mobile devices is difficult and may 

tire and damage the eyes, 

 the loss is quite big when gadgets are 

dropped or misplaced, and there is also 

possibility of theft of the devices at faculties 

or other places where the device is used, 

 not all students are competent in the use of 

mobile devices, and they might be frustrated 

and might not want to explore the 

capabilities, 

 parents and professors are concerned about 

the damage, 

 parents do not trust that their children will be 

responsible in use of mobile devices and felt 

possible danger. 

Professors know that with trainings, workshops, 

and continuous work they will overcome the 

challenges of mobile devices on learning and 

teaching [1]. They also know that students will adapt 

and will accept this type of learning faster compared 

to them. 

For use of mobile devices for teaching and 

learning at universities as high educational 

institutions internet connectivity with a proxy server 

is required. At the same time, management of the 

institution must restrict internet access to avoid 

inappropriate use. The internet connection must be 

with account for every student with their own 

username and password. Universities also must 

consider adequacy of wireless network required for 

portability of the mobile devices.  

Mobile devices are important to us because they 

allow us to collaborate, communicate, access 

information, construct new information, connect to 

others…, as shown in Figure 1 [4]. They’re 

incredibly affordable. These devices hold great 

potential for transforming learning. Some additional 

reasons [4], [5], [8] for using mobile devices in the 

classroom when it comes to teaching design and 

infrastructure are (Figure 2):  

 Mobility: offer learning on the go, tools for 

communication away from the classroom, 

several classroom activities through Internet 

tools while they cannot physically attend the 

classroom, 

 Versatility: multitasking (tools for studying 

online, taking notes, attending real-time 

classroom activities, MS Office tool for 

working with documents, tools for image 

editing), speeding learning process, 

 Noise –free learning environment: an iPad 

and smartphone provide touch screen option 

(versus computer because with computer we 

used keypads and mouses), 

 Interactivity: learning through audio/video 

mediums, learn in an interactive way using 

visual elements such as charts, graphs, and 

images 

 Flexibility: adaptive learning environment 

using various applications, 

 Social media networking: communication 

through social-media websites like Facebook 

and Twitter. These sites allow students to 

interact with their colleges, to share 

knowledge, news, and videos, to get answers 

for any task and questions from their 

professors and older university colleagues.  

 

Figure 1 Why mobile devices are important [4] 
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Figure 2 Reasons for using mobile devices [5] 

Other reasons why we must use mobile devices in 

every classroom in high education and what benefits 

we have, are given below [6]: 

 Google for research, anywhere and every 

time, 

 Application with adaptive learning 

algorithms, 

 Application for reading, 

 Access to virtual libraries, museums, 

networks, 

 Microsoft Teams platform for teaching, 

 Game based learning, 

 Project based learning, 

 File sharing can be done fast and without 

any problems, 

 Ease for transport, 

 Students can create their own workflows, 

 Students can plan how to spend their time as 

they want and prefer, 

 Students can have choice in terms of apps, 

platforms, social channels, assessment style, 

and so on, 

 Using YouTube as most popular media 

channel, 

 Digital literacy is as important as non-digital 

literacy, 

 Headphones, earbuds, and other related 

peripherals are becoming increasingly 

common-and useful, 

 Can function as a productivity hub for 

learning–reminders, to-do lists, calendar 

updates, social messaging, emails, etc., 

 Can be used to take a real time quiz and to 

give professors data from quick assessments, 

 Can be used as calculator, 

 Will release the professors, 

 Professors can collect data easy. 

There was given some of the most important reasons 

why we must use mobile devices in every classroom, 

but there are more. More European countries have 

introduced this kind of learning, so we are not far 

away. We hope as an institution that we will 

integrate mobile learning and we will follow the new 

trends around the world. 

III. CONCLUSION 

From the paper we can see that the benefits about 

using mobile devices overshadow the challenges. 

Professors hope that this type of learning will 

become more widespread and will arouse students' 

desire to stand out in learning in front of their peers 

and to strive to advance in life and career. The goal 

of every student and human is to be successful and 

leave something behind. 

Our future goal is to conduct research within our 

university, as well as with our neighbors in Zrenjanin 

to see how far our achievements are and whether 

there are aspirations to progress. 
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Abstract - Higher education institutions manage data about 

learning and teaching process using different learning 

management systems (LMS). The results of evaluation 

activities are recorded within the LMS to follow and advice 

student progress. Evaluation activities grade time stamps 

are used for validating the acquired qualification.  

Outcomes acquired through non-formal and informal 

learning are often recognized in the framework of formal 

learning in accordance with the Bologna Declaration, the 

Bologna Process, and the Lisbon Convention. The 

recognizing procedure of acquired outcomes at other 

educational institutions or within the labor market implies a 

different procedure from traditional evaluation activities, 

but not more complex and extensive. The recognition 

procedure of acquired competencies may involve different 

evaluation results. Recording the results of the recognition 

of previously acquired competencies within the LMS 

represents a new challenge for LMS developers. 

This paper presents a conceptual model proposal for 

recording recognized competencies in the LMS with 

guidelines for preventing the abuse of the process of 

recognition of acquired competencies. 

I. INTRODUCTION 

The learning process often takes place in 
environments different than structured formal 
education. Formal education is structured learning 
(in terms of learning objectives, time and learning 
support) at one of the educational institutions that 
results with an official document on the acquisition 
of qualification [1]. Competences, knowledge, and 
skills can also be acquired in the framework of non-
formal and informal learning process. Non-formal 
learning is structured and can be certified or non-
certified. Certified non-formal learning includes an 
evaluation activity with a result that guarantees that 
the student has acquired the intended outcomes. The 
student didn't participate in evaluation activities in 
the framework of non-certified non-formal learning 
[2]. 

Informal learning is the process of acquiring 
competencies, knowledge, and skills during 
everyday activities, e.g., in the workplace or in free 
time [2].  

Higher education is obliged and seek to make as 
much as possible the competencies, knowledge and 
skills acquired within non-formal and informal 
learning visible, appreciated and recognized 
according to European Council Recommendation of 
20 December 2012 on the validation of non-formal 
and informal learning [3]. The benefits of 
recognition are multiple. The student optimizes the 
time and costs required to gain a qualification. The 
Recognition of "incoming" competencies can 
increase the percentage of acquired qualifications 
and optimize the data on the required average time 
period for acquiring a qualification, which is one of 
the indicators of the university quality. The 
recognition results of informal and nonformal 
education are not always numerical grades acquired 
on a particular date. A new challenge for LMS 
developers is how to store data on recognized 
competencies, knowledge, and skills on the LMS 
data layer.  

II. LEARNING OUTCOMES RECOGNITION 

The formal higher education process usually is 
structured in the competencies matrix of 
qualification (Table 1). 

TABLE 1. COMPETENCIES MATRIX OF 
QUALIFICATION  
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The study period or a subset of competencies or 
qualifications in its entirety can be the subject of 
recognition. The competencies recognition process 
involves assessing, documenting, and certifying the 
competencies that an individual possesses. 

Competencies assessment includes: 

 determine the scope of competencies that are 
subject of recognition and determine the 
number of ECTS, if not specified. 

 determine the qualification framework level. 

 if they are not explicitly written define 
competencies. 

 compare incoming competencies with the 
competencies provided by the qualification. 

All steps during the competency assessment are 
needed to be documented. The result of the 
competencies assessment is the report of the expert 
commission with attachments. The attachments are 
documentation submitted by the student as proof of 
possession of competencies and / or the results of 
evaluation activities organized by the higher 
education institution for the student in order to 
confirm the possession of competencies. 

The competencies result certificate is also 
documented. The certificate of possession of certain 
competencies should contain precise data on the part 
of the study that the student isn't in obligation to 
realize based on the acquired competencies and / or 
precise data on the missing competencies for 
acquiring the qualification. The most common form 
of such a document is a resolution on recognized 
competencies. 

It is often necessary to check the possession of 
competencies through evaluation activities in the 
process of non-formal learning recognition as part of 
formal education. The result will be certificate of 
competencies possession that provide the same 
higher education institution that conducts the 
recognition process. 

The recognition can be individual or cohort. 
Individual recognition is done for each specific 
student, while the cohort recognition is done for 
groups, e.g., when a candidates group from one 
curriculum decides to learn according another 
curriculum. 

III. PROBLEM IDENTIFICATION: THE RESULTS OF 

RECOGNITION RECORDING 

LMS usually implements relational data model 
for storing data about student as a grade for each 
individual course, exam date, and teacher data. An 
example of recording the evaluation results for one 

course at LMS  at Faculty of Information 
Technology, Džemal Bijedić University in Mostar is 
shown in Figure 1. 

 
Figure 1. The example of recording the evaluation 

results at LMS [4] 

 
This data are well structured and usually are 

stored in relational database (Figure 2).  

 
Figure 2, Table in relational database for storing 

evaluation results 

The competencies recognition results contain 

documents and often contains also several related 

documents that are not adequate for storage and use 

in relational databases. The documents used in the 

recognition process can be in semi-structured and 

unstructured form. 

The paper authors propose to use the NoSQL 

database and document data model to store 

documents that are input and output of recognition 

process. MongoDB is a document database with the 

scalability, flexibility, querying and indexing that is 

needed. 

IV. CONCEPTUAL MODEL PROPOSAL FOR 

RECORDING RECOGNIZED COMPETENCIES IN THE 

LMS 

The conceptual LMS data model that supports 
the management of structured, semi-structured, and 
unstructured data is a multi-model data. LMS multi-
model data contains relational data model for storing 
structured data ant document data model for storing 
full text, querying structured and unstructured data.  

Proposed conceptual model in this paper is 
multi-model databases to support multiple data 
models in a uniform platform with a single query 
language. full-text search, which is a critical data 
access model in today’s environment. Data should 
be stored in a single unified database with support 
for relational, full-text search, and machine learning 
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(ML) queries. Data model for document store uses 
MongoDB API for data access and querying API.  

Documents are stored in MongoDB. MongoDB 
stores documents in a collection. A collection is a 
group of documents (Table 2). 

TABLE 2 

MongoDB RDBMS 

Document Row 

Collection Table 

Unlike a table that has a fixed schema, a 
collection has a dynamic schema. 

It means that a collection may contain documents 
that have any number of different “shapes”. 

MongoDB stores document as JSON object. 
Each object is uniquely identified by _id field. 
_id_field contains a unique ObjectID value. 

Resolution of recognition document is JSON 
object:  

{_id: value1, 
  ECTS: value2, 
  Competences: [array, array2, …] 
  Courses: [array, array2, …] 
  Embeded_documents: [_id1, _id2, …] 
} 
Xplenity is tool for integration of data from 

MongoDB with data from a relational database. The 
Xplenty dataflow loads data from MongoDB and 
SQL database, split that data into keywords, joins all 
the data, the query result calculates and finally 
stores the results. Xplenty's native connector does 
this in just eight steps (Figure 3): 

 
Figure 3. Integrating MongoDB and Relational 

database 

1. mongo_source - loads data from MongoDB 

2. mongo_select - removes unnecessary fields 

and separates content into keywords using 

the Flatten(TOKENIZE(text)) functions 

3. sql_source - loads related data from the 

relational database 

4. sql_select - removes irrelevant fields and 

cleans keywords using the 

Flatten(TOKENIZE(REPLACE(synset_term

s,'#\\d+',''))) functions. The REPLACE 

function removes hashtags and numbers 

from the keywords. Since one database entry 

may contain several conjugations of the 

same keyword, the Flatten and TOKENIZE 

functions split the text per keyword. 

5. join_keywords - joins data from both sources 

by keyword.  

6. aggregate – aggregate results from both 

sources 

7. select - calculates the result  

8. output_s3 - stores results 

V. CONCLUSION 

This paper has the aim to increase awareness that all 

learning has value and must be made visible and 

recognized. Storing the recognition results of 

incoming outcomes and competencies requires the 

introduction of a multi-model data layer. 

Proposed conceptual model prepare data from 

MongoDB and relational database for all analytics 

needed. 

Recommendation is implemented blockchain system 

for verification of diplomas and educational 

progress of the individuals [5].  

Future work should be focused on optimization of 

querying multi-model database.  
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Abstract – Conducted study concentrates upon media 

influence on student education in social context of teaching 

informatics and computing, while observing legal aspects of 

schooling. Study is also analyzing  tendencies of human 

behaviour and  computational cogitation. Hence, subject 

matter of this research is educational potential of 

Informatics and computing as a school subject, considering 

its growing significance, as it is becoming an essential need 

of modern society. 

I. INTRODUCTION - THEORETICAL BACKGORUND 

Education is a process combining knowledge, 

skills and habit adoption, psychophysics strength 

and skills development, forming a scientific and 

personal perspective, as well as empowering the 

self-education and self-edification. “Term 

education, also implies involuntary, unaware and 

adventitious behaviours. These behaviours can 

affect personal development in a positive or 

negative way.”[9] 

“In a more strict sense of term, teaching entails 

processes of embracing knowledge, building skills 

and habits; enhancement of abilities, adopting 

ethical values and code of conduct.  Teaching is a 

core element of entire education; it is a fundamental 

aspect of personal upbringing. It refers to process of 

personal development and it involves all of the 

social influences, circumstances and individual 

activities of a person.”[9] 

Educational goal of the modern society is set in 

such a way that all of the elements of education, 

through its procedures, contents and assets, strive to 

versatile personal development. 

Special attention is paid to needs, interests and 

abilities of a child. 

“The goals of education: 

1. Represent personal development with 

particular traits 

2. Is always socially determined, or conditioned 

(however, an individual can be educated in a 

special manner, where the goals can differ 

from those that are socially established), 

And they are varying according to changes in 

society – different societies cherish different 

educational goals.” [1]   

Students spend large portion of the day in school. 

Therefore, it is unnatural to demand for it to be and 

treat it as a pure tutoring institution. School is 

responsible for organizing education of children and 

young adults throughout the period of the most 

intensive personal development, thus its importance 

is of undeniable significance. Main role of the 

school is not just passing knowledge to students, but 

it is pedagogical community for complete personal 

development. “The growing efforts to promote 

children’s rights causes modifications of position of 

students, as well as teachers, these changes are often 

a debating point and subject of critical 

examination.” [10] Although the teacher's role is 

transformed, it is still of great importance, since the 

teacher remains an important influencing factor. 

First tie student creates in school is with its 

teacher. Through this relationship, student builds 

self-confidence, an attitude towards given subject 

and, usually, towards the schooling itself. With his 

own mannerisms, teacher can improve the learning 

process. 

Education of a student is under great influence of 

the way their non-verbal views and outlook on 

certain value systems are accepted. 

“Teacher authority is no longer granted by the 

position, but the teacher has to earn it by his/her 

own didactic-methodical abilities and through 

principles of psychological pedagogy. Nonetheless, 

with increasing numbers of educational factors, 

teacher has to fight for its position. Perceiving 

teachers role as only an aid for learning and 

obtaining new information is very dangerous point 

of view. Process of knowledge acquisition is only a 

ground level of education.” [6] 

Grading students should maintain its purpose as 

an insight for the student in his/her learning process 

and the progress he/she made. It can have 
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motivational purposes in case it is not criterion for 

determining comprehension level of what has been 

taught. Utilizing grades as punishment measures, i.e. 

to intimidate student for lack of discipline during 

class, can lead to resistant attitude towards learning 

or given subject, as well as losing motivation for 

further cooperation and advancement. 

If a teacher doesn’t see him self as a person 

responsible for guiding students and helping them 

develop their skills and broaden their minds, there 

can be negative outcomes. Every teacher teaches 

and educates their students with the personality and 

mannerisms they manifest during class, aware or 

unaware; and it has much bigger impact on students 

then the planned procedure alone. 

Statements as “It’s all due to bad parenting”, 

“That child is plain malapert” or “He is fully-formed 

individual” are not uncommon. Listed sayings are 

degrading to teachers and education is perceived as 

one task with one simple goal. Also, there are 

situations where parents assume it is on schooling 

system to evoke radical improvements in child’s 

behavior, while neglecting the fact that cooperation 

between school and parents is important prerequisite 

for optimal development of students. Educational 

role of school is attainable and increased if schools 

and parents collaborating, since in that case we have 

two critical factors allied and working towards the 

same goals. 

II MEDIA IMPACT ON CHILDREN 

EDUCATION 

“Pedagogy, as science, determines two types of 

personal development factors: 

1. Biological factors – genetically inherited traits 

and behaviors 

2. Social factors – society impact 

Both groups of factors consider activities of a 

child, as without it growth of a person is 

impossible.”[2] 

One of social factors is mass-media. It is obvious 

that all types of media entered our homes, as well as 

the educational and teaching processes. Negative 

effects in early and middle childhood are 

conspicuous, yet it is possible to overcome them. 

The biggest challenge every educator, professional 

or unprofessional, is exposing positive mass-media 

effects.  

Day to day encountering with audiovisual arts, 

enriches and refines sensory perceptiveness of a 

child, defines certain tastes and stimulates curiosity 

and desire for expressing thoughts and feeling by 

motions, lines, sounds, colors etc. Proper utilization 

of mass-media could improve educational and 

teaching process, as well as make it more 

interesting, creative and extensive. 

Some media has got very attractive contents, 

which is very captivating to kids. Mass-media 

presence at the home, kindergarten or school has a 

certain impact on the way a child perceives its 

surroundings and its experiences. Children coming 

from media involved surroundings have got wider 

information sources and could be better at managing 

through some situations. However, modern media 

presence does not guarantee better and more rapid 

intellectual or any other development of a child. 

It is possible to include e-learning in teaching the 

first graders. Today, there are numerous educational 

software applications that could be well-utilized in 

schooling. That way students have an opportunity to 

get familiar with using computers and their basic 

features, all as a part of a school subject. Nowadays, 

subject „From toy to computer“ is very well 

appreciated. 

III ALTERED BEHAVIOUR OF YOUNGER 

POPULATION IN DIGITAL AGE 

Computer took a central spot of todays media. 

Children of modern society, from their youngest 

age, are exposed to computers and Internet. Power 

of said two things is immense. World Wide Web is a 

great tool, especially for children willing to learn 

and research different topics. It is the world’s 

greatest library, available 24 hours a day, every day 

of a week, which is why it is very important to talk 

with children about Internet, its usage, potential and 

dangers. 

„According to recent studies conducted by 

UNICEF, kids start using Internet before they are 

six, and in 90% cases -  for 80 minutes daily, on 

average. Today, it is quite normal to have multiple 

computers, desktop or laptop. There are homes with 

one shared device, however, way more often 

children have their own copmuter; also, we must not 

forget smart phones and tablets. It is important to 

consider the fact that a third of all Internet users 

world wide are children and teenagers.“[6] 

The surroundings of children nowadays has been 

significantly changed. Before they learn how to talk, 

they are encountering different technologies, as 

smartphones or tablet devices. Exposure to digital 

media during early stages in life is causing 

alterations in forming neural structures, which is 
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later manifasting in child’s behaviour. Older 

generations started using computers in their twenties 

or later, when they were fully developed in 

neurological and psychological sense, while modern 

children are exposed since their birth. Through 

digital toys, children are getting quite intensive 

stimulations, founded on excitement and 

engagement of neural system. All of the stimulants 

from virtual world are drawing attention of children 

away from books, studying and events in social 

surroundings. Since Internet has its perks and flaws, 

time spent surfing Internet and the quality of it are 

very important. 

Internet and mobile communications became an 

inevitable part in a day of a child (at their homes, at 

educational institutions, their social groups etc. 

Appropriate to such high involvement levels of 

Internet, its dangers are multiplied, and 

inconveniences and child exposure to disturbing 

content are evident. At the moment, according to 

research [4] it is concluded that the school is more 

traditional institution than family, since it is 

promoting traditional values, as obedience and 

respecting the authorities. 

III  AIMINGS OF INFORMATICS AND 

COMPUTING SCHOOL SUBJECT 

The goal of subject Informatics and computing is 

“obtaining knowledge, skill development and 

forming healthy value system. They are together 

contributing to computer literacy, which is essential 

for modern education, life style and work. Also, one 

of the main goals is teaching students to efficiently 

and rationally use computers, while being cautious 

of mental and physical health.  

It is very important for students to understand the 

significance of computer literacy in everyday life, as 

well as the huge impact informational technologies 

have on development and functioning of modern 

society. Basic things students should learn and 

understand include: working in text editors, 

programming languages, operative systems, 

programming conventions, directory system 

architectures in different operative systems etc. 

Students are acquiring computational knowledge 

through three main topics: informational 

communication technologies, digital literacy and 

computing. Regarding computing, the new trend is 

visual programming. One of the main results of 

attending this class is developed digital literacy, as 

one of the essential skills of the 21st century. 

School subject agenda considers the fact that the 

incoming generations are born in digital era and 

they already have quite experience in using these 

technologies on a daily basis. Informatics and 

computing are supposed to help students to 

understand Informational technologies better and 

learn them how to use them safely. On the other 

hand, programming is giving students a chance to 

enhance their logic and problem-solving skills. 

The following list contains the specific goals of 

the school subject, correlating educational practices: 

 understanding the significance and benefits 

of the Internet and who are trained to protect 

their safety on web services, 

 understanding legal and ethical regulations 

using ICT and ability to discuss the 

consequences of violations,  

 encouraging interests in modern 

technologies, creativity and inventiveness,  

 improving problem-solving skills 

 being aware of side effects of unrestrained 

and improper computer usage, as well as 

perks of healthy life styles 

 developing critical skills, especially 

regarding choosing information sources and 

later displaying gathered pieces of 

information in a conceivable way 

 precise, timely and correct working, along 

with persistency in solving problems 

 improving creativity (developing original 

ideas and independent thinking), as well as 

practical skills for everyday life 

 acquiring healthy habits and getting better at 

collaborating with others“.[5] 

IV EDUCATIONAL INFLUENCING 

THROUGH INFORMATICS AND COMPUTING 

“Educational values of information technologies 

cannot be avoided, since these technologies became 

a necessity in teaching policies, programs and 

practices. Utilizing ICT is changing and improving 

teaching, as well as its goals and results and roles in 

teaching process, between students themselves, as 

well as between students and teachers, in manner of 

digital natives and digital newcomers.”[2] 

Present-day students are not just different than 

previous generations in a fashion sense or slang, as 

it was the case in the years before. Newer 

generations, from kindergarten to college, are the 

first ones that grew up side by side with modern 
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technologies. They are surrounded by it since they 

are born and have been using computers, gaming 

consoles, smart phones etc. their whole life. 

UNESCO pays special attention to utilizing ICT; 

connecting and expanding with new cultural, social, 

cognitive and professional aspects of teaching, on 

national, regional and global levels. Using ICT 

could be one of the most important factors of stable 

global development.”[7] 

Plans and strategies regarding future use of 

Informatics and Computing will become quite 

obvious as soon as ICT become essential part of 

education. Apparent indicators of previously said, 

are changes made in teaching trends, new teaching 

methods are introduced, there is new perspective 

and approach considering schooling and gaining 

knowledge, all due to abrupt changes in last two 

“pandemic” years. Rapid progress of Informational 

technologies is having a great impact on education 

itself, as it is changing it more and more. 

Computer ethics, as a field of applied sciences 

was introduced in USA in mid 1980s, focusing on 

responsibility matters, software defects, private data 

protection and copyrights, intellectual property 

rights and confidentiality. 

“Computer ethics is founded on rights and 

responsibilities, regardless of ethic and axiological 

concepts concerning these particular circumstances. 

Computer ethic rights and responsibilities are deeply 

connected with legal rights and responsibilities, as it 

is the case in many other domains of applied ethics. 

Legal documents are usually evaluated according to 

their ethical aspects, while amendments of the law 

or legal files or addendums, are requiring more and 

more ethical principles involved. That is a wider 

context for analyzing specific cases of computer use 

in education.”[7] 

For example, M. Woodbury in “Defining Web 

Ethics” claims that certain, clear and easy-to-follow 

rules of traffic regulation for amateurs and 

professionals are necessary in using Internet. 

According to Woodbury, contemporary web 

technologies enable anybody, without any special 

training or knowledge of universal ethical standards, 

to be e.g. Internet ‘publisher’.”[11] 

It is important to encourage students to be 

responsible users, in every class. Especially in 

context of using Internet, and not only regarding 

their activities on the Internet, but they should be 

thought to help others as well. In digital world, just 

as in real world, it is necessary to follow the rules of 

conduct, to be reasonable, respect others and protect 

yourself. Children should be thought how to use 

digital technologies without jeopardizing their 

curiosity, social relations, emotional health and 

moral code.  

“It is important to strengthen socio-emotional 

skills, in order to reduce many risks of inappropriate 

ICT use (of Internet bullying, above all). The key is 

critical thinking, self-confidence, self-awareness, 

decision making, academic integrity, self-discipline 

and emotion and impulse control. In the most of the 

cases, children with raised risk level of negative ICT 

impact, are those with underdeveloped social and 

emotional skills.” [5] 

“Computational thinking is a basic prerequisite 

for understanding future technologies. It is cognitive 

process of generalizing solutions for indefinite 

problems, regardless of device or language 

expertise.”[8] This is the reason why computational 

thinking can be part of every class, even the ones for 

the youngest. Teachers should provide students with 

teaching and learning processes that would help 

them understanding and entering digital world. 

Modern ICT gave people incredible 

opportunities. Research or essay assignments for 

students about contributions of contemporary 

technologies, life quality and health, could be a 

good method for developing positive attitude 

towards scientific endeavor. 

Contemporary technologies have many 

advantages in implementation and presentation of 

different school projects. Through that, a great 

correlation between different school subjects is 

made. E.g. during Informatics and computing class, 

students can interpret and make a digital 

presentation of project results they made as an 

assignment for some other class. Creativity is 

nurtured through making Power Point or any other 

presentations, designing pictures or different items, 

creating websites etc.  

“Violent behavior and modern technologies” 

could be an appropriate topic for school projects. By 

suggesting students to create a list of relevant web 

sites concerning social and emotional scopes would 

be a task that can benefit the team-working skills, 

tolerance, empathy and persistence. 

Teaching Computing class can also be used as 

educational influence. Teacher can talk about steps 

of certain processes, preconditions for beginning of 

that process and consequences of it, and it can create 

a foundation for algorithm thinking regarding 

human behavior and consequences of particular 

deeds and situations. 
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 “Computational thinking is an important skill 

that could help children solving problems and 

making decisions. It is one of the fastest methods for 

obtaining such skills. By strengthening these skills, 

we are helping kids becoming better at finding 

solutions, be better thinkers and future 

programmers. For the start, curiosity is 

enough.”[8] 

“However, since the importance of Informatics 

and Computing, as basic academic discipline, is 

prone to changes and misunderstanding, in the 

recent years this school subject has been neglected 

or even taken away in some countries. Serious 

concerns arose for this decadence and we are 

inviting students to gain essential understanding, 

skills and approaches which derive from 

computational thinking, before they graduate from 

high school, or earlier. ” [3] 

CONCLUSION 

This research was investigating relations 

between educational aspects of teaching Informatics 

and Computing to children and adolescents, as well 

as connection of parent controlling Internet 

activities of their children and problematic Internet 

use. Goals and values, along with experience and 

relations, are presented with possibilities and 

constraints of teaching. Pedagogical and 

psychological factors and aspects of teaching 

Informatics and Computation are strongly 

emphasized, as well as teaching methods in 

developing computational thinking i importance of 

practice in solving IT problems.  

Teacher’s role is highlighted, since it has got a 

crucial part in empowering development of learning 

value system, safety of self and others and similar, 

through teaching Informatics. 
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Abstract - The thesis examines the impact of ETOS on 

school quality, i.e. to what extent it affects the grade given 

by the external inspection and the external evaluation of the 

school itself. The aim is to prove that ETOS influences the 

evaluation of the external inspection and that by increasing 

the evaluation from ETOS, the grade of external evaluation 

also increases. The research is based on reports collected 

from primary schools on the territory of the municipality of 

Žabalj, and the research instrument is the report on 

external evaluation. It is expected that the results of the 

research will serve as a starting point for the improvement 

of the school's ETOS, which will later result in a higher 

grade during the external evaluation as well as the 

improvement of the school's quality. 

I. INTRODUCTION 

ETOS – The notion used to refer to overall 

atmosphere in a school, which includes tolerance, 

the sense of togetherness, good interpersonal 

relationships, nurturing of partnership both within a 

school and with a local community, the sense of 

safety, care for students, and the number of other 

factors contributing to the overall atmosphere. 

Evaluation – what is it? 

 

 

Evaluation  

 

 

There are two kinds of evaluation: 

1. Internal evaluation, which refers to assessment 

within a school and 

2. External evaluation, which is conducted due to 

the order of the Ministry of Education, Science, and 

Technological Development, and is implemented by 

school management. 

Evaluation can also be: 

 Formative – directed at the process itself and 

aims at further improving learning outcome and 

 Summative evaluation, which is directed at the 

result and aims at further improving the learning 

process. 

Besides evaluation, there is also self-evaluation, 

which assesses the quality of school work. It has to 

be internal, given that it is done within a school, and 

formative, as it is concerned with the process and 

aims at improvement of work done within a school. 

The purpose of self-evaluation is development. 

Self-evaluation is done within a school, and, to be 

conducted, it needs an action plan. 

The aim of evaluation is a critical analysis as 

well as tracking the quality of education, with the 

goal of providing a possibility of timely and 

effective impact on the process of education in order 

to achieve its optimal efficiency and high quality. 

II. RESEARCH METHODOLOGY OF HOW 

ETOS AFFECTS THE QUALITY OF SCHOOL 

WORK 

A. Research topic and research problem 

- The research topic is the study of the influence of 

ETOS on the quality of school work. 

- The research problem is underlined by the 

question: to what extent does ETOS affect the score 

of the external committee, i.e. what is its impact on 

external assessment and to what extent it benefits a 

school’s promotion and its quality. 

B. Research goal and task 

The goal of the research is to empirically analyze 

the impact of ETOS on the score given by the 

external committee and on the external assessment 

of school in Žabalj municipality. The goal and the 

task of this research is to determine the following: Is 

the ETOS score given by external evaluators closely 

 Assessment 

 Estimation 

 Appraisal 

 Valuation 
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related to the overall score determining the quality 

of school work. 

C. The main hypothesis and the sub-hypothesis 

The main hypothesis: It will be determined that 

ETOS affects and improves the overall quality of 

work done in a primary school, or in an educational 

facility being assessed to a great extent. 

The sub-hypothesis: With the improvement of 

the ETOS score, the score of external assessment 

will be raised. 

D. Variables 

Variables that are taken into account in this 

research are the following: 

 Interpersonal relationships within school are 

regulated. 

 Students’ and teachers’ results are praised 

and promoted. 

 The school is a safe place for all. 

 The school environment is pleasant for all. 

 Collaboration is enabled on all levels.  

E. Research methods, techniques, and instruments 

Methods employed in this research are 

descriptive and experimental. The technique used 

involves the analysis of the gathered data, whereas 

the instrument is the data collected from schools that 

acted as research participants. 

F. Research environment and sample. 

Research environment is Žabalj municipality. 

Research sample is presented in table 1.  

RESEARCH SAMPLE 

School: 
Collected 
data: 

“Miloš Crnjanski”  

Primary School, Žabalj 
YES 

"Đura Jakšić”  
Primary School, Čurug 

YES 

“Žarko Zrenjanin”  

  Primary School, Gospođinci 

YES 

 

“Jovan Jovanović Zmaj”  
Primary School, Đurđevo 

NO 

Overall: 3/4 

Table 1. Research sample. 

III. RESEARCH 

During the 2019/2020 school year we have 

collected data, i,e. school reports on external 

assessment. Out of four primary schools that the 

research is concerned with, the primary school in 

Đurđevo was the only one that did not participate in 

research, as the school principal refused to provide 

the documentation needed, even though we have 

officially requested it, and disregarding the fact that 

such data should be accessible to the public. 

A. Research Analysis 

RESEARCH ANALYSIS 

    School in: 

    Data  

 

Collected:  

     

ETOS 

     

score: 

    

Overall 

    score: 

1. Primary School 

Žabalj YES 
(3.60) 

4 
4 

2. Primary School 

Čurug 
YES 

(2.60) 

3 
2 

3. Primary School 
Gospođinci 

YES 
(3.00) 

3 
3 

4. Primary School Đ 

urđevo 
NO 0 0 

Table 2. Research Analysis 

As it can be seen in table 2. and graph 1., the 

only school that got the ETOS score of (4) is the one 

that got the overall score of (4) as well.  

The rest of the schools have the ETOS and the 

overall score of the same value, or they have the 

overall score lower than that of ETOS. 

The analysis of the results concludes that the 

ETOS score and the overall school score are closely 

related. The quality of school work is improved as 

the ETOS score is improved, which altogether 

contributes to the improvement of the external 

assessment score. Thus, it can be concluded that 

every school, with its principal, in collaboration 

with school’s pedagogists and psychologists, 

teachers, and other school employees, as well as 

with students, parents, and local government, should 

aim at improving ETOS as well as collaboration and 

respect, given that every good score, apart from 

prize, carries a certain weight, mainly related to the 

fact that there is a responsibility to maintain and 

further improve the score obtained. 

Every school should attempt at eliminating its 

own mistakes. Self-evaluation should always serve 

as a tool to obtain information on the content of 

everyone involved and, if needed, on how to further 

improve the work done within a school. If one is to 

point at a mistake, it should not be considered as 

something malicious, but as a driving force to 

improve the school atmosphere. Surveys and 

questionnaires on various ETOS areas, together with 

school reports, are valuable tools on obtaining data 

and facts on what needs to be improved. 
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Graph 1. Graphical Representation of Research 

Information should be collected regularly (on 

daily basis) so as to get to the problem solving as 

quickly as possible. A school that deals with issues 

that have been pointed to represents a school that is 

always willing to cooperate in order to raise its work 

quality to a higher level. A practice that gives us 

poor results tells us that it is the one that should be 

terminated and replaced with new models that serve 

to improve the quality of school work. 

Every school should have its own goals and 

objectives if it attempts at not falling behind when it 

comes to daily novelties and innovative trends. A 

school should work on improving its reputation, 

result promotion, behavior, interpersonal 

relationships, supporting positive work 

environment, effective communication with all 

ETOS participants, as well as improving the 

collaboration and mutual respect of all employees. 

It goes without saying that schools such as the 

Primary School in Đurđevo (which refused to 

provide information needed) are not ready to tackle 

the issues that keep piling each day. The best 

solution for such schools is to start from beginning 

and collaborate with schools that have the score of 

4, and which would serve as mentors thus pointing 

at both the problems and the solutions. 

As expected, this paper proves that without 

interpersonal collaboration there is no well 

organized school. If all aspects within the school are 

good or great, and if there is a sense of common 

goal among the people involved, a school cannot be 

assessed as the one that does not fulfill its tasks.  

The sample of this research encompasses the 

area of only one municipality (Žabalj municipality) 

and cannot, as such, be a criterion for the entire 

country. However, it represents a clear indicator that 

ETOS clearly affects the overall school score when 

it comes to evaluating the work quality of a facility, 

based on the standards of the facility’s work quality. 

With the help of self-evaluation and external 

assessment of a facility’s work quality, every school 

can eliminate or fix the shortcomings in its reports, 

but also further improve the areas that have been up 

to the standard so far.  

IV. DEVELOPMENT GOAL 

 Each school should primarily work on 

eliminating its own mistakes. 

 Self-evaluation should serve as a tool to answer 

the question of whether all the people involved 

are content and to what extent, as well as how to 

improve the work within a school. 

 If one is to point at a mistake, it should not be 

considered as something malicious, but as a 

driving force to improve the school atmosphere. 

 Information should be collected regularly (on 

daily basis) so as to get to the problem solving 

as quickly as possible. 

 A school that deals with issues that have been 

pointed to represents a school that is always 

willing to cooperate in order to raise its work 

quality to a higher level. 

 A practice that gives us poor results tells us that 

it is the one that should be terminated and 

replaced with new models that serve to improve 

the quality of school work. 

“We should give our best to try and not let our 

schools grow old and tired, to not let our educators 

grow old either, and to let our children come to 

school of their own youth, and not ours.” 

Dušan Radović 
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Abstract - Data mining, also known as knowledge discovery, 

is a process of discovering patterns and knowledge from 

large amounts of data, turning raw data into useful 

information. The data sources can be databases, data 

warehouses, the web, and other information repositories or 

data that are streamed into the system dynamically. Data 

mining course is crucial subject in computer science 

education. Finding proper tool for learning data mining is 

important in process in education. In this paper is 

considered programming language R, as a helping tool in 

process of learning data mining course. Some examples of 

machine learning algorithms implemented in R, are given.  

I. INTRODUCTION 

Data mining is a process which finds useful 

patterns from large amount of data. Today, we live 

in a world where vast amounts of data are collected 

every day. Analyzing such data is an important 

need. Data mining is a process that turns a large 

collection of data into knowledge. It makes use of 

complex mathematical algorithms to study data and 

then evaluate the possibility of events happening in 

the future based on the findings. Data mining is also 

referred to as knowledge discovery of data or KDD 

[1,2]. 

 
Figure 1. Knwolage discovering process 

Data mining is usually used by businesses to 

draw out specific information from large volumes of 

data to find solutions to their business problems. It 

has the capability of transforming raw data into 

information that can help businesses grow by taking 

better decisions. Data mining has several types, 

including pictorial data mining, text mining, social 

media mining, web mining, and audio and video 

mining amongst others [1, 3]. 

Types of data that can be minded are, data stored 

in the database, data warehouse, transactional data, 

and other types of data like, data streams, 

engineering design data, sequence data, graph data, 

spatial data, multimedia data, and more. 

Data mining process can be useful in many areas 

like, healthcare, market analysis, customer 

relationship management (CRM), manufacturing 

engineering, finance and banking, education, etc. 

Data mining can be with a great potential to 

transform the healthcare system completely. It can 

be used to identify best practices based on data and 

analytics. Therefore, it can help healthcare facilities 

to reduce costs and improve patient outcomes. Data 

mining, along with machine learning, data 

visualization, statistics, and other techniques can be 

used to make a difference. Data mining together 

with different techniques can be used for forecasting 

patients of different categories. This can help 

patients to receive intensive care when and where 

they want it. Data mining can also help healthcare 

insurers to identify fraudulent activities [4-8]. 

When data mining is used in area of market 

analysis it represents modelling technique that uses 

hypothesis as a basis. Retailers can use this 

technique to understand the buying habits of their 

customers. They also can use this information to 

make changes in the layout of their store and to 

make shopping a lot easier and less time consuming 

for customers [1,8]. 

CRM involves acquiring and keeping customers, 

improving loyalty, and employing customer-centric 

strategies. Every business need customer data to 

analyze it and use the findings in a way that they can 

build a long-lasting relationship with their 

customers. Data mining can be useful for them to do 

that. 
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A manufacturing companies depend on the data 

or information available to it. Data mining can help 

these companies in identifying patterns in processes 

that are too complex for a human mind to 

understand. They can identify the relationships that 

exist between different system-level designing 

elements, including customer data needs, 

architecture, and portfolio of products. Data mining 

can also prove useful in forecasting the overall time 

required for product development, the cost involved 

in the process, and the expectations companies can 

have from the final product. 

Bankers can use data mining techniques to solve 

the baking and financial problems that businesses 

face by finding out correlations and trends in market 

costs and business information. This task can be 

very difficult without data mining as the volume of 

data that they are dealing with is too large. 

Managers in the banking and financial sectors can 

use this information to acquire, retain, and maintain 

a customer. 

Use of data mining in education is still in its 

nascent phase. Data mining aims to develop 

techniques that can use data coming out of 

education environments for knowledge exploration. 

The purposes that these techniques are expected to 

serve include studying how educational support 

impacts students, supporting the future-leaning 

needs of students, and promoting the science of 

learning amongst others. Educational institutions 

can use these techniques to not only predict how 

students are going to do in examinations but also 

make accurate decisions. With this knowledge, these 

institutions can focus more on their teaching 

pedagogy. 

Considering all this mention earlier, data mining 

is useful process in many areas and its learning is 

crucial for helping many aspects of life. In this 

paper we first introduce data mining algorithms and 

techniques and later we concentrate on learning data 

mining using language R thru some useful examples 

[1,8]. 

II. DATA MINING PROCESS, 

TECHNIQUES, AND ALGORITHMS 

Three steps are involved in process of data 

mining, these steps are: Exploration, Pattern 

identification and Deployment. The first step is data 

exploration. In this step data is cleaned and 

transformed into another form, and important 

variables and therefore nature of data based on the 

problem are determined. When data is explored, 

refined and defined for the specific variables the 

second step is performed. Second step is forming 

pattern identification. Identifying and choosing the 

patterns is crucial for making the best prediction.  

And at the end, patterns are deployed for desired 

outcome. 

Before the actual data mining process could 

occur, there are several processes involved in data 

mining implementation [1,2 3]. 

First step is complete research of objectives, 

available resources, and requirements. That would 

help create a detailed data mining plan that 

effectively reaches the set goals. Next step is data 

quality checks. As the data gets collected from 

various sources, it needs to be checked and matched 

to ensure no bottlenecks in the data integration 

process. The quality assurance helps spot any 

underlying anomalies in the data, such as missing 

data interpolation, keeping the data in top-shape 

before it undergoes mining. The next step is data 

cleaning. It is believed that 90% of the time gets 

taken in the selecting, cleaning, formatting, and 

anonymizing data before mining. The next step is 

data transformation that can be divided in to 5 sub-

stages: data smoothing, data summary, data 

generalization, data normalization and data attribute 

construction. In data smoothing process, noise is 

removed from the data. In data summary process the 

aggregation od data sets is applied. In data 

generalization process, the data gets generalized by 

replacing any low-level data with higher-level 

conceptualizations. In data normalization process 

data is defined in set ranges and in the data attribute 

construction process, the data sets are required to be 

in the set of attributes before data mining. The next 

step is data modeling process. Data modeling 

process is used for better identification of data 

patterns, several mathematical models are 

implemented in the dataset, based on several 

conditions [1,8]. 

Various algorithms and techniques like 

Classification, Clustering, Regression, Association, 

Artificial Intelligence, Neural Networks, 

Association Rules, Decision Trees, Genetic 

Algorithm, Nearest Neighbor method etc., are used 

for knowledge discovery from databases. 

Association is one of the most used data mining 

techniques. In this technique, a transaction and the 

relationship between its items are used to identify a 

pattern. This is the reason this technique is also 

referred to as a relation technique. Association and 

correlation is usually to find frequent item set 

findings among large data sets. It can be used to 

conduct market analysis, which is done to find out 
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all those products that customers buy together on a 

regular basis. This technique is very helpful for 

retailers who can use it to study the buying habits of 

different customers. Retailers can study sales data of 

the past and then lookout for products that 

customers buy together. Then they can put those 

products in close proximity of each other in their 

retail stores to help customers save their time and to 

increase their sales. Association Rule algorithms 

need to be able to generate rules with confidence 

values less than one. However, the number of 

possible Association Rules for a given dataset is 

generally very large and a high proportion of the 

rules are usually of little value. Types of association 

rule are: Multilevel association rule; 

Multidimensional association rule; Quantitative 

association rule. 

Classification is the most commonly applied 

data mining technique, which employs a set of pre-

classified examples to develop a model that can 

classify the population of records at large. Fraud 

detection and credit-risk applications are particularly 

well suited to this type of analysis. Classification 

finds its origins in machine learning. It classifies 

items or variables in a data set into predefined 

groups or classes. It uses linear programming, 

statistics, decision trees, and artificial neural 

network in data mining, among other techniques. 

Classification is used to develop software that can 

be modelled in a way that it becomes capable of 

classifying items in a data set into different classes.  

The data classification process involves learning and 

classification.  In Learning the training data are 

analyzed by classification algorithm.  In 

classification test data are used to estimate the 

accuracy of the classification rules.  If the accuracy 

is acceptable the rules can be applied to the new 

data tuples. For a fraud detection application, this 

would include complete records of both fraudulent 

and valid activities determined on a record-by-

record basis. The classifier-training algorithm uses 

these pre-classified examples to determine the set of 

parameters required for proper discrimination.  The 

algorithm then encodes these parameters into a 

model called a classifier. 

There are different types of classification 

models, the most used ones are: Classification by 

decision tree induction; Bayesian Classification; 

Neural Networks; Support Vector Machines (SVM) 

and Classification Based on Associations. 

Clustering can be said as identification of 

similar classes of objects. This technique creates 

meaningful object clusters that share the same 

characteristics. By using clustering techniques, it 

can be identified dense and sparse regions in object 

space and can be discovered overall distribution 

pattern and correlations among data attributes. 

Clustering is often confused with classification, but 

if those two techniques are properly understood, it 

won’t have any confuse. Unlike classification that 

puts objects into predefined classes, clustering puts 

objects in classes that are defined by it. 

Classification approach can also be used for 

effective means of distinguishing groups or classes 

of object but it becomes costly so clustering can be 

used as preprocessing approach for attribute subset 

selection and classification.  

Some of types of clustering method are: 

Partitioning Methods; Hierarchical Agglomerative 

(divisive) methods; Density based methods; Grid-

based methods; Model-based methods. 

Prediction as data mining technique predicts the 

relationship that exists between independent and 

dependent variables as well as independent variables 

alone. It can be used to predict future profit 

depending on the sale, foe example. Regression 

technique can be adapted for predication.  

Regression analysis can be used to model the 

relationship between one or more independent 

variables and dependent variables.  In data mining 

independent variables are attributes already known 

and response variables are what has to be predicted. 

Many real-world problems are not simply 

prediction.  For example, sales volumes, stock 

prices, and product failure rates can be very difficult 

to predict because they can depend on complex 

interactions of multiple predictor variables. 

Therefore, more complex techniques (e.g., logistic 

regression, decision trees, or neural nets) may be 

necessary to forecast future values. The same model 

types can often be used for both regression and 

classification.  For example, the CART 

(Classification and Regression Trees) decision tree 

algorithm can be used to build both classification 

trees (to classify categorical response variables) and 

regression trees (to forecast continuous response 

variables). Neural networks too can create both 

classification and regression models [5,6,7]. 

Types of regression methods that usually used 

are: Linear Regression; Multivariate Linear 

Regression; Nonlinear Regression; Multivariate 

Nonlinear Regression. 

Neural network presents a set of connected 

input/output units, and each connection has a weight 

that corresponds with it. During the learning phase, 

network learns by adjusting weights, therefore the 
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network can predict the correct class labels of the 

input tuples. It represents the connection of a 

particular machine learning model to an AI-based 

learning technique. Since it is inspired by the neural 

multi-layer system found in human anatomy, it 

represents the working of machine learning models 

in precision. It can be increasingly complex and 

therefore needs to be dealt with extreme care. 

Neural networks could derive meaning from 

complicated or imprecise data and can be used to 

extract patterns and detect trends that are too 

complex to be noticed by either humans or other 

computer techniques.  These are well suited for 

continuous valued inputs and outputs. Neural 

networks are best at identifying patterns or trends in 

data and well suited for prediction or forecasting 

needs. The most used neural network is Back 

Propagation. 

III. R LANGUAGE 

R is a system for statistical analyses, graphics 

representation and reporting created by Ross Ihaka 

and Robert Gentleman at the University of 

Auckland, New Zealand, and is currently developed 

by the R Development Core Team. R is both a 

software and a language considered as a dialect of 

the S language created by the AT&T Bell 

Laboratories. R is freely available under the GNU 

General Public License, and pre-compiled binary 

versions are provided for various operating systems 

like Linux, Windows and Mac [9, 10]. 

The core of R is an interpreted computer 

language which allows branching and looping as 

well as modular programming using functions. R 

allows integration with the procedures written in the 

C, C++, .Net, Python or FORTRAN languages for 

efficiency. 

R is available in several forms: the sources 

(written mainly in C and some routines in Fortran), 

essentially for Unix and Linux machines, or some 

pre-compiled binaries for Windows, Linux, and 

Macintosh. The files needed to install R, either from 

the sources or from the pre-compiled binaries, are 

distributed from the internet site of the 

Comprehensive R Archive Network (CRAN) where 

the instructions for the installation are also 

available.  

R has many functions for statistical analyses and 

graphics. The data can be also visualized 

immediately in their own window and can be saved 

in various formats (jpg, png, bmp, ps, pdf, emf, 

pictex, xfig; the available formats may depend on 

the operating system). The results from a statistical 

analysis are displayed on the screen, some 

intermediate results (P-values, regression 

coefficients, residuals, . . .) can be saved, written in 

a file, or used in subsequent analyses. 

The R language allows the user, for instance, to 

program loops to successively analyze several data 

sets. It is also possible to combine in a single 

program different statistical functions to perform 

more complex analyses. 

R users may benefit from a large number of 

programs written for S and available on the internet, 

most of these programs can be used directly with R. 

R could seem too complex for a non-specialist 

because of its complexity. A prominent feature of R 

is its flexibility. Whereas a classical software 

displays immediately the results of an analysis, R 

stores these results in an “object”, so that an analysis 

can be done with no result displayed. The user may 

be surprised by this, but such a feature is very 

useful. Indeed, the user can extract only the part of 

the results which is of interest. For example, if one 

runs a series of 20 regressions and wants to compare 

the different regression coefficients, R can display 

only the estimated coefficients: therefore, the results 

may take a single line, whereas a classical software 

could well open 20 results windows.  

The following are the important features of R: 

 R is a well-developed, simple and effective 

programming language which includes 

conditionals, loops, user defined recursive 

functions and input and output facilities. 

 R has an effective data handling and storage 

facility, 

 R provides a suite of operators for calculations 

on arrays, lists, vectors and matrices. 

 R provides a large, coherent and integrated 

collection of tools for data analysis. 

 R provides graphical facilities for data analysis 

and display either directly at the computer or 

printing at the papers. 

R is world’s most widely used statistics 

programming language. It's the number one choice 

of data scientists and supported by a vibrant and 

talented community of contributors. R is taught in 

universities and deployed in mission critical 

business applications [9,10].  

In this paper we are using R language in the 

process of learning data mining course.  
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IV. USING LANGUAGE R IN THE PROCESS 

OF LEARNING DATA MINING COURSE 

We will consider only the decision tree 

algorithms for classification and regression because 

it has a number of advantages over classical 

approaches such as linear regression, logistic 

regression, or linear discriminant analysis. 

Advantages of decision trees: 

 Decision trees can be very easily explained to 

people. 

 Decisions from decision tree are much closer to 

human decisions, compared to other 

classification and regression approaches. 

 Trees can be displayed graphically, and easily 

interpreted by non-experts. 

 Trees can easily handle quality predictors 

without creating dummy variables 

 Disadvantages of decision trees: 

 Trees usually do not have the same level of 

accurate prediction as other classification and 

regression approaches [11-13]. 

V. BUILDING A REGRESSION TREE 

First step is importing data in language R. The 

"read.csv" function is used to import data into R. 

After performing the function, the data will be given 

to the variable. (movie in the example, Figure 2) 

Figure 2. 

The "View (name_of_variable)" function is used 

to view the data. After performing this function, a 

database will open in a new tab. The next step is 

data processing. 

This step is also called lack of values. Which 

means if a value is missing in the database, that 

value must be replaced. This step is critical, because 

if there is a lack of value in the database, the models 

cannot be trained, i.e., R will not be able to perform 

the training functions of the model. This step is a 

mandatory step. 

The summary (name_of_variable) command is 

performed, this function is used in order to make a 

summary of the data, i.e., to see if values are 

missing in any of the variables. 

In the summary there are Min, 1rdQu, Meadian, 

Mean, 3rdQu, Max values. When a variable is 

missing a value, the NA's value appears. 

In the Figure 3 is shown the summary of the 

variable movie. In the variable Twitter_hastgs, NA’s 

with a value of 8 appears, which means that in the 

variable Twitter_hastgs there are 8 empty fields / 

values that need to be filled. 

Figure 3. 

NA’s or empty fields need to be changed to a 

harmless value, such as Mean or Meadian. Which 

means the average value of the variable 

Twitter_hastgs should be found, and that value 

should be inserted in the empty fields. The 

following code is used to perform that:  

movie$Twitter_hastags[is.na(movie$Twitter_

hastags)] <- mean(movie$Twitter_hastags , 

na.rm = TRUE) 

The complete code for importing data set and 

data preprocessing is given below: 

1. #import dataset 

2. movie <- read.csv ( 

"C:/Users/risto/Desktop/csv/movie_regressi

on.csv" ) 

3. View ( movie ) 

4. #Data Preprocessing 

5. summary ( movie )  

6. movie$Twitter_hastags[is.na(movie$Twitter

_hastags)] <- mean(movie$Twitter_hastags 

, na.rm = TRUE) 

7. summary(movie) 

The next step is dividing data set into test and 

training set. This division is done in order to be seen 

the performance of the previously unknown data 

model. Usually, the data is shared between 80-20, 

which means that 80% of the data will be used to 

train the model, and 20% of the data will be used to 

test the model. A package called caTools is required 

to perform the division. First the package should be 

installed with install.packages('caTools') command, 
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and then started with library(caTools) command. 

After that, set.seed(0) command is used. By 

performing the set.seed(0) function, it is ensured 

that everyone will get the same data sharing. 

Next, a new variable called split is created. This 

variable will be created based on the movie dataset, 

which means that it will has the same number of 

views as the movie dataset. The command 

SplitRatio = 0.8 sets that 80% of the split variable 

will have a TRUE value, and the remaining 20% 

will have a FALSE value. 

Whenever the value of the split variable is 

TRUE, which is almost 80% of the time, that value 

will be placed in the training set, and new variable 

train is obtained, by using the command: 

train=subset(movie, split==TRUE) 

And when the value of the split variable is 

FALSE, that value will be placed in the test set and 

new variable test is obtained, and new variable train 

is obtained, by using the command: 

test=subset(movie, split==FALSE) 

The complete code for obtaining training and test 

set is given below: 

1. #Test-Train Split  

2. install.packages ( 'caTools' ) 

3. library(caTools) 

4. set.seed(0) 

5. split = sample.split (movie , SplitRatio = 

0.8) 

6. train = subset(movie, split == TRUE) 

7. test = subset(movie , split == FALSE) 

For performing regression in R, first step is 

building a regression tree. In order to build a 

regression tree, some packages must first be 

installed. The rpart package is required to create a 

decision tree. The rpart.plot package is required to 

perform the plot. 

The complete code for building regression tree is 

given below: 

1. #install required packages  

2. install.packages( 'rpart' ) 

3. install.packages( 'rpart.plot' ) 

4. library(rpart) 

5. library(rpart.plot) 

6. #Run regression tree model on train set.  

7. regtree <- rpart (  formula = Collection~. , data 

= train , control = rpart.control(maxdepth = 3 )) 

8. #Press F1 on rpart for help on this function  

9. #Plot the decision Tree 

10. rpart.plot(regtree, box.palette = "RdBu", digits = 

-3) 

11. #Predict values at any point  

12. test$pred <- predict(regtree , test , type = 

"vector")  

13. MSE2 <- mean (( test$pred - test$Collection )^ 

2) 

After bulding and ploting a regretion tree, values 

for other movies or for future whatching are 

predicted ( line 12). 

In the next step, the Mean Square Error is 

calculated. In the next code line is the difference 

between the predicted values and the actual values, 

then the difference is squared and the mean value of 

all those values is found. This value is assigned to 

the variable MSE2 (line 13). 

Large decision trees with many nodes and many 

divisions are difficult to interpret and overcrowd the 

training set, leading to poor test set performance. In 

order not to have such problems, the growth of the 

tree should be controlled. Therefore, it can be 

decided before devision to omit certain divisions, 

and this solution is called tree pruning. When 

working with pruning, many large trees are used, 

which are then shaped. The parts of the tree that are 

not needed are cut. The complete code of tree 

pruning in R is given below: 

1. #Tree Pruning  

2. fulltree <- rpart(formula = Collection~. , 

data = train , control = rpart.control(cp = 0)) 

3. rpart.plot(fulltree, box.palette = "RdBu" , 

digits = -3) 

4. printcp(fulltree) 

5. plotcp(regtree) 

6. mincp <- regtree$cptable 

[which.min(regtree$cptable [ , "xerror"]) , 

"CP" ] 

7. prunedtree <- prune(fulltree, cp = mincp) 

8. rpart.plot(prunedtree, box.palette = "RdBu" 

, digits = -3) 

9. test$fulltree <- predict(fulltree, test , type = 

"vector" ) 

10. MSE2full <- mean((test$fulltree - 

test$Collection)^2) 

The only difference from the bulding a 

regression tree is the control parameter cp. Since cp 

= 0, the tree will grow like a normal tree, no pruning 

will be performed on this tree. And due to this 

control parameter, the maximum length of the tree 

will be obtained. Which means that the fulltree 

variable has total regression without constraints. 
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The relative error in the tree is changed with the 

value of cp. The  printcp(fulltree) and 

plotcp(regtree)  commands (line and line 5) need to 

be performed in order to find the minimum relative 

error. 

 
Figure 4. Finding the miniumum relative error in 

regression tree 

 

In order to find the specific value of cp, which 

cross-validated error is the minimum, line 6 comand 

is performed. In this way a new variable mincp is 

created which has a value of almost 0.01. Using this 

value,the tree will be shaped (by performing pruning 

on the fulltree, line 7). When prunedtree is ploted 

(line 8) a small easy-to-read tree is obtained. 

 
Next step is finding the value of MSE for 

fulltree, that will be done by using the predicted 

values (line 9 and line 10). 

After obtaining the new variable MSE2full, the 

difference between MSE2, (Mean Square Error of 

regresion tree) and MSE2full (Mean square error of 

whole tree) can be noticed. A decrease in MSE 

values can be observed. 

The classification tree provides categorical 

variables, such as whether the film will win an 

Oscar or not. The output tree in the classification is 

similar to the tree in the regression, only there are a 

few small differences in the model and the backend. 

In classification trees, mode is used to predict the 

model. 

VI. BUILDING A CLASIIFICATION TREE 

The same code for regression can be used for 

classification. Only a few modifications need to be 

done. Code for Importing data set is the same (only 

new varieable moviec is created and new csv file is 

used). Тhe next steps are similar, Finding and filling 

in the missing values, Database division into test 

and training set, Installing the necessary packages 

and Building a classification tree. 

The function of building a tree is rpart. The only 

change that needs to be made is to mention the 

method (method=’class’). All other parameters are 

the same. A new variable classtree is obtained, 

which has all the necessary information about the 

classification tree. The rpart.plot function is used to 

plot the tree. 

Next step is to predict the values for each 

position. The difference in this prediction function is 

the type parameter. Here, instead of the formula 

being equal to a ‘vector’ (regression), the formula 

will be equal to a ‘class’. Later a comparison of the 

performance of the classification decision tree with 

the predicted values need to be done, and also the 

overall accuracy need to be checked.  

The complete code for makinkg calsiification in 

R is given below: 

1. #import dataset 

2. moviec <- 

read.csv("C:/Users/risto/Desktop/csv/classif

ication file .csv", header = TRUE) 

3. View(moviec) 

4. #Data Preprocessing 

5. summary(moviec) 

6. moviec$Twitter_hastags[is.na(moviec$Twit

ter_hastags)] <- 

mean(moviec$Twitter_hastags,na.rm= 

TRUE) 

7. summary(moviec) 

8. #Test-Train Split  
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9. install.packages('caTools') 

10. library(caTools) 

11. set.seed(0) 

12. split = sample.split (moviec , SplitRatio = 

0.8) 

13. trainc = subset(moviec, split == TRUE) 

14. testc = subset(moviec , split == FALSE) 

15. #install required packages  

16. install.packages('rpart') 

17. install.packages('rpart.plot') 

18. library(rpart) 

19. library(rpart.plot) 

20. #Run classification tree model on train set.  

21. classtree<-

rpart(formula=Start_Tech_Oscar~.,data=trai

nc,method='class',control=rpart.control(max

depth = 3)) 

22. #Plot the decision Tree 

23. rpart.plot(classtree, box.palette = "RdBu", 

digits = -3) 

24. #Predict values at any point  

25. testc$pred <- predict(classtree , testc , type 

= "class") 

VII. CONCLUSION 

 Data mining is very useful technique in many 

areas of life which need processing of large amount 

of data. Data mining has wide application domain 

almost in every industry where the data is generated 

that’s why data mining is considered one of the most 

important frontiers in database and information 

systems and one of the most promising 

interdisciplinary developments in Information 

Technology. Therefore, learning and understanding 

data mining is crucial to deal with new challenges. 

In this paper we presented language R as language 

that could be used for easily learning and 

understanding data mining course, with giving some 

examples that represent the basis of data mining. 
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Abstract -One of the most important methods in the 

educational process, is modelling and simulation of real-

world problems. In many situations it is not possible to 

experiment with real objects to find the right solutions: 

building, destroying, and making changes may be too 

expensive, dangerous, or just impossible.  Modelling and 

simulation can be used to build model to represent the real 

system. 

Agent based modelling is a relatively new method compared 

to system dynamics and discrete event modelling. That are 

computer simulations used to study the interactions between 

people, things, places, and time. The agents are 

programmed to behave and interact with other agents and 

the environment in certain ways.  

In this paper, the agent-based modelling simulation is 

considered.  In simulation software Anylogic are given some 

examples of agent-based modelling. 

I. INTRODUCTION 

The modelling and simulation can be used for 

building models in order to represent the real 

systems. A simulation is the imitation of the 

operation of real-world process or system, over the 

time. In many cases, when it is not possible to 

experiment with real system for finding the solution, 

the simulation models are used. For example, 

building, destroying, and making changes may be 

too expensive, dangerous, or just impossible. In this 

case, it is better to build model that uses modelling 

language to represent the real system. 

On the one side, a model should be a close 

approximation on the real system, and it should 

contain the most of its important features. On the 

other side, the model should be simpler for 

understanding and experimenting, [1], [2]. 

The simulation modeling is appropriate tool in 

the following cases [2]: 

 when the problem can not be solved 

analytically. 

 Simulation allows the study of internal 

interaction of subsystems in the complex 

system. 

 Informational, organizational and 

environmental changes can be simulated in 

order to be seen their affect in the real 

system. 

 By changing of the simulation inputs and 

observing of the resulted outputs, can be 

determined which variables are important  

and how those variables affect on the 

system. 

 Verification of analytical solution. 

 A plan can be visualized with animated 

simulation. 

 Simulation models designed for training 

make learning possible without incremeting 

of the cost. 

The simulation of the models has advantages and 

disadvantages. The advantages of the simulation 

refer to the operations in the real system which are 

not interrupted, and not used real resources. Also, 

the time can be compressed or expanded to allow 

speed-up or slow-down of the phenomenon. In the 

simulation the variables are controlled. It also 

provides testing of the hypothesis about why and 

how certain phenomena are occurred. In the 

simulation questions in the form “What if” questions 

can be asked with obtaining appropriate answers. 

The disadvantages of simulation are that the 

building of the model requires special training. The 

obtained simulation’s results often are difficult for 

interpretation. The process of simulation can be long 

and expensive because many simulations require 

special software which have output analysis, [2],[4]. 

The main aim of the simulation modelling is 

creation of the framework in which by using of 

methods we map a real-world system to its model.  

There are three methods in simulation modelling: 

 System Dynamics 

 Discrete Event Modeling 

 Agent Based Modeling, [5].   
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Fig 1. Methods in simulation modeling 

Each method has a specific range of abstraction 

levels. System dynamics assumes very high 

abstraction, and it is typically used for strategic 

modeling. Discrete event modeling supports 

medium and medium-low abstraction. Agent-based 

modeling does not assume any particular abstraction 

level. Agent based models, can vary from very 

detailed models where agents represent physical 

objects to the highly abstract models where agents 

represent competing companies or governments. 

The selection of the simulation method should be 

appropriate to the goals of modeling and the system 

which is subject of the analysis. At the Figure 2 is 

shown how the modelers are deciding which is the 

best way to build a model of a supermarket.  They 

can build a process flowchart where customers are 

entities and employees are resources, an agent-based 

model where consumers are agents who are affected 

by advertising, communication, and their 

interactions with agents and employees, or a 

feedback structure where sales are in the loop with 

ads, quality of service, pricing, and customer 

loyalty. But the best way to model the different parts 

of a system is the modeling when the different 

methods are used, and in these situations a multi-

method model will best meet the needs. 

 

Fig 2. The modeler chooses a modeling method 

In this paper we are considering the agent-based 

simulations and their application in the educational 

process. It will be shown how the agent-based 

simulation methods can help in the process of 

modelling. This refers especially for the students at 

the mathematical study programmes and computer 

sciences who study the subjects related to the 

mathematical modeling, in order to understand the 

basic concepts for creation of simulation model. The 

models which are described in this paper, are done 

in AnyLogic Simulation Modeling Software. This 

software was primarily chosen because of the 

availability of ready basic models and its simplicity. 

In this paper we will describe simple mathematical 

models like cinema model, SIR epidemiological 

model and model for transport system. With 

studying of these simple models, the students can 

easily understand the basic concepts of agent-based 

simulations in order to obtain the agents, their 

activities and mutual communications between the 

agents. 

II. AGENT BASED MODELLING 

Agent based modeling is a relatively new method 

in comparison with system dynamics and discrete 

event modeling. In fact, agent-based modelling, 

firstly was accepted as an academic topic. The 

adoption of agent-based modeling by simulation 

practitioners started in 2002-2003. 

It was triggered by: 

• A desire to gain deeper insights into systems 

because traditional modeling approaches do 

not capture well. 

• Advances in modeling technology make 

possible modeling by computer science, 

such as object oriented modeling, UML, and 

state charts. 

• The rapid growth of CPU power and 

memory. Agent based models are more 

demanding models than system dynamics 

and discrete event models. 

Agent based modeling offers a modeler another 

way to look at the system: 

With this modeling it is known how the system 

behaves, which are the key variables and their 

dependencies, how the process flows, and how the 

system’s objects behave. So, the building of this 

kind of model is starting by identifying the objects 

(agents) and defining their behaviors. Afterward, it 

is needed to make connections between the agents 

which are created and allow them to interact or put 

them in an environment which has its own 
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dynamics. The system’s global behavior emerges 

from many (tens, hundreds, thousands, millions) 

concurrent individual behaviors. 

There is no standard language for agent-based 

modeling, and an agent-based model’s structure 

comes from graphical editors or scripts. In agent-

based modeling a system is modeled as a collection 

of decision-making entities called agents.  The agent 

evaluates its situation and makes decisions on the 

basis of certain rules. There are many ways to 

specify an agent’s behavior. They may execute 

various behaviors appropriate for the system. 

In many cases, the best way to capture the agent's 

internal dynamics is to use system dynamics or a 

discrete event approach, and then place a stock and 

flow diagram or a process flowchart inside an agent. 

Similarly, outside agents the dynamics of the 

environment where they live is often naturally 

modeled using traditional methods. It is why many 

agent-based models are multi-method models. 

 Agents in an agent-based model may represent 

very diverse things: vehicles, units of equipment, 

projects, products, ideas, organizations, investments, 

pieces of land, people in different roles, etc.  

Academics still debate which properties an 

object should have to be an “agent”: proactive and 

reactive qualities, a spatial awareness, an ability to 

learn, social ability, “intellect”, etc. In applied 

agent-based modeling, however, all kinds of agents 

are present: some communicate while others live in 

total isolation, some live in a space while others live 

without a space, and some learn and adapt while 

others never change their behavior patterns. 

The advantage of agent-based modeling over 

other modeling techniques can be captured in three 

statements: Agent based modeling captures 

emergent phenomena, it allows a natural description 

of the system and its flexible. 

III. AGENT BASED MODELLING IN MATH 

MODELING COURSES 

With advances in computing, agent-based 

modelling has become a feasible and appealing tool 

for studying of different systems. Agent based 

modeling are used as powerful modeling tool for 

modeling of stochastic processes, for modelling of 

process that involve nonlinear interaction and 

heterogeneous spatial structures. 

Agent-based modeling has been used for studies 

in economics, biology, political science, business 

and management, medicine etc. 

The inclusion of agent-based modelling in math 

courses generally are performed in two ways. The 

first way is when the agent-based modelling is 

studied as one modeling technique in a course that 

contains more modeling techniques, the second way 

is when exist the special course of agent-based 

modeling, and in this course the agent based 

modeling is the only type of modeling that is used. 

The formal description of an agent-based model 

requires more than just writing of the computer code.  

This can be problem for many students from 

computer science and math.  Often description of the 

simple agent-based model is not easily and require 

more time and labor. This can make, agent-based 

modeling to look difficult for the students when they 

are starting with the study of agent-based models. 

In the courses for modeling and simulation, the 

professors should take care not to introduce the 

computer code implementation simultaneous to the 

model description. Courses for studying methods in 

mathematical modeling must start with a discussion 

of the modeling cycle, which can be presented as a 

flow diagram, representing it as a mathematical 

model, analyzing the model and then using the 

results for next tasks. On the Figure 3 example of a 

modeling cycle diagram is represented. [7]. 

 

Fig 3. Diagram of the modeling cycle 

When the mathematical models are represented 

with equations (more often differential equations), 

the time spent on representing the real world as a 

mathematical model is relatively short. The building 

of an agent-based model can be a long process, 

because the models are designed to simulate 

interactions between individuals and the local 

environment.  

 When students are in the middle of constructing 

their first agent-based model, they often lose sight of 

where they are in the modeling cycle. Because the 

model implementation is one cycle, writing of the 

code is other cycle. After that, the students should 

test the code and if it runs and produces good results. 

This process should be repeated too slowly and add 

all the components needed for the full algorithm of 

the agent-based model. 

There are many different software tools for 

constructing, simulating, and analyzing agent-based 
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modelling.  When the agent-based modelling is used 

in mathematics courses software should be chosen 

according to the pedagogical objectives of the 

course.  

Some of the most used simulation software in 

education are: EcoBeaker, SimBio, NetLogo and 

Anylogic.  

NetLogo is a multi-agent modeling environment. 

This software is used by many hundreds of 

thousands of students, teachers, and researchers from 

whole world. Its user interface includes a tab where 

agent-based modeling code is written in the NetLogo 

programming language, and a tab for the user to 

view a visualization of the model and user specified 

outputs as the model is simulated, [10]. 

EcoBeaker is an ecological simulation program 

designed primarily for education but also useful for 

research models. EcoBeaker makes a two-

dimensional computer world into which the agents 

are placed and them behaviors are designed, [8]. 

SimBio is a simulation software for biological 

systems such as cardiac cells, epithelial cells, and 

pancreatic β cells. With this software can be 

simulated experiments in evolution, cell biology, 

genetics, and neurobiology. SimBio is written in 

Java, uses XML and can solve ordinary differential 

equations, [9]. 

AnyLogic is a simulation modeling tool 

developed by AnyLogic (formerly XJ Technologies). 

It supports agent-based simulation, discrete events 

simulation, and system dynamics. AnyLogic is a 

cross-platform simulation software running on 

Windows, macOS and Linux. 

AnyLogic is used to simulate markets and 

competition, healthcare, manufacturing, supply chain 

and logistics, retail, business processes, social and 

ecosystem dynamics, defense, asset management, 

pedestrian dynamics, and road traffic, [11]. 

We will consider some examples where 

AnyLogic software is used. 

IV. CASE STUDY IN ANYLOGIC 

A. Seir Model 

SEIR model is the most effective model for 

explaining how an epidemic is spreading. The SEIR 

model is consisting of the assumption for totally 

susceptible population at the starting time of the 

pandemic. In the SEIR model, the global population 

of N individuals are split in 5 categories: susceptible 

S, exposed E, infected I and recovered R. 

 Susceptible - people who are not infected by 

the virus, the started population. 

 Exposed - people who are infected but who 

can’t infect others  

 Infectious - people who are infected and 

who can infect others  

 Recovered – people who have recovered 

from the virus. 

 

In Anylogic, stocks represent real-world stocks 

of material, knowledge, people, money, etc. Flows 

define their rate of change - how stock values 

change and define the system’s dynamics. The SEIR 

model in Anylogic is given on Figure 

4.

 

Fig.4 SEIR model in AnyLogic 

AnyLogic automatically generates a stock’s 

formula according to the user’s stock-and-flow 

diagram. AnyLogic automatically created these 

formulas when the flow is added. 

After that, the parameters and dependencies are 

defined. Five parameters: Total Population, 

Infectivity, ContactRateInfectious, 

AverageIncubationTime, AverageIllnessDuration 

are added, and their default values are defined. 

 Total Population=2000000 

 Infectivity=0.3 

 ContactRateInfectious=0.5 

 AverageIncubationTime=10 

 AverageIllnessDuration=10 

Now, the number of infected people is defined 

by specifying 1 as the Initial Value of the stock 

Infectious and define the Initial Value for the stock 

Susceptible: TotalPopulation-1. ,  

 ExposedRate=Infectious*ContactRateInfect

ious*Infectivity*Susceptible/Total 

population  

 InfectiousRate=Exposed/AverageIncubation

Time  

 RecoveredRate=Infectious/AverageIllnessD

uration. 
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Fig5. SEIR model with parameters 

We run the model, and the output is given on Figure 

6 

 
Fig 6. Output from SEIR model 

B. Cinema model 

An agent-based model of a costumer cinema – 

one where each costumer will be an agent will be 

built.  The model includes 5000 people who have 

not seen one movie in the cinema, but a combination 

of advertising and word of mouth will eventually 

lead them to purchase the ticket to watch it. 

It is also represented advertising’s influence on 

consumer demand by allowing a specific percentage 

of them to become interested in purchasing the 

ticket during a given day. Advertising effectiveness 

= 0.1 determines the percentage of potential users 

that become ready to buy the product during a given 

day. 

 

Fig 7. Cinema model 

The parameters that are included represent 

several functions, the first parameter 

AdEffectiveness defines the percentage of potential 

users who become ready to buy the ticket and watch 

the movie during a given day. The second 

ContactRate represent how many contacts of a 

person has per day with other PotentialUsers. The 

third AdoptionFraction is used to show how much 

the ContactRate (the contact between two 

PotentialUsers) has affection. The last parameter on 

the picture represents DiscardTime, how much time 

will the User wait to become PotentialUser again.  

There are two more parameters which test the 

impatience of our customers.  MaxWaitingTime 

defines the maximum time a consumer will wait for 

the product (in this case, 15 minutes) and the other 

parameter, MaxPurchaseTime is 20 minutes. 

 

 

Fig.8 Parameters in Cinema Model 

When program is run, 5000 population that is 

selected above, is obtained and it can be seen that 

mostly have gray Potential Users because the 

patience is very low and the max waiting time in our 

case is 20minutes. The yellowGreen which are the 

Users are less and when they finished with the 

watching of the movie, they cannot go back for 

another 7 days. 

Cinema model simulates how 5000 people will 

react if they all are PotentialUsers and waiting to 

purchase one ticked for the one movie in the 

Cinema. From the last picture it can be concluded 

that because 5000 people is too many for just one 

selling counter and the waiting line is too long, 

which means that the customers will have high 

impatience and most of them won’t be waiting, and 

they will eventually quit and go back to 

PotentialUsers. So, if is needed to sell tickets to 

5000 people, more than one selling counter is 

needed, therefore the waiting line won’t be so long, 

and the people will not wait to purchase the ticket. 

The output from simulation in given on Figure 9 
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Fig.9 Output from Cinema model 

V. CONCLUSION 

Agent-based modeling and simulation is a powerful 

technique in simulating and exploring phenomena that 

includes a large set of active components represented by 

agents. Also, agent-based models offer an extensible way 

to model different systems consisting of autonomous and 

interacting agents which perform their actions and adapt 

their behaviors. The computer simulation in AnyLogic 

software helps the researcher to explore the behavior of a 

dynamic system. In this paper, we discussed the broad 

applications of agent-based modeling and simulation.  

Because the use of ICT is increasing in all aspects of 

life as well as the need to optimize different systems and 

processes using computer models and simulations, in 

which intelligent agents play a key role, the use of agent-

based modeling and simulation tools in education is 

justified. The paper also outlines the essential features of 

agent-based tools that, according to our experience, can 

play a key role in choosing one of them. That is why we 

believe this paper can be used by the teachers at all levels 

of the education system when choosing the most 

appropriate tool for their work. 
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Abstract - The aim of this paper is to explain what a 

machine learning is and to describe a decision tree as a kind 

of implementation of machine learning. Also, in the paper 

will be shown the practical application of Waikato 

Environment for Knowledge Analysis (WEKA) through a 

concrete example. WEKA is one of the most used software 

for machine learning. The example consists of a function of 

three input data giving the appropriate output. The function 

is shown with two types of decision trees: M5P and 

PERTree. In the conclusion is presented the appropriate 

and best output for our function. 

I. INTRODUCTION 

Machine learning is a branch of artificial 

intelligence and scientific discipline that deals with 

the design and creation of algorithms that allow 

computer systems to improve their work with the 

help of empirical data, i.e., data obtained through 

mechanical sensors, database, etc., through 

experiments and observation [1], [2]. Machine 

learning is the science of making computers work 

without being explicitly programmed. Over the past 

decade, machine learning has given us self-driving 

cars, practical speech recognition, web browsing, 

and significantly improved understanding of the 

human genome.  

 
Figure 1. Machine learning model [8] 

Machine learning is so prevalent today that 

everyone probably uses it dozens of times a day 

without knowing it. Many researchers also think that 

this is the best way to make progress on AI at the 

human level [9]. The field of machine learning 

requires an answer to how to create a computer 

system that improves its work from the experiences 

gained during its existence and operation, as well as 

to what are the fundamental laws that characterize 

the learning processes. These questions cover a wide 

range of learning tasks that contribute to many areas 

of real life, for example: the design of an 

autonomous mobile robot that learns to maneuver in 

the space in which it is located with the help of its 

experience, data mining of medical records of 

diseased patients in aim to study diagnoses for newly 

- ill patients, a search engine that automatically 

adapts to the needs of its users [3], [4]. 

There are several algorithms of machine learning 

implementation [5], [6] and they are listed below: 

1. Decision tree - This way of learning uses a 
decision tree as a predicate model. It is one of 
the predictive modeling approaches used in 
statistics, data mining and machine learning. 
More descriptive names for the models are 
classification trees or regression trees. In 
these tree structures, the leaves represent 
class labels and the branches are the 
connectors of the functions that lead to those 
class labels. 

2. Rule of association - It is used as a learning 
method to discover the relationships between 
parameters in large databases. 

3. Artificial neural networks - Artificial neural 
networks are a learning algorithm that is 
inspired by the structure and functional 
aspect of the biological neural network. The 
calculations are structured in relation to 
interconnected groups of artificial neurons 
that are divided into layers and each layer 
makes a certain change in the input 
parameters. There are three major groups of 
neurons: input neurons, hidden neurons, and 
output neurons. 
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4. Genetic programming - Genetic 
programming is an algorithmically based 
evolutionary methodology inspired by 
biological evolution to find computer 
programs that perform user-defined tasks. It 
specializes in genetic algorithms where each 
individua is a computer program. This 
technique is used to optimize the population 
of computer programs according to the rule 
of suitability determined by the ability of the 
program to perform a given task. 

5. Inductive logic programming - Inductive 
logic programming is a way of learning that 
uses logical programming as a uniform 
representation of examples, basic knowledge, 
and hypotheses. By applying a basic 
knowledge of a particular problem and a set 
of examples presented as a logical database 
of facts, this way of learning tries to derive a 
hypothesis in the form of a logical program 
that includes all positive but not negative 
examples. 

6. Support vector machine - Support vector 
machines are a set of related supervised 
learning methods that used classification and 
regression. For a given set of training 
examples, each of the examples is marked as 
belonging to one of two categories. With the 
help of support vector machines, a model 
which predicts whether a given input 
example belongs to one or another category 
is made. 

7. Clusters - Cluster analysis or also called 
clustering (grouping) is the division of a set 
of data into subsets called clusters so that all 
the observed data in a particular group is in 
some way similar in nature. Clustering is a 
method of unsupervised learning and a 
frequently used method for statistical data 
analysis. 

8. Bayes networks - The Baes network, also 
called the belief network, is a probabilistic 
graphical model representing a set of random 
variables and their conditional independences 
using a directional acyclic graph (DAG). For 
example, the Bayes network may represent 
the link between certain diseases and 
symptoms. If the symptoms are known, the 
network can be used to calculate the 
likelihood of the presence of one of the 
various diseases. There are efficient 
algorithms that use the Bayes network to 
extract knowledge about certain problems. 

II. DECISION TREE 

This way of learning uses a decision tree as a 

predicate model. It is one of the predictive modelling 

approaches used in statistics, data mining and 

machine learning. More descriptive names for the 

tree models are classification trees or regression 

trees. In these tree structures, the leaves represent 

class labels, and the branches are the connectors of 

the functions that lead to those class labels.  

The decision tree is a method for approximation 

of discrete - value target functions, in which the 

function is represented by a decision tree. 

Trees can also be represented as sets of if-then 

rules to improve human readability. Decision trees 

consist of deciding nodes, where each deciding node 

is double or multiple branched, with each branch 

representing the value of the attribute being tested. 

The leaves are no longer branched, and they are 

generators of a uniform (final) conclusion. 

Each decision tree starts with a node that 

represents the so-called initial decision, from where 

the branching of the tree begins. In Figure 2, the 

node representing the initial decision is presented by 

a square. The leaves generate the result if a specific 

path is followed along the stem. 

 
Figure 2. Decision three 

III. DECISION TREES TECHNIQUES 

Specific decision tree methods include 

Classification and Regression Trees (CART) and 

Chi Square Automatic Interaction Detection 

(CHAID). CART and CHAID are decision tree 

techniques used for database classification. They 

provide a set of rules that can be applied to new 

(non-classified) databases to predict which records 

will have a given outcome. CART usually requires 

less data preparation than CHAID. 
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The decision tree is a method similar to the 

learning concepts that use a system and an ID3 

algorithm that generates a rule, i.e. a classification 

tree for a given concept with its attributes and their 

values. Its inductive bias is an advantage over most 

small trees, and it is able to classify disjunctive 

concepts as well. This method may be far more 

effective than other inductive learning systems, but 

it is also not applicable in some complicated 

domains. 

Decision tree learning is a type of function for 

approximating (discrete values) attributes and their 

discrete values. The decision tree classifies samples 

by accepting attributes from the root to the leaf of a 

branch, and can also be seen as a list of if-then rules 

(each branch is a conjunctive relation of attributes, 

and the whole tree is a disjunction). Example [7] 

tree for the PlayTennis concept (Figure 3): 

 
Figure 3. Decision tree for the PlayTennis concept 

which represents the expression: 

(Outlook = Sunny) ^ (Humidity = Normal) 

V (Outlook = Overcast) 

V (Outlook = Rain ^ Wind = Weak) 

As can be seen, the samples are represented by a 

list of attribute-value pairs, the target function in the 

example is Boolean, but can be extended to a 

discrete or even real function. The instances in the 

example may contain errors (either in the attribute 

values or in the classification) or undefined attribute 

values. 

IV. PROBLEM IMPLEMENTATION IN WEKA 

WEKA is a machine learning / data mining 

software written in Java used for research, 

education, and applications. Its main features are: 

 Comprehensive data set on processing tools, 

learning algorithms, and evaluation methods 

(Figure 4). 

 Graphical user interfaces (including data 

visualization). 

 Environment for comparing learning 

algorithms. 

 
Figure 4. How WEKA work (Data processing in 

WEKA) 

The following methods are implemented in Weka: 

 Bayes 

 Decision trees and rules 

 Neural networks 

 Functions 

 Meta, lazy classifiers … 

  With the following test options: 

 Use a training set 

 Cross validation 

 Percentage split. 

WEKA works with files in ARFF format 

(Attribute-Relation File Format) which is an ASCII 

text file that describes a list of instances that share a 

common set of attributes (Figure 5). 

 
Figure 5. An Attribute-Relation File Format 

Input parameters 

The input data has the following structure: 

@relation release 

@attribute month real 

@attribute MMIN real 

@attribute inflow real 

@attribute CACH real 

@data 

jan,0.3,1.408852007,0.20879057749999996 
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jan,0.6,1.408852007,0.20877797299999973 

jan,0.9,1.408852007,0.20876536849999994 

Our task and main goal were to examine which 

of the methods in WEKA is the best for presenting 

the function: 

 

 We performed the tests using the test option 

"Use a training set" 

 We examined with M5P and REPTree 

decision trees 

M5P is reconstruction of Quinlan M5 algorithm 

to encourage tree models for regression. M5P 

combines conventional decision trees with the 

possibility of linear node regression functions. All 

attributes are converted to binary variables, so all 

partitions in M5P are binary. M5P generate models 

that are compact and relatively understandable. 

REPTree makes reduced-errors and counts all 

attributes. Builds a decision / tree of regression with 

the help of entropy as a measure of uncertainty and 

using information obtained with the criterion of 

separation. REPTree is a fast decision tree and sort 

values for numeric attributes only. 

Results from examination with decision trees 

are given in the table below (Table 1): 

Table 1. Decision tree results 
 

Decision tree 
 

 M5P PERTree 
 

Size of the tree 1194 3675 

Number of Rules 598 (3588 lines 
code) 

 
 
 

Correlation 
coefficient 

0.9609 0.983 
 
 

=== Summary === 

Mean absolute error 0.2339 0.1076 
 

Root mean squared 
error 

0.518 0.3422 
 

Relative absolute 
error 

16.4167 % 7.5535 % 
 

Root relative 
squared error 

27.792 % 18.3613 % 
 

Total Number of Instances            36960 
 

V. CONCLUSION AND DISSCUSION 

According to the results given in the table 

above, we conclude that with REPTree we have a 

lower relative absolute error than with M5P. And 

that relative absolute error is 7.5535%. So, REPTree 

gave us the best output for this function, despite the 

size of the tree. 

Our next aim is to compare decision threes with 

artificial neural networks algorithm and to see which 

technique will give us a better result.  
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Abstract - This paper presents an analysis of the curriculum 

for primary school in the subject of Informatics and 

Computing. The focus is on the field of programming and 

object-oriented programming languages. The analysis 

established the curriculum for teaching and learning in the 

subject of Informatics and Computing, which is extremely 

dedicated to the development of programming skills in 

students, from the aspect of the number of classes in which 

it is studied and the defined learning outcomes. It was also 

stated that students develop their skills by applying two 

object-oriented programming languages, namely Scratch 

and Python, and that for the introduction of the third it is 

necessary to increase the number of classes in the subject of 

Informatics and Computing. At the very end, the necessity 

of paying attention to this issue within the Strategy for the 

Development of Education until 2030 was emphasized. 

I. INTRODUCTION 

Programming has been one of the most attractive 

and paid jobs in the field of IT sector for many years. 

People of various ages, interests and educational 

profiles are involved in programming. Regardless of 

the level acquired and the type of formal 

qualifications, programming skills can be mastered 

through the informal domain of education, such as 

various courses and trainings, or independently with 

online tutorials. Research shows that in 2020, 

knowledge from the programming languages 

JavaScript, Java, PHP, Python, C # and C ++ was the 

most sought after [1]. 

In the Republic of Serbia, the first programming 

skills during schooling can be acquired in the fifth 

grade of primary school in the subject of Informatics 

and Computing, where the curriculum of teaching 

and learning in each grade (5th to 8th), programming 

is dedicated to one teaching topic ). In the fifth 

grade, visual block programming is studied in the 

Scratch program, while in other grades, students 

work in the Python programming language. 

At the secondary level, the scope of learning 

programming languages directly depends on the 

enrolled high school. In high schools, students 

continue to acquire knowledge and programming 

skills in the Python programming language within 

the subject Computer Science and Informatics. There 

is a continuity in the continuation and expansion of 

knowledge from primary school, where Python is 

also studied. In secondary vocational schools, in the 

fields of electrical engineering, computer science and 

information technology, students have the 

opportunity to develop programming knowledge and 

skills in other programming languages, such as 

JavaScript, Java, PHP, C # and C ++. That is why it 

is necessary for them to decide for some of the 

specialized fields, such as computer electrician, 

information technology electrician, etc. 

This paper deals with the issue of Object Oriented 

Programming in Primary School from the analytical 

aspect. His general aim is to try to answer questions 

about whether primary school students have a 

sufficiently comprehensive access to programming 

and programming languages, as well as whether 

there is space for higher levels in the curriculum for 

primary school in Informatics and Computing. the 

scope of studying object-oriented programming 

languages. 

II. OBJECT ORIENTED PROGRAMMING 

Object-oriented programming is a programming 

paradigm, whose programming style is based on 

working with objects and classes. A class defines 

the structure (data) and behavior (commands) 

common to a set of objects. Each object of a certain 

class has a structure and behavior defined by the 

class, as if it were a replica of the class. Each class 

has its own data members and its own member 

functions, which are called class members. From 

classes, as a kind of template, instances (objects) 

can be produced, whose communication realizes the 

functionality of the whole system. Objects are called 

instances or instances of a class. In this way the 

mailto:acomamic@gmail.com
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class represents a logical construction; the object 

represents physical reality. Each object has its own 

characteristics that are defined by the class. Based 

on the data defined by the class, it is possible to 

create a practically infinite number of objects [2]. 

A. Basic principles of object-oriented 

programming 

All object-oriented programming languages use 

basic principles to implement an object-oriented 

programming model. The principles include [2]: 

 Abstraction - Abstraction involves 

simplifying the characteristics of a class to 

emphasize important features while ignoring 

irrelevant ones. On that occasion, the details 

are ignored and only the common 

characteristics of the class are taken, 

depending on the needs of the program. The 

essence of abstraction consists in noticing 

the essential characteristics of the object 

being observed and distinguishing it from 

other objects on the basis of the observed 

properties. It focuses on the external 

appearance of the object, completely 

neglecting its interior, ie. implementation. 

 Encapsulation - is one of the basic 

concepts of object orientation. It is a process 

where class information is protected from 

direct access. In that case, the only way to 

access it is through defined methods. This 

way, the details are hidden, so the user only 

knows what he can do with a certain object. 

It is also called closedness or encapsulation 

and is a concept completely complementary 

to abstraction. Encouragement is achieved 

by dividing class members into public and 

private. Public members are free to use in 

any part of the program (outside the body of 

the class itself), while private members are 

available only within the class in which they 

are defined. Fields are usually private, while 

methods are mostly public. 

 Inheritance - is the most important concept 

of object-oriented programming. According 

to him, a new one can be reported from one 

defined class. It inherits all members of the 

class and introduces its specific fields and 

methods. The derived class is a subclass 

(descendant), and the more general is the 

superclass (ancestor). In this way, a 

hierarchical hereditary line is created. 

Inheritance involves identifying common 

properties of different classes and greatly 

facilitates programming, because we lose 

the need to write the same attributes several 

times. 

 Polymorphism - is a property that the same 

method works differently, depending on the 

type or number of parameters that are 

passed to it. Polymorphism allows the base 

class to define functions that will be 

common to all derived classes, provided that 

those derived classes can implement those 

functions in their own way. This means that 

objects of a specific type can be considered 

as objects of the basic type. However, the 

polymorphic behavior of the call allows the 

derived object to express its diversity. 

Polymorphism helps reduce complexity, 

allowing the general class of actions to be 

approached in the same way. It is up to the 

translator to choose a specific action (ie 

method) according to the situation. The 

programmer does not have to choose 

manually. He just needs to remember and 

use the general approach. 

B. Object oriented programming languages 

Simula from 1967 is considered to be the first 

object-oriented programming language. It was 

created to simulate programs, where objects were 

the most important part of presenting information. 

Today, several programming languages are used that 

fully or partially use object-oriented programming 

principles [3]. 

 Java - is an object-oriented programming 

language based on classes, officially 

introduced in 1995. It is designed 

predominantly for object-oriented 

programming, using some procedural 

elements. This language allows developers 

to use once written code on multiple 

platforms that support Java. Due to its 

universality, it is one of the most popular 

programming languages in the world. This 

is especially true of working within web 

applications that deal with the client-server 

relationship. Interestingly, Java introduced 

the concept of classes into object-oriented 

programming, which was later adopted by 

other programming languages. Java has its 

modern application mostly in creating 

applications for mobile devices with the 

Android operating system. 

 JavaScript - is a scripting language, which 

has certain object-oriented characteristics. 

This language is based on prototypes with 

first-order functions, which makes it a 
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language that supports object-oriented 

programming. However, JavaScript has 

certain differences, so there are no classes in 

this language, but prototypes are used. With 

newer versions of this language, the 

syntactic replacement "class" has been 

introduced, which does not represent the 

introduction of classes, but makes it easier 

for programmers who are used to them. 

 C ++ - It is a general-purpose programming 

language that includes support for object-

oriented programming. This programming 

language was created during the eighties of 

the last century as an upgrade of the original 

C language. And while it was originally 

called "C with classes", since 1983 it has 

received the current name C ++. Despite the 

criticism of some experts that this language 

is slow in some segments, it is one of the 

most popular programming languages. 

 C # - was created as an improved version of 

the Java, C, and C ++ programming 

languages. The biggest advantage of 

programming in C # over the languages it 

came from is much easier to use. All it takes 

to write a single program in C # is a plain 

text editor like Notepad, as well as a .NET 

Framework program installed on your 

computer. This program is a large library of 

tools that can be used with the help of over 

20 different programming languages. 

Because the .NET Framework is customized 

for many operating systems, writing code in 

C # allows you to create software for 

Windows, Linux, iOS, OSX, Android, and 

BSD environments. It is also important to 

note that C # is one of the case sensitive 

languages, which distinguishes between 

lowercase and uppercase letters. In addition, 

this programming language belongs to the 

group of so-called strongly typed languages, 

which require explicitly identified types in 

the code. 

 Python - is a very powerful and flexible 

open-source programming language that can 

be used for Web and API development, 

Data Science, system automation, Machine 

Learning, robotics, artificial intelligence, 

game creation and much more. Python is 

also known as a "hacking programming 

language" because it is used by those who 

deal with Cyber security or testing systems 

and networks. Python programming can be 

used in countless ways in everyday life. 

Anyone can use the Python programming 

language for free, either for commercial or 

other purposes. The ease with which it is 

learned and used, as well as its great 

practical application, have led to Python's 

continuous growth in the market both in the 

world and in our country. Its popularity is 

confirmed by the highest ranking in Stack 

Overflow and TIOBE Index surveys, a huge 

number of GitHub projects that use it, as 

well as the fact that for years this is the most 

wanted language that developers want to 

master in future [11] [12]. 

III. PROGRAMMING IN PRIMARY SCHOOLS 

According to the curriculum, there is no subject 

called programming in primary school. However, in 

the content of the subject Informatics and 

Computing, there is a teaching topic (area) 

Computing within which programming languages 

and programming are studied. Fifth grade students 

learn the Scratch programming language, and sixth, 

seventh and eighth grade students work in the 

Python programming language. The mentioned 

programming languages are presented more detailed 

in the following subsections. 

A. Scratch programming language 

Scratch is a high-level programming language. It 

is a visual programming language that contains 

elements of object-oriented programming. It allows 

easy creation of sequences, synchronization of their 

work and mutual communication. It is intended 

primarily for children and students, but also for 

others who want to use programming as a way of 

creative expression. It is applied in education in the 

field of multimedia and programming [4]. 

One of the main advantages of Scratch is 

reflected in the fact that it is a visual programming 

language, which is formed from blocks of 

commands, so it is almost impossible to make a 

syntax error when programming. The sets of block 

commands differ in color, and the blocks themselves 

within the same set of commands differ in their 

shape. A significant obstacle to learning 

programming at an early age has been removed by 

the fact that there is a small level of textual program 

syntax in Scratch, which is intuitively 

understandable to a school-age child, unlike classical 

programming languages. All this enables active 

learning of programming already in the fifth grade of 

primary school, and getting acquainted with it even 

earlier. 
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[5] Figure 1 - Online Scratch Editor layout 

In Scratch, it can be programmed via an online or 

offline editor. The online editor is located at 

https://scratch.mit.edu/. It is desirable to create an 

account on it, so that the user has the ability to save 

projects. The offline editor can be downloaded at 

https://scratch.mit.edu/download and then installed 

on your computer. This version allows you to work 

without an internet connection, as well as save 

projects on a personal computer, without having user 

accounts. 

 
Figure 2 - Offline view of Scratch Editor 2.0 

B. Python programming language 

The Python programming language has been 

around for more than three decades, and during that 

time it has slowly but surely gained more and more 

popularity. It originated in the Netherlands in the 

late 1980s and has been an open source language 

ever since. The syntax of this language is unique. 

Namely, unlike the vast majority of other 

programming languages, this language does not use 

curly braces to separate blocks of code, nor does it 

require the user to put a semicolon at the end of the 

command so that the language interpreter knows 

when the command is over. Python simply uses the 

indentation or tab button of your keyboard for this. 

Because of this, as well as many other features, such 

as how to write loops and conditions, this language 

very often serves as an introduction to programming 

for many young people around the planet. A huge 

number of countries that have programming in 

school curricula use Python for this purpose, so 

Serbia does not deviate from this rule either. Python 

has proven to be a very useful language for this use, 

as an introduction to programming [6]. 

Students use the Python interpreter environment 

and the Idle development environment. Both of 

these environments are available on your computer 

after installation, which can be downloaded from the 

link https://www.python.org/downloads/. 

 
Figure 3 - Appearance of the Python interpreter 

window 

 
Figure 4 - Appearance of the Python IDLE 

development environment 

A simple program is written in the Python 

interpreter, where feedback on the execution of the 

code line is immediately obtained. IDLE (Integrated 

Development and Learning Environment), is used to 

create, store and execute more complex program 

structures. 

1) PyGame library 

A very interesting domain of programming 

application is the creation of programs that use the 

graphical capabilities of computers, ie. the ability to 

draw shapes, display images, create animations and 

simulations and ect. Such are, for example, 

computer games, which usually involve the user 

using a mouse or keyboard to control a character 

that is displayed on the screen and walks through the 

virtual world, overcoming obstacles and fighting 

against enemies. The Python programming language 

offers some graphics capabilities as part of its 

standard library (e.g. Turtle Graphics). However, a 

more advanced library is usually used for more 

advanced features and game programming. One 

such, suitable for learning computer graphics 

programming is the PyGame library. 

PyGame allows you to draw different shapes 

(longer, rectangles, circles, ellipses, etc.). They can 

all be painted in different colors. In addition, it is 

possible to display images (.png, .jpg) on the 

screens, as well as print text in different fonts [7]. 

Pygame uses the Simple DirectMedia Layer (SDL) 

library,[a] with the intention of allowing real-time 

https://www.python.org/downloads/
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computer game development without the low-level 

mechanics of the C programming language and its 

derivatives [13]. 

[7] Table 1 - Basic commands for working with the 

PyGame library 

CODE LINE MEANING 

py –m pip install pygame Installing the PyGame library 

import pzgame as pg 

The use of the PyGame library 

is enabled and given an 

abbreviated name pg 

pg.init() Initialize the PyGame library 

pg.quit() Turn off the PyGame library 

IV. ANALYSIS OF THE CURRICULUM OF 

THE INFORMATICS AND COMPUTING  

This chapter provides an analysis of the 

curriculum for the subject of Informatics and 

Computing in primary school. All grades 5 to 8 are 

included. The emphasis of the analysis is placed on 

the representation of programming in the total 

number of classes, as well as on the defined 

outcomes related to programming. Common to all 

grades, except the eighth, is that the total annual 

fund is 36 hours. The curriculum contains 3 areas: 

 Information and communication 

technologies (ICT) 

 Digital literacy 

 Computing 

In the following subchapters, the above-

mentioned analysis is systematized by grades. 

A. Fifth grade 

As previously mentioned, in the fifth grade, the 

programming language Scratch is studied within the 

teaching area of Computing. The tables below show 

the distribution of classes by teaching areas, as well 

as the outcomes that students are expected to 

achieve within the area of Computing. 

[8] Table 2 - Curriculum structure in 5th grade 

AREA 
NUMBER OF 

CLASSES 

 

PERCENTA

GE 

ICT 11 30% 

Digital literacy 7 20% 

Computing 18 50% 

[8] Table 3 - Expected outcomes 

No Outcome - the student will be able to: 

1. 
List the sequence of steps in solving a simple 

logical problem; 

2. 
Creates a simple computer program in a visual 

environment; 

3. 
Purposefully implements program structures and 

command blocks; 

4. Uses mathematical operators to calculate; 

5. Explain the project scenario and algorithm; 

6. Analyzes and discusses the program; 

7. Finds and fixes bugs in the program; 

From tables 2 and 3, it is noticeable that the area 

of Computing includes 18 hours of teaching in the 

fifth grade, ie 50% of the total fund. Of those 18 

hours, 6 are planned for practical work on projects 

in the field of programming, while the remaining 12 

hours are planned for students to acquire basic 

programming skills and master a total of 7 

outcomes. The outcomes are graded according to the 

Bloom's taxonomy scale, where students are initially 

expected to specify the sequence of steps in solving 

the problem (algorithm), then to create a simple 

computer program with a block programming 

system. After that comes the application of program 

structures, command blocks and mathematical 

operators. At higher levels, students are asked to 

explain, analyze and discuss important elements 

within the project task from visual block 

programming, while at the level of evaluation it 

finds and eliminates errors in the program. 

B. Sixth grade 

As previously mentioned, in the sixth grade, the 

Python programming language is studied within the 

Computer Science curriculum. The tables below 

show the distribution of classes by teaching areas, as 

well as the outcomes that students are expected to 

achieve in the field of programming. 

[8] Table 4 - Curriculum structure in 6th grade 

AREA 
NUMBER OF 

CLASSES 

 

PERCENTA

GE 

ICT 10 28% 

Digital literacy 5 14% 

Computing 21 58% 

[8] Table 5 - Expected outcomes 

No Outcome - the student will be able to: 

1. 
Creates a simple program in a text programming 

language; 

2. 
Uses mathematical expressions for calculations in 

simple programs; 

3. 
Explain and apply the appropriate program structure 

(assignment commands, branches, loops); 

4. 
Uses numerical, textual and one-dimensional array 

values within the program; 

5. 
Explain the complex problem into simpler 

functional units (subroutines); 

6. Finds and fixes bugs in the program; 
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Table 4 shows that the topic of Computing in the 

sixth grade occupies 58% of the total annual fund of 

classes. Out of a total of 21 hours, 6 are planned for 

work on project activities, and the remaining 15 for 

achieving 6 outcomes from Table 5. Outcomes are 

similar in formulation to outcomes for the fifth 

grade, but the important difference is that this is the 

domain of text programming, for unlike the fifth 

grade where the programming is of the visual-block 

type. 

C. Seventh grade 

The seventh grade is a kind of continuation of 

programming from the sixth grade, because the 

Python programming language is also processed. 

The difference is that the emphasis is on the 

functionality of the PyGame library. 

[8] Table 6 - Curriculum structure in 7th grade 

AREA 
NUMBER OF 

CLASSES 

 

PERCENTA

GE 

ICT 10 28% 

Digital literacy 6 16,5% 

Computing 20 55,5% 

[8] Table 7 - Expected outcomes 

No Outcome - the student will be able to: 

1. 
It draws elements of 2D graphics with the help of a 

text library of a text programming language; 

2. 
Uses loops and a random number generator to draw 

more complex shapes; 

3. 
Plans, describes and implements a solution to a 

simple problem; 

4. 
Uses mathematical expressions for calculations in 

simple programs; 

5. 
Explain the complex problem into simpler 

functional units (subroutines); 

6. 
Explain and apply the appropriate program structure 

(assignment commands, branches, loops); 

7. 
Uses numerical, textual and one-dimensional array 

values within the program; 

8. Finds and fixes bugs in the program; 

Compared to the sixth grade, in the seventh 

grade, according to the plan, one hour less is 

realized from the teaching area of Computing, ie 20 

hours. From 8 pm, 6 were allocated for project 

activities, and the remaining 14 for the realization of 

8 outcomes listed in Table 7. The expected 

outcomes correspond to the functions of the 

PyGame library. 

D. Eighth grade 

The teaching area of computer science in the 

eighth grade took on a completely different 

dimension. In it, the Python programming language 

is used within the Jupiter interactive workbook. The 

Jupiter interactive workbook allows you to enter 

text, perform calculations, process and display data, 

as well as run simpler Python programs. Each 

Jupiter workbook consists of a series of cells, and 

each cell can contain text, a mathematical 

expression, or a series of Python commands. 

 
[9] Figure 4 - Appearance of the Jupiter workbook 

window 

[8] Table 8 - Curriculum structure in 8th grade 

AREA 
NUMBER OF 

CLASSES 

 

PERCENTA

GE 

ICT 8 23,5% 

Digital literacy 5 15% 

Computing 21 61,5% 

[8] Table 9 - Expected outcomes 

No Outcome - the student will be able to: 

1. 

Using the appropriate programming language and 

accompanying tools, they solve the types of 

problems known from the materials of other 

subjects in which the formula is first expressed in 

general numbers and then replace specific values, 

where the task is formulated so that the program 

should solve it in the general case, in a case that 

assumes a larger number of input variables, ie 

differentiation of several possible scenarios and the 

like; 

2. 

Using appropriate tools and expressing the 

processing procedure in the program code, plan and 

implement the processing of a given set of data, as 

well as tabular and graphical presentation of the 

processed data; 

Table 8 shows that the number of classes within 

the teaching topic Computing is almost the same as 

in the previous three grades. However, since the 

total annual fund of classes in the eighth grade is 34, 

and in the others 36, that makes the largest share as 

much as 61.5% per year. At first glance, only two 

outcomes are defined, but they are complex 

outcomes. Students are expected to have a 

multidisciplinary approach to problem solving, 

using the Python programming language, with an 

emphasis on processing and presenting data from 

the Jupiter workbook. 
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V. CONCLUSION 

Object-oriented programming languages 

undoubtedly represent the foundation when it comes 

to education in the field of programming. For people 

who plan to engage in programming work in life, it 

is necessary to continuously improve knowledge, 

skills and develop competencies in this area during 

all three cycles of education (primary, secondary 

and higher). Only in that way can one get a quality 

and educated programmer with adequately acquired 

fundamental knowledge, which was later 

methodically upgraded through lifelong learning and 

practice. 

The analysis presented in the fourth chapter 

showed that students acquire basic programming 

skills in the fifth grade within the visually block way 

of programming. In the sixth grade, based on the 

achieved outcomes in terms of algorithmic problem 

solving, use of commands and mathematical 

operators, we move to the domain of text 

programming in the Python programming language. 

Knowledge and skills within Python are upgraded 

and expanded through seventh and eighth grade. 

Also, from the analysis, it can be seen that the 

representation of classes in which programming is 

taught within the subject Informatics and 

Computing is very large, ie from 50% in the fifth to 

as much as 61.5% in the eighth grade. The outcomes 

are clearly and precisely set, so that students achieve 

an enviable level of competencies in the field of 

object-oriented programming. Introducing the study 

of another programming language in primary 

school, e.g. C ++, C # or Java, would undoubtedly 

contribute to diversity and a greater chance for 

students to choose specialized IT directions in their 

choice of further education. However, with 

programming integrated into another subject 

(Informatics and Computing), which has a fund of 

only one hour per week, or 36 hours per year, this is 

simply not possible. An optimal solution would be 

to increase the fund to two hours a week, ie 72 hours 

a year, at least in the seventh and eighth grade, 

which would create space for such a thing. 

The Ministry of Education, Science and 

Technological Development of the Republic of 

Serbia (MPNTR) has launched an initiative to 

develop a Strategy for the Development of 

Education in the Republic of Serbia until 2030 

(SROVRS 2030), ie a new public policy document 

for the next ten years. The main reasons for 

launching the initiative for drafting SROVRS 2030 

are that the current strategy expires at the end of 

2020, and it is necessary to draft a new strategic 

document as a comprehensive public policy 

document in the field of education development in 

the Republic of Serbia (RS) that respects and 

evaluates achieved results. , changes in context from 

2012 to the present [10]. It is within this strategy 

that it is possible to recognize the importance of 

acquiring broad knowledge and skills in the field of 

object - oriented programming for primary school 

students and increase the annual fund of classes in 

Informatics and Computing, as a strategic interest in 

education in this decade. 
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Abstract. In the development of the industry of small and 

medium enterprises that are involved in one of the most 

specific activities such as working with products, materials 

it gives and seeks opportunities for optimizing the basic 

management activities in the work of a company. Today, 

many data are constantly generated that require proper 

processing and access to them, especially when it comes to 

supply chain management and business logistics. Standard 

processing techniques may not meet these requirements. 

The development of information technology and decision 

theory has contributed to the emergence of the application 

of modern-applicable methods and approaches to data 

processing and analysis. The way of processing data from 

traditional data processing tools are adapted for data 

processing and with the help of tools and mathematical 

methods that enable processing and analysis of big data that 

depend on several criteria such as time, resources, quality, 

and distance when it is about delivering work material. The 

identification and analysis of the problem to be solved, the 

determination of the possible solutions to the problem, the 

criteria according to which the possible solutions are 

evaluated, i.e., the alternatives and the choice of the best 

possible solution is a decision-making process. It is the 

choice of the best, from the most possible alternative 

solutions to the problem such as the problem of delivery of 

specific material such as leather considering the quality and 

price. 

Keywords: data processing, supply chains, data, decision 

making, analysis, mathematical methods. 

I. INTRODUCTION 

Logistics in the modern world is becoming a 

current issue to which more attention is paid. In 

many countries with developed market economies, 

the share of logistics activities in the formation of 

gross national product exceeds 20%, which directly 

affects all aspects of the economy (inflation, 

productivity, interest rates, etc.). This is one of the 

main reasons for the increased interest in this issue. 

In the field of logistics, you can find several terms 

such as: materials management, physical 

distribution, business logistics, logistics 

management (synonymous with business logistics), 

supply chain management and others. All these 

terms explain the same area - logistics. This fact is 

positive, because it provides great flexibility to 

companies in terms of changing the product range, 

production of small batches and short delivery time 

of the final product. This is a key factor for 

successful cooperation with foreign partners and for 

the survival of this branch which is under constant 

pressure from competition and market laws. [1,2,4] 

II. RESEARCH METHODOLOGY 

Multi-criterion optimization is an area where a 

mathematical model is formed for a particular 

mathematical problem, considering multiple goals at 

the same time. It is essential that the most 

favourable alternative solution be found according 

to all the criteria considered, which can be expressed 

in different units of measure, different currencies, 

different probabilities of occurrence or subjective 

estimates. The task of multi-criteria decision 

optimization is in cases where important decisions 

are considered and made, such as capital investment 

decisions, which are characterized by a relatively 

large number of criteria. For effective analysis of 

decisions and finding an appropriate solution, the 

criteria are selected and grouped into economic, 

technical, technological, social, and environmental 

criteria. Models that form a mathematical model for 

a real problem from the beginning consider multiple 

criteria simultaneously and develop in the field of 

multi-criteria optimization. Many criteria in the 

models of multi-criterion optimization mean not 

only the realization of modelling, but also increasing 

the reliability of the obtained results. The 

disadvantages of multi-criteria optimization are the 

consideration of several criteria and the way they 

define weights in the model, which in turn makes 

this process of mathematical modelling complex. 

The development of multi-criteria optimization 

methods started with problem solving step by step, 

i.e., methods for specific problems were developed. 

Defining the effects of weights in the model of this 

process with mathematical modelling makes it 

complex in today's conditions of development of 

mathematics as a science. There are a few 

optimization methods and other quantitative 

mathematical methods that can be applied to 
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problem solving and decision making in the 

planning and design processes in industry. [3] 

III. METHODS OF DECISION MAKING 

AND THEIR APPLICATION 

Mathematical-model optimization methods have 

been developed for solving problems in planning 

and design in the different fields, which consists of 

preparatory work for defining and developing the 

mathematical model. From this set of modelling 

methods, from the position of application, the 

following groups can be distinguished: 

 Models of one-criteria optimization are: 

linear programming, nonlinear 

programming, dynamic programming, etc. 

 Models of multi-criterion optimization are: 

AHP method, ELECTRA method, 

PROMETHEE method, VIKOR method 

and others. These methods belong to the 

group of multi-attribute decision making 

methods. Working with them is different 

depending on how the models are calculated 

and the input data (alternatives and criteria). 

 AHP Method - The Analytical Hierarchical 

Process (AHP) method was developed by 

Thomass Saaty (1980), who is the founder 

of the method as a professor at the Wharton 

Business School in Philadelphia and is a 

tool in decision analysis. The method of 

analytical hierarchical processes is one of 

the classic methods of multi-criteria 

optimization, which solves complex 

decision-making problems. Based on 

defined decision criteria, it helps researchers 

in choosing the most favourable alternative. 

This method is suitable for use in cases 

when there is not enough information from 

the observed alternatives in the decision-

making process. [1] 
 

IV. MATERIAL AND METHOD OF 

OPERATION 

Analytical hierarchical process (AHP) is based 

on the concept of balance used to determine the 

overall relative importance of a set of attributes, 

activities or criteria and refers to the analysed 

problem with the decision. This can be achieved by 

structuring any complex decision-making problem, 

involving multiple individuals, multiple criteria, and 

multiple periods at several hierarchical levels, 

assigning weights in the form of a series of double-

piece matrices, and then using Expert decision 

support system to determine normalized weight. 

These weights are used to estimate the attributes at 

the lowest level of the entire hierarchy. The thus 

understood process of modelling includes four 

stages: Problem structuring, Data collection, 

Relative weight assessment and determining the 

solution to the problem. The problem structuring 

stage consists of breaking down a complex problem 

of decision-making into a series of hierarchies 

where each level represents a smaller number of 

managed attributes. Then, they break down into 

another set of elements that correspond to the next 

level and in the same order as Figure 1. This 

hierarchical structuring of any problem-solving 

problem in this way is an effective way to deal with 

the complexity of real problems and identify 

significant one’s attributes to achieve the overall 

goal of the problem. The method (AHP) allows the 

realization of independence - independence between 

attributes to disintegrate at different hierarchical 

levels. [1] 

 
Figure 1. Structuring the problem 

The second stage of the method (AHP) begins 

with data collection and measurement. It is then 

necessary to assign a relative estimate of pairs of 

attributes to one hierarchical level, then to the next 

level, and so on, to the last level. A nine-point scale 

for weight distribution in Table 1, has proven to be 

extremely reliable in solving real-world problems. 

Table 1. Nine-point scale according to saaty 
AHP Scale of 

Importance for 

comparison pair (aij)  

Numeric Rating Reciprocal (decimal) 

Extreme Importance 9 1/9 (0.111) 

Very strong to 

extremely 

8 1/8 (0.125) 

Very strong 

Importance 

7 1/7 (0.143) 

Strongly to very 

strong 

6 1/6 (0.167) 

Strong Importance 5 1/5 (0.200) 

Moderately to Strong 4 1/4 (0.250) 

Moderate Importance 3 1/3 (0.333) 

Equally to Moderately 2 1/2 (0.500) 

Equal Importance 1 1 (1.000) 

The third stage of the method (AHP) involves the 

assessment of relative weights. Pair comparison 

matrices will turn into problems with important 

values to obtain normalized and unique weight 

agitators for all attributes at each level of the 

hierarchy. The assumption is that there are n levels 
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of the hierarchy of attributes A1, A2,…, An with 

vector weight t = (t1, t2,…, tn). It is necessary to find 

t to determine the relative importance of A1, A2,…, 

An. Approaching the comparison of pairs Ai and Aj 

of all attributes, as the degree to which Ai dominates 

over Aj, i.e. we are, i.e., to be able to form a matrix 

for comparing pairs.  

𝐴 = (𝑎𝑖𝑗) = (

𝑡1/𝑡1 𝑡1/𝑡2

… ……
𝑡𝑛/𝑡1

…
𝑡𝑛/𝑡2

    

… 𝑡1/𝑡𝑛

… …
…
…

…
𝑡𝑛/𝑡𝑛

) 

The last stage of the method (AHP) involves 

finding a composite normalized vector. Because 

successive hierarchical levels are interconnected, the 

single composite vector of unique and normalized 

weight vectors for the entire hierarchy will be 

determined by multiplying the weight vectors by all 

subsequent levels. This composite vector will then 

be used to find the relative priorities of all subjects 

at the lowest hierarchical level, which allows to 

achieve the set goals of the overall problem. 

V. RESEARCH STUDY USING THE 

METHOD OF ANALYTICAL 

HIERARCHICAL PROCESS (AHP) 

The main purpose of this paper is to propose a 

modern scientific methodology such as (AHP) that 

will be used in selecting the most favourable 

producers and suppliers of different materials for a 

company, using the methods for multicriteria 

decision making as a modern approach uses analyse 

the problem. to identify alternatives (variant 

solutions). selection of criteria and definition of 

their weights. to transform the qualities of the 

attributes (criteria). making a multi-criteria model. 

solving the model and determining the optimal 

solution. 

To solve the problem, it is necessary to analyse 

the technical-economic parameters by making a 

model for selection of an appropriate manufacturer 

and supplier of material, according to a multi-

criteria decision-making method. In our case, four 

alternative hypothetical models of material 

manufacturers and suppliers are given, which should 

be used for an industrial process in which chemical 

preparations with their basic characteristics are 

used: 

Table 2. Nine-point scale according to saaty 
No. Alternative Mark 

1 Istanbul - manufacturer and supplier  A1 

2 Thessaloniki - manufacturer and 
supplier 

A2 

3 Belgrade - manufacturer and 

supplier 

A3 

4 Durres - manufacturer and supplier A4 

Defining criteria for multi-criteria decision 

making: Criteria 1 - Price of material by 

appropriate quantity, Criteria 2 - Material 

performance ("positive" properties),  

Criteria 3 - Delivery time, (hours),  

Criteria 4 - Location (distance from production 

site to industrial plant) (km),  

Criteria 5 - "Material quality" according to the 

method (appearance/tones). 

VI. SOLVING A MULTI-CRITERIA MODEL 

IN SELECTING THE BEST 

MANUFACTURER AND BIDDER 

ACCORDING TO THE REQUIREMENTS 

OF A COMPANY 

The calculation methodology uses the AHP 

method for multi-criteria decision making described 

in the previous chapters. The data used for this 

illustration of problem solving are hypothetical. At 

the beginning, a decision matrix is formed with 

quantitative and qualitative assessments of the 

criteria that were considered as input data of the 

model, during processing the following matrix is 

obtained. 

Table 3. Real data from the bidders 
Alternatives Criteria 

К1 К2 К3 К4 К5 

Goal min max min min max 

А1 3100 1,5 9,10 814 Very High 

А2 6250 1,4 2,53 237 High 

А3 5910 1,2 4,40 432 Average 

А4 4560 1,1 3,45 242 Average 

The transformation of qualitative attributes, i.e. 

in numerical values and they are ranked for each 

alternative in numerical scale that are presented in 

the matrix form of the AHP algorithm method that 

provides means for decomposing parts of the 

problem in a hierarchy of subproblems that can be 

more easily understood and subjectively evaluated.: 

Table 4. Nine-point scale according to saaty with 

numerical values 
Qualitative 

assessment 

Very 

low 

Low Average High Very 

High 

Type 

of 
criteria 

Quantitative 

assessment 

1 3 5 7 9 max 

9 7 5 3 1 min 

Table 5. Nine-point scale according to saaty with 

numerical values presented in the real data from the 

bidders 

Alternatives 
Criteria 

К1 К2 К3 К4 К5 

Goal min max min min max 

А1 3100 1,5 9,10 814 9 

А2 6250 1,4 2,53 237 7 

А3 5910 1,2 4,40 432 5 

А4 4560 1,1 3,45 242 5 
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The development of a multi-criteria model with 

the AHP method is structured in four stages and is 

processed as follows: Stage 1. Structuring the 

problem, Stage 2. Data collection, Stage 3. 

Assessment of relative weights, Stage 4. 

Determining the solution to the problem. 

Table 6. Data before interaction and criteria weight 
Criteria Criteria weight А1 KxA1 A2 KxA2 A3 KxA3 A4 KxA4 

K1 0,336 0,490  0,338  0,097  0,074  

K2 0,378 0,418  0,383  0,116  0,083  

K3 0,145 0,442  0,392  0,096  0,070  

K4 0,056 0,370  0,455  0,097  0,078  

K5 0,084 0,381  0,459  0,094  0,065  

Table 7. Data interaction and criteria weight 

Criteria 
Criteria 

weight 
А1 KxA1 A2 KxA2 A3 KxA3 A4 KxA4 

K1 0,336 0,490 0,165 0,338 0,114 0,097 0,033 0,074 0,025 

K2 0,378 0,418 0,158 0,383 0,144 0,116 0,044 0,083 0,031 

K3 0,145 0,442 0,064 0,392 0,057 0,096 0,014 0,070 0,010 

K4 0,056 0,370 0,021 0,455 0,026 0,097 0,005 0,078 0,004 

K5 0,084 0,381 0,032 0,459 0,039 0,094 0,008 0,065 0,006 

Total 
  

0,440 
 

0,380 
 

0,104 
 

0,077 

 

Table 8. Final ranking of the alternatives 

 
Total Rank 

А1 0,440 1 

А2 0,380 2 

А3 0,104 3 

А4 0,077 4 

VII. CONCLUSION 

This paper presents a process of optimal 

selection of procurement of materials for the needs 

of a small and medium enterprise dealing. The AHP 

method as a method for multi-criteria evaluation and 

selection has been used for the research conducted 

in this paper. The method is first explained 

theoretically, all the procedures by which it is used 

in everyday decision-making in the logistics 

process. The main problem with the application of 

this method is the definition of decision-making 

attributes in the second level of the hierarchical 

structure for the selection of criteria and the 

assessment of their relative weights. The definition 

of alternatives is based on the budget and the basic 

requirements of the end user that would meet the 

basic criteria for production considered when 

choosing a suitable supplier of suitable material. 

 

After the assessment it is shown that the best 

supplier is the Istanbul supplier even, although it is 

the furthest place based on its location, but it is 

more financial and quality suitable for the 

enterprise. Final ranking of the alternatives are 

showing the advantage of Istanbul as most adequate 

alternative for enterprise dealing.  
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Abstract - In paper, we consider the differences between 

Python and C ++ programming languages, specifically in 

relation to their characteristics that make a difference when 

learning one or another programming language. We did not 

process the many remaining differences, although, of course, 

they do exist. The focus was on the differences that would 

show which language is more beginner-friendly in teaching. 

I. INTRODUCTION 

You may still wonder why Python? Or why teach 

programming with Python? The debate of Python vs 

C++ is an intriguing topic since both programming 

languages are very different in terms of their syntax, 

simplicity, use, and overall approach to 

programming. Therefore, people find it difficult 

when choosing which programming language to 

learn. C++ is a general-purpose programming 

language with its roots in the C language. Even 

though Python is also a general-purpose, it is a high-

level language, meaning that Python code is easy-to-

read and understand. Python is much more beginner-

friendly, while C++ is a more complicated, low-level 

language. C++ has more syntax rules and other 

programming conventions, while Python aims to 

imitate the regular English language. When it comes 

to their use cases, Python is the leading language for 

machine learning and data analysis, and C++ is the 

best option for game development and large systems. 

However, authors think the most direct answer is that 

programming in Python is simply a lot of fun and 

more productive.  

When teacher teaches computer science courses, 

he wants to cover important concepts in addition to 

making the material interesting and engaging to 

students. Unfortunately, there is a tendency for 

introductory programming courses to focus far too 

much attention on mathematical abstraction and for 

students to become frustrated with annoying 

problems related to low-level details of syntax, 

compilation, and the enforcement of seemingly 

arcane rules.  

Although such abstraction and formalism is 

important to professional software engineers and 

students who plan to continue their study of 

computer science, taking such an approach in an 

introductory course mostly succeeds in making 

computer science boring. When he teaches a course, 

he doesn’t want to have a room of uninspired 

students. He would much rather see them trying to 

solve interesting problems by exploring different 

ideas, taking unconventional approaches, breaking 

the rules, and learning from their mistakes. In doing 

so, he doesn’t want to waste half of the semester try- 

ing to sort out obscure syntax problems, 

unintelligible compiler error messages, or the several 

hundred ways that a program might generate a 

general protection fault [1]. 

The opinion of the authors and it seems that a 

large part of the community dealing with this issue is 

that Python is a very good choice as a language to 

start learning an object-oriented paradigm. 

It is often said that the measure of the simplicity 

of a programming language is the way in which the 

program "Hello World!" Is written. Obviously, the 

Python syntax (Fig. 1) is much simpler than the Java 

syntax (Fig. 2) or syntax in  C++ (Fig. 3).  

 

Figure 1. Program "Hello World!" in Python 

 
Figure 2. Program "Hello World!" in Java 
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Figure 3. Program "Hello World!" in C++ 

II. ABOUT PYTHON AND DIFFERENCES IN 

RELATION TO C++ 

Python as well as C ++ are examples of high-

level languages; other high level languages are PHP, 

C #, and Java ... Python is an interpreted language 

which means it does not need to be compiled into 

machine language instructions before execution and 

the programmer can use it directly to run the 

program. 

This makes it comprehensive enough that 

language can interpret an emulator or virtual 

machine on top of the machine's natural language, 

which is what hardware understands. Python is a 

high-level programming language and can be used 

for complex scenarios. High-level languages deal 

with variables, arrays, objects, complex arithmetic 

or logical expressions and other abstract concepts of 

informatics in order to make it more comprehensive 

and thus exponentially increase its usability. Python 

is also a general-purpose programming language, 

meaning it can be used in all domains and 

technologies. Python also features a dynamic-type 

system and automatic memory management that 

supports a wide range of programming paradigms, 

including object-oriented, imperative, functional, 

and procedural [2]. 

A. Simple syntax and less coding 

Python has a simple syntax, also requires the least 

amount of code among other languages, and in fact 

the amount of coding is only 1/5 compared to other 

OOP languages. Python has built-in libraries 

(modules) such as Numpy for scientific calculations, 

Scipy for advanced computing and Pybrain for 

machine learning (Python Machine Learning), 

making it one of the most popular programming 

languages for artificial intelligence . 

Python developers around the world provide 

comprehensive support and help through forums and 

tutorials which greatly simplifies the job, and makes 

coding easier than in any other popular language. 

Python is an independent platform and is therefore 

one of the most flexible and popular choices for use 

on a variety of platforms and technologies, and with 

the least setup in basic coding.  

There are no primitive types in Python, all types 

are objects. 

B. Dynamic Typing 

Unlike C ++, Python uses dynamic typing, which 

means you can assign variables to different types of 

data (Fig. 4). This makes Python very flexible in 

assigning data types; differs from other languages 

where variables must be explicitly declared when 

they are of the data type [3]. 

 
Figure 4. Example of dynamic typing in Python 

C. String type differences between C ++ and 

Python 

Strings in Python are actually sequences, which 

basically means that Python follows each element in 

a string as a sequence. For example, Python 

understands that the string "Hello" is a string of 

letters in a certain order. This means that we will be 

able to use indexing to capture certain letters (such 

as the first or last letter)[4]. 

In Python, square brackets [] are used to call an 

object with an index element. (Fig. 5).  Indexing 

starts from 0. 

 
Figure 5. Example of indexing String 

It is important to note that strings have an 

important property known as immutability, as well 

as the C ++ and Java programming languages. This 
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means that once a string is created, the elements 

within it cannot be changed. But strings can be 

joined! (Fig. 6). 

 
Figure 6.  Example of joining Strings 

D. Lists in Python 

Lists can refer to the most general version of the 

sequence in Python. Unlike strings, they are mutable, 

which means that elements within a list can change. 

Lists are defined by square brackets [] and commas 

that separate each element [5] in the list (Fig. 7). 

 
Figure 7.  Example of list of integers 

This is an example of a list of integers, but lists 

can contain different types of objects (Fig. 8). 

 
Figure 8.  Example of list of  different types of 

objects 

E. Dictionaries in Python 

Dictionaries are a collection of objects that are 

stored with a key, while in the C ++ programming 

language this collection is called a map. Unlike a list 

or string that places objects in their relative position. 

This is an important difference, dictionaries will not 

keep order because they have key-defined objects. 

Python's dictionary consists of key and value pairs 

(Fig. 9). This value can be almost any Python 

object. 

 
Figure 9.  Example of creating dictionarie in 

Python 

It is important to note that dictionaries, unlike C ++, 

are very flexible in the types of data they can 

contain (Fig. 10). 

 
Figure 10.  Example of dictionarie with data of 

different types 

Python is very powerful with the flexibility of 

nesting objects and calling methods on them.(Fig. 

11). 

 
Figure 11.  Example of nesting dictionaries in 

Python 

F. Tuples in Python 

In Python, tuples are very similar to lists, 

however, unlike lists, they are immutable, which 

means they cannot be changed [6]. This is another 

important difference in relation to the C ++ 

programming language, where there is no similar 

collection. The most similar would be the enum 

type. 

Tuples are used to represent things that do not 

need to be changed, such as days of the week, or 

dates on a calendar. 

The tuples construction uses a simple parenthesis 

() with comma-separated elements (Fig. 12). 

 
Figure 12.  Example of tuple in Python 
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G. Differences in expressions between C ++ and 

Python  

Let's make a simple expression that says, "If a is 

greater than b, give the variable a a value of 2 and 

the variable b 4." 

Version C++: 
 
if (a>b){ 
    a = 2; 
    b = 4; 
} 

 

Version Python: 

 
if a>b: 
    a = 2 
    b = 4 

Obviously, Python is less cramped and much more 

readable than the first version. How does Python 

manage this? We go through the main differences: 

Python is solved by () and {} by including two main 

factors: a colon and whitespace. The expression 

ends with a colon, and whitespace is used 

(indentation) to describe what happens when the 

expression is executed.[7]. 

Another big difference is the lack of semicolons in 

Python. A semicolon is used to indicate the endings 

of an expression in many other languages, but in 

Python the end of a line is the same as the end of an 

expression. 

III. CONCLUSION 

Obviously, Python as a programming language is 

the most suitable for learning for someone who is 

new to the concept of OOP. Its conciseness, simple 

syntax, clarity of the code itself, in the opinion of the 

authors, makes it a perfect candidate for anyone who 

wants to enter the world of OOP. Unlike other most 

popular object-oriented programming languages, 

such as C ++, Java, and C #, many concepts are 

simplified. For example, in Python encapsulation of 

objects is avoided, access modifiers are not declared, 

there is only a convention on marking objects that 

should not be accessed from other classes, but it is 

not mandatory. This approach makes it much easier 

for students to master Python. Also, avoiding 

declaring a variable type, as well as a type that 

returns a function, or a method, is less confusing to a 

beginner. Another important feature, the use of 

indentation instead of parentheses, makes it easier to 

understand the scope principle. 
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Abstract - Results of the project „The Virtual Physics 

Laboratory“ are presented in this paper which aim was to 

modernize physics course at Technical College of Applied 

Sciences in Zrenjanin. As it is not possible to perform all 

types of physics experiments at school laboratories, one of 

the novelties this project brought was the usage of 

interactive physics simulations, as a good way to provide 

better understanding of physics phenomena. Contemporary 

engineers should also be able to work with software for 

statistical data analysis and other programs which provide 

easier and faster problem solving. We incorporated a few 

new software packages and trainings for students on how to 

work with this software as part of our lesson and project 

tasks. This way students acquired all the necessary 

competences required for the profession of a contemporary 

engineer. 

I. INTRODUCTION 

The project „Virtual Physics Laboratory“ [1], was 

cofinanced by the Provincial Secretary for Higher 

Education and Scientific Research and was created at 

the Technical College of Applied Sciences in 

Zrenjanin  in 2021 and is still in the process of 

realization.  The main idea of the project was to 

bring some improvements into education, with the 

primary focus on the Sector of Physics at our 

college. During the courses at Technical College of 

Applied Sciences in Zrenjanin, beside standard 

lessons and exercises, a few additional activities 

were performed: 

  the use of interactive physics simulations, 

 the use of different program packages like 

Excel for presenting and fitting experimental 

results, XLSTAT for statistical data analysis, 

GeoGebra for mathematical modeling in 

dynamical surrounding  and WolframAlpha 

for all types of online computations and 

information in many different aspects of 

science. 

More information about the project as well as 

instructions about the use of simulations and the 

above mentioned software packages are available at 

the college website [1], [2] and also in the project’s 

Google Classroom  [3]  (classroom code: wgfxx7r, 

classroom name: Virtuelna laboratorija fizike).  

II. INTERACTIVE SIMULATIONS 

PHET interactive simulations are available online 

on the website of the University of Colorado 

Boulder [4]. These simulations can also be 

downloaded and used locally offline. There are 44 

physics simulations in total, moreover, some 

additional simulations for mathematics, biology, 

chemistry and other sciences could be found there. 

These simulations are suitable for students of all 

ages from primary school to university. By opening 

account and signing in on the Colorado Boulder 

University website [4], instructions for teachers on 

how to use simulations could also become available. 

Translations of simulations into different languages 

exist there, too. 

We also wrote instructions [5] for our students on 

how to use and work with simulations. During 

physics lessons and exercises students worked with 

31 simulations which covers different physics topics 

like mechanics, elasticity, waves, fluids, 

thermodynamics, electrodynamics, optics, modern 

physics. Students find these simulations very 

interesting and instructive as they provide them the 

better understanding of Physics. 

III. EXCEL 

As a part of physics laboratory exercises students 

learned to present experimental data on a graph and 

to fit these data with linear, exponential, logarithmic 

or polynomial functions in Excel, depending on the 

type of data. Instructions written for them are 

available at [6], [7]. Students used to compare the 

results obtained in Excel with results obtained by 

hand by plotting and fitting experimental data on 

paper which they found to be slower and less 

precise. 

In order to introduce students into the field of 

statistics and probability in physics, first lectures on 

distributions were given to them. Then followed 

their usage of Data Analysis (DescriptiveStatistics) 

package in Excel with which students learned to 

obtain parameters of the Gaussian distribution (mean 
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value and standard deviation) from experimental 

data. Instructions and explanations for students could 

be found at [8]  

Students think these analyses in Excel are very 

applicable to other areas of engineering, too. 

IV. XLSTAT 

XLSTAT [9] is a software add-on for Excel 

which provides professional statistical data analysis 

in many scientific areas (physics, mathematics, 

engineering, medicine, psychology, economy). It is a 

flexible program that allows users to study, adapt 

and share results in Excel. It has more than 240 

statistical features at dispose. It is often used at 

universities and in businesses as it has many users all 

over the world. XLSTAT covers four sectors of 

statistical data analysis and they are: 

 descrbing data,  

 exploring and clustering data,  

 statistical testing, 

 statistical modeling. 

Very useful webinars on how to use XLSTAT are 

available [10], too. XLSTAT contains a large base 

of algorithms for different types of data analysis.  

Our students followed the online course on the 

use of  XLSTAT, focusing on different statistical 

tests. We also provided them the opportunity to 

work with this program in our physics laboratory. 

This version of XLSTAT program can be found in 

the laboratory  (Basic +) and contains also the 

possibility of supervised machine learning and 

prediction which is to be used for some future 

analysis in Data Science. 

V. WOLFRAMALPHA 

WolframAlpha [11] is used to be defined as a 

computational intelligence. It is a software which 

provides computations in many different areas like 

mathematics, physics, astronomy, chemistry, 

engineering, biology, medicine, economy and many 

others. It also contains huge database of information 

in natural and social sciences, sport, culture. By 

opening account on WolframAlpha website all these 

facilities can be used for free just by logging in, 

nothing else is needed to be installed. If we want 

more detailed step by step solutions, in mathematics 

for example, then commercial professional versions 

are also available.  

We provide training for our students how to use 

WolframAlpha. Instructions for them were written, 

too [12]. Beside the free versions, students can also 

use professional versions of the program in our 

physics laboratory. They found this program very 

useful, especially for mathematical and physical 

computations. 

VI. GEOGEBRA 

GeoGebra [13] is a free software for class 

activities, graphing, geometry, collaborative 

whiteboard. It contains graphing calculator for 

functions, geometry, algebra, calculus, statistics and 

3-dimensional mathematics. It has large application 

in technical sciences and enables users to perform 

mathematical modeling in dynamical environment. 

It can be installed locally or used on cloud. 

Geogebra is beneficiary for using for both 

professors and students. 

Professors use it because it enables users to plan 

and present lessons better. Geogebra allows 

professor to be innovative and to make lessons that 

students will find intriguing and amusing. There is 

also a database of already made materials which 

other professors create that can be shared and used, 

too. Among them are for example the problem of 

motion (physics), problem of mixtures (chemistry), 

Pythagoras theorem (mathematics) and many others. 

Students generally find mathematics more real 

with GeoGebra as it makes a link between geometry 

and algebra in a new visual way. In this manner 

students can see and experience mathematics in the 

end. Students who use GeoGebra are found to be 

very motivated. 

Slides from our students’ course are available at 

[2],[3]. 

VII. CONCLUSION 

As science and information technology moves 

forward, education also needs updates. Students, 

future engineers, should know how to work with 

modern software tools in order to be able to face 

problems and challenges as they arise in their future 

profession. 

As part of the project’s (“The Virtual Physics 

Laboratory”) activities, students at Technical College 

of Applied Sciences in Zrenjanin, learned to work 

with modern software packages that provided them 

extra knowledge for fast and accurate problem 

solving. Simulations helped them with better 

understanding of the world around them. Moreover, 

students find these novelties in presenting practical 

knowledge amusing and useful.  
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We plan to include these project activities in the 

courses in coming years, too. We also want to 

include students into some detailed questionnaires in 

order to get even more profound understanding of 

the project’s impacts and benefits. 
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Abstract - The aim of this paper is to present the selected 

modern methods and new methodological approaches in 

teaching the subject of Technics and Technology. The paper 

presents the organization of a lesson on the topic of 

Electricity generation using various modern teaching 

methods: project learning, problem - based learning, 

teamwork, flipped classroom, cooperative learning, teaching 

based on competencies, in conjunction with simulation and 

animation. The current moment in teaching implies the 

mandatory use of ICT, which means that teachers are 

continuously being trained to apply a large number of ICT 

tools. The paper shows how the teacher effectively uses ICT 

in each phase of the lesson, in order to achieve outcomes and 

improve students' competencies. 

I. MODERN METHODOLOGAL 

APPROACH TO TEACHING 

The current moment in teaching implies the 

mandatory use of ICT. This means that teachers are 

continuously trained to apply a large number of ICT 

tools. The complementary approach involves the use 

of ICT as an aid and active support to students' 

efforts in accepting teaching content. By applying 

these approaches, students are enabled to download 

the content of the lecture from the computer, use e-

mail at home and at school, search various sources 

online and fulfill the required tasks. The application 

of ICT in technical education of students implies the 

application of ICT in conducting lectures, 

demonstrations, laboratory experiments, 

multimedia, simulations, diagrams, application 

software, etc. A digital classroom is used, with a 

sufficient number of computers, a smart board, a 

projector and other adequate teaching aids. 

Classic textbooks, e-learning contents, e-books, 

e-applications for simulation and games, e-learning, 

and everything else that contributes to a successful 

class are used. E-learning increases students' 

technical education by using a variety of e-

resources, online courses, blended learning, the use 

of lecture management systems, and other 

communication and collaboration tools. Lecture 

management systems have the possibility to deliver 

content, email, assignments, manage forums, 

mailing lists, surveys, self-assessments, chats, 

calendar, frequently asked questions and answers, 

design blogs, manage video conferences, various 

glossaries, lead student portfolio, student tracking 

podcast, etc. If there is no management system, 

Team viewer, can be used, or MS Lync, or some 

other similar tool. Other web tools such as 

SkyDrive, MS Office 365 for education, Google 

Docs, can be used for other forms of work such as 

seminar work, reports, etc. Social networking tools 

and sites such as Facebook, Google Talk, Skype, 

etc. can also be used.  The impact of these tools has 

been shown to be positive on student learning 

outcomes through online teaching [1]. The 

complexity of introducing new methods and 

approaches requires previously well-mastered IT 

skills that allow for less effort in embracing 

innovation in education. 

II. MEANINGFUL LEARNING WITH 

TECHNOLOGY 

Technology has entered education and 

contributed to a change in the approach to teaching. 

In order for students to be involved in meaningful 

learning, they must be involved in a task that 

requires them to think and find possible solutions, 

with appropriate argumentation. Technology can be 

used to encourage meaningful learning, rather than 

as a simple medium for transmitting information. It 

is needed for the purpose of comprehensive, 

engaged and easy thinking. The role of technologies 

that support meaningful learning in the lesson 
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presented here is multiple: as a tool to support 

knowledge building; to present students' ideas, 

understandings and beliefs; to acess the necessary 

information; to compare perspectives, beliefs and 

worldviews; to present and simulate significant 

problems, situations and contexts in the real world; 

to help students articulate and present what they 

know. 

III. METHODOLOGICAL APPROACH 

TO ELECTRICITY GENERATION 

WITHIN THE FIELD ‘RESOURCES 

AND PRODUCTION’ 

Within the subject TECHNICS AND 

TECHNOLOGY, which is taught in the 8th grade, 

the introduction of the teaching contents of the 

chapter RESOURCES AND PRODUCTION is 

planned, with 20 lessons in total. 

This chapter provides 6 lessons for the topics: 

Power system; Electricity production, 

transformation and transmission; Renewable 

electricity sources. The teacher preparation would 

initially consist of determining outcomes, content, 

and gathering the necessary materials and 

information related to the topics covered. Not all 

outcomes are of the same weight, they differ, so it is 

necessary to determine the time needed for their 

implementation. After sorting the material, the 

teacher would determine which method is most 

suitable for processing the topics. It would take into 

account the complexity of each method. Students' 

prior knowledge can be crucial in choosing a 

method of work. This means that he must know 

what each method brings, how to approach the 

topic, determine key issues, determine the starting 

platform for starting conversations with students, 

determine the initial content to introduce students to 

the situation, determine the way of verbal 

communication with students. 

IV. IMPORTANCE OF NEW TEACHING 

METHODS 

Student success in education is directly related to 

the methods used by teachers and students. Many of 

the methods used are under scrutiny and are 

constantly being reviewed. Through the application 

of methods, teachers guide, lead, help and support 

the research and cognitive activity of students. This 

includes encouraging students to ask questions, 

responding appropriately to their answers, 

encouraging them to accept challenges and 

disagreements, discussing through contradictions, 

and offering creative solutions. 

During this lesson, the teacher opted for the 

following teaching methods: flipped classroom; 

project learning; cooperative learning; problem 

teaching; competency-based learning; learning 

through play and simulation; challenge-based 

learning. 

V. METHODOLOGICAL APPROACH TO 

ELECTRICITY PRODUCTION IN 

THERMAL POWER PLANTS 

This way of electricity production is introduced 

through presentation, i.e. the flipped classroom is 

used. A simple definition of a reverse approach to 

the classroom is given by the sentence What is done 

at school is done at home, and homework at home is 

done at school [2]. Before the lecture, students 

watch the theoretical part of the class through a 

presentation, online video, learning management 

system, and prepare questions so that they could 

clarify what they do not understand. During the 

lessons, accompanying activities are solved in the 

form of jointly finding answers to questions 

prepared before class. This method requires a longer 

period of preparation of certain teaching contents. It 

requires knowledge of working in multimedia 

resources and working in an LMS environment. The 

teacher must be perfectly acquainted with the work 

in the technique Screencasts (Screencasts are 

recordings that record audio narration together with 

images from the computer screen), in order to have 

more time for other necessary activities in the 

preparation of lessons. The teacher records her 

video presentation or transfers the recorded video or 

simulations of the operation of thermal power plants 

from the website. Continuous dynamic simulations 

are used in game simulation (flight simulators). 

Computer graphics and simulation are an ideal 

combination for graphical display and visualization. 

The simulation provides information, can 

demonstrate the phenomenon through a model, and 

allows practice in learning, examination and testing 

of knowledge with feedback on the result. 

It is recommended that the presentations last a 

maximum of 10-12 minutes, because with longer 

duration, the concentration of attention in students 

decreases sharply. During the presentation, the 

teacher asks one leading or motivational question: 

How to improve the operation of coal-fired power 

plants to emit smaller amounts of harmful gases? 

After being asked this or more similar questions, 

students’ attention to the presentation is activated, 

so they more readily engage in watching and 

listening with the task to find the most important 

information and recognize the concept of coal-fired 
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power plant, and to find places and details that are 

not clear. If she wants to know more about what the 

students remembered by watching and listening to 

the presentation, the teacher can sequentially ask 

interpolated questions which retrieve memory. They 

contain a few short but essential questions about a 

coal-fired power plant. Student group activities are 

one of the goals of a flipped classroom. Each 

student comes to class with their own concept of 

understanding the content of the thermal power 

plant. Through joint discussion, mutual knowledge 

and understanding of materials, a new, more 

complete and meaningful understanding of 

electricity production in coal-fired power plants is 

reached. 

Mini-test with questions: 

 Why are thermal power plants built next to 

larger rivers? 

 What is the difference in the construction of 

the boiler in the bathroom from the large 

boiler in the thermal power plant? 

 Explain the operation of a turbine in a coal-

fired power plant. 

 How is the electricity produced from the 

coal-fired power plant transferred to the 

transmission system? 

In this way, the teacher finds out how much new 

knowledge each student has acquired. 

The combination of different approaches in 

evaluation does not always have to be given through 

a numerical value, but also appreciates the effort and 

effort invested in understanding the concept of 

operation of a coal-fired power plant. It is important 

to note that students have always been active in 

class work, and that the teacher with her questions 

and sub-questions directed the course of discussion 

to the desired outcomes. 

VI. METHODOLOGICAL APPROACH 

TO ELECTRICITY PRODUCTION IN 

NUCLEAR POWER PLANTS 
The teacher explains to the class that she will 

form several groups of students, usually three to five 

students in a group, and explain to each group the 

further procedure in the work. She gave one of the 

groups the task to explain the way of electricity 

production in nuclear power plants, through the 

method of cooperative learning. Cooperative 

learning is a type of teaching practice that allows 

students to learn together in small groups. Groups 

are formed in such a way that the members of the 

group must cooperate with each other in order to 

succeed. Each participant in the group is responsible 

for their own learning as well as for the learning of 

the other members of the group. 

When she has finished forming the groups, the 

teacher addresses the group that has been given the 

task to explain how electricity is obtained in nuclear 

power plants. It begins with a short introductory 

lecture, what is nuclear energy, when it was first 

applied. 

At the end of the introductory lecture, she 

explains the goals that are to be achieved by 

learning certain material. Objectives are formulated 

as learning outcomes or learning results: at the end 

of this unit the students will be able to explain how 

electricity is produced in nuclear power plants. 

In order to better understand the material, the 

teacher explains the basic concepts and new 

concepts, gives instructions on how to work. They 

are given in written form, not too complex, so that 

the students have as much space as possible for 

mutual discussion. 

Since in the era of the digital revolution access to 

information is easy, the teacher suggests to students 

how to find certain information on the Internet. It is 

important to note that the teacher contacts only the 

elected group leader or the informal one who stands 

out in the group representing the interests of the 

group with the teacher. 

Each member of the group was given their own 

task. The first member has the task of explaining the 

basic principles of nuclear energy, and the second 

one the way the nuclear reactor works. The third 

member of the group has the task to explain the 

principle of operation of the turbine and generator. 

The fourth member of the group was tasked with 

clarifying ways to protect the environment and 

handle nuclear waste. 

The teacher periodically checks how the work 

process is going, intervenes if there are any 

disagreements. The goal is not only for students to 

get the highest grade, but to feel like a team member 

who contributes to the success of the whole team, to 

gain social skills and respect the opinion of each 

group member, to jump in and help a team member 

if he has any difficulties. 

Finally, when the group completes the work, the 

teacher selects one member of the group to present 

the work in front of the whole class; the other 

students lavish the student with questions and give 

their grade for the work. The teacher concludes with 

an assessment of the work of the group, their 

behavior within the group, assesses how much they 
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have accepted social skills, points out some 

misconceptions and gives a way to correct them, 

praises students for their efforts as a contribution to 

further work. 

VII. METHODOLOGICAL APPROACH TO 

ELECTRICITY PRODUCTION IN 

SOLAR POWER PLANTS 

One of the teams of students was given the task 

to solve one specific problem through the method of 

problem-based teaching. In problem-based teaching, 

students are asked to solve a real-life problem. 

Learning takes place while solving the problem 

together. This process includes three basic 

functions: searching for information, generating new 

knowledge, and making decisions. 

The team is composed of three students. The 

teacher told them that there are many problems in 

society that can be solved by applying solar energy. 

Their task is to discuss and find a certain problem 

from their environment that can be solved by 

applying solar energy. The students gave numerous 

ideas and finally agreed that they could give a 

solution to the problem of the electricity needed to 

operate the large lawn watering system in front of 

their school. The teacher agreed with the idea and 

referred them to possible problems. The first 

problem is whether they fully understand the nature 

of the problem and what the goals are to be 

achieved. It is necessary for all students to have a 

work diary in which they would write down all 

activities that would be a reminder for further work. 

In their notebooks, they wrote down the 

obstacles that need to be overcome in order for the 

problem to be solved. One student took on the task 

of informing the rest of the team on the principle of 

the systems for obtaining electricity in solar power 

plants, i.e. converting solar energy into electricity. 

The teacher directed him to the necessary literature 

and information on the Internet. 

From the possible solutions, they chose a home 

solar system, and the panels would be installed on 

the roof of the school. The students chose the 

network solar system, because the school works in 

one shift and only during the day. Since there is no 

need to consume electricity during the night, the 

excess electricity is sent to the network. The panels 

on the roof are at an angle in order to make the best 

use of the possibilities provided by the sun. 

The second student is in charge of finding on the 

market all the necessary products for solar systems 

connected to the network. Due to the diversity of the 

market, the student consults with the teacher what 

are the best requirements to select certain elements. 

The third student is in charge of explaining the 

advantages and disadvantages of using solar energy 

as well as the impact on environmental protection. 

When the students have collected and sorted the 

information, they reconsidered whether there were 

any other solutions. If not, they access the final 

report. The report is read in front of other students 

and additional questions from students are expected. 

The teacher evaluates the effort and analyzes the 

approach to the students' work, and if there are any 

doubts, she tells them in good faith how to avoid 

them in the following tasks. 

VIII. METHODOLOGICAL APPROACH 

TO ELECTRICITY PRODUCTION 

FROM WIND ENERGY 

The teacher gave one of the teams the task to 

write a paper on obtaining electricity from wind 

energy using a competency-based teaching method. 

This method makes it possible to imitate the way 

people learn and work. Here, the focus is on 

competencies and learning outcomes, which help 

teachers to create content and assessment methods, 

and help students understand what they are working 

on and how to progress. It is important to point out 

that with this method students make their own 

decisions about what, when, where and how to learn 

Before the students started working, the teacher 

had to prepare the basic elements for this method. 

Since the method is based on the acquisition of 

knowledge at certain levels, the teacher prepared the 

initial literature for the team and gave them the 

freedom to choose other literature of their choice. 

She explained to them that they will have to 

cooperate as a team and follow each other in the 

acquisition of knowledge for a certain level. After 

checking the acquired knowledge through a 

discussion or a short test, the next level is 

approached, which is more difficult than the 

previous one. When students assess that they have 

met all the requirements that exist at the given 

levels, they start writing the final report for the 

given task. This can be a combination of a 

competency-based method and teamwork method, 

with a focus on competencies. With this more 

complex approach, students have great 

independence in choosing their pace of learning, but 

they also learn to work in a team. Students 

determine the pace of work and the moment when 

they think they have acquired new knowledge. The 

teacher re-checks the student's knowledge orally by 

asking short questions, or by taking a short test. 
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After being allowed to write the paper, students 

form the final version of the paper, defending the 

paper in front of the whole class. Taking into 

account the opinion of the rest of the class, the 

teacher gives the final grade to the work, noting that 

the final grade is determined by the effort and work 

and a systematic approach to work. 

IX. METHODOLOGICAL APPROACH 

TO ELECTRICITY PRODUCTION IN 

HYDROPOWER PLANTS 

This type of electricity production is introduced 

by the method of project learning. Here, students 

work individually or in small groups, analyze and 

develop a real-life problem or deal with a current 

topic within a predetermined deadline, working 

independently and with a clearly defined division of 

tasks [3]. The main focus is the socialization of 

students and the development of problem-solving 

skills. 

Here it is necessary to implement six steps that 

will determine further work in the classroom. Before 

starting the first step, the teacher makes an 

introductory scenario to suggest to the students the 

topic of the work. Students are reminded that energy 

was discussed in the fifth grade, about renewable 

and non-renewable energy sources. The introductory 

presentation on electricity follows and the types of 

sources from which electricity can be obtained. 

Which scientist is responsible for the progress of 

civilization in this field? Nikola Tesla's merits for 

the development of science and technology. Which 

of his inventions are the basis of today's way of life? 

Finally, the teacher explains to the students what an 

electric power system is, what its subsystems are. 

All the time the conversation takes place in the form 

of teacher asking questions and students giving 

answers. The first step is to create a situation from 

which the other steps follow. Creating a situation: 

From talking to students and their answers, the 

teacher already has in mind what the title of the 

project would be for a given team of students. It is 

important that the students themselves get the 

impression that they have created the title of the 

project and that they are proud of it. Student 

guidance takes place through a series of questions to 

which students give answers that would match the 

expected answers. 

The title of the project is a summary of these 

answers and the created situation, which is also step 

2: The impact of the regulation of river watercourses 

on the production of electricity in hydroelectric 

power plants. 

The third step is planning: In this phase of work, 

students lead discussions in a team, plan how to start 

work, draw conclusions. The teacher suggests to 

them what problems may arise in the work, about 

the limitations of information resources, which 

sources of information to use ... Finally, in their 

workbooks they write down what was agreed, how 

to start work, and describe in detail the further work 

plan. 

The next, step four, is the implementation of the 

project: A schedule of work and tasks is made 

according to the abilities of each team member. All 

information relevant to the project is collected and 

sorted. Answers to the question of river flow 

regulation are sought. Particular attention is paid to 

the choice of turbines in generators and how to 

increase their efficiency, the impact of a large 

amount of water on the operation of turbines, the 

impact of a small amount of water on the operation 

of turbines. 

The fifth step is evaluation: The students in the 

team gathered and found answers to all questions 

related to the project. The content has been 

systematized, reviewed, language corrections have 

been made and it is ready for publication. Each 

student evaluates their performance and writes it in 

the project book. 

The sixth step is the project report, i.e. recording: 

The teacher receives a report on the completed 

project, compares her observations with the 

students' observations from the project book and 

gives her final grade about the project. The project 

can be exhibited and a public debate conducted in 

the local government, because it concerns the local 

government itself, or in the school in front of the 

school auditorium. The students from the team are 

publicly praised for their effort. 

X. CONCLUSION 

The aim of this paper is to present selected 

modern methods and new methodological 

approaches in teaching Technics and Technology. 

The paper presents the organization of a lesson on 

the topic of electricity production using various 

modern methods. A common feature of all the 

methods used here is challenge-based learning. The 

framework is collaborative and practical, and 

requires all participants to identify great ideas, ask 

good questions, discover and solve challenges, gain 

detailed knowledge in the teaching area. 

It is difficult to implement all this with 

traditional learning methods. They still have their 

place in the work of teachers, but progress 

inevitably imposes the acceptance of new 
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approaches to the organization of teaching. The 

emergence of many new methods and 

methodological approaches suggests that a large 

number of teachers and researchers have become 

involved in the process of improving teaching 

processes. Teaching practice has given rise to 

several modern methods that have become 

established in the educational process. In the 8th 

grade, the educational contents of electricity 

production in the field of resources and production 

showed that several methods can successfully 

involve students in active learning and increase their 

interest in learning. 

Since these methods require students to be more 

engaged in class, which results in the development 

of cognitive abilities, it is therefore recommended to 

use them in teaching. The role of the teacher is 

changing. Now she organizes, directs, supports, 

helps students' research activity. The student is at 

the center of the educational process. In order for a 

student to acquire knowledge successfully, he must 

meet certain requirements such as a versatile 

approach to cognitive tasks, curiosity, tolerance, 

studiousness, a realistic attitude towards his own 

and others' abilities, and self-criticism. The student 

must develop powerful habits of the mind, because 

only then can he think critically, and exercise 

creative thinking. 

The teaching content of the subject Technics and 

Technology is very diverse and provides great 

opportunities for the application of ICT, which can 

lead to the improvement of the educational process 

and easier achievement of the outcomes of teaching 

TT. 
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Abstract - Mathematics is not popular subject among 

students because in the most of cases the teachers use 

traditional methods and complex approach in the 

presentation of the content. On the other side, we are 

living in digital era when the computers and smart 

phones are included in all spheres in the life. The 

challenge of the modern educational process is to 

include the multimedia and interactive materials. The 

educational e-platforms for studying mathematics are 

helping teachers and students at the same time. The 

teachers can analyze the students’ success after every 

lesson and can adapt the materials for their needs, 

students can communicate with the other students and 

teacher.  However, there is a lack of such materials 

especially in our and the neighbor countries. The 

main aim of this paper is to analyze the situation 

about such educational e-platforms for studying 

mathematics in Macedonia and neighbored region. 

I. INTRODUCTION 

Well-known fact is that mathematics is essential 

subject in the students’ educational process, 

meaning that achieving math knowledge is crucial 

for correct and easy studying of the other subjects, 

and more of that, it is crucial for dealing with 

different everyday situations. However, also well-

known fact is that students usually do not find math 

easy for studying and understanding. The number of 

students that need help in achieving math 

knowledge and doing math tasks is significant 

bigger than the number of talented students and 

those who can do math without help. We believe 

that each math teacher makes efforts to introduce 

math material in a way convenient for the students’ 

age and gives all to contribute in overcoming 

students’ difficulties in the process of learning math. 

We can face-up with different new methods 

regarding math-teaching methodology developed in 

order to improve the above-mentioned situation with 

the students’ attitude toward mathematics. Different 

papers for presentations and different ways and tools 

for visualization in the classroom used before the 

digital era are changing and nowadays we can see 

different e-technologies in the classrooms, in order 

students to understand math easily (for example, see 

[1]). However, the implementation of these e-tools 

in the process of school learning, in Macedonia and 

neighborhood is not going so fast. 

The development of the technologies nowadays 

could change the habits of the students and the 

teachers in the schools. The digital era is emerging 

so the books and handbooks in the schools could be 

substitute with new modern materials in electronic 

form: videos, quizzes, tutorials, interactive tools etc. 

Can the learning platforms be a started point to do 

revolution in the education and learning process? 

Obviously, yes. The learning platforms can change 

the traditional meaning of the words “study” and 

“learning”. Such e-learning platforms have more 

consequences that are positive [2]:  

- Increased motivation because the e-learning 

platforms offer more visible and dynamic 

contents; 

- Socialization because the students 

communicate with other students by using 

the tools in the e-platform like forums, 

chats, virtual classrooms. 

- Students develop more technological skills, 

which is essential in these days of digital 

era. 

- Students learn how to manage all the 

information and time needed for some 

activities. 

- Students learn how to be more responsible 

and how to estimate their own knowledge 

by using of the electronic test, quizzes, 

contextualized problems. 

There are many examples of e-platforms for 

e-learning mathematics in the USA and Europe, 

but most of them are not open sources. There 

are some mathematical platforms for e- learning 

of the specific contents especially in the higher 

education, [3]. In this paper is concluded that 
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the e-platforms are making mathematical 

learning more interesting, meaningful and 

applicable to the learners beyond the classroom 

knowledge.  Also, in [4] is consider the Genie 3 

platform. After researching, the authors 

concluded that the use of such kind of platforms 

increased the students’ engagement and 

personalization, capturing students’ attention, 

fostering deep learning, and minimizing 

cognitive load, which leads to improved 

engagement, and ultimately better educational 

outcomes. 

II. SITUATION IN MACEDONIA AND THE 

NEIGHBOUR COUNTRIES 

Besides all these positive aspects for using of the 

electronic platforms for e-learning, the situation in 

Macedonia is not satisfactory. The conducted 

research in 2011, [5] and [6], shows that there are 

few e-platforms such [7] which offer e-learning of 

mathematics, but most of them are not active now. 

Other e-platforms active at the moment in 

Macedonia like [8], [9], [10] and [11] offer 

mathematical lessons in electronic version, tests and 

lesson plans for the teachers, but they don’t offer 

videos, tutorials, interactive contents which will 

enable possibilities for communication, explanation 

and finding solutions of the problems through 

debates and forums. In [12] we can see only few 

videos (about 15 until now, available via the 

YouTube channel [13]), for certain math problems, 

with explanations, some of them for secondary 

school students and the other for university students. 

These videos cover very little percentage from the 

math material and problems that students are facing-

up. Furthermore, there are no videos for students in 

primary school. On [14] we can see few video 

explanations for the problems regarding operations 

with numbers and power calculations, which is also 

very little percentage of the math material in 

primary school. In [15] is shown the impact of the 

video lectures in increasing the students’ interest in 

the process of learning mathematics, but there are no 

available video lectures. 

Moodle Platform is used by some universities in 

Macedonia, but this e-platform has not been made 

adaptive for primary or secondary schools in 

Macedonia. It is necessary to find and construct e-

platform, which will be in some way substitution of 

the math teachers when the students are not at 

schools. This e-platform will enable students to do 

their homework and projects without asking help 

from their parents or taking tutoring.  

In Serbia the situation about mathematical e-

platforms is better than in Macedonia. In [16] it is 

shown that the level of available e-materials for 

mathematics education in Serbian language, 

designed by GeoGebra Centre Belgrade are different 

and it depends from the age of the students. In 

Serbia, the level of such materials for kindergartens 

is low, the materials for primary schools are at 

satisfying level, but materials for high school, 

undergraduate and applications of mathematics are 

large-scaled.  The Moodle platform is used in Serbia 

also at higher levels of the education. There is many 

e- platforms in Serbia, which are not free for using 

such [17], some of them offer private classes like 

[18] and [19]. The most of e-platforms contain only 

materials such lessons, tests and plans [20], but 

some of them have video tutorials [21], [22] and 

[23]. 

In Croatia, the situation related to the electronic 

educational platforms is similar as the situation in 

Serbia and much better than the situation in 

Macedonia. In the last few years in Croatia has 

started a project Skole 2.0 which was funded in high 

percent by the European Union. This project is 

implemented in collaboration with CARNet together 

with its partners Samsung, HP, Microsoft. The main 

goal of this project is to make the classroom in 

Croatian’ schools as “future classrooms”. That 

means that the students in a close future can go to 

the schools without heavy bags full of books and 

other printed materials. The tablet or computer will 

be enough to satisfy all their needs, because 

everything will be in electronic version. The project 

covers many school subjects, but the teachers have 

many remarks about not enough innovative 

approach for mathematical materials.   

There are many e-platforms which offer 

mathematical materials in electronic form for the 

students in primary and secondary schools and the 

lesson plans for their teacher, but without videos, 

forums and quizzes. In [25] which is developed for 

Android, iOS and Windows and in [26], [27] are 

presented such kind of materials.  

 [28] is an educational e-platform for 

mathematics developed in Croatia in English 

language aimed to the students in primary schools. 

This e-platform offers videos and classification of 

the materials depending of the mathematical area 

(algebra, geometry) and the grade. 

Also, there are many other applications 

developed in Croatia which are many popular 

among the students all over the world such as [29], 

which help the students to solve the mathematical 
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problems when they must do their homework alone, 

without teacher’s help. But this application is only 

solver of the mathematical problems. It does not 

contain more possibilities like the educational 

platforms. However, it can be concluded that the 

situation in Croatia is much better than in the other 

neighbor countries. They have much support of the 

EU in the part of education, especially for its 

modernization by including of computers and other 

digital technologies.  

In Slovenia, also there are many educational 

mathematical platforms. Slovenia like EU member 

disposes with financial support for this kind of 

activities. [30], [31], [32], [33], [34] and many 

others offer videos, instructions, games and tests for 

students in primary and secondary schools. [35], 

[36] are only web sites for private lessons and 

instructions. [37] is Android application with video 

instructions and exercises in mathematics for young 

students in primary school. Slovenia disposes with 

plenty of this kind of educational mathematical 

platforms for students in primary and secondary 

schools, but not for the students at the faculty level.  

 Macedonian Students’ needs and opinions about 

educational platforms  

In order to analyze the real situation in our 

country, we have proceeded a questionnaire for the 

students in our University who studied mathematics 

as a course at the faculty. The questionnaire consists 

of ten questions, which refer to the use of 

educational e-platforms in the process of teaching 

mathematics. 89 students from different faculties 

(58,4% from Faculty of computer sciences 28,5% 

from Faculty of technology and 13,1% from Faculty 

of Educational Sciences) at our University 

responded the questionnaire. The sample was 

chosen arbitrary but taking into account that the 

students at the Faculty of computer sciences 

studying the most mathematics in their studies, after 

that the students at the Faculty of technology who 

studying mathematics in only two subjects in the 

first year and the students of Faculty of educational 

sciences who studied mathematics least, only in one 

subject in the first year of the faculty. 

At the first question: How often do you need 

additional help to explain specific mathematical 

concepts?, the most of the students 52% said that 

very often they need additional help for studying 

mathematics and only 13% said that rarely used 

additional help after the classes at faculty. That 

shows that the lectures and exercises at the faculty 

are not enough for most of the students. Therefore, 

they need additional tutoring or some other 

instructions in order to obtain the necessary 

knowledge to pass the exam and to apply in other 

sciences. Considering that nowadays we are living 

in digital era, we appoint the next question: Do you 

use computer technology for further explanation of 

mathematical concepts? On that question 40% 

responded that they use computer technology very 

often, 36% used it rarely. The next question in the 

questionnaire was: What do you usually use to get 

additional explanations for some mathematical 

concepts?  The answers are given on the next pie 

graph and shows that most of the students do not use 

electronic platforms. They usually get to use 

Youtube tutorials where they are watching video 

instructions and classes and Mathematical forums 

where can communicate with other students and 

professors.  

 
Figure 1. Pie of the answers 

For the students, computer tools for geometrical 

drawings, constructions and graph plotting are 

unknown. Even 91% do not use the possibilities of 

these computer tools, which are very helpful during 

solving of the posted mathematical problems.  

Also, they very rarely used online applications to 

check the acquired mathematical knowledge. Even 

82% answered that rarely or never used online tests 

to assess their mathematical knowledge. 

The last two questions in the questionnaire were: 

- Do you think that in Macedonia there is a 

lack of material in Macedonian language in 

electronic form for studying mathematics?  

- Do you think there is a need for creation of 

an electronic platform that will offer videos, 

images and texts for better explanation of 

the mathematical concepts?  

The answers are given to the next two pies: 

 
Figure 2: Answers of the question: Do you think 

that in Macedonia there is a lack of material in 
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Macedonian language in electronic form for 

studying mathematics? 

 
Figure 3: Answers of the question: Do you think 

there is a need for creation of an electronic platform 

that will offer videos, images and texts for better 

explanation of the mathematical concepts? 

From graphical presentation in Figure 2 it can be 

seen that very high percent 75% of the students have 

answered that there is not enough material in 

Macedonian for studying mathematics, even 59% 

percent of them thought that the electronic 

mathematical material in Macedonian is poor. It is 

obvious that there is a need of development and 

preparation of mathematical material in electronic 

form in their native language. There is a great need 

to create an electronic platform. Although 91% of 

the students think that the existence of educational 

mathematical e-platform will be wonderful help for 

self-study. 8% said that it will be helpful as an 

additional tool.  

Also, with ANOVA analysis (Table 1) we have 

concluded that the students’ opinion about neediness 

of educational e-platform not depends of the faculty 

on which they study. Almost all of them would be 

grateful if they have possibility to study, discuss and 

communicate in such e-platform.  

TABLE 1. ANOVA RESULTS 
ANOVA 

      Source of 

Variation SS df MS F 

P-

value F crit 

Between 

Groups 0.047 2 0.023 0.572 0.566 3.107 

Within 

Groups 3.352 83 0.040 

          Total 3.3983 85         

  

That shows that development of the educational 

e-platforms, especially for mathematics is necessary 

for students’ requirements independently of the type 

of their studies. The specific and complex nature of 

the mathematics as a science look for such helpful 

tool for the students, who use the computer and 

digital technology in their everyday lives. On this 

way they can study mathematics at their homes after 

the classes without taking tutoring. The educational 

e-platforms will contain video tutorials for the 

students who miss class for some reason. It will 

contain forums for debates, discussions and finding 

help for some problems. The quizzes and test will be 

included for checking of their knowledge. Also, it 

can be included some tool for geometric illustrations 

and constructions. In one sentence, the e-platform 

will be the place where everything which is 

necessary for studying of some mathematical 

material will be accessible for every student. 

III. CONCLUSION 

From the conducted analysis it can be concluded 

that the situation with existence of educational e-

platforms at the Balkan, especially in Macedonia is 

not on high level. The countries which are part of 

EU have many opportunities for developing of such 

educational platforms and on that way, they can 

extend the barriers in the educational process. The 

worst is the situation in Macedonia. The students 

have demands for increasing of the computer and 

mobile use for educational goals. They need such 

educational e-platforms, not only for mathematics, 

but for the other subjects because in nowadays when 

everything is available on internet, the students can 

study alone, but only if the material is prepared in 

proper form. The students say they do not have 

enough material in electronic form and that the 

existence of an electronic platform for studying 

mathematics is needed. The possibilities of that kind 

of platform are huge. Everything that is needed is to 

include our students at the Faculty of computer 

science to use their knowledge and to develop such 

software solution for all students’ good. The 

neighbor countries are excellent examples for that 

how the things should be appointed. 
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Abstract - Dynamic network analysis can be used to assess 

socio-cultural systems from a network perspective.  

Dynamic view on the social network can be complex. Due to 

the complex nature of Dynamic network analysis 

visualization software plays a key role in understanding it. 

The focus of this paper is on the analysis and comparison of 

popular visualization software programs for dynamic 

network analysis. In this paper, we have addressed the 

various characteristics, functionalities, support comparison, 

strengths, and limitations of visualization software 

programs based on a literature survey. This will help 

researchers and practitioners to choose a suitable tool for 

social network visualization and analysis.  

I. INTRODUCTION 

Social Network Analysis has been used for 

almost hundred years to represent complex 

connections within different social groups. From 

humble beginnings in the 1930s, the SNA has over 

the years developed an analytical approach and its 

own methods, theoretical settings, and software for 

analysis and visualization. The rapid development of 

information and communication technologies as well 

as the shift of focus from static to the study of 

dynamic social networks (DNA) has resulted in 

developing several tools for analysis and 

visualization of social networks that are present in 

today's market. Dynamic social networks are social 

networks that change over time. [1] The multitude of 

dynamic and multi-relational data collected from 

such networks is impossible to understand and even 

less possible to track the development and changes 

that occur in a social network over time without 

serious software for analysis and visualization [2]. 

In the sea of possibilities offered by software 

programs designed for DNA, researchers face a 

number of challenges such as: the ability to 

automatically import data from various sources, big 

data analytics, sub-network extraction, community 

detection, exploring networks and predicting 

connections, user-friendliness features to represent 

data, response time, open-source or propriety 

software, input / output data possibilities, algorithm 

support and computing centralities, network type 

support including temporal networks (network 

changing over the time), focus on specific nodes and 

track their evolution, acyclic, multi-relational 

networks and platform dependency.[3]  

 In this paper, three software programs for 

dynamic analysis of social networks will be 

presented: GEPHI [4] [5], PAJEK [6], UCINET [7]. 

The choice to present these three tools is based on 

fact that there are several papers that used analysis 

and visualization software programs that were 

published in scientific databases such as Springer, 

IEEE and Science Direct. 

II. VISUALIZATION SOFTWARE 

In this chapter, three software programs will be 

briefly presented: GEPHI, UCINET and PAJEK. 

GEPHI is an open-source standalone software 

used for network analysis and visualization. [8] One 

of the most important features of this software is the 

ability to work with large networks and a large 

amount of data. GEPHI can read data from plain 

text files, spreadsheet files but also from databases. 

This software product creates a network graph 

relatively easily. GEPHI provides features in order 

to explore large, hierarchically structured graphs, 

social communities, biochemical pathways, or 

network traffic graphs. The software can also filter 

dynamic structures, such as social networks with the 

timeline component. But there are some drawbacks. 

 

Figure 1.  Network representation using 

GEPHI taken from [3] 
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Researchers mostly resent the software's slow 

response to some simple tasks, and the fact that the 

set of network analysis tools is very scarce. 

A. UCINET 

UCINET is a standalone software for the 

analysis of social networks, but also for the analysis 

of cultural domains. [9] This software was 

developed by Steve Borgatti, Martin Everett, and 

Lynn Freeman in 2002. Although this software 

supports network management of two million nodes, 

in practice it gives the best results in networks of up 

to 5000 nodes. In UCINET 6. 0 version, two types 

of input and two types of output are used. Input 

means parameter and input data sets, and output 

means output text and output data set. UCINET is 

suitable for the analysis of small social networks 

and accepts ASCII text files. It also allows multi-

layered displays for visualization. It is the software 

most often used in academic circles. 

B. PAJEK 

PAJEK (Slovenian pajek / English spider) is a 

software product used for analysis and visualization 

of large social networks. The software was 

developed by Vladimir Batagelj and Andrej Mrvar. 

PAJEK uses six data structures to implement 

algorithms: network, permutations, vectors, enema, 

partitions, and hierarchy. This software supports 

several different network models: temporal 

networks (network changing over the time), acyclic, 

and multi-relational networks (multiple relations 

defined on the same vertices), signed networks 

(network with negative and positive lines). PAJEK 

also supports text mining algorithms of social 

network analysis. When it comes to input, it uses the 

GEDCOM standard format, and in terms of output, 

it supports 2D and 3D formats. The most common 

complaint about this software is its slightly weaker 

visualization compared to analytics. 

III COMPARATIVE ANALYSIS 

In this chapter, a comparative analysis of 

software products for dynamic analysis of social 

networks will be presented. It will present its basic 

characteristics, representation, visualization. Table 1 

will present the advantages and disadvantages of 

each of the software products. All three software 

products can function independently, but only 

GEPHI is an open-source software. In terms of 

technical requirements, these three software 

programs are quite different, and this will be 

presented in Table 2. 

UCINET cannot be installed on any platform 

other than Windows, while the other two software 

programs can. GEPHI offers 3D output, unlike the 

other two types of software. As for the types of 

visualization for all three software programs, they 

are presented in Table 3. 

 

IV CONCLUSION 

Different visualization software programs have 

their own specific sets of features and tools. It 

depends on these possibilities and tools how they 

solve the problem of visualization of dynamic social 

networks. From a comparative analysis of PAJEK, 

GEPHI, and UCINET, it can be concluded that 

GEPHI is a better choice for visualization than for 

serious network analysis since its metrics are scarce. 

However, PAJEK is ideal for researching and 

identifying patterns on social media thanks to its 

several display algorithms. Both mentioned software 

programs support the analysis of ordinary social 

networks. As for UCINET, it is often used in 

academic environments because it has an extremely 

rich metrics but its dependence on Windows is a 

TABLE I.  TECHNICAL REQUIREMENTS 
Software Open-source Standalone Platform 

GEPHI yes yes Java 1.6  
+ above,  
OpenGL 

UCINET no  
(but free  

for  
non-commercial 

 uses) 

yes Windows 

PAJEK no yes Windows,  
Linux,  

Mac OS 

TABLE II.   STRENGTH  AND WEAKNESS  
Software Strengths Weakness 

GEPHI high quality 
visualization, 
knowledge of 

programming not 
required 

take more time to 
perform specific 

task 

UCINET strong centrality 
metrics 

requires windows 

PAJEK strong in analysis weak in visualization 

 

TABLE III.  VISUALIZATION TYPE 

Software Visualization Visualization  
type 

GEPHI yes graphs, plots 

UCINET yes graph, plots 

PAJEK yes graphs 
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significant drawback compared to the other two 

software programs. 
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Abstract – In aim to enhance design and functionality of 

educational institutions web portals, it is essential to 

establish a framework for their evaluation. This paper 

contributes with proposing a particular framework that 

could be used in usability analysis and assessment of higher 

education institutions web portals. The initial verification of 

the framework applicability has been made with a case 

study conducted upon Serbian state-owned universities 

schools that have main focus on technical sciences, i.e. 

faculties of technical sciences in Serbia. Results of the case 

study show that the proposed framework could be applied 

to university schools in technical sciences, but also it is 

suitable for any other higher education institution web 

portal assessment. It could provide directions for further 

improvements and development in the area of higher 

education institutions web portals.   

I. INTRODUCTION 

In the modern world, using Internet has become 

inevitable in all areas of human activities.  Area of 

education is highly innovative and educational staff 

and students eagerly accept new technologies [1]. 

Some of positive results in using Internet in 

educational process have been reported in primary 

schools, with highly positive attitudes of teachers 

[2]. University became one of leading institutions to 

promote using Internet and educate in this area [3].  

It is of a special interest to address using 

information and communication technologies in 

educational institutions that are particularly focused 

on technologies, such as technical vocational 

(secondary) schools and university schools of 

technical sciences [4]. It has been explored that the 

most influential factors to successful use of ICT in 

technical schools, at particular case of Turkish 

technical schools, were level of education of 

teaching staff, age and accessibility of computers [5]. 

The issue of IT literacy of teaching staff has been 

particularly emphasized, where specific aspects and 

factors were addressed, such as attitude, 

infrastructure and technical support, training for of 

new technologies use and IT-dependent 

competencies development [6]. There are many 

efforts made in improvement of IT literacy and 

competences of teaching staff, particularly in 

technical vocational schools in Ukraine, where 

combined methods were implemented and they lead 

to positive impact to ICT knowledge and skills 

enhancements of teaching staff. These efforts, 

consequently, influenced improved professional 

competence of school graduates [4].  

Internet technologies are used as tools for 

university level teaching and learning in many 

educational fields, such as language teaching [7]. In 

recent circumstances of pandemic and economic 

instability, the approach of blended instructional 

environment, with the combined use of web-based 

technologies and the personal attendance, enables 

greater flexibility and better accessibility to 

educational process for regular and adult students, 

often being employed [8]. Higher education 

institutions (HEI) web portals often support 

managerial and educational business processes and 

integrate appropriate data, enabling closer 

cooperation of all processes stakeholders (such as 

teaching staff, administrative staff and students), 

while keeping institutional self-governance [9].   

Considering the importance of HEI web portals, 

it is of a great interest to have the quality solutions 

implemented and maintained, to keep them usable. 

In aim to develop adequate solution, or to improve 

existing HEI web portals, it is crucial to have the 

reference to adequate framework for their evaluation, 

particularly from usability aspect. Aim of this paper 

is to explore existing approaches to evaluation of 
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educational web portals usability, with particular 

emphasize on higher educational institutions related 

to technical sciences. This paper proposes a 

framework for usability evaluation of such web 

portals. Suitability of the framework is tested on 

Serbian university schools (faculties) that are 

focused on technical sciences.   

II. RELATED WORK 

In the systematic literature review [10], mayor 

aspects of higher education institution web portals 

have been explored, such as: software used in web 

portals, internal and external benefits, acceptance of 

technology and management and storage of 

information. It has been concluded that there is a 

great shortage of scientific articles regarding HEI 

web portals. 

Usability of educational web portals has been in 

multiple research focus. In [11], Nigerian 

undergraduate students’ perception of the impact of 

web portal on e-learning has been surveyed, in aim 

to draw conclusions on challenges that students were 

faced during the web portal use and to provide 

suggestions for improvements of educational web 

portal. It has been concluded that using educational 

web portal (in this research it was web portal of a 

single university) enabled a supplementary way of 

information dissemination and sharing – 

organizational info and learning resources, but also 

enables collaboration, knowledge assessment, 

learning management and academic records. 

Challenges of using web portal were related to 

power supply, slow network, availability of access to 

internet from students’ residence, constant 

availability of electronic materials (not to be 

removed), system administration of users 

(passwords, access).   

The use of university web portals as a 

communication channel has been examined in a two-

year study conducted in Australia, at a large 

university, i.e. business information technology 

school [12]. In this research, findings indicate that 

students use web portals occasionally in critical 

phases of study, “at the last minute” or “just in time”, 

but they prefer personal contact and communication. 

They expect web portal to be highly personalized 

and to provide precise information regarding their 

particular circumstances and status.  

In [13], usability evaluation of seven Lebanese 

universities has been explored among students and 

faculty members (teaching staff). One of aspects that 

were explored in questionnaire was average usage of 

services at web portal and they include: online 

registration, online grades, exam schedules, course 

offering, course evaluation, online advising, 

electronic mail, course homepage, announcements, 

and electronic library. Most important difficulties 

that students face in using HEI web portals were 

elicited from questionnaires are: knowledge and 

skills how to use the service (not explained, not 

trained), problems with accessibility (no or slow 

internet connection, complex system – too many 

clicks). Other important aspects of this research 

include: graphical appearance, ease of use and 

organization, using web portal on a daily basis to 

perform tasks (success, errors, time to complete, user 

satisfaction), quality of data presented at web 

portal(validity, usefulness). 

Perceived usefulness of the educational web 

portal has been extracted from research, conducted at 

University of East in Philippines, as one of the 

crucial factors of their acceptance and correlated to 

other behavioral similar factors [14]. Davis et al. 

defined the term “perceived usefulness as the degree 

to which a person believes that using a particular 

system would enhance his or her job performance.“ 

[14] [15]. Research [14] emphasizes behavioral 

factors that influence the perceived usefulness, such 

as external variables, perceived ease of use, attitude 

toward using the system, behavioral intention to use 

the system. Research [16] expanded Davis’s 

Technology Acceptance Model [15] by adding three 

user-related external factors and conducted research 

with 429 students in aim to determine user 

acceptance criteria of university web portals. It has 

been shown that website quality, perceived 

self/efficacy and facilitating conditions were 

significant in explaining students’ use of university 

web portals. Particular survey has been conducted at 

five UAE universities, in aim to determine students’ 

perspective in quality evaluation of university web 

portals [17].  

 

Figure 1.  Factors that influence perceived 

web portal quality [17] 
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Research [17] contributes with an evaluation 

instrument – the University Portal Usability 

Assessment Index, which rates the quality of 

university portals in four areas: informational 

content, transactional content, website design, and 

students’ satisfaction. Sometimes, there are a state 

level guidelines for creating educational web sites, 

such as those defined by the Commission for 

Academic Accreditation in UAE [17]. There are 

also international standards that provide directions 

for creating and improvement of web sites, such as 

ISO 9241-151:2008 - Ergonomics of human-system 

interaction — Part 151: Guidance on World Wide 

Web user interfaces. [18] 

Using instruments and tools in evaluation of web 

portals is relevant in aim to enable their 

standardized and unbiased evaluation. In [19], 

Prometheus tool and data mining have been used for 

the purpose of analysis of usability of universities 

web portals. Prometheus tool implements the 

SIRIUS system, where relevant web sites usability 

issues are detected before they are put in production, 

i.e. using. Aspects that SIRIUS system particularly 

emphasizes are: general aspects, identity and 

information, structure and navigation, labeling, page 

layout, understandability and ease of interaction, 

control and feedback, multimedia elements, search 

and help.  

The usefulness is tightly related to levels of 

sophistication of web services at a web portal [20] : 

1) Information, 2) One-way communication, 3)Two-

way communication, 4) Transaction and 5) 

Personalization.  Personalization of web portals 

could be presented in broader context of user 

experience, presented with levels at figure 2. [21] 

 
Figure 2.  User experience and personalization 

[21] 

Recent professional solutions provide automation 

in evaluation of user experience in using web 

applications. Some of most popular tools are 

SmartLook [22], Horjar [23] and others, listed at 

[24] and [25]. Most of them are based on monitoring 

of users’ behaviour while using web sites, i.e. 

underlying web applications. Monitoring with these 

tools are mostly based on recording about particular 

types of user behaviour and sometimes requires 

instrumentation of existing solution, with adding 

program code (in Java Script, for example) which 

will enable the monitoring process. Most of these 

professional solutions are general monitoring tools, 

while some of them have features that enable 

semantic specialization in evaluation, regarding 

particular industry (i.e. using area) which the 

monitored web site is made for.  

III. THE PROPOSED FRAMEWORK FOR USABILITY 

EVALUATION OF HEI WEB PORTALS 

A. Research Problem Statement 

Having concerned previously mentioned, it is obvious 

that, regarding usability evaluation of HEI web portals, 

there is lack in developed instruments, i.e. models for 

evaluation, presented in scientific literature, i.e. related 

work. However, in professional environment, there are 

many software tools recently developed, that have the 

main focus on automating the process of web sites user 

experience and satisfaction monitoring (mostly without 

any focus on particular semantic, i.e. application area of 

web site use). Monitoring is based on data acquisition and 

analysis, for the purpose of decision making aid in web 

applications improvements and development. These tools 

require users to actually use the product to be monitored, 

in aim to get relevant information and user behavior 

insight, while some solutions require instrumentation 

(adding auxiliary code that enables monitoring) in existing 

web site solutions.  

  Obviously, there is a gap between research results 

and professionally developed tools. Generally speaking, 

research provides insufficiently precise instruments, while 

automation, enabled in professional environment, is 

generally set to any web sites, requires code 

instrumentation and users to be involved in monitoring 

process. 

It is necessary to determine set of criteria that: 

 Could be used for evaluation of usability of particular 

type of web portals - HEI web portals, and if possible, 

even more precise – web portals of University schools 

of Technical Sciences. 

 These criteria are defined regardless automation, i.e. it 

is not important if the criteria could be measured 

automatically or manually,  

 These criteria are defined to be used without involving 

actual users to utilize web portal, i.e. perform activities 

upon HEI web portal functionality. 

 Framework for evaluation of HEI web portal should 

include all stakeholders, i.e. potential users of the 

portal, not only students (emphasized in [17]).  
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 The proposed framework should enhance existing 

proposals for HEI web portal evaluation . 

B. The Proposed Evaluation Framework 

In this paper, main aim is to propose a framework for 

evaluation of HEI web portals, with special focus on 

University Schools of Technical Sciences web portals. 

The proposed framework is transformed and extended 

from [17], [20] and [21]. 

TABLE I.  THE PROPOSED FRAMEWORK FOR 

USABILITY EVALUATION OF WEB PORTALS OF 

UNIVERSITY SCHOOLS OF TECHNICAL SCIENCES 

Usability Evaluation Framework for University Schools of 

Technical Sciences 

Information 

Content 
Transaction Content 

Data accuracy News 

Data form – text, 
multimedia 

Business process support: 

Menu and 
navigation 

- Education – curriculum, study 

programme description, admission, e-
learning, e-library, exams, graduation, 

mobility, alumni, continuing education 

Search 
- Science – conferences, journals, 

publications, research groups 

Site Map - Projects 

 - Technical solutions and patents 

 - Cooperation with industry 

 Managerial support: 

 - Documents – Forms and legislation 

 - Organization units and staff 

 
- Resources (laboratories, software and 

equipment) 

 - Quality assurance, accreditation 

 - Public procurements 

 - Contact 

User Experience 

Design 
Stakeholders  

Graphical design – 

harmonized (all 

elements and 
segments are 

similar) 

Personalization – possible users login and 

personalized content – for students, for 
employees 

Responsiveness – 
adjustability to 

different devices 

Separate content for different categories 

of users 

 
Languages support, harmonized language 
in content 

 

The proposed framework emphasizes the web portal 

content (Information and stakeholders’ aspect), 

functionality (Transaction aspect) and graphical aspect. 

Specific aspect of schools of technical sciences is that they 

have specific activities related to technical solutions, 

patents and collaboration with industry. 

IV. EMPIRICAL RESEARCH  

A. Research Methodology and Sample 

In this research, the proposed framework will be 

applied to the sample of public (state-owned) university 

schools of technical sciences in Serbia. Sample includes 

only faculties whose name is related to technical sciences 

or electrical engineering. Therefore, the proposed 

evaluation framework will be applied to HEI web portals 

with previously explained characteristics and it will be six 

web portals included. The analysis will be performed only 

upon English versions of their web portals and only with 

English content at web portal pages. For each 

characteristics from the proposed framework there will be 

given 0 or 1 point, considering existence of the examined 

feature (content or quality). 

Web pages of previously mentioned web portals will 

be presented in next figures. 

 
Figure 3.  Web portal - School fo Electrical 

Engineering, University of Belgrade, Serbia 

 

Figure 4.  Web portal – Faculty of Technical 

Sciences, University of Novi Sad, Serbia 

TABLE II. PUBLIC UNIVERSITY SCHOOLS OF 

TECHNICAL SCIENCES IN SERBIA 

Public University School of 

Technical Sciences 
Web portal URL 

University of Belgrade 

School of Electrical 

Engineering 

https://www.etf.bg.ac.rs/ 

Unievrsity of Novi Sad, 
Faculty of Technical Sciences 

http://ftn.uns.ac.rs/ 

University of Nis 

Faculty of Electronic 

Engineering 

https://www.elfak.ni.ac.rs/en/ 

University of Kragujevac 

Faculty of Technical Sciences 
Cacak 

http://www.ftn.kg.ac.rs/ 

 

State university of Novi Pazar 

Department for Technical 
Sciences 

http://www.dunp.np.ac.rs/tehnic

kenauke/ 
 

University of Pristina 

(temporary in Kosovska 
Mitrovica) 

Faculty of Technical Sciences 

ftnkm.srb 
 

 

https://www.etf.bg.ac.rs/
http://ftn.uns.ac.rs/
https://www.elfak.ni.ac.rs/en/
http://www.ftn.kg.ac.rs/
http://www.dunp.np.ac.rs/tehnickenauke/
http://www.dunp.np.ac.rs/tehnickenauke/
ftnkm.srb
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Figure 5.  Web potal – Faculty of Electronic 

Engineering, University of Nis, Serbia 

 

Figure 6.  Web portal – Faculty of Technical 

Sciences Cacak, University of Kragujevac 

 

Figure 7.  Department of Technical Sciences, 

State University in Novi Pazar 

 

Figure 8.  Faculty of Technical Sciences, 

University of Pristina (temporary in Kosovska 

Mitrovica) 

B. Results 

In this section, results of evaluation of six HEI web 

portals will be presented. Table III presents points given to 

each of feature for evaluation, that is included in the 

proposed framework. 

TABLE III. RESULTS OF HEI WEB PORTALS 

EVALUATION FOR UNIVERSITY SCHOOLS OF 

TECHNICAL SCIENCES IN SERBIA 

 

According to previously presented results, it has been 

shown that University of Novi Sad School of Technical 

Sciences received the highest points and evaluation 

percentage of 57,50%. 

 
Figure 9.  The results of evaluation of HEI 

web portals for University Schools of Technical 

Sciences in Serbia, with application of the proposed 

framework 
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V. CONCLUSION 

Higher education institutions web portals become one 

of the most essential communication channels and the tool 

for integration of data in coordination of activities of all 

stakeholders in business processes. There are several 

business process groups in HEI, which are to be supported 

by HEI web portals – managerial, educational, research 

and cooperation with industry. Each of these business 

process segments have their particular set of data, 

functionality and users of HEI web portal. This way, HEI 

web portal becomes a tool to establish an integrated 

information system of a HEI. 

Aim of this paper was to systematize existing research 

results related to usability evaluation of HEI web portals, 

but also to elaborate more precise state-of-art related to 

evaluation of web portals of university schools (faculties) 

of technical sciences. It has been shown that there is a lack 

of research related to HEI web portals evaluation 

generally and that there are not much related work in 

research papers done in particular area of technically-

oriented schools (mostly there are papers published 

regarding vocational secondary schools use of ICT). 

This paper contributes with a framework for usability 

evaluation of web portals of university schools that are 

oriented towards technical sciences. The proposed 

usability framework includes aspects such as information 

content, transaction content, user experience design and 

stakeholders. These aspects are groups of features to be 

examined and evaluated. Together with the set of features, 

the methodology of evaluation includes determining 

existence of each of the mentioned feature and giving 

points for each of them (0 or 1). By calculating the sum of 

all points there could be a summary score for each HEI 

web portal. In this paper, the proposed framework’s 

applicability has been proven by application upon six HEI 

web portals in Serbia, with six schools of technical 

sciences at six different universities in Serbia. This way, 

framework was presented as usable, since it provides 

measurable results.  

Future research in this field could be directed towards 

creating a broader framework for evaluation of different 

aspects of HEI quality, not only usability. Other research 

directions could be towards automation – to explore what 

features could be evaluated automatically and which of 

them have already been supported by existing professional 

software tools for usability evaluation. 
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Abstract - The paper shows the possibilities of the Python 

programming language on the example of a simple 

application. The application successfully combines two main 

concepts: procedural approach and object-oriented 

approach to software development. In Python this is 

possible, unlike most other programming languages, so it is 

very convenient for learning object-oriented programming 

for someone who is already familiar with the procedural 

style of programming. 

I. INTRODUCTION 

Python is  a general-purpose and  a high-level 

language, meaning that Python code is easy-to-read 

and understand. Python is  beginner-friendly and  

aims to imitate the regular English language [1]. The 

opinion of the authors and it seems that a large part 

of the community dealing with this issue is that 

Python is a very good choice as a language to start 

learning an object-oriented paradigm [2]. 

The Black Jack application was created as a 

project during the Python programming language 

training. 

By the way, this is a simulation of a card game, 

which has simple rules and is very popular.The game 

is played with 52 cards, and the game takes place 

between the player and the dealer, which is actually a 

casino. Each card has its own face value, the card 

number is in fact its face value, while all pictures are 

worth 10 and the ace is worth 11, or only 1 if it suits 

the player better. The winner is the one who has a 

larger sum in his hands, with the largest possible 

sum being 21, whoever exceeds this limit 

automatically loses the game. 

At the beginning of the game, the dealer deals 

two cards, to himself and to the player. A player can 

request an additional card from the dealer if he 

deems it necessary, and so on for as long as he 

wishes. If his sum exceeds 21, he loses the game, 

and if he draws an ace, and his sum is greater than 

21, then the ace is calculated 1. 

When a player does not want more cards, the 

dealer withdraws the cards until the total in his hand 

is less than 17. 

The winner is the one who has a higher sum, and 

did not exceed 21 [3]. 

II. APPLICATION BLACK JACK 

The application could be implemented in many 

ways, but the goal was to use classes and methods as 

much as possible. 

When we start with the realization, we first need 

to instantiate the values of the possible colors of the 

maps. The four colors are placed in the suit list (Fig. 

1), as well as to include a random library[4], whose 

functions we will need later (Fig. 1). 

import random 
 
suits = ('Hearts', 'Diamonds',  
    'Spades', 'Clubs') 

 
Figure 1.  Creating of list of suits and 

importing random functions 

The next step is to create a list of ranks with card 

strengths, which we will create as a list of strings as 

they are called in the game (Fig. 2). 

 
ranks = ('Two', 'Three', 'Four',  
    'Five', 'Six', 'Seven', 'Eight', 
    'Nine', 'Ten', 'Jack', 'Queen',  
    'King', 'Ace') 

 
Figure 2.   Creating a list of ranks. 

We instantiate dictionary values (Fig. 3) with 

key: value pairs, which we will need to assign a 

numeric value to the string values of certain maps. 

This will be the value in the key: value pair. We 

need a string representation of the rank of the map 

because of the printout in the console, and the 

numerical value because of the calculations in the 

program itself. 
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values = {'Two':2, 'Three':3,  
    'Four':4, 'Five':5, 'Six':6,  
    'Seven':7,'Eight':8, 'Nine':9,  
    'Ten':10, 'Jack':10, 
     'Queen':10, 'King':10, 'Ace':11} 

 
Figure 3.  Creating a  dictionary  values. 

We also need one object with a boolean value, 

and we initialize with a value of True (Fig.4). 

play_turn = True 

Figure 4.  Variable play_turn 

We need to create a Card class (Fig. 5), which 

will be a representation of an individual card. From 

the attributes the card will have the rank and suit 

attributes. Of the methods, only the _str_ method 

will have the task of providing us with a string 

representation of objects of this class, due to 

printing in the console. 

 
class Card: 
    def __init__(self,rank,suit,val): 
        self.rank = rank 
        self.suit = suit 
        self.card = (rank,suit) 
        self.value = val[self.rank] 
    def __str__(self): 
        return self.rank + ' of ' + self.suit 

 
Figure 5.   Class Card 

We test whether a class is created correctly, we 

instantiate one object of that class and print it in the 

console (Fig. 6). 

 
card_probe = Card("Two","Hearts")  
print(card_probe)  
 
>>Two of Hearts 

 
Figure 6.  Instancing one object of class Card 

and output 

Next, we create a Deck class that will be a 

representation of 52 Card class objects (Fig. 7). 

Class Deck includes methods for splitting cards 

from deck - deal, method for shuffling cards - 

shuffle, as well as string representation of deck. 

 
class Deck: 
    def __init__(self,ranks,suits,val): 
        self.deck = [] 
        for r in ranks: 
            for s in suits: 
                self.deck.append(Card(r,s,val)) 
 
    def deal(self): 

        return self.deck.pop() 
 
    def __str__(self): 
        s = 'Your deck is:\n' 

        for card in self.deck: 
            s += card.__str__()+'\n' 
        return s 
 
    def shuffle(self): 
        random.shuffle(self.deck) 

 
Figure 7.  Class Deck 

We will instance an object of Card class, and 

using shuffle method will mix cards, and at the end, 

we will print whole deck because of checking (Fig. 

8). 

 
deck_probe = Deck( ranks,suits,values)  
deck_probe.shuffle() 
print(deck_probe)  
 
King of Hearts 
Jack of Spades 
Ten of Diamonds 
Two of Diamonds 
Four of Hearts 
Two of Hearts 
Three of Spades 
Ace of Spades 
Eight of Hearts 
Queen of Spades 
Five of Spades... 

  
Figure 8.  Instancing an object of Deck class 

When players participate in the game, each of 

them has a certain number of cards in their hands. 

We will abstract this through the Hand class (Fig. 

9). This class will have a result attribute that 

represents the value of the cards, as well as a list of 

cards held by the player. The class method will have 

a take_card method that will allow the player to take 

a new card from the class Deck object, which also 

adjusts the value of the result variable depending on 

the drawn card.  

 
class Hand: 
    def __init__(self): 
        self.hand = [] 
        self.hand_value = 0 
 
    def take_card(self,deck): 
        deal = deck.deal() 
        self.hand.append(deal) 
 
        self.hand_value += deal.value 
        if deal.rank == \ 
            'Aces' and self.hand_value > 21: 
            self.hand_value -= 10 
 
    def __str__(self): 

        s = 'Your cards are :\n' 
        for card in self.hand: 
            s += card.__str__()+'\n' 
        return s+'Value in your hand is :\ 
             {}'.format(self.hand_value) 
 
    def ask_for_more(self): 
        global play_turn 
        while True: 
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            try: 
                ans = \ 
                    input('Would you like to \ 
                       take another card y/n') 
            except: 
                print('Try again') 
                continue 
            else: 
                if ans == 'y': 
                    self.take_card(deck) 
                    print(self.__str__()+'\n') 
                    if self.hand_value > 21: 
                        play_turn = False 
                        break 
                elif ans == 'n': 
                    print(self.__str__()+\ 
                        '\nDealer turn!') 
                    play_turn = False 
                    break 
                else: 
                    print('Wrong answer.\ 
                           Try again!') 
            break 
 

 

Figure 9.  Class Hand 

In the PlayerAccount class (Fig. 10) we place 

other necessary methods for playing the game: 

take_bet, lose_bet and win_bet. 

 
class PlayerAccount: 
    def __init__(self,deposit=100): 
        self.total = deposit 
        self.chip = 0 
 
    def take_bet(self): 
 
        while True: 
            try: 
                self.chip = int(input(\ 
                  'Enter amount of chip!')) 
            except: 
                print('Value must\ 
                        be number!!') 
                continue 
            if self.chip > self.total: 
                print('Try again. Chip\ 
              must be lower then your total!') 
                continue 
            else: 
                print('Your chip\ 
                       is ',self.chip,' $') 
                break 
 

    def win_bet(self): 
        self.total += self.chip 

 
    def lose_bet(self): 
        self.total -= self.chip 
 
    def __str__(self): 
        return 'Your total is {} $ 
!'.format(self.total) 

 
Figure 10.  Class PlayerAccount 

We need another function that we created outside 

the class (Fig. 11), which will print dealers cards for 

us. 

 
def dealer_start(hand): 
    print('Dealer start is: '\ 
           + hand.hand[1].__str__()) 

 
 

Figure 11.  Function dealer_start 

A. Playing game 

The beginning of the game simulation, ie the 

realization of the game logic (Fig. 12). The logic 

presented in this part of the code is explained in the 

introductory part of the papper. 

#START GAME 
 
print('Welcome to game BLACK JACK!!!') 
 
#Creating players account with amount of 200$ 
player_account = PlayerAccount(deposit= 2000) 
 
continue_game = True 
 
while continue_game: 
 
    #Creating new deck of cards and mix them 
    deck = Deck(ranks,suits,values) 
    deck.shuffle() 
 
    #Creating hand for player and dealer 
    player = Hand() 
    dealer = Hand() 
 
    player.take_card(deck) 
    player.take_card(deck) 
 
    dealer.take_card(deck) 
    dealer.take_card(deck) 
 
    dealer_start(dealer) 
    print('') 
    print(player,'\n') 
 
    player_account.take_bet() 
 
    play_turn = True 
    while play_turn: 
        player.ask_for_more() 
 
        if player.hand_value > 21: 
            player_account.lose_bet() 
            print('You lose!') 
            print(player_account,'\n') 
            play_turn = False 
            break 
 
    while not play_turn and \ 
              player.hand_value < 22: 
        if dealer.hand_value <17   : 
            dealer.take_card(deck) 
            print('Dealer hand is '\ 
                ,dealer.hand_value,'\n') 
            continue 
        elif dealer.hand_value > \ 
              player.hand_value and \ 
              dealer.hand_value < 22: 
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            player_account.lose_bet() 
            print('Dealer win!!!') 
            print(player_account) 
            break 
        elif dealer.hand_value > 21\ 
             or dealer.hand_value \ 
              < player.hand_value + 1: 
            player_account.win_bet() 
            print('Dealer bost!Player win!') 
            print(player_account) 
            break 
    while True: 
        try: 
            n = input('Do you like to \ 
                continue game y/n ?') 
        except: 
            print('Must enter <y> or <n> !\ 
                  Try again!') 
            continue 
        else: 
            if n == 'y': 
                print("Begin a new \ 
                      game!!! \n") 
                break 
            elif n == 'n': 
                print("End game!") 
                print(player_account) 
                continue_game = False 
                break 
            else: 
                print('Must enter <y> or \ 
                    <n> ! Try again!') 

 
Figure 12.  Logic of BlackJack game 

The whole program was written and tested, now 

we can give an example[5] of how the application 

works (Fig. 13). 

 
Figure 13.  Example of gaming  BlackJack  

Once we have finally entered the correct amount, 

we are asked if we want another ticket or not (Fig. 

14). 

 
Figure 14.  Asking for one card more  

This is what one cycle of the game would look 

like (Fig. 15): 

 
Figure 15.  One cycle of the game 

III. CONCLUSION 

The application can be improved by improving 

the interface. It would be interesting to add a 

graphical interface, which would display pictures of 

the cards that the player has in his hands. Also, some 

graphic effect could be added when winning or 

losing the game, which would add a little excitement 

to the game, this way it is quite monotonous. 

However, the goal of this project was an example of 

working with classes and objects, as well as the 

presentation of working with this object-oriented 

programming language, so that the goal was fully 

achieved. 
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Abstract – Focal aim of this work is to explain the principles 

and areas of application of 3D printers in education. This 

way of printing is quite new tool in education at all levels. It 

was initially ment to be as an additional tool for prototyping 

in producing machine parts. Advantages in 3D printers 

usage are recognized in many areas of life and work, from 

toy making to building absolutely functional 

infrastructional erections. Wast variety of 3D printers uses 

in so many professions and leisure time activities made their 

way to educational settings. They significantly contribute in 

educational process indicating quality difference in it. The 

sole concept of 3D printing in education will be thoroughly 

elaborated in particular segments of this work, as its 

purpose, challenges and possible solutions in specific 

situations. 

I. INTRODUCTION 

Modern educational process include variety of 

high-tech tools. Alongside electronic and IT tools, 

three dimensional models still help in real-world 

understanding. Visualizing helps perception of 

curriculum topics. Since 3D printers can build 

numerous variety of shapes, they can produce 

models for majority of curriculum units. Student 

will be able to design and produce models 

applicable for different school subjects at low cost. 

Practical classes of Art will enable creative freedom 

in designing unique statues or decorative artifacts 

which could be sold through entrepreneur school 

stalls for different occasions. The money which 

would be earned furthermore would be used for 

buying supplys for the next cycle. Students’ 

involvement in 3D printing extracurricular activities 

would maximize student learning outcomes. 

Through the process of designing the object, just as 

through the process of fabricating them, students 

will be in a position to see and understand the object 

they are producing. Some of the students will 

acquire by making the specific objects, while the 

others will much easier understand the phenomena 

by seeing it in the three dimensional form.  

Therefore, 3D printers are more than just a common 

teaching aid.  

II. TECHNOLOGY OF 3D PRINTING 

Nagoya Municipal Industrial Research Institute 

published detailed file on “rapid prototyping” 

technique in 1981. Dr Hideo Kodama explained 

layer-by-layer 3D printing which were added on top 

of each previously laid one to form a 3D object. UV 

light was used to harden the material made from 

photopolymers. [1] 

Stereolithography, SLA, is officially the first 3D 

printing where ultraviolet light was used to cure 

photopolymers. It was filed as a patent as digital 

slicing by three French engineers named Alain Le 

Méhauté, Olivier de Witte, and Jean Claude André 

in 1984 anticipated to revolutionize manufacturing. 

They could not see the business perceptiveness of 

this quite expensive project, hence, they abandoned 

it. However, Charles Hull obtained his STL format 

and digital slicing patent in 1986. He officially 

formed 3D Systems and presented the first 3D 

printer in 1987. 

SLS, Selective Laser Sintering 3D printing is 

additive manufacturing (AM) process which 

belongs to powder bed fusion family. Thermoplastic 

polymers in granular form are treated by laser beam 

to be sintered into a solid structure formed  

A. SLS 3D Printing 

Polymer powder is dispersed on a platform in a 

build chamber in a thin layer; laser beam scans the 

layer and hits it to heat it to the melting temperature 

and fuses its particles. It repeats the same procedure 

as many times needed until it builds the 3D object. 

It is then moved out of the build chamber while the 

rest of the powder is reused.  

 
Figure1. SLS 3D printing machinery concept 
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B. FDM 

Fused deposition modeling (FDU) is a process in 

which thermoplastic filament from a spool is loaded 

into the extrusion head. It melts in the nozzle. The 

extrusion head moves in three dimensional area and 

extrudes the melted filament in layer-by-layer 

predetermined locations. When the process is 

finished, the object needs cooling and time to 

solidify. This technique is quite cheap and is the 

matter of the further elaboration in their work. 

Figure 2. FDM machinery concept 

 III. 3D printers practical use in educational 

process 

Educators meet shortages in educational aids and 

equipment, therefore, affordable 3D printers which 

are used to manufacture them can aid students 

understand the topics and phenomena studied on 

lectures with much less effort if they have seen them 

in 3 dimensions, especially if they have helped in 

manufacturing them [2]. Hence, school, lecturers 

and students will benefit from 3D printers practical 

use [3]. 

For the sole beginning, the students will have to 

learn CAD software; they will also develop skills 

for designing models; then, on practical classes, 

they will fabricate their own designs; through the 

following discussions, they will elaborate possible 

adjustments which should be made; Practical usage 

of the objects which were made. 

IT teachers in Serbia teach children in 

elementary schools from the fifth to the eight year 

teaching children from the age of eleven to the age 

of fourteen. 

Young learners, at the age of eleven for example, 

usually have problems with understanding 

mathematics notions and their specifics. Difference 

in cone and pyramid cubage with same base is much 

more acquirable when seen in an experiment made 

by pouring water from one to the other transparent 

hollow model, especially if they were involved in 

the fabrication of the models. The first outcome of 

learning through the process of geometric bodies 

production is to learn which model refers to which 

name. The second outcome will be understanding 

when seeing the mentioned difference in cubage. It 

is important to mention that young learners might 

have difficulties in comprehending abstract notions. 

They learn much easier when they see the actual 

three dimensional experiment depicting the 

phenomena in question.  

 

Figure 3. Mathematics object shapes 

At the same year, the fifth, they learn about 

volcanos on geography classes. Majority of 

children, especially those from lowland areas, due to 

Covid pandemic, have never seen mountains, 

therefore neither volcans. For some of them it could 

be vague to comprehend how they look like, the 

former, and how they function, the letter. It could be 

good idea to get her some students to do the 

research about the possible site which could be 

made on extracurricular classes where they would 

design the model after the discussion with other 

students and Geography and IT teachers, and finally 

make a 3D model which could be seen as a 

mountain from on side, and as a vertical cut of a 

volcano on the other side. They could possibly make 

a model of a complete volcano which could be used 

to make a lava out coming burst using dishwashing 

detergent, baking soda and red food color which 

should be put into the volcano. At the moment when 

the experiment would be held, teacher would pour 

vinegar which would induce aggressive chemical 

reaction and the red foam would start coming out of 

the volcano with quite a speed and come down the 

slopes of the volcano.  
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Figure 4. 3D replica of volcano 

Chemistry teachers would be glad to have 

models of atom structure, crystal structure, molecule 

shapes and compound structures for example. 

Technical education classes could be used for 

designing and fabricating different models. One 

year, they could build a City Hall, and it could be a 

nice gift for school guests when they come to our 

school on a volleyball tournament, for example; the 

next year, they could build our city coat of arms; 

those students who would like to become architects 

could fabricate the model of our town bridge and 

make appendance for keychains which would be 

given to all students, teachers and school guests. 

Things made this way could be sold on students’ 

markets to other citizens to collect money for the 

supplies for the next production. This production 

can refund itself. That teaches students that their 

work make difference to their school that is 

confidence building for self in secure students. 

Students involved in 3D printing extracurricular 

activities will earn about entrepreneurship and its 

rules about demand, offer and refunding invested 

money into the process of production. 

Many students find difficult to understand 

physics phenomena such as magnetic fields which 

can be made by 3D printers to exhibit how they 

work. The problem lies in the fact that those 

phenomena are not tangible or observed by human 

senses. One simple model of a simple direct current 

electric motor can demonstrate magnetic field 

phenomenon. 

Students can fabricate small wind turbines which 

will demonstrate how wind power can be used for 

producing electrical energy and might be used in 

their classrooms to recharge mobile phones. 

Students would, therefore, learn about: renewable 

energy sources, ecology lesson, and the practical 

machine construction, technology education lesson. 

Once they have made something like that by 

themselves and benefit as soon as it is made and 

positioned on the outer side of their classroom 

window, students will be encouraged to design and 

fabricate whatever they might need if it is printable, 

od course. 

 
Figure 5. Direct current electric motor 

IV. CONCLUSION 

3D printers are very applicable high-tech tools 

for fabricating majority models and simple 

machines by students themselves. Students are to be 

involved not only in designing the project, but 

would also take part in the fabricating the models. 

School budget shortages caused need for making 

many models which demonstrate actual scientific 

phenomena which are abstract or not tangible. That 

enables students with lack of imagination see how 

some things look like and function. They will 

comprehend much easier once they have seen the 

3D object which demonstrate the item or the process 

in question. The students involved in designing and 

fabrication processes will acquire the skills which 

could be applicable in their everyday life. When in 

need, make it by yourself the way it would suit you 

best. Selling the keychains and artefacts on students’ 

market could refund the costs of printing and 

therefore explain how good entrepreneurs behave in 

manufacturing production in real life. They will 

learn more about real life from this extracurricular 

classes than they could on classes with theoretical 

approach. 

The good thing about all this is that the project 

can be saved and reused in some other occasions. 

Hence, the complete work will not be for one class 

or use only. 

REFERENCES 
[1.] https://www.3dsourced.com/guides/history-of-3d-printing /   

[2.] https://resourced.prometheanworld.com/use-3d-printers-

classroom/   
[3.] https://zortrax.com/applications/education

 



International Conference on Information Technology and Development of Education – ITRO 2021 

November, 2021. Zrenjanin, Republic of Serbia 

 

142 

Virtual Laboratory as Progressive Web 

Application  

N. Koceska*, S. Koceski* 

* Faculty of Computer Science, University Goce Delchev – Shtip, Shtip, R. North Macedonia 

{natasa.koceska, saso.koceski}@ugd.edu.mk 

 
Abstract - In contemporary education, especially in natural 

and technical sciences courses, it is important for students to 

gain practical experience through the use of laboratory 

exercises.  

Although theory classes were conducted online during the 

COVID-19 pandemic, educational institutions found it 

difficult to complete the laboratory experiments. With the 

increasing availability, sophistication and power of web-

based tools and computer simulations, a growing number of 

virtual laboratories are developed and published. 

In this study we are proposing an architecture for a virtual 

laboratory designed and developed as a progressive web 

application (PWA). The concept of the PWA together with 

its advantages are also explained in this paper.  

I. INTRODUCTION 

The pace of information and communication 

technologies progress is so fast that novel products 

and solutions emerge almost on a daily basis, 

shaping our way of live. Recent advances in artificial 

intelligence (AI), robotics and IoT have contributed 

to development of multiple sectors [1-12]. In 

addition, contemporary smartphones are fare beyond 

just communication devices. They have been 

transformed into tools for healthcare, work, shopping 

and entertainment. All these technologies have 

significant impact and are transforming the 

education systems nowadays. 

This has been especially evident during the latest 

COVID-19 pandemic. During the pandemics we 

have witnessed the largest disruption of education 

systems in history, affecting nearly 1.6 billion 

learners in more than 190 countries on all continents. 

All educational institutions in Republic of North 

Macedonia were also closed on March 10, 2020. 

To ensure learning continuity during this 

disruption, educational institutions were constrained 

to adopt the online teaching and learning models in a 

relatively short period of time. This need for rapid 

shift to online learning revealed many problems in 

the education systems all over the globe but, it also 

revealed a deep gap in our overall approach to 

education [13]. One of the major problems in 

Republic of North Macedonia, evidenced during the 

pandemics, was the access to education, especially 

for vulnerable groups, such as children at risk of 

poverty, Roma children and children with 

disabilities. Although multiple initiatives and 

institutions have tried to provide hardware devices 

(primarily portable devices), needed for the 

education process of these categories, continuous 

access to the online teaching and learning resources 

is still a big challenge.  

In contemporary education, especially in natural 

and technical sciences courses, it is important for 

students to gain practical experience through the use 

of laboratory exercises.  

Although theory classes were conducted online 

during the COVID-19 pandemic, educational 

institutions found it difficult to complete the 

laboratory experiments.  

Many research studies have evidenced the fact 

that computer simulations i.e., virtual laboratories, 

can mimic the real-world laboratory workflow and 

have the potential to be a useful supplement to the 

theory classes.  

With the increasing availability, sophistication 

and power of web-based tools and computer 

simulations, a growing number of virtual laboratories 

are developed and published [14-18]. They are also 

integrated with the existing learning management 

systems (LMS).  

Most of the recently developed virtual 

laboratories are developed as a web-based 

applications suitable for usage on various devices, 

while some of them are published as a stand-alone 

software application aimed to be installed on desktop 

and mobile devices.  

In this study we are proposing an architecture for 

a virtual laboratory designed and developed as a 

progressive web application (PWA). The concept of 

the PWA together with its advantages are also 

explained in this paper.  
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II. PROGRESSIVE WEB APPLICATIONS – BASIC 

CONCEPTS 

Until recently native mobile applications were the 

first choice for smartphones and tablets as hybrid 

cross-platform apps and web-apps for portable 

devices were lagging behind them. However, a new 

set of standards advocated by the Google Web 

Fundamentals group seeks to bridge that gap by 

introducing features such as offline support, 

background synchronization, and home-screen 

installation to the web [19]. These standards incited 

the development of new architecture type called 

Progressive Web App. PWAs already gained 

popularity in the last couple of years. Some studies 

and reports estimate that PWA will replace half the 

existing mobile applications based on native, hybrid, 

and mobile web architecture.  

The main characteristics and advantages of 

PWAs are: 

 Low Development and Maintenance Costs 

 No Dependence on App Distribution 

Services 

 App-Like Look and Feel 

 Platform- and Device-Agnosticism 

 No Updating Issues 

 Fast Installation 

 Better Performance 

 Seamless Offline Operation 

 Push Notification Functionality 

 Enhanced Security 

 Hardware Integration 

PWAs are offering great hardware integration 

capabilities. This includes some of the following 

features: 

 Geo-Location 

 Real-Time Camera 

 Data Storage 

 Payments 

 Biometric Authentication 

 USB/Bluetooth 

 Motion Sensors 

 Native Push Notifications 

Real-time content synchronization is what gives 

PWAs a significant advantage over native or hybrid 

mobile applications. Moreover, one of the biggest 

advantages is the fact that the data synchronization is 

possible even in the offline mode, and that is 

important for remote students who may be located in 

places where the internet coverage is intermittent. 

III. DESIGN PRINCIPLES OF THE VIRTUAL 

LABORATORY APPLICATION 

In the design of the simulation two specific things 

are considered: Coherence Principle and 

Consistency.  

Coherent principle argues that simulations may 

not contain unnecessary material that distract the 

student thus disrupts the learning process. 

Consistency between simulations is also very 

important. Users who have more experience with 

simulations will learn to use simulations faster if 

they have a consistent design. 

With the simulations, students are provided with 

animated visual model for easier understanding of 

the physical phenomenon. By doing interaction with 

the simulation, the student can participate in 

changing the parameters and analysis of results. 

Therefore, it is necessary to take into account the 

design of the simulations, because students give 

equal importance to the overall visual design. 

Simulations are not supposed to reflect the reality 

in details, but to maintain the concept of the physical 

area that they simulate. For simulation to be 

sufficiently realistic it is necessary to: 

 implement connections and principles of the 

system which simulates; 

 contain components with enough detail for 

the user to connect to the same components 

from the real world; 

 allow the user to change parameters like in 

the real system; 

 give the user the feeling that he or she 

directly controls the components of the 

simulation without any intermediate steps. 

In short, the simulation should function as the 

actual system. Moreover, it should offer: 

 a single and clear goal for the user; 

 objects that can be interacted to successfully 

complete the simulation; 

 environment that provides an appropriate 

context in the simulation; 
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 interactions, reactions, challenges, situations 

and effects that are equivalent to those of the 

real experiment; 

 feedback after the simulation or the task is 

completed successfully; 

 opportunities for returning simulation in 

initial state or to a previous state, such as 

back button or restart;  

 allow users to have a sense that they control 

the application. 

 

IV. PROPOSED ARCHITECTURE OF THE VIRTUAL 

LABORATORY APPLICATION 

Usability of the traditional web applications as 

well as user experience can be significantly 

increased by transforming them into progressive.  

The architecture of the PWA relies on two main 

components: App shell and Service Worker. Its 

architecture is given on the Figure 5. 

 

Figure 1.  UI/UX of the developed Virtual Laboratory 

Application 

 

Figure 2.  Lab excersise describing the concept of 

equilibrium of three forces 

 

Figure 3.  Lab excersise describing the concept of 

Motion with constant acceleration 

 

 

Figure 4.  Site Diagram of the developed Virtual 

Laboratory 
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A. App shell 

The application shell contains the minimal 

portion of HTML, CSS, and JavaScript the necessary 

for creation of the user interface. In our case certain 

local resources like the navigation and footer bars as 

well as the graphical resources of the app are loaded 

in the shell just to provide a functional skeleton of 

the application.  

Application shell also ensures that the loading 

time of the app will be reduced every time the user 

revisits the app. We have tested the performances on 

four laboratory exercises and the results are given in 

the Table I.  

TABLE I.  LOADING TIMES 

Lab name 

Loading Time for Repetitive Visits (ms) 

Number of visits performed  

Min. 

loading 

time 

 

1st  2nd  3rd  4th  

Motion 

with 

constant 
acceleration 

2.36 1.86 1.07 0.86 0.86 

Equilibrium 

of three 
forces 

2.15 1.32 0.76 0.81 0.76 

Accelerated 

movement 
1.96 1.34 0.92 0.68 0.68 

Elastic and 

non ellastic 

collisions 

2.97 1.25 0.85 0.97 0.85 

Electric 

circuits 
4.23 3.15 2.38 1.11 1.11 

B. Service worker 
 

Service worker another very important 

component that provides the offline working mode 

of the web applications. However, the use of service 

worker is limited only to pre cache the resources and 

serve the content upon loading the page. This is 

performed during the background synchronization.  

When the user makes a request to the server via 

the app in the absence of network, the request gets 

stored in the cache. Even if the user quits the app 

after making the request, it still gets stored up in the 

cache. As soon as the network connection is back, 

the request gets executed and the app is populated 

again with the requested data in the background. 

Offline capability of an app can be implemented 

by using a client-side storage called IndexedDB.   

V. CONCLUSION 

In this study we are proposing an architecture for 

a virtual laboratory designed and developed as a 

progressive web application (PWA).  

Students can benefit from the Virtual Laboratory 

developed as an educational PWA by its installation 

on the smartphone’s home screen. Once installed, 

loading of the content becomes a breeze.  

On the developers’ side there are also multiple 

benefits. Namely, developers can easily add or 

remove some features without having to update the 

entire app, so real-time content syncing is what gives 

PWAs a considerable advantage over native apps.  

Moreover, such synchronization is possible even 

in the offline mode, and that is important for remote 

students who may be located in places where the 

internet coverage is intermittent. 
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Abstract - Theoretical and experimental investigations of 

the static characteristics of pilot operated pressure relief 

valves is presented in this article. A mathematical model of 

pressure drop vs. flow depending of pilot operated pressure 

relief valves is developed.  An experimental test stand was 

created for experimental investigation of the static 

characteristics and compared with each other which 

confirm the mathematical model. The results of solving the 

mathematical model and experimental investigation are 

presented in few diagrams. A few directions for 

improvement of the static characteristics are given, 

especially at the moment of opening of the main valve. 

Advantages and disadvantages of the static characteristics 

are discussed. 

Keywords: flow, mathematical model, pressure, relief valve, 

static characteristics 

I. INTRODUCTION 

Main feature of the static characteristic of the 

pressure relief valves is its slope, i.e. increasing of 

the adjusted value of the pressure when increasing 

the flow through the valve. This means that there is 

an error in the static characteristic. As an example, 

at fig.1 schematic layout of the theoretical static 

characteristic of direct operated and pilot operated 

pressure relief valve is shown [1]. 

With blue color a static characteristic of direct 

operated pressure relief valve is presented. The 

valve opens at pressure value p1 and with increasing 

of the inlet flow through the valve the pressure 

increasing up to p0 when the entire flow q0 passes 

through the valve. As can be seen, there is a 

deviation from the ideal static characteristic and at 

flow q0 through the valve, the error of the static 

characteristic is ∆p1=p0 – p1. This error is caused by 

the deformation of the spring and the hydrodynamic 

force of the streaming flow [1]. 
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∆
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Figure 1. Static characteristic of pressure relief 

valves 

On the same figure a theoretical static 

characteristics of pilot operated pressure relief valve 

is shown. At the static characteristic of pilot 

operated pressure relief valves, two zones are noted: 

the first one for inlet flow from 0 to qy  when only 

pilot valve is opened and the second one for inlet 

flow from qy to maximal flow q0 when both the pilot 

and the main valve are opened [2],[3].  

Increasing the system pressure in the hydraulic 

circuit, at pressure value p2 the pilot valve opens and 

a little amount of pilot oil flows through it. The 

main valve is still closed. The pressure in front of 

the valve continues to increase parabolic until the 

pressure value p3 is reached when the main valve 

opens. At the second zone the pressure increases 

linearly from p3 until p0 as inlet flow increasing up 

to the maximal value q0. Total error of the valve is 

sum of the error of the pilot valve ∆py = p3 – p2 and 

of the error of the main valve ∆p0 = p0 – p3 i.e. ∆p2 

=  ∆py + ∆p0.  

Comparing the static characteristics of direct 

operated and pilot operated pressure relief valve it 

can be seen that the accuracy of the adjusted 

pressure is higher with pilot operated pressure relief 
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valve, i.e. ∆p2<<∆p1. A disadvantage of the static 

characteristic of pilot operated pressure relief valve 

is pressure difference between opening of the pilot 

and the main valve at first zone of the static 

characteristic i.e. error of the static characteristic at 

the beginning of opening of the valve. Тhis error 

reduces the accuracy of the set pressure value. This 

error also increases energy loss and converted it into 

heat which leads to increasing of the temperature of 

the oil and decreasing the efficiency coefficient of 

the entire hydraulic system [2]. 

Additional decrease of the slope of the static 

characteristics of the conventional pilot operated 

pressure relief valves and additional reducing of the 

difference between the pressures of opening of the 

pilot valve and the main valve, ∆py = p3 – p2, can be 

obtain with built-in compensating control piston in 

front of the pilot valve, presented in this article. [8], 

[9]. 

In [6] the authors have shown theoretically and 

experimentally the advantage of the pilot operated 

pressure relief valves-lower slope of the static 

characteristic of the valve. But it cannot be clearly 

seen the pressure difference between opening of the 

pilot and the main valve. In [5] a special attention 

has been taken to the influence of the hydrodynamic 

reaction force to the valve characteristics. Also, the 

author has investigated different designs of the 

resistance orifices in the pilot line to improve the 

characteristics of the valve. Most comprehensive 

theoretical mathematical model is presented in [4], 

in details explained and included all the factors 

influencing the quality of the static characteristics. 

This model was developed for valve with “pilot 

flow through main valve”. In this study this model 

has been little modified for valve with conventional 

design, mostly used nowadays. Another 

mathematical model of the static characteristics of 

pilot operated piston type pressure relief valve is 

presented in [10]. Experiments have proved the 

proposed model. Then fluid force exerted on a 

poppet of the pilot valve has been neglected, 

whereas that on a piston has been taken into 

consideration. 

To improve the static characteristic of the valve 

the built-in compensating control piston with 

resistance orifice in it in the pilot line is taken into 

consideration. Expressions for the pressure-flow 

coefficient of the valve without compensating 

control piston and with compensating control piston 

are obtained numerically to determine the pressure-

flow coefficient of the valve. The influence of the 

diameter of the compensating control piston to the 

static characteristics of the valve is presented, as 

well. This study has experimentally proved the 

validity of this model. 

II. FUNCTIONAL DIAGRAM OF THE 

VALVE 

On Fig. 2 a functional diagram of the pilot 

operated pressure relief valve with conventional 

design is shown. 
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Figure 2. Functional diagram of conventional design 

of the pilot operated pressure relief valve 

This valve can be observed as a system consisted 

of three subsystems: main valve, pilot valve and 

fixed orifice 𝑅1 . In neutral position both pilot and 

main valves are closed under the influence of the 

springs, and there is a balance of forces at the 

poppet of the main valve. When inlet pressure 𝑝1 

reach the value of the preset spring force of the pilot 

valve, the poppet of the pilot valve is opening and 

through the orifices 𝑅1  and 𝑅3 beginning to flow 

some little amount of pilot flow 𝑞𝑝. The pressure 

𝑝3 ≡ 𝑝4 in the upper part of the main valve is 

maintaining approximately constant by the pilot 

valve. With further increase of the inlet pressure 𝑝1 

the pressure drop 𝑝1,4 = 𝑝1 − 𝑝4 continues to 

increase until the main valve opens and the flow 

𝑞1 = 𝑞3 + 𝑞𝑝 is flowing to the tank. 

III. MATHEMATICAL MODELING 

Static characteristic of a pressure relief valve 

shows deviation of the inlet pressure in front of the 



International Conference on Information Technology and Development of Education – ITRO 2021 

November, 2021. Zrenjanin, Republic of Serbia 

 

149 

valve 𝑝1 as a control parameter, depending on the 

inlet flow 𝑞1 as an inlet parameter . 

To model the static characteristics of the studied 

valve, the following assumptions are made  in 

developing the mathematical model: 

 The hydraulic fluid is ideal, nonviscous and 

incompressible. This assumption is close to reality 

under most conditions. 

 The tank pressure and the pressure in the 

outlet line is constant and 𝑝2 = 0. 
 The flow rates through the throttling orifices 

of the valve are of high Reynolds number. 

For theoretical determination of the static 

characteristics a methodology presented in [4] is 

used.  

The static characteristics of the pilot operated 

pressure relief valves are described analysing the 

balance of forces acting on the pilot and the main 

poppet and the flow equation through the pilot 

valve, main valve and the orrifices. 

The flow rate 𝑞𝑦 passing through the 

throttling area of the pilot valve is given by the 

following equation: 

𝑞𝑝 = 𝐶𝑑,𝑝 ∙ 𝑑𝑝 ∙ 𝜋 ∙ 𝑥𝑝 ∙ 𝑠𝑖𝑛 𝜃𝑝 ∙ √
2

𝜌
∙ 𝑝4         (1) 

where 𝐶𝑑,𝑝 – the discharge coeficient of the 

opening area of the pilot valve; 𝑑𝑝 – the diameter of 

the seat of the pilot valve; 𝑥𝑝 – the displacement of 

the pilot valve; 𝜃𝑝 – the angle of the poppet of the 

pilot valve and 𝑝4 – the pressure drop in front of the 

pilot valve. 

Analysing the balance of forces acting on the 

poppet of the pilot valve, the motion of the pilot 

poppet can be described by the following equation: 

𝑐𝑝 ∙ (ℎ𝑝 + 𝑥𝑝) = 𝑝4 ∙ 𝐴𝑝 − 𝑟𝑝 ∙ 𝑥𝑝 ∙ 𝑝4, 

 

or 

𝑥𝑝 =
𝑝4 ∙ 𝐴𝑝 − 𝑐𝑝 ∙ ℎ𝑝

𝑐𝑝 + 𝑟𝑝 ∙ 𝑝4
                  (2) 

where 𝐴𝑝 - the area of the seat of the pilot valve 

where the pressure 𝑝4 acts; 𝑐𝑝 – the spring constant 

of the pilot valve spring; ℎ𝑝 – the previous spring 

deformation of the pilot valve; 𝑟𝑝 = 2 ∙ 𝐶𝑑,𝑝 ∙ 𝜋 ∙ 𝑑𝑝 ∙

sin 𝜃𝑝 ∙ cos 𝜃𝑝 - the hydro-dynamic force coefficient 

of the pilot valve. 

Combining the equations (1) and (2), the static 

characteristic of the pilot valve will be obtained: 

𝑞𝑝 = 𝐶𝑑,𝑝 ∙ 𝑑𝑝 ∙ 𝜋 ∙ 𝑠𝑖𝑛 𝜃𝑝 ∙ √
2

𝜌
∙ 𝑝4 ∙

𝑝4 ∙ 𝐴𝑝 − 𝑐𝑝 ∙ ℎ𝑝

𝑐𝑝 + 𝑟𝑝 ∙ 𝑝4
                                         (3)

 

The pressure drop through the fixed orifices in 

the pilot line is given by the following equation: 

𝑝1,4 = 𝑅𝑙 ∙ 𝑞𝑝 + 𝑅𝑚 ∙ 𝑞𝑝
2                      (4) 

where 𝑝1,4 – the pressure drop through the 

orifices 𝑅1 and 𝑅3; 𝑅𝑙 = 𝑅1𝑙 + 𝑅3𝑙  - the linear 

hydraulic resistance in the orifices 𝑅1 and 𝑅3; 

 𝑅𝑚 = 𝑅1𝑚 + 𝑅3𝑚- the local resistance in the 

orifices 𝑅1 and 𝑅3. 

The total pressure drop through the main valve 

can be expressed by the following equation: 

𝑝1,2 = 𝑝1,4 + 𝑝4,2                                        (5) 

Analysing the balance of forces acting on the 

poppet of the main valve, the motion of the main 

valve poppet can be described by the following 

equation: 

 

𝑝1,4 ∙ 𝐴𝑘 − 𝑝1,2 ∙ ∆𝐴
= 𝑐𝑚 ∙ (ℎ𝑚 + 𝑥𝑚) + 𝑟𝑚 ∙ 𝑥𝑚 ∙ 𝑝1,2 

 

or 

𝑥𝑚 =
𝑝1,4 ∙ 𝐴𝑘 − 𝑝1,2 ∙ ∆𝐴 − 𝑐𝑚 ∙ ℎ𝑚

𝑐𝑚 + 𝑟𝑚 ∙ 𝑝1,2
              (6) 

where 𝑥𝑚 – the displacement of the poppet of 

the main valve; 𝐴𝑘   - the area of the seat of the main 

valve; ∆𝐴 = 𝐴𝑚 − 𝐴𝑘 - the unbalanced area at the 

popet of the main valve; ℎ𝑚  – the previous 

deformation of the spring of the main valve; 𝑐𝑚 – 

the spring constant of the main valve spring; 𝑟𝑚 =
2 ∙ 𝐶𝑑,𝑚 ∙ 𝜋 ∙ 𝐷𝑘 ∙ sin 𝜃𝑚 ∙ cos 𝜃𝑚 - the 

hydrodynamic force coefficient of the main valve; 

𝐶𝑑,𝑚 - the flow coefficient of the main valve; 𝐷𝑘  - 
the diameter of the seat of the main valve; 𝜃𝑚  - the 

angle of flowing of the oil in the main valve. 



International Conference on Information Technology and Development of Education – ITRO 2021 

November, 2021. Zrenjanin, Republic of Serbia 

 

150 

The flow rate 𝑞3 passing through the 

throttling area of the main valve is given by the 

following equation: 

𝑞3 = 𝐶𝑑,𝑚 ∙ 𝐷𝑘 ∙ 𝜋 ∙ 𝑥𝑚 ∙ sin 𝜃𝑚 ∙ √
2

𝜌
∙ 𝑝1         (7) 

The continuity equation at inlet port of the valve 

can be expressed by the equation:  

𝑞1 = 𝑞3 + 𝑞𝑦                                             (8) 

The static characteristics of the pilot operated 

pressure relief valves are fully described by the 

equation (1) to (8). From equations (1) – (8) 

theoretically can be expressed the pilot flow (9) at 

the moment of opening of the main valve and by the 

iterative procedure can be calculated by the 

equation:  

 

𝑞𝑝,𝑚𝑜 =
√

𝑝1,𝑚𝑜 ∙ 𝜑 +  
𝑐𝑚 ∙ ℎ𝑚

𝐴𝑘
− (𝑅1𝑙 + 𝑅3𝑙) ∙ 𝑞𝑝,𝑚𝑜

𝑅1𝑚 + 𝑅3𝑚
                                         (9)

 

where 𝑞𝑝,𝑚𝑜 – the pilot flow at the moment of 

opening of the main valve; 𝑝1,𝑚𝑜 – the pressure in 

front of the valve at the moment of opening of the 

main valve; 𝜑 =  ∆𝐴
𝐴𝑘

⁄ - geometric parameter of 

the valve. 

According to equation (9), the pilot flow directly 

depends on the geometric parameter of the valve 𝜑 

and the resistance in the pilot orifices 𝑅1 and 𝑅3.  

The pressure in front of the valve at the moment 

of opening of the main valve is given by the 

following equation: 

𝑝1,𝑚𝑜 =
1

1 − 𝜑
(𝑝1,𝑜𝑝 +

𝑐𝑚 ∙ ℎ𝑚

𝐴𝑘
+

𝑥𝑝 ∙ (𝑐𝑝 + 𝑟𝑝 ∙ 𝑝4,𝑜𝑝)

𝐴𝑝
)                                       (10)

 

where 𝑝1,𝑜𝑝 =
𝑐𝑝 ∙ ℎ𝑝

𝐴𝑝
⁄  – the prerssure in front of 

the valve at the moment of opening of the pilot 

valve; 𝑝4,𝑜𝑝 – the pressure in front of the pilot valve 

at the moment of opening of the pilot valve. 

IV. EXPERIMENTAL AND 

THEORETICAL STATIC 

CHARACTERISTICS 

A pressure transducer type HM17 manufactured 

by BoschRexroth was used for pressure 

measurement. For displacement of the valve a 

position sensor manufactured by BoschRexroth was 

used. The measurement instruments were previously 

calibrated. The data are stored in the computer 

through 14 bit data acquisition card NI USB-6009 

manufactured by National Instruments.  

The subject of investigation was Denison 

pressure relief valve type R4V 06, shown on Fig. 3 

[7]. 

The parameters of the specified pressure 

relief valve are: 𝑑𝑝 = 5 𝑚𝑚, 𝑐𝑝 = 250 
𝑁

𝑚𝑚
, 

𝐶𝑑,𝑝 = 0.8, 𝜈 = 34 𝑐𝑆𝑡, 𝜌 = 890 
𝑘𝑔

𝑚3. 𝑑𝑑𝑟1 =

𝑑𝑑𝑟3 = 0.8 𝑚𝑚, 𝑙𝑑𝑟1 = 𝑙𝑑𝑟3 = 1 𝑚𝑚, 𝐷𝑘 =

28.5 𝑚𝑚 , 𝐷𝑚 = 28 𝑚𝑚, 𝑐𝑚 = 7 
𝑁

𝑚𝑚
, ℎ𝑚 =

16.5 𝑚𝑚,  𝐶𝑑,𝑚 = 0.8.  

 
Figure 3. The studied pressure relief valve 

Theoretical and experimental static 

characteristics are presented on Fig. 4. On the right 

side of the figures zoomed detail around the values 

of opening of the pilot and the main valves are 

presented. 
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a) 

 
b) 

Figure 4. Theoretical and experimental static 

characteristic of the studied valve 

Fig. 4 shows the static characteristics of the 

studied valve. The beginning of the static 

characteristic, at a lower flow rate is shown in Fig. 

4-b. It can be seen that the static characteristic is 

characterized by the pressure difference between the 

pressure of opening of the pilot and the main valve. 

At lower pressures this difference is of the order of 

10 bar. While at higher pressure this difference is of 

the order of 15 bar. At even higher pressures, this 

difference is even higher - about 20 bar. The pilot 

flow at the moment of opening the main valve is 

from 0.8 l/min at lower pressure - about 65 bar, 1.1 

l/min for pressure about 100 bar, to 2 l/min at higher 

pressure – about 160 bar. 

If the unbalanced area of the main valve poppet 

is higher, the mistake of the controlled pressure at 

the beginning of opening of the main valve is even 

higher. The experimental static characteristic of the 

studied with higher 𝜑 is presented in Fig. 5. 

 
Figure 5. Experimental static characteristic of the 

studied valve with higher 𝜑 

On the presented figures it is clearly visible that 

there is an error in the static characteristic of pilot 

operated pressure relief valves, especially at the 

beginning of opening of the valve. This error can be 

reduced with decreasing of the geometric parameter 

of the main valve spool 𝜑 or with inserting of a 

compensating control piston in front of the pilot 

valve. 

V. INFLUENCE OF THE COMPENSATING 

CONTROL PISTON ON THE STATIC 

CHARACTERISTICS 

On Fig. 6 a functional diagram of the pilot 

operated pressure relief valve with compensating 

control piston is shown. 
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Figure 6. Functional diagram of pilot operated 

pressure relief valve with compensating control 

piston 
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The mathematical model of the static 

characteristics of the pilot operated pressure relief 

valve with compensating control piston is slightly 

modified. Taking into account the compensating 

control piston in front of the pilot valve, the 

equation (2) in converted into: 

𝑐𝑝 ∙ (ℎ𝑝 + 𝑥𝑝) = 𝑝4 ∙ 𝐴𝑝 + 𝑝5,4 ∙ 𝐴𝑏 − 𝑟𝑝 ∙ 𝑥𝑝 ∙ 𝑝4, 

 
or 

𝑥𝑝 =
𝑝4 ∙ 𝐴𝑝 + 𝑝5,4 ∙ 𝐴𝑏 − 𝑐𝑝 ∙ ℎ𝑝

𝑐𝑝 + 𝑟𝑝 ∙ 𝑝4

                  (11) 

Where 𝑝5 – the pressure in front of the 

compansating control piston; 𝐴𝑏 – the section area 

of the compansating control piston. 

Combining the equations (1) and (11), the static 

characteristic of the pilot valve with compensating 

control piston is given by the equation: 

𝑞𝑝

= 𝐶𝑑,𝑝 ∙ 𝑑𝑝 ∙ 𝜋 ∙ 𝑠𝑖𝑛 𝜃𝑝 ∙ √
2

𝜌
∙ 𝑝4

∙
𝑝4 ∙ 𝐴𝑝 + 𝑝5,4 ∙ 𝐴𝑏 − 𝑐𝑝 ∙ ℎ𝑝

𝑐𝑝 + 𝑟𝑝 ∙ 𝑝4
                               (12) 

Then, the equation for the pressure in front of the 

valve at the moment of opening the main valve is 

converted into the following equations: 

 

𝑝1,𝑚𝑜 =
1

1 − 𝜑
(𝑝1,𝑜𝑝 +

𝑐𝑚 ∙ ℎ𝑚

𝐴𝑘
+

𝑥𝑝 ∙ (𝑐𝑝 + 𝑟𝑝 ∙ 𝑝4,𝑜𝑝)

𝐴𝑝
− 

𝐴𝑏

𝐴𝑝
∙ (𝑅3𝑙 ∙ 𝑞𝑝,𝑚𝑜 + 𝑅3𝑚 ∙ 𝑞𝑝,𝑚𝑜

2))    (13) 

 
Comparing the equations (10) and (13), the 

pressure in front of the valve at the moment of 

opening of the main valve with compensating 

control piston (eq. 13) is lower than the pressure in 

front of the valve at the moment of opening of the 

main valve without compensating control piston for 

the value of the 
𝐴𝑏

𝐴𝑝
∙ (𝑅3𝑙 ∙ 𝑞𝑝,𝑚𝑜 + 𝑅3𝑚 ∙ 𝑞𝑝,𝑚𝑜

2). 

Increasing the diameter of the compensating control 

piston, the value of this expression is higher, and the 

error of the static characteristic is lower.  

Experimental confirmation of this statement is 

presented on the following figures.  

 
a) 

 
b) 

Figure 7. Theoretical and experimental static 

characteristic of the studied valve with 

compensating control piston of 𝑑𝑏 = 5.5 𝑚𝑚 
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b) 

Figure 8. Theoretical and experimental static 

characteristic of the studied valve with 

compensating control piston of 𝑑𝑏 = 6 𝑚𝑚 

On Fig. 7 the static characteristic of the pilot 

operated pressure relief valve with compensation 

control piston of diameter 𝑑𝑏 = 5.5 𝑚𝑚  is shown. 

On Fig. 8 the static characteristic of the pilot 

operated pressure relief valve with compensation 

control piston 𝑑𝑏 = 6.0 𝑚𝑚  is shown. A 

comparison between experimental and theoretical 

static characteristic of the specified pressure relief 

valve, for two pressure settings-around 60 bar and 

around 100 bar, with compensation control piston  

𝑑𝑏 = 5.5 𝑚𝑚 (Fig. 7-b) and with compensation 

control piston  𝑑𝑏 = 6.0 𝑚𝑚 (Fig. 8-b)  is shown 

zoomed in for lower flows through the valve. It can 

be noticed that the presence of the compensating 

control piston reduces the pilot flow and the 

pressure difference, according to (13). The 

experimental investigation of the valve proved the 

proposed mathematical model for theoretical 

determination of the static characteristics of the pilot 

operated pressure relief valves with and without 

compensating control piston. 

VI. CONCLUSION 

The static characteristics of the pilot operated 

pressure relief valves are characterized by a large 

relative error at the moment of opening of the pilot 

and the main valve, ie. with a large relative 

difference between the opening pressures of the 

pilot and the main valve. This disadvantage of the 

static characteristic of the pilot operated pressure 

relief valves can be reduced by various design 

modifications of some geometric parameters of the 

valve. This paper presents an improvement of the 

static characteristic of the pilot operated pressure 

relief valve by inserting a control piston in front of 

the control valve. 

Experimental investigation proved the theoretical 

examination (10 and 13) that inserting a 

compensating control piston in front of the pilot 

valve can reduce the pilot flow and the pressure 

difference between opening of the pilot valve and 

the main valve. The error at the beginning of 

opening of the valve can be reduced if the relative 

ratio of the areas of the compensating piston and the 

seat of the pilot valve is increased. Fig. 4 shows that 

a valve without compensating control piston has 

pressure error of around 10 bar at 60 bar pressure 

setting and around 15 bar at 100 bar pressure 

setting. Inserting the compensating control piston 

with db=5.5 mm, the pressure error is around 4 bar 

at 60 bar pressure setting and 8 bar at 100 bar 

pressure setting (Fig. 7). Inserting the compensating 

control piston with db=6.0 mm, the pressure error is 

around 3 bar at 60 bar pressure setting and 5 bar at 

100 bar pressure setting (Fig. 8). Theoretical 

investigation says that higher diameter of the 

compensating control piston 𝑑𝑏 can much more 

reduce the pressure error (13), but it is possible the 

pressure-flow coefficient of the static characteristic 

of the valve to be negative in that case. According to 

equation (9) and (10) additional improvement – 

decreasing of the pilot oil flow and pressure 

difference between opening of the pilot and the 

main valve can be achieved by minimizing the 

geometric parameter  𝜑  of the main valve. It is 

experimentally proved by the fig.5. 
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Abstract - Nowadays with satellites monitoring, most easily 

can be seen daily changes of the land, climate and water. 

This paper presents a literature review of researches in the 

field of earth observation, in recent years is done. First an 

outline of Copernicus and Sentinel-2 data is given. Then, 

Sentinel-2 applications in remote sensing problems are 

evaluated. At the end, deep learning and CNN architecture 

applied on Sentinel-2 images are presented, as well as our 

next goals. 

I. INTRODUCTION 

One of the basic fields in earth observation is 

collecting information about the earth's surface. The 

obtained data provide a better understanding of our 

planet and environment we live in, and thus serves as 

a core for making decision in several different 

domains. Optical satellites for Earth observation 

monitor our planet by obtaining images. They obtain 

images from ground, water, atmosphere and climate 

changes at different wavelengths of the 

electromagnetic spectrum [8], [3]. 

Widely known program for earth observation is 

Copernicus. Copernicus is European Union’s 

program for earth monitoring. This program offers 

information based on satellite observations on the 

earth and non - space data. Copernicus has been 

especially designed to be suitable for customer 

necessity. Copernicus' services provide real-time 

data on a global level, which can be used for local 

and regional needs.  

More recently, this data has become available to 

the public free. Since the launch of Sentinel-1A in 

2014, the European Union has begun the process to 

set up nearly 20 satellites in orbit before 2030. 

Sentinel provides images with high temporal and 

spatial resolution. The Sentinel-2 data is publicly 

available at https://scihub.copernicus.eu/ as part of 

the Copernicus program [7]. 

II. SENTINEL-2 

Sentinel-2 is a European mission for continuous, 

wide-range and high-resolution satellite images. 

Consist of two identical satellites Sentinel-2A and 

Sentinel-2B set at 180 degrees. Sentinel-2A 

launched on 23 June 2015 and Sentinel-2B launched 

on 7 March 2017. Sentinel-2 satellites covers the 

following areas:  

- all continental land surfaces (including 

groundwater) between the widths of 84 ° 

north and 56 ° south,  

- all coastal waters to at least 20 km from the 

coast,  

- all islands greater than 100 km2,  

- all the islands in the EU,  

- the Mediterranean Sea,  

- all sealed seas (for example, the Caspian 

Sea). 

 

Figure 1. Sentinel-2 Coverage 

The Sentinel-2 Multispectral instrument (MSI) 

consist of 13 spectral bands: four at 10 meters, six at 

20 meters и three at 60 meters spatial resolution. 

The revisit time of one satellite is 10 days, or 5 days 

if they both work together. A swath width of each 

satellite is 290 km.  

The data acquired from Sentinel-2 are used for: 

 Land monitoring (spatial planning, agro-

environmental monitoring, water 

monitoring, forest and vegetation 
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monitoring, carbon monitoring, monitoring 

of natural resources, monitoring of crops) 

 Emergency management (natural disasters - 

floods, fires, landslides, storms, 

earthquakes, etc., technological accidents, 

humanitarian crises (for example, after a 

period of severe drought), civil crises. 

 Security (border surveillance, maritime 

surveillance, support for external action of 

the EU). 

There are many types of Sentinel-2 products. 

Products consist of fixed-size granules.  Granule is 

the indivisible part of the product. The size of the 

granules depends on the type of product. Sentinel 

products include image data in JPEG2000 format, 

quality indicators, help data and metadata. 

The products of Sentinel-2 are given in the Table 

1: 

TABLE I.  SENTINEL-2 PRODUCT TYPES 

name availability Data volume Processing levels 

Level 0 not available to 

users 

granule 

(25x23 km2) 

Payload Data 

Ground Segment 

(PDGS) 

Level 1А not available to 
users 

granule 
(25x23 km2) 

Payload Data 
Ground Segment 

(PDGS). 

Level 1B available to 
users 

granule – 
27МВ 

(25x23 km2) 

Payload Data 
Ground Segment 

(PDGS). 

Level 1C available to 
users 

tiles – 500МВ 
(100x100 

km2) 

Payload Data 
Ground Segment 

(PDGS). 

Level 2A available to 

users 

tiles – 600МВ 

(100x100 
km2) 

Sentinel-2 Toolbox 

The radiometric resolution is expressed as an 

important number, usually in the range of 8 to 16 

bits. The radiometric resolution of the MSI 

instrument is 12 bits, allowing image to be obtained 

in the range of 0 to 4 095 potential light intensity 

values. Radiometric accuracy is less than 5%. The 

radiometric resolution also depends on the detector's 

noise signal (SNR). 

TABLE II.  SPATIAL RESOLUTION BANDS AND 

SPECTRUM 

Band 

number 

Central 

wavelength 

(nm) 

Bandwidth 

(nm) 

Spatial 

resolution 

(m) 

Part of 

spectrum 

Description 

1 443 20 60  Visible/VNIR Coastal 

aerosol 

2 490 65 10  Visible/VNIR Blue 

3 560 35 10  Visible/VNIR Green 

4 665 30 10  Visible/VNIR Red 

5 705 15 20  VNIR Vegetation 

(red edge) 

6 740 15 20  VNIR Vegetation 

(red edge) 

7 783 20 20  VNIR Vegetation 

(red edge) 

8 842 115 10  VNIR NIR 

8b 865 20 20  VNIR Vegetation 

(red edge) 

9 945 20 60  VNIR/SWIR Water 

vapour 

10 1375 30 60  SWIR Cirrus 

11 1610 90 20 SWIR SWIR 

12 2190 180 20  SWIR SWIR 

III. SENTINEL-2 APPLICATIONS 

There are so many problems in the scope of earth 

observation, so application on Sentinel-2 can be 

noted in many fields, like: spatial monitoring of 

changes in tropical forests [2], methods for mapping 

vegetation properties [3], identifying glacial features 

[4], mapping land use and land cover change [5], 

remote sensing of eelgrass [6]. 

Eliakim Hamunyela in his doctoral thesis 

"Spatial monitoring of changes in tropical forests 

using observations from multiple satellites" talks 

about how to improve satellite monitoring of forest 

changes by addressing key challenges that hinder 

correct and timely spotting of disturbances in forests 

from satellite data. More specifically, the thesis 

assesses whether the problem is with the season, a 

small-scale omission and low-scale and low-noise 

forest disorders, the innate noise in the time series of 

satellite images and inter-sensory differences in the 

multi-sensory time series. Researches were 

accomplished in wet tropical forests in Brazil and 

dry tropical forests with a strong season in Bolivia. 

In addition, a distinction between the spatial context 

model and the seasonal model is done. [2] 

In paper [3], Juan Pablo collects the latest 

methods for optimized and automatic assessment of 

vegetation properties. His main goal was "To 

analyze, optimize and automate the most up-to-date 

methods for mapping vegetation properties in the 

preparation”. A GUI software package called 

ARTMO (Automatic Radiative Transfer Modeler 

Operator) was developed. The tool was applied to 

the assessment of the LAI and the LCC in the 

agricultural place Barrack, Spain. 

Ruben Egbers performs data processing and 

identifies the glacial features in Sentinel-2 images. 

The pretension of his research was to examine how 

Sentinel-2 images are processed and whether these 

images are useful for the study of glacial features 

such as snowy peaks. The operations of Sentinel-2 
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data were made in the Sentinel-2 Toolbox. He 

investigated mountain range named Karakoram, 

which includes several long glaciers, such as the 

Baltor glacier or the glacier Hisspar. Karakoram 

glaciers are not retreating, but receive a mass 

(Hewitt, 2005), which makes this area interesting for 

studying. [4] 

The focus of this research was to map and 

analyze the land use and land cover (LULC) 

between 1999 and 2017 in Kalmar municipality, 

with a method for detecting changes in the object. 

The study of LULC changes is of great significance 

because there is a decline in agricultural land, a 

growing population, and a rise in urban areas. The 

outcome of LULC modification have bigger impact 

than climate change in the future. Object-based 

detection of changes between remote scanned 

images is conducive to the analysis of LULC 

changes. The research methods consisted of an 

object-based post-classification method, for 

detection of LULC changes. In order to achieve 

higher accuracy of classification, the method was 

combined with visual inspection and by manual re-

classification of the wrongly classified objects. Four 

LULC classes were mapped and analyzed. Maps 

showed that between 1999 and 2017, urban land use 

increased by 7 km2 and 20% and the agricultural 

lands decreased by 24 km2 and -10%. The main 

drivers for the loss of agricultural land were the 

expansion of urban areas and the growth of 

vegetation. The results of this study have shown that 

the detection of object-based changes helps to gain 

insight into LULC changes over time. [5] 

In paper [6] was investigate Eelgrass (a seafood 

with long strips of leaves that grow in coastal waters 

and salty pads) as an ecologically important and 

fragile kind of grass as a plant that lives in or near 

the sea that is common in Denmark and the 

Northern Hemisphere. The depth of the boundaries 

of the eelgrass population is used to assess the 

ecological status of coastal waters, and coverage is 

used to assess the health of ecosystems. This thesis 

was used Sentinel-2 images with object-based 

analysis and diverse machine-learning algorithms 

for classification of submerged water vegetation in 

the Roskilde Fjord. The results established that the 

Random Forest is the most suitable machine 

learning algorithm for classification of water 

vegetation, and a parameter on a scale of 10 

produces images that receive the highest accuracy of 

the classification. [6] 

In the papers above, Sentinel-2 satellite images 

were used in remote sensing problems. Despite that, 

we are more interested about deep learning and 

CNN as deep learning architecture applied on 

Sentinel-2 images.  

Deep learning is a new machine learning 

technique that learns features and tasks directly from 

data. Deep learning can be defined as AI method or 

techniques for learning in neural networks (ANNs) 

that contain more than one hidden layer. It is almost 

everywhere: Object recognition, Object 

classification, Object detection, segmentation, pose 

estimation, Image captioning, question answering, 

Machine translation, Speech recognition, Robotics 

[19], [20]. Many different architectures for deep 

learning exist such as deep neural networks, deep 

belief networks, recurrent neural networks and 

convolutional neural network. CNN is a 

combination of biology, math and computer science. 

CNN is comprised of several layers divided into two 

parts: feature learning (Conv, Relu,and Pool) and 

classification (FC and softmax). Every layer 

transforms an input 3D volume to an output 3D 

volume with some differentiable function that may 

or may not have parameters (e.g. Conv/FC do, 

ReLU /Pool do not). Each Layer may or may not 

have additional hyperparameters (e.g. Conv/FC/Pool 

do, ReLU doesn’t). A classic CNN looks like 

 

First layer in CNN is always a convolution layer 

where we use filter to get activation map (feature 

map) from an input image. There are also two main 

parameters that we can change to modify the 

behavior of each layer. They are stride and padding. 

The value of stride is mostly set on 1 or 2, and the 

value of padding on 0. The output from the 

convolution layer is calculated with equation 

output=(W-F+2P)/S+1. For example, if we have an 

input size [32x32x3], filter 5x5x3, stride 1 and 

pading 0, we will get the output= (32-

5+2*0)/1+1=28. ReLU is rectified linear units’ layer 

that applies the function f(x)=max (0, x) to all input 

values. This layer changes all the negative 

activations to zero. This layer does not change the 

size of the volume. Pooling layer or downsampling 

layer is layer for resizing images that gives on 

output the maximum numbers from each subregion. 

The Max pooling function is the most used type of 

pooling. Neurons in a fully connected layer have full 

connections to all activations in the previous layer. 

The last one uses a softmax activation function for 

classifying to compute the class scores. CNN are 

mostly applied to images, video and natural 

language processing [21], [22], [23]. CNN for image 
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classification start with low-level features like 

curves and edges and then building up more specific 

concept to recognize the classes. The network is 

usually trained by using backpropagation [14], [1]. 

The goal of back-propagation is to optimize the 

weights in order neural network to learn how to 

correctly map inputs to outputs. Back-propagation 

consist of three parts: forward pass, calculating the 

total error and backwards pass. The most common 

Convolutional Networks architectures are: LeNet 

(developed in 1998), AlexNet (2012), ZefNet 

(2014), VGGNet (2014), GoodLeNet (2015), 

ResNet (2016), Xception (2017), Convolutional 

Block Attention Module (2018), Channel Boosted 

CNN (2018) … Deep learning and convolution 

neural networks, applied to satellite image 

recognition problems are presented in the following 

papers [8] - [13]. 

Since it is important to have information about 

the earth, LULC maps were created. LULC maps 

still took in manual work and data availability after 

long period (even a few years). Automatic methods 

for LULC classification exist, but there was a 

problem when they have a large-scale LULC 

classification. CNN cannot be directly applied to 

LULC. There were a small number of bases used to 

adapt the CNN to LULC classification. After 

acceptance of CNN architecture, they both were 

used for classification of Sentinel-2 images. 

Training data was taken from Sentinel-2. Researcher 

used annotation from OpenStreetMap database. 

TensorFlow framework and Inception-v3 CNN 

architecture were used. The result showed that 

CNNs were good for LULC classification. [8] 

Several methodologies have been proposed for 

classification of satellite images, but CNN has 

proved to be one of the better ones and is therefore 

used in this paper [9]. In particular, a method for 

classifying a satellite image using CNN architecture 

was proposed. Six-layer CNN architecture 

consisting of an input layer, three convolution 

layers, two sub-sampling layers and at the end a 

fully connected layer is used. Satellite images were 

collected to apply the proposed CNN architecture. 

The database contained 6 classes of different areas 

(airport, bridge, forest, harbor, land and urban area) 

each of 200 images or total 1200 images. From each 

class 50 images were used for training, and the rest 

150 for testing. According to the experiments 

carried out and the obtained results, it was shown 

that the proposed method for classification could be 

an encouraging alternative to existing schemes 

based on extraction for feature. 

With the development of INSPIRE, a few Spatial 

Data Infrastructures (SDI) became publicly 

available. At the same time, Copernicus satellites 

(Sentinel) produce huge amounts of image data. For 

image processing U-net Convolution Neural 

Network (CNN) architecture was developed. The 

research was based in Netherlands. They classified 

six classes: build-up area, water, cropland, forest, 

grassland and undefined area. A comparison of the 

Convolution Neural Network (CNN) with the 

Random Forest model was also performed [10]. 

A challenge in satellite images is automatic 

target detection. Khan and al. [11] proposed a 

system for classifying target and non-target objects. 

They detected aircrafts. The system they proposed 

was based on EdgeBoxes and Convolutional Neural 

Network (CNN).  The architecture of CNN contains 

five layers: two convolutional, two pooling and one 

fully connected layer. A military dataset consists of 

500 aircraft images, 5000 non-aircraft and 26 test 

images. The test images were taken from Google 

Earth. The results shown that the proposed system 

was good for detecting aircrafts in satellite images. 

Authors in paper [12] and [13] deal with HSR 

(high-resolution satellite) images. For image scene 

classification, [12] proposed an agile CNN 

architecture known as SatCNN. They have used 

convolutional layers with many small kernels and 

obtained average precision of around 99.65% for 40 

minutes training. SAT data sets (SAT-4 and SAT-6) 

were used for training. SAT-4 consist of 500 000 

and SAT-6 of 405 000 images covering four/six 

classes. The use of NVIDIA, CUDA and CuDNN 

library made convolutions to move more quickly. In 

the second paper [13] was proposed a new model 

(multi-scale CNN) for geospatial object detection in 

HRS images. For training were used NWPU VHR-

10 datasets (positive dataset contains 650 images 

and the negative dataset contain 150 images) and the 

average precision of 89.6% was obtained. 

IV. CONCLUSION 

Sentinel-2 is one of the most essential data 

acquired for earth monitoring. In this article, we 

make a literature review (an overview) at recent 

studies in which researchers used image obtained 

from Sentinel-2 satellites in order to see the changes 

in the life environment. In addition, we are 

interested in research that make image classification 

using CNN and deep learning. Our aim is using 

CNN to make classification on Sentinel-2 and 

INSPIRE images to search for uncultivated 

workable land in Balkan Peninsula. 
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Abstract - Deep Learning (DL) has been showing promising 

results for solving problems related to the text and Natural 

Language Processing (NLP), computer vision and audio 

processing. Deep learning or hierarchical learning is a 

subfield of machine learning which is based on learning data 

representations using deep neural networks. Deep Learning 

techniques and methods include a wide range of 

applications. In this survey we will present state of the art 

techniques, theoretical framework and DL algorithms and 

architectures. 

I. INTRODUCTION 

Earliest work on machine learning was during 

the 1940s. Being inspired by Principia Mathematica 

[1], where McCulloch and Pitts, brought together 

and developed logic unit with threshold technique 

[2]. This technique was inspired by the “all or none” 

character of nervous activity where each logic unit 

or “neuron” comes with a binary threshold 

activation function which were analogous to the first 

order logic sentences [2]. Later in the late 1940s, 

Donald Hebbs combined two realms of human 

perception, namely the mind and behavior into a 

single theory known as Hebbian Theory [3] which 

could be basically summarized into a single 

sentence - Neurons that fire together, wire together! 

However, Frank Rosenblatt created the 

“Perceptron” in 1958.  “Perceptron” was the 

precursor of modern neural networks, which are 

basically today known as a supervised learning of 

binary classifiers algorithm [4]. The Perceptron 

received much attention during the time due to its 

capability to conduct “online-learning” [5]. Frank 

Rosenblatt’s confidence in his work as the true AI 

was soon proven to be obsolete when the algorithm 

was proven its failure to recognize many classes of 

patterns such as simple non-linear function e.g. 

simple exclusive-or (XOR) function by Marvin 

Minsky in 1969. [6].  

Backpropagation algorithm was proposed in the 

late 1970s [7], and the inability of neural nets to 

handle non-linear functions observed significant 

improvements in results due to the additional layers 

added to the neural nets. The Backpropagation 

algorithm works by back-propagating derivative of 

loss functions, or, errors, back to the network to 

update the parameters in the lower layers. The 

success of this algorithm led to developments of 

Hierarchical multilayered ANN and Convolutional 

Neural Networks [8] that were able to recognize 

handwritten digits [9]. 

In 2006, neural networks were rebranded as 

“deep learning” when Hinton introduced the idea of 

unsupervised pretraining and deep belief nets [10] 

where simple 2-layer model were trained 

unsupervised, and a new layer is added on top while 

the parameters are trained for the new layers. Layers 

are continuously trained and added in a greedy 

fashion until a deep network is obtained Figure 1. 
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Figure 1. Deep belief Networks  

From 2012. and beyond, the availability of large 

amount of data following the age of the Internet and 

advancement in use of hardware such as graphical 

processing units (GPU) which allows larger models 

to be trained more efficiently gave rise to numerous 

breakthroughs in Neural Network.  

AI revolution has been one of the hottest topics 

lately due to the implementation of Deep Learning 

Neural Network technology. Although Neural 

Networks has been around for several decades, three 

factors have been identified as the major drivers of 

its recent research growth and outburst. These 

factors include: 

A. Availability of data 

Data availability has increased. In fact, ninety 

percent of the digital data in the world today has 

been created in the past two years alone. 

B. Progress made in key algorithms 

Key algorithms have improved. The algorithms 

and approaches that now dominate the discipline—

such as deep supervised learning, unsupervised 

learning and reinforcement learning—share a vital 

basic property: Their results improve with the size 

and amount of training data.  

In supervised learning, datasets are labeled with 

a collection of features. In supervised learning, 

model should extract meanings and key features 

from the analyzed data. 

The case of reinforcement learning, an agent 

operates in the real or simulated environment and 

learn from the feedback given by the system. 

C. Improvement on hardware 

Hardware speed has improved. By a fortuitous 

coincidence, a type of computer chip called a 

graphics processing unit, or GPU turns out to be 

very effective when applied to the types of 

calculations needed by the robust algorithms. 

According to Shane Legg, a co-founder of Google 

DeepMind, training that takes one day on a single 

TPU device would have taken a quarter of a million 

years on an 80486 processor from 1990. 

Deep Learning has the potential to significantly 

boost the economy and help to address some the 

world's daunting challenges (e.g. climate change, 

healthcare, and education), by facilitating 

knowledge discovery in different domains of the 

society.  

The key intent of this survey is to present state of 

the art applications, theoretical framework, and DL 

algorithms, in text and natural language processing, 

computer vision and audio processing.  

This paper is organized as follows: The second 

section Deep learning Neural Network architecture 

and state of the art NN models. The third provides 

an overview of the state-of-the-art deep learning 

approaches, techniques and applications in the text 

and natural language processing. The fourth section 

presents an overview of the state-of-the-art deep 

learning approaches, techniques, and applications in 

the computer vision. The fifth section an overview 

of the state-of-the-art deep learning approaches, 

techniques, and applications in the audio processing. 

In the last, sixth section, concluding remarks are 

given. 
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II. ARCHITECTURE OF THE DEEP 

NEURAL NETWORKS 

According to the authors in [6] there are four, 

major architecture of Deep Networks: 

o Unsupervised Pretrained Networks 

(UPNs) 

o Convolutional Neural Networks 

(CNNs)  

o Recurrent Neural Networks 

o Recursive Neural Networks 

 

Due to the similarity between Recurrent Neural 

Networks and Recursive Neural Networks, in this 

paper we will focus on the description of Recurrent 

Neural Networks. 

Generative Adversarial Networks (GANs) [11] 

are great examples of Unsupervised Pretrained 

Networks (UPNs) which has been shown to be great 

at synthesizing images, sounds, videos [12] and 

even images from text descriptions [13]. GANs 

work by utilizing unsupervised learning to train two 

models in parallel (Figure 2). GANs limit a small 

number of parameters with respect to the amount of 

data used to train the network hence forcing the 

network to efficiently represent the training data, 

producing data that is similar to the training data

. 

 

Figure 2. Generative Adversarial Networks  

Out of these architectures, CNNs and Recurrent 

Neural Networks (LSTMs) are most utilized and 

researched as the performances of these 

architectures in image modeling for CNNs and 

sequence modeling for LSTMs greatly surpassed 

other models.  

Convolutional Neural Networks (CNNs) [14] 

works with the aim of learning higher order feature 

orders in data using convolutions. The strength in 

performance of CNNs in analyzing wide variety of 

visual data making it consistently topping image 

classification competitions. Its object recognition 

properties are one of the reasons the power of deep 

learning is acknowledged by the world. Architecture 

of CNNs (Figure 3), a higher-level function converts 

input data obtained from the input layer through all 

connected layers into class scores which will then be 

produced by the output layer. In the input layer, 3-D 

input (e width x height of image) as well as depth 

representing the color channels (e.g. RGB color 

channels). The layers followed by the input layers 

are called the feature extraction layers which 

consists of convolutional layers and pooling layer. 

These two layers repeat in pattern of sequence 

forming the feature-extraction layers which 

construct higher-order features based on the number 

of features found in the data. The higher-order 

features produced are then fed in the classification 

layers and produce scores. These layers are 

connected completely to the neurons in the previous 

layer, outputting 2-D output made of number of 

examples in the mini-batch in one dimension and 

number of classes designated for scoring in another. 

CNNs exploit spatially local correlation by 

enforcing a local connectivity pattern between 

neurons of adjacent layers as shown in the Figure. 3. 
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Figure 3. A simple illustration of the CNN  

A feature map is obtained by repeated 

application of a function across sub regions of the 

entire image, in other words, by convolution of the 

input image with a linear filter, adding a bias term 

and then, applying a nonlinear function.  

Recurrent Neural Networks (RNNs) are part of 

the feed-forward neural networks family, differing 

from feed-forward neural network only in the ability 

of information being transmitted through the time-

steps [15]. Advancement of research in fields such 

as parallel-computing, use of graphical processing 

units (GPUs), optimization and network 

architectures have made RNNs more practical for 

researchers and applications. RNNs take each vector 

from a sequence of vectors from the input then 

modeling them one by one, hence allowing retain of 

state of the network while modeling each input 

vector for each sequence of input vectors. The 

recurrent connections of RNNs enables the model to 

incorporate the concept of time as these recurrent 

connections span previous time-step (Figure 4.). The 

ability to incorporate concept of time of RNNs laid 

a foundation for RNNs to include input vector from 

previous time-step to produce current output at 

current time-step via recurrent connections. This is 

made possible because at each time-step of a 

recurrent network, input, and input activations from 

current input vector as well as hidden nodes in the 

previous state of the network are received at the 

nodes. Subsequently, output is computed from the 

hidden state at each time-step. Therefore, allowing 

current output to incorporate influence from 

previous input vector through the recurrent 

connections as well making it extremely useful for 

sequence modeling. 

 

Figure 4. Basic RNN – Vanilla  

The most used variation of RNNs is the Long 

Short-Term Memory (LSTM) network [16]. What 

makes LSTM network is its memory cell and the 

gates, such as the input gates and forget gates as 

shown on the Figure 5.  Input gates and forget gates 

of LSTMs modulate the data within memory cell.  
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Figure 5. LSTM architecture [16] 

The contents of the memory cell will not be 

affected when the two gates are not functioning 

from one time-step to another. The gating structure 

allows certain information to be kept through many 

time-steps, allowing the vanishing gradient problem 

experienced by Recurrent Neural Network to be 

solved. 

A. Deep Learning Network Architecture – 

state of the art 

ThalNet model is a modular neural network 

inspired by neocortical communication via the 

thalamus. It comprises a tuple of computation 

modules that route their respective features into a 

shared center vector, which is then read selectively 

by each module to obtain its recurrent context input. 

It is shown that the model learns to route 

information hierarchically [17] (Figure 6.) 

 

Figure 6. ThalNet [17] 

In the ThalNet network model, module receive 

input x, and produces features to the center Φ and 

output Y. Its context input ci is determined as a 

linear mapping of the center features from the 

previous time step. 

In the [18] authors propose outrageously large 

neural networks - Sparsely-Gated Mixture-of-

Experts (MoE) layer where each sample only 

activates a sparse subset of many expert networks, 

determined by a gating network. The layer is 

embedded in a larger architecture that is overall 

trainable by backpropagation [18] (Figure 7.) 

 

Figure 7. Sparsely-Gated Mixture-of-Experts 

(MoE) layer [18] 

Evolutionary Algorithms [69]- showed that 

network weights encoded dimensions of image 

variations that are sensible to humans, possibly due 

to the diversity of environmental selection (Figure 

8.). 

 

Figure 8. Evolutionary Algorithms 

B. Capsule Networks 

Capsules Networks proposed by Hinton (2017) - 

Capsules are small groups of neurons that act 

together like a node in a layer of a deep neural 

network. With capsule network [19], layers are 

comprised not of individual artificial neurons (ANs) 

but in a small group of ANs arranged in functional 

pods or capsules plus decrease the error rate 

compared to Ans (Figure 9.) 
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Figure 9. Capsule Networks 

As shown on the Figure 9., the length of the 

activity vector of each capsule in DigitCaps layer 

indicates presence of an instance of each class and is 

used to calculate the classification loss. Wij is a 

weight matrix between each ui,i ∈ (1,32×6×6) in 

Primary Capsules and vj,j ∈ (1,10). In [20] authors 

propose a dynamic routing algorithm where each 

capsule in the current layer computes a “prediction 

vector” for each possible parent in the layer above 

by multiplying the child capsule’s own output by a 

weight matrix. If this prediction agrees with the 

output of the parent, these two capsules become 

more “coupled” in the next iteration. This routing 

operation iterates a few times between a pair of 

consecutive layers. Research on recurrent neural 

networks for speech recognition could done in this 

area of research as well. 

C. Initialization methods 

State of the art initialization methods – For a 

self-normalizing neural network (SNN) [21], the 

weights in a feed-forward neural network are 

initialized in such a way that, for any unit in a 

higher layer with input weights. Under these 

conditions, the activations in a layer converge 

towards zero mean and unit variance as they 

propagate through many network layers. This is an 

alternative method to normalize network 

activations that motivated popular techniques like 

batch and layer normalization. For the activation 

function, Scaled Exponential Linear Units (SELUs) 

was proposed to render a FNN as self-normalizing 

(Figure 10.). Thus, we can prove the self-

normalizing property even for weight vectors that 

are not normalized so that the self-normalizing 

property can be kept during learning and weight 

changes. Research on new types of the Activation 

Function and Label Smoothing techniques that will 

improve model performances could possibly be 

done as an extension of this area in the future. 

 

Figure 10. Scaled Exponential Linear Units 

III. LEARNING ARCHITECTURES 

A.  Standard learning architectures 

Authors in the [22] demonstrate that standard 

learning architectures are expressive enough to fit 

commonly used image classification datasets such 

as CIFAR 10 and ImageNet with random labels or 

random pixels. Obviously, these trained models 

don’t generalize to the equally random test sets. 

Therefore, the key reasons that deep learning 

generalizes in practice must not be the ones that 

apply to the random setup. Deep neural nets tend to 

prioritize learning simple patterns first, and 

appropriately tuned explicit regularization (e.g., 

dropout) can degrade training performance on noise 

datasets without compromising generalization on 

real data. Authors in [22] hypothesize that this is 

because generalizable solutions are easier to find 

and observe that the sharpness around local minima 

increases with the level of noise. It is also well 

known that sharp minima generalize poorly. 

Intuitively, this is because a local minimum for the 

test set likely differs slightly from the minimum for 

the training set. When the minima are sharp, this 

small difference translates to large degradation of 

model performance. 

Studies on the relations between a model minima 

and data could be done further in the future due to 

the fact that recovering the global minimum 

becomes harder as the network size increases and 

that it is in practice irrelevant as global minimum 

often leads to overfitting. Numerical evidence could 

be presented such that large-batch stochastic 

gradient descent (SGD) tends to converge to sharp 

minima, but small-batch methods consistently 



International Conference on Information Technology and Development of Education – ITRO 2021 

November, 2021. Zrenjanin, Republic of Serbia 

 

167 

converge to flat minima, which should exist for real 

data given that they afford generalizable models.  

B.  Reinforcement learning algorithms 

Deep Q-Network (DQN) algorithm proposed by 

[23] to learn a target by minimizing a loss function. 

To reduce the DQN algorithm’s overestimation 

problem, authors [24] proposed the double DQN 

(DDQN) algorithm. Authors [24] proposed the Deep 

Q-Learning from Demonstrations (DQfD) algorithm 

where a combination of the double DQN loss, a 

supervised large margin classification loss and 

regularization loss. To improve performance over 

DQN and DDQN authors [25] proposes repeatedly 

retraining the weights of the last hidden layer of the 

deep Q-networks. The training is based on least 

squares shallow learning method where it is 

essential to use a Bayesian regularization that treats 

the last layer’s weights as a Bayesian prior. Future 

work on this area of research includes work on 

Policy-Based Reinforcement Learning Algorithms 

and Continuous actions algorithms that could use 

next-step prediction to model the values and policies 

over discretized dimensions, and value distribution. 

Models for the value distributions could be built 

using a quantile of the target distribution and 

develop the new regression algorithms.  

C. Neural Network reasoning  

Using Reasoning Networks, authors in [26] 

achieve state of the art performance on a 

challenging visual QA dataset CLEVR. An RN is a 

critical component in the core of an Interaction Net, 

without which a Visual Interaction Network 

performs much worse in tasks of predicting the 

trajectory of simulated physical objects. It is worth 

noting that the presence of noise from a visual 

encoder enhanced the performance of its 

downstream Interaction Network that reasons purely 

in the states of objects. This is a good example 

where additional intelligence emerges from the 

composition of simple modules. Relational 

reasoning is a principal component of generally 

intelligent behavior but has proven difficult for 

neural networks to learn. In this paper, authors 

describe how to use Relation Networks (RNs) as a 

simple plug-and-play module to solve problems that 

fundamentally hinge on relational reasoning. 

Authors [26] stated that RN deep learning 

architecture can discover and learn how to reason 

about entities and their relations. 

Reasoning NNs are a potential venue for a 

breakthrough towards AI that is now hopeful to be 

found. Reasoning Networks can be used for a 

variety of problems that can benefit from structure 

learning and exploitation, such as rich scene 

understanding in RL agents, modelling social 

networks, and abstract problem-solving. Future 

work could also improve the efficiency of RN 

computations. An important direction is exercising 

this option in circumstances with strict 

computational constraints, where, for instance, 

attentional mechanisms could be used to filter 

unimportant relations and thus bound the otherwise 

quadratic complexity of the number of considered 

pairwise relations. 

IV. CONCLUSION 

This survey presents an overview of Deep 

Learning state of the art present state of the art 

techniques, theoretical framework and DL 

algorithms and architectures. Authors provide a 

detailed view of four major deep neural networks 

categories and state of the art models. Authors 

opinion is that Reasoning NNs are a potential venue 

for a breakthrough towards AI that is now hopeful 

to be found. Reasoning Networks can be used for a 

variety of problems that can benefit from structure 

learning and exploitation, such as rich scene 

understanding in RL agents, modelling social 

networks, and abstract problem-solving. Future 

work could also improve the efficiency of RN 

computations. An important direction is exercising 

this option in circumstances with strict 

computational constraints, where, for instance, 

attentional mechanisms could be used to filter 

unimportant relations and thus bound the otherwise 

quadratic complexity of the number of considered 

pairwise relations. 
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Abstract - The globalized markets have brought challenges 

to the majority of enterprises. Domestic enterprises lack in 

competitive ability due to low productivity and low product 

quality. The application of ICTs in various business 

processes has the potential to improve business performance 

and market positioning. ICTs in CRM systems can 

significantly improve customer retention rates and customer 

satisfaction. In this paper, the application of ICT-based 

solutions in CRM systems is discussed. The main goal of the 

paper is to develop a theoretical CRM model based on ICTs 

and to analyse the potential of such systems in domestic 

enterprises. The paper contributes to the existing body of 

literature and it provides a solid basis for future research. 

Keywords: ICT application, CRM system, business 

performance, domestic enterprises. 

I. INTRODUCTION 

The modern business environment characterized 

by the globalization of markets, the dynamic and 

rapid development of modern information-

communication technologies (ICTs), and by the 

changes brought by the COVID-19 pandemic, 

brings challenges to enterprises when it comes to 

achieving a competitive and stable position on the 

market [1]. ICTs include a wide assortment of 

technologies that enable enterprises to store, obtain, 

analyse, and share data. This way enterprises 

increase their potential when it comes to business 

performance through increased productivity, 

improved decision-making, and an improved CRM 

system [2]. The application of ICT in management 

processes, especially in decision-making, has grew 

in importance due to the changes on the market that 

require flexible business strategies. The 

implementation process of modern ICTs has to be 

effectively addressed by managers as well other 

employees who will use it in their business tasks. 

This way the potential effectiveness of such 

implemented ICTs is increased [3].  

Furthermore, when it comes to increasing 

business performance and achieving 

competitiveness the process of developing good 

customer relations has to be improved as customer 

retention is an imperative for business success. 

Solutions for CRM system improvement can be 

found in the application of ICTs within these 

systems. CRM can be viewed as a strategic 

approach that utilizes various managerial and 

business tools, techniques, and methods with the 

goal to develop good relationships with customers 

through delivering value and increasing customer 

satisfaction. ICTs can significantly contribute to the 

effectiveness of modern CRM systems that are 

designed to adapt to the changing globalized market 

[4]. Modern ICTs provide the necessary 

infrastructure for fast-paced and even real-time 

customer support and customer evaluation 

(including customer behaviour, customer needs, and 

customer satisfaction). As modern markets are 

constantly fragmentizing and segmenting, and there 

is an increasing intensity of competitive relations 

between enterprises, CRM systems and the process 

of attracting and retaining customers are becoming 

the new status-quo, meaning that without modern 

ICT-supported CRM systems, enterprises have a 

slim chance at obtaining an adequate market 

position. CRM systems can increase operational as 

well as strategic performance and should be 

considered by enterprises accordingly [5]. However, 

the potential of such CRM systems can heavily 

depend on other external and internal factors as 

well. For example, competition intensity, market 

saturation, and regulatory clarity can significantly 

hinder the effectiveness of ICT application in 

enterprises. Similarly, internal factors such 

employee skills, communication between managers 

and employees, and strategic focus on business 

goals can affect the outcome of ICT-based CRM 

systems.  

In this paper, the important role of ICT 

implementation and application in modern CRM 

systems is analysed. The main goal of the paper is to 

present a theoretical CRM model that shows the 

potential of ICT application within CRM systems. 

The paper consists of four main sections (excluding 

the Introduction and Conclusion sections). The first 

section addresses advanced ICTs and their role in 

enterprises. The second section analyses the 

potential of CRM systems when it comes to 
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increasing business performance. Next, a theoretical 

model is developed to present the potential of ICT 

application within a CRM system. Finally, 

suggestions and guidelines for improving business 

performance of domestic enterprises are discussed.  

II. ADVANCED ICTS AND THEIR ROLE IN 

ENTERPRISES 

The fourth industrial revolution - Industry 4.0 is 

characterised by the rapid development and 

application of advanced ICTs. Enterprises, and 

especially enterprises in developing countries, face 

challenges when it comes to conducting business 

within the framework of Industry 4.0. Advanced 

ICTs have the potential to increase enterprises' 

competitive ability and allow them to enter the 

globalized market. In addition, ICT application in 

enterprises can increase the diversification of 

products and services as well the creation of value 

for customers [6]. Modern ICT infrastructure can 

provide mechanisms that increase the number of 

opportunities, which the enterprise can seize. This 

can lead to increased growth and profitability. 

However, it is important to note that such positive 

outcomes from ICT implementation and application 

are not the default results, and in order to achieve 

such results, enterprises have to optimize and 

provide the necessary network, resources and 

employee skills into the ICT application process [7].  

In practice, small and medium-sized enterprises 

are slower in the rate of ICT adoption compared to 

big enterprises and corporations. Beside the lack of 

infrastructure and resources, small and medium-

sized enterprise owners have less trust in modern 

ICTs, especially when it comes to invoicing and 

scheduling. Therefore, small and medium-sized 

enterprises, in order to obtain competitiveness 

through ICT application, have to possess the 

necessary will and organizational approach towards 

organic improvements, which are ICT-based [8]. 

ICT solutions in an enterprise setting are often in the 

form of various information systems that can serve 

and support the marketing sector (marketing 

information system), decision-making processes 

(decision-making support system), financial sector 

(finance support systems) etc. Depending on the 

type of enterprise and the industry in which it 

conducts its business, information systems can 

address the quality management sector, sales sector, 

customer support sector [9]. Further, human 

resource information systems (HRIS) are another 

ICT solution that can bring significant improvement 

to managing employees. HRIS can improve 

processes when it comes to monitoring and 

optimizing attendance, payroll, recruitment, training 

and assessment of conducted work [10]. 

ICTs can be implemented in a manner that it 

involves several business processes and sectors, thus 

providing an integrated system that can improve 

several aspects of conducting business at once. 

Integrated information systems can be viewed as 

solutions, which enable small and medium-sized 

enterprises to cut costs on infrastructure and 

network resources. Domestic enterprises in Serbia 

face challenges in the domain of quality, 

productivity, and application of modern 

management methods and techniques. Therefore, 

ICT-based solutions that require less resources is 

preferable, and often, the only approach the 

enterprise can take. In the modern business 

environment, market dynamics put pressure on 

enterprises in the process of attracting and retaining 

customers. Hence, effective CRM systems are 

becoming an imperative for developing strong and 

long-term relationships with customers.  

It is evident that ICTs, and more specifically 

information systems, can find a large number of 

roles in an enterprise, depending on what business 

processes are to be improved. Industry in which an 

enterprise conducts its business also affects how an 

ICT-based solution will bring improvements to 

business performance. More precisely, ICT adoption 

in industries where such technologies are not 

represented in a high percentage could have a bigger 

potential compared to ICT adoption in industries 

where these modern technologies are widely used 

within the majority of enterprises. Further, for 

domestic enterprises in Serbia, due to the specific 

relations on the global market, ICT solutions should 

be market-oriented. This way customers could be 

attained effectively and retain rates could be 

increased. 

III. INCREASING BUSINESS PERFORMANCE 

THROUGH ICTS AND CRM 

Considering the challenges of the modern 

business environment, creating value for customers 

is an important aspect of increasing business 

performance. Identifying what customers need and 

want represents an integral part of an effective CRM 

system. The application of ICTs within CRM 

systems creates a new CRM approach noted as  

e-CRM where customer relationships are developed 

through electronic media and the Internet [11]. 

Customer service and customer support are key 

elements of developing and maintaining good 

relationships with customers. E-CRM performance 
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is often affected by these factors as well as by 

interactivity, personalization, satisfaction and post-

purchase support. E-CRM refers to a management 

approach towards marketing activities using ICTs, 

including information systems, and communication 

value through the Internet [12]. CRM systems that 

are based on ICTs rely on data collection and 

analysis. Depending on the timeframe of obtaining 

data, as well as on the type and volume of data, 

CRM levels can be analysed as current state 

indicators or as future insight and future trend 

indicators. This approach has tremendous potential 

when it comes to increasing market performance 

and overall business performance [13]. CRM 

systems are expected to be used in accordance with 

the enterprise's needs and business goals. 

Information is hyper-distributed on the globalized 

market and enterprises, especially domestic small 

and medium-sized enterprises, face difficulties and 

challenges on how to extract valuable and actionable 

information from data of such volume. Modern and 

advanced CRM systems that integrate ICT-based 

solutions possess the necessary mechanisms to 

obtain, store and analyse large volumes of data that 

results in valuable information. The enterprise can 

use this information to improve and optimize their 

marketing strategies, and increase the value that 

they offer to their customers or potential customers 

[14]. The use of modern CRM systems has been 

noted as an important aspect of business 

performance improvement. The main reason behind 

this is the development of stronger relationships 

with customers, compared to non-CRM supported 

relationships. As the digitalization rates of business 

and conducting business grew over the years, the 

application of CRM systems and the necessity for 

them also increased. These systems, in the modern, 

Internet-driven, and constantly changing market, 

present a significant technological contribution to 

how enterprises communicate and deliver value to 

their existing and potential customers.  

CRM systems are focused on satisfying their 

customers and to, through such satisfaction, increase 

the rates of retention. The collected data from 

customer feedback and other sources (Internet and 

other electronic media), is analysed in order to 

quickly reduce its complexity and extract 

information that will identify and define what are 

the next steps that the enterprise should take [15]. 

Now, the noted CRM system is not guaranteeing 

increased business performance nor enhanced 

competitive ability. This is due to the complexity of 

effectively integrating and implementing such 

systems in almost any type of enterprise. Therefore 

it necessary to take into consideration: the 

enterprise's needs; having sufficient resources; good 

communication between providers and employees at 

the enterprise; thorough preparation for the 

implementation process; preparing the enterprise 

before the system is used; providing support to 

managers; reorganization in the enterprise in 

accordance with the new system's requirements; and 

addressing the potential need for external 

consultants [16]. 

Overall, CRM systems based on ICTs have the 

potential to increase competitiveness and overall 

business performance. However, the implementation 

process has to be organic, and changes in the 

enterprise have to be long-term in order for the 

newly implemented CRM system to bring the best 

possible results.  

IV. CRM MODEL BASED ON ICTS 

Based on the analysed literature in the domain of 

ICTs and CRM systems, a theoretical model that 

presents an ICT-based CRM system is developed. 

The theoretical model is not created for a specific 

industry or enterprise, but it is rather generic in 

nature. The model is presented on  

Figure 1. The model consists of seven main 

elements that are described in more detail. 

 

Figure 1. CRM model based on ICTs. 

The first element of the model is an ICT-based 

solution that is applied within the CRM system. 

More precisely, an information system is used for 
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Abstract – This paper describes a novel system for the 

electronic application of children for enrollment in 

preschool institutions in Serbia. The process of enrolment is 

described. System analyses and design are done through 

structural system analysis, data modeling, and object data 

model. Created models are implemented in PHP and 

JavaScript programming languages, MySQL relational 

database management system. Several web pages of a 

software solution and a part of various model diagrams are 

presented in this paper. 

I. INTRODUCTION 

The development and application of information 
technologies in past decades have enabled 
organizations and institutions flexibility and 
adaptability during working and functioning. Many 
business problems were solved by automating and 
reducing the number of business activities. The use 
of information systems is imperative in systems, 
enterprises, businesses or education institutions 
because they enable collecting, memorizing, and 
organizing a huge ammount of data, processing  
information, and in the end generating various 
reports and analyses for a decision support role. 

Information systems are also extremely important 
in educational institutions. A well-structured 
information system in the education area enables 
more thorough planning and implementation of the 
different educational processes. 

The topic of this paper deals with the information 
system for enrolling children in preschool. This 
problem is elaborated through system description, 
structural system analysis, data modeling, object data 
modeling and programming software. An object-
oriented approach was used within the software 
implementation. The paradigm of the object-oriented 
approach is to look at the real world as an organized 
set of objects that have an established state and 
behavior, that are in mutual interaction and the goal 
of that interaction is to achieve predetermined goals. 

The rest of the paper is organized in the following 
sections: the second heading describes the business 
process, the third heading presents the conceptual 
design of the web information system, the fourth is 

the technical description and the last section is a 
conclusion. 

II. ENROLLMENT BUSINESS PROCESS 

At the beginning of the new year, the Ministry of 
Education sends a letter to the preschool institution 
containing a budget quota and a list of priorities. 
Based on that, the preschool institution makes a 
decision that contains data on the number of 
vacancies following the available capacities of the 
kindergartens and the budget quota of the ministry. 
The accounting department prepares a price 
calculation. The formed prices must be forwarded to 
the parents. 

At the end of March each year, the kindergarten 
announces a competition. Parents register their 
children by filling out an online form. The form 
contains basic information about the children, 
parents (or guardians), their social and family status, 
i.e. whether they belong to a socially vulnerable 
group, and to which group they belong. Also, parents 
are obliged to state the child's health condition in the 
application.  

At the end of the competition, a list of children's 
priorities for enrollment is formed and it is based on 
data submitted by parents and the number of 
vacancies. Priority for enrollment is given to children 
from socially vulnerable groups: children victims of 
domestic violence, children from families that use 
some form of social protection, children of single 
parents, children from socially unstimulating 
backgrounds, children of seriously ill parents, 
children whose parents are war invalids, children 
proposed by the Center for Social Work; children at 
risk: e.g. asthma, heart murmur, etc.  

The kindergarten issues a certificate of child 
enrollment to the parents. The preschool institution, 
under the Law on Preschool Education is obliged to 
enter data in the registry book of the enrolled 
children. Personal data about children and their 
parents, ie guardians, are entered in the children's 
register. Data on preschoolers are forwarded to 
educators. When all these tasks are completed, the 
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preschool institution sends a report to the ministry 
about the number of enrolled preschoolers. 

The enrollment of children in a preschool 

institution is done under the Law on Preschool 

Education, which states the goals of preschool 

education that each preschool institution endeavors 

to achieve. The preschool institution, following its 

capabilities and the expressed needs of families for 

various preschool education programs, at the request 

of parents or guardians, enrolls preschool children, 

according to the criteria for determining priorities 

for enrollment. 

Currently, in Serbia, there are only a few 

preschool institutions that make an online  

enrollment application, but there are still those that 

enroll children based on the personal departure of 

parents to the institution. This is a burden for the 

administrative part of the preschool institution. The 

online application makes the procedure easier for 

parents who do not have flexible working hours, but 

also is a benefit for the administration of the 

preschool institution. 
In the last few years there is a growing need for 

this kind of application and usage of information 
systems, databases, and information technologies, so 
most preschool and other educational institutions  
need this way of working. 

III. SYSTEM ANALYSES AND DESIGN 

Analyses of the business processes from the 

description and insights into the application 

documents, following business processes are 

identified in this early phase of system analyses: 

 Preparation of the competition: deciding on 
the competition, budget quota records, 
making a price calculation, priority list 
records. 

 Candidate application: announcement of the 
competition, records of received forms. 

 Candidate enrollment: creating a ranking list, 
supplement the registry book with data on 
preschoolers, update the registry book with 
information about the parents, issuance of a 
certificate of enrollment, sending a report to 
the ministry, processing of data on 
preschoolers. 

The business processes model diagram with 
entities, data flows, processes and data stores that 
exist in this area is shown in “Fig. 1”. 

The conceptual data model was done with a case 

tool. A diagram of this model is presented in “Fig. 

2”. It contains entities with attributes and their 

domains, data types, constraints, relationships 

between entities [1]. Some of these objects are 

imported from the business processes model. 

IV. SYSTEM DESCRIPTION 

When starting the home page, there are the 

following functions: child's log in, a contest preview 

where the contest can be selected from the drop-

down menu, login and user registration. On the 

home page there is also an "advertisement" for the 

registration of children which displays a message to 

the user on how to log in and how to register the 

child. There is also information about the 

application. User login requires entering the user's 

email address and password and the ability to 

register if the user has not created a user account. 

The parent registration form has been implemented 

in the same way. It is shown in “Fig. 3”. When 

registering a user-parent, the user's code is also 

filled in, and in addition, data of the parent, such as 

name, surname, identity number, etc. A parent 

 

Figure 1. Business process model diagram 
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Figure 2. Conceptual data model diagram 
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cannot create an account unless they enter their 

personal information. All registered users are 

considered parents, while the administrator is 

entered directly into the database in the user account 

table without the need to register. 

The main menu is created based on a usage of a 

case diagrams [1] that distinguishes two types of 

users:  parents and system administrators. 

User account information edit is available to any 

user profile (both administrator and parent) after the 

successfull login. The change is made on a page 

with a form that displays data of the current user. 

The email address is unique, so the user cannot 

select an address that already exists in the database.  

Only users who are registered as parents can 

register a child. As it can be seen in “Fig. 4” the 

application form consists of filling the personal data 

about the child, such as e.g. name, surname, address, 

etc., and in the choice of the social group to which 

the child belongs - whether he belongs to a socially 

sensitive group or not, and what the child's health 

condition is. Data on the socially sensitive group or 

endangered health condition of the child are 

priorities when ranking, because based on that, these 

children receive points. If a parent chooses that the 

child is in good health, he loses the opportunity to 

choose a health problem, the same is true for a 

social group. After selecting the "apply" button, the 

child is entered into the database and a confirmation 

of the success is sent to the user. It is important to 

mention that parents cannot apply for a child for a 

competition that has expired, ie whose deadline has 

passed. 

The basic data in the system are: places, health 

conditions, social groups and competitions. This 

information is entered by the administrator via input 

web forms. This page is available only to the 

administrator. After completion of data entry, a user 

receives a message whether data has been 

successfully entered into the database. 

The search of data was realized using the 

JavaScript function [2]. Users must enter part of the 

name or full name in the search field. The function 

allows data from all columns to be a search criteria. 

For example, we can enter the Republic of Serbia 

and it will show all the places that are in the country 

or type in the name of the place or the identification 

number of the place. There is also a software 

function that allows you to view all data. When the 

desired data is found or all data function is selected, 

a table appears which, in addition to data, also 

contains the option to edit and delete entered data. If 

a user wants to delete data, a confirmation message 

appears stating whether users are sure or not to 

delete data after confirmation. After confirmation 

data will be deleted from the database with a 

message about the successful operation. 

Within the web application, there is a possibility 
for creating two types of reports: a report on the 
applicants for the competition with points and a 
report on the registered child (“Fig. 5”). Only the 
administrator has access to these reports. They can 
be printed on paper or saved in PDF file form. If 
users want to generate a report on the registered 
children, it is necessary to choose the competition. If 
a report is needed for a specific child, it is necessary 
to enter the Personal ID number of that child. In 
addition to personal data, the report on the child also 
contains data on the social group and health 
condition. 

 

 

Figure 3. User registration form 

 

Figure 4. Web application form 
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V. IMPLEMENTATION 

This application is implemented with an object-

oriented approach, which involves working with 

classes, objects, attributes and methods. Attributes 

are created based on the columns of the database 

table, and the methods are used for implementation. 

They are constructed upon previous models  [1] 

The content of the home page is formed by the 

Bootstrap framework [3], using the section classes 

in the central part of the page. The site consists of 

HTML tags and links to CSS and JavaScript files 

[2]. The character set is UTF-8, which is the most 

suitable variant for encoding Latin text. PHP 

commands, shown in “Fig. 6”, are embedded within 

HTML tags and they are used to turn on the top and 

bottom menus of the page with the include 

command, as well as to print a message to a user 

who retrieves data by the GET method from a URL 

[4]. If the user does something that is recognized as 

an error, the message will be printed in red, as 

opposed to green, and this is done using the 

JavaScript function and the color-changing CSS 

class [2]. A session has also been started within the 

PHP command [4]. 

User login consists of transferring data between 

pages using the POST method, but only if a session 

is started. Within the classes, data is retrieved using 

the SELECT SQL command. After that, it is 

checked whether one data has been returned and if it 

is not, it means that there is no account with the 

given email and the received data is passed through. 

Then it is checked if the code is good and if so, data 

is assigned to the session. The page also displays a 

link to the registration page if the user does not have 

an account. 

User registration is done similarly as login 

except that a parent class object is created, since it is 

necessary to enter in the database both in the parent 

table and in the account table, because the parent 

cannot register if he has not entered personal data.  

Logging out of the user account consists of 

commands to start and destroy the session and then 

a message to the user stating that they have 

successfully logged out. 

Modifying a user account is available to both 

parents and administrators. The ser can hange the 

account if the session contains an email, ie the user 

must be logged in. An account class object is 

created. The POST method downloads data entered 

in the modification form and calls the modify e-mail 

and edit e-mail with a password, depending on 

whether the user wants to change the password as 

well. After the change, a new modified email is 

assigned to the session. 

Only the administrator can enter basic data. The 

entry is made by creating an object of a given class, 

then the POST method sends data from the form and 

calls the method of the class that is used to record 

data. It is important to mention that the deadline for 

applications cannot be chosen for the competition. 

Displaying data part calls a class method that 

uses the SELECT SQL command from a table to 

retrieve all data from the database. PHP function 

mysqli_num_rows shows how much data is in the 

table and if it is greater than zero the while loop is 

passed through that data and it is written to the 

HTML table during the web page creation. 

Data search is implemented by calling the PHP 

method while opening the page, which will 

download all data and place it in a table, and with 

the help of JavaScript functions, that table will be 

displayed with all or filtered data.  

Within data search pages, there are also options 

for deleting and editing data. For these operations 

the GET method was used to retrieved the 

identification number from the URL. For editing 

data we used the SQL DML UPDATE command. 

Deleting selected data from the database was done 

with the DELETE SQL DML command. Before 

deleting, the user is shown a message whether he is 

sure he wants to delete the selected data. After these 

executed orders, users receive a message about their 

success. 

An object was created within the page for 

displaying the competition. Using the drop-down 

list created for competitions loading from the 

relational database with the SELECT SQL DML 

command. The user selects the contest he wants to 

review. It is retrieved from the URL by the GET 

method id of that contest. Using the if statement, it 

is checked whether the deadline for applying for the 

competition has passed for that competition, it will 

 

Figure 5. Report preview 
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be printed that it has expired. If the application 

deadline has not expired, the competition data will 

be displayed. 

The basic business process that is implemented is 

the registration of the child. This can only be done 

by registered users who are registered as parents. 

Due to data that are filled in different tables, class 

objects were created: Child, Parent, Place, Health 

status, Social group, Competition and Application. 

Using the POST method, data is retrieved from the 

form. Before recording this data and calling the 

appropriate method, it is checked if the child's 

identity number already exists in the database. If 

there is, a message is printed to the user. After the 

identity number is checked, the methods for saving 

data into the tables are called. These methods are 

implemented within classes and use the SQL DML 

INSERT command. Data are also recorded in the 

link tables using the Parent-Link and Health link 

methods, as the relationship is higher to higher. 
 

Reports are created on several web pages. On this 
pages for report generation objects of the application 
class and the competition class are created to take 
data on the names of the competition and data on the 
applicants. The downloaded data is printed in the 
HTML table form if the methods return a result 
greater than zero for a number of loaded rows from 
database tables, otherwise it is printed that there are 

no applications for the selected competition, ie the 
table in the database is empty. Within the child 
report page, PHP first calls the method that checks if 
the entered personal identification number exists in 
the database. If it does not exist, a message is 
displayed to the user. Then, when the personal 
identification number was taken over by the POST 
method, data on the child from the table Child, data 
on the health condition from the table Health 
condition and divisions about the social group from 
the table Social group are loaded. The obtained data 
are gattered into the HTML table in the report. 

VI. CONCLUSION 

Within this paper, the most important function of 
preschool institutions, child registration has been 
presented. In this novel software, the child's 
application is designed to be done online and the 
application is filled in by the parents. In that way, the 
administration of the institution facilitates the 
procedures, and thus saves time for both them and 
the parents. The software has an important function 
for automatically assigning points to registered 
candidates based on the given criteria, which 
simplifies the ranking procedure. The main 
advantage of web applications is their independence 
from the type of computer, operating system or 
platform, so it is available to all users. 

Knowledge of CASE tools, databases, three-layer 
architecture, object-oriented programming and 
languages CSS, HTML, PHP and JavaScript was 
required for the preparation of the paper. 

The possibility of upgrading the software is 
provided by the structural system analysis, which 
contains other tasks performed during the enrollment 
of children, such as calculating the price, opening the 
child's registry, issuing a certificate of enrollment, 
sending reports to the ministry and the like. 

REFERENCES 

[1] B. Radulović, Lj. Kazi, and Z. Kazi, “Information Systems” (on 
Serbian), University of Novi Sad, Technical faculty „Mihajlo 
Pupin“, Zrenjanin, 2011. 

[2] J.C. Meloni, “Sams Teach Yourself HTML, CSS and JavaSript”, 
SAMS, Pearson education, 2012. 

[3] F. Cimo, “Bootstrap Programming Cookbook”, Exelixis Media, 
2015. 

[4] K. Tatroe, P. MacIntyre, R, Lerdorf, “Programming PHP”, 3rd 
edition, O’Reilly, 2013. 

 

 

Figure 6. PHP programming language commands 



International Conference on Information Technology and Development of Education – ITRO 2021 

November, 2021. Zrenjanin, Republic of Serbia 

 

178 

The Use of Web Tools 2.0 in Education 

T. Milić*, I. Berković*, E. Brtka*, I.Vecštejn*, K. Ivanović*  

* University of Novi Sad, Tehnical Faculty „Mihajlo Pupin“, Zrenjanin, Serbia 

tamaraaamilic021@gmail.com, ivana.berkovic62@gmail.com, eleonorabrtka@gmail.com, 

igor.vecstejn@gmail.com, katarina.ivanovic@tfzr.rs 

 

Abstract – Web 2.0 tools are often used in education, in 

industry, in every place where people apply IT knowledge. 

The paper shows how web tools advanced over span of 

years, what applications are people using for productivity,  

education, etc. There are several categories of applications 

that people mostly use in their life. Discription and purpose 

is given to every application.   

I. INTRODUCTION 

This century has brought big changes and 

revolution into the world of technology. The big 

change was caused by the introduction of the 

Internet at the beginning of the sixties in the 

previous century and technologies in education 

gained immense popularity by an increasing access 

and use.  From that moment till today, technology 

has been present in all branches of education. People 

replaced traditional learning with contemporary 

learning, actually, people would rather choose to 

learn from digital devices than from the books. The 

combinations of technologies in education are 

innumerable. The use of technology in education 

provides advantages for students' learning. These 

advantages are:  flexibility, large selection of tools, 

free access to the programme, free and wide scope 

of learning websites, motivation, etc. There are 4.72 

billions of Internet users in the world currently [1]. 

Majority of them tried to learn via the Internet at 

least once. 

Due to the big revolution of technologies, 

teachers are expected to improve and apply ICT in 

education. Immense advantage of the teaching 

improvement lies in the fact that teachers have 

access to a wide range of programmes and tools. 

Web tools 2.0 are one of them. By using this type of 

tool, a teacher is enabled to create attractive material 

that will motivate students to learn more easily and 

accept this learning approach. The only problem is 

the fact that there are numerous useless tools, which 

are not very applicable and do not have the future, 

on the Internet. For this reason, it is very important 

to make the right decision which tools to use out of 

the available ones.  

 

II. HISTORY OF THE WEB 

World Wide Web is a system containing 

hypertext documents which are accessible via the 

Internet [2]. Using a Web browser, a user is enabled 

to search Web pages which can contain text, 

pictures, videos, etc. Web tools 1.0 first appeared in 

1989. They were defined as a network of 

information links. Innovator of WWW, Tim 

Berners-Lee, considered the Web as 'read-only' [3]. 

Such a type of the Web offers a little interaction, a 

user can download the information, but a user 

cannot interact with the Web page.   

Web 2.0 is the second generation of the Web. It 

was defined by Dale Dougherty in 2004 as 'read-

write' [3].  The term became popular after the 

conference held by O’Reilly Media in 2004. Tim 

O’Reilly defined Web 2.0 as a business revolution 

in IT industry. The revolution was caused by the 

transfer of the Internet to the platform and an 

endeavor to understand the success rules on the new 

platform [4]. Web 2.0 enables the main features, 

such as participative, collaborative and distributive 

practice which enable formal and informal spheres 

of everyday activities by using the Internet [5].  

Web 2.0 is in the form of a platform whose 

users have significantly bigger interaction in 

comparison to the previous version, which can be 

seen on the picture 1. Web 2.0 is not only a newer 

version of the Web 1.0, but it also involves a better, 

more modern and more flexible design, it contains 

updates, content creation, as well as its 

modification. On Figure 1. there is comparison of 

Web 1.0 and Web 2.0.  
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Figure 1. Comparison of the Web 1.0 and Web 2.0 [6] 

III. WEB TOOLS 2.0 

Traditional methods frequently do not raise 

students' interest for the class, do not maintain the 

motivation and their active participation. Web tools 

2.0 are considered to be very significant for 

eliminating this type of shortcoming. Web 2.0 is 

established as the Web application which enables 

users to create content in the Web environment, 

which provided students with a kind of an 

advantage, such as online discussions and various 

sorts of electronic communications [7].  

Some advantages of the Web tools 2.0 use are: 

accessibility of electronic materials which are 

available on the Internet, possibility of learning in 

groups, the use of various tools and programmes. 

Many of these tools are free of charge and available 

to everyone. By using the Web tools, a teacher can 

monitor all students' activities. Besides the 

possibility to use the teaching content received from 

the teacher, students have possibility to upload their 

materials on the Web, communicate, acquire 

additional ICT skills, work together on certain 

homework, projects, etc. 

IV. FEATURES OF WEB TOOLS 2.0 

Besides the above-mentioned advantages of 

Web tools 2.0 within the previous subtitle, it is 

necessary to mention the disadvantages as well. 

Some of the disadvantages are: issues with the 

Internet, the accuracy of information online, user's 

privacy at the time of access to the information, etc. 

The Web can be imagined as a huge library of 

documents that have their specific place, they are 

interrelated by links and the users can freely move 

around that library, add comments on public 

documents, exchange comments with other users, 

add new files by themselves, etc. [8]. Web tools 2.0 

have open source interface, they are configured 

according to the users' request, they offer the 

possibility of multimedia content transfer, they 

contain options for uploading, downloading, 

converting and deleting of the files.  

V. CLASSIFICATION OF WEB TOOLS 2.0 

Web tools 2.0 can be classified into several 

types:  

 Tools for annotation and collection of the 

Internet content 

 Tools for knowledge assessment and 

questionnaire creation 

 Tools for planning and organization 

 Tools for social connecting and virtual 

communities 

 Tools for the creation of teaching content 

presentation 

 Tools for online education system 

Due to their multiple functionality, many Web tools 

can be classified into several categories. The most 

frequently used Web tools 2.0 are classified into the 

following categories:  

 Communication 

 Collaboration 

 Multimedia 

 Interactive teaching games 

 Quizzes, Questionnaires 

 Communities 

 Blogs 

VI. LIST OF WEB TOOLS 2.0 MOST 

FREQUENTLY USED IN EDUCATION 

Specific Web tools can be classified into various 

above-mentioned categories, based on different 

criteria, but one thing in common for all of them is 

that they are free of charge. For each of the 

previously mentioned categories, one tool is going 

to be mentioned.  

A. Annotation and collection of the Internet 

content - Diigo 

This Web collector presented on the Figure 2 is best 

described as a group of tools for knowledge 

management. Diigo is a complex tool which is used 

for the collection, sorting, archiving and sharing of 

different Web contents.   

 

Figure 2. Diigo Web collector 
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B. Knowledge assessment and questionnaires –

Kahoot 

Kahoot, presented on Figure 3, is a free Web tool 

used for the creation of interactive questionnaires 

which can be used in the process of teaching. It can 

be said that Kahoot is a platform based on games, it 

is possible to create quizzes via it, share with other 

users, play games which are made for learning or do 

trivial quizzes.  

 

Figure 3. Kahoot platform 

C. Planning and organization - Linoit 

Notebooks, planners, reminders, timetables, 

calendars, sticky notes on desks, fridges and 

cabinets were use for planning personal, school or 

business obligations. Nowadays, for all of the listed, 

there are Web tools intended for the organization of 

assignments in terms of calendars, planners, 

schedules, etc. One of the tools with this purpose is 

Linoit. Linoit is a tool in the form of a 'sticky' board 

that stickers and other files are attached to. An 

example of this tool can be seen on Figure 4. It is 

very simple to use, large number of users are using 

it, there are no limitations regarding the type of 

files.  

 

Figure 4. Presentation of Linoit tool 

D. Social connecting and virtual communities – 

Social networks  

Social networks enable users to exchange photos 

and videos, post their thoughts in written form and 

conduct questionnaires through their personalized 

pages of а user's profile. Students can use them for 

content  sharing, giving feedback and support when 

solving issues [9].  

Social networks and virtual communities are divided 

into several groups according to different criteria: 

a) Global: These are social networks accessible to 

everyone. Twitter, Facebook, LinkedIn, 

Instagram are, although having differences 

among themselves, intended for everyone. 

b) Special social networks: These are intended for 

certain groups of people connected by shared 

professions or interests.  

c) Learning platforms: These are platforms used 

for learning, such as: Edmodo, Piazza, Sofia, 

Ecto, etc. 

E. Presentation of teaching content – Prezi 

Prezi is a programme intended for the creation of 

presentations that have different look and purposes 

in all branches. Some of the purposes can be seen on 

Figure 5. In education, this tool contains special 

learning styles and knowledge construction, it is 

possible to include multimedia in it, to share them 

on the network and present online, as well as 

offline.  

 

Figure 5. Presentation of Prezi software [10] 

F. Online systems for education – Office 365 

All of the above-mentioned services are developed 

by leading ICT companies as a unique system of 

services for online business, as well as education. 

These systems include a set of applications for the 

companies which can satisfy their needs for 

electronic communication in the company and with 

their clients, for team projects, promotions, etc. 

Microsoft has an entirely new and improved system 

for education, named Office 365. It connects all of 

their services: e-mail, digital documents such as 

Word, Excel, calendar, Skype for business and 

many others. Group of applications in Office 365 is 

presented on Figure 6.  

 

Figure 6. Presentation of Office 365 application [11] 
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G. Online 'classrooms' for learning – Google 

Classroom 

Google Classroom, presented on Figure 7, is an 

application free of charge, actually, it is a platform 

for distance learning. This platform offers a 

possibility for teachers to create a virtual classroom 

(space) so that they could communicate with their 

students, share materials in different forms, post 

textual notifications, links, assignments, tests and 

evaluate students' activities. Google Classroom 

relies, to a great extent, on other Google tools, for 

example: Google Docs – used as a substitute for 

Microsoft Word; Google Sheets – substitute for 

Microsoft Excel; Google Drive – Google disc, used 

for storage of documents, files, etc; Gmail – used 

for communication; Google Forms – used for the 

creation of tests, assignments, quizzes; Google Meet 

– used for communication of two or more users, etc.  

 

Figure 7. Presenation of Google Classroom 

VII. THE USE OF WEB TOOLS IN TEACHING 

During the pandemic, educational institutions 

had to exert additional effort in order to provide 

their pupils and students with adequate teaching. 

Teachers and professors put a lot of time and effort 

so that they could innovate their teaching, create 

new materials, use new methodologies, etc. This 

period has not been easy for pupils and students, as 

well. Besides all the materials and obligations they 

had on certain courses, they were obliged to learn 

new methodologies and various digital tools in order 

to follow classes without any issues. At Technical 

Faculty 'Mihajlo Pupin', which I am currently 

attending, professors and teaching assistants put a 

lot of effort in order to present learning contents 

from different courses that their students needed to 

learn. We used Google classroom, as a virtual 

classroom, in which materials in the form of 

PowerPoint presentations, PDF documents, .docx 

documents, video materials and various links were 

regularly posted by the professors. Students' 

participation during classes and points acquired at 

tests were calculated via Google Forms or Kahoot 

and updated in the chart of the classroom. Classes 

were held in the form of video communication via 

Google Meet. Apart from video calls, Google 

Classroom provides an option of a shared screen, so 

each of the students had an opportunity to hold 

presentations or present projects that needed to be 

done within certain courses.  

VIII. CONCLUSION 

Newer approaches to teaching are being 

increasingly used. It is really challenging to 

maintain teachers', as well as students' motivation. 

In order to be able to use new technologies, teachers 

are required to adopt lifelong learning so that they 

could use and implement these technologies into 

their teaching process. Besides learning new 

technologies, professors need to develop a form of 

creativity, problem solving skills in order to draw 

students' attention. Students of the XXI century 

require new technologies, teaching that takes their 

habits and interests into consideration, this is 

considered as a must. This is an era in which 

professors, as well as students, are required to adopt 

lifelong learning process.   
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Abstract – This paper describe a designed and implemented 

system for managing phobia. The system provides three 

testing modes with the option to change a model. In addi-

tion, the system also allows the management of subjects and 

the tracking of the history of individual therapies. The sys-

tem also supports the live video stream from HoloLens to 

therapist’s computer with automatic saving. The whole 

solution is based on the Unity platform using Microsoft 

HoloLens. This is used to display models in augmented 

reality. The solution was tested by a group of ten subjects. 

The testing was aimed at verifying the functionality of the 

proposed system. Testing confirmed the functionality of the 

system as well as the variability of measurement results. In 

addition to direct testing of the system, a questionnaire was 

submitted to subjects to obtain their subjective opinion of 

working in such a system. A questionnaire was confirmed 

that subjects would use this system and they perceive it as 

easy to use. 

Keywords: phobia, virtual reality, augmented reality, Mi-

crosoft HoloLens, therapy 

I. INTRODUCTION 

Cognitive abilities allow performing judgments 

related to direction and distance among external 

objects and thus make individuals able to navigate in 

an environment [1] – in a real or virtual one. Thanks 

to these functions, we are able to detect, represent, 

manipulate and store visual and spatial information 

[2]. For humans, this also means the ability to per-

ceive visual objects, locate their position in space, 

focus the attention, infer various spatial relations and 

remember a scene [3]. 

However, every year it is possible to see more 

people talking about mental health problems. Espe-

cially problems such as depression, anxiety or pho-

bias are no longer considered to be fictitious diseas-

es, but are perceived by the public as a real problem. 

Phobias are usually treated or alleviated in two ways. 

It is a cognitive-behavioral method or the exposure 

method [4]. A virtual reality can be used to improve 

these techniques. From the current point of view, the 

use of XR (eXtended Reality,  i.e. the use of a com-

bination of VR (Virtual Reality), AR (Augmented 

Reality) and MR (Mixed Reality) ) as an integrating 

application platform, may represent an interesting 

way of both hardware and software development in 

this area in the future. 

II. RELATED WORKS 

Testing and training of cognitive functions in vir-

tual reality (VR) is an important development in the 

effort to widen the knowledge of human mind. VR 

represents one of the most promising branches of the 

technology industry. One of the activities, contrib-

uting to this effort, is an experiment that is being 

carried out at the LIRKIS laboratory of the home 

institution of the authors. The experiment evaluates 

how the peripheral perception of objects and detec-

tion of changes in their position and state can be 

improved by a VR experience. This experiment was 

performed in the environment of virtual cave 

LIRKIS CAVE using like Tower defense game for 

testing [5]. Base on this was developed also branch 

solution for management and therapy of phobias and 

cognitive abilities using MS Hololens VR headset. 

The targets (a distractors were not implemented yet) 

in the game can represent the phobia objects. The 

short description of this solution is in the rest of this 

paper. 

Very usable technique is called VRET [6][7]. 

VRET allows patient to communicate with the digi-

tal world, where are the same fears which cause anx-

iety to the patient in normal life. With VRET they 

can face them and overcome these fears of phobia in 

a safe and controlled environment [8]. Many experts 

see the benefits of using VRET. According to 

McGonigal [9], up to 20.5% of therapists believe 

that the system can have great potential for improv-

ing anxiety disorders. The advantage of VRET is 

also the diversity of the environment and objects that 

we can display to the patient. This allows us to cover 



International Conference on Information Technology and Development of Education – ITRO 2021 

November, 2021. Zrenjanin, Republic of Serbia 

 

183 

a large set of phobias for which this therapy can be 

used.  

In addition to the advantages VRET has also dis-

advantages. The two main disadvantages include the 

cost of equipment and sense of patient presence, in 

other words immersion [10]. The level of immersion 

is how much the patient feels to be part of the sur-

rounding virtual environment. The correlation be-

tween the patient’s presence and the effectiveness of 

the therapy depends largely on the belief that what is 

around the patient in virtual reality does indeed occur 

in reality. This correlation can reach up to 82% for 

patients who have met the clinical requirements for 

anxiety disorder [11]. 

III. SYSTEM FEATURES 

The main feature of the system can be simplicity 

and intuitive control for therapists and subjects (pa-

tient). The therapist should add a new user/patient 

without difficulty, start a session, stop a session and 

watch a session record. This is also true for control-

ling the patient’s part of application, where the pa-

tient’s primary interaction with virtual objects is 

done using the Tap gesture. 

Another feature of the system is use the local da-

tabase to reduce the overall complexity of the appli-

cation. One of the advantages of a local database is 

the fact that it is not necessary to secure free or paid 

hosting. Thus, therapists have all the user data local-

ly and the chances of stealing this information are 

decreasing. 

IV. APPLICATION ARCHITECTURE 

The basic solution architecture is depicted in Fig-

ure 1.  The solution uses a Photon server that pro-

vides a connection between application parts.  

 

Figure 1.  Basic solution architecture 

Both parts, therapist and patient parts, are imple-

mented as is shown in Figure 2.  This solution model 

represents basic process sequence of the therapy. As 

can be seen, the communication between these two 

parts is at the control (management) level as well as 

at the data level. The Photon server usage enables 

fast and easy implementation of this communication. 

In addition to this communication, the data flow is 

running between devices in local network. It is used 

for models transfer (ZeroMQ) and real-time video 

stream (UDP).  
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Figure 2.  The solution model 

A. Models transfer 

The ZeroMQ [13] library and its implementation 

in C# NetMQ are used for sending models. ZeroMQ 

is based on ZeroMQ Message Transfer Protocol 

(ZMTP), and is a library for asynchronous message 

forwarding, without a specialized message broker. 

The system uses the Publish-Subscribe pattern where 

the PC application is publisher and HoloLens app is 

a subscriber. Publisher sends models and the sub-

scriber downloads them to the messages queue, 

where they are processed by the BundleManager and 

stored for future use. 

B. Real-time video stream 

The UDP protocol is used to send a live stream 

from HoloLens. In this case, the PC application 

serve as UDP server and HoloLens application as 

UDP client (Figure 3. ). To start video stream, the 

user clicks the Start Video button to send the instruc-

tion to the HoloLens application to start sending a 

video. After camera initialization, the program regis-

ters listener to acquire each new video frame. Each 

of these frames is encoded from the format RAW to 

JPG format to reduce communication load and is 

subsequently sent as a byte array via the mentioned 

Therapist 

 Server 

 
Patient 
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UDP protocol. On the server side, these messages 

are converted to Texture format for display in the 

application. 

 

Figure 3.  UDP video stream 

C. Object Serialization as database 

The database is local and the SQL database is not 

used for storage, but the Object Serialization into a 

binary file. Using Object Serialization as a data stor-

age is in the transformation of an object class in a 

series of bytes. This information is re-loaded into the 

object by deserialization. 

Its advantage is that no installation to a computer 

is required compared to a SQL database, which 

could cause problems for therapists. Another ad-

vantage is that it is not possible to read it by the hu-

man eye because it is just a text representation of 

bytes compared to the format as JSON or XML. Of 

course, the data is not fully protected and just a small 

change in the file and the data become unreadable. 

V. APPLICATION INTERFACE 

The application has two interfaces: 

 Therapist interface and 

 Patient/MS Hololens interface 

A. Therapist interface 

The graphical interface of the therapist applica-

tion is divided into two groups: the system adminis-

trator interface and the therapist interface (Figure 4. 

). This distribution is primarily due to system re-

quirements. The interface was created in Unity and 

was created with the intention of simplicity. The 

application is password protected. It is the user name 

that decides where the user will log in. 

 

Figure 4.  Main therapist interface 

B. Patient interface 

The graphic interface in the HoloLens app is very 

simple and provides only important information for 

the user. As we can see in the Figure 5.  the whole 

interface contains only 4 components. Green is the 

time from session start in mm: ss: sss format. 

This time can be turned off in session settings. Pink 

is the opening text that indicates waiting for a com-

mand from a PC application. When the session start 

signal arrives, the text is deactivated and reactivated 

only after the session has ended. The red frame indi-

cates the start time, which counts off the start of the 

session by three seconds. It is also possible to turn 

off the time for session in the session setting. The 

last component is the application cursor itself in a 

yellow frame. It changes its size according to dis-

tance for a better feeling of control. The cursor is 

always in the center of the HoloLens view. 

 
Figure 5.  Graphics interface in HoloLens 

when therapy is starting 

VI. USER INPUT IN MR 

A typical way to control the HoloLens app is us-

age of tap or drag gesture. These gestures are used 

with a point which is displayed to the user in the 

center of the view (Figure 6. Figure 7. : an example 

of arachnophobia). Usually it is a small circle or ball 

with a distinctive contrasting color. With this point, 

the user points to the desired object, which can be a 

model or a certain element of the graphical interface 

and a use tap gesture. 

However, for the real hand controlling feeling 

was decided to implementation own user input. In 

practice, this means that the user’s hand is being 

tracked and a transparent ball is drawn to the center 

of the palm. In this way, the user is able to interact 

with virtual objects with their own hands without the 

need to focus the cursor to object. This way of user 

input is very intuitive and the user feels as if he is 

actually holding the object (target). In the process of 

therapy, grasping (or just touching) a virtual phobi-

otic object can be a problem for the patient. 
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Figure 6.  Patient control using hand gesture 

during session 

 
Figure 7.  Patient view in MS Hololens 

VII. APPLICATION EVALUATION 

Ten subjects were aged between 18 and 57 years 

of age. This group of people came from IT and eco-

nomics. Testing time was not limited and varied 

depending on each subject. We can say, however, 

that the total time of testing was within 15 minutes. 

Subjects did not suffer from any known phobias and 

were shown a model of a green cube and spider for 

testing purposes. Subjects were tested in coordina-

tion, accuracy, and positioning modes. Subjects per-

formed test with test parameter to get acquainted 

with the mode and control of the mode. Subsequent-

ly, these tests were performed:  

 Coordination - One hand one target 

 Coordination - Two hands one target 

 Coordination - One hand many targets 

 Accuracy - Push the object 

 Accuracy – Grasping / Touch the object 

 Location selection - N : 1 

 Location selection - N : N 

Upon completion, the subjects were asked a SUS 

questionnaire to determine their subjective feelings 

about using this system. The questionnaire contained 

these questions (answers statistic in brackets): 

 Would you recommend this system for thera-

pists? (100/0% y/n) 

 Do you think that the therapist's applica-

tion/interface is clear? (100/0% y/n) 

 Do you think that this system can help in the 

therapy of phobias? (80/20% y/n) 

 Do you think that controlling the application in 

MS HoloLens was easy? (0/0/4/3/3 level 

1/2/3/4/5 best) 

 Would you undergo this form of phobia therapy? 

(90/10% y/n) 

From the achieved measured results in individual 

testing modes, we can see that the system provides 

various time values. The times of the subjects are 

usually decreasing to further repetitions of the same 

test. In our opinion, this is a consequence of getting 

used to both the displayed model and the displayed 

situation. The average times of the subjects also dif-

fered from each other. This difference is due to dif-

ferences in subjects, as there were 8 men and 2 

women aged 18 to 57 years. 

Regarding the answers in the provided SUS ques-

tionnaire, we conclude that the users liked the system 

and would undergo this form of therapy. The sub-

jects also did not have a problem with the proposed 

method of control. The whole system was perceived 

by the subjects as simple and clear to use and thus 

they perceive its use in therapy positively. One of the 

disadvantages of this system is, especially for some 

subjects, the weak immersion of the experience. 

 
Figure 8.  Examples from system evaluation 

VIII. CONCLUSION 

This article describes the implementation of the 

use of virtual reality in the phobia therapy process. 

The designed system provides 3 different subjects 

testing modes. System also provides the management 

of subjects and the history of individual therapies. 
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Therapist has a option to see subject’s test through 

real-time video stream. 

Testing confirmed the functionality of the pro-

posed system and the variety of measurement results. 

This difference is due to the difference of subjects. In 

addition to direct testing of the system, a question-

naire was submitted to subjects to obtain their sub-

jective view of working in such a system. Question-

naires confirmed that operators would use this sys-

tem and perceive it as easy to use. 

Future development may be focused on porting 

the system to a collaborative virtual reality environ-

ment developed by the LIRKIS laboratory, the au-

thors' home laboratory. This environment will allow 

the therapist to better participate in therapy process 

and it may increase the immersion of the patient 

experience. It could be possible to control a phobia 

object (e.g. a spider in the case of arachnophobia) as 

a therapist avatar. Such an approach can significantly 

change the usual processes of a therapy. 
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Abstract – The aim of the paper is wheelchair simulation 

description using web virtual reality technologies. The first 

part of the paper is dedicated to description of exiting solu-

tions and their subsequent comparison. Secondly, problem 

of design efficiency is described as well as the frameworks 

that simulator serves. Next part is dedicated to designed 

scenes in which the user will be able to move.  These scenes 

involve everyday problems of the person depended on the 

wheelchair. The last part of the paper contains the imple-

mentation description.  This includes all the essential steps 

needed to create an effective simulator. It also includes 

experimental verification to determine the stability of the 

simulator. The conclusion of the paper contains an indica-

tion of the current state of the simulator and its possible 

development.  

Keywords: wheelchair, virtual reality, simulation, collabora-

tive virtual environment 

I. INTRODUCTION 

Modern information technologies penetrate al-

most every aspect of our lives.  Virtual reality and 

related technologies are also a part of this phenome-

non. The recent COVID-19 pandemic situation no-

ticeably increased the importance of online learning. 

There is a growing demand for more interactive and 

smart solutions and online learning is starting to be 

preferred even in the areas dominated by the classi-

cal approaches. The online education has relatively 

good results in its current form, where it offers digi-

tal content using standard multimedia (audio, still 

images and video). However, to explain more chal-

lenging concepts from areas such as physics, biolo-

gy, chemistry or history, it would require significant-

ly more interactive presentation of the content. One 

of the most developing technologies that could sig-

nificantly increase the level of interactivity is virtual 

reality (VR) [1]. Commonly, deployment of web-

based VR applications yields positive results in any 

field of usage [3]. In order to the standard VR appli-

cations, web-based VR can provide sharing of virtual 

content and user collaboration in the real-time [4]. 

The most effective way to practice remote therapy 

and training are collaborative virtual environments 

(CVEs) offering unlimited functionality and being 

multipurpose [5]. 

In 2019, the LIRKIS G-CVE (Global Collaborative 

Virtual Environments) [6] was designed in authors home 

laboratory LIRKIS as a web-based globally accessible 

VR/MR system over the internet. The system includes 

Entity-Component-System pattern that allows the rapid 

development of virtual environments with various 

extensions and features. Each of the components can 

perform different functionality: processing physical 

effects and object collisions, obtaining inputs from the 

VR/MR interfaces, monitoring user interactions and 

managing virtual entities. All CVEs in LIRKIS G-CVE [7] 

are accessible via web browsers. The rendering of the 

entire 3D content is performed on the client side (Client-

Side Rendering). The communication between the system 

and users is employing the client-server model to share 

data over the network. 

There are accidents every day that results in inju-

ries after which people are temporarily or perma-

nently immobilized. These people suddenly find 

themselves in a wheelchair and have no experience 

in operating it. Although they are provided with a 

number of courses to gain wheelchair skills, it is 

often financially unavailable. This paper is dedicated 

to description of wheelchair simulator using web 

virtual reality technologies.  

II. RELATED WORKS  

There are many existing solutions for wheelchair 

simulator. Some of them are dedicated to electrical 

wheelchair. It was possible to obtain information 

about environment impact on user using these simu-

lators, how they perceive them, how to approach 

movement, what is the goal of individual simulators 

and so on. The created simulator drew from the fol-

lowing existing simulators: 

 Electrical wheelchair simulator using a game 

controller – When using this simulator [8], users 

will encounter two types of obstacles while nav-

igating the environment. They need to verbally 

express whether it is possible to overcome the 

first one. In the second type of obstacles they go 
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through the environment without colliding. After 

completion, users will fill out a questionnaire for 

feedback.  

 Electrical wheelchair simulator using the built-

in input controller – Using this simulator [9], us-

ers go through both real and virtual environ-

ments. Virtual environment is designed same as 

the room in real environment as well as routs 

that users will go through. Firstly they take rout 

displayed on the floor in real room and then they 

are asked to repeat the rout in virtual room. Dur-

ing the attempts the time is measured and later 

on evaluated.  

 Electrical wheelchair simulator with possibility 

to select input and output options – Simulator 

[10] has two possible uses. The first one includes 

use of virtual headset together with controllers, 

and the second one includes use of projector and 

eye motion sensor. Main goal is to create safe 

environment for wheelchair training.  This simu-

lator uses a virtual headset as the primary option 

of use. Users go through the virtual environment 

on predetermined route on which the cones are 

located.  

 Manual wheelchair simulator with own motion 

sensor – This simulator [11] uses manual wheel-

chair for which virtual environment is created. In 

this environment user can move freely. User can 

also express his/hers sensation verbally. Re-

searchers give them various tasks during testing 

such as going to a high border which is impossi-

ble to pass through in virtual environment as 

well as in real environment.  

 Manual wheelchair simulator with automatic 

scenario generation – The goal of this simulator 

[12] is to create automatic scenario generation in 

which user can move. Users’ wheelchair skills 

are tested before and after use of simulator. As-

pects such as scenario completion speed or accu-

racy along the generated route are taken into ac-

count.   

 Electrical wheelchair simulator for children 

training – The purpose of this simulator [13] is 

realization of an electric wheelchair for 13-16 

years old    children with multiple disabilities. 

This simulation should teach children to operate 

electrical wheelchair.  

All simulators are using Unity 3D graphic core 

from the software point of view as it has great opti-

mization for virtual reality application development. 

From the hardware point of view the majority used 

HTC Vive headset, because they were affordable and 

of sufficient quality in that time. When Oculus Quest 

headset was presented, it was more convenient to 

build the application on this headset as it is even 

more affordable and development is easier, because 

it is android based platform.   

III. SYSTEM DESIGN 

System functionality is shown in Figure 1. , by 

which it is possible to observe individual realizations 

between objects and subjects, which occur in the 

given simulator. The main actor is considered to be 

the user who has headset on the head. This headset 

will lunch web browser, which can run and render 

virtual reality environment. The user can interact 

with the environment using the controllers, which 

sends the data to the web browser. Browser will 

process the input from controller and update virtual 

environment with a minimal response.  

 
Figure 1.  Conceptual model of the system 

Virtual environment contains several scenes, in 

which user can move. However, only hallway with 

elevator is mentioned in this article for brevity and 

simplicity.  In creation process of the scene, it was 

needed to take into account what will be happening 

in the scene, the way the user will move, what ob-

jects will scene contains and lastly how will scene 

look. Due to this facts, it was needed to create simple 

diagram, which contains the most important parts of 

the scene. Diagram is shown in Figure 2.   

 
Figure 2.  Scene design with an alley and an 

elevator 

As was mentioned, the solution is based on 

LIRKIS G-CVE platform. The platform itself uses 
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the following technologies in this version of simula-

tor: 

 A-frame version – It was used 1.0.4 version of 

this framework for environment rendering and 

for entity  and objects visualization. 

 Networked-aframe – It was used version 0.7.1. 

This technology is used for object sharing be-

tween users, object rotation, object scaling, col-

oring and color changing, visibility and so on. 

This technology include implementation of col-

laborative environment. Only selected objects 

are shared.  

 Aframe-extras – It was used 6.1.1 version of this 

technology. It has build-in frameworks which 

enable to work with 3D controllers and use the 

inputs of the user device to move in virtual envi-

ronment. It contains functionality of model as-

signment into virtual reality environment. 

 Aframe-physics-system – System uses physical 

subsystem called physi.js. It is possible to add 

physics into virtual environment thanks to this 

system. Component called static-body provides 

colliding logic into environment and is assign to 

all walls, floors and ceiling. Thanks to this com-

ponent users avatar will not fall down through 

the floor or cannot pass through walls because it 

secures the collision between the avatar and oth-

er entity. If entity has assigned static-body its 

position in the world is static and unchangeable, 

which means that no other physics has influence 

on such entity.   

 WebRTC– This system is communication stand-

ard, which is used for communication via web 

browsers in real time. This system was used be-

cause it is compatible with given aframe-

networked version.  

IV. SYSTEM IMPLEMENTATION 

Implementation is divided into specific steps 

needed for creation of functional simulator of wheel-

chair in web virtual reality. The most important parts 

of simulator were to create controller, which belongs 

to the headset, how to capture its values from analog 

lever correctly, so the values can be transformed into 

movement and rotation of wheelchair.  

After values were captured, movement compo-

nent was created and implemented into wheelchair. 

This component processed the values and according 

to the direction of the analog lever, the movement or 

rotation was performed. Movement of wheelchair 

was difficult to resolve as in real life, if lever is 

pushed forward wheelchair will move in its direc-

tion. But in virtual environment, if lever is pushed, 

wheelchair moved on the z axis. This problem was 

solved by obtaining actual wheelchair rotation in 

world. From this rotation sine and cosine was calcu-

lated. Then the two vectors were created where first 

one was reset.  Second vector contains amount of 

movement. This value is saved in a vector on z axis 

so the movement forward or backward can be per-

formed. Lastly the final directional vector is calcu-

lated and saved into reset vector. Vector is then add-

ed into value of actual position of wheelchair.  

Every scene was divided into two subscenes, 

which shared the same environment. In first sub-

scene, user will spawn seated in a wheelchair. After 

VR mode transition, scene is adjusted for the correct 

functionality in headset. After second subscene con-

nection, user is spawn into environment as guest and 

can watch the user in the wheelchair. This user can 

verbally help other user as it can help with any diffi-

culties associated with the virtual environment. 

These subscene is more likely adjusted to desktop 

computers as it is more reasonable to help the user 

on wheelchair using this platform. The user appear-

ance in scenes is shown on Figure 3.  together with 

possible obstacles. 

 
Figure 3.  Visual representation of wheelchair 

user avatar and visitor avatar  

After correct division of scenes, it was needed to 

handle the entity and models sharing in real time. 

This is achieved thanks to so-called templates, 

thanks to which are information shared. After tem-

plate definition in HTML section, it is needed to use 

it on entity. This is achieved thanks to giving the 

attribute networked into entity, in which is template 

put. After this process, it is needed to share this in-

formation programmatically for other users in the 

scene. Thanks to scheme it is possible to determine 

which information will be shared about particular 

entity. For example, if the rotation is unchangeable, 

there is no need to share this information. These 

scheme is written in JSON object, which is shared 

between all users.  
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After scene creation, it was needed to consider 

how floor plan will be designed. Unwanted effect is 

for example large scene. It can result into too much 

freedom of movement. Oppositely, if the alleys were 

too small to pass through. After this reconsideration, 

component for movement was created, so the widths, 

the heights, the sizes of areas can be tested. Thanks 

to this it was possible to create most authentic envi-

ronment corresponding to reality. Figure 4. shows 

such environment. 

 
Figure 4.  Visual representation of scene with 

elevator and hallway 

After correct dimension design, it was needed to 

implement floors, walls and ceiling into scene. These 

entity does not need to be shared between users as it 

is static object. Textures were added onto objects so 

the scene will appear more authentic. For authentici-

ty, lights were added as well. Two of them are so-

called point lights in main room where user is spawn 

initially and second one is located where the elevator 

is. This lights works as the light bulb in real life so it 

is possible to observe shadows. Another light called 

ambient light is also in the scene to create the feeling 

of the bright day. Texts and arrows on the floor are 

added into scene as well for user to know, which 

direction he/she should go.  

Lastly, web page was created so the user can 

switch between scenes. Every scene contains two 

buttons. First button is Patient, which redirect user 

into scene as a user on a wheelchair. Second button 

is Visitor, which redirect user into scene as a stand-

ing visitor.  

V. SYSTEM VERIFICATION 

After implementation of wheelchair simulator in 

web virtual reality, it was needed to test system sta-

bility. This was achieved by capturing frames per 

second every second during whole minute. Every 

scene contains different number of triangles, models 

and entity. Testing took place on desktop computer 

as well as Oculus Quest headset. Result values were 

compared and the conclusion of testing was drawn 

from them. 

This method is used on every other scenes as 

well, but for the simplicity only one sample graph is 

shown on Figure 5.  

 
Figure 5.  Evaluation graph from testing in 

elevator and hallway scene 

From the graph it is possible to observe that 

number of frames were similar and fixed whole time 

while using the desktop computer. This is due to the 

fact, that desktop computers have more powerful 

processor and graphic card. On Oculus Quest device 

frames per second were significantly lower, but trend 

line shows that number of frames per second were 

gradually increasing. 

After evaluation of previous testing another test 

was run. Goal was to improve stability and number 

of frames per second on Oculus Quest device. Modi-

fication of textures were implemented for lower ren-

dering difficulty. Some of the light were deleted 

from the scene as well. Only ambient light was kept 

and intensity of lightness increased. Figure 6. shows 

the results of testing after this changes. 

 

Figure 6.  Evaluation graph for adjusted eleva-

tor and hallway scene 

Adjustment of scene helped to increase frames 

per second in Oculus Quest headset. As it is possible 

to observe from the graph, in many places frames per 

second were under the value 60. It was not possible 

to gain more than 60 frames per second on desktop 

device as its refresh rate of output device was 60 

hertz. Thanks to higher frames per second it was 

possible to create better authenticity of simulator as 

well as reduce risk of motion sickness and another 

side effects of using VR headsets. After frame calcu-

lation before and after adjustment it was found that 8 

frames per seconds in average was in addition of 

changes. It is about 18% improvement.  
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VI. CONCLUSION 

As it has been shown, LIRKIS G-CVE is a suita-
ble solution for online collaboration in web-based 
virtual reality, with a variety of application areas in 
mind.  

Final version of simulator contains several 
scenes, which wheelchair user can try. Every scene 
contains different kind of movement and rotation for 
successful scene crossing. Scenes enable to test this 
skills without the risk of injury. For the correct prac-
ticing it is needed to use headset Oculus quest as the 
desktop computers do not share the authenticity. The 
example of the scene usage is shown in Figure 7.  

 
Figure 7.  Example of scene usage based on 

Figure 4.  

This system is possible to improve in many ways 
in future. One of the improvements can be the ad-
justment of the scenes, so the frames per second will 
not go bellow value 60. It is also possible to change 
the assets in the scenes such as models, textures and 
details, so the scene will look more realistic. Another 
possible extension is to add more scenes (e.g. a 
movement into/from lift), where user can train him-
self/herself. Adding more sophisticated physics is 
also the one of the possible improvements, like colli-
sion between users (more wheelchair users in shared 
virtual environment). Last but not least the idea of 
user which push the wheelchair can be implemented, 
as such user can help the user in wheelchair if need-
ed. 
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Abstract - The authors analyze the importance and necessity 

of training, education and development of employees for the 

successful implementation of modern concepts, especially 

for Industry 4.0. Modern employment requires permanent 

education and training of managers and all employees. 

Dynamic development of information technologies, 

automation and digitalization of business processes 

conditions the application of modern methods, concepts and 

tools. Training, education and development of employees 

bring numerous benefits and more successful 

implementation of modern concepts and monitoring of 

trends and changes in the market. 

Keywords: Training, Training and development of 

employees, Industry 4.0 

I. INTRODUCTION 

The modern market and organizations are facing 
numerous changes that are frequent and turbulent. It 
is essential that organizations monitor and manage 
change, apply new tools, strategies and concepts in 
order to maintain and achieve competitiveness. 
Without knowledge, knowledge management, 
training and employee development will not succeed 
in this endeavor. 

Changes are inevitable and companies must 
follow them, to go one step ahead of them for 
survival and competitiveness. Only in this way and 
with a quick response to customer requests and 
wishes will the market. 

It is crucial to understand the role of Industry 4.0 
in today’s rapidly changing and competitive business 
environment; where companies face challenges in 
working with big data and making quick decisions to 
improve productivity [1]. 

II.  INDUSTRY 4.0 

The goal of modern industry is a timely response 
and response to customer demand in the form of a 
higher quality product than competitors. Speed, 
precision and quality can be achieved with the latest 
technology, software, digitalization of business 

processes, good connectivity of all activities of the 
organization. 

Industry 4.0 is focused on individual production 
according to customer preferences. This creates 
huge changes and different opportunities for 
products and support processes. These changes can 
be achieved by digitizing production and business 
processes. The central pillar of Industry 4.0 is a 
smart factory that networks machines, robots, 
facilities, rolling stock and people into one system. 
This networking is possible through standardized 
communication interfaces, advanced sensors, 
control elements and software with models for 
managing processes, processes, machines, products 
and services. 

Industry 4.0 encompasses the development and 
integration of innovative information and 
communication technologies in industry, with the 
aim of encouraging intelligent networking of 
processes (production and business) and products 
along the entire value chain [2].  

Schumacher et al. [3] provide a more detailed 
definition of Industry 4.0 by referring to recent 
technological developments where the internet and 
support technologies provide a backbone for 
incorporating physical objects, human beings, smart 
machines, product lines and processes across 
organizational boundaries in order to form a new 
sort of smart, networked, agile value chain. Industry 
4.0 therefore implies constant communication with 
all of the parts of the value chain that are outside the 
company, especially suppliers and customers. Real-
time sharing of information among 4 all the 
different stakeholders makes the supply chain more 
responsive [1].  

Regarding the fourth industrial revolution, i.e. 
“Industry 4.0”, China cooperates with all 
industrialized countries. Thus, they are working 
with Germany on standardization, a German-
Chinese alliance for vocational training and 
education has been created, as well as a common 
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framework for the action plan named “Design 
innovation together!”[4] China also cooperates with 
other countries, such as Switzerland, France, etc. 
The Chinese government is taking all steps to make 
Chinese industry and its development play an 
important role in the development of the world 
market, in other words, to make China one of the 
most technologically advanced countries in the 
world by 2025. 

III. EDUCATION 4.0  

The implementation and efficiency of Industry 
4.0 requires knowledge workers, who will be able to 
easily master and apply new skills, tools and 
concepts, who will undergo training, education 4.0. 

Education 4.0 is a response to the needs of IR4.0 
where human and technology are aligned to enable 
new possibilities. Fisk [5] explains that the new 
vision of learning promotes learners to learn not only 
skills and knowledge that are needed but also to 
identify the source to learn these skills and 
knowledge. Learning is built around them as to 
where and how to learn and tracking of their 
performance is done through data-based 
customization. Peers become very significant in their 
learning. They learn together and from each other, 
while the teachers assume the role of facilitators in 
their learning.  

Dunwill says that the advancement of 
technologies keeps on changing and transforming the 
teaching method and the setting of the learning 
process. In fact, there will be more changes in the 
future. Some of the common changes that have been 
embraced by institutions includes lecturers post 
students’ grades and assignment online, students use 
collaborative software/application to complete group 
tasks, students complete their assignments online and 
upload them in an online class portal or the 
institution learning management system, students’ 
high dependency on cloud storage to store their work 
and communication among students, parents, 
lecturers and administration is done via social media 
platforms [6]. 

The changes that take place in Education 4.0 
really describe the learning preference of the Gen Z 
students. Based on the sharing session above, it is 
not impossible for a language course to adapt to the 
changes. It is about time for class instructors to 
consider integrating more current technologies in 
their teaching methodology. The students that they 
have now have different preference than students 
that they had 10 years ago. Integrating more current 
technologies will make the instructors more creative 
in designing their lessons, thus making the learning 
more interesting [7].  

It is very important that teachers, professors, 
mentors, managers are leaders, to be teachers 4.0 and 
thus facilitate and guide students, employees to 
adopt, apply modern technology, available software, 
programs, everything that is offered to them to faster, 
better reached the goal more efficiently.  

The 21st century is a century of globalization. 
Therefore, learning content is expected to be able to 
reach 21st-century skills. First, learning and 
innovation skills include mastering diverse 
knowledge and skills, learning and innovation, 
critical thinking and problem-solving, 
communication and collaboration, and creativity and 
innovation. Second, skills digital literacy includes 
information literacy, media literacy, and ICT 
literacy. Third, career and life skills include 
flexibility and adaptability, initiative, social and 
cultural interaction, productivity and accountability, 
and leadership and responsibility [8]. 

One of the emerging technologies in the field of 
education today is augmented technology and virtual 
reality (AR/VR), has begun to be adopted as a 
medium of learning in the classroom and also 
research aids in the laboratory [9]. AR/VR 
technology can be used to support education and 
improve student learning effectiveness. For example 
in the process of learning mathematics related to the 
topic of discussion of geometry, learning biology 
material with the topic of human digestive systems, 
the process of cell division, it is learning activities 
and experiments imitating various objects that are 
around, and for other learning complex and 
challenging to do real. Learning media that use this 
technology can quickly improve students' 
understanding because of 3D objects, text, images, 
videos; audio can be displayed to real students [10]. 

IV. EMPLOYEE TRAINING FOR  4.0 

INDUSTRY 

In order to progress and easily manage changes 
that are becoming more dynamic, employees must 
adapt, they must improve their knowledge and 
acquire new knowledge, techniques and skills that 
are not through their education. That is why it is very 
important that they attend seminars, trainings for 
education and development of employees. 

Training in general sense means to equip 
employees with the essential skill sets to perform a 
job or to advance new skill. In this era of Industrial 
Revolution 4.0, employees should not only focus on  
acquiring  the  required  skill  set  to  perform  the  
job  rather  they  should  prepare  themselves  to 
sustain  this  competition  with  the  robots [11]. 
With the augmented implementation of digitalization 
and automation, the employees will have to equip 
themselves with the right skills to survive.    
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While the transformation processes towards 
Industry 4.0 are long term, companies have to take 
into consideration a strategic approach [12] to human 
resources and human development. From this point 
of view, intellectual capital and intellectual capital 
management has been a subject of interest of many 
researchers in the field of business management [13, 
14]. Intellectual capital management is also 
presented as a concept that ensures sustainable 
competitiveness [15–17] and avoids ad-hoc solutions 
with higher levels of risks and costs. Intellectual 
capital is defined as knowledge and knowledge 
initiatives convertible into value [18, 19] and brings 
a schema for presenting qualities and potentials for 
sustainable development. There are several views at 
the breakdown structure of the intellectual capital 
model presented in literature [13, 19], usually 
consisting of three main components: human capital, 
structural (internal, process, or organizational) 
capital, and relationship (external or partners) 
capital. As human and organizational capital both 
contain knowledge and knowledge initiatives 
oriented towards inside the organization, the 
relational capital contains knowledge and knowledge 
initiatives oriented outside the company or towards 
partners and customers. Sustainable development 
according to this concept needs to incorporate all of 
these three components [20, 21]. Sustainable 
learning and sustainable human resource 
development therefore also need to contain not only 
human and structural (process) but also relationship 
knowledge initiatives [22]. 

Organizations  should  provide  training  and  
development  programs  to  its  workforce  as  it  will 
enhance  their  level  of  productivity.  The  three  
major  elements  which  determine  an  employee’s 
performance  are  his  abilities,  skills  and  
knowledge.  Organizations  should  focus  on  
providing training  and  development  for  these  
three  major  elements  which  will  help  them  
increase their employee’s productivity.  

V. CONCLUSIONS 

A new era of business, Industry 4.0 requires a 

new approach, a new way of learning, education, 

training of employees who will be able to overcome 

all obstacles. 

Employee Training for Industry 4.0 requires a 

balance between respecting the skill sets that 

employees already have, while increasing their 

abilities. This can be done if we improve the 

knowledge, skills, especially digital skills of 

employees, digital performance. It is important to 

use modern methods in order to raise the use of new 

technologies among employees, to create a climate 

that will motivate employees to progress, improve, 

be creative, innovative and eager for knowledge. 

The benefits of Industry 4.0 are numerous only if 

we have employees, human resources who possess 

the power of knowledge and possess the skills 

necessary for the 4.0 industry. We achieve this by 

developing staff, training and educating employees 

for the modern market and competition. 

Training employees for industry 4.0 requires a 

balance between honoring the skill sets employees 

already have while adding to their abilities. 
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Abstract: Augmented Reality (AR) enables digital 

information to be superimposed and integrated into our 

physical environment. With many of us now at home during 

a global pandemic, AR is a tool that can help us transform 

our immediate surroundings into learning, work, and 

entertainment spaces. AR can help to bring the outside 

world in a form of a virtual view with 3D objects in your 

living room or residential area using headsets that are 

capable of giving such experience. There is three things AR 

does very well: visualization, annotation, and storytelling. 

There are examples in each of these areas that are both 

timely in the current reality and which can be built upon 

once cultural institutions, schools and workplaces reopen 

their doors and bring them into one new mixed world of 

opportunities. Research documents of the evolutionary 

processes of buildings can illustrates the changes needed for 

the spatial environment, advances in civil engineering 

technology, the transformation of social norms, and 

adaptive standards for the new civil building policies. 

Augmented reality has built a platform that allows brands 

to offer unique and more accessible digital experiences, 

providing memorable moments for consumers. One of the 

main reasons that retail brands invest in the development of 

this technology lies in the idea of enabling consumers to 

make better and more informative product decisions. The 

merging of these interoperability structures between 

technology on the one hand and architecture on the other 

hand provides a systematic pre-solution for making the 

right decision when designing and investing in capital and 

socially useful buildings. 

I. INTRODUCTION 

Civil engineering is a professional engineering 

discipline that deals with the design, construction, 

and maintenance of the physical and naturally built 

environment, including public works such as roads, 

bridges, canals, dams, airports, sewage systems, 

pipelines, structural components of buildings, and 

railways. Civil engineering is traditionally broken 

into a number of sub-disciplines. It is considered the 

second-oldest engineering discipline after military 

engineering, and it is defined to distinguish non-

military engineering from military engineering. 

Civil engineering can take place in the public sector 

from municipal public works departments through 

to federal government agencies, and in the private 

sector from locally based firms to global companies. 

The long cycle of design and construction is 

often overtaken by the rapid cycle of innovation in 

civil engineering and the new IT technology. As a 

result, some buildings are partially obsolete when 

they open, and almost every facility will be obsolete 

in some way before it reaches the end of its life. 

Flexibility design is a way to reduce the 

inconvenience and cost of these inevitable 

disruptions. Every design should have planned 

zones for future growth. When building and 

planning buildings and houses, the architectural 

environment that includes investors, clients, 

families, and staff should support treatment and 

views of the building concept in a friendly setting. 

However, the majority of our current buildings are 

built on a different foundation and are often seen as 

a direct cause of inadequate facilities in the eye of a 

modern architect and investors in today's civil 

engineering. The building and house design and 

design strategy, following the open theory of 

building separation, needs to be analyzed and 

evaluated to see if the design methods and principles 

are sufficient to support the customer needs to make 

the necessary changes. The research represents the 

importance of the separation of the system used in 

the design for house and building flexibility, as it 

allows for a significant change in all phases of the 

project (design, construction, and utilization) and 

points to the lack of a system that occurs when 

adopting design decisions based on which the right 

changes are made to the design for future 

development. For a better insight and presentation 

of what an architect has conceived as a conceptual 

solution, it is best to present it with the help of 

computer vision, i.e., through computer 

visualization before it is built. [1,2] 

Augmented reality is a combination of digital 

interactive visual elements and sensory projections 
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translated into the real world. In this way, through 

the use of images, graphics, sounds and text, the 

digital world is combined with reality and creates a 

unique user experience. This technology allows us 

to create content that incorporates new patterns of 

context, meaning, and emotion. Such experiences 

create a bridge to present the authenticity, 

innovation, and creative vision of companies. As 

consumers, we share different parts of life with 

others every day. What we choose to express can 

take many forms, but the basic desire to share and 

show how we perceive ourselves and the world 

around us is strong, and the augmentative reality 

further elevates and enriches this sharing 

experience. From the prism of marketing, 

augmented reality has built a platform that allows 

brands to offer unique and more accessible digital 

experiences, providing memorable moments for 

consumers. One of the main reasons that retail 

brands invest in the development of this technology 

lies in the idea of enabling consumers to make better 

and more informative product decisions. The 

merging of these interoperability structures between 

technology on the one hand and architecture on the 

other hand provides a systematic pre-solution for 

making the right decision when designing and 

investing in capital and socially useful buildings. 

[3,4] 

II. RESEARCH METHODOLOGY 

This paper describes concept of system that can 

systematically "extract" key data from 2D and 3D 

models from CAD / CAM software such as - 

AutoCAD, ArchiCAD, Google Sketchup, and 

similar ready-made software used in design bureaus, 

primarily for architects and construction engineers 

who process a variety of calculations such as statics, 

dynamics, design, and measurements for different 

types of objects. The idea is not only to extract the 

data but also to insert it with software that should 

make calculations defined according to norms and 

regulations that use them. The goal is to simplify 

and speed up the work in terms of quick calculations 

- bills, offers that are a crucial part of the daily work 

of an engineer in this field. According to the initial 

talks, the goal is to calculate the basic elements such 

as area and volume from which according to the 

established formulation will be given appropriate 

offers or suggestions to the engineer on what type of 

raw material to use in construction and what it 

would mean for the quality of construction from 

functional and economic character for the investor. 

Based on the work done so far and in a short time, 

the completion of the primary software for 3D 

visualization (augmented reality) is seen as a 

perspective to upgrade that view with the possibility 

as a functional calculation of all elements that will 

be defined by both sides of the system performance 

team. software, but also to be able to connect to the 

software developed part if there is potential in that 

direction to improve the overall system for an 

architect / civil engineer who would work both in 

the office and in the field with his client. 

The two system structures can interact from both 

engineering sides in the development of a software 

product that together with the existing hardware 

technology can help in presenting a conceptual 

solution and how it will be justified, but also how it 

will have as an environmental impact. This shows 

all the effects from an architectural point of view in 

the part of structural elements, and they are placed 

with appropriate descriptions from a technological 

and economic point of view in a given database. The 

same base provides an opportunity in such a 

projection - augmented reality review to see what 

the advantages of the given architectural solution are 

and how it will affect the investor.  

 
Figure 1. AR Concept in Reality 

In essence, the architect prepares the entire 

project in terms of design and converts it into an 

appropriate 3D model that is placed on a specific 

location that is provided for the construction of that 

building in this case it is a house for better 

showroom experience). In this model not only, the 

3D model that is showed in mixed reality but also 

the data that comes with the 3D model such as 

length, width, material (price-based information) 

can be stored in a system data base to be used for 

further calculations when we change the material or 

the length of the building for example. This can 

provide us insight for the final pre-signed 

submission paper for the client or investor for a 

economical point of view.  

III. TECHNOLOGY USED TO DEVELOP 

THIS CONCEPT MODEL OF LEARNING 

AND COGNITION 

This paper uses CAD / CAM technology to 

develop the conceptual design in this case 

AutoCAD and Google SketchUp which later with 

all its development stages is easily converted into a 

suitable 3D model (.fbx, .obj). 
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Figure 2. Architectural Concept and Design 

From the software part, the combined 

development technology of C # and Unity3D was 

used to make a software segment-software that 

shows the 3D models or in this case there is a 

projected 3D object in a real position with 

appropriate coordinates (this is enabled by build in 

GPS developed module mounted on the laptop) in a 

scale of 1: 1. 

C # - a programming language created by 

Microsoft at the initiative of Microsoft. NET and 

then approved as standard by Ecma (ECMA-344) 

and ISO (ISO / IEC 23270). C # is one of the 

programming languages designed for Common 

Language Infrastucture. C # is a simple, modern, 

multi-purpose programming language. 

C # is a simple, modern, multi-purpose and 

object-oriented programming language. 

• The language is intended for use in the 

development of software components 

suitable for use in distributed environments. 

• Source code for portability is very 

important, as is program portability, 

especially for developers who know the C 

and C ++ programming languages. 

• Support for internationalization is very 

important. 

• C # is designed to be suitable for writing 

applications for both home and embedded 

systems 

• C # applications are memory and energy 

efficient in their processing, the language is 

not designed to compete in performance and 

size with the C programming language or 

assembly language. 

Unity is a cross-platform game engine developed by 

Unity Technologies, first announced and released in 

June 2005 at Apple Inc.'s The engine has since been 

gradually extended to support a variety of desktop, 

mobile, console and virtual reality platforms. It is 

particularly popular for iOS and Android mobile 

game development and used for games. It is cited to 

be easy to use for beginner developers and is 

popular for indie game development. The engine 

can be used to create three-dimensional (3D) and 

two-dimensional (2D) games, as well as interactive 

simulations and other experiences. The engine has 

been adopted by industries outside video gaming, 

such as film, automotive, architecture, engineering, 

construction, and the etc. 

 
Figure 3. Developed AR Application 

From the hardware part to fully experience this 

tool for real-time design and display of an already 

designed 3D object, a combination of virtual reality 

glasses and cameras from a suitable manufacturer 

that have appropriate hardware performance is used. 

In our case it is a combination of Oculus Rift S and 

ZED mini from Stereolabs. 
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Figure 4. Headset for augmented reality 

IV. CONCLUSION 

The main goal of this paper was to understand 

the future of health architecture, i.e., to understand 

the guiding principles that contribute to the future 

development of hospitals and to recognize the 

importance of the implication of patients in the 

design process, i.e. to see the positive results of their 

interaction. and support in the design and design of 

clinical hospitals. 

Through the phase of preliminary analysis, the 

needs and views of the patient, the focused care and 

the basic human need for social assistance and 

support indicate a number of positive results that 

have an impact on the whole society and its sectors. 

The paper fully strives to improve the current 

state of such facilities and their role in society. It is 

clear that this architectural design solution cannot 

fully determine and anticipate all the needs, because 

the design of clinical hospitals is updated daily, but 

still according to full research are aware of the main 

principles for future development that should be 

applied from the very beginning. design and which 

will contribute a huge number of positives not only 

to make a building look modern and beautiful, but 

above all to be fully functional and useful for those 

who use it, and additionally a huge positive side is 

that such a building will have contributions for the 

whole society and the environment in general. 

Therefore, with the help of this type of so-called 

new technology that offers an alternative reality, we 

can see all the disadvantages and advantages of 

building such facilities. At the same time, the 

development environment itself allows a lot of 

possibilities that with appropriate upgrades would 

allow an architect to even design in real time in 

augmented reality. 
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Abstract: The problem of designing routes for vehicles that 

should supply different customers with defined locations 

and specific demand from a single or various depots is 

known as the vehicle routing problem. The main objective 

in this case is minimizing the total cost of delivery or 

maximizing the profit while taking into consideration some 

constraints that vary from a case to another. In this paper I 

am going to define this problem, present a mathematical 

model to describe it, talk about the existing solutions to solve 

it, and use different tools to solve a real VRP of a company 

in tangier. 

I. INTRODUCTION 

Vehicle Routing Problem (VRP) or a vehicle 

routing problem is illustrated by the figure below 

which shows a multi-node problem in which two 

vehicles have to make cargo deliveries to 11 stations 

and return to the warehouse or starting node. Cargo 

needs are in parentheses next to each node, and 

distances in kilometers are shown on the arcs. 

Initially, the 12-node is grouped into two groups, 

one for each vehicle. Nodes 2 to 6 are marked for 

vehicle 1, while nodes 7 to 12 are marked for 

vehicle 2. Node 1 is the starting node, warehouse. 

Practically, clustering takes into account physical 

barriers and obstacles, such as rivers, mountains, 

etc., as well as geographical areas such as cities that 

form a natural group. Capacity constraints and 

payloads are taken into account when grouping is 

developed. Thus, the payload of one vehicle is 45 t 

and of the other vehicle 35 t. 

 

FIGURE 11. VEHICLE ROUTING PROBLEM: REVISED 

SOLUTION 

II. VEHICLE ROUTING PROBLEM (VRP) 

Vehicle Routing Problem (VRP) or a vehicle 

routing problem is identical and extends the MTSP 

problem to include service requirements for each 

node at different vehicle capacities. The purpose of 

these problems is to minimize the total cost or 

distance across all routes.  

TABLE 1. DISTANCE BETWEEN CITIES IN EASTERN 
MACEDONIA 

 

 1 2 3 4 5 6 7 

1  39 99 50 91 168 154 

2 39  60 55 66 145 131 

3 99 60  116 52 151 156 

4 50 55 116  40 109 113 

5 91 66 52 40  83 66 

6 168 145 151 109 83  85 

7 154 131 156 113 66 85  
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The quantity of units of a new product L-

Carnitine that is transported to individual cities in 

Eastern Macedonia is shown in Table 2, and the 

capacity of vehicles (K) is 5000 units. 

  
TABLE 2. COALITIONS OF UNITS REQUIRED 

 

i (2) 

Kumano
vo 

(3)  

K. 
Palank

a 

(4) 

Veles 

(5)  

Stip 

(6) 

Delc
evo 

(7) 

Strumic
a 

di 14 000 900 1 400  2 000 900 1 800 

Sij savings are calculated and shown 

symmetrically with the following values in Table 

11.  

TABLE 3. THE ESTIMATED SAVINGS SIJ 
 

 2 3 4 5 6 7 

2  78 34 64 62 62 

3 78  33 138 116 97 

4 34 33  101 109 91 

5 64 138 101  176 179 

6 62 116 109 176  237 

7 62 97 91 179 237  

Subordinated savings: [7,6], [7,5], [5,6], [5,3], 

[6,3], [4,6], [4,5], [7,3], [4,7], [3,2], [5,2], [6,2], 

[7,2], [4,2], [4,3]. 

First we consider the case for transport of the 

product from (7) Strumica to (6) Delchevo. They 

can be presented on the same route for the need of 

2,700 units in a vehicle with a capacity of 5,000 

units. A 7 → 6 connection is made, so nodes 7 and 6 

will be neighbors of the route in the final solution. 

Further we will consider the route from (7) 

Strumica to (5) Stip. If they are neighbors on the 

route it would be desirable to connect 6 → 7 → 5 or 

5 → 7 → 6. The total number of units which is 4 

700 in this route does not exceed the capacity of the 

vehicle (5000) Since the transported 4 700 units so 

far reach the capacity of the vehicles, the route of 

the first vehicle is completed. 

We will review the route of the second vehicle in 

the nodes (3) Kriva Palanka and (2) Kumanovo. 

They can be presented in the same route because the 

required units for delivery are 1,400 and 900, ie 

2,300 units, which fills the capacity of 5,000 units. 

The next route is (4) Veles and (3) Kriva 

Palanka, which can be connected to the previous 

route 3 → 2, thus obtaining the desired route 4 → 2 

→ 3 or 3 → 2 → 4 with 3,700 units. 

The delivery of the entire quantity of units 

(8400) for Eastern Macedonia is performed with 

two routes and two vehicles, namely 1 → 5 → 7 → 

6 → 1 and 1 → 4 → 2 → 3 → 1. The total distance 

traveled by the first vehicle is 408 km, while for the 

second vehicle it is 246 km. 

 
FIGURE 2. VEHICLE ROUTING PROBLEM FOR EASTERN PART 

OF NORTH MACEDONIA 

The savings and quantities of delivered units of a 

new product with a quantity of 10 800 units in 

Western Macedonia, the route display and the 

number of vehicles are given in Tables 1, 2 and 3. 

TABLE 4. DISTANCE BETWEEN CITIES IN WESTERN 

MACEDONIA 

 1 8 9 10 11 12 13 14 

1  131 176 174 159 67 44 112 

8 131  47 106 32 108 132 62 

9 176 47  66 52 124 146 78 

10 174 106 66  138 107 132 61 

11 159 32 52 138  140 164 62 

12 67 108 124 107 140  24 46 

13 44 132 146 132 164 24  70 

14 112 62 78 61 62 46 70  

The quantity of units of a new product that is 

transported to individual cities in Western 

Macedonia, while the capacity of one vehicle (K1) 

is 7000 units and the second (K2) is 4000 units. 

TABLE 5. COALITIONS OF UNITS REQUIRED 

(8) 

Prilep 

(9)  

Bitola 

(10) 

Ohrid 

(11)  

Krusevo 

(12) 

Gostivar 

(13)  

Tetovo 

(14) 

Kicevo 

1 600 2 000 2 000  1 200 1 200 1 600 1 20 

 

Sij savings are calculated and displayed 

symmetrically with the following values in the table. 

TABLE 61. THE ESTIMATED SAVINGS SIJ 

 

Sij 8 9 10 11 12 13 14 

8  260 199 258 90 43 181 

9 260  284 283 119 146 210 

10 199 284  205 134 86 225 

11 258 283 205  86 39 209 

12 90 119 134 86  87 133 

13 43 146 86 39 87  86 

14 181 210 225 209 133 86  
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Subordinated savings: [9,10], [9,11], [8,9], 

[8,11], [10,14], [9,14], [11,14], [10,11], [8,10], 

[9,13], [10,12], [12,14], [9,12], [8,12], [12,13], 

[11,12], [13,14], [10,13], [8,13], [11,13]. 

First we consider the case for transport of the 

product from (9) Bitola to (10) Ohrid. They can be 

presented on the same route for the need of 4,000 

units in a vehicle with a capacity of 7,000 units. A 9 

→ 10 connection is made, so nodes 9 and 10 will be 

neighbors of the route in the final solution. 

Further we will consider the route from (9) 

Bitola to (11) Krushevo. If they are neighbors on the 

route it would be desirable to connect 10 → 9 → 11 

or 11 → 9 → 10. The total number of units which is 

5 200 in this route does not exceed the capacity of 

the vehicle (7000). 

The next route with the greatest distance saving 

is (8) Prilep to (9) Bitola, if they are neighbors in the 

route it would be desirable to connect 10 → 9 → 8 

→ 11 or 11 → 8 → 9 → 10. As the 6,800 units 

transported so far approach the capacity of the first 

vehicle (7,000 units), the route of the first vehicle is 

completed. 

We will review the route of the second vehicle in 

the nodes (12) Gostivar and (13) Tetovo. They can 

be presented in the same route because the required 

delivery units are 1,200 and 1,600, respectively 

2,800 units. 

The next route is (12) Gostivar and (14) Kicevo, 

which can be connected to the previous route 12 → 

13, thus obtaining the desired route 13 → 12 → 14 

or 14 → 12 → 13 with 4,000 units. 

The delivery of the entire quantity of units (10 

800) for Western Macedonia is done with two routes 

and two vehicles, and they are 1 → 10 → 9 → 8 → 

11 → 1 or 1 → 11 → 9 → 8 → 10 → 1 and 1 → 14 

→ 12 → 13 → 1 or 1 → 13 → 12 → 14 → 1. The 

total distance traveled by the first vehicle is 455 km, 

while for the second vehicle it is 226 km. 

 
FIGURE 3. VEHICLE ROUTING PROBLEM FOR WESTERN PART 

OF NORTH MACEDONIA 

III. STEPS OF THE IMPLEMENTATION 

PROCESS 

To explain the process, I am going to use the first 

cluster group to find the optimal route for the first 

vehicle. 

The first thing to do is declaring the number of 

stations we have. In our first cluster, we have 8 

stations (including the depot). Next, it is necessary 

to get an appropriate matrix; in order to do so, zeros 

(Number_of_Stations, 1) gives as a 12 by 1 matrix 

of zeros for both stations' longitudes and latitudes. 

Then, it is necessary to enter the coordinates of our 

given stations that will be used to fill our matrices 

using a for loop. The screenshot below shows the 

code part of what I just described. 

Number_of_Stations = 12;   %Declaration of the 

number of stations n = 1; 

 

Stations_Longitude = zeros(Number_of_Stations,1);   

 %Allocating x-coordinates  

Stations_Latitude = Stations_Longitude;  

%Allocating y-coordinates 

 

%Entering the coordinates of our given Stations 

X = [-5.9206340,-5.839599,-5.824116,-5.809254,-

5.9258994,-5.82757,-5.8627424,-5.8350188 …] 

Y=[35.7203120,35.73981,35.754001,35.753916,35.

7359144,35.7500991,35.751059,35.7538851…] 

 

%This loop fills the Matrices with the given 

Stations' coordinates  for i=l:Number_of_Stations 

Stations_longitude(i)=X(i); 

STATIONS^LATITUTDE(i)=Y(i); 

end 

The next step is plotting the stations in their 

appropriate location using the given coordinates. 

For accurate visualization, it is necessary to import 

the real map. In order to do so, I used 
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‘plot_google_map’ that uses a code written and 

saved in the same file as the main code that 

generates information from google map. 

Moving forward, we need to determine the 

possible paths, what I mean by this is the possible 

ways of selecting 2 stations from the 12 given 

stations. Since this is a combination, we have:𝐶𝑛
𝑘 =

𝑛!

𝑘!(𝑛−𝑘)!
. With n=12 stations and k=2, we get 28 

possible combinations between 2 stations (1-2, 1-3, 

1-4…) Next, the distance between all the possible 

paths is calculated using the hypot function as 

follows: 

Possible_paths=nchoosek(l:Number_of_Stations(2); 

%Possible Combinations of 2 selected stations  

display (Possible_paths) 

%Distances calculation 

Euclidean_distance - 

hypot(Stations_latitutde(Possible_paths(:,D) - 

Stations_latitutde(Possible_paths(:,2)), 

Stations_longitude(Possible_paths(:,D) - 

Stations_longitude(Possible_paths(:,2))); 

len = length(Euclidean_distance); 

display(Euclidean_distance)  

The code fragment below shows the setting of 

the constraints and the use of the intlinprog 

function. 

Aeq=spones(1:length!idxs)); 

beq=Number_of_Stations; 

Aeq=[Aeq;spaUoc(Number_of_Stations,length)i

dxs), Number_of_Stations*(Nuniber_of_Station12-

1))]; 

for ii = 1:Number_of_Stations 

whichldxs = (idxs == ii); 

% find the trips that include stop ii 

whichldxs = sparse(sum(whichldxs,2));  

% include trips where ii is at either end 

Aeq(ii+1,:) = whichldxs';  

% makes sure to include the constraint 

matrix 

End 

 

beq = [beq; 2*ones(Number_of_Stations,l)]; 

intcon = l:len;  

lb - zeros(len,l);  

ub = ones(len,l); 

 

Distance_Limit=40;  

%This is my inequality constraint  

opts = optimoptions('intlinprog",'Display','off'); 

[x_tsp,costopt,exitflag,output] 

intlinprog(Euclidean_distance,intcon,Euclidean_dist

ance,Distance_Limit,Aeq,beq,lb,ub,opts); 

Moving forward, there is another very important 

point to consider while programming which are the 

subtours eliminations. When I run the program the 

first time, the result I got was a set of non-linked 

tours. In order to avoid this, it is necessary to add a 

part in the code to eliminate the subtours. You can 

see in the appendix in the code part, the section 

where the subtours are eliminated. 

Since I used longitude and latitude as 

coordinates. The calculated distance is Euclidean. In 

order for me to know the distance in Kms to 

compare it with the optimal tour length generated by 

the other tools, I simple multiplied the decision 

variables vector with the distance vector. The 

fragment code below shows this step (since the 

distance vector is long it doesn’t totally appear): 

%Calculation of total distance in Kms 
:irst_cluster_distances=[9.198,11.25,13.996,8.392,1

0.506,8.316,10.158,2.921,6.278,14.818,2.177,3.727,

2.441.811,15.8..] 

Optimal_route=First_cluster_distances*x_tsp; 

display(Optimal_route) 

 

display(x_tsp) 

:itle('Solution for 8 stops with subtours eliminated');  

lold off 

 

lisp(output.absolutegap) 

IV. RESULTS AND CONCLUSION 

The total length of the optimal route generated 

and with the following route in order: 

Looking at the solutions for routing the vehicle 

in Eastern Macedonia I can create a complete tour 1 

→ 2 → 4 → 5 → 7 → 6 → 3 → 1 whose length is 

535 km. Since this method does not always give the 

optimal value of the tour, I reviewed the network 

again with the help of a software tool and found a 

better tour, such as 1 → 4 → 6 → 7 → 5 → 3 → 2 

→ 1. The total distance of this tour is 461 km, 

compared to the previous one of 535 km, or a 

difference of 48 km. 

Looking at the solutions for routing the vehicle 

in Western Macedonia I can create a complete tour 1 

→ 13 → 12 → 14 → 10 → 9 → 8 → 11 → 1 whose 

length is 479 km. Since this method does not always 

give the optimal tour value, I reviewed the network 

again and found a better tour, such as 1 → 13 → 12 

→ 14 → 10 → 9 → 11 → 8 → 1. The total distance 
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of this tour is 456 km, compared to the previous one 

of 479 km, or a difference of 23 km. 
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Abstract – This paper presents the application of the MQTT 

protocol in the communication with telepresence robots. 

They are used for various purposes in education, medicine, 

nursing homes, etc. To ensure a good user experience, 

sending data from applications to telepresence robots needs 

to be fast and reliable. The MQTT protocol is open, fast and 

can be easily implemented. Its features make it ideal for 

data transmission in the communication with telepresence 

robots. 

I. INTRODUCTION 

Telepresence robots (TRs) are special type of 
robot used to provide a view in remote locations 
through proper control and movement in the 
environment. These robots often have a built-in 
teleconferencing system, camera, speakers, 
microphones and so on. Most of them also have 
wheels for movement in the environment in which 
they are located. This allows the user at the remote 
location to control the robot depending on its needs. 
TRs can also be operated by people at the location of 
the robot if remote people are unable to do that. 

The benefits of using these types of robots are 
huge. There are a lot of use cases in which TRs can 
be used. According to one research of UNESCO 
Institute for Statistics (UIS), the number of children, 
adolescents and youth out of school in 2018 was 258 
million. Of these, 59 million were primary school 
children, 62 million were lower secondary school 
children and 138 million were upper secondary 
school [2]. Due to the situation with the Covid-19 
virus, this number is now significantly higher. With 
the proclamation of the pandemic on 11 March 2020 
by World Health Organization (WHO), many 
schools and universities were closed. The 
educational process started online with the use of 
teleconferencing platforms. Given the situation, it is 
good that the educational process has continued. 
This was primarily due to the digitalization as well 
as new technological developments. This only 
confirms the need for investments in new platforms, 
tools and things that will be able to facilitate the 
educational process in the future [5] [30]. TRs can be 
used for this. Using them in education can help both 
children and teachers. They can help all children 
who, for some reason, cannot attend school. This 

way they would feel like they were really present in 
the classroom. This increases the sense of belonging 
and at the same time motivates the students. As 
mentioned earlier, TRs can also help teachers. They 
also face problems during the teaching process. This 
is especially pronounced now in a time of pandemic. 
One of the biggest problems they face is in terms of 
practical work and laboratory exercises. Although 
they can use computer cameras, they do not always 
provide a good view. This is where TRs can help. 
They can provide access, from different angles, to 
any place in the room, e.g. a large laboratory where 
practical work is performed. A better view can be 
made possible by moving the robot properly and 
zooming in using the camera. Using additional 
technology such as augmented and virtual reality can 
also enhance the TRs user experience [4]. This 
confirms the importance of using TRs in education 
[1] [3]. 

TRs can also be used in health care. According 
to one study of United Nations (UN) for the world 
population, there were 703 million elderly people 
that are on age 65 and over in the world in 2019 [6]. 
It is estimated that the number of elderly people will 
double by 2050 to 1.5 billion [6]. This imposes the 
need to develop new technologies and platforms that 
will help the elderly to perform daily activities. 
These technologies would certainly be of great help 
to caregivers who also face new challenges on a 
daily basis. TRs can have a huge positive impact 
acting as an assistant to caregivers [7]. With TRs, 
caregivers will be able to monitor the elderly 
remotely. Elderly people can communicate with their 
family members and their friends, which will reduce 
loneliness and maintain social interactions. TRs will 
especially help when people are in a nursing home, 
where the communication, support and inclusiveness 
are most important [8]. 

There are several use cases for TRs in medicine. 
They can be used as a communication tool between 
patients and their families and doctor, for remote 
health consultation, for contactless delivery of foods 
and medicines, for remote room disinfection [9] etc. 
These things are extremely important, especially 
now, in the period of the Covid-19 pandemic. 
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All of the above use cases only confirm the 
importance of using TRs. What is also important in 
TRs is the communication. Sending commands from 
a remote user to the TRs should be almost in real- 
time with low latency. This can be achieved using 
the MQTT protocol. 

The rest of the paper is structured as follows: 
Section II presents the related work with MQTT and 
TRs. Section III describes the basics of the MQTT 
protocol. Section IV presents the application of the 
MQTT protocol in TRs. Section V is a discussion 
about the TRs and MQTT. Sections VI is a 
conclusion of our work. 

II. RELATED WORK 

Gonzalez-Jimenez in [10] describe the usage of 
TRs in elder telecare applications. They proposed the 
MQTT protocol for sending commands to the robot 
and also for exchanging sensorial data. Cymbalak et 
al. in [11] present a concept of extending the 
telepresence technology with physical interactions. 
They proposed integration of MQTT in overall 
communication model for sending coordinates, 
pressure data, body or instructions for arm 
movement with minimal delay. Kiselev et al. in [12] 
present an evaluation of using semi-autonomy 
features in telepresence systems. In their robot 
control architecture, they have used the MQTT 
protocol for communication with the client interface. 
Loza-Matovelle at al. in [13] proposed an 
architecture for integration of robots and sensors for 
the elderly in an ambient assisted living 
environment. In this architecture MQTT is used for 
communication between devices which contain 
sensor and actuators. Cortellessa et al. in [14] used 
the MQTT protocol for inter-process communication 
which allowed sharing data by using a 
publish/subscribe  design  pattern.  Luperto  et  al. in 

[15] showed a framework which is centered around 
an assistive mobile robot for elderly people. They 
proposed the usage of MQTT protocol for 
communication purposes. The same authors in [16] 
show the main components of the system with 
mobile robot for at-home ambient assisted living of 
the elderly. In their system the robot interacts with 
other system components by sending commands and 
feedback through a MQTT channel using JSON 
messages. Melendez-Fernandez et al. in [17] present 
a web-based solution for robotic telepresence. They 
used MQTT protocol for establishing a bidirectional 
communication between clients and robots. MQTT 

is used for sending commands to the robot and 
transmitting sensory data. For this purpose, they used 
a MQTT Message Broker which implements the 
MQTT protocol and provides compatibility for 
TCP/IP and WebSockets. 

The MQTT protocol is also used in automotive 
industry for data transmission, in transport and 
logistics, in telecommunications and in 
manufacturing industry. Car manufacturer company 
BMW uses MQTT to create fast, reliable and 
scalable platform for cars [19]. It uses this protocol 
in their car-sharing application. SAIC Volkswagen 
uses MQTT in their IoV platform that establishes the 
connection between cars, cars and people, cars and 
roads. It also implements in-car information services, 
intelligent transportation and vehicle control 
automation [20]. Matternet uses MQTT for real-
time monitoring of autonomous drones [21]. The 
drones and the landing stations transmit MQTT 
messages that can be used to provide the flight 
status in real- time. In some of the IBM Telemetry 
use cases, the MQTT protocol is used for home 
energy monitoring and control and for home patient 
monitoring [22] [23]. CASO Design uses MQTT for 
creating smart kitchen appliances. This protocol 
helps them to enable remote management of the 
appliances and for pushing notifications for the end-
users to inform them about unexpected situations 
[24]. German Railway uses MQTT to enable the 
communication between the trains and wayside 
monitoring systems [25]. Facebook Messenger has 
been using MQTT since 2012 [26]. It enabled fast 
messaging as well as optimization of battery and 
bandwidth. The transmission of messages took place 
in hundreds of milliseconds, instead of a few 
seconds like earlier. All of these use cases only 
confirm the benefits of using the MQTT. This 
protocol can be applied to improve the 
communication in TRs, both for sending commands 
and for proper exchange of data. 

III. MQTT PROTOCOL BASICS 

MQTT is a publish/subscribe protocol for the 
Internet of Things (IoT) [18]. It is located at the 
application layer of the IoT protocol stack. It is open, 
simple and can be easily implemented. These 
features make it useful for constrained devices which 
has limited memory and low processing power such 
as sensor devices and controllers. There are libraries 
for application development that use the MQTT 
protocol in several programming languages such as: 
C, Java, C#, JavaScript, etc. 
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Figure 1. MQTT publish-subscribe model 

In 2014 the version 3.1.1 of the MQTT became 
OASIS standard, while in 2016 it became ISO 
standard. The latest version of the protocol is 
MQTT 

5.0. It became OASIS standard in 2019. It offers a 
number of improvements and new features that can 
help the clients. 

This protocol implements the publish/subscribe 
model which is ideal for IoT communication (Fig. 
1). It is client-server model with two types of clients. 
The first type are clients who send messages which 
are called publishers. The second type of clients are 
those who subscribe on a specific topic to receive 
messages. They are called subscribers. The central 
role in this communication is played by the broker. It 
receives all the messages from publishers and 
delivers them to subscribers according to the topic 
on which they have subscribed. These two types of 
clients do not communicate directly with each other. 
The broker is acting as an intermediary between 
them. 

The topic is hierarchically arranged UTF-8 string 
which is the subject of the message. It can have one 
or more levels which are separated by the character 
“/”. One example of MQTT topic is: 

/home/bedroom1/temperature 

This topic has three levels. Topic names are case 
sensitive, so the following topic is not the same as 
the previous: 

/home/Bedroom1/temperature 

MQTT has three Quality of Service (QoS) levels 
which guarantee delivery of messages. The QoS 
levels are: 

 

 QoS 0 (at most once) 

 QoS 1 (at least once) 

 QoS 2 (exactly once) 
MQTT v.3.1.1 has 14 different control packets 

(CONNECT, CONNACK, PUBLISH, PUBACK, 
PUBREC, PUBREL, PUBCOMP, SUBSCRIBE, 
SUBACK, UNSUBSCRIBE, UNSUBACK, 
PINGREQ, PINGRESP and DISCONNECT. The 

latest version MQTT 5.0 has one packet more and it 
is the AUTH control packet. Every packet has a size 
between 2B and 256MB. It is ideal for networks for 
low bandwidth and high latency. According to [27] 
the average latency is around 0.3196 seconds. It is 
especially important for applications where we need 
to exchange data in real time. TRs are the ones that 
require communication in almost real time. This is 
especially true for the robot movement commands. 
In order for the robot to move smoothly, the 
commands sent by a client need to be delivered with 
low latency and almost in real time. In addition to 
the commands, the data itself should be sent quickly. 
This can be data from sensors placed on the robot, 
data from the environment, etc. According to its 
features, the MQTT protocol can significantly help 
to improve the communication in TRs. 

IV. THE USE OF THE MQTT PROTOCOL IN 

TRS COMMUNICATION 

TRs are usually located in a remote environment. 
Users send commands to the robot that receives the 
commands and responds accordingly. Commands are 
sent over the Internet. In order to have natural 
movements, it is important that the commands sent 
by remote users are sent in fairly real time. If this is 
not the case, then we would have a bad user 
experience. Users will try to move the robot, but due 
to the delay of the commands, they could not fully 
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Figure 2. Communication of user and telepresence robot using the MQTT protocol 

follow it. Since the user is not in the same room as 
the robot, he/she uses a network to send 
data/commands. Network issues can also be a 
problem for properly delivering commands to the 
robot. However, this is a general problem and the 
user is usually notified about this through the 
application he/she uses. There are TRs which have 
tablets or mobile phones attached to them, that serve 
to establish a connection with the robot. Basically, 
the commands that are send by the user to this 
mobile device are forwarded to the robot which 
executes them. Forwarding commands in this case 
must also be done quickly in order to ensure a good 
user experience. In addition to commands, we often 
need to send data from the robot to the users and vice 
versa (this may be data from sensor device located 
on the robot, data for objects located in the 
environment, some private data etc.). Adequate fast 
and reliable transport should also be provided for 
this data. This will also provide a good user 
experience. 

According to its characteristics, the MQTT 
protocol can be applied for communication in TRs. 
As can be seen in Figure 2, the remote user and the 
telepresence robot communicate with each other 
using the MQTT protocol and MQTT broker as a 
central component of the architecture. To send 
commands, the remote user sends a message to the 
broker, on a topic on which the telepresence robot is 
subscribed. Once the broker receives the message, it 
forwards it to the robot that executes the command. 
Sending data can be in both directions, from the 
remote user to the telepresence robot and vice versa. 

V. DISCUSSION 

A very important thing in developing applications 
for TRs using the MQTT protocol is to determine the 
purpose of the application, in order to determine the 
data flow. Depending on the context of the 
application, the telepresence robot can have the role 

of publisher and subscriber. Same is for the client. 
The data and commands are sent through MQTT 
broker. 

As mentioned before, that MQTT has three levels 
of QoS. To develop application, we need to 
determine which QoS level we will use. It all 
depends on the purpose of the application: whether 
we want the messages to be sent at most once (QoS 
0), at least once (QoS 1) or exactly once (QoS 2). 

Another important thing when we develop 
applications for TRs using the MQTT protocol is to 
pay attention to the security. Appropriate 
authentication and authorization mechanisms must 
be provided in order to allow only users who have 
the appropriate rights to send commands to the robot 
and to exchange data. If data are sensitive, then it is 
best to encrypt it or the transmission could be 
through covert channels suggested in [28] and [29]. 

VI. CONCLUSION 

TRs can be used in a variety of fields. They can 

be used in education, medicine, homes, care centers 

for elderly, museums, etc. Therefore, it is important 

to implement appropriate mechanisms and protocols 

that will ensure reliable and fast data transfer. This 

can be achieved by implementing the MQTT 

protocol. It is open, simple and can be easily 

implemented. Sending messages with MQTT is 

done almost in real time. All of this makes it ideal 

for TRs communication. Our future research will be 

focused on developing applications for TRs using 

the MQTT protocol. 
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Abstract: Nowadays there is an increasing demand of 

creating accurate 3D models of various object. 

Visualization of these models allows the user to get the 

realistic impression of the object. 3D visualization has 

many applications in the areas of architecture, 

engineering, medicine, tourism, education etc. This 

paper presents the creation of 3D objects using 

photogrammetry technique. During our research, we 

have generated 3D model of various small objects. 

However, the focus was on generating 3D model of a 

human body, using Meshroom software. The lessons 

learned, during the data acquisition, as well as 3D 

reconstruction are presented in this study. 

Keywords: photogrammetry, 3D reconstruction, 3D 

model, Meshroom. 

I. INTRODUCTION 

One of the many lessons learned during Covid-
19 pandemic, is the need to incorporate technology 
into education systems. This require reorganizing 
teaching and learning processes, by creating 
flexible and enriched educational environments, 
that will help teachers in conducting the teaching 
activities, while increasing students’ motivation 
and engagement, at the same time. The 
transformation of teaching and learning by the 
utilisation of technologies has certainly provided 
an exciting opportunity to design various learning 
systems and environments, that are realistic, 
engaging and fun [1, 2, 3, 4, 5, 6]. 

Nowadays, one of the technologies that is 
showing great potential in education system is 
Augmented Reality (AR). Using AR technology in 
education has a number of advantages. AR can: 
significantly improve students’ level of content 
knowledge, enhanced engagement, enjoyment, 
motivation and participation improve students’ 
outcome, promote exploratory behavior and 
develop a positive attitude [7]. The advantages of 
AR in education indicates that there is good 
potential to integrate AR in teaching and learning, 
especially for the subjects that require the students 
to visualize. The virtual objects used in AR, appear 
to coexist in the same space of the objects in the 
real world. Augmented reality (AR) combines real 
and virtual world, supplementing the real world 

with computer-generated virtual objects in real-time 
[8, 9]. AR uses pre-determined target points in real 
world by connecting virtual objects and interpreting 
the results through certain programs. However, the 
virtual 

objects used in AR, should be created previously, 
using various technique and specific computer 
programs. 

This paper presents the creation of 3D objects 
using photogrammetry technique. During our 
research, we have generated 3D model of various 
small objects (like vase, ceramic glass, little statue 
etc.) However, the main focus of this paper is 
generating 3D model of a human body. For photo 
processing we used Meshroom - an open source 
software 3D reconstruction software based on the 
AliceVision framework [10]. To clean up and refine 
our 3D mesh, Meshlab software is used [11]. 

II. WHAT IS PHOTOGRAMMETRY? 

Photogrammetry is a technique to obtain reliable 
data of real-world objects in the environment by 
creating 3D models from photos [12]. The technology 
is practically as old as the photography itself. During 
the years, it has evolved from analog optical- 
mechanical technique to analytical methods based on 
computer/software applications involving complex 
mathematical algorithms and finally, nowadays, to 
digital photogrammetry based on digital imagery and 
computer vision. Photogrammetry is primarily 
concerned with making precise measurements of 
three-dimensional objects and terrain features from 
two-dimensional photographs. Photos should be 
taken from different positions and angles, allowing 
for appropriate calculations. 2D and 3D data is 
extracted from an image and, with overlapping photos 
of an object, building, or terrain, converted into a 
digital 3D model. 

The fundamental principle used by 
photogrammetry is triangulation. A line of sight (or 
ray) can be constructed from the camera location to 
the point on the object. It is the intersection of these 
rays that determines the three-dimensional location of 
the point [12]. 
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Figure.1 The concept of photogrammetry 

III. TYPES OF PHOTOGRAMMETRY 

Photogrammetry can be classified based on 
camera location during photography. On this basis we 
have aerial, terrestrial (or Close-Range) and space 
photogrammetry [13]. 

In aerial photogrammetry, the camera is mounted 
in an aircraft (or drone or unmanned aerial vehicles- 
UAVs) and is usually pointed vertically towards the 
ground. Multiple overlapping photos of the ground 
are  taken  as  the  vehicle  flies  along  a  flight path. 
Traditionally these photos were processed in a 
stereo-plotter (an instrument that lets an operator see 
two photos at once in a stereo view) but now are often 
processed by automated desktop systems. The 
photogrammetry software will take the images (and 
potentially GPS position data, along with any camera 
information or calibration) from the flying vehicle 
and produce a set of 3D points or surfaces that 
describe the surface (the ground or object) being 
modeled. 

In terrestrial photogrammetry, the camera is 
located on the ground, and hand-held, tripod or pole 
mounted. Usually this type of photogrammetry is 
non-topographic - that is, the output is not 
topographic products like terrain models or 
topographic maps, but instead drawings, 3D models, 
measurements, or point clouds. Everyday cameras are 
used to model and measure buildings, engineering 
structures, forensic and accident scenes, mines, earth- 
works, stock-piles, archaeological artifacts, film sets, 
etc. In the computer vision community, this type of 
photogrammetry is sometimes called Image-Based 
Modeling. 

One step forward from aerial and terrestrial 
photogrammetry is space photogrammetry 
(photogrammetry on large scale). It is conducted with 
cameras that are positioned on the Earth 

surface or on a satellite. It is used in space exploration, 
for mapping the space around us, giving accurate 
information 

about cloud patterns, producing more accurate maps 
of the Earth itself and the objects positioned into the 
space. 

A. Classification of photos 

Aerial photographs can be classified in to two main 

categories: vertical photographs and tilted 

photographs. Vertical photographs are done when the 

camera axis is strictly vertical. The lens of the 

camera is pointed down to the ground (bird-eye 

view). Most common approach for this type of 

pictures is when the camera is put on a drone or 

airplane. When pictures are taken with camera axis 

near (but not fully) vertical or when the camera axis 

is unintentionally tilted from the vertical (while 

positioned on a drone or airplane) we speak about 

tilted photos. If tilt of the camera axis from the plumb 

line is less than 3 degree the photograph is called 

vertical. For tilt more than 3 degree, it is called tilted 

photograph. Tilted photograph may again be 

classified in two categories: high oblique - in which 

the apparent horizon appears, and low oblique - in 

which the apparent horizon does not appear (Fig. 1). 

 

Figure 2. Aerial photography principles 

When applying photogrammetry on a small sized 

object, the possibility to choose among different 

acquisition strategies is one of the greatest 

advantages. Several important factors have to be 

considered in this scenario. The shape and geometry 

of the object is very important. Thus, it is necessary 

to calculate two very important parameters: tilt angle 

() and step angle () values. Tilt angle identifies the 

inclination of the camera respecting the xy object 

pane. Step angle identifies the rotational angle step 

when turning around the object and within the same 

tilt angle determines the number of images taken. It 

also determines how much the images will overlap 

between each other (bigger step angle – smaller 

overlapping). 
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Figure 3. Step and Tilt angle 

In general, if photogrammetry software application is 

available, several steps need to be followed in order 

to build a 3D model of an object using 

photogrammetry: 

1. Photo acquisition - taking photos from 

different angles, following the prerequisites 

for photo shooting; 

2. Processing of photographs - loading the 

images into the photogrammetry software; 

3. 3D Model generation - choosing the method, 

if it is not automatically, and setting the 

features of the software application before 

processing the images; 

4. Texturing and visualization. 

IV. PHOTOGRAMMETRY OF A HUMAN BODY 

The focus of this case study is generating 3D 
model of a human body. The human body is one of 
the most complicated objects to model because of its 
complex features, non-rigidity, and the time required 
to take body measurements. In body scanning, large 
errors occur due to the non-static nature of the human 
body and to the occurrence of displacements during 
the scanning process, such as small movements, 
breathing, and blinking. For example, just during 
quiet breathing in healthy subjects, the breathing 
amplitude is one-third of a deep breath 
(approximately 3 cm) based on the average 3D 
distances of the chest and abdominal wall [14]. To 
avoid large errors, the scanning time has to be as short 
as possible, in order to freeze the scene. 

B. Methodology 
The methodology used in this research includes 

several steps with different degrees of automation: 1) 
photo-capturing in short-time intervals with 
minimum light variation (indoor); 2) denoising; 3) 
edges improvement; 4) determination of matching 
features/points (characteristic points); 5) generating 
mesh. 

Steps 2-5 are integrated and automated within 
Meshroom processing nodes scheme. For the fourth 
step, FeatureExtraction node was included in the 
processing, working with Scale-Invariant Feature 

Transform (SIFT) algorithm, while DescriberPreset 
value was set to High. 

Multiple scenarios were conducted in slightly 
different conditions (outdoor - with indirect lighting, 
as well as indoor scenarios - with different lighting 
conditions). These scenarios were also applied on 
other small objects (like vase, ceramic glass, little 
statue etc.) in order to draw certain conclusions. Ten 
scenarios used in this research are shown in Table1. 

Table1. Scenarios used in the research 
 

General scheme includes nodes shown on Fig. 4. 

 

Figure 4. General node scheme 

The technica0l details about the hardware and 
software used in this research are as follows: 

- Camera: Samsung S9, sensor size: 1/2.55’’ 

- Computer: Intel(R) Core(TM) i7-7700U CPU 
@ 4.20GHz 4.20 GHz , RAM: 16GB / 
NVIDIA GeForce GTX 1060 6GB. As for 
hardware requirements, the Nvidia GPU 
(with compute capability of at least 2.0) is 
generally required for the dense high quality 
mesh generation. 32GB of RAM is 
recommended for the meshing. Of course, it 
can run with lower parameters also, but it will 
increase the processing time. 
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- Operating system: Windows 10 64 x86. 

- Photogrammetry software:
Meshroom 2020.1.1. 

- 3D editing software: Meshlab. 

C. Data acquisition 
Photographs of the subjects were mainly taken 

indoor, in an empty room with white walls and 
indirect solid daylight. Photographs were taken from 
different angles around the subjects. The positions of 
the camera were carefully planned for the geometric 
accuracy of photogrammetric reconstruction of the 
project and to identify all points on photographs 
required for determination of the frame of reference 
and textural data of the object. 

Dataset samples, for different subjects and 
scenarios, are shown on Fig. 5 – Fig. 7 

 

 

Figure 5. Scenario_3 Part of Dataset Female_1 
 

Figure 6. Scenario_6 Part of Dataset Female_3 

 

 
Figure 7. Scenario_10 Part of Dataset 

Male_7 

D. Creating the 3D Models and post procesing 
The photos, taken by each subject, were imported 

into Meshroom software, where 3D models were 
generated. However, these 3D models have a lot of 
noise, holes, and irregularities that need to be clean 
up. For this purpose, MeshDenoise and 
MeshDecimate functions were used. MeshDenoise 
removes the noise from the meshes, while 
MeshDecimate reduces the vertex density of a mesh 
by removing and reconnecting vertices automatically 
while attempting to preserve the mesh's silhouette and 
normals as much as possible. 

The remaining unwanted artifacts were removed 
using the MeshLab software. 

Finally, the following 3D models were generated 
(Fig.8– Fig.10): 

Figure 8. Female_1 3D model 
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Figure 9. Female_3 3D model 

 

Figure 10. Female_7 3D model 
 

Figure 11. Comparison of using vs. not using 

MeshDenoise and MeshDecimate 

V. DISCUSSION AND CONCLUSIONS 

Digital photogrammetry has become very popular 
and it is broadly used in variety of fields, like: 
topographic mapping, architecture, engineering, 
manufacturing, cultural heritage, medicine, education 
etc. It requires a series of overlapping photographs, 
taken of the physical object, from which a 3D 
reconstruction is obtained using photogrammetry 
software. Many factors influence the creation of 
accurate 3D models, such as camera positions, 
lighting conditions, object reflection, coverage of the 
scanned physical object, percentage of photos 
overlapping etc.

In this paper we have presented the creation of the 3D 
model of the human body. Regarding data 

acquisition, multiple scenarios were conducted in 
slightly different conditions in order to draw certain 
conclusions. Lessons learned during this study are: 

- Pictures must be taken from different angles 

around the object; 

- Flashlight should not be used; 

- Pictures should be taken in indirect light; 
- Consistent ambient light is required, thus the 

indoor shooting is better that the outdoor; 

- It is always better to take more pictures; 
- Focal length should be fixed during the 

photoshoot; 

- Overlapping should be within range 60% - 

80%; 

- The background of the image has a direct 

impact on the quality of the final model; thus, 

it should be fixed (non-movable); 

- Plain background is recommended; 
- Shadows should be avoided; 

- Plain and one-colored surfaces should be 

avoided; 

- The human body should fill most of the 

frame; 

- The object should not wear clothes that create 

reflection; 

- Visual color contrast between the 

background and the object is required. 

For 3D reconstruction of the body, the 
Meshroom software was used. Meshroom contains 
various functions, as well as wide range of possible 
nodes that can be included in the reconstruction 
processes, with a lot of combinations, in order to 
generate more realistic 3D model. However, for 
more accurate output, intervention in the source 
code (Meshroom is a Python application that relies 
on the AliceVision framework) would be necessary 
and will be considered for further research. 
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D. Implement the sprint 
In this phase, the team has to implement the 

assumed tasks in the preceding steps. For this, the 
team must be empowered with the responsibility of 
implementing the sprint. Thus, it is very important 
that no one to make decisions over the development 
team, otherwise it is possible the team to lose 
interest in obtaining the objectives of the sprint. In 
the meantime, the Scrum Master must show support 
for the team, to guide and assist the team, when the 
team asks all these. In case, it is noticed that some 
features are not possible to be implemented during 
the sprint, they can be moved in backlog for being 
prioritize for next sprints, but in case the team 
finishes the sprint faster, it is possible to include 
other tasks in the sprint [4]. 

Figure 2 shows Agile Project Management. 
Scrum is an iterative and incremental project 
management approach that provides a simple 
“inspect and adapt” framework. In Scrum, software 
is delivered in increments called “Sprints” (usually 
2-4 weeks iterations) [6].   

 
Figure 2. Agile Project Management – Iterative [18] 

Agile is a general concept used for different 
methods for software project management and - 
development. Agile can be thought of as a link 
between software development and business 
management. Examples of methods that fall under 
agile are eXtreme Programming (XP), Scrum, 
Crystal Clear, Feature Driven Development (FDD), 
Lean Software Development, Dynamic System 
Development Methodology (DSDM) and Kanban 
[19]. Some research shows that organizations that 
use agile most often apply Scrum, or in 52% of 
cases [19]. 

As many as 54% of companies studied use 
Scrum. Scrum with XP (32%) was the second most 
popular choice to be soon followed by XP (11%) 
and Kanban (9%). The methods that were used the 
least are TDD (2.5%), Crystal (2.5%), DSDM (2%) 
and FDD (2%). Summing up the percentages of the 
Agile methods used results in 114%. This implies 
that some organizations followed more than one 
Agile method. A summary of the Agile methods 
used is shown in Figure 3[4].  

 
Figure 3. Agile methods used [4] 

III DISCUSSION 

Using structured interview guidelines, the 
authors interviewed ten German companies about 
their specific use of Scrum and analyzed the results. 
All companies vary Scrum in some way. The least 
variation is in sprint length, events, team size and 
requirements engineering. Many users have changed 
roles, effort assessments and quality assurance. 
Many variations represent a significant deviation 
from Scrum as originally proposed. There are good 
reasons for some of these variations. However, 
sometimes the variations are the result of a previous 
non-agile, hierarchical organization [3]. The team is 
the central part of Scrum and an important limitation 
is the size of the team. Several companies extend the 
team size below and above the recommended 3-9 
people. Two companies have teams with only two 
members. Three companies work with teams of up 
to ten members, where one of them even has more 
than 10 members. The reason is that there was 
originally a classic team of 25 people [3]. Half of 
the companies follow the standard idea of a Product 
Owner in their projects. Often, the Product Owner is 
a business analyst responsible for one or more teams 
(to reduce effort for communication between them). 
One company also had a hierarchy of Product 
Owners. Two companies even had a Product Owner 
directly from the customer. In one company, the 
Product Owner was both, the business expert and 
the project manager. In one company, there were 
two Product Owners: one being the internal 
software architect and one being the external 
customer. Others reported that they either do not 
have a dedicated Product Owner at all and receive 
requirements directly from stakeholders or have a 
separate product management (department). Finally, 
in one company, a developer took this role because 
of the company size of four people. Almost all 
interviewees stated that they use the role of the 
Scrum Master in some way. However, the 
implementation differs. Companies fill this role with 
an existing project manager or team lead, split it 
between project manager and software architect or 
have one of the developers as Scrum Master. Thus, 
the main difficulty seems to be that being Scrum 
Master for only one team is not a full-time job. Two 
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companies report that having one of the developers 
as Scrum Master works well with a strong-minded 
and experienced developer, because such a person 
has a better insight into the technicalities of the 
project [3]. In another company, where the Scrum 
Master is mainly a developer, the role degenerated 
to an event organizer. Only one company does not 
name a Scrum Master explicitly. In all companies 
without a dedicated Scrum Master, the costs seem to 
play a major role. The role is shifted in the direction 
of a project manager, because the team members are 
working on many different projects simultaneously, 
and so the Scrum Master is also in charge of 
managing the progress of different projects [3]. All 
interviewees reported that their companies run 
fixed-length Sprints. The length of these Sprints is 
mostly four weeks but some also used two or three 
weeks. The smallest company uses a fixed Sprint 
length in a project but varies over projects. They 
sometimes even run one-week Sprints. One 
company reported that they separate “normal” 
Sprints of four weeks from subsequent two-week 
Sprints for clean-up work. One company handles 
new product generations more flexibly but has 
fixed-length Sprints for established products. One 
interviewee reported that the Sprint is not shielded 
from outside changes to let the product management 
remove stories from or push stories into ongoing 
Sprints.  Although the Daily Scrum is a central 
means of communication in Scrum, we found that 
most of the companies do not follow. Some 
companies hold events of 30 minutes instead the 15 
minutes. There are also results that the event is done 
every other day or only once a week, if there are not 
enough news. One company allows members and 
Scrum Masters of other teams, who are responsible 
for interfaces, to be present at the Daily Scrum. This 
should make agreements on these interfaces easier. 
Furthermore, several interviewees reported that 
discussions are allowed during their Daily Scrums. 
The reason is that then they discuss issues relevant 
for everyone on the team and decisions can be 
made. One interviewee described that they hold the 
event structured according to the currently relevant 
User Stories and discuss them one by one because 
of higher efficiency [3]. 

In a study examining the use and perception of 
agile software development in industry, respondents 
were distributed in different geographical locations 
in North America, Asia and Europe. Of all 
respondents, 72.6% were individual associates, 
16.5% were managers, and 7.2% were managers of 
managers. From the adoption point of view, 156 out 
of 487 people said that their team used ASD. 125 
out of 192 answers to this question showed that they 
use Scrum ASD methodology. Respondents who 
responded to others (22) were asked to list the ASD 

process they used. Most mention a variant of Scrum 
or a practice that is freely based on Scrum [20]. 
Among people currently using 89.7% prefer or are 
neutral to ASD. More importantly, among groups 
not using ASD, 92.8% said they liked or were 
neutral about ASD, indicating that the vast majority 
of developers are open to trying ASD in the future. 
About 60% of respondents agree that ASD works 
well for them and their team. However, less than 
40% agree that ASD works well for a wider group. 
Less than 20% of respondents say that their team 
morale has decreased due to ASD, and only 10% 
note that ASD has affected (negatively) 
communication between development and test 
teams [20]. 

The results from one study show that Scrum has 
great potential in the design and planning 
departments of construction firms. From the 
analysis of the applications of Scrum in the case 
study, tangible benefits and weaknesses of the 
implementation, and its different artifacts, were 
identified [21]. 

In some research the results show that most 
research participants use different project 
management methods. They apply the methods that 
best suit their own operations. The understanding of 
the role and responsibilities of product owners is 
quite different among organizations, but rarely in 
perfect agreement with the official Scrum method. 
Cases have been reported in which there are two 
product owners for the same product. One is then 
responsible for the business aspect, but the other is 
responsible for the technical aspects of the product. 
Scrum has a strong position in software 
development with its defined roles, emphasis on 
collaboration, understanding, visibility, efficient 
process and rapid development [19]. 

IV CONCLUSION 

The way Scrum is applied in reality is very 
different between organizations and even within 
departments of the same organization, between 
projects and different Scrum teams.  Companies 
differentiate Scrum in some way. The smallest 
variations are in sprint length, events, team size and 
requirements engineering. Many variations represent 
a significant deviation from Scrum. The team is the 
central part of Scrum, and an important limitation is 
the size of the team. The role of Scrum master is 
used. However, the implementation differs. In all 
companies without a dedicated Scrum Master, costs 
seem to play an important role. The duration of 
sprints is usually four weeks, but somewhere 
between two or three weeks. Although Daily Scrum 
is the central means of communication at Scrum, not 
everyone practices it. Mentioned methodology is 
applied more than other agile methodologies, it is 
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applied differently in different companies. In the 
future, it could be investigated how scrum is applied 
in IT companies in Serbia. 
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Abstract – This paper shows the process and procedure of 

making a quality digital marketing plan for an agricultural 

holding in Republic of Serbia. Situational analysis, goals, 

budget and other characteristics are based on the 

agricultural holding “Vineyard Knezevic” from Melenci. 

The goal of this paper is to with proper and efficient digital 

marketing increase the income of the agricultural holding 

and for it to acquire and adequate position on the market. 

Basing on analyzing the target group, the team gets 

appropriate results and solutions on how to achieve the goal. 

I. INTODUCTION 

The Knežević family from Melenaca prduces 

table varieties of grapes in the Republic of Serbia on 

2.5 hectares of land. Since 1995 they based their 

production on the Muskat Hamburg variety. 

Customers have available three classes of products. 

The first class encompasses grapes without any type 

of damage. It has an average sugar content of at 

least 19%. The second class are grapes with minor 

physcial damage. On average they have 17% sugar 

content. The third class are grapes with and without 

physical damage with sugar content between 12% 

and 15%.[2] 

Every client that is interested in buying any of 

the three classes which the agricultural holding 

offers has the options: choice, reservation and 

additional benefits. Interested clients can decide the 

class on their own, reserve an order and decide a 

precise date when to pick up the product. The client 

can also chose whether or not to pick up the product 

already processed or not. 

Current geographical market is the autonomous 

province of Vojvodina, in the biggest percent the 

Banat region with 67%. The province has 2031992 

citizens, of which the region of Banat has 

668397.[4]Estimated population of the total targeted 

area is 450700 people.[3] Demographical target 

group are people mostly male, regardless of marital 

status or educational degree between 25 and 70 

years old with an average income of 540000 RSD. 

From psychological analysis the target glient is a 

social person, who considers themselves as a person 

with reputation in society and is proud with its 

further products and wants to show others their 

skills, visits vine fairs, vineyards, has interests in 

turism and agriculture. 

Republic of Serbia offers certain benefits to 

people under 30, in the development of their 

production they get a 50% return for invested funds, 

but also for women who want to start some sort of 

production they offer loans with 1% interest rate. It 

is expected that processing of grapes starts abruptly 

increasing on the market from the side of younger 

people. For older people processing of grapes 

represent mostly a hobby which they take when they 

stop working full timeand because of that a lot of 

them are preparing installations for processing and 

maintaining products, which later on younger 

generations can continue to work on and develop 

them to a professional level. 

Based on research, from year to year the 

population of autonomous province of Vojvodina is 

in a decline, which can bring a fall in production. 

From a census in 2011 there were 1931809 citizens 

in Vojvodina, 26.88% of the total population of 

Republic of Serbia. From that number the 

demographic of males between 25 and 30 years old 

is 591288 people.  Based on official statistics a 

decline in population is expected. The country is 

helping by providing certain benefits to everyone 

who wants to start their production. That way the 

people that stay in the country can maintain the 

quality and tradition. From the words of professor 

doctor Ninoslav Nikičević from the Agricultural 

faculty, University in Belgrade, we can protect our 

production of fruits, primarily fruit distillates, from 

which the world will recognize us. Since professor 

doctor Ninoslav Nikičević is on of the members in 

the Internation Fair of Novi Said it can be claimed 

with certainty that people who take up production of 

products, in this case distillates of fruits, from hobby 

have high quallity and recognizable aroma and with 

that they gain a high price. [2] It is expected that in 

one moment the processing of fruits will be higher 
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than projected, even with the decline in population. 

Republic of Serbia has already made deals  with 

other countries for export of fruits and fruit 

products. 

Applying SWOT analysis resource capabilites 

and weaknesses can be estimated, market 

opportunities and other dangers which can effect 

further development of enterprises in this sector. 

The power of this agricultural holding is based on its 

use of own original methods of preservation and 

improvement, nurturing and production of table 

varieties of grapes. The opportunity of this 

agricultural holding is that if they promote on social 

mediam with a certain marketing plot and engage 

more in fairs and festivals, they could increase their 

sales. In that way at the end of the season the excess 

of grapes would be minimal. The only weak spot in 

this agricultural holding are climate conditions 

which can effect the amount of yield of grapes. A 

threat to the agricultural holding can be an 

economical crisis which can affect they financial 

resources of buyers.[1] 

II.  PREVIOUS WORK 

The target group are males between 25 and 70 

years old, which deal with further processing of 

grapes making products like: wine, rakija or juice. 

Men which do this job mostly do it out of hobby so 

they could gather people around them. The buyers 

are in great number professors or people who work 

in a prospective field and in this way they want to 

prove themselves to others and point out their 

abilities to do something else. In a very low percent 

the buyers of product are women, but they usually 

have consultants in the mentioned target group.  

The agricultural holding Vineyard Knežević 

form their prices based on theoretical knowledge. 

To get one liter of distillates about 10kg of grapes 

are needed, from that 5% needs added sugar diluted 

in water. A liter of distillates of grape has a minimal 

prica of 600 RSD in stores. A kilogram of Muskat 

Hamburg at the start of September is between 120 

and 200 RSD.  So the price is gathered by taking the 

minimal store price and halving it. Since the sales 

are oriented on large volume orders, not market 

sales, this price can be used. Also, the price is 

formed based on the minimal price of distillates 

divided by 10. Which bring the final price to 60 

RSD/kg. 

Factors which can affect the change of grape 

prices are: 

- Pandemics – can lower the price 

- Lowering of salaries and pensions – when 

this happens people will prioritize buying basic 

needs. 

- Lower yield of vineyard– Can cause a rise 

in prices because of lower demand. This only occurs 

if the total yield is below 20000kg. If in that 

situation the price stays the same it is considered 

that the agricultural holding is selling at a lost.[5] 

Loyal customers get certain benefits. A customer 

becomes loyal when they have bough grapes from 

the same supplier for years in big quantities. Then 

individually in agreement with the customer a deal 

is made for a discount if needed or payment in 

installments. The situation starts if the customer 

says they have financial issues and the agricultural 

holding tries to help them out in that way. 

III SOFTWARE APPLICATION 

DEVELOPMENT 

With the goal of  growth and development of 

production promotions are planned throughout the 

year. 

Since the production is of a seasonal character it 

is needed to maintain continual promotions 

throughout the year. In that way new customers can 

be found in the following ways. 

- On the already existing Facebook page 

,,Vinogradi Knežević’’ and Instagram account 

@vinogradiknezevic regular posts have to be made 

with current vineyard pictures and short stories to 

follow them. 

- Short stories must enchance to every viewer 

how the production functions. The stories need to 

have a theme of: family, motivating women in 

agriculture, family gathering, motivating youth, 

working together, and so on. The stories need to 

relate to the feelingof pleasentness and motivation. 

- Public advertising on TV media channels 

Santos, RTS and RTV. 

- There are also plans for showing off 

products on festivals, international fairs and other 

manifestations of a competitive nature. 

- When harvest starts the advertisements 

should also have the phone nombers in local 

advertisement media and social media. 

The diagram shows the promotion 

activities in the following table: 
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Table 1. Promotion activities 

 
To reach a bigger audience of social media users 

certain promotions need to be payed for. In that way 

Instagram and Facebook promote the page as an 

advertisement to other users of the social media. 

The following picture contains the Facebook 

page. Currently the Facebook page has 520 people 

following it. 

 

Figure 1. Facebook page 

On Instagram there are currently 497 followers. 

 

Figure 2. Instagram account 

Maintaining contact with customers is mainly 

done on social media. On social media the followers 

are notified of the start and end of each phase of 

production and development. 

Updates are based on text and pictures where 

buyers can see which techniques are used to press 

the vineyard and which mechanisms are used for 

production. In that way the customers are kept up to 

date every month about production and are 

reminded to make reservations in time. 

Every year the harvest starts at a different time. 

Because of that it is important to continually update 

customers in which phase the production is. 

In that way they can organize themselves on time 

and prepare their spaces and mechanism for further 

processing and storage of grapes. 

IV. CONCLUSION 

Vineyard Knežević as an agricultural holding 

located in the center of Banat believes da production 

in Republic of Serbia has a great path ahead of itself 

for further development. With continual 

development, support and advice from professors 

from Agricultural faculty the holding thinks they 

can achieve more in the future and motivate young 

people to stay in the country and start their own 

production. 

This agricultural holding tries to perfect its 

techniques from year to year and with taht include 

modern mechanisation which will play a key factor 

the the brands reputation. Currently there is no 

competition but the holding hopes to motivate 

young people. Competition in the market represents 

a challenge for further development. 

Production of grapes does not represent a 

burden. Family support is key, they are the ones that 

give the motivation needed for further development 

and growth. After the vineyard grows past a certain 

point it opens up an opportunity for tourism, which 

would because of the location help with the 

development of tourism for the whole village. 

There are many opportuinites and all can be 

developed if this family tradition continues.  
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Abstract – This paper shows basic characteristics and notes 

about testing software, as well as the role of software tester 

development in a complex and quality team. This work 

displays basic concepts as well as the importance of software 

testing efficiency at certain stages. Based on facts, this work 

attaches an example of testing using selenium testing tools. 

In this paper is tested one Login website form by Selenium 

tool.  In addition to the use of the tool, they are described 

more important characteristics. For today, the importance 

of testing comes to a more prominent expression and a more 

appreciated position in one developed team. 

I. INTODUCTION 

Testing is the process of analyzing software 

items in order to detect differences between existing 

and required conditions and evaluating software 

features. Tester is a member of the team that must 

be placed in the role of the client itself or the 

targeted group of users, but also to be placed in the 

role of developer who creates a software 

application.  

The role of the tester also has significant 

responsibility for the company for which they work, 

some mistakes that are not seen at first sight can 

lead to greater financial losses later. In the lifecycle 

of software development, testing begins with the 

demand collection phase and may take until the use 

of the software itself. Testing in any of the stages of 

the software's developmentcycle is conducted in a 

specific way, for example during the collection 

phase, analyses and verification of testing 

requirements are considered. Design review at the 

design stage aims to improve the design. The tester 

then sets himself up as an ordinary user and pays 

attention to whether the colors are adequately 

incorporated, what it is that holds attention, whether 

the design remains remembered... The tester can 

never say that some software is 100% tested, no 

software can be tested to the tiniest atom. It is 

essential to take into account the following aspects, 

which would mark the end of the testing process: 

 Testing deadlines should be set, 

 Completing the execution of the case test 

 Completing functional and code coverage 

up to a certain point, 

 Error rate falls below certain level and no 

high priority errors identified, 

 Management or parent decision.[1] 

Testing is different from the debbuging process. 

Testing involves identifying an error, malfunction, 

or dysfunction in the software without correcting it. 

While the debuging process involves identifying, 

isolating, and troubleshooting or errors.  

In the process of testing, it is essential to 

distinguish the types of errors that exist: error, bug, 

defects, failure. Error represents an error made by 

the developer. The bug is the result of an error or 

malfunction in the program. Defects represent a 

derogation from the request. Faliure represents a 

deviation of the software from its predicted intent. 

Organizations around the world are developing 

and implementing different standards for software 

quality improvements. Standard ISO/IES 9126 deals 

with aspects that determine the quality of the 

software application: 

 Quality model, 

 External metrics, 

 Internal metrics, 

 Quality indicator in use. 

This standard represents a certain set of quality 

attributes for any software that is implied: 

functionality, reliability, usability, efficiency, 

maintenance and portability. These qualities are 

further divided into certain subfactors. 

The ISO/IEC 9241-11 standard proposed a 

framework that describes the component's usability 

in the relationship between them. According to this 

standard, usability depends on the context of usage, 

and the level of usability itself will change as the 

context changes. Also according to this standard, the 

usability of the software application itself is based 
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on the preformation and satisfaction of users of the 

same.[5]  

There are two types of software testing. It's 

manual testing and automatic.  

Manuel testing is such a method of testing where 

no automated tool or any script is used. In this test 

mode, the examiner assumes the role of the end user 

and tests the software until it identifies any 

unexpected behavior or error. There are different 

stages of manuel testing (single testing, 

intergravation testing and acceptable testing). 

Testers use a testing plan, tests, or scenarios to test 

the software, ensuring that the testing process is 

complete. Manuel's testing also includes research 

testing to aim to investigate software to identify an 

error in it. 

"Test Automation" is a process when a tester 

writes scripts and uses other software to test 

software. Automatic testing is used to restart a 

scenario test that runs manually, quickly, and 

repeatedly. Automatic testing is also used to test the 

application from a load point of view, reformants 

and stress. Increases test coverage, improves 

accuracy, saves time and money compared to 

manual testing. The important questions about 

automatic testing are: what to automate? When to 

automate? How to automate? [4] 

It is not possible to automate everything in the 

software. You need to automate areas where a user 

can make a transaction, such as a sign-in form or 

registration form, or any area (part of the software) 

where a large amount of users can access the 

software at the same time. Parts that test GUI items, 

database links, field validations can also be 

automated... 

Automatic testing should be used when software: 

large and critical projects, projects that require 

frequent examination of the same areas, there are 

variable requirements, access to the load application 

and preformations in many virtual users, time 

factor... 

There are many tools available that can be used 

to write scripts for automation. There are also 

multiple processes used to automate testing. 

Processes: 

 Identify areas within automation software, 

 Select the appropriate interrogation 

automation tool, 

 Writing test scripts, 

 Developing a test case, 

 Executing scripts, 

 Reporting results, 

 Identify potential errors or performance 

issues.[2] 

Tools used for automatic testing: HP Quick Test 

Professional, Selenium, SilkTest, TestComplete, 

Testing Anywhere, WinRunner, LoadRunner, 

Visual Studio Test Professional, Watir... 

II. PREVIOUS WORK 

Selenium is a free automated testing tool used to 

validate web applications in different browsers and 

platforms. It can be used for multiple programming 

languages (Java, C#, Python...) to create Selenium 

test scripts. Selenium is not just one tool, but a range 

of software that meets the needs of selenium QA 

testing organizations (Selenium IDE, Selenium 

RemoteControl, WebDriver, Selenium Grid). 

Selenium was created by Jason Huggins in 2004. 

When working on a web application that required 

manual testing, he realized it was becoming more 

inefficient. He then created a JavaScript program 

that automatically controlled browser actions 

(JavaScript TestRunner). When he saw the potential 

of this idea to help automate other web applications, 

he facilitated the script created and created Selenium 

Core. During one problem with the mercury 

interactive company, Jason came up with the idea 

for this tool to be called Selenium. Selenium is 

known to be a known chemical element that acts as 

an antidote to mercury poisoning. 

The entire Selenium software testing package 

consists of four components:  

 Selenium IDE is a Firefox supplement that 

can only be used to create realistically 

simple test cases and program packages. 

 Selenium RemoteControl is also known as 

Selenium 1 because it is the first Selenium 

tool that enabled users to use programming 

languages in creating complex tests.   

 WebDriver is the latest packer that allows 

test ingredients to communicate directly 

with your browser. 

 Selenium Grid is also a tool used with 

Selenium RC to perform parallel tests in 

different browsers and operating systems. 

 Selenium RC and WebDriver were merged 

to form Selenium 2. 
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Selenium is more favorable than QTP in terms 

of cost and flexibility. It also allows parallel runs 

of tests, while QTP only allows sequential runs of 

tests. 

III SOFTWARE APPLICATION DEVELOPMENT 

Login web form for professors of technical 

faculty ,'Mihajlo Pupin' from Zrenjanin was selected 

for this work. (Figure 1) 

Before you can start creating an automatic test, 

you need to install the three items that are required 

on your computer for this test and reconcile their 

versions. Need to be installed: Javu, Eclipse, and 

Selenium (Selenium Server, and Selenium 

WebDriver). If an error occurs while testing Eclipse, 

we need to check once again to see if the versions 

are adequate, also let's not forget that chromeDriver 

needs to be installed (it is possible to install drivers 

for any web browser, depending on our needs and 

the width of the testing). 

Since we've decided what we want to test, one of 

the first basic things about learning automatic 

testing is testing the LogIn page. It is important to 

remember that some larger firms and companies, for 

their own safety, have decided that the "Confirm" or 

"LogIn" button has a different ClassName or ID 

every time they open the same page. So they require 

a different type of automatic testing. On the faculty's 

website we have static IDs that do not change their 

values, which may bring to our attention that we 

need to perfect and ensure stronger security of this 

LogIn form. 

In the Inspect section, we can see all the 

necessary IDs and Titles that we need in creating 

our script for automatic testing. More experienced 

testers would create this test using classes and 

objects, using inheritance methods, and test other 

possible characteristics. 

In this example, we will be based only on 

entering data in e-mail fields and the code and 

functionality of the confirmation button. It's 

important to know that since we're not professors in 

this situation, we're not going to use valid data. 

Anyway, we're only going to be based on the 

accuracy of reading the data. The expected result 

after entering our data is to stay on the same Web 

page while displaying certain messages. 

 

 
Figure 1- View the page for which an automatic test is created 

 

In a test script, you must first define the package 

in which our script is used for automatic testing. 

You then need to add selenium files from selenium 

that allow us to connect to the Web. Chrome Driver 

is mostly used for some local connections and its 

version should match the already installed version of 

Chrom on our computer. Then we define a class 

that's type of public. There's a function in that class. 

Within the feature, the first step to be taken is to 

find it in driver. After that step, it is necessary to 

determine which Web page we want to test. After 

our Chrome starts the Web page by using the 

following line of code, it sets it full screen. In two 

places, thread.sleep (3000) is inserted in the code, 

which allows us to stop everything on the screen for 

a moment so that we have a better overview of how 

automatic testing is conducted. (Figure 2) 
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Figure 2- View a created test 
 

Then, we insert elements with a specific ID (We 

find the value of a field ID in the Inspect options). 

In these fields, we only set some values that are 

implied to be entered when applying to a professor. 

We do not set the sign-in button to enter, but we set 

that our test should click this using click(). In the 

last part of the code, string at should take over the 

title after the action has been completed, and we 

know that the given page after a certain action 

should have the value ''TFZR – Login', and we 

assign that value to string et. At that point, the 

window closes and a message is written in the 

eclipse window. If the at matches the et will write 

the message ''Test is successful', and if it does not 

match it will say ''The test is unsuccessful'.   

If some valid data is entered from a particular 

professor instead of the current data and we do not 

change the title, we will get it in this case that the 

test failed because the correct results were not 

achieved. In fact, the appropriate page did not open. 

In this test, the goal was to show the initial steps of 

testing, this test can be expanded and dispersed in 

multiple cases 

IV. CONCLUSION 

This work only demonstrated the basis of 

software testing. It is also the basis for further 

development and research in the field of testing. It is 

possible to implement a standalone Web application, 

which will have an administrator login page. The 

application will be multi-layered and complex, so it 

is possible to display multiple tools, principles, and 

cases of software testing. 
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Abstract - The subject of this paper is to consider the effects 

of the locus of control as a psychological construct on 

entrepreneurial behavior. It is assumed that the type of 

locus of control affects entrepreneurial activities. The 

sample consisted of engineering students (N=108). The 

results of the regression analysis showed that the locus of 

control has an impact on the propensity for 

entrepreneurship. In more detail, the results showed that 

the stronger the internal locus of control, the stronger the 

propensity for entrepreneurship. People with an external 

locus of control did not show a tendency towards 

entrepreneurial activities, especially if they had a strong 

external locus of control. 

Keywords: locus of control, entrepreneurship, business, Serbia. 

I. INTRODUCTION 

Locus of control is often associated with the 

orientation towards entrepreneurship, both 

entrepreneurial ideas and the realization of those 

ideas. Locus of control appears for the first time in 

social learning theories as a psychological construct 

1. According to Rotter (1966), people who have an 

internal locus of control are more aware of their 

possibilities, as well as the possibilities that appear 

to them in life and at work. Thus, such persons use 

opportunities to achieve a certain goal and try to 

improve current conditions. Such persons make an 

effort to use all opportunities to achieve the goal, 

they also improve their personal factors in order to 

be as successful as possible in the realization of their 

goals. Therefore, they believe that the outcome is 

solely conditioned by their actions, and not by 

external factors, so that they feel full responsibility 

for the realization of the desired goals, unlike people 

who have an external locus of control 2. 

The influence of locus of control on the 

entrepreneurial spirit appears even at the time of 

schooling. This is supported by studies, which point 

out that locus of control has an impact on the 

entrepreneurial motivation and entrepreneurial 

intentions of students 3,4,5. Vrban, K. (2020), 

indicates that students with an internal locus of 

control are very creative, and that these 

determinants of creativity positively affect their 

entrepreneurial intentions 6. 

Caliendo, Fossen, and Kritikos (2009) say that a 

trait such as a locus of control is a better predictor 

when it comes to reacting in a professional field, 

compared to many other general dimensions of 

personality. They also point out that the locus of 

control is a trait that is culturally conditioned 7. It 

is interesting to note that the population of countries 

that have a pronounced individualistic trait, in 

contrast to countries with a pronounced collectivist 

culture, have a more pronounced internal locus of 

control. It can therefore be concluded that countries 

that have an individualistic culture have a more 

pronounced entrepreneurial population 8. 

II. RESEARCH SUBJECT, PROBLEM, AND 

EXPECTED RESULTS 

A. Subject and problem  

Unemployment and job shortages are a growing 

problem among the younger population. The 

inability to find an adequate job and the desire for 

independence is increasingly present among young 

people. The subject of this research is the analysis of 

locus of control as a psychological trait of a person, 

which points to the predestination to starting one's 

own business. The paper observes the influence of 

locus of control type on the propensity towards 

entrepreneurship. 

Based on the subject and research problem, the 

following research question is proposed:  

RQ: Does the type of locus of control affect the 

propensity for entrepreneurship? 

B. Aim of the research 

mailto:mihalj.bakator@uns.ac.rs
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The aim of the research is to show, based on 

previous research, whether locus of control has an 

impact on the propensity for entrepreneurship. The 

aim of the research is also to determine the existence 

of the influence of locus of control type on 

entrepreneurial behavior. 

III. THEORETICAL FRAMEWORK  

Depending on the type of locus of control, the 

internal locus of control is stated as a personality 

trait expressed in entrepreneurs 9,10,11, as well as 

that persons with an internal locus of control more 

prone to entrepreneurial actions 10,11,12. People 

with an internal locus of control feel more self-

efficacy and are therefore more prone to 

entrepreneurial actions 12. Many studies confirm 

that in the entrepreneurial population compared to 

the general population, the internal locus of control 

is more pronounced 10,11,13,14,15,16. Levin & 

Rubenstein (2017), say that people who start their 

own business have a distinct internal locus of 

control, in relation to people who are employed and 

develop a career working in corporate and non-

corporate organizations 16. This is supported by 

similar results on the impact of the internal locus of 

control and entrepreneurial action 13,14,15. 

Barrick (2005) argues that specific 

characteristics such as risk tolerance, achievement 

focus and needs, are related to locus of control and 

are important in predicting the success of 

entrepreneurial actions 17. According to 

McClelland (1961), the connection between internal 

locus of control and entrepreneurial behavior is 

expected, because it is the initiator of an 

entrepreneurial venture, ready to take responsibility 

for his actions and wants to be independent of the 

environment 18. Other authors support this, 

pointing out that it is typical for people with an 

external locus of control to have constant doubts 

about their success, and thus doubts about 

entrepreneurship, that their personal efforts are weak 

and unwilling to take risks when possible. negative 

outcome. Therefore, in a person who wants to be a 

successful entrepreneur, a higher level of internal 

locus can be established compared to external locus 

of control 19,20. 

An individual recognizes an entrepreneurial 

opportunity, which he evaluates as feasible and 

desirable, but he will not take the necessary actions 

unless he is psychologically predisposed to action 

21,22,23. Internal locus of control is also a 

predictor of propensity for action, which is key to 

starting a business 23. Thus, for example, the 

students in whom internal locus of control was 

observed, were the ones who expressed the desire to 

start their own business in the future, that is. to 

engage in entrepreneurship 8. 

A. Summary of previous empirical studies on 

students' locus of control 

The influence of locus of control (as a 

psychological construct) on the propensity for 

entrepreneurship is the subject of a large number of 

previous researches, and the summary of previous 

studies is presented in Table 1.  

Table 1. Summary of previous empirical studies 

on the effects of locus of control on entrepreneurial 

behavior 

Authors Effects of locus of control 

Sokić, J., & Popov, S. 

(2019) 

Internal locus of control is a 

personality trait that is 

expressed in an 

entrepreneur. 

Caliendo, Fossen, & 

Kritikos, (2009) 

Locus of control is a 

culturally conditioned 

personality trait, which is a 

predictor of reaction in the 

professional field. 

Barrick, (2005) 

Internal locus of control is 

related to characteristics 

such as risk tolerance and 

the need for achievement, 

and as such are important in 

predicting the success of 

entrepreneurial actions. 

McClelland, (1961) 

Brockhaus, (1982)  

Brockhaus & Horowitz 

(1986) 

Internal locus of control is 

related to entrepreneurial 

behavior, because it is the 

initiator of an 

entrepreneurial venture, 

ready to take responsibility 

for actions and wants to be 

independent of the 

environment. 

Mueller & Thomas, 

(2001) 

Countries that have a 

pronounced individualistic 

culture, have a more 

pronounced internal locus of 

control and have a more 

pronounced entrepreneurial 

population. 

Caliendo, Fossen, & 

Kritikos, (2014) 

Gürol & Atsan, (2006)  

Hansemark, (2003) 

Levine & Rubenstein, 

(2017) 

Perry, (1990)  

Shaver & Scott, (1991)  

Internal locus of control is 

more pronounced in the 

entrepreneurial population 

than in the general 

population. 
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Krueger, (1993) 

Internal locus of control is a 

predictor of propensity for 

action, which is key to 

starting a business. 

Rizzato, S. de C. e C., 

& Moran, M. C. (2013) 

People with an internal locus 

of control feel more self-

efficacy and are more prone 

to entrepreneurial actions. 

Agyemang, C. B., et 

al., (2020)     

Rizzato, S. de C. e C., 

& Moran, M. C. (2013) 

Internal locus of control 

points to entrepreneurial 

activities. 

Qin, Y., Yan, R., & 

Sun, Y. (2020)                               

Sun, H., et al., (2020)          

Agyemang, C. B., et 

al., (2020) 

Internal locus of control 

indicates the entrepreneurial 

motivation and intention of 

the student. 

Vrban, K. (2020) 

Internal locus of control 

points to creativity that 

influences entrepreneurial 

intentions. 

Perry, 1990; Shaver & 

Scott, (1991) 

People with an internal locus 

of control are more likely to 

engage in entrepreneurial 

activities. 

Watson, A., et al., 

(2020) 

 

A direct positive link was 

found between the locus of 

control and entrepreneurial 

orientation. 

IV. RESEARCH METHDOLOGY 

A. Operationalization of research variables 

The dependent variable is presented through a 

one-dimensional construct, which represents the 

overall attitude of respondents about the propensity 

for entrepreneurship. The variable is represented 

linearly, using the Likert scale of 1-7.   

The independent variable is presented through a 

one-dimensional psychological construct of Locus 

of Control. The instrument for assessing locus of 

control is measured by the Rotter's Locus of Control 

scale. The scale is presented categorically, whose 

score is eventually represented linearly. Rotter's 

scale of internal versus external locus of control 

consists of 29 items, with a choice of alternatives a 

and b. The results on the items are binary variables - 

0 and 1, and the total score is expressed as the sum 

of points on 23 statements (6 items are not scored, 

they serve to conceal the purpose of the test). The 

lower score represents the internal locus of control, 

while the high score represents the external locus of 

control, and the range of results is 0 - 23 2. 

B. Data on the procedure and sample of the 

research 

The research was conducted through the 

mentioned scales. For data processing, the software 

package for statistical data processing IBM SPSS 

Statistics 21 was used. The research was conducted 

during 2020/2021 in Serbia, on a sample of 

engineering students (N = 108). 

C. Methods for data analysis and processing 

The presented research results were obtained by 

applying statistical procedures. The statistical 

methods used for data processing are descriptive 

statistics, correlation analysis and regression 

analysis. 

Descriptive statistics were used to determine 

average scores at loci of control and propensity 

towards entrepreneurship. In this way, a general 

picture of the research was obtained. Correlation 

analysis was applied to determine the direction and 

strength of the connection between the locus of 

control and the propensity for entrepreneurship in 

the respondents. Regression analysis was applied to 

determine the predictive effect of the locus of 

control (independent variable) on the propensity to 

entrepreneurship (dependent variable). 

V. RESEARCH RESULTS AND DISCUSSION  

Table 2. shows the research results by first 

describing the research sample through descriptive 

statistics. Based on Table 2., it can be seen that the 

arithmetic mean of the predictor (independent) 

variable of the Locus of Control is 11.14. Such a 

result can be said to be average, because it reflects 

the middle of the scale of the internal and external 

locus of control. The results of the arithmetic mean 

of the predictor variable directly influenced the 

average propensity towards entrepreneurship to be 

4.11 (in relation to the scale of 1 to 7). The standard 

deviation, which at the Locus of Control is 5,248 

and at the propensity for entrepreneurship 2,075, 

represents the propensity as much as the average 

error would be in predicting certain results, i.e. 

actions of the respondents in the examined actions. 

Table 2. Descriptive statistics  

Descriptive Statistics 

 
Mean Std. Deviation N 

Entrepreneurship 4,11 2,075 108 

Locus of control 11,14 5,248 108 

Table 3. Shows the linear correlation, i.e. 

Pearson's correlation of loci of control and 

propensity for entrepreneurship. It can be concluded 

that the correlation has a negative sign (-, 975), 
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which means that the mentioned variables are 

negatively related. When looking at the statistical 

significance of correlations, they are very 

significantly related at the level of 0.001 (.000). 

Table 3. Linear correalation 

Correlations 

 Locus of 

control 

Entrepreneurshi

p 

Locus of 

control 

Pearson 

Correlation 

1 -,975** 

Sig. (2-tailed)  ,000 

N 108 108 

Entrepreneursh

ip 

Pearson 

Correlation 
-,975** 1 

Sig. (2-tailed) ,000  

N 108 108 

**. Correlation is significant at the 0.01 level (2-tailed). 

Table 4. defines the number of models, in this 

case only 1 model, because there is only one 

independent variable. It is also defined which is the 

predictor / independent (Locus of control) and 

which is the dependent variable (Entrepreneurship). 

Table 4. Variables 

Variables Entered/Removeda 

Model Variables Entered Variables 

Removed 

Method 

1 Locus of controlb . Enter 

a. Dependent Variable: Preduzetništvo 

b. All requested variables entered. 

When looking at Adjusted R Square (0.950) in 

Table 5, it can be concluded that individuals 

according to the type of locus of control differ in 

their preferences for entrepreneurship by as much as 

95%. It can also be concluded that when the 

corrected R square is multiplied by 100, that 95% of 

the variability is the difference between the type of 

locus of control of the respondents and that this 

explains the differences in propensity towards 

entrepreneurship. The standard error in the model on 

the predictor variable is 0.466, and when compared 

with the standard deviation from the descriptive 

statistics of 5.248 (Table 2), a larger difference can 

be observed, which gives significance to the model 

and prediction of the predictor variable. 

Tabela 5. Model summary 

Model Summaryb 

Mode

l 

R R Square Adjusted R 

Square 

Std. Error of 

the Estimate 

1 ,975a ,950 ,950 ,466 

a. Predictors: (Constant), Locus of control 

b. Dependent Variable: Preduzetništvo 

Table 6. shows the justification of the regression 

model, based on the F test, where F = 2016,183 

(437,657 / 0,247), which results in Sig = 0,000, 

which indicates the statistical significance of the 

model. 

Tabela 6. Regression model 

ANOVAa 

Model Sum of 

Squares 

df Mean 

Square 
F Sig. 

1 

Regression 
437,657 1 437,657 2016,1

83 
,000b 

Residual 23,010 106 ,217   

Total 460,667 107    

a. Dependent Variable: Preduzetništvo 

b. Predictors: (Constant), Locus of control 

Table 7. shows the test on the significance of the 

regression coefficient for the predictor variable 

(B= -,385), the significance of that non-standardized 

regression coefficient is determined via the 

T test = -44,902 (-,385/0,009). The outcome of the T 

test, i.e. the significance of the single linear 

regression is identical to the outcome of the F test 

(Table 6.), which means that the statistical 

significance, i.e. the influence of the predictor 

variable is very statistically significant (Sig. 0.000). 

The predicted result for the propensity for 

entrepreneurship is equal to 8.404, and the result for 

the expression of the locus of control type is 

-0.385 *. 

Tabela 7. Regression analysis coefficients 

Based on the presented research results, it can be 

concluded that the locus of control affects the 

propensity for entrepreneurship, ie. that there is a 

statistical significance of the impact (Sig 0,000), this 

conclusion also answers the research question 

(QR1). 

VI. CONCLUSION  

Theoretically, and through previous 

research, it can be concluded why people differ from 

each other in relation to the type of locus of control 

Coefficientsa 

Model Unstandard 

Coeff. 

Standard 

Coeff. 

t Sig. 95,0% 

Confidence 

Interval for B 

B Std. 

Error 

Beta Lower 

Bound 

Upper 

Bound 

1 

Constant 8,404 ,106  79,588 ,000 8,194 8,613 

Locus of 

control 
-,385 ,009 -,975 -44,902 ,000 -,402 -,368 

a. Dependent Variable: Preduzetništvo 
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and inclination towards entrepreneurship. People 

with an internal locus, who have a predisposition to 

engage in entrepreneurship, believe that everything 

depends on them, and thus take actions such as 

starting their own business. While people with an 

external locus of control believe that they as 

individuals cannot influence the outcome in their 

career and further life so much, therefore their 

inclination towards entrepreneurship is not 

expressed. It is important to point out that it cannot 

be generalized that all persons who have an internal 

locus of control are entrepreneurs. It often happens 

that such persons are very successful in leading 

positions both in society and in business. When 

looking at the sample of research in the population 

from which it was taken, it can be concluded that 

there is a linear relationship between the type of 

locus of control and the propensity for 

entrepreneurship, i.e. that the type of locus of 

control affects the propensity for entrepreneurship. 

The recommendation for future research would be to 

expand the number of models, i.e. predictor 

variables and to see what else affects the propensity 

for entrepreneurship in an expanded sample. 
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Abstract – The aim of the work is to facilitate the work of 

the agricultural farming company 'Vinogradi Knežević'' in 

the Republic of Serbia. This agricultural farm is involved in 

the production of table grape varieties. The app makes it 

easier to memorize orders for the current season, as well as 

faster search, resourcefulness, and more extensive sales 

analysis and static. The analysis was conducted on the basis 

of an agricultural farm and on that basis an application was 

created. 

I. INTODUCTION 

     Agricultural farming from the Republic of 

Serbia , "Vinogradi Knežević", deals with the 

production of table grape varieties. By conducting 

the examination, certain conclusions have been 

reached. The survey of agricultural landlords was 

conducted on the basis of a survey. Of the 21 

employees of the agricultural landlord, regardless of 

qualification or position, results were obtained that 

95% of the total confirms that an application that 

facilitates the sale of grapes is necessary.   

The current state of agricultural farming is based 

on traditional order memorials. That applies to paper 

and pencil. Often an error occurs because everything 

is reliant on the human factor. In addition, as an 

outcome, there is customer dissatisfaction. 

The application is written in C#. This 

programming language is one of the younger object-

oriented programming languages. This 

programming language is intended for developing 

applications on the .NET Framework platform. [1] 

The application was built with the help of entity 

framework set technologies used to develop base-

oriented application software. This technique can 

create an application whose data can be stored in a 

database. [2] 

After implementing the application and a certain 

test period, the app's users, agricultural landlord 

employees, pointed out possible updates and 

improvements to the application. 

II RESEARCH METHODOLOGY 

 The importance of introducing such an 

application into the work of agricultural landlords is a 

contribution to the efficiency and quality of the service. 

There are not many ready-made solutions to this business 

problem, therefore it is necessary to create an individual 

application intended exclusively for this agricultural 

farm. 

A. Problem and subject of the research  

 Data collection was done in two ways. The 

first method included an employee interview while 

the second method of collecting data was to survey 

employees with a questionnaire, which noted that 

the questionnaire was anonymous and that the 

results obtained would be used exclusively for 

research work in this territory. Respondents 

comprise employees of different professions, ages, 

gender, years of work and the height of professional 

preparation held in different positions within the 

agricultural landlord, performing different jobs. 

Respondents surveyed and interviewed were divided 

into two large groups. One group of respondents is 

made up of employees in higher positions in 

agricultural farming, while the other group of 

respondents is made up of employees in lower 

positions in agricultural farming. 

Table 1- Structure of respondents 

AGE  Number of 

respondents 

1 2 Total 

to 19 years 2 0 2 

of 20 to 25 years 4 1 5 

of 26 to 31 years 1 3 4 

of 32 to 37 years 0 0 0 

of 38 to 43 years 4 2 6 

of 44 to 49 years 1 0 1 

of 50 to 55 years 0 3 3 
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Table 2-Qualifying structure 

QUALIFICATIONS 1 2 Total 

I Basic education 1 0 1 

II Semiqualified 

Worker 

0 0 0 

III Skilled Worker 4 0 4 

IV Secondary 

Education (4 years) 

7 4 11 

V Highly skilled 

worker 

0 0 0 

VI Higher Education 

(1 degree of faculty) 

0 2 2 

VII Higher Education 0 2 2 

VIII Master's Degree 0 0 0 

IX PhD 0 1 1 

B. Research hypothesis 

Main hypothesis: An application for the sale of 

grapes is necessary for the development and 

increase of the efficiency of this farm, regardless of 

the position. 

Hypothesis 1: Employees with high and higher 

electrical equipment emphasise a positive attitude 

towards the need and application of this software in 

agricultural land. 

Hypothesis 2: Employees in lower positions in 

agricultural farming emphasise a positive attitude 

towards the need and application of this software in 

agricultural farming. 

C. Goals and tasks of the research 

The survey surveyed two groups of respondents. 

One group of respondents included employees in 

senior positions within the agricultural farm, while 

the other group of respondents was made up of 

employees in lower positions in agricultural 

farming. The survey hypothesis is related to the 

attitudes of respondents in lower and higher 

positions within agricultural farming, as well as 

assumptions from which research work has begun 

related to the views of respondents of higher and 

lower qualifications.  

Respondents regardless of the group to which 

they belong agreed that an application that enables 

wholesale of grapes is necessary for more efficient 

productivity of agricultural farming. Employees 

believe this application will enable you to create a 

more efficient product delivery schedule for 

customers. As well as memorizing clients and thus 

monitoring the statistics of regular clients. When 

showing clients that they are regular customers, it is 

possible to create certain benefits and thus enable 

trust clients. 

D. Research sample 

This survey involved 21 workers. 

E. Research design 

The survey was conducted anonymously during 

work day. This survey was done in January, 2020. 

  III SURVEY ANALYSIS 

 

1)  Is an app required that allows grape sales? 

On this issue, agricultural landlords had the 

answers offered yes and no. 

All the workers, regardless of the group they 

belong to, responded with a yes. 

This means that an app that allows wholesale is 

needed for all workers regardless of the group they 

belong to. (Figure 1) 

 
Figure 1- The first question 

 

2)  What mitigating factor would the app 

contribute? 

To this question, the workers were able to write 

multiple answers. 

a) First group of workers 

 Data reliability 

 Possibility of insight into regular customers 

 Data security achievement 

 All in one place 

 Gaining speed 

b) Second group of workers 

 Insight into orders 

 Delivery method 

 Speed of information 

3) What details do you need to pay particular 

attention to? 

To this question, the workers were able to write 

multiple answers. 

a) First group of workers 
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 Software startup speed 

 Send data 

b) Second group of workers 

 Readability 

 Simlicity 

 Availability  

IV SOFTWARE APPLICATION DEVELOPMENT 

 Based on analysis and discussions with 

employees of agricultural farming , "Vineyards 

Kežević". A framed appearance has occurred to 

what the application should look like. The created 

application consists of a set of tables that are linked 

to each other in a single database. Each table has its 

own name and data of a specific type. The tables 

contained in the database are: T_KUPAC, 

T_PORUDZBINA, T_KUPAC_PORUDZBINA, 

T_ADRESA, T_VRSTA, T_ISPORUKA. The 

database is made up of tables. Each table has its 

attributes. Each table should contain one of the 

attributes that will be the primary key to that table. 

 The application was created from 8 forms: 

Form1, frmKupac, frmIsporuka, frmVrsta, 

frmPorudzbina, frmAdresa, frmVrstaPor, 

frmMestaKupci. Then there are two reports 

rptKupac i rptVrsta. There are two choices in the 

main form: Data and Reports. The Data contains 

five subs. This accesses forms for entering data 

about addresses, customers, shipments, types, and 

orders. Whereas within the report there are two 

subsectors that allow you to view the data for the 

grape variety that has been ordered and the display 

of customers who have ordered grapes from where 

they come from. 

 The characteristics of the address are: Place, 

Street and No. All fields are textBox features and 

data is recorded in them. This form also includes a 

DataGridView control, which displays data for all 

added addresses in a database, buttons to add, 

change, and delete data, and select buttons and give 

up action on data from a runa way. The Address 

class.cs is associated with the form of frmAddress.  

The following work shows the part of the code 

that indicates the connection to the database and 

adds a new housing address to the database itself. 

The first line of code is a connective string that 

enables the connection to the database created in 

SQL. The add-on() function is then created. With 

this function, if a base connection is achieved, you 

can add certain parameters from the form to specific 

table fields. 

        private string _connectionString = "Data 

Source=DESKTOP-

G8DINOL\\SQLEXPRESS;Initial 

Catalog=ProdajaBAZA;Integrated Security=True"; 

 

        public void dodajAdresu() 

        { 

            string insertSql = "INSERT INTO 

T_ADRESA " + 

                "(Mesto, Ulica, Broj) VALUES " + 

                "(@Mesto, @Ulica, @Broj)"; 

            using (SqlConnection connection = new 

SqlConnection(_connectionString)) 

            { 

                SqlCommand command = 

connection.CreateCommand(); 

                command.CommandText = insertSql; 

                command.Parameters.Add(new 

SqlParameter("@Mesto", Mesto)); 

                command.Parameters.Add(new 

SqlParameter("@Ulica", Ulica)); 

                command.Parameters.Add(new 

SqlParameter("@Broj", Broj)); 

                connection.Open(); 

                command.ExecuteNonQuery(); 

            } 

 
        } 

V CONCLUSION 

Opportunities for further development of the 

application, for example, are to add another form of 

frmRacun where we could enter quantity and price, 

so that there is a so-called account. It is also possible 

to introduce maintenance and spraying records of 

each grape variety, there is also the possibility of 

creating costs and engaging workers. 
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Abstract – The goal of this paper represent simplifying how 

the agriguclutral holding „Vinogradi Knežević’’ from 

Melenci functions. This agricultural holding produces table 

varieties of grapes. Because of difficulties of handling 

paperwork and keeping records. The web aplication shown 

in this paper enables faster, more efficient and secure way of 

keeping records for grape vine protection for the following 

year. 

I. INTODUCTION 

 Grape vine has its imunity which needs to be 

bolstered and maintained constantly. If some 

product is used more times in a year than it is 

recommended, the grape vine will develop imunity 

to it and the imunity of the vine will start growing 

weaker. Alongside keeping records this web 

application also notifies the user that a product has 

been used a maximum number of times this year.  

The application is based un multi-layer 

architecture. The arhitecture is made out of four 

layers. The first layers is the data access layer, 

second is the business logic layer, third the service 

layer and fourth the presentation layer.[1] The 

presentation layer is also called the user interface 

and presentation layer. The user interface layer is in 

charge of showing data to the user, while the 

presentation logic is in charge of getting that data 

from deeper layers and formating it for the user 

layer. The service layer is used as a whole software 

which provies services to other parts of the 

application.[2] It represents a layer medium between 

other layers. The business logic layer defines work 

units, responsibilities and order of execution. The 

data access  layer is the application layer which 

access data stored in a type of permanent data 

storage solution.[3] 

In this paper an anlaysis was performed before 

and after the development of the application. 

Testing of user acceptance and efficiancy of this 

application was done in a period of one year. 

Feedback was gathered from the user base and in 

that way the application was adequately improved. 

II PREVIOUS WORK 

Before development and impementation of the 

software solution all records of chemical treatments 

for protection of grape vine were kept in the 

traditional pen and paper way. This increased the 

probabiliy of human error which could affect the 

immunity of grape vine to certain chemical 

products. 

We can imagine grape vine like a human 

organism. When a human organism is treated with 

one drug for a longer time it becomes immune to 

that drug. It is the same with grape vines. When we 

treat a grape vine with one product it comes to a 

point where the grape vine becomes immune and the 

product no longer has effect. [4] 

Agricultural holding ,,Vinogradi Knežević'' 

produces three sorts of table variety grapes on 

multiple parcels. For each parcel separate protection 

record are being kept and not each parcel needs the 

same chemical treatment base on geographical 

location.  

After impementing this multi-layer application 

the human error factor dropped, the process of 

recording sped up, it was possible to export data 

from the database and the visibilite of data was 

better.  

III SOFTWARE APPLICATION DEVELOPMENT 

In this research paper the application was 

developed using the .Net Framework in ASP.Net to 

keep records of grape vines. The user, in this case 

the administrator, can log onto the application with a 

username and password. Afterwards the user can 

create, read, update, delete and print records of 

grape vines and chemical products. Chemical 

products can be filtered by name. Further images 

show the user interface.  

The database contains three tabels: User, Record 

and Product. Iser which registers as an administrator 

can change activities defined in the app itself.  

Tebel User has the following columns: ID, Ime, 

Prezime, KorisnickoIme, Sifra and Status. ID   is the 

mailto:littlepanda.mk@gmail.com
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primary key and has the value IDENTITY and is set 

to auto increment for new users. Tabel Product has 

the fields: Šifra, Naziv, Doza i Namena. Šifra is the 

primary key, while it is used as the foreign key in 

Records.  This tabel contains information about 

chemical products used to treat and protect grape 

vines.  This tabel enables a shorter proces to find 

instructions for certain chemical products. Also with 

business rules the holdings can get pricise warning 

on how many times they can use a product on their 

vines. Tabel Records serves the purpose of a record 

base of protection records for all grape vines. The 

user chooses the record ID, inserts the phase, selects 

calendar date for treatment and in the last fields 

selects the product that was used. 

 
Figure 1 . Application user interface 

In the further text a part of the code is 

shown from class clsPreparatDB. This class is 

contained in the layer of class data. With this code 

data is gathereded from the database. First 

NazivPreparata is defined as a string, then a 

connection to  the database is established. When the 

connection is established a certain query is 

executed. It enables filtering and getting all products 

based on their primary key. (Code 1) 
 

        public string 
DajNazivPremaIDPreparata(string IDPreparata) 
        { 
            string NazivPreparata = ""; 
DataSet dsPodaci = new DataSet(); 
SqlConnection Veza = new 
SqlConnection(pStringKonekcije); 
            Veza.Open(); 
            SqlCommand Komanda = new 
SqlCommand("DajPreparatePoSifri", Veza); 
            Komanda.CommandType = 
CommandType.StoredProcedure; 
Komanda.Parameters.Add("@SifraPreparata", 
SqlDbType.Char).Value = IDPreparata; 
            SqlDataAdapter da = new 
SqlDataAdapter(); 
            da.SelectCommand = Komanda; 
            da.Fill(dsPodaci); 
            Veza.Close(); 
            Veza.Dispose(); 

NazivPreparata = 
dsPodaci.Tables[0].Rows[0].ItemArray[1].ToSt
ring(); 
            return NazivPreparata; 
        }  

Code 1 –clsPreparatDB.cs 

Business logic is based on the public class 

Business Rules. Engine for executing business rules, 

external business rules written in formal language, 

while DLL librariy class with algorithms to check 

and apply business rules.[5] That is the model of 

business rules and objects where classes represent 

business objects. In this business rule we check if 

there is space fora dding a new contestant in a given 

competition. 

The concept is invisioned so that it has the goal 

to retain the immunity of the grape vine to certain 

chemical products. For that a number is defined how 

many times per year a plant can be treated with a 

certain produt. When the treatment is recorder with 

a certain product. With mappers we get Ids of 

products from the database and send them to the 

web service. In the web service we get the 

maximum number of record for this product in the 

given record, the record journal. The Web service 

then checks with XML and gets values after which 

the two numbers are compared and a responses is 

returned based on business rules (Code 2) 
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using System; 
using System.Collections.Generic; 
using System.Linq; 
using System.Text; 
using KlasePodataka; 
using KlaseMapiranja;  
namespace PoslovnaLogika 
{ 
    public class clsPoslovnaPravila 
    { 
        private string pStringKonekcije; 
        public clsPoslovnaPravila(string 
NoviStringKonekcije) 
        { 
            pStringKonekcije = 
NoviStringKonekcije; 
        } 
        public bool 
DaLiImaMestaZaPonovnoKoriscenjePreparatom(st
ring IDPreparataIzBazePodataka) 
        { 
            bool mozeOpet = false; 
 
            int 
UkupanBrojKoriscenjaPreparata = 0; 
            clsEvidencijaDB objEvidencijaDB 
= new clsEvidencijaDB(pStringKonekcije); 

            UkupanBrojKoriscenjaPreparata = 
objEvidencijaDB.DajUkupnoEvidencijaZaPrepara
te(IDPreparataIzBazePodataka); 
 string IDPreparatWS = ""; 
            clsMaper objMaper = new 
clsMaper(pStringKonekcije); 
            IDPreparatWS = 
objMaper.DajSifruPreparataZaWebServis(IDPrep
arataIzBazePodataka); 
 WSKadrovskiPodaci.Service1 objOgranicenja = 
new WSKadrovskiPodaci.Service1(); 
            int MaxBrojKoriscenjaPreparata = 
objOgranicenja.DajMaxBrojKoriscenjaPreparata
(IDPreparatWS); 
            if(UkupanBrojKoriscenjaPreparata 
< MaxBrojKoriscenjaPreparata) 
            { 
                mozeOpet = true; } 
            else 
            { 
                mozeOpet = false; 
            } 
            return mozeOpet; 
        } 
 
    } 
} 

Code 2- clsPoslovnoPravilo.cs 

IV. CONCLUSION 

 There are many ways in which this application 

can be further developed. Specific properties of each 

varioety of vines can be added, addition of product 

prices. If the product price is added then it will be 

possible at the end of the year to see the total cost of 

protecting grape vines. If the vineyard parcels 

expand it is possible to add a field for parcel code 

and add properties for parcels.  

REFERENCES 

[1] Pallavi Sethi, Smurti R. Sarangi, Internet of Things: Architectures, 
Protocols and Applications, Journal of Electrical and Computer 
Engineering, 2017, 

[2] Kazi Ljubica, RAdulovic Biljana, Projektovanje informacionih 
sistema kroz primere i zadatke, Tehnicki fakultet Mihajlo Pupin, 
2007,  

[3] Dragica Radosav, Softversko inzenjerstvo, Tehnicki Fakultet 
,,Mihajlo Pupin’’, Zrenjanin, 2011, 

[4] Stanko Nekic, Zastita vocnjaka i vinove loze i koncept integralne 
zastite, Svilajnac, 2011,  

[5] https://www.tutorialspoint.com/software_architecture_design/key_
principles.htm

 

https://brzipopis.rs/?gclid=CjwKCAjwsMzzBRACEiwAx4lLG8OnuFKCzTeFLR4XizlHioL6U75KVeP4ns8mKlEhkD3we65WK4a-dhoC4GkQAvD_BwE
https://bs.wikipedia.org/wiki/Popis_stanovni%C5%A1tva_u_Srbiji_2011_(Vojvodina)



