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PREFACE 

 

Sixth conference Technics and Informatics in Education – TIO 2016 which acquired the 
status of an International conference for the first time this year, pursues an important 
objective to promote and support research in education of new generations in technical and 
technological fields at all levels of education, and contribute to technology development 
and education improvement.  

For this Conference, some 86 papers have been submitted within various fields of technical, 
IT and technology-supported education at all education levels – primary, secondary, high 
education and education for adults. After reviewing, 71 papers have been accepted for 
current edition of Proceedings in the form of plenary lectures and original scientific papers 
by the authors from countries within the region and beyond.  

Authors are responsible for any spelling, grammar and stylistic errors in their work.    

Conference papers in the Proceedings TIO 2016 are organized in the following topics: 
• Plenary lectures 
• Challenges in technical and IT education – from preschool to university 
• Information and Educational Technologies 
• Professional development of IT and technical education teachers and European 

educational perspective 
• Engineering Education. 

Special activities within the Conference are the following: 
• Remote experiments - NeReLa Demo session 
• Day of Computing 
• Poster Session: Research project on Faculty of Technical Sciences 

The Scientific and Organizing Committee wish to thank all the scientific and professional 
employees from various fields who contributed to the Conference.   

We would like to thank Partner Institutions which participated as co-organizers of the 
Conference.    

We express special thanks to the Ministry of Education, Science and Technological 
Development of the Republic of Serbia for financial contribution to this scientific gathering  

 

Chairman of the Organizing Committee 
Dr Ivan Milićević, Assistant Professor 



 

 VII 

CHAIRMEN’S FOREWORD  

Faculty of Technical Sciences Čačak, University of Kragujevac, has the honour to organize 
International Scientific Conference ‘Technics and Informatics in Education – TIO 2016’. 

The Conference continues the tradition of gathering scientific associates and professionals 
in technical, technological and IT education in primary and secondary schools in Serbia. 
For the last 50 years this assembly has been organized in various forms (scientific and 
professional conferences and consultations on technical education, information 
technologies, technical seminars, etc.). These scientific and professional conferences have 
had a huge impact on the development of technical education, mostly in primary education, 
as well as in secondary education. The impact is also noticeable in both higher and 
university education. Five National conferences with International participation titled 
Technics and Informatics in Education were held in 2006, 2008, 2010, 2012 and 2014. Still, 
the necessity for continuous, organized scientific assembly related to technics and 
informatics in new surrounding and connection with other technologies has increased.   

The aim of the conference TIO 2016 is to improve the exchange of knowledge and 
experience between experts, scientific associates and professionals from Serbia, 
neighbouring countries and Europe, engaged in the subject matter. The conference will 
provide an analytical review of technical (technological) and IT education, as well as 
education regarding technical (technological) and IT achievements including assistive 
technology, teaching aids, student books, etc. Teacher training is considered highly 
significant for research and development in education in this field. 

The Conference includes technical (technological) education at all levels: from preschool 
institutions, primary and secondary schools over higher and university education, to various 
forms of lifelong learning.  

Furthermore, the special emphasis will be given to the place, importance, and role of 
informatics and IT in technical and professional education, as well as correlation with other 
natural, social and education science. 

A comprehensive analytical review will be given on the state of education in the fields of 
technics and informatics, as well as the contribution of technical and IT education to other fields.  

The conference results are expected to provide the basis for planning the development of 
education in Serbia, especially in the fields of technical (technological) education, 
engineering, IT and informatics. The results are also expected to support and contribute to 
the exchange of educational patterns in the neighbouring region and coordination with 
European trends in this field. 

We hope that experience gained at the Conference will be very useful both for the 
participants and for the development of technical-technological education field. 

Chairman of Honour 
Prof. Dragan Golubović 

Chairmen 
Prof. Živadin Micić 
Prof. Željko Papić 

 



VIII 

C O N T E N T S 
 
 

 PLENARY SESSION 1 
   
P1 Dragan Golubović, Siniša Ranđić, Dragoš Golubović  

Proposal with regarding to teaching programme on Technics and 
informatics in elementary schools and high schools in Serbia   

3 

P2 Siniša Ranđić  
Where the Computing Ends, and Begins …?  17 

   
I CHALLENGES IN TECHNICAL AND IT EDUCATION 23 
   
1.1. Natalija Diković  

Importance of TIE subject in education 25 
1.2. Zoran D. Lapčević  

Technical and IT education challenges, fears and hopes 35 
1.3. Veljko Aleksić, Željko M. Papić  

The global perspective of technics in education 40 
1.4. Milan Sanader, Gordana Sanader  

Control Input/Output interface with the program for control of robotic 
production line segment models 

46 

1.5. Aleksandar Đurčilov  
Tehnical resources in the construction indystry, educational software 51 

1.6. Milentije Luković, Sanja Antić, Vanja Luković  
Simple electrical circuit to light up a gas discharge lamp 57 

1.7. Siniša Minić, Dragan Kreculj, Goran Manojlović  
Modeling, simulation and control of electronic circuits in the application 
electronics lab 

63 

1.8. Željko Petrić 
Preventive work of driving schools and the local community on eliminating 
the causes of young people suffering in traffic  

69 

1.9. Senad Sinanović  
The development of motorcycles in terms of passive safety in traffic  74 

1.10. Dragana Stanojević, Branislav Ranđelović  
Educational standards for the subject Digital literacy in the functional 
primary adult education  

82 

1.11. Andrijana Pešić, Živadin Micić  
Education as prevention of cyberbullying  88 

1.12. Biljana Vučković  
Google classrooms and its application in teaching 94 

1.13. Snežana. D. Mijailović  
The use of computers and the Internet for learning elementary school pupils 100 

1.14. Dragan Grujić  
Application of modern educational technology in teaching technical and IT 
education 

105 



IX 

1.15. Nikola Dragović, Svetlana Anđelić, Bojan Ristić, Mirjana Žilović  
The use of tablet devices and Google Drive service in teaching in the case 
of information technology high school - ITHS 

111 

1.16. Biljana Mihailović, Katarina Čutović, Slađana Dromnjaković  
Use of digital movies in teaching 117 

1.17. Nebojša Mrđa 
Textbooks in three dimensions (linking in electronic textbooks) 121 

   

II INFORMATION AND EDUCATIONAL TECHNOLOGIES  127 
   
2.1. Milevica Bojović, Snežana Tanasković 

Open education resources in enhancing education of biotechnology 
engineers 

129 

2.2. Sanja Bauk, Tatijana Dlabač  
A contribution towards using multimedia and Moodle at the Faculty of 
maritime studies in Kotor (Montenegro) 

137 

2.3. Milena Marić, Daniela Aleksić Minić  
Progress of web tools from Web 2.0 to 4.0 and their implementation into 
the educational process  

143 

2.4. Jezdimir - Luka Obadović  
A new approach to learning with the introduction of modern information 
tools and software in the teaching process  

149 

2.5. Sanja Janković, Marija Jordanović  
Computer games in the function of developing initial mathematical 
concepts  

155 

2.6. Momčilo Ranđelović, Alempije Veljović, Ljiljana Stanojevic, Lidija 
Paunović  
The effects of digital dialogue in teaching programming  160 

2.7. Predrag Novaković, Snežana Tošović  
Bitstrips in school 166 

2.8. Snežana Mijailović, Draško Simonović, Danka Đokić  
Examples of using One Drive in establishing more interactive cooperation 
among students, teachers and parents  

172 

2.9. Olivera Iskrenovic-Momčilović 
Using PowerPoint presentation in teaching  178 

2.10. Ivan Jovanović, Veljko Aleksić  
The mobile learning classroom potential  184 

2.11. Miloš Papić, Nebojša Stanković, Boris Jevtić, Nenad Pantelić  
Informal learning via internet forum  189 

2.12. Vanco Cabukovski, Riste Temjanovski, Roman Golubovski  
The university library information system adaptibility in an intelligent 
based university environment  

197 

2.13. Vladimir Radovanović, Bojana Marinčić, Dragoslava Rodaljević  
Library information system and graduates  204 

2.14. Predrag Stolić, Snežana Stolić, Aleksandra Milosavljević  
Text analytics applications in higher education institutions  211 



X 

2.15. Nenad Marković, Jelena Rajović  
Influence of English language on Serbian language in the context of 
computer terminology 

218 

2.16. Vladimir Mladenović, Miroslav Lutovac, Sergey Makov  
Introduction of computer algebra systems in electrical engineering 
education using Wolfram language on Raspberry pi  

226 

2.17. Branko Marković, Vladimir Milićević, Dragana Petrović, Dejan 
Nešković, Gordana Marković  
Serbian language speech database “Phonemes_1.0”: design and application  232 

2.18. Katarina Mitrović, Danijela Milošević, Nenad Stefanović, Marjan 
Milošević  
Grails application in entrepreneurship  237 

2.19. Olga Ristić, Danijela Milošević, Vlade Urošević  
The importance of programming languages in education  243 

2.20. Živadin Micić, Vesna Ružičić  
Innovation sources of knowledge for clustering standardized field of 
creativity 

250 

   
III PROFESSIONAL DEVELOPMENT OF IT AND TE TEACHERS 259 
   
3.1. Jovana Jezdimirović, Miloš Vučić, José Miró Julià, Daniel Ruiz 

Aguilera 
Comparisons of educational processes and students assessments in Spain 
and Serbia 

 
261 

3.2. Svetlana Obradović, Maria Papadopoulou, Georgia Moumou, Dimitra 
Moumou 
ICT support to people with developmental disorders (specific learning 
disabilities) 

 
267 

3.3. Vladimir Kraguljac, Mladen Janjić, Vera Lazarević  
Analysis of the results of the entrance exam and the first colloquium of 
Business informatics  

273 

3.4. Snezana Stavreva Veselinovska, Snezana Kirova   
The pedagogical benefits and pitfalls of applying tools for teaching and 
learning laboratory practices in the biological sciences  

280 

3.5. Snezana Stavreva Veselinovska, Snezana Kirova  
Application of ICT in teaching biology (Example of a lesson)  290 

3.6. Vojislav Ilić, Andrijana Šikl-Erski  
Students e-portfolio in art classes 301 

3.7. Bojana Anđelković  
Teacher competence as a predictor of acceptance and use of modern media 
and technology in the classroom  

308 

3.8. Snežana Đorđević, Sanja Puzović, Vladan Paunović  
Applying e-portoflio for improving the monitoring process and evaluation 
of teachers’ work in elementary schools  

313 

3.9. Mira Jovanović  
Opportunities and challenges of professional development school 
pedagogue in contemporary conditions  

319 



XI 

3.10. Ajsela Hadžiahmetović, Rifat Redžović  
Teaching and learning through the use of screencasting tools in teaching 
informatics and computing  

324 

3.11. Vesna Kovačević  
Bridging the gap between the classroom and reality (ESP) – Task 
based/Topic centred learning 

330 

3.12. Biljana Kuzmanović, Marija Blagojević, Momčilo Vujičić  
Learning styles of students of different professions 336 

3.13. Dragana Bjekić, Milica Stojković, Biljana Kuzmanović   
School-based mentoring of students–teachers in the practice and beginning 
teachers  

344 

   
IV ENGINEERING EDUCATION 353 
   
4.1. Milica Stojković, Elisabetta Ghirardelli 

Comparative analysis of engineering study programs at two universities in 
Italy and Serbia 

355 

4.2. Senka Šekularac-Ivošević  
Seaferers' education and training in the context of improvement leadership 
and managerial knowledge and skills  

361 

4.3. Milena Stanisavljević  
Financial literacy of the students of technical sciences 367 

4.4. Nela Cvetković, Milovan Medojević, Slobodan Morača  
Supporting education of engineers of 2020 through triple helix model  373 

4.5. Milovan Medojević, Nemanja Sremčev, Slobodan Morača,  
Milana Medojević, Nela Cvetković  
Remote laboratory concepts: A conceptual model of remote laboratory for 
solar energy engineering  

 
379 

4.6. Vule Reljić, Brajan Bajči, Jovan Šulc, Dragan Šešlija, Slobodan Dudić 
Remote control of pneumatic circular manipulator using CompactRIO 
controller  

385 

4.7. Vule Reljić, Predrag Vidicki, Brajan Bajči, Dragan Šešlija, Jovan Šulc  
Using of remote controlled pneumatic spring in teaching  391 

4.8. Marko Stanković  
Computable functions and lambda calculus  397 

4.9. Biljana Zlatanovska, Aleksandra Stojanova, Mirjana Kocaleva, 
Natasha Stojkovikj, Aleksandar Krstev  
Mathematica as program support in the integral calculations  403 

4.10. Milan Marjanović, Ivan Milićević, Snežana Dragićević, Marko 
Popović, Stojan Savković  
The application of Microsoft Excel in teaching courses of mechanical 
engineering  

 
411 

4.11. Miloš Božić, Vojislav Vujičić, Goran Đorđević  
Realization of sensory mobile platform “WEGY” and possibilities of use in 
education  

417 

4.12. Slobodan Aleksandrov, Milomir Mijatović, Radica Aleksandrov  
Up-to-date approach to design of mechatronic systems  423 



XII 

4.13. Marko Rosić, Milan Bebić, Nikola Đorđević, Miroslav Bjekić, Marko 
Šućurović  
Simulation model of direct torque control with discretized voltage vector 
intensities 

 
429 

4.14. Jovan Ivković, Alempije Veljović, Branislav Ranđelović, Vladimir 
Veljović  
ODROID-XU4 as a desktop PC and microcontroller development boards 
alternative  

 
439 

4.15. Đorđe Damnjanović, Dejan Vujičić, Marina Milošević, Dijana Jagodić  
Some aspects of using the XBOX Kinect technology in the human-
computer interaction class  

445 

4.16. Marko Šućurović, Miloš Božić, Snežana Dragićević  
Educational set up for measurement of photovoltaic modul electrical 
parameters  

451 

4.17. Goran Jovanov  
Automated noise measurement technique of petrol engine  457 

4.18. Stojan Savković, Vojislav Vujičić, Ivan Milićević, Milan Marjanović, 
Radomir Slavković, Nedeljko Dučić  
Determination of velocity and acceleration of the object in motion moving 
down along vertical cylindrical rails  

 
463 

4.19. Miroslav Bjekić, Dragana Bjekić  
Energy efficiency of electrical drives: between energy engineering, energy 
policy and energy education  

 
469 

   
 EVENTS  
   
 Day of computing at TIO 2016 477 
   
 NeReLa at TIO 2016  478 
 
 

  

   
 

 



TECHNICS AND INFORMATICS IN EDUCATION 
6th International Conference, Faculty of Technical Sciences, Čačak, Serbia, 28−29th May 2016

TEHNIKA I INFORMATIKA U OBRAZOVANJU 
6. međunarodna konferencija, Fakultet tehničkih nauka, Čačak, Srbija, 28−29. maj 2016.

UDK: 37.018.43: 027.7(497.17) Original scientific paper 

The University Library Information System 
Adaptability in an Intelligent Based University 

Environment 
Vanco Cabukovski1, Riste Temjanovski2 and Roman Golubovski1 

1 Faculty of Natural Sciences and Mathematics, Ss Cyril and Methodius University,  
Skopje, Macedonia 
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Abstract: Agent-based (intelligent) systems technology has generated lots of excitement in 
recent years because of its promise as a new paradigm for conceptualizing, designing and 
implementing software systems. Multi-agent systems are designed as a collection of 
interacting autonomous agents, each having their own capacities and goals that are 
situated to a common environment. An information system is very important part of the 
contemporary university. Adaptation as a new trend in the modern e-Learning concepts 
aimed to produce more effective learning curve by tailoring a course's curriculum to 
individuals' specific preferences. In this paper, presented is an AeLS (Adaptive e-Learning 
System) successfully implemented as an advancement from the previous agent-based eLS 
IABUIS (Integrated Intelligent Agent Based University Information System). The main point 
of interest would be an ULIS (University Library Information System) adaptability as a part 
of AeLS.  

Keywords: Intelligent University Information System; Library Information System; 
Adaptive e-Learning System 

1. INTRODUCTION
A model of an Integrated Intelligent (Agent-Based) Univesity Information System - 
IABUIS with an embedded multi-agent infrastructure has been developed at the Faculty of 
Natural Sciences and Mathematics with the University Ss. Cyril and Methodius. It is 
designed to control University’s administration and education system. Many procedures 
related with educational and non-educational programs in a university environment are 
supported by the outcomes of this project. With the very first steps in development of this 
system one could be introduced in [12]. The IABUIS main structure was described in [7], 
[8] and [9]. It is an integrated intelligent e-university environment in a provision of multi-
agent infrastructure, agent-based e-learning concepts, technology and digital content 
unification, digital library’s standardization and information management integration. Some 
of these aspects are discussed in [1], [11], [16], [17].  
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Adaptation is the new trend in the modern e-Learning concepts (Adaptive e-Learning 
System - AeLS) aimed to produce more effective learning curve by tailoring a course's 
curriculum to individuals' specific preferences. These individual student preferences are 
evaluated by the AeLS in an automated manner, by following student's activities in the 
formal e-Learning system (lecturing material) and in complementary informal Content 
Management System (CMS) containing carefully gathered supplement material 
(multimedia supplements). An AeLS is able to keep track of usage and to accommodate 
content automatically for each of the users, for the best learning result, which in turn is 
supported by a student model built from student’s goals, preferences, and knowledge. Per 
(Brusilovsky 1999), (Brusilovski, 2001) and (Brusilovsky & Peylo 2003) the student model 
is used to adapt the interaction mode of the e-Learning system according to the user’s 
needs. The AeLS is based on adaptive selection of alternative supplements of course 
material. A methodology for development of additional low-budget digital content as an 
additional alternative fragments of course material for adaptive selection and composing of 
the course to individual users in accordance with their knowledge and behavior is given in 
[10].  
In this paper, presented is an AeLS successfully implemented as an advancement from the 
previous agent-based eLS IABUIS (Integrated Intelligent Agent Based University 
Information System). The main point of interest would be an ULIS (University Library 
Information Sysetm)  adaptability as a part of AeLS which attempts to propagate faster 
individual learning curves by employing agent-based system consisted of agent-based 
algorithms for adaptive interaction with the consumers (students), and adaptive 
content/course selection and delivery of appropriate material (supplements) intended for 
improved knowledge acquisition, thus better learning results - subject of official 
examination. 
An AeLS ULIS adaptability is developed based on adaptive selection of alternative 
(fragments of) course material developed as low-budget content with a main goal 
alternatively to give the students additional material in order successfully to gain and 
implement the knowledge as well the automatically proposing the literature from the  ULIS. 

2. THE IABUIS MULTI-AGENT MODEL 
The model of IABUIS includes four processes: student administrative information 
management, library information management, e-learning information management and 
university administrative information management process. In Fig. 1, the communication of 
these processes with the “external world” is given.  

 
Figure 1. Communication of the IABUIS processes with the “external world” 
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Special web-based segments serve the connection with the IABUIS elements: the free text, 
files and multimedia management system (FTFM); the data base management system 
(DBMS) and the independent software applications (ISA).  

The FTFM management system is consisting of portals, www pages, questionnaires, forms, 
output reports, images, servers (like e-mail and ftp), etc.  The DBMS is consisting of 
databases, advanced indexing and retrieval database engines (ORACLE and MySQL). The 
third segment (ISA) contains different software applications developed for special 
purposes, like accounting, warehousing, books and education material circulation, e-
learning management systems, etc.   

The Student Administration Management System (SAMS) keeps track of the students 
educational records. The Library Information System (LIS) is developed in ORACLE. It is 
UNICODE based and it is supporting the MARC format and the dialects UNIMARC and 
MARC21. This module would be described in a next section. The e-Learning System (eLS) 
is based on ORACLE iLearning and SAKAI management systems providing complete 
infrastructure to manage, deliver, and track learning in both online and classroom based 
environments. The University Management Information System (UMIS) is designed to 
enhance the efficiency of the administrative and managerial aspects of the institution. 

3. THE UNIVERSITY LIBRARY INFORMATION SYSTEM (ULIS) 
Globalization is a very real phenomenon that is transforming information services and the 
library systems into e-library, digital library and semantic digital library according to the 
evolution of information technology. The library information systems in present day have 
rapidly evolved into the digital library aiming to realize integration and interoperability of 
information resources under distributed computing environment based on the Internet and 
computer networks. Since the main business objects of the library are knowledge resources, 
the library information systems are heavily influenced by means of the evolution of 
information. On the proliferation of electronic resources such as audio, images, videos and 
texts, electronic library (e-Library) has been appeared to manage electronic resources 
effectively [13].  
The University Library Information System (ULIS) which is part of IABUIS is 
standardized library information system, intended to catalogе, update, search, borrow book 
and non-book materials (artwork, audio recordings, video recordings, cartography, 
educational materials, etc.) in academic, school, popular and public libraries, archives, 
museums, film archives, etc. This complex information system, can also perform 
automation of daily operations as well as documents archives of ministries, government 
offices and public enterprises who need a modern and powerful UNICODE based 
(multilingual) library system compatible with the standard MARC 1  and its dialects 
UNIMARC, MARC21 and others. ULIS  is based on ORACLE database engine, fully 
protected and secure system with the possibility of networking and web access to the data. 
Despite the full compatibility with other library systems based on the MARC standard - an 
internationally accepted standard for bibliographic / catalog processing of library material, 
ULIS offers and  the following: 

                                                           
1 https://www.loc.gov/marc/ [17.03.2016] 
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• Multilanguage based on UNICODE standard text-editor; 
• Automation of procurement of new library materials (requests for procurement, 

seeking approval, approval of procurement, order procurement acceptance, 
financial records); 

• Automated Cataloging (monographs, serials, non-book materials, articles, books, 
educational materials), signing, enumeration and recording, inventory and book of 
records, indexing, annotation, the main catalog card, analytical catalog card UDC 
catalogs ABCDE catalogs, bibliographies; 

• Automation of the circulation of library materials (lending, return, reservation loss, 
withdrawal of damaged samples, interlibrary loans, financial records); 

• Automatic control and review the state of the library;  
• Automatic generating of periodic reports and statistical surveys; 
• Basic and advanced searching supported by the Z39.50 / ISO 23950 ; 
• Classification by UDC, DEWEY and  other world classification schemes; 
• Full web access to library materials. 
• Import / Export of UNIMARC records in ISO 2709. 
• Import / Export of records in MARC and other internationally accepted standards. 

The web and its associated technical standards continue to dominate, although within a 
framework of much more use of mobile devices, data protection take primarily place in 
system’s platform. ULIS covers such limited access to the data protecting their integrity in 
all domains and sources to access. In the next time, ULIS will be moving towards cloud 
computing technology and taking advantages of cloud based services especially in building 
digital libraries, social networking and communication. The use of cloud based library 
management systems has increased drastically since the rise of cloud technology started 
[14], [15].  

4. THE ULIS ADAPTABILITY AND THE AGENTS COOPERATION 
The eLS had successfully been upgraded from a classic e-Learning System to an Adaptive 
eLS (AeLS) by employing the multi-agent environment of the IABUIS aiming to improve 
the educational process. 
The system presented is based on adaptive selection of alternative supplements of course 
material. This AeLS is successfully implemented at the Faculty of Natural Sciences and 
Mathematics with the University Ss. Cyril and Methodius, as an advancement from the 
previous agent-based eLS IABUIS. The general idea behind this concept is to provide the 
students with supplemental material in support to steeper learning curves, submitted to the 
AeLS via the CMS, and approved by the lecturers. The CMS is constantly monitoring 
through SAMS the overall progress of all students with their semestral courses and updates 
the supplements ranking list accordingly. Students are also evaluated periodically through 
test examination and ranked accordingly. Adaptation is then implemented with an 
algorithm which basically suggests higher ranked supplements set to lower ranking 
students, and more relaxed content to higher ranking students. 
In addition to the 'informal' multimedia supplements, the AeLS implemented within the 
IABUIS had recently been integrated through its CMS with the ULIS - the library being the 
source of adequate and recommended text books and related scientific journals/articles. 
This new quality required structural and functional rearrangement of the multi-agent 
driving the follow-up of both - the individual students progress (based on SAMS data) as 
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well as the appropriateness of the suggested learning material by the AeLS (within the 
eLS). The logical integration of the CMS and the ULIS is organized through a complex 
DBMS based repository consisted of the relevant portions of the both, and suitable software 
is developed to interface them to the users and agents/applications. 
By integrating ULIS with the IABUIS the AeLS is able to implement its proven agent 
strategies facilitating the required adaptation of the learning material, consisted of both the 
more formal text books and the less formal low-budget supplements. 
The multi-agent environment (MMAS - MATHEIS Multi-Agent System) is based on a 
former eLS called MATHEIS (MATHematical Electronic Interactive System) - an 
educational system for learning mathematics and informatics for pupils and students [5], 
[6], [12]. This system had been successfully integrated into ORACLE iLearning 
management system at the Faculty of Natural Sciences and Mathematics in Skopje and 
extended into SAKAI e-learning environment. The MMAS component structure is given in 
Fig. 2. 

 
Figure 2. The agent-based structure of MATHEIS 

The functional structure of MMAS is consisted of four conceptual subsystems: The User 
Agents Community; the Level Maintenance Subsystem; the Supervisory Subsystem and the 
Fuzzy Expert Subsystem. Detailed description of the structure of MMAS as well as 
relations between agents in MMAS is given in (Cabukovski 2010a). 
The system is able to adaptively assist into filtering of the educational ULIS material 
according to the UPA (User Profile Agent) and student’s activities in the communication 
with MATHEIS basic services recorded by the PAA (Personalized Activity Agent). The 
Personalized Content Viewing Agent (PCVA) is responsible for the adaptive interaction 
and adaptive content/course delivery – this enhances the usability of material and thus make 
the e-Learning system more effective, which improves the students’ acquisition of 
knowledge and lead to better learning results.  
The Mediator is responsible for the student learning model, database of the student’s 
grades, degree levels, preferences, abilities, aptitudes, etc. This agent communicates with 
the Mediator knowledge database. 
This adaptive aspect of the eLS (AeLS) is implemented by the PFA agent subsystem which 
follows the student’s activities. It is responsible for the adaptive selection and display of the 
content (of both supplements and text books/articles) and adaptive interaction. The PFA is 
trained for each student to make the right content selection appropriate to the student’s 
abilities and aptitudes.  
The fundamental task of the PFA agent is to continuously evaluate both, the individual 
knowledge level of each student as (s)he advances through the course's curricula on one 
hand, as well as the "most appropriate" supplement material that had proved to be most 
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helpful for that particular student level, on the other hand. So basically, parallel ranking 
lists of students (by level) and ULIS supplements (by significance) are maintained and used 
for matching against each other, in direct support of the adaptation process itself. 
The ULIS just like any other DBMS software archives every single action within its 
working domain in detailed log files containing: the action itself (upload, download, 
approved, etc.); the user who performed it (student, lecturer); the content (supplement, 
book, article) affected; timestamp of the action, etc. These detailed logs allow for the PFA 
to keep track of what content had been downloaded by which student within a certain 
course. PFA can also use the SAMS system to keep track of which students had passed 
certain exams and with what grades. By combining these DB entries with the ULIS logs the 
PFA can easily calculate a precise contribution of every single supplement to students' 
success of its corresponding course. Calculated contribution of all pieces of content 
belonging to same course allows the PFA to build and maintain a content's list ranking 
highest those that contribute most, i.e. downloads that helped most students to pass 
examination and/or with highest grades. The rank lists for all courses are updated on 
semestral basis - after the semestral exams. Adaptation is then implemented with an 
algorithm which basically suggests higher ranked supplements set to lower ranking 
students, and more relaxed content to higher ranking students. 
The PFA agent follows all student’s activities and among other things performs the 
adaptive selection of supplements to suggest to individual students for particular course. In 
order to be able to adapt supplements' curricula to the student, the PFA has to evaluate 
student's skill level periodically by test examination. The nature of the level estimation 
process logically requires a fuzzy approach, which is the job of the Fuzzy Expert System.  

5. CONCLUSION 
An Integrated Intelligent (Agent-Based) University Information System (IABUIS) 
consisted of the default administrative modules (among which the student SAMS) as well 
as of the formal e-Learning System (eLS) is upgraded with an adaptation functionality in 
support to steeper student learning curves. The novel integrated system can be considered 
as an Adaptive e-Learning System (AeLS). And it utilizes the rich and comprehensive 
University Library Information System (ULIS). 
ULIS is used as knowledgebase supporting the AeLS in providing tailored content (books, 
journals, proceedings, and related material) to the students. The core of the AeLS is an 
existing agent-based interactive context (MMAS) which defines additional roles to the 
Expert Agent to perform: ranking of the available supplements and librabry content within 
a certain course by determining their individual impact (and thus usefulness). 

All the fuzzy processing and inference is performed by the PFA module and already shows 
positive results and acceptance by the student community. Further advancement is being 
worked on and expected as improvement in the adaptation algorithm, as well as in the fuzzy 
reasoning for the suggestions inference. 
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