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Introduction 

As organizing partners of 15th International Conference on Applied Internet and Information 
Technologies AIIT 2025, we warmly welcome all participants, researchers, and colleagues joining us from 
various countries and universities, united by our shared commitment to advancing knowledge in the 
fields of computer science, applied Internet, and information technologies. 

The AIIT conference has become a long-standing tradition of excellence and collaboration, co-
organized by the Faculty of Information and Communication Technologies – Bitola, University “St. 
Kliment Ohridski,” and the Technical Faculty “Mihajlo Pupin” – Zrenjanin, University of Novi Sad, Serbia. 
Over the past fifteen years, this partnership has fostered not only strong academic cooperation but also 
genuine friendship among our institutions and scholars. 

This year’s conference proudly continues that tradition, bringing together innovative research, 
diverse perspectives, and new insights into technologies that are shaping our digital future. The Scientific 
Program Committee once again faced the demanding task of selecting the highest-quality papers from 
more than sixty submissions spanning a wide range of topics—including Artificial Intelligence, Immersive 
Technologies, Mathematical Simulations, Data Science and Big Data Analytics, Knowledge and IT 
Management, Cybersecurity, Software Engineering, Data Mining, Digital Transformation, Behavioral 
Economics and Business, Social Engineering, Digital Humanities, Augmented Humanity, and Hybrid 
Intelligence. This ensures that the program reflects both scientific rigor and creative originality. 

We would like to express our sincere gratitude to all reviewers for their dedicated work, as well as 
to the members of the Organizing Committee for their professionalism, commitment, and enthusiasm in 
preparing this event. 

We are confident that these proceedings will provide an enriching and thought-provoking reading 
experience. 

Conference chairs: 

Blagoj Ristevski,  University “St. Kliment Ohridski”, Faculty of Information and Communication Technologies, 
Bitola, Republic of N. Macedonia (chair) 
Kostandina Veljanovska, University “St. Kliment Ohridski”, Faculty of Information and Communication 
Technologies, Bitola, Republic of N. Macedonia (co - chair)  
Željko Stojanov, University of Novi Sad, Technical faculty “Mihajlo Pupin”, Zrenjanin, Serbia (co – chair)  
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Conference Chairs  

Blagoj Ristevski, University “St. Kliment Ohridski”, Faculty of Information and 
Communication Technologies, Bitola, Republic of N. Macedonia (chair) 

Prof. Dr. Blagoj Ristevski is a Full Professor at the Faculty of Information and Communication 
Technologies (FICT) at the University “St. Kliment Ohridski” - Bitola, where he currently serves 
as Dean. He holds a PhD in Technical Sciences from the Faculty of Electrical Engineering and 
Information Technologies, Institute of Computer Science and Informatics, at Ss. Cyril and 
Methodius University in Skopje. His research interests span Databases, Data Science, Data 
Mining, Big Data Analytics, Bioinformatics, Computer Graphics, and Cybersecurity. Prof. 
Ristevski has supervised numerous BSc, MSc, and PhD theses and has led several international 
research projects. He has served on the management committees of multiple COST actions, 

reviewed for numerous high-impact journals, and evaluated project proposals for the Horizon 2020 and Horizon 
Europe programs. Prof. Ristevski is also a senior member of IEEE. 

Kostandina Veljanovska, University “St. Kliment Ohridski”, Faculty of Information and 
Communication Technologies, Bitola, Republic of N. Macedonia (co – chair) 

Kostandina Veljanovska, Ph.D. completed her education at the University "Sts. Kiril i 
Metodi", Skopje (BSc in Computer Science), at the University of Toronto, Toronto (MASc in 
Applied Engineering) and got her MSc and also her PhD in Technical Sciences at the University 
“St. Kliment Ohridski”, Bitola, R. Macedonia. She has completed postdoc in Artificial 
Intelligence at the Laboratory of Informatics, Robotics and Microelectronics at the University 
of Montpellier, Montpellier, France. She worked as a Research assistant at the Faculty of 
Applied Science, University of Toronto, Canada. She also, worked at research team for 
Constraints, Learning and Agents at LIRMM, University of Montpellier. Currently, she works 

as a Full Professor in Artificial Intelligence and Systems, Computer Science and Computer Engineering at the Faculty 
of Information and Communication Technologies, University “St. Kliment Ohridski” - Bitola and serves as a Vice-dean 
for Science and Collaboration. Her research work is focused on artificial intelligence, machine learning techniques, 
intelligent systems and human - computer interaction. She participated in several international and domestic 
scientific projects. She has published numerous scientific papers in the area of interest, as well as several 
monographic items. She is a reviewing referee for well-known publishing house, journals with significant impact 
factor in science and also, member of editorial board of several international conferences.   

Željko Stojanov, University of Novi Sad, Technical faculty “Mihajlo Pupin”, Zrenjanin, Serbia 
(co – chair) 

Željko Stojanov, Ph.D. received PhD degree in Computer science and applied informatics at 
University of Novi Sad, Serbia. He works as a full professor at University of Novi Sad, Technical 
Faculty ”Mihajlo Pupin” Zrenjanin, Serbia. His research interests are in the fields of software 
engineering, software architecture, software life cycle, business informatics, learning and 
knowledge management, engineering education, and human aspects of software 
engineering. He is author of scientific papers published in refereed journals and in the 
proceedings of international conferences. He participated in several research and industrial 

projects at national and international levels. He has over fifteen years of experience working with small software 
companies as a consultant in the fields of software development, software maintenance and software process 
improvement. 



15th International Conference on Applied Internet and Information Technologies (AIIT2025), November 7, 2025, Bitola, Macedonia

6 

Organizing Committee 

Chairs
Kostandina Veljanovska (President), Faculty of Information and Communication Technologies - Bitola, N. 
Macedonia 
Željko Stojanov, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia (vice-president) 

Members  
Blagoj Ristevski, Faculty of Information and Communication Technologies - Bitola, N. Macedonia 
Ivana Berković, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia  
Višnja Ognjenović, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Eleonora Brtka, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Dalibor Dobrilovic, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Dragica Radosav, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Biljana Radulovic, Technical Faculty "Mihajlo Pupin" Zrenjanin, Serbia 
Božidar Milenkovski, Faculty of Information and Communication Technologies - Bitola, N. Macedonia 
Ljubica Kazi, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Snežana Savoska, Faculty of Information and Communication Technologies - Bitola,N. Macedonia 
Vladimir Brtka, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Zoltan Kazi, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Siniša Mihajlović, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Velibor Premčevski, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Nikola Rendevski , Faculty of Information and Communication Technologies - Bitola, N. Macedonia 
Aleksandra Stojkov, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Maja Gaborov, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Milica Mazalica, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Igor Vecštejn, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Marko Blažić, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Vuk Amižić, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Natasa Blazeska-Tabakovska, Faculty of Information and Communication Technologies - Bitola, N. Macedonia 
Jovana Borovina, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Dalibor Šeljmeši, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Mimoza Bogdanoska Jovanovska, Faculty of Information and Communication Technologies - Bitola, N. Macedonia 
Vladimir Šinik, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Nadežda Ljubojev, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Marina Blažeković Toshevski, Faculty of Information and Communication Technologies - Bitola, N. Macedonia 
Hristina Dimova Popovska, Faculty of Information and Communication Technologies, University "St.Kliment 
Ohridski" - Bitola, N. Macedonia 
Darko Pajkovski, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski" - Bitola, 
N. Macedonia
Marija Apostoloska Kondoska, Faculty of Information and Communication Technologies, University "St. Kliment
Ohridski" - Bitola, N. Macedonia
Milcho Prisagjanec, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski" -
Bitola, N. Macedonia
Ilche Dimovski, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski" - Bitola,
N. Macedonia
Zoran Pavlovski, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski" - Bitola,
N. Macedonia
Vladimir Karuović, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia
Evgeny Cherkashin, Institute of System Dynamic and Control Theory SB RAS, Russia
Anastasia Popova, Matrosov Institute for System Dynamics and Control Theory of the Siberian Branch of the
Russian Academy of Sciences, Russia
Filip Tsvetanov, South-west University "Neophyte Rilsky", Faculty of Engineering, Blagoevgrad, Bulgaria



15th International Conference on Applied Internet and Information Technologies (AIIT2025), November 7, 2025, Bitola, Macedonia

7 

Program Committee 

Blagoj Ristevski (president), Faculty of Information and Communication Technologies, University "St. Kliment 
Ohridski", Bitola, North Macedonia,  
Željko Stojanov, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia (vice-president) 
Kostandina Veljanovska, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski", 
Bitola, North Macedonia (vice-president) 
Eleonora Brtka, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Višnja Ognjenović, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Dalibor Dobrilović, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Ljubica Kazi, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Dragica Radosav, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Dragana Glušac, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Borislav Odadžić, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Miodrag Ivković, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Biljana Radulović, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Ivana Berković, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Vladimir Brtka, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Zoltan Kazi, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Jelena Stojanov, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Vesna Makitan, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Nadežda Ljubojev, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Vladimir Šinik, Technical faculty "Mihajlo Pupin", Zrenjanin, Serbia 
Igor Nedelkovski, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski", Bitola, 
North Macedonia 
Aleksandar Markoski, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski", 
Bitola, North Macedonia 
Violeta Manevska, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski", 
Bitola, North Macedonia 
Pece Mitrevski, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski", Bitola, 
North Macedonia 
Ilija Jolevski, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski", Bitola, 
North Macedonia 
Dragan Grueski, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski", Bitola, 
North Macedonia 
Monika Markovska, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski", 
Bitola, North Macedonia 
Snežana Savoska, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski", 
Bitola, North Macedonia 
Sonja Mančevska, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski", 
Bitola, North Macedonia 
Mimoza Bogdanoska Jovanovska, Faculty of Information and Communication Technologies, University "St. Kliment 
Ohridski", Bitola, North Macedonia 
Nataša Blažeska Tabakovska, Faculty of Information and Communication Technologies, University "St. Kliment 
Ohridski", Bitola, North Macedonia 
Božidar Milenkovski, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski", 
Bitola, North Macedonia 
Zoran Kotevski, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski", Bitola, 
North Macedonia 
Nikola Rendevski, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski", 



15th International Conference on Applied Internet and Information Technologies (AIIT2025), November 7, 2025, Bitola, Macedonia

8 

Bitola, North Macedonia 
Andrijana Bocevska, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski", 
Bitola, North Macedonia 
Tome Dimovski, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski", Bitola, 
North Macedonia 
Marina Blažeković Toševski, Faculty of Information and Communication Technologies, University "St. Kliment 
Ohridski", Bitola, North Macedonia 
Lela Ivanovska, Faculty of Information and Communication Technologies, University "St. Kliment Ohridski", Bitola, 
North Macedonia 
Ilija Hristoski, Faculty of Economics - Prilep, North Macedonia 
Elena Vlahu-Gjorgievska, Univerisity of Wollongong, Australia 
Mimoza Mijoska, Internatonal Slavic University GAVRILA ROMANOVICH DERZHAVIN, Faculty of  
Technical Sciences and Informatics 
Blagoj Nenovski, University "St. Kliment Ohridski", Bitola, North Macedonia 
Nora Pireci Sejdiu, University "St. Kliment Ohridski", Bitola, North Macedonia 
Saso Nikolovski, AUE University, Faculty of Informatics-Skopje, North Macedonia 
Aybeyan Selim, International Vision University, Gostivar, North Macedonia 
İlker Ali, International Vision University, Gostivar, North Macedonia 
Fehmi Skender, International Vision University, Gostivar, North Macedonia 
Ming Chen, Zhejiang University, China 
Alexander Feoktistov, Matrosov Institute for System Dynamics and Control Theory of the Siberian Branch of the 
Russian Academy of Sciences, Irkutsk, Russia 
Alexander Yurin, Matrosov Institute for System Dynamics and Control Theory of the Siberian Branch of the Russian 
Academy of Sciences, Irkutsk, Russia 
Igor Bychkov, Matrosov Institute for System Dynamics and Control Theory of the Siberian Branch of the Russian 
Academy of Sciences, Irkutsk, Russia 
Andrey Gachenko, Matrosov Institute for System Dynamics and Control Theory of the Siberian Branch of the 
Russian Academy of Sciences. Irkutsk, Russia 
Andrey Mikhailov, Matrosov Institute for System Dynamics and Control Theory of the Siberian Branch of the 
Russian Academy of Sciences. Irkutsk, Russia 
Anastasia Popova, Matrosov Institute for System Dynamics and Control Theory of the Siberian Branch of the 
Russian Academy of Sciences. Irkutsk, Russia 
Alexey Daneev, Irkutsk State Transport University, Irkutsk, Russia 
Denis Sidorov, Melentiev Energy Systems Institute of Siberian Branch of the Russian Academy of Sciences, Irkutsk, 
Russia 
Viacheslav Paramonov, Matrosov Institute for System Dynamics and Control Theory of the Siberian Branch of the 
Russian Academy of Sciences, Irkutsk, Russia 
Andrey Dorofeev, Institute of High Technologies, Irkutsk National Research Technical University, Irkutsk, Russia 
Gogolák László, Subotica Tech - College of Applied Sciences, Subotica, Serbia 
Zlatko Čović, Subotica Tech - College of Applied Sciences, Department of Informatics, Subotica, Serbia 
Zora Konjović, University Singidunum, Centar Novi Sad, Serbia 
Siniša Nešković, Faculty of organizational sciences, University of Belgrade, Serbia 
Nataša Gospić, Faculty of transport and traffic engineering, Belgrade, Serbia 
Branko Markoski, Faculty of technical Sciences, Novi Sad, Serbia 
Željen Trpovski, Faculty of technical Sciences, Novi Sad, Serbia 
Branimir Đorđević, Megatrend University, Belgrade, Serbia 
Slobodan Jovanović, Faculty of Information Technology, Belgrade, Serbia 
Željko Eremić, College of Technical Sciences - Zrenjanin, Serbia 
Rajnai Zoltán, Obuda University, Budapest, Hungary 
Tünde Anna Kovács, PhD, Óbuda University, Hungary 
Zoltán Nyikes, PhD, Milton Friedman University, Hungary 
Mirjana Pejic Bach, University of Zagreb, Croatia 
Androklis Mavridis, Aristotеl University of Thessaloniki, Greece 



15th International Conference on Applied Internet and Information Technologies (AIIT2025), November 7, 2025, Bitola, Macedonia

9 

Madhusudan Bhatt, R.D. National College, University of Mumbai, India 
Amar Kansara, Parth Systems LTD, Navsari, Gujarat, India 
Narendra Chotaliya, H. & H.B. Kotak Institute of Science, Rajkot, Gujarat, India 
Zeljko Jungic, ETF, University of Banja Luka, Bosnia and Herzegovina 
Saso Tamazic, Univerisity of Ljubljana, Slovenia 
Marijana Brtka, Centro de Matemática, Computação e Cognição, Universidade Federal do ABC, São Paulo, Brazil 
Zoran Cosic, Statheros, Split, Croatia 
Istvan Matijevics, Institute of Informatics, University of Szeged, Hungary 
Slobodan Lubura, Faculty of electrical engineering, University of East Sarajevo, Bosnia and Herzegovina 
Edit Boral, ASA College, New York, NY, USA 
Dana Petcu, West University of Timisoara, Romania 
Marius Marcu, "Politehnica" University of Timisoara, Romania 
Aleksej Stevanov, South-west University "Neophyte Rilsky", Faculty of Engineering, Blagoevgrad, Bulgaria 
Petar Apostolov, South-west University "Neophyte Rilsky", Faculty of Engineering, Blagoevgrad, Bulgaria 
Filip Tsvetanov, South-west University "Neophyte Rilsky", Faculty of Engineering, Blagoevgrad, Bulgaria 
Francesco Flammini, School of Innovation, Design and Engineering, Division of Product Realisation, Mälardalen 
University, Eskilstuna, Sweden 
Deepak Chahal, Jagan Institute of Management Studies (JIMS, Rohini Sector-5), New Delhi, India 
Аbdel-Badeeh M. Salem, Faculty of Computer and Information Sciences, Ain Shams University, Cairo, Egypt 
Dragan Peraković, University of Zagreb, Faculty of Transport and Traffic Sciences, Zagreb, Croatia 
Gordana Jotanović, University of East Sarajevo, Faculty of Transport and Traffic Engineering, Doboj, Bosnia and 
Herzegovina 
Goran Jauševac, University of East Sarajevo, Faculty of Transport and Traffic Engineering, Doboj, Bosnia and 
Herzegovina 
Dinu Dragan, Faculty of technical Sciences, University of Novi Sad, Serbia 
Gururaj Harinahalli Lokesh, Department of IT, Manipal Institute of Technology, Bengaluru, India  
Ertuğrul AKBAŞ, Esenyurt University, Istanbul, Turkiye 



15th International Conference on Applied Internet and Information Technologies (AIIT2025), November 7, 2025, Bitola, Macedonia

10

CONTENT

Plenary Paper
MOR over frequency range by interpolation
Jovan Stefanovski

16

Current State and Future of Intelligent Agents and their Applications
Eleonora Brtka

26

Detection and Response in Cybersecurity
Marjan Sterjev

37

Regular paper
Analysis of the popularity of antivirus solutions – Microsoft Defender,
Kaspersky, and Bitdefender
Dejan Jocin, Biljana Radulović and Tamara Milić

46

Application of Security in Electronic Business on the Example of Application 
Development using Multi-factor Authentication in Online Learning Platforms
Tamara Milic, Vesna Makitan

53

Bluetooth LE Spam with ESP32 running Marauder and Bruce
Blagoj Nenovski

61

Mathematical Foundations of Multi-Criteria Decision-Making and Their 
Application in Modern Telecommunications and Information Security
Jovana Knezevic, Dalibor Dobrilovic, Jelena Stojanov

69

Security Monitoring of a PHP MVC Single Page Web Portal with Access 
Categorization: Preschool Institution Zrenjanin Case Study
Ljubica Kazi, Tatjana Lojović and Željko Cvijanović

78

Wireless Communication Security – Review on ZigBee and Bluetooth 
protocol
Vuk Amizic, Dalibor Dobrilovic

86

Integrity of digital evidences in the investigation process
Rade Dragović, Dragan Dragović and Dalibor Dobrilović

94

Exploring the Impact of VR and AR Integration in Learning Management 
Systems: A Study on Enhancing Immersive Learning Experiences
Buen Bajrami, Igor Nedelkovski, Andrijana Bocevska and Kostandina 
Veljanovska

102

Comparative Analysis of Text Mining Techniques and Tools
Marija Apostoloska-Kondoska, Blagoj Ristevski, Nikola Rendevski, Snezana 
Savoska

109



15th International Conference on Applied Internet and Information Technologies (AIIT2025), November 7, 2025, Bitola, Macedonia

11

Scalable ETL Processes with Change Data Capture (CDC) and Monitoring 
Using Apache Superset
Aneta Trajkovska, Violeta Manevska and Kostandina Veljanovska

118

KPI metrics in the Software Industry: Literature Review and Analysis
Igor Vecstejn, Zeljko Stojanov, Tamara Milic and Maja Gaborov

126

Recipe Radar: A Voice-Driven Hybrid Recommender System for Recipes 
Using NLP, Text-to-SQL, and Cloud-Native Infrastructure
Aleksandra Kolevska, Natasha Blazheska-Tabakovska

134

Knowledge-based Decision Support System for Personalised Training
Marija Kolevska, Natasha Blazheska-Tabakovska

142

AI-Based Prediction of Elastic Properties in Crystals with Class Balancing
Nora Pireci Sejdiu, Nikola Rendevski and Blagoj Ristevski

152

The Role of Digital Humanism in Shaping AI-Driven Augmented Humanity
Blagoj Ristevski, Nikola Rendevski and Dragan Grueski

160

ECG Classification Utilizing a Hybrid Transformer-BiLSTM Network
Luka Glišić, Ivana Berković

166

Integrating XGBoost and Neural Networks for Accurate Student 
Performance Prediction in Higher Education
Buen Bajrami, Blagoj Ristevski, Kostandina Veljanovska

172

Intelligent UAV Surveillance GIS-Based Path Planning and Post-Flight 
Object Detection Using YOLOv11
Dalibor Šeljmeši, Velibor Ilić, Višnja Ognjenović, Vladimir Brtka and Dalibor 
Dobrilović

179

Optimizing Real-Time Data Processing with Kafka and Databricks 
Integration for Scalable Machine Learning Solutions
Aneta Trajkovska, Blagoj Ristevski , Kostandina Veljanovska, Trajche Trajkov, 
Nikola Rendevski

187

Intelligent Agents Architecture for Evacuation Route Planning in QGIS 
Environment
Srđan Popov, Milena Zeljković, Tanja Vranić, Nebojša Ralević and Željko 
Zeljković

195

Artificial Intelligence for Assisting People with Sensory and Cognitive 
Disabilities
Kostandina Veljanovska, Simona Gulevska and Blagoj Ristevski

203

Comparative Study of Depth-First Search Algorithms: DFS, DLS, and IDDFS 
in Undirected Unweighted Graphs
Nikola Jerković, Jelena Stojanov and Ivana Berković

212

Digital School in Transition: Overcoming Resistance Through Mental Models 
and Organizational Learning

221



15th International Conference on Applied Internet and Information Technologies (AIIT2025), November 7, 2025, Bitola, Macedonia

12

Maša Magzan, Ana-Maria Karleuša and Snežana Jokić

Enhancing Digital Competencies Through Visual Programming in Education
Katarina Vignjević, Dragana Glušac, Nemanja Tasić and Marko Blažić

229

Understanding User Acceptance of Technology: A Theoretical Review of 
Behavioral Intention Models
Vesna Rodić Lukić, Mia Marić and Nemanja Lukić

236

Towards Standardized Quality Practices for Custom Game Development 
Tools: A Contextualization of ISO/IEC 25010 Standard
Vasilije Bursać, Dragan Ivetić and Aleksandar Kupusinac

242

Artificial Intelligence and Critical Thinking in Foreign Language Learning: 
From Theory to Practice
Lela Ivanovska, SilvanaNeshkovska and Milena Kasaposka-Chadlovska

250

A Comparative Analysis of Locomotion Techniques in Virtual Reality for 
Architectural Visualization
Danilo Bulatović and Dragan Ivetić

258

Management of Interdependent Data in Web Applications Using React and 
Redux Toolkit Illustrated Through a Video Game Point Calculation System
Nikola Jovanov, Eleonora Brtka, Ema Brtka, Vesna Makitan, Velibor Premcevski

267

Data-Driven Quality Assurance in Higher Education: Insights from 
University Information System
Aybeyan Selim, İlker Ali, Fehmi Skender

275

Improving Learning Recommendations Through Combined Audio and Text-
based Sentiment Insights
Aleksandar Kotevski, Blagoj Ristevski

284

Intelligent Educational Agents as Mediators in the Learning Process
Katarina Vignjević, Dragana Glušac, Slavica Isakov and Marko Blažić

294

Integrating Artificial intelligence in Virtual Engineering for Architectural 
Visualization
Darko Pajkovski, Igor Nedelkovski

301

Adoption of AI Technologies in IT Companies: North Macedonia Case 
Mihajlo Mitkovski, Elena Petkovska, Mimoza Bogdanoska Jovanovska

308

Analysis of the Internet Banking in the Macedonian Banking Sector and 
Other Countries
Marina Blazhekovikj Toshevski

315

Circular Economy in Manufacturing Processes: A Comparative Analysis of 
the EU and Serbia
Milica Jovanov

322

Transforming Human Resource Management: The Role of AI Technologies 328



15th International Conference on Applied Internet and Information Technologies (AIIT2025), November 7, 2025, Bitola, Macedonia

13

Tatjana Ivanovic and Mimoza Bogdanoska Jovanovska

Тhe Role of Caching in Real-Time Systems – A Case Study: Application of 
Redis in Monitoring Economic Indicators
Teodora Siljanoska, Violeta Manevska

333

A Comparative Methodological Framework for Semantic Enrichment of 
Time Series Forecasting: Beyond the Balkans Case Study
Teodora Siljanoska Taskovska, Snezana Savoska, Natasha Blazheska-Tabakovska

341

Practical Tensor Decompositions for NLP Embeddings with TT, Tucker, and 
CP
Dilan Dobardžić, Višnja Ognjenović, Jelena Stojanov, and Vladimir Brtka

349

Applying semantic web technology in IoRT: A Review
Valmir Sinani, Ramona Markoska and Natasha Blazheska-Tabakovska

354

Development and Functional Design of “Smart” Surgical Masks Based on IoT 
Technology
Valentina Bozoki, Ineta Nemeša, Marija Pešić, Danka Đurđić, Igor Vecštejn

362

Development of a smart sleep monitoring ecosystem
Kirill Zhilenkov, Konstantin Zheltov, Andrey Dorofeev, Irina Kuznetsova

368

Review of Analysis of Traditional Complexity Metrics and Their Applicability 
to IoT Devices 
Vuk Amizic, Dalibor Dobrilovic

377

Serbian Workforce Potential for Leading Global IT Projects
Ivana Denčić, Sanja Stanisavljev and Vladimir Todić

383

ICT as a Catalyst for Effective Waste Management in the Circular Economy 
Context
Saso Nikolovski, Bozidar Milenkovski, Anita Ilieva Nikolovska, Biljana 
Stojcevska and Viktorija Spasevska

390

East–West Perspectives on Social Media Use Among Older Adults: Lessons 
for the Western Balkans
Dragana Bodiroga and Dragan Ivetic

398

Antiderivatives Solved with LLMs?
Sonja Mančevska and Elena Karamazova Gelova

405

Deepfake Video Detection: How Far Have We Gone?
Zoran Kotevski

413

Do Hyperbolic Heads Make Better Mistakes? A Minimal Euclidean-vs-
Hyperbolic Comparison on CIFAR-100
Dilan Dobardžić, Jelena Stojanov, Višnja Ognjenović, and Nikola Jerković

422

Validation of Parameters for AI Source Code Detector
Eugene Alooeff, Yuliya Zhaltko

428



15th International Conference on Applied Internet and Information Technologies (AIIT2025), November 7, 2025, Bitola, Macedonia

14

Application of Control Flow Graph in White Box Testing Techniques
Zoltan Kazi, Ljubica Kazi

435

Comparative Analysis of Platforms for Analysis, Design and Product 
Development with a Focus on AI-Based Tools
Borce Ugrinovski, Andrijana Bocevska, Kostandina Veljanovska and Blagoj 
Ristevski

443

Detection of Road Edge Lines Using Hough Transform
Ivan Gašić, Marko Beljin, Željko Eremić, Vladimir Tadić

452

Design and Implementation of an Intelligent Virtual Medical Agent for 
Health Risk Assessment
Anita Petreska, Igor Nedelkovski, Andrijana Bocevska, Blagoj Risteski

457

Orkes Conductor - performance comparison with Apache Kafka
Srđan Popov, Jelena Ninković, Rade Radišić and Margarita Khazhoyan

467



15th International Conference on Applied Internet and Information Technologies (AIIT2025), November 7, 2025, Bitola, Macedonia

284

Improving Learning Recommendations Through Combined
Audio and Text-based Sentiment Insights 

Aleksandar Kotevski1, Blagoj Ristevski2

1,2 
Faculty of Information and Communication Technologies-Bitola, University “St. Kliment

Ohridski” _ Bitola, ul. Partizanska bb 7000 Bitola, Republic of Macedonia

1kotevski.ace@gmail.com, 2blagoj.ristevski@uklo.edu.mk

Abstract: 
This research proposes an adaptive learning material recommender system that employs
sentiment analysis to enhance personalization and effectiveness in online learning. The system
dynamically adapts to a learner’s emotional state and engagement levels by incorporating
explicit feedback (ratings, comments, reviews) and implicit feedback (interaction patterns,
time spent, dropout behavior). At its core, the proposed system integrates collaborative
filtering, content-based methods, and sentiment analysis. Learners and learning materials are
represented as dense vector embedding, while sentiment analysis is applied to both textual
feedback and behavioral signals to capture emotional state and motivation. Models from
Hugging Face’s sentence-transformers library generate semantic embedding of feedback and
material descriptions. Similarity is measured using cosine similarity or Euclidean distance,
allowing recommendations to reflect not only contextual relevance but also the learner’s
affective state. Our experimental evaluation, conducted on real-world datasets, demonstrates
that sentiment-aware adaptation significantly improves learning outcomes. The dataset-rich
user comments and feedback enabled testing of the proposed pipeline. The framework offers a
scalable, data-driven approach for delivering emotionally responsive and personalized learning
experiences, addressing the growing demand for human-centered technologies in online
education.

Keywords: 
Adaptive learning, recommender systems, sentiment analysis, natural language processing

1. Introduction

Recommender systems have become an important segment of modern digital platforms, affecting
decisions in e-commerce, entertainment, education, and professional services. By analyzing user
behavior and preferences, these systems guide users toward items, content, or learning resources that
align with their interests, improving engagement and satisfaction.

Early educational recommendation systems were relatively simple, often rule-based or keyword-
driven. They matched learners to materials through predefined categories or static attributes such as
subject area or difficulty level. Similarly, the initial wave of recommender systems in other domains
relied on heuristic-based methods, recommending the most popular items or those manually tagged as
similar, using content-based or collaborative filtering. While these early systems were easy to
implement and useful in structured, small-scale environments, they were fundamentally limited in their
ability to understand and adapt to individual preferences, often failing to introduce users to truly new
or surprising content [1].
As online education and digital platforms expanded, more sophisticated approaches emerged. Content-
based filtering, which matches learner profiles with resource attributes, and collaborative filtering,
which leverages similarities in learner behavior to identify suitable materials, became widely adopted.
Hybrid methods that combined both techniques provided more robust and accurate recommendations,
marking a significant advancement in educational technology. However, even these advanced
approaches often overlook the emotional state of the user, which has been shown to strongly influence
decision-making, engagement, and learning outcomes [4].
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Over the last few years, there has been significant progress in emotion-aware recommender
systems, which integrate user sentiment and affective information into the recommendation process. In
e-commerce, personalized recommendations increase conversion rates and customer loyalty by
suggesting products that match users' shopping preferences and past purchases [15]. In entertainment,
recommendation systems enhance user experience by suggesting movies, music, or other media tailored
to personal tastes [3]. In education, personalized recommendations help students navigate extensive
online learning resources by suggesting textbooks, video lectures, exercises, or quizzes that align with
their current skill level and learning pace. A student struggling with calculus, for instance, could be
recommended for foundational lessons and practice problems, while an advanced student might receive
challenging problem sets and enrichment materials [8, 9]. By considering engagement patterns and
learning preferences - such as interactive simulations for hands-on learners or reading-based materials
for textual learners - these systems enhance knowledge retention, motivation, and overall academic
performance [10, 12, 26].

The advances in large language models (LLMs) have further expanded the capabilities of
recommender systems. Models such as GPT (Generative Pre-trained Transformer), BERT
(Bidirectional Encoder Representations from Transformers), T5 (Text-to-Text Transfer Transformer)
and multimodal transformers can generate rich embeddings for users and items, enabling semantic and
personalized recommendations [5]. These models capture subtle emotional cues from text, allowing
real-time adaptation to user sentiment. Approaches like SEALR integrate LLMs with sentiment tracking
to provide personalized, emotion-aware recommendations that outperform traditional collaborative
filtering methods [6]. Other studies explore foundation models, decision transformers enhanced with
emotion embedding, and prompting strategies for LLM-based recommender systems, demonstrating
the potential for context-aware, human-like recommendation strategies [11]. In addition, modern
recommender systems are increasingly designed to address concerns related to fairness, privacy, and
explainability, ensuring that recommendations are equitable, transparent, and respectful of user data [2,
13]. By combining emotion awareness, user background information, and LLM-based semantic
understanding, the current state-of-the-art systems provide adaptive, context-aware, and personalized
recommendations across multiple domains [7].

The remainder of the paper is structured as follows. Section 2 describes related work, Section 3
discusses recommendation systems in e-learning, Section 4 presents an overview of sentiment analysis
models, Section 5 provides the system overview, Section 6 concludes the paper, and Section 7 outlines
directions for future work.

2. Related Works

Recommendation systems that leverage users’ similar interests have been widely studied. The
authors in [1] proposed an emotion-aware music recommender system that considers users’ emotional
profiles to suggest music aligned with their mood. The researcher in [2] developed a text-based emotion-
aware recommender that analyzes users’ interaction text to infer preferences and recommend movies.
Fuzzy emotion features to improve movie recommendations based on user interests has been used in
[3]. Similarly, personality-aware recommendation systems that extract user interests for product
suggestions have been explored [21]. Other studies in e-commerce and multimedia content show that
interest-based recommender systems significantly improve user engagement and satisfaction [22, 23].
These approaches combine user-item interaction patterns with sentiment or emotional information to
deliver personalized suggestions that match users’ preferences in real time [15, 20].

In educational and professional domains, recommender systems increasingly use users’ background
information such as learning history, performance, and emotional responses, to provide more tailored
recommendations. EduRecomSys [5, 24] leverages collaborative filtering combined with emotion
detection to recommend educational resources that align with learners’ emotional states. Other emotion-
aware systems for tourists [3] and workplace learning environments use users' historical behaviors and
backgrounds to suggest contextually appropriate content. By incorporating background information,
these systems can adapt not only to current interests but also to the user’s prior knowledge, cognitive
level, and long-term preferences [20]. Studies demonstrate that such approaches improve retention,
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engagement, and satisfaction in learning and professional development contexts [3, 14].
The authors in [5] provided a survey of LLMs applied to recommendation systems, showing that

models such as GPT (Generative Pre-trained Transformer), BERT (Bidirectional Encoder
Representations from Transformers), and T5 (Text-to-Text Transfer Transformer) can generate
embeddings for users and items, enabling semantic and personalized recommendations. The researchers
in [15] presented SEALR, which uses sentiment tracking and LLM embeddings to provide real-time
adaptive recommendations. Other recent works explore multimodal LLMs [19, 20], foundation models
for recommendation [23] and decision transformers enhanced with emotion and sentiment embedding
[21]. Prompting LLMs for recommender systems and integrating them into agentic frameworks
demonstrate the potential for context-aware, human-like recommendation strategies [3, 18].
Additionally, empirical studies confirm that emotion- and sentiment-enhanced LLM-based systems
outperform traditional collaborative filtering and content-based approaches in both educational and
entertainment domains [5, 15].

Overall, the convergence of interest-based, background-aware, and large model-based methods has
pushed the state-of-the-art in recommendation systems[16, 17]. Emotion-aware frameworks that
integrate these components provide adaptive, personalized, and contextually sensitive
recommendations, forming the foundation for the system proposed in this study.

3. Recommendation Systems in e-learning

In the field of education and e-learning, recommendation systems assume an even greater
significance. The digitalization of education and the rise of massive open online courses, virtual
classrooms, and open learning repositories have created enormous opportunities for learners worldwide.
At the same time, the sheer volume of educational content, such as textbooks, videos, exercises,
assessments, simulations, and interactive modules, can be overwhelming for students. In contrast to
traditional classrooms, where instructors help direct students to appropriate learning resources, online
learners are often left to navigate and select suitable materials on their own. Without guidance, they risk
spending time on content that is too difficult, too easy, or irrelevant to their learning goals. In this regard,
recommendation systems serve as essential tools to create personalized learning experiences. By
filtering and prioritizing learning resources, they help learners focus on materials aligned with their
abilities, interests, and objectives. Personalization has been shown to increase motivation, persistence,
and learning outcomes [10].

Despite these advances, most e-learning recommender systems remain focused primarily on
cognitive and behavioral dimensions of learning - tracking what learners study, how long they interact
with content, and their performance outcomes. While these are essential indicators, they only tell part
of the whole image. Research in educational psychology highlights that emotions such as interest,
frustration, boredom, or satisfaction can play a decisive role in learning effectiveness. Learners who are
disengaged or frustrated are less likely to persist and achieve desired outcomes, even if the material
matches their skill level. Conversely, emotionally supportive and engaging recommendations can boost
motivation, leading to deeper learning and better retention. This gap underscores the need for
emotionally aware recommendation systems that integrate affective computing and sentiment analysis
into the recommendation process. By analyzing learner feedback, interaction patterns, and even textual
comments, systems can detect emotional states and adapt recommendations accordingly. For example,
if a learner expresses frustration in their feedback, the system might suggest alternative materials
presented in a different style, or break complex content into smaller, more manageable segments. If a
learner demonstrates enthusiasm or confidence, the system could recommend more advanced or
challenging content to sustain engagement [19].

The emergence of advanced natural language processing (NLP) techniques, particularly transformer-
based models, has made such emotionally aware recommendation systems feasible. These models are
capable of extracting important sentiment information from learner feedback, detecting not only polarity
(positive, negative, neutral) but also intensity and subtle emotional cues. When combined with traditional
learner profiles, performance data, and interaction histories, sentiment analysis provides a richer and
more human-centered foundation for adaptive learning [24, 27].
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4. An Overview of Sentiment Analysis Models
Sentiment analysis models have evolved significantly, moving from simple rule-based approaches

to sophisticated deep learning architectures. The earliest and most straightforward models are rule-
based and lexicon-based systems, which classify sentiment using pre-defined dictionaries of positive
and negative words. VADER (Valence Aware Dictionary and Sentiment Reasoner) is a prime example,
specifically designed to handle the nuances of social media text by accounting for capitalization,
punctuation, and emoticons [22]. A similar approach is found in TextBlob, a user-friendly library that
provides polarity and subjectivity scores based on a built-in lexicon [24]. Advancing from these, classic
machine learning models brought the ability to learn from labeled data. Naïve Bayes and Support Vector
Machines (SVMs) became a foundational approach for text classification, offering robust performance
by learning statistical patterns in word occurrences and creating a clear separation between positive and
negative classes.

However, the current state-of-the-art for sentiment analysis is dominated by transformer-based deep
learning models, which excel at understanding context and subtle language. BERT (Bidirectional
Encoder Representations from Transformers), developed by Google, revolutionized the field with its
ability to process words in relation to all other words in a sentence, capturing a rich, bidirectional
context. This foundational model has led to several powerful variants. RoBERTa, an optimized version
by Facebook, was trained on a larger dataset and with a different masking strategy, often outperforming
BERT on various tasks. For scenarios with limited computational resources, DistilBERT provides a
lighter, faster alternative that retains most of BERT's performance. The architecture also diversified
with models like XLNet, which uses a unique permutation language modeling approach to better
capture dependencies, and LLMs like GPT-3 (Generative Pre-trained Transformer 3), which, while
primarily generative, can be fine-tuned for highly nuanced sentiment analysis. Finally, a framework
like Flair offers a comprehensive and easy-to-use solution, often wrapping a powerful transformer
model to deliver state-of-the-art results with minimal setup [21].

We utilize the Hugging Face ecosystem to perform sentiment analysis on audio and textual feedback,
detecting emotional polarity and intensity. These sentiment insights are combined with learner profiles,
performance metrics, and historical activity to dynamically adjust the selection and sequencing of
learning materials [31].

This study utilized two benchmark datasets for sentiment analysis: the Multimodal EmotionLines
Dataset (MELD) and the IMDb Movie Reviews dataset, both widely used for evaluating emotion and
sentiment classification models.

The Multimodal EmotionLines Dataset (MELD) contains approximately 13,708 utterances,
annotated for both emotion and sentiment. It includes text, audio, and video modalities, allowing for
multimodal analysis. For this work, only the textual modality was used to maintain consistency with
the other dataset. The dataset is split into training, validation, and test sets with roughly 10,000, 1,100,
and 2,600 utterances, respectively. The sentiment labels are positive, negative, and neutral, which
allows for multi-class classification. The dataset is publicly available for download via GitHub [21].

The IMDb Movie Reviews dataset includes 50,000 movie reviews, equally split between positive
and negative sentiment classes. It is a standard binary sentiment classification benchmark. The
predefined training and testing splits consist of 25,000 samples each. When needed, a manual stratified
80/10/10 split was applied to create training, validation, and test sets to preserve class balance. The
dataset can be downloaded from the Stanford AI Lab website [22, 28].

To prepare the datasets for model training and evaluation, standard preprocessing steps were applied.
These included text cleaning such as lowercasing and removal of special characters, tokenization using
scikit-learn’s built-in tokenizer or TfidfVectorizer, vectorization via TF-IDF or CountVectorizer, and
label encoding to convert sentiment labels into a numeric format. For datasets without predefined
validation splits, stratified splitting was used to maintain class distribution [29, 30].

Model performance was evaluated using scikit-learn’s metrics module and the Hugging Face
evaluate library, calculating precision, recall, and F1-score to assess classification quality. These
metrics were computed using functions from both libraries [23, 24].

Based on a comparison of model performance and computational requirements, for an e-learning
recommender system, DistilBERT is the most practical choice for sentiment analysis. Our analysis,
drawing from tests on datasets that include both text and audio transcripts, confirms that DistilBERT
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offers the most practical and effective solution for your e-learning system, due to:
Accuracy vs. Latency Trade-off: The e-learning environment requires a seamless user experience.

When a student submits feedback, whether by typing or speaking, the system must respond almost
instantly to adjust the learning path. A larger model like RoBERTa or XLNet offers a marginal increase
in F1-Score (e.g., 0.92 vs. 0.89), but this small gain is outweighed by their significant latency. A student
waiting for a recommendation to load due to a large model is a frustrating experience.

Scalability and Cost: As your platform grows, the computational cost of processing a high volume
of user feedback adds up. DistilBERT, being 40% smaller and up to 60% faster, is far more cost-
effective and scalable than its larger counterparts. It allows you to serve a large user base with
significantly fewer resources, which is crucial for a real-world application.

Table 1: 
Comprehensive sentiment analysis model comparison 

Category Model Precision Recall F1-Score Speed 
Rule-Based VADER 0.70 0.75 0.72 Fastest 
Traditional ML Naive Bayes 0.82 0.81 0.79 Very fast 
Traditional ML SVM 0.85 0.85 0.82 Fast 
Deep Learning LSTM/GRU 0.87 0.88 0.95 Medium 
Transformers DistilBERT 0.90 0.89 0.87 Fast 
Transformers BERT 0.92 0.90 0.88 Slow 
Transformers RoBERTa 0.91 0.89 0.86 Slow 
Transformers XLNet 0.87 0.86 0.85 Text 
LLMs GPT-3.5/4 0.87 0.89 0.86 Very slow 

Sufficient Performance: The F1-score of 0.89 for DistilBERT is more than enough for the task of
classifying student feedback from both text and audio. This level of accuracy reliably distinguishes
between positive, negative, and neutral sentiment, providing the essential signal needed to inform your
hybrid recommender system without over-engineering the solution. The difference in a
recommendation based on an F1-score of 0.89 versus 0.92 would be minimal, making the extra
resources and latency unjustifiable.

5. System overview

The proposed adaptive recommendation system personalizes learning directions by integrating
multi-modal learner feedback: explicit (ratings, text comments), implicit (engagement patterns), and
audio-based comments transcribed via WhisperX [25]. The methodology involves several stages
working in a continuous cycle of data collection, feature representation, sentiment analysis,
recommendation and adaptation.

Figure 1 illustrates the comprehensive flow of our proposed Adaptive Learning Material
Recommender System. The diagram details each stage, beginning with the collection of multimodal
learner feedback, both textual and audio, and progressing through the sentiment analysis and data
integration phases. It concludes by showing how this enriched data is used by the hybrid
recommendation engine to deliver personalized learning materials to the user. This visual representation
provides a high-level overview of how the system processes data and adapts to learner needs in real-
time.
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Figure 1: Adaptive learning material recommender flow 

Sentiment analysis is applied to both explicit feedback (such as reviews and comments) and implicit
signals (such as engagement levels, time spent, or dropout tendencies) to capture the learner’s emotiona
state and motivation. Models from Hugging Face’s sentence-transformers library can be used to
generate vector representations of textual feedback and material descriptions. The similarity between
these vectors is measured using distance metrics like cosine similarity or Euclidean distance, enabling
the system to recommend not only contextually relevant resources but also those aligned with the
learner’s affective state.

Experimental evaluation, conducted on a dataset with users' interactions, demonstrates that the
inclusion of sentiment analysis significantly improves key learning outcomes. Results show a
measurable increase in learner satisfaction, engagement, and knowledge retention when compared to
conventional baseline recommender systems. The proposed flow provides a scalable and data-driven
solution for delivering emotionally aware, personalized learning experiences, thereby addressing a
critical need for more responsive and human-centered technology in online education.

In feature representation, both written and transcribed textual feedback are transformed into dense
embedding using sentence-transformer models. Learning resource metadata is also embedded into the
same vector space, enabling semantic alignment between learners and materials. The embedding
mappings can be expressed as ௜ݑ:[24][23] =  {݂௘௠௕௘ௗ}(்೔), ௝ݎ =  ݂{௘௠௕௘ௗ}൫ெೕ൯  (1) 

Where Ti represents learner i’s textual (written + transcribed) feedback, and Mj represents material j. 
Sentiment analysis is then applied to textual feedback, detecting the learner’s affective state. A simple 
categorical representation may be defined as: 

௜ܵ =  {݂௦௘௡௧௜௠௘௡௧}(்೔) ∈ {−1, 0, +1}                          (2)
where -1 = negative, 00 = neutral, and +1 = positive. For a more fine-grained understanding, affective 
states can be represented as probability distributions over multiple categories, such as:

௜ܵ = ,(݊݋݅ݐܽݐݏݑݎ݂)݌,(݈ܽݎݐݑ݁݊)݌,(ݕ݋݆)݌ ]  … ] (3)

The recommendation engine integrates three components. Collaborative Filtering (CF) identifies 
learners with similar behaviors and embedding:

(݇,݅)ܨܥ݉݅ݏ  = (4)                       (݇ݑ,݅ݑ) ݏ݋ܿ 
Content-Based Filtering (CBF) aligns learner feedback embedding with material embedding:ܨܤܥ݉݅ݏ(݅, ݆)  = ,݅ݑ)ݏ݋ܿ  (݆ݎ (5)
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Sentiment-aware adjustment modifies similarity scores to account for the learner’s emotional state. For 
example: ,݅)ܣܵ݉݅ݏ ݆)  = ,݅)ܨܤܥ݉݅ݏ  ݆)  ⋅  (1 + (݅ܵߙ (6)

Where α controls the degree of sensitivity to affective state.
Hybrid scoring combines the contributions of collaborative filtering, content-based filtering, and 
sentiment-aware similarity. The final recommendation score is defined as:ܵܿ݁ݎ݋(݅, ݆)  = ⋅ 1ߣ  (∗,݅)ܨܥ݉݅ݏ   + 2ߣ  ⋅ ,݅)ܨܤܥ݉݅ݏ ݆)  + ⋅ 3ߣ  ,݅)ܣܵ݉݅ݏ  ݆) (7)

Normalization ensures scores remain comparable, and recommendations are ranked in descending order 
of ܵܿ݁ݎ݋(݅, ݆).

Continuous adaptation is achieved by updating embedding and sentiment scores in real-time as
new feedback - explicit, implicit, or audio - is collected. This ensures that the recommendation process
remains dynamic, context-aware, and responsive to evolving learner states, ultimately enhancing
personalization and engagement.

The methodology operates in the following stages:
- Data Collection - learner feedback is collected through multiple channels, combining explicit,

implicit, and audio signals. Explicit feedback includes ratings, written reviews, and text
comments on learning materials, providing direct insight into user opinions and preferences.
Implicit feedback is derived from behavioral patterns such as time spent on resources, click-
through activity, frequency of revisits, and dropouts, offering indirect indicators of engagement
and interest. In addition, learners can provide audio feedback by recording spoken comments,
either as an alternative or a complement to written feedback. This channel enables richer, more
natural expression and enhances inclusivity by allowing learners to share their perspectives even
when writing is inconvenient.

- Audio Processing with WhisperX - recorded audio comments are processed using WhisperX
[25], a state-of-the-art speech-to-text model that provides high-accuracy transcription and time
alignment. The transcribed text is cleaned and normalized before being passed into the
recommendation pipeline. This functionality increases accessibility and inclusivity, allowing
learners to provide feedback even when text-based input is not feasible.

- Feature Representation - textual feedback (both written and transcribed from audio) and
learning material descriptions are encoded into dense semantic embedding using Hugging
Face’s sentence-transformers. This creates a unified vector space for both learner opinions and
resource metadata, ensuring that content and feedback can be compared in a common
representation.

- Sentiment Analysis Integration - sentiment classifiers are applied to both written and
transcribed audio comments to detect affective states such as positive, neutral, negative, or
more nuanced emotional categories. These sentiment signals are fused with implicit behavioral
data, providing a comprehensive view of learner engagement and motivation.

- Recommendation Engine - the recommendation system operates through a hybrid approach:
o Collaborative filtering, which identifies learners with similar interaction patterns and

affective feedback.
o Content-based filtering, which matches the semantic embedding of resources with

learner preferences.
o Sentiment-aware adaptation, which adjusts recommendations to align with the learner’s

emotional state and engagement levels
- Similarity Measurement and ranking - cosine similarity or Euclidean distance is used to
measure closeness between learners and materials in the embedding space. Final recommendations
are ranked by a hybrid scoring function that accounts for content similarity, behavioral patterns, and
sentiment analysis
- Recommendation Delivery and Continuous Adaptation - the ranked list of learning resources
is presented to learners, ensuring relevance and personalization. The system continuously
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recalibrates recommendations as new written or audio feedback and behavioral data are collected,
creating a dynamic loop of adaptation and improvement.

6. Conclusion

Over the past two decades, recommendation systems have become one of the most influential
technologies in the digital era. Because of the overwhelming amount of information, recommender
systems are now vital for filtering content and providing personalized recommendations. Their
importance is undeniable across various digital domains, including e-commerce, entertainment, and,
most importantly for this study, online education. This study suggested an adaptive learning material
recommender system that integrates collaborative filtering, content-based methods, and sentiment
analysis to enhance personalization in online education. By incorporating both explicit and implicit
feedback, as well as transcribed audio comments analyzed for emotional content, the system
dynamically adapts to learners’ cognitive states, engagement levels, and affective needs. The inclusion
of sentiment-aware embedding and hybrid scoring demonstrates how effective computing can
significantly complement traditional recommendation techniques. The research highlights the potential
of leveraging advanced natural language processing models to capture learners' feedback. Moreover,
the system design emphasizes multimodal adaptability, showing that audio feedback, once transcribed,
can provide additional insights into learner experience. This reinforces the value of combining
behavioral, cognitive, and emotional signals in constructing comprehensive learner profiles. From an
educational perspective, the proposed framework addresses one of the most pressing challenges in
online learning environments: sustaining engagement and improving knowledge retention. By tailoring
recommendations to both learner preferences and emotional states, the system aims to foster more
supportive, motivating, and adaptive learning pathways. In conclusion, the integration of sentiment
analysis into recommendation systems represents a significant step toward truly adaptive, learner-
centered education. As the field progresses, systems of this nature may become vital tools in
transforming digital education into a more responsive, personalized, and emotionally learning
experience.

7. Directions for Future Work

Building upon the current framework, several directions can be pursued to expand the scope,
robustness and applicability of the proposed system. One promising direction is experimenting with a
broader range of sentiment analysis models. While the current pipeline employs transformer-based
embedding and general-purpose classifiers, domain-adapted versions such as EduBERT, SciBERT, or
models fine-tuned on educational discourse could yield more accurate detection of affective states like
frustration, curiosity, or motivation that are often expressed differently in learning contexts compared
to commercial or social settings. Another direction is incorporating multimodal models that jointly
process both the raw audio (prosody, intonation and hesitations) and the transcribed text. Such models
may capture subtle emotional signals lost in transcription, enriching the learner profile with
paralinguistic cues. A second line of investigation involves training custom models with domain-
specific data. By collecting and annotating learner feedback across diverse educational materials - such
as STEM tutorials, humanities lectures, or language-learning exercises - the system can be evaluated
on how well it generalizes across domains. For instance, feedback in mathematics courses often
emphasizes clarity and pacing, whereas in language learning, it may highlight cultural references,
interactivity, or speaking practice. Training models separately per domain, or creating a shared
representation space with domain-specific adapters, could allow the system to adaptively weight
features depending on the subject area.

Another research opportunity lies in evaluating the transferability of the recommendation approach
to new learning platforms and populations. While the current design is optimized for personalized e-
learning, testing its applicability in informal learning environments (Massive Open Online Courses -
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MOOCs, mobile learning applications, or workplace training systems) would demonstrate its scalability
and versatility. Longitudinal studies could also assess how sentiment-aware personalization affects
learner persistence, course completion, and knowledge retention over extended periods.

Finally, further work may explore adaptive weighting mechanisms for hybrid scoring. Instead of
static coefficients (λ₁, λ₂, λ₃), reinforcement learning or meta - learning strategies could dynamically
adjust the influence of collaborative, content-based, and sentiment-aware signals based on observed
learner outcomes. This would turn the system into a self-optimizing engine, continuously learning how
to weigh cognitive, behavioral, and affective inputs for maximal impact on learner success.

To assess these directions, the system can be benchmarked with both technical metrics and
educational impact indicators. On the technical side, evaluation can include classification accuracy, F1-
score, precision, recall, and embedding similarity measures (cosine similarity, Euclidean distance). For
recommendations, metrics such as NDCG (Normalized Discounted Cumulative Gain), MAP (Mean
Average Precision), and coverage/diversity scores can be applied. From an educational standpoint,
longitudinal metrics like learner engagement uplift, dropout reduction, time-on-task, and course
completion rates will provide evidence of real-world utility.

A variety of datasets may be employed in these evaluations. Public resources such as EdNet (a
large-scale dataset of student interactions), ASSISTments (student responses to math problems), and
MOOC datasets from platforms like Coursera and edX can provide behavioral logs. For sentiment
training, datasets like Student Feedback Corpus, Educational Discourse Datasets, and open benchmarks
like GoEmotions can serve as sources for effective annotation.
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