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Preface

This volume contains the proceedings of the 13th International Conference on
Computational Collective Intelligence (ICCCI 2021), held in Rhodes, Greece, during
September 29 – October 1, 2021. Due to the COVID-19 pandemic the conference was
organized in a hybrid mode which allowed for both on-site and online paper presen-
tations. The conference was hosted by the Democritus University of Thrace, Greece,
and jointly organized by Wrocław University of Science and Technology, Poland,
in cooperation with the IEEE SMC Technical Committee on Computational Collec-
tive Intelligence, the European Research Center for Information Systems (ERCIS), the
University of Piraeus, Greece, and the International University-VNU-HCM, Vietnam.

Following the successes of the first ICCCI (2009) in Wrocław, Poland, the second
ICCCI (2010) in Kaohsiung, Taiwan, the Third ICCCI (2011) in Gdynia, Poland, the 4th
ICCCI (2012) inHoChiMinhCity, Vietnam, the 5th ICCCI (2013) in Craiova, Romania,
the 6th ICCCI (2014) in Seoul, South Korea, the 7th ICCCI (2015) in Madrid, Spain,
the 8th ICCCI (2016) in Halkidiki, Greece, the 9th ICCCI (2017) in Nicosia, Cyprus,
the 10th ICCCI (2018) in Bristol, UK, the 11th ICCCI (2019) in Hendaye, France, and
the 12th ICCCI (2020) in Da Nang, Vietnam, this conference continued to provide an
internationally respected forum for scientific research in the computer-based methods
of collective intelligence and their applications.

Computational collective intelligence (CCI) is most often understood as a sub-
field of artificial intelligence (AI) dealing with soft computing methods that facilitate
group decisions or processing knowledge among autonomous units acting in distributed
environments. Methodological, theoretical, and practical aspects of CCI are considered
as the form of intelligence that emerges from the collaboration and competition of many
individuals (artificial and/or natural). The application of multiple computational intel-
ligence technologies such as fuzzy systems, evolutionary computation, neural systems,
consensus theory, etc., can support human and other collective intelligence, and create
new forms of CCI in natural and/or artificial systems. Three subfields of the application
of computational intelligence technologies to support various forms of collective intel-
ligence are of special interest but are not exclusive: the Semantic Web (as an advanced
tool for increasing collective intelligence), social network analysis (as the field targeted
at the emergence of new forms of CCI), and multi-agent systems (as a computational
and modeling paradigm especially tailored to capture the nature of CCI emergence in
populations of autonomous individuals).

The ICCCI 2021 conference featured a number of keynote talks and oral presenta-
tions, closely aligned to the theme of the conference. The conference attracted a sub-
stantial number of researchers and practitioners from all over the world, who submitted
their papers for the main track and nine special sessions.

The main track, covering the methodology and applications of CCI, included knowl-
edge engineering and SemanticWeb, social networks and recommender systems, collec-
tive decision-making, data mining and machine learning, computer vision techniques,
and natural language processing, as well as the Internet of Things: technologies and
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applications. The special sessions, covering some specific topics of particular inter-
est, included cooperative strategies for decision making and optimization, IoT and
computational technologies for collective intelligence, smart industry and management
systems, machine learning in real-world data, knowledge-intensive smart services and
their applications, swarms of UAVs, low resource languages processing, computational
collective intelligence and natural language processing, and computational intelligence
for multimedia understanding.

We received over 230 papers submitted by authors coming from 45 countries around
the world. Each paper was reviewed by at least three members of the international
Program Committee (PC) of either the main track or one of the special sessions. Finally,
we selected 60 best papers for oral presentation and publication in one volume of the
Lecture Notes in Artificial Intelligence series and 58 papers for oral presentation and
publication in one volume of the Communications in Computer and Information Science
series.

We would like to express our thanks to the keynote speakers: Plamen Angelov from
Lancaster University, UK, Yannis Manolopoulos from the Open University of Cyprus,
Cyprus, Daniele Nardi from Sapienza Università di Roma, Italy, and Andrzej Skowron
from the Systems Research Institute of Polish Academy of Sciences, Poland, for their
world-class plenary speeches.

Many people contributed toward the success of the conference. First, we would like
to recognize the work of the PC co-chairs and special sessions organizers for taking good
care of the organization of the reviewing process, an essential stage in ensuring the high
quality of the accepted papers. Theworkshop and special session chairs deserve a special
mention for the evaluation of the proposals and the organization and coordination of the
nine special sessions. In addition, we would like to thank the PC members, of the main
track and of the special sessions, for performing their reviewing work with diligence.We
thank the Local Organizing Committee chairs, publicity chair, Web chair, and technical
support chair for their fantastic work before and during the conference. Finally, we
cordially thank all the authors, presenters, and delegates for their valuable contribution
to this successful event. The conference would not have been possible without their
support.

Our special thanks are also due to Springer for publishing the proceedings and to all
the other sponsors for their kind support.

It is our pleasure to announce that the ICCCI conference series continues to have a
close cooperation with the Springer journal Transactions on Computational Collective
Intelligence, and the IEEESMCTechnicalCommittee onTransactions onComputational
Collective Intelligence.

Finally, we hope that ICCCI 2021 contributed significantly to the academic excel-
lence of the field and will lead to the even greater success of ICCCI events in the
future.

September 2021 Ngoc Thanh Nguyen
Lazaros Iliadis

Ilias Maglogiannis
Bogdan Trawiński
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Piotr Jędrzejowicz Gdynia Maritime University, Poland
Geun-Sik Jo Inha University, South Korea
Janusz Kacprzyk Polish Academy of Sciences, Poland
Ryszard Kowalczyk Swinburne University of Technology, Australia
Toyoaki Nishida Kyoto University, Japan
Manuel Núñez Universidad Complutense de Madrid, Spain
Klaus Solberg Söilen Halmstad University, Sweden
Khoa Tien Tran International University-VNUHCM, Vietnam

Special Session Chairs
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News Recommendations by Combining Intra-session with Inter-session
and Content-Based Probabilistic Modelling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154

Panagiotis Symeonidis, Dmitry Chaltsev, Markus Zanker,
and Yannis Manolopoulos

Deep Matrix Factorization for Learning Resources Recommendation . . . . . . . . . 167
Tran Thanh Dien, Nguyen Thanh-Hai, and Nguyen Thai Nghe

Impact of the Stroop Effect on Cognitive Load Using Subjective
and Psychophysiological Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180

Patient Zihisire Muke, Mateusz Piwowarczyk, Zbigniew Telec,
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Internet of Things and Computational Technologies for Collective
Intelligence

Application of Traditional Machine Learning Models to Detect Abnormal
Traffic in the Internet of Things Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 735

Evgeniya Istratova, Mikhail Grif, and Dmitry Dostovalov

Algorithmic Approach to Building a Route for the Removal of Household
Waste with Associated Additional Loads in the “Smart Clean City” Project . . . . 745

Olga Dolinina, Vitaly Pechenkin, Madina Mansurova, Dana Tolek,
and Serik Ixsanov

Autonomic Nervous System Assessment Based on HRV Analysis During
Virtual Reality Serious Games . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 756

Mariana Jacob Rodrigues, Octavian Postolache, and Francisco Cercas

Computational Intelligence for Multimedia Understanding

Anomaly Detection on ADS-B Flight Data Using Machine Learning
Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 771
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