


 
 

 

 

 

 

 

 

COPYRIGHT 
 

 

Copyright and Reprint Permission: Abstracting is permitted with credit to the source. Libraries 

are permitted to photocopy for private use. Instructors are permitted to photocopy, for private use, 

isolated articles for non-commercial classroom use without fee. For other copies, reprint, or 

republication permission, write to IIIS Copyright Manager, 13750 West Colonial Drive, Suite 350 - 

408, Winter Garden, Florida 34787, U.S.A. 

 

All rights reserved. Copyright 2022. © by the International Institute of Informatics and Systemics.  

 

The papers of this book comprise the proceedings of the conference mentioned on the title and the 

cover page. They reflect the authors' opinions and, with the purpose of timely disseminations, are 

published as presented and without change. Their inclusion in these proceedings does not 

necessarily constitute endorsement by the editors. 

 

Published in the U.S. by the International Institute of Informatics and Cybernetics in 2022. 
 

 

ISSN: 2771-0947       https://doi.org/10.54808/WMSCI2022.03     
 

ISBN: 978-1-950492-66-4 (Volume III) 

 

 

 

 
 



 
 

 

 
PROGRAM COMMITTEE 

          

     Chairs: C. Dale Zinn, USA Jeremy Horne, Mexico/USA   Michael Savoie, USA   
 

Abd El-Aziem, Mostafa 
Arab Academy for Science and Technology, Egypt 

Adamopoulou, Evgenia 
National Technical University of Athens, Greece 

Adascalitei, Adrian 
"Gheorghe Asachi" Technical University of Iasi, Romania 

Alam, Delwar 
Daffodil International University, Bangladesh 

Alanís Urquieta, José D. 
Technological University of Puebla, Mexico 

Aldrette-Malacara, Alejandra 
Popular Autonomous University of the State of Puebla, Mexico 

Alhayyan, Khalid N. 
Institute of Public Administration, Saudi Arabia 

Al-Obaidy, Mohaned 
Gulf College, Oman 

Andersen, J. C. 
The University of Tampa, USA 

Aruga, Masahiro 
Tokai University, Japan 

Azuma, Tatsuki 
Kogakuin University, Japan 

Batos, Vedran 
University of Dubrovnik, Croatia 

Benedicenti, Luigi 
University of Regina, Canada 

Bernikova, Olga 
St. Petersburg State University, Russian Federation 

Bönke, Dietmar 
Reutlingen University, Germany 

Bubnov, Alexej 
Academy of Sciences and the Czech Republic, Czech Republic 

Bubnov, Alexey 
Institute of Physics of the Czech Academy of Sciences, Czech 
Republic 

Cárdenas, José 
University of Guayaquil, Ecuador 

Castro, John W. 
University of Atacama, Chile 

Chen, Han-Ying 
Chaoyang University of Technology, Taiwan 

Chen, Jingchao 
University Donghua, China 

Chen, Lisa Y. 
I-Shou University, Taiwan 

Chen, Yil 
Huafan University, Taiwan 

Cherinka, Robert 
The MITRE Corporation, USA 

Chiang, Kuo-Wei 
Chaoyang University of Technology, Taiwan 

Chiang, Po-Yun 
The Ministry of National Defense of Taiwan R.O.C., Taiwan 

Chiu, Yuan-Shyi Peter 
Chaoyang University of Technology, Taiwan 

Chou, Te-Shun 
East Carolina University, USA 

Chukwu, Ozoemena Joseph 
Riga Technical University, Latvia 

Ciemleja, Guna 
Riga Technical University, Latvia 

Cilliers, Liezel 
University of Fort Hare, South Africa 

Craig, Adam 
Brain Health Alliance, USA 

Dantas de Rezende, Julio F. 
Federal University of Rio Grande do Norte, USA 

Doherr, Detlev 
University of Applied Sciences Offenburg, Germany 

Dyck, Sergius 
Fraunhofer Institute of Optronics, System Technologies and Image 
Exploitation, Germany 

Edwards, Matthew E. 
Alabama A&M University, USA 

HONORARY PRESIDENT 

William Lesso, USA (1931-2015) 
 

GENERAL CHAIR 

Nagib Callaos, USA 
 

ORGANIZING COMMITTEE CHAIRS 

Andres Tremante, USA 
Belkis Sánchez, USA 

ORGANIZERS OF INVITED SESSIONS 
 

Elina Gaile-Sarkane, Latvia 
Hirotoshi Hishida, Japan 

Inga Lapina, Latvia 
Natalja Lace, Latvia 

Shigehiro Hashimoto, Japan 
 

26th World Multi-Conference on 

Systemics, Cybernetics and Informatics: WMSCI 2022 



Eremina, Yuliya 
Riga Technical University, Latvia 

Farah, Tanjila 
North South University, Bangladesh 

Fries, Terrence P. 
Indiana University of Pennsylvania, USA 

Gaile-Sarkane, Elina 
Riga Technical University, Latvia 

Haba, Cristian-Gyözö 
"Gheorghe Asachi" Technical University of Iasi, Romania 

Haferkorn, Daniel 
Fraunhofer Institute of Optronics, System Technologies and Image 
Exploitation, Germany 

Hanacek, Petr 
Brno University of Technology, Czech Republic 

Hasegawa, Daisuke 
Kogakuin University, Japan 

Hassan, Md. Maruf 
Daffodil International University, Bangladesh 

Hendel, Russell J. 
Towson University, USA 

Hilkevics, Sergejs 
Ventspils University of Applied Sciences, Latvia 

Hsiao, Jung 
SMS Infocomm Corporation, USA 

Hu, Wen-Chen 
University of North Dakota, USA 

Ilunga, Masengo 
University of South Africa, South Africa 

Ismail, Zainab Z. 
University of Baghdad, Iraq 

Jakubik, Maria 
Ronin Institute, Montclair, New Jersey, USA, Finland 

Jaros, Jiri 
Brno University of Technology, Czech Republic 

Jenq, John 
Montclair State University, USA 

Jenq, Priscilla 
Carnegie Mellon University, USA 

Jiménez, Ricardo 
Barry University, USA 

Jingchao, Chen 
Donghua University, China 

Kabwende, Benjamin Ngongo 
Riga Technical University, Latvia 

Kaczorek, Jerzy 
Gdansk University of Technology, Poland 

Khan, Salam 
Alabama A&M University, USA 

Khan, Ursila 
University of Central Florida, USA 

Kim, Kyungdeok 
Uiduk University, South Korea 

Kocmanova, Alena 
Brno University of Technology, Czech Republic 

Koleva, Maria 
Bulgarian Academy of Sciences, Bulgaria 

Kulakowska, Agnieszka 
Koszalin University of Technology, Poland 

Lamr, Marián 
Technical University of Liberec, Czech Republic 

Lapina, Inga 
Riga Technical University, Latvia 

Lara Gracia, Marco A. 
University of Southern Indiana, USA 

Lau, Newman 
The Hong Kong Polytechnic University, Hong Kong 

Leclerc-Sherling, Christine 
ASTRACS, USA 

Lewis-Ambrose, Dana 
H. Lavity Stoutt Community College, British Virgin Islands 

Lind, Nancy 
Illinois State University, USA 

Lo, Yen-Fen 
Shih Chien University, Taiwan 

Lo, Yen-Hsi 
Shih Chien University, Taiwan 

López Román, Leobardo 
University of Sonora, Mexico 

Lu, Shen 
University of South Florida, USA 

Luh, Guan-Chun 
Tatung University, Taiwan 

Makarov, Alexander 
Technische Universität Wien, Austria 

Marlowe, Thomas 
Seton Hall University, USA 

Martínez-Flores, José L. 
Popular Autonomous University of the State of Puebla, Mexico 

Mccann, Roy A. 
University of Arkansas, USA 

Mendoza Rojas, Hubert James 
Universidad Nacional Mayor de San Marcos, Peru 

Meyer, Heiko 
Warsaw Management University, Germany 

Mi, Chuan-Min 
Nanjing University of Aeronautics and Astronautics, China 

Mohammed, Ali J. 
Ministry of Construction and Housing, Iraq 

Moritz, Werner 
Humboldt University of Berlin, Germany 

Mostafaeipour, Ali 
Yazd University, Iran 

Nagai, Yasuo 
Tokyo University of Information Sciences, Japan 

Naito, Katsuhiro 
Aichi Institute of Technology, Japan 

Nakajima, Hiroaki 
Kogakuin University, Japan 



Nemecek, Petr 
Newton College, Czech Republic 

Nishino, Shoma 
Kogakuin University, Japan 

Noguchi, Nariaki 
Kogakuin University, Japan 

Nörthemann, Kai 
Humboldt University of Berlin, Germany 

Oanta, Emil 
Constanta Maritime University, Romania 

Obwegeser, Nikolaus 
Vienna University of Economics and Business Administration, 
Austria 

Ochiai, Masashi 
Kogakuin University, Japan 

Ochoa Gutiérrez, Víctor J. 
National Polytechnic Institute, Mexico 

Oganisjana, Karine 
Riga Technical University, Latvia 

Ophir, Dan 
Afeka Tel Aviv Academic College of Engineering, Israel 

Orantes-Jiménez, Sandra-Dinora 
Instituto Politécnico Nacional, Mexico 

Ozolins, Modris 
Riga Technical University, Latvia 

Paiano, Roberto 
University of Salento, Italy 

Pando Álvarez, Rosa 
Universidad Nacional Mayor de San Marcos, Peru 

Pavlakova Docekalova, Marie 
Brno University of Technology, Czech Republic 

Pereira, Elisabeth 
University of Aveiro, Portugal 

Petit, Frédéric 
Polytechnique Montreal, USA 

Pickard, John 
East Carolina University, USA 

Plasenzotti, Roberto 
Medical University of Vienna, Austria 

Poobrasert, Onintra 
National Electronics and Computer Technology Center, Thailand 

Prezzama, J. 
The MITRE Corporation, USA 

Qian, Yuan-Yuan 
Nanjing University of Aeronautics and Astronautics, China 

Razzoli, Roberto P. 
University of Genova, Italy 

Redkin, Oleg 
St. Petersburg State University, Russian Federation 

Reetz, Edgar 
Ilmenau University of Technology, Germany 

Rodríguez, Nancy 
Autonomous University of Madrid, Spain 

Sánchez Flores, Guillermo 
Technological University of Puebla, Mexico 

Sander, Jennifer 
Fraunhofer Institute of Optronics, System Technologies and Image 
Exploitation, Germany 

Sandoval, Raul 
National Polytechnic Institute, Mexico 

Scappini, Reinaldo 
National Technological University, Argentina 

Schaetter, Alfred 
Pforzheim University, Germany 

Segall, Richard S. 
Arkansas State University, USA 

Shinozaki, Yusuke 
Kogakuin University, Japan 

Shiraishi, Yoshiaki 
Kobe University, Japan 

Silva-Valencia, Javier 
Universidad Peruana Cayetano Heredia, Peru 

Singh, Harwinder 
Guru Nanak Dev Engineering College, India 

Skrbek, Jan 
Technical University of Liberec, Czech Republic 

Sohn, Han Suk 
New Mexico State University, USA 

Souza, Mônica L. 
Intellectos, Brazil 

Srivastava, Smriti 
Netaji Subhas Institute of Technology, India 

Sturgill, Ronda 
The University of Tampa, USA 

Šulc, Jaromír 
University of Pardubice, Czech Republic 

Sun, Baolin 
Wuhan University, China 

Sverdlov, Viktor 
Technische Universität Wien, Austria 

Szygenda, Stephen A. 
Suuthern Methodist University, USA 

Tanaka, Katsuyuki 
Aichi Institute of Technology, Japan 

Tartari, Simone 
Intellectos, Brazil 

Tomanič Vidovič, Maja 
Slovene Enterprise Fund, Slovenia 

Tsiligaridis, John 
Heritage University, USA 

Tsubaki, Michiko 
Tokyo University of Science, Japan 

Velázquez-Araque, Luis 
University of Guayaquil, Ecuador 

Vrána, Stanislav 
Czech Technical University in Prague, Czech Republic 

Wang, Chuan-Ju 
National Taiwan University, Taiwan 

Watanabe, Manabu 
Kogakuin University, Japan 



Windbacher, Thomas 
Technische Universität Wien, Austria 

Wiszniewski, Bogdan 
Gdansk University of Technology, Poland 

Yamamoto, Hideki 
Kansai University, Japan 

Yang, Zining 
ACERTAS, USA 

Yoshida, Naofumi 
Komzawa University, Japan 

Yuan, Jiann-Shiun 
University of Central Florida, USA 

Zaman, Moniruz 
Daffodil International University, Bangladesh 

Zhang, Qing 
Nanjing University of Aeronautics and Astronautics, China 

 
 

ADDITIONAL REVIEWERS WHO MADE AT LEAST ONE DOUBLE-BLIND REVIEW 

 

Abd Jelil, Radhia 
Higher Institute of Fashion Professions of Monastir, Tunisia 

Abreu, António 
Higher Education Polytechnic Institution of Engineering, Portugal 

Acharya, Sushil 
Robert Morris University, USA 

Agarwal, Arun 
Siksha 'O' Anusandhan (Deemed to be University), India 

Agrawalla, Raman 
Tata Consultancy Services Limited, India 

Akdeniz, Rafet 
Namik Kemal University, Turkey 

Aksoy, Mehmet S. 
King Saud University, Saudi Arabia 

Alexik, Mikulas 
University of Zilina, Slovakia 

Al-Hamouz, Sadeq 
The World Islamic Sciences and Education University, Jordan 

Al-Radhi, Mohammed Salah 
Budapest University of Technology and Economics, Hungary 

Anuar, Nor Badrul 
University of Malaya, Malaysia 

Asgary, Ali 
York University, Canada 

Ashoor, Asmaa Shaker 
University of Babylon, Iraq 

Ashtiyani, Meghdad 
Shahid Beheshti University of Medical Sciences, Iran 

Aveledo, Marianella 
Simon Bolivar University, Venezuela 

Aydogan, Hasan 
Selcuk University, Turkey 

Aziz, Soulhi 
National School of Mineral Industry, Morocco 

Balicki, Jerzy 
Warsaw University of Technology, Poland 

Barba, Leiner 
Popular University of Cesar, Colombia 

Benvenuti, Lucia 
Livorno City Hospital, Italy 

Bernick, Philip 
Hathority, LLC, USA 

Berqia, Amine 
University of Algarve, Portugal 

Bidarra, José 
Aberta University, Portugal 

Bobulski, Janusz 
Czestochowa University of Technology, Poland 

Boenke, Dietmar 
Reutlingen University, Germany 

Bolboaca, Sorana Daniela 
"Iuliu Hațieganu" University of Medicine and Pharmacy, Romania 

Botti-Salitsky, Rose 
University of Massachusetts Dartmouth, USA 

Britos, Paola 
Universidad Nacional de Río Negro, Argentina 

Bubnov, Alexey 
Czech Academy of Sciences, Czech Republic 

Caldararu, Florin 
Ecological University of Bucharest, Romania 

Canbolat, Huseyin 
Yildirim Beyazit University, Turkey 

Cardoso, Luís Miguel 
Polytechnic Institute of Portalegre, Portugal 

Chang, Chia-Ming 
Tatung University, Taiwan 

Chen, Hsiao-Ping 
Grand Valley State University, USA 

Chen, Jingchao 
DongHua University, China 

Chen, Jing-Chao 
Donghua University, China 

Chen, Jyi-Ta 
Southern Taiwan University, Taiwan 

Chen, Lisa Y. 
I-Shou University, Taiwan 

Chin, Shih 
University of São Paulo, Brazil 

Chou, Tung-Hsiang 
National Kaohsiung University of Science and Technology, Taiwan 

Christi, Arpit 
Weber State University, USA 

Comite, Ubaldo 
University of Calabria, Italy 



Corcuera, Pedro 
University of Cantabria, Spain 

Dalla Vecchia, Alessandro 
Federal University of Rio Grande do Sul, Brazil 

De la Puente, Fernando 
University of Las Palmas de Gran Canaria, Spain 

De La Puente Gil, Alvaro 
University of Leon, Spain 

De Moura Ramos, José Joaquim 
Department of Computer Science and Information Technology, 
University of A Coruña, Spain 

Deliyska, Boryana 
University of Forestry, Bulgaria 

Deusdado, Sergio 
Polytechnic Institute of Braganca, Portugal 

Di Biasi, Luigi 
Università degli Studi di Salerno, Italy 

Dizdaroglu, Bekir 
Karadeniz Technical University, Turkey 

Dladlu, Nosipho 
North-West University, South Africa 

Doherr, Detlev 
University of Applied Sciences Offenburg, Germany 

Drobnyh, Klim 
Arizona State University, USA 

Dugarte Peña, Germán Lenin 
Universidad Carlos III de Madrid, Spain 

Dvornik, Josko 
University of Split, Croatia 

Efstathiou, Dimitrios 
Analog Devices Inc., USA 

El Oualkadi, Ahmed 
Abdelmalek Essaadi University, Morocco 

Ercan, M. Fikret 
Singapore Polytechnic, Singapore 

Erina, Jana 
Riga Technical University, Latvia 

Falkowski-Gilski, Przemyslaw 
Gdansk University of Technology, Poland 

Fernández Jurado, Mª Yolanda 
Universidad Pontificia Comillas de Madrid, Spain 

Ferraggine, Viviana Elizabeth 
National University of the Center of the Buenos Aires Province, 
Argentina 

Figueiredo, Lino 
Porto Superior Institute of Engineering, Portugal 

Figueroa de La Cruz, Mario M. 
National Technological University, Argentina 

Floyd, Raymond 
Innovative Insights, Inc., USA 

Foglia, Pierfrancesco 
University of Pisa, Italy 

Forcolin, Margherita 
Leiden University, Netherlands 

Fouto, Nuno 
University of Sao Paulo, Brazil 

Fox, Richard 
Northern Kentucky University, USA 

Frazao, Luis 
Polytechnic of Leiria, Portugal 

Friedgan, Alex 
Data Cartography, USA 

García Marco, Francisco J. 
University of Zaragoza, Spain 

García-Aracil, Adela 
Polytechnic University of Valencia, Spain 

Gau, Li-Shiue 
Asia University, Taiwan 

Gnatyuk, Volodymyr 
V.E. Lashkaryov Institute of Semiconductor Physics of the 
National Academy of Sciences of Ukraine, Ukraine 

Gudikandhula, Narasimha Rao 
Centurion University of Technology and Management, India 

Gueorguieva, Natacha 
City University of New York, USA 

Haber, Jeffry 
Iona College, USA 

Haddad, Hisham 
Kennesaw State University, USA 

Hanson, Ardis 
University of South Florida, USA 

Harkat, Houda 
Instituto de Telecomunicações, Portugal 

Haruvy, Nava 
Netanya Academic College, Israel 

Hashimoto, Shigehiro 
Kogakuin University, Japan 

Hiruntrakul, Ashira 
Khon Kaen University, Thailand 

Huang, Chuen-Der 
Hsiuping Institute of Technology, Taiwan 

Huang, Chung Yuan 
Chang Gung University, Taiwan 

Iliescu, Mihaiela 
Institute of Solid Mechanics of the Romanian Academy, Romania 

Imbalzano, Giovanni 
Ministry of Education, Italy 

Intakosum, Sarun 
King Mongkut's Institute of Technology Ladkrabang, Thailand 

Ishikawa, Hiroshi 
Niigata University of International and Information Studies, Japan 

Jakubik, Maria 
Ronin Institute, USA 

Janota, Aleš 
University of Žilina, Slovakia 

Jaramillo-Núñez, Alberto 
National Institute of Astrophysics, Optics and Electronics, Mexico 

Jastrzebska, Agnieszka 
Warsaw University of Technology, Poland 

Jerabek, Michal 
Czech Technical University in Prague, Czech Republic 



Jin, Lei 
McNeese State University, USA 

Jung, Seul 
Chungnam National University, South Korea 

Kachanova, Tamara L. 
Saint-Petersburg State Electrotechnical University “LETI”, Russian 
Federation 

Kawaguchi, Masashi 
National Institute of Technology, Suzuka College, Japan 

Kawarazaki, Noriyuki 
Kanagawa Institute of Technology, Japan 

Kaya, Ahmet 
Ege University, Turkey 

Kenk, Mourad A. 
South Valley University, Egypt 

Kim, Hyunju 
Wheaton College, USA 

Kisielewicz, Tomasz 
Warsaw University of Technology, Poland 

Kucuksille, Ecir 
Suleyman Demirel University, Turkey 

Kung, C. M. 
Shih Chien University, Taiwan 

Kurubacak, Gulsun 
Anadolu University, Turkey 

Kushida, Takayuki 
Tokyo University of Technology, Japan 

Kushwaha, Ramesh 
University of Michigan, USA 

Leclerc-Sherling, Christine 
International Psychologist- Trauma, USA 

Lee, DoHoon 
Pusan National University, South Korea 

Lee, Jong Kun 
Changwon National University, South Korea 

Lee, Joo Hwan 
Seoul National University, South Korea 

Lee, Yusin 
National Cheng Kung University, Taiwan 

Li, Yu-Chiang 
Southern Taiwan University of Science and Technology, Taiwan 

Lim, Hwee-San 
Science University of Malaysia, Malaysia 

Liu, Tingyang 
National Kaohsiung Normal University, Taiwan 

Liu, Yung-Wen 
University of Michigan, USA 

Mainguenaud, Michel 
Institut National des Sciences Appliquées, France 

Makhachashvili, Rusudan 
Borys Gtirnchenko Kyiv University, Ukraine 

Makume, Thakane 
Lesotho Electricity Company, Lesotho 

Mantzaris, Dimitrios 
Democritus University of Thrace, Greece 

Mao, Xiao-Bing 
Wuhan University of Technology, China 

Marappan, Raja 
SASTRA University, India 

Marra, Cirley Barbosa 
Universidade Federal do Sul da Bahia, Brazil 

Martín Núñez, Jose Luis 
Universidad Politécnica de Madrid, Spain 

Mateen, Ahmed 
University of Agriculture Faisalabad, Pakistan 

Mattarocci, Gianluca 
University of Rome Tor Vergata, Italy 

Meerja, Akhil Jabbar 
Vardhaman College of Engineering , India 

Mele, Ida 
IASI-CNR, Italy 

Menozzi, Marino 
Eidgenössische Technische Hochschule Zürich , Switzerland 

Merten, Pascaline 
Institut Supérieur de Traducteurs et Interprètes, Belgium 

Methaneethorn, Jutima 
Lampang Rajabhat University, Thailand 

Mir, Jamal Uddin 
Abbottabad University of Science and Technology, Pakistan 

Mitra, Pinaki 
Indian Institute of Technology Guwahati, India 

Montecinos, Julio 
Polytechnique Montréal, Canada 

Morais, A. Jorge 
Portuguese Open University, Portugal 

Morgan, Theresa 
Wudang Research Association, USA 

Mullins, Michael 
Aalborg University, Denmark 

Nagy, Endre L. 
Society of Instrument and Control Engineers, Japan 

Neaga, Elena Irina 
University of Wales Trinity Saint David, United Kingdom 

Nemec, Juraj 
Matej Bel University, Slovakia 

Niegemann, Helmut M. 
University of Erfurt, Germany 

Nieuwenhuis, Lambert 
University of Twente, Netherlands 

Novikov, Oleg 
Tomko, Russian Federation 

Nugroho, Heru 
Telkom University, Indonesia 

Oh, Joon-Yeoul 
Texas A and M University-Kingsville, USA 

Olson, Patrick C. 
National University, USA 

Oszust, Mariusz 
Rzeszow University of Technology, Poland 



Ouyang, Lishu 
Chinese Culture University, Taiwan 

P.S., Abdul Lateef Haroon 
Ballari Institute of Technology and Management, India 

Paranko, Jari 
Tampere University of Techonology, Finland 

Patel, Pinal 
Government Engineering College, Gandhinagar, India 

Pereira, Rafael 
Federal University of Santa Maria, Brazil 

Phakamach, Phongsak 
North Eastern University, Thailand 

Pham, Hoang-Anh 
Ho Chi Minh City University of Technology, Vietnam 

Pickl, Stefan 
Bundeswehr University Munich, Germany 

Pilvere, Irina 
Latvia University of Agriculture, Latvia 

Poobrasert, Onintra 
National Electronics and Computer Technology Center, Thailand 

Prasad, P. M. K. 
GVP College of Engineering for Women, Visakhapatnam, India 

Pshehotskaya, Ekaterina 
InfoWatch, Russian Federation 

Rachev, Boris 
Technical University of Varna, Bulgaria 

Reis, Arsénio 
University of Trás-os-Montes e Alto Douro, Portugal 

Repka, Joe 
University of Toronto, Canada 

Richardson, Joanna 
Griffith University (Retired), Australia 

Riihentaus, Juhani 
University of Oulu (Retired) , Finland 

Rocha, Alan 
National Institute of Technical Teachers´ Training and Research, 
India 

Rolland, Colette 
Université Paris1 Panthéon Sorbonne, France 

Romansky, Radi 
Technical University of Sofia, Bulgaria 

Rossmann, Jürgen 
RWTH Aachen University, Germany 

Roveda, Loris 
University of Applied Sciences and Arts of Southern Switzerland, 
Switzerland 

Ruan, Tongjun 
New Mexico Institute of Mining and Technology, USA 

Ruiz Rey, Francisco J. 
University of Malaga, Spain 

Ruiz-Ojeda, Nicolas Enrique 
Universidad Simón Bolívar, Venezuela 

Rusakov, Pavel 
Riga Technical University, Latvia 

Sallak, Mohamed 
Compiegne University of Technology, France 

Sánchez Domínguez, Israel 
National Autonomous University of Mexico, Mexico 

Saritas, Hakan 
Pamukkale University, Turkey 

Sasakura, Mariko 
Okayama University, Japan 

Savas, Halil 
Pamukkale University, Turkey 

Selim, Haysam 
University of Nevada Las Vegas, USA 

Sevugapandi, N. 
Ayya Nadar Janaki Ammal College, India 

Shaaban, Safaa 
The British University in Egypt, Egypt 

Sharma, Durga 
Maharishi Arvind Institute of Science and Management, India 

Shieh, Chin-Shiuh 
National Kaohsiung University of Applied Sciences, Taiwan 

Shieh, Hsin-Jang 
National Dong Hwa University, Taiwan 

Shiraishi, Masatake 
Ibaraki University, Japan 

Sidhom, Sahbi 
University of Lorraine, France 

Sikich, Geary 
Logical Management Systems, Corp., USA 

Simion, Gabriela 
University Politehnica of Bucharest, Romania 

Singh, Sudhansu Sekhar 
Kalinga Institute of Industrial Technology, India 

Singh, Vijander 
Netaji Subhas University of Technology, India 

Snider, Gregory 
University of Notre Dame , USA 

Sokolov, Sergey 
Keldysh Institute for Applied Mathematics, Russian Federation 

Sornkaew, Thanakorn 
Ramkhamheang University, Thailand 

Stasytyte, Viktorija 
Vilnius Gediminas Technical University, Lithuania 

Steinbacher, Hans-Peter 
University of Applied Science Kufstein, Austria 

Stosic, Lazar 
Institute of Management and Knowledge, Serbia 

Strugar, Ivan 
University of Zagreb, Croatia 

Subramanian, Balambigai 
Kongu Engineering College, India 

Sureerattanan, Nidapan 
Chulalongkorn University, Thailand 

Szygenda, Stephen A. 
Southern Methodist University, USA 

Tadepalli, Gopal 
Anna University, Chennai, India 



Țălu, Ștefan 
The Technical University of Cluj-Napoca, Romania 

Tao, C. W. 
National Ilan University, Taiwan 

Taylor, Stephen 
Sussex University, United Kingdom 

Tezak, Oto 
University of Maribor, Slovenia 

Tsai, Chang-Lung 
Chinese Culture University, Taiwan 

Tselykh, Alexey 
Southern Federal University, Russian Federation 

Tsiligaridis, John 
Heritage University, USA 

Ulhaq, Irfan 
University of Wisconsin Platteville, USA 

Vasilache, Simona 
University of Tsukuba, Japan 

Vegh, Laura 
Technical University of Cluj-Napoca, Romania 

Verber, Domen 
University of Maribor, Solomon Islands 

Vizureanu, Petrica 
"Gheorghe Asachi" Technical University of Iasi, Romania 

Welsch, Friedrich 
Universidad Simón Bolívar, Venezuela 

Wielki, Janusz 
Opole University of Technology, Poland 

Wu, Tung-Xiung (Sean) 
Shih Hsin University, Taiwan 

Yang, Shanhu 
University of Cincinnati, USA 

Zaveri, Jigish 
Morgan State University, USA 

Zelinka, Tomas 
Czech Technical University in Prague, Czech Republic 

Zhang, Boquan 
Guangdong University of Technology, China 

Zhang, Yanlong 
Manchester Metropolitan University, United Kingdom 

 

 
ADDITIONAL REVIEWERS WHO MADE AT LEAST ONE NON-BLIND REVIEW 

 

Acácio de Andrade, Alexandre 
Universidade Federal do ABC, Brazil 

Ahmed, Abdulaziz 
The University of Alabama at Birmingham, USA 

Alalwany, Easa 
Florida Atlantic University, USA 

Alharbi, Mohammed 
Florida Atlantic University, USA 

Altaher, Ali 
Florida Atlantic University, USA 

Bani Younis, Mohammed 
Philadelphia University, Jordan 

Barrero, Federico 
Universidad de Sevilla, Spain 

Bisha, Eugena 
University of Shkodra "Luigj Gurakuqi", Albania 

Blignaut, Renette Julia 
University of the Western Cape, South Africa 

Buttaro, Lucia 
Fordham University, USA 

Cabarcas, Felipe 
University of Antioquia, Colombia 

Cambria, Erik 
Nanyang Technological University, Singapore 

Cárdenas, Pablo 
Pontificia Universidad Católica del Perú, Peru 

Carmi, Golan 
Jerusalem College of Technology, Israel 

Casagni, Michelle 
The MITRE Corporation, USA 

Chakiri, Houda 
Al-Akhawayn University in Ifrane, Morocco 

Chalasani, Suresh 
University of Wisconsin, Parkside, USA 

Choras, Michal 
Bydgoszcz University of Science and Technology, Poland 

Coneglian, Caio 
Universidade de Marília, Brazil 

Cpałka, Krzysztofc 
Czestochowa University of Technology, Poland 

Davis, Boyd 
University of North Carolina at Charlotte, USA 

Depitre, Olivier 
Universitary Institute of Technology, Rodez, France 

Dianderas, Erwin 
Instituto de Investigaciones de la Amazonía Peruana, Peru 

Dobrowolska, Małgorzata 
Instytut Badań nad Edukacją i Komunikacją, Poland 

Dobrowolska, Malgorzata 
Silesian University of Technology, Poland 

Dyikuk, Justine John 
University of Jos, Nigeria 

Feng, Pan 
Beijing Institute of Technology, China 

Franklin, Manoj 
University of Maryland, USA 

Fujita, Toyomi 
Tohoku Institute of Technology, Japan 

Fusco, Elvis 
Fundação Shunji Nishimura de Tecnologia, Brazil 



Gaile-Sarkane, Elina 
Riga Technical University, Latvia 

García Melo, José Isidro 
Universidad del Valle, Colombia 

Ghosh, Robin 
Arkansas Tech University, USA 

Godasu, Rajesh 
Dakota State University, USA 

Gregor, Raul 
Universidad Nacional de Asunción, Paraguay 

Gupta, Ratneshwar 
Jawaharlal Nehru University, India 

Hatala, Michal 
Technical University of Košice, Slovakia 

Hume-Dawson, Rodney 
California State Polytechnic University, Pomona, USA 

Inamura, Hiroshi 
Future University Hakodate, Japan 

Jeon, Jeong Ok 
Universitas Negeri Jakarta, Indonesia 

Karam Filho, José 
National Scientific Computing Laboratory, Brazil 

Kirova, Vassilka 
Bell Labs Consulting, USA 

Korres, George 
University of the Aegean, Greece 

Krawczyk, Tomasz 
DELab University of Warsaw, Poland 

Lazzini, Arianna 
University of Modena and Reggio Emilia, Italy 

Lee, Cheng-Chi 
Fu Jen Catholic University, Taiwan 

Lerums, James 
Purdue University, USA 

Leung, Man-Fai 
Hong Kong Metropolitan University, Hong Kong 

Liao, Yu-Ping 
Chung Yuan Christian University, Taiwan 

Maghraoui, Driss 
Al-Akhawayn University in Ifrane, Morocco 

Manzano, Edgar 
Universidad Nacional de Trujillo, Peru 

Marinova, Tsvetelina 
New Bulgarian University, Bulgaria 

Masili, Mauro 
University of São Paulo, Brazil 

Melde, Gretchyn 
The MITRE Corporation, USA 

Meng, Ziyuan 
Drew University, USA 

Mishra, Kamal Sheel 
School of Management Sciences - Varanasi, India 

Morales, Giorgio L. 
Montana State University, USA 

Múnera, Danny 
University of Antioquia, Colombia 

Murata, Yumie 
Toyo University, Japan 

Narawati, Tati 
Universitas Pendidikan Indonesia, Indonesia 

Nguyen, Huu Cuong 
Van Lang University, Vietnam 

Nguyen, Son 
Bryant University, USA 

Nguyen, Tien-Trung 
University of Education - Vietnam National University, Vietnam 

Nicińska, Anna 
DELab University of Warsaw, Poland 

Niu, Gao 
Bryant University, USA 

Ohie, Kenneth 
University of Johannesburg, South Africa 

Okada, Hiraku 
Nagoya University, Japan 

Oliveira, Rebeca 
Universidade Municipal de São Caetano do Sul, Brazil 

Ona, Jon 
Deusto University, Spain 

Orio, Roberto L. de 
Technische Universität Wien, Austria 

Osintsev, Dmitri 
Singularis Lab, Russian Federation 

Pacheco Torres, Juan Francisco 
Universidad César Vallejo, Peru 

Pawlak, Miroslaw 
Adam Mickiewicz University, Poland 

Queiroz Franco, José Ricardo 
Universidade Federal de Minas Gerais, Brazil 

Queiroz Hilário, Ronderson 
Universidade Federal de Minas Gerais, Brazil 

Quispe Santivañez, Grimaldo Wilfredo 
Universidad Nacional Autónoma Altoandina de Tarma, Peru 

Raymundo Ibáñez, Carlos 
Universidad Peruana de Ciencias Aplicadas, Peru 

Rodrigues, Joseph 
Christ (Deemed to be University), India 

Rupa Lulaj, Yllka 
University of Shkodra "Luigj Gurakuqi", Albania 

Saeed, Muhammad Amir 
Dhofar University, Oman 

Sato, Ikuma 
Future University Hakodate, Japan 

Schiabel, Homero 
University of São Paulo, Brazil 

Schwartz, Jean-Marc 
University of Manchester, United Kingdom 

Seidman, Gabriel 
Lawrence J. Ellison Institute for Transformative Medicine of USC 
(“Ellison Institute”), USA 



Shah, Afzal 
Quaid-i-Azam University, Pakistan 

Shrivastava, Amit 
Jaipuria Institute of Management, India 

Spafford, Eugene 
Purdue University, USA 

Stancekova, Dana 
Zilina University, Slovakia 

Sutrave, Kruttika 
Dakota State University, USA 

Takahashi, Shigeko 
Heartiness Co, Ltd., Japan 

Tommasino, Pasquale 
Sapienza University of Rome, Italy 

Tsobanoglou, George 
University of the Aegean, Greece 

Tu, Yu-Ju 
National Chengchi University, Taiwan 

Tyszberowicz, Shmuel 
Tel Aviv University, Israel 

Uribe, Alvaro 
Ontario Tech University, Canada 

Vasiljeva, Tatjana 
RISEBA University of Applied Sciences, Latvia 

Velasco, Nelson 
Universidad Militar Nueva Granada, Colombia 

Vergueiro, Waldomiro 
Universidade de São Paulo, Brazil 

Wan, Guangyu 
Hunan University, China 

Wang, Bo 
Beijing Institute of Technology, China 

Wen, Shiping 
University of Technology Sydney, Australia 

Yang, Shiueng-Bien 
Wenzao Ursuline University of Languages, Taiwan 

Zavala-Río, Daniel 
Instituto Tecnológico y de Estudios Superiores de Monterrey, 
Mexico 

Zhang, Han 
University of Wisconsin, Parkside, USA 



Proceedings of the 26th World Multi-Conference on Systemics, Cybernetics and Informatics: (WMSCI 2022) 

 

 

 
FOREWORD 

 

 

Our purpose in the 26th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2022) 

is to provide, in these increasingly related areas, a multi-disciplinary forum, to foster interdisciplinary 

communication among the participants, and to support the sharing process of diverse perspectives of the 

same transdisciplinary concepts and principles. 

 

Systemics, Cybernetics and Informatics (SCI) are being increasingly related to each other in almost every 

scientific discipline and human activity. Their common transdisciplinarity characterizes and communicates 

them, generating strong relations among them and with other disciplines. They work together to create a 

whole new way of thinking and practice. This phenomenon persuaded the Organizing Committee to structure 

WMSCI 2022 as a multi-conference where participants may focus on one area, or on one discipline, while 

allowing them the possibility of attending conferences from other areas or disciplines. This systemic 

approach stimulates cross-fertilization among different disciplines, inspiring scholars, originating new 

hypothesis, supporting production of innovations and generating analogies; which is, after all, one of the very 

basic principles of the systems’ movement and a fundamental aim in cybernetics. 

 

WMSCI 2022 was organized and sponsored by the International Institute of Informatics and Systemics (IIIS, 

www.iiis.org), member of the International Federation of Systems Research (IFSR). The IIIS is a multi-

disciplinary organization for inter-disciplinary communication and integration, which includes about 5000 

members. Consequently, a main purpose of the IIIS is to foster knowledge integration processes, 

interdisciplinary communication, and integration of academic activities. Based on: 1) the transdisciplinarity 

of the systemic approach, along with its essential characteristic of emphasizing relationships and integrating 

processes, and 2) the multi-disciplinary support of cybernetics’ and informatics’ concepts, notions, theories, 

technologies, and tools, the IIIS has been organizing multi-disciplinary conferences as a platform for 

fostering inter-disciplinary communication and knowledge integration processes. 

 

Multi-disciplinary conferences are organized by the IIIS as 

support for both intra- and inter-disciplinary 

communication. Processes of intra-disciplinary 

communication are mainly achieved via traditional paper 

presentations in corresponding disciplines, while 

conversational sessions, regarding trans- and inter-

disciplinary topics, are among the means used for inter-

disciplinary communication. Intra- and inter-disciplinary 

communications might generate co-regulative cybernetic 

loops, via negative feedback, and synergic relationships, via 

positive feedback loops, in which both kinds of 

communications could increase their respective 

effectiveness. Figure (at the right side) shows at least two 

cybernetic loops if intra- and inter-disciplinary are 

adequately related. A necessary condition, for the 

effectiveness of Inter-disciplinary communication, is an 

adequate level of variety regarding the participating 

disciplines. Analogical thinking and learning processes of 

disciplinarians depend on it, which in turn are potential 

sources of the creative tension required for cross-

fertilization among disciplines and the generations of new 

hypotheses. An extended presentation regarding this issue 

can be found at http://www.iiis.org/MainPurpose/ 
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In the specific case of Systemics, Cybernetics and Informatics (SCI), the IIIS is an organization dedicated to 

contribute to the development of the Systems Approach, Cybernetics, and Informatics potential, using both: 

knowledge and experience, thinking and action, theory and practice, for: 

 

a. The identification of synergistic relationships among Systemics, Cybernetics and Informatics, and 

between them and society; 

b. The promotion of contacts among the different academic areas, through the trans-disciplinarity of the 

systems approach; 

c. The identification and implementation of communication channels among the different professions; 

d. The supply of communication links between the academic and professional worlds, as well as 

between them and the business world, both public and private, political and cultural; 

e. The stimulus for the creation of integrative arrangements at different levels of society, as well as at 

the family and personal levels; 

f. The promotion of trans-disciplinary research, both on theoretical issues and on applications to 

concrete problems. 

 

These IIIS objectives have oriented the organizational efforts of yearly WMSCI/ISAS/IMSCI/CISCI 

conferences since 1995. 

 

On behalf of the Organizing Committee, I extend our heartfelt thanks to: 

 

1. The 379 members of the Program Committee from 54 countries (including the PC members of the 

events organized in its context and jointly with WMSCI 2022). Almost all the members of the 

Program Committee were authors or co-authors sessions’ best papers, i.e. papers selected by the 

respective audience as the best paper of the session in which they were presented; 

2. The 260 additional reviewers, from 58 countries, for their double-blind peer reviews; and 

3. The 104 reviewers, from 35 countries, for their efforts in making the non-blind peer reviews. (Some 

reviewers supported both: non-blind and double-blind reviewing for different submissions). 

 

The names and affiliation of both kinds of reviewers are listed in these proceedings. We extend our 

gratefulness to all of them. The scholarly quality of the authors and the reviewers is what define the quality 

of the conference and its respective proceedings. Consequently, our gratitude is to the members of the 

programs’ committees, both kinds of reviewers and the collaborating authors. 

 

A total of 606 reviews made by 364 reviewers from 58 countries (who made at least one review) contributed 

to the quality achieved in WMSCI 2022. This means an average of 3.96 reviews per submission (153 

submissions were received). Each registered author had access, via the conference web site, to the reviews 

that recommended the acceptance of their respective submissions. Each registered author could also get 

information about: 1) the average of the reviewers’ evaluations according to 8 criteria, and the average of a 

global evaluation of his/her submission; and 2) the comments and the constructive feedback made by the 

reviewers, who recommended the acceptance of his/her submission, so the author would be able to improve 

the final version of the paper. 

 

In the organizational process of WMSCI 2022, about 153 articles were submitted. These proceedings include 

about 81 papers that were accepted for presentation from 25 countries (30 countries taking into account the 

presentations in collocated events). I extend our thanks to the invited sessions’ organizers for collecting, 

reviewing, and selecting the papers that will be presented in their respective sessions. The submissions were 

reviewed as carefully as time permitted; it is expected that most of them will appear in a more polished and 

complete form in scientific journals. This information about WMSCI 2022 is summarized in the following 

table, along with the other collocated events: 
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This information about WMSCI 2022 is summarized in the following table, along with the other collocated 

conferences: 

 

Conference 
# of 

submissions 
received 

# of 
reviewers 

that made at 
least one 

review 

# of reviews 
made 

Average of 
reviews per 

reviewer 

Average of 
reviews per 
submission 

# of papers 
included in 

the 

proceedings 

% of 
submissions 
included in 

the 

proceedings 

WMSCI 2022 153 364 606 1.66 3.96 81 52.94 % 

IMSCI 2022 52 180 310 1.72 5.96 22 42.31 % 

WMSCI/IMSCI 2022 205 544 916 1.68 4.47 103 50.24 % 

CISCI 2022 80 311 598 1.92 7.48 49 61.25 % 

TOTAL 2022 285 855 1514 1.77 5.31 152 53.33 % 

 

 
All submissions were peer reviewed by the two-tier reviewing methodology of the International Institute of 

Informatics and Systemics (IIIS, www.iiis.org). As it might be noticed, from the table above, 3.96 reviews 

were made, in average, for each submission we received. After the conference is over, the names of the 

reviewers will be published on the IIIS web site along with the titles of the papers each reviewer reviewed. 

This means that what had been a double-blind review, up to the conference, is transformed to single-blind 

review, after the conference is over. In this way, each author would have information about the names of the 

reviewers of his/her submission, but not vice-versa. Likewise, each author would know how many reviewers 

reviewed his/her submission and relate it to the average, being informed in the above table, of 3.96 reviews 

per paper. 

 

Our two-tier reviewing methodology meet two different objectives of peer-review: 1) to improve the paper 

via non-anonymous reviewers (non-blind reviews) and 2) to improve the acceptance/non-acceptance decision 

of the Organizing Committee via traditional anonymous reviewers (double-blind reviews) A 

recommendation to accept, made by non-anonymous reviews, is a necessary condition, but it is not a 

sufficient one. A submission, to be accepted, should also have a majority of its double-blind reviewers 

recommending its acceptance. These two necessary conditions generate a more reliable and rigorous 

reviewing than any of those reviewing methods, based on just one of the indicated methods, or just on the 

traditional double-blind reviewing. 

 

We extend our gratitude to the invited sessions’ organizers: Prof. Elina Gaile-Sarkane, Prof. Shigehiro 

Hashimoto, Prof. Natalja Lace, and Prof. Inga Lapina; as well as to the special track co-chairs and the co-

editors of these proceedings, for the hard work, energy and eagerness they displayed preparing their 

respective sessions. We express our intense gratitude to Professor William Lesso (1931-2015) for his wise 

and timely, adequate and valuable tutoring, for his eternal energy, integrity, and continuous support and 

advice, as the Program Committee Chair of past conferences (since 1981), as well as for being a very caring 

old friend and intellectual father to many of us. We also extend our gratitude to Professor Belkis Sánchez, 

who brilliantly managed the organizing process. 

 

Our gratitude to Professors Bela H. Banathy, Stafford Beer, George Klir, Karl Pribram, Paul A. Jensen, and 

Gheorghe Benga who dignified our past WMSCI conferences by being their Honorary Presidents.  

 

We would like also to extend our gratefulness to Professor Shigehiro Hashimoto for his yearly support in the 

last 22 years as well as for his editorial work for the journal; as well as to Professor Grandon Gill, Dr. Jeremy 

Horne, Professor Thomas Marlowe, Professor Matthew E. Edwards, Dr. Robert Cherinka, Eng. Joseph 

Prezzama, Dr. Fr. Joseph Laracy, and Dr. Russell Jay Hendel, for their continuous advice and support in the 
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conferences they participated in, along the last 14 years; as well as in the conferences they were not able to 

participate in. Their advices and the kind of care they provided us with are highly valued and appreciated. 

 

We also extend our gratitude to the following scholars, researchers, and professionals who generously 

accepted to deliver keynote addresses or to organize invited sessions.   

 

Plenary Keynote Speakers (ordered by their presentations succession) 

 

Professor Shigehiro Hashimoto, Japan, President of the Society of Life Support Engineering (Japan), 

Professor of Kogakuin University (Former Councilor and Former Dean, Faculty of Engineering, Former 

Associate to the President), Doctor of Engineering and Doctor of Medicine, Research Area: Biomedical 

Engineering. 

 
Professor Rusudan Makhachashvili, Ukraine, Borys Grinchenko Kyiv University, Head of Romance 

Languages and Typology Department.  

 
Professor Ivan Semenist, Ukraine, Borys Grinchenko Kyiv University, Head of Oriental Languages and 

Translation Department. 

 
Dr. Maurício Vieira Kritz, UK/Brazil, University of Manchester, Faculty of Biology, Medicine, and Health 

/ National Laboratory for Scientific Computing, Petrópolis, Graduate Program on Modelling Knowledge 

Diffusion.  

 
Dr. Teresa Langness, USA, Nonprofit Board President at Full-Circle Learning.  

 

Dr. Russell Jay Hendel, USA, Towson University, Dept. of Mathematics, doctoral program at the Spertus 

Institute for a degree in Jewish studies. 

 
Dr. James Lipuma, USA, New Jersey Institute of Technology, Director of the Collaborative for Leadership 

Education, and Assessment Research (CLEAR)  

 
Cristo E. Yáñez-León, MSc., USA, New Jersey Institute of Technology, Director of Research, CSLA, 

Office of Research & Development.  

 
Dr. Ekaterini Nikolarea, Greece, University of The Aegean, Lesvos, School of Social Sciences, 

Department of Geography. 

 
Professor Andrejs Čirjevskis, Latvia, RISEBA University of Applied Sciences, Riga.  

 
Professor Richard Segall, USA, Arkansas State University, Department of Information Systems & Business 

Analytics (ISBA), Neil Griffin College of Business.  

 
Professor Thomas Marlowe, USA, Seton Hall University, Professor Emeritus, Department of Mathematics 

and Computer Science, PhD in Computer Science and PhD in Mathematics. 

 
Fr. Dr. Joseph R. Laracy, USA, Seton Hall University, Department of Systematic Theology & Department 

of Mathematics and Computer Science.  

 
Professor Mohammad Ilyas, USA, Florida Atlantic University, College of Engineering and Computer 

Science, Former Dean of the College of Engineering and Computer Science, Member of Global Engineering 

Deans Council. 
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Dr Justyna Pokojska, Poland, University of Warsaw, Digital Economy Lab.  

 
Dr. Risa Blair, USA, Purdue University Global, eLearning Instructional Designer, Education Management, 

Instructional Associates, Director of HR and Operations. 

 
Matthew Schigur, MBA, PMP, USA, University of Arkansas Grantham, Director and Associate Dean of 

the College of Business, Management, and Economics.  

 
Professor Suzanne Lunsford, USA, Wright State University.  

 
Shahabedin Sagheb, Eng, USA, Virginia Tech's Calhoun Honors Discovery Program.  

 
Dr. Katie Walkup, USA, Virginia Tech's Calhoun Honors Discovery Program.  

 
Dr. Robert Cherinka, USA, The MITRE Corporation, Chief Engineer, Software Engineering Technical 

Center at MITRE.  

 
Mr. Joseph Prezzama, Msc., USA, The MITRE Corporation, Group Leader for the Joint Operations 

Southeast, Tampa office of The MITRE Corporation. 

 
Dr. Jasmin (Bey) Cowin, USA/Germany, Assistant Professor and TESOL Practicum Coordinator, Touro 

University, Graduate School of Education, TESOL/BLE Department.  

 

 

Invited Sessions Organizers (Alphabetical order by last name) 

 

Professor Elina Gaile-Sarkane, Latvia, Riga Technical University, Dean of the Faculty of Engineering 

Economics and Management (FEEM).  

 

Professor Shigehiro Hashimoto, Japan, Kogakuin University (Former Councilor and Former Dean, 

Faculty of Engineering, Former Associate to the President), Doctor of Engineering and Doctor of Medicine. 

Professor Natalja Lace, Latvia, Riga Technical University, Head of Department of Corporate Finance and 

Economics, Faculty of Engineering Economics and Management (FEEM). 

Professor Inga Lapina, Latvia, Riga Technical University, Vice Dean for Academic Affairs, Faculty of 

Engineering Economics and Management (FEEM). 

Many thanks to the members of the Organizing Committee and to those who chaired special tracks. We 

would also like to express our special gratefulness to Professor Thomas Marlowe. Professor T. Grandon Gill, 

Dr. Jeremy Horne, Professor Shigehiro Hashimoto, Dr. Russell Jay Hendel, Professor Michael Savoie, 

Professor Hsing-Wei Chu, Dr. Robert Cherinka, and Eng. Joseph Prezzama, for their generosity in providing 

support with their advices and for answering our inquiries, as well as for their spontaneous and timely alerts. 

Thank you so very much.    

 

Our gratefulness is also extended to the organizations that provided scientific, academic, professional, or 

corporate co-sponsorships in this conference and/or previous ones. The following are among these 

organizations: 
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Special thanks to Dr. Jeremy Horne, Dr. Harvey Hyman, Dr. Robert Cherinka, Eng. Joseph Prezzama, and 

Ms. Molly Youngblood Geiger (Google Partners Community Ambassador) for their efforts in helping us 

with the identification of above shown co-sponsors. 

 

 

Professor Nagib C. Callaos, Ph.D. 

WMSCI 2022 General Chair 

www.iiis.org/Nagib-Callaos  
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ABSTRACT 
 

This article aims to explore the active imagination as 
strategy to create visual art to express collective 
unconsciousness. The psychoanalyst Carl Gustav Jung 
believes that in the deepest mind of the human being we 
are all unconsciously connected by symbolic images 
inherited from our remote ancestors, that phenomena 
define our instinctual behaviour. This research used 
qualitative approach applying art-based methodology. 
Two volunteers who are interested in visual  arts 
participate in this research. The technique to collect data is 
by observation, structured interview, reflective portfolios 
and study document. The practices are implemented in an 
art studio at Bandung-Indonesia within November 2021. 
During the encounter, we explore the method with 
drawings and painting. The findings show that if the 
volunteers are committed to follow the steps of active 
imagination, they can create visual arts that reflect the 
collective unconsciousness.  
 
Keyword: Active Imagination, Art Creation, Archetype, 
Jungian Theory, Collective Unconsciousness. 
 
 

1.  INTRODUCTION 
 

The Active Imagination is a psychotherapeutic method 
introduced by Carl Gustav Jung. It is designed to access, 
externalize and analyse images located in the collective 
unconsciousness [1]. The collective unconsciousness is the 
deepest layer of the unconsciousness that links  all human 
beings, independent from the cultures, ages or races [2]. It 
is not related with personal experiences but inherited from 
our remote ancestors. These universal images contained in 
the collective unconsciousness, are patterns of our 
instinctual behaviour, and are known as archetypes [3]. 
 

There is narrow connection between symbolic language 
contained in art and the active imagination, both  hold 
aspects of the person such as senses, feelings, emotions, 
cognition, and imagination, becoming one of the most 
effective tools to communicate and place knowledge [8]. 
Some scholars have studied this connection.  Schaverien 
(2005) states that active imagination describe all forms of 
creativity, and art evokes the active imagination [9]. Bacon 
(2007) combines focusing and active imagination to create 
therapeutic and creative environments with psychic 
contents to for performance art [10]. However, Osman et 
al. (2018) states that artistic practices in the area of 
healthcare, fail to provide evidence of its success, and are 
not design by experts artist nor educators. Osman et al. 
(2018) suggest to include them to understand the impact of 
art in the process, to ensure the pedagogies and evaluation 
methods, and to scope the investigation in a multi-
disciplinary research to collect the required evidence [11].  
 
There is little research publication about relationship 
between archetypes and active imagination. There is also 
no recent study about active imagination with art-based 
approach specially with visual arts. There is none founded 
studies of how to assess the method of active imagination 
with art-based approach. For this reason, the importance of 
this research is to fulfil the gap by bring new thoughts 
about the method of active imagination, and its practice in 
visual arts, to  provide keys to assess the active 
imagination with art-based approach, and to understand 
the relationship between the archetypes and the active 
imagination. 

 
 

2.  LITERATURE REVIEW 
 

The Active Imagination has been synthetized by  
Comandini (2009) in the next four main phases [1]. The 
first phase is emptying the mind. The participant must keep 
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a deep concentration rather in an image as reference or an 
emotion. The second phase is let the psychic event happen. 
The participant who choose an image will experience its 
deformations, and the participant who choose emotions 
will experience its formation. The third phase is 
objectivation. The participant will give personality to the 
image with unique characteristic and its own reality. It 
cannot be reduce to our caprice and put our personality 
neither appearance on it. The four phase is Ethical 
confrontation with the unconscious. The participant take 
dominion inside the image by asking and giving answers 
to the images that emerge from the imagination, to 
understand how the image is related with the participant 
and validate the active method.  
 
Dietrich (2021) presents interpretative phenomenological 
analysis research to compare participants experience with 
Jungian theory, and establish a corelation with the 
archetypes and techniques that guide to the imaginary 
images. His findings shows that there is a little published 
research about guides forms to the imaginary [7]. 
However, Jung’s depth psychology provides active 
imagination with a well-established methodology.  
 
Bowman (2017) states that active imagination is a process 
to explore the psyche thought free play of fantasy [12]. In 
contrast,  Schaverien (2005) states that the active 
imagination  can be as real as if it has life of its own, like 
in a dream. But it is not always active imagination, 
sometimes it can be merely fantasy. “Fantasy is your own 
invention, it remains on the surface and the conscious 
expectations of a person. But active imagination, means 
the images have life of their own in which the images 
cannot be reduce to our caprice and put our personality nor 
appearance on it.” [13]. It corroborate the 3rd phase 
according to Comandini (2009), in which the image must 
have its own reality and cannot be reduced to our caprice 
and put our personality nor appearance on it. “The 
symbolic events happens if your consciousness does not 
interfere” [13]. It corroborate the 2nd phase of active 
imagination, according to Comandini (2009), in which the 
participant will experience formation of the emotion or the 
deformation of the previous image, if the consciousness let 
the psyche event happen. Furthermore, fantasy is a passive 
joy,  different from the active imaginations that involves 
the ethical commitment of ask and give answers to the 
manifested images [14]. It corroborate the relevance of the 
4th phase of the active imagination according to Comandini 
(2009) in which the ethical dialogue with the 
unconsciousness is important to validate the active 
method.  
 
The research of  Bacon (2007) reveals that apart from 
active imagination there is another method called  
“focusing”. It responds the idea that beyond our five 
senses, we can perceive an imaginal realm [10]. To access 
this realm, Gendlin (1981) developed the following six 
phases: clearing a space, felts sense, finding a handle, 

resonating, asking, and receiving [15]. According to Bacon 
(2007), the goal is to acknowledge what is intrinsic in a 
moment of movement and its symbolic archetypal 
potential [10]. This method is similar as active 
imagination. In spite of it, focusing is more suitable for 
artistic expressions such as dance, performance art and any 
other expression that involves body movement as their 
final product. Even though active imagination applies the 
body movements to create art, its final product is more 
suitable for visual arts, due to the symbolic language 
reflected as the image of the archetypes [16]. However, the 
similitude of both methods, remains in the acknowledge of 
the archetypes that must be identify in the final product of 
the imagination.  
 
Moreover, Osman et al. (2018) analysed  62 art-based 
interventions to find evidence of its benefit in healthcare 
education institutions. The findings shows that 79% of the 
62 studies report success but are not defined  nor measured. 
Furthermore, only 34% of them involves collaboration 
with artist or art educators, questioning who has the 
expertise to design and precede the interventions. The 
author suggest artist and art educators to be involved in the 
art-based interventions to ensure the pedagogies and 
evaluation methods, and to scope investigation with a 
multi-disciplinary research to collect the necessary 
evidence. The author also recommends a closer 
observation of the participants and personal feedback, as 
well as self-assessments to be analysed by the tutors [11].  
 
Finally, there are two keys to assess the method of active 
imagination founded in the literature review. First, to 
committedly follow the 4 phases of the active imagination 
synthetized by  Comandini (2009).  Second, to recognize 
the potential archetypes in the final product of the active 
imagination.  

 
 

3.  RESEARCH METHOD 
 

This research used qualitative approach, employing  art-
based method to adapt the values of arts in a social research 
project, to engage the theory and the practice with a 
generative approach for an aesthetic understanding, 
evocation and provocation [17]. The technique to collect 
data is by observation, structured interview, reflective 
portfolios, and study document. The present study 
explores the method of active imagination using the assess 
keys and recommendations founded in the literature 
review. Two volunteers take place in the research. We will 
call the first volunteer (NS). He is 42 years old graphic 
designer. The second volunteer we will call (YH). He is 49 
years old artisan. We make a one day workshop since 9 am 
until 6 pm on the November 28th 2021 in Bandung-
Indonesia. One day before the workshop, the volunteers 
did an interview with 25 questions divided in four topics. 
The first topic is about their relationship with art. The 
second topic is about their familiarity with mental 
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healthcare. The third topic is about their experience with 
dreams, the fourth topic is about Jungian theory.  
 
The interview helped us to collect the data from the 
volunteers before the workshop, it provided information to 
plan the strategy to approach every phase of active 
imagination with the volunteers. Moreover, the reflective 
portfolio was relevant to collect data from every step of 
active imagination from the perspective of each volunteer 
in order to assess the procedure. The workshop was 
divided in three parts. The first part is the introduction of 
the workshop, and the development of the first and second  
phases of active imagination. The second part is the 
development of the third and the fourth phases of the 
method. Finally the third part the development of the 
reflective portfolios and a personal feedback from the 
observations of the whole process.  
 
 

4.  RESULT AND DISCUSSION 
 

Structured Interviews Results  
(NS) has very strong relationship with art, making the 
workshop  smooth, especially in the second step where the 
artistic technique is important to give shape to his 
emotions or to deform his reference. He is somehow 
familiar with mental health, becoming a good beginning 
for the step number one in which he has to choose a 
previous reference or an emotion and concentrate about it 
in a sort of meditation. He also has some experience with 
dreams, that helps us explain the third and fourth step of 
the method, in which he has to give specific characteristics 
to the image he found in his art work, and he has to 
conceive this image as if it comes from a dream, he cannot 
use his mere caprice to personify the image with his ego, 
but he must let the psychic event happens, as if the image 
is a character from his dreams that he cannot control it 
consciously. His experience with dreams also shows that 
he has some kind of dialogue with his unconscious mind 
that will be helpful for the last step of the active 
imagination when he must confront his unconscious mind 
in a sort of dialogue, ask questions and give answers in 
order to give the image a meaning and validate the method. 
He has previous knowledge about Jungian theory making 
the dialogue with him more efficient. 
 
In the case of (YH), his relationship with art is good, so it 
will make the workshop goes well, especially for the step 
number two, similar than the previous volunteer. He is just 
a little familiar with mental healthcare so my approach 
with him for the step number one needs to be more specific 
in the sense that meditating in an image or emotion is not 
going to be so easy for him. He has some experience with 
dreams that will help him giving specific characteristics to 
the image and some ideas for the confrontation with the 
unconscious mind. He got some previous knowledge of 
Jungian theory, making our dialogue more efficient.  

 

Volunteers Arts Work Discussion 
(NS) experience was clearly deep. Since the beginning he 
showed commitment to the practice, and at the end, it 
helped him release his anxiety. Moreover, he successfully 
expressed the collective unconsciousness. The proof is 
explained below, in the archetypes identification at his 
final artwork and reflected portfolio.  
 
First of all,  his struggle was real. In the second step, (NS) 
states in the reflective portfolio “At the beginning I wanted 
to draw a dancing man, but my feeling of anger was 
stronger, anyways I follow the emotion of anger in the flow 
of a dance.” We can see that in this point the dialogue of 
the opposites is taking place and he achieve to unify them 
and let them work together, conscious and unconscious for 
one mutual goal, that is the representation of the self-
archetype [18].  
 
(NS) also states, “I start to define arms and hands in just 
one body, this body was still in the same place, but his 
hands move in circles and then I figure it out he had four 
heads, in movement too, and they were watching all that I 
do.”  Therefore, the hands moving in circles represent the 
archetype of the mother that Jung associate with a 
mandalas as magic circles where the birth can take place 
as a shelter or uterus [19].  
 
(NS) states, “I realize we are children of something, let’s 
say we are the children of the universe”. Jung (2004) 
explains the archetype of a mother as one of the main and 
most complete archetypes, from the mother other 
archetypes arise, the first one to arise is the archetype of a 
child [19]. 
 
(NS) made two statements that are interconnected. The 
first one, “At the beginning I wanted to draw dancing 
man”. The second one, “The artwork I made I believe is a 
woman”. Jung (2004) explains that another archetype that 
arise from the mother is the anima, that represent the 
feminine part that contain in every man [19]. 
 
The (NS) volunteer also stated that “I found 4 heads that 
represent for me the cardinal lines, so I feel I am back to 
the path”. We must mention that in (NS) artwork the 4 
heads are surrounding by the hands in movement that 
create a circle, that we already identified as the mother 
archetype. Furthermore, Jung (1964) explains, when inside 
the circle there are the four corners of the world, this is 
represented as the Great Man that is the self-inside the 
mother, this is the unification of all the components [18]. 
 
The last archetype identified in (NS) reflected portfolio 
appears in the following (NS) statement, “The anger was 
gone, and I start to feel happy”. This statement represent 
the transformation and it is the archetype of rebirth [19].  
 
To resume, we can identify five archetypes in (NS) 
artwork and portfolio, these archetypes are the self, the 
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mother, the child, the anima, and the rebirth. Moreover, we 
identify the unification of all the components with The 
Great Man’s representation, that is the archetype of self-
inside the archetype of the mother. Finally, all these 
archetypes are visually represented in his artwork and 
reaffirmed in his reflective portfolio, reveling the 
validation of this research.  
 
By the other hand, the volunteer (YH) stated “My starting 
point is a reference from a dream, I saved a bird from a cat 
attack, I put it back to its cage. The bird was close to a pot, 
and the cat wants to eat it. After putting the bird back, my 
dead aunt and her son came out to thank me. All the 
belongings in my dream are from my aunt”. We identify a 
few archetypes. The first one is the archetype of hero 
which is the hand that take place in the artwork to save the 
bird. The second is the archetype of shadow, which 
represents the cat that attacked the bird as counterpart of 
the hero. The tree represents the archetype of the mother, 
as well as the circle of light that we can see in the painting 
in a shape of mandala that represent the archetype of the 
mother and the self that constitute the unity of (YH) with 
his ancestor [19][18].  
 
The remarkable facility of (YH) to remember his dreams 
in detail, make his approach with the active imagination 
very easy and we were able to identify 4 archetypes such 
as, the hero, the shadow, the mother, and the self.  
 
Nevertheless, it was hard for him to get deep in every 
phase of the active imagination. He didn’t have to 
concentrate hard to remember his dream that was used as 
reference for the first phase of the method. We did not 
notice any deformation or variation in the 2nd phase of 
active imagination. Therefore, in the 3rd phase, (YH) had 
not problem at all to personify and give unique 
characteristics to the images in his artwork, because (YH) 
just follows exactly what he remembers in detail from his 
dream. Finally, in the 4th phase, he was very fast and 
simple, (YH) states that, he felt happy that he could help 
his family in his dream.  
 
(YH) ability to remember his dreams already show us that 
he can connect with his unconscious mind. Even though 
his artwork shows us 4 archetypes, we perceived a lack of 
commitment with the steps of active imagination. 
Especially in the ethical confrontation with the 
unconsciousness, letting us in doubt to assess if his artwork 
expresses the collective unconsciousness or it is just his 
individual unconsciousness. 
 
We recognize the process of each practician as individual, 
so the observation and the feedback must be individual too. 
The reflective portfolio of each practician is extremely 
important to collect valuable information of the process, it 
can help us identify and give more evidence of the 
archetypes located in the artworks.  
 

We noticed in the observation that one practician was very 
open mind and committed to use the method, at the end, it 
helps him with his wellbeing, his artistic and personal 
process, making easy to acknowledge the keys for assess 
the practice. Yet, the other one was a little bit skeptical, 
king of afraid to approach his unconscious mind due to his 
believes, making us aware that this topic still a kind of 
taboo, the practician at the end did not experience any 
change in his wellbeing, neither his artistic process. At the 
end, the assess of his practice still unfinish.  
 
The keys to assess founded in the literature review were 
used and tested in the practice. Every step of the active 
imagination is important, and if are not taking  with 
commitment, it may be hard to assess the method even 
though we already identify archetypes in the final artwork. 
 
 

5.  CONCLUSION AND RECOMMENDATIONS 
 
The findings of this research shows that the relationship 
between the archetypes and the active imagination is very 
important. Identifying the archetypes in the final artwork 
of the participants is one of the keys to assess the active 
imagination, otherwise, the validation of the procedure 
will be unfinished. In addition, the 4 phases of active 
imagination synthetized by Comandini (2009) are another 
keys to assess the active method, otherwise   the validation 
of the procedure will also be unfinished. As conclusion, it 
is possible to use active imagination method to create art 
that express the collective unconsciousness, and it can 
influenced positively the well-being, if the participant is 
committed to the phases of the method. 
 
Furthermore, we  recommend to make more artistic- 
approach of the method with people in different 
backgrounds and in larger groups. To understand the 
benefit in the well-being, the practice should be conducted 
with a  mental health care community. To understand the 
benefit in art education, the practice should be conducted 
with art students. Moreover, to clear the way to identify 
the archetypes for further studies, we recommend the 
creation of a Jungian archetype's encyclopaedia.  
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ABSTRACT 

 

Turbulent and unstable times caused by COVID-19 pandemic 

showed the importance of such skills like adaptability to 

changing environment, openness to challenges and ability to 

undergo digital transformation, especially among the leaders of 

international ventures, such as education Erasmus+ education 

projects. The term of digital transformation is a vast notion which 

not only focuses on the usage of information and communication 

technologies, implementation of new business models based on 

ICT or introducing new services for clients in the digital world, 

but it is also a change observed in the raising level of technical 

skills among the leaders. In this study, based on the research 

which was carried out among 990 Erasmus+ project leaders, the 

issue of relation between digital maturity of project leaders and 

the projects’ sustainability is raised. The discussion will also 

include the digital dimension of transnational cooperation and 

place it in the broader context of relational view and network 

paradigm in modern science of management as well as in the 

context of strategic management. 

 

Keywords: digital competences, digital transformation, 

Erasmus+ projects, Erasmus+ leaders, COVID-19 pandemic, 

sustainability, education projects. 

 

 

1.  INTRODUCTION 

 

Modern organizations, as well as Erasmus+ education projects, 

are characterized by many features according to different theories 

and approaches [5,8-15]. Among the most common are those 

aspects: 

  • Dispersed, unhierarchical character of business partnerships, 

and voluntary character. 

• Mix of competences – modern international businesses and 

organizations use complementarity of expertise of their 

constituting partners and units.  

• Digital tools connecting partners within an organization and 

digital competences that allow effective communication and 

coordination. 

• Communicative aspect of effective cooperation in which social 

competences play a crucial role. 

• Relations between partners and their clients where social 

competences are again the key to success. 

• Adaptability and flexibility which are also elements of social 

competences. 

• Learning organizations [6, 25-33] – in order to survive in 

constantly changing environment, modern organizations need to 

learn all the time. 

 

As can be observed, the above characteristics defining modern 

organizations, mainly concentrate on competences and 

organizational potential. Therefore, digital competences gain a 

huge importance, especially in the case of project or organization 

leaders. That is why, based on conducted study, we will look into 

the issue of digital maturity of international education projects 

leaders, digital transformation [16, 17] and its relation with 

projects sustainability during the times of pandemic.  
 

2.  RESEARCH DESIGN AND APPROACH  

In order to assess the proficiency in digital competences as well 

as many other aspects not mentioned in this abstract, a research 

was carried out. The research questionnaire was administered 

during the period of COVID-19 pandemic and was responded by 

990 Erasmus+ project leaders. It included 70 questions related to 

the assessment of respondents’ competences and obtaining data 

on the projects’ realization. So far, it has been the only research 

of this kind carried out across Europe. The competences analyzed 

in this study are limited to the ones which are directly connected 

with leaders’ digital maturity and projects sustainability.   

In the study, four major competences [34-40] were distinguished 

and measured among project leaders: 

• Digital competence: the use of information and communication 

technology on daily basis and working with online documents; 

• Social competence: teamwork, team collaboration, 

communication, leadership, flexibility, adaptability, 

interdisciplinarity; 

• Managerial competence: cooperation with people and team 

coordination; 

• Cognitive competence: pro-activeness, innovation, openness to 

challenges. 

 

In this research we will focus only on the first of mentioned 

competences – digital ones, which was rated with the highest 

score by the coordinators, reaching the level of 4.33 on average 

(on 1-5 scale). The research design included numerous stages and 

respective quantitative analysis, however in this study we will 

focus on analyzing the relation between the level of digital 

competences of project leaders and the sustainability of their 

projects.  
 

 

3.  RESULTS 

 

As already mentioned above, the digital competence was 

assessed as the highest among all other defined competences. In 

the Table 1 are the average scores for both dimensions of the 

digital competence which were distinguished.  
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Table 1. Erasmus+ Project Leaders’ Digital Competences Profile 

Competence  Dimensions  

Average 

level of 

competence 

(scale 1–5) 

Digital and 

technical  

The use of computer in 

everyday work  
4.37 

Work with online 

documents  
4.18 

 

The respondents assessed their digital competence on the five-

point Likert scale with an average score of 4.33. Such a high level 

of digital competence can be seen as a potential savior in 

sustaining their projects and international cooperation especially 

in the unstable times of the Covid-19 pandemic, where most of 

the activities had to be transformed into the digital world.  

 

For further analysis and in order to check how the leaders’ digital 

competences may be related to the projects’ sustainability a 

composite indicator of the digital literacy was created. In brief, a 

composite indicator is constructed with the use of individual 

indicators that are compiled into a single index. It can measure 

multi-dimensional concepts (e.g., competitiveness, e-trade, 

environmental quality, or lifelong learning dimension) which 

cannot be captured by a single indicator. A composite indicator 

should be based on a theoretical framework, or a definition, 

which allows individual indicators, or variables, to be selected, 

combined, weighted if needed and measured in a manner which 

reflects the dimensions or structure of the phenomena being 

measured. In most cases these single variables need different 

scales or types of measurement. This reflects the fundamental 

characteristic of a composite index which is a single combined 

measure constituted by separate, usually independent on one 

another, individual measures [47, 48]. Accordingly, digital 

literacy of Erasmus+ project leaders is measured with the 

following index called Digital Maturity Index (DMI) (Table 2). 

 

Table 2. Digital Maturity Index of Erasmus+ Project Leaders – 

variables constituting the Index 

 

Questionnaire items or questions on Likert scale (1-5) : 

1. Please rate how easy or difficult you find the 

following situations: own preparation for online 

work 

2. Please rate how easy or difficult you find the 

following situations: adapting the way project 

activities are implemented to the pandemic period 

3. Please rate how easy or difficult you find the 

following situations: team’s preparation for online 

work 

4. Please rate how much do you agree or disagree 

with the following statements: implementing a 

project during a pandemic requires special digital 

skills 

5. Please rate how much do you agree or disagree 

with the following statements: the pandemic 

period forced me to start using new tools/software 

6. Please rate how much do you agree or disagree 

with the following statements: educational 

activities can be conducted remotely without any 

loss in quality 

7. Please indicate to what extent the following 

statements describe you: I can apply innovative 

solutions in my work 

8. I believe I can: coordinate the work of a dispersed 

team (e.g. working remotely) 

9. Please rate how easy or difficult you find the 

following tasks: Using e-banking services 

10. Please rate how easy or difficult you find the 

following tasks: Filing your tax return online 

11. Please rate how easy or difficult you find the 

following tasks: Filing an official application via 

the ePUAP system 

12. Please rate how easy or difficult you find the 

following tasks: Making use of an electronic 

document workflow 

13. Please rate how easy or difficult you find the 

following tasks: Organizing my own online work 

14. Please rate how easy or difficult you find the 

following tasks: Starting a video conference with 

several people at the same time 

15. Please rate how easy or difficult you find the 

following tasks: Protecting my PC from network 

viruses 

16. Please rate how easy or difficult you find the 

following tasks: Sharing the screen with others 

during a video conference 

17. Please rate how up-to-date you are with modern 

ICT solutions that can be used in your work? 

18. I believe I have no problems using: Web resources 

19. I believe I have no problems using: Text editors 

(e.g. Microsoft Word) 

20. I believe I have no problems using: Spreadsheets 

(e.g. Microsoft Excel) 

21. I believe I have no problems using: Instant 

messengers 

22. I believe I have no problems using: E-mail 

23. I believe I have no problems using: Online 

collaboration tools 

24. I believe I have no problems using: Video 

conferencing tools 

25. I believe I have no problems using: Project 

management tools 

26. Please rate your overall level of proficiency in 

using modern technology 

27. How often do you participate in training courses to 

improve competences used at work? 

Questionnaire item or questions on binary scale : 

1. Have you participated in any training courses 

(class-based or online) on the use of modern 

technology in the last 6 months? 

 

The Index was created as a compilation of 28 questionnaire items 

or full questions, mostly represented on the Likert scale. In order 

to make the Index more intuitive to interpret, we have conducted 

some quantitative transformations and finally the DMI values 

range from 0 to 100. The higher value of the index, the higher 

level of digital maturity and digital literacy among targeted 

Erasmus+ project leaders (see Table 3 and Figure 1). 
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Table 3. General Statistics on Digital Maturity Index 

 

 

 

 

 

 

 

 
 

Figure 1. Digital Maturity Index (DMI) of Erasmus+ Project 

Leaders (DMI scale: 0-100) 

  
 

For further analysis, two groups of Erasmus+ project leaders 

were distinguished: worst digital performers (DMI lowest 

quartile), best digital performers (DMI upper quartile), in order 

to compare how these two groups performed during COVID-19 

pandemic in relation to their projects’ sustainability. 

 

As can be observed from the above figure, results’ distribution 

with standard deviation value of 9.69 means that both groups of 

best and worst DMI performers (1st and 3rd quartiles) are similar 

in numbers: worst performers (N=280) and best performers 

(N=240). This contributes greatly to validity of the comparison 

of these two groups. It is also worth noting that the average score 

in DMI for worst performers is 64.15 points out of 100 points, 

and for best performers it is 87.85 points. Quite visible 

discrimination in this respect results from the fact that not all 

Erasmus+ projects are focused on digital aspects and outcomes 

however, especially in the times of the global pandemic, the 

digital literacy of project coordinators becomes more and more 

essential for the completion of the project activities.    

 

Table 4. Project Status in Relation to DMI of Erasmus+ Project 

Leaders 

(correlation statistically significant, p value = 0,018) 

 

As presented in the Table 4, in the group of respondents with the 

lowest DMI value, 29.3% of projects were suspended or 

prolonged. In the group of respondents with the highest DMI 

score, 20% of projects were suspended or prolonged. This means 

that Erasmus+ project leaders, who are showing some kind of 

digital literacy, more seldomly suspended or prolonged their 

project in the times of COVID-19 pandemic. 

 

 

4.  FINAL REMARKS 

 

As stated in the beginning of this abstract following various 

sources, relational and networking paradigms in management are 

mainly defined with the use of digital and also social 

competences as well as organizations’ ability to learn. Although 

relational and networking character of Erasmus+ projects as 

temporary, dispersed, international organizations has been 

threatened by the consequences of COVID-19 pandemic of 

possible communication and cooperation breakdowns and 

disruptions, the above analysis proves the following: 

• the relational and networking feature of Erasmus+ 

projects supported by high digital competences of 

projects’ leaders facilitated the management 

sustainability of these projects to great extent; 

• digital maturity and high level of digital competence 

helps project coordinators to preserve project 

sustainability during the times of pandemic.  

The results of this research should prove useful to all 

practitioners in the field and should contribute to the discussion 

on project management in the times of the COVID-19 pandemic 

since, as stated above, there has been no scientific research on the 

influence of Erasmus+ project leader competences on Erasmus+ 

project sustainability so far. Finally, it is worth stressing that 

further research on Erasmus+ projects should be conducted, as 

the potential to map various tendencies and phenomena in this 

field are vast.  
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ABSTRACT 
 

Different countries have established different models and 
mechanisms to assist the judge in the difficult task of 
determining the criminal sentence. These approaches are 
influenced by the criminal justice system model, the role of the 
judge in criminal proceedings and, not infrequently, by priority 
issues that are not related to the conceptualization of the 
criminal justice system: corruption, professionalism of judges, 
etc. 
 
In countries that have a codified body of criminal law – as a 
rule, countries that belong to the civil law tradition, the criminal 
law sets the minimum and maximum ranges of the criminal 
punishment. Within these limits, it is up to the judge to 
determine the individualized sentence for each defendant, based 
on the principles and rules provided for by the criminal law. 
 
Different types of mechanisms have been established in 
countries that belong to the common law tradition, as the 
criminal law is not so inflexible in setting the ranges of 
punishment and the judge has much more discretion in 
determining the sentence, based on the rules of precedent. In 
some of these countries, sentencing guidelines are used. These 
guidelines are usually approved by the judges themselves and 
are not legally binding, but they gain application as a result of 
the precedent rule. 
 
In recent years, sentencing guidelines have been approved and 
applied in two of Albania’s neighboring countries: Kosovo and 
North Macedonia. This paper will address the role of guidelines 
in criminal proceedings, the models they were based on, the 
reasons for introducing them, and how they were implemented 
in Kosovo and North Macedonia. Finally, we will argue 
whether the introduction of such a mechanism in Albania would 
be in harmony with the existing framework and beneficial, in 
general. 
 
Keywords: sentencing guideline, criminal law, criminal 
punishment, Albania, Kosovo, North Macedonia 
 
 

1.  INTRODUCTION 
 
In one of the most popular scenes in television, in “The 
Newsroom”1, journalist Will McAvoy argues that the United 
States is not the greatest country in the world because, among 
other things, the United States leads the world only in three 

 
1 The Newsroom - America is not the greatest country in the world anymore...(Restricted 
language) - YouTube 

categories, one of which is the number of incarcerated citizens 
per capita. In 2021, Albania had 180 incarcerated persons per 
100,000 inhabitants2, a number that in the European Union is 
only exceeded by Lithuania with 1903. This number is higher 
than the number of prisoners per capita in all of the countries of 
the region4 and 50% higher than the EU average5. 
 
The issue of prison overcrowding is closely related to the 
individualization of criminal punishment – its purpose and 
specific punishment imposed. In choosing between the three 
systems of determination of the criminal punishment6, Albania 
has adopted the determinate system (the type of punishment, its 
minimum and maximum range are specified in the law.) This 
system leaves little discretion to the court in selecting the type 
of punishment, but a fairly broad discretion in determining the 
duration of the sentence within the legal limits. 
 
This paper will address one of the mechanisms implemented in 
several countries, mainly of the common law tradition, that is 
the adoption of mandatory or discretionary sentencing 
guidelines to assist the judge in the determination of the 
criminal sentence. A simple way to describe these guides is that 
they are similar to quasi-mathematical methods of determining 
a sentence with a set starting point, to which the aggravating 
elements are added and the mitigating elements are subtracted. 
 
 
2.  SENTENCING GUIDELINES IN THE US, ENGLAND 

AND OTHER COUNTRIES 
 

Historically, sentences in the United States have been 
established based on determinate or indeterminate sentencing 
policies. Indeterminate sentencing policies7 were dominant up 
until the reforms carried out in the 1970s and 1980s.  

 
2 Source: INSTAT (The Albanian Institute of Statistics.) 
3 Source: statista.com.   
4 Source: EUROSTAT. 
5 Ibid, at 3. 
6 The absolute, determinate and indeterminate systems. In absolute systems, the law determines 
the type and duration of the sentence for each specific criminal offence, while the court only 
imposes the sentence as determined by the law. In the determinate system, the law provides for 
the type, the minimum and the maximum range of punishment for each criminal offence, and 
the judge establishes the sentence within these limits. Indeterminate systems exist in two forms: 
1) absolute indetermination, in which the law does not determine the type of punishment, 
allowing the court to determine the type and the length of punishment, 2) relative 
indetermination, in which the law might provide for minimum and maximum ranges and the 
court imposes an individualized sentence in complete discretion, but the actual sentence that is 
served is determined by other bodies, different from the court. (Pjeternikaj, 2019.) 
7 Based on this system, the Congress determined the margins of the sentence, within which the 
court would specify the sentence for the case. Usually, after one-third of the sentence had been 
served, a parole board would decide whether the defendant might be released on parole. 
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In 1984 a sentencing reform was passed, which abolished the 
indeterminate sentencing system at the federal level8. The 
reform consisted of the following main aspects: 

 
1) The rehabilitative purpose of the sentence was 

abrogated and it was stated that the purpose of the 
criminal sentence is punishment, education, 
deterrence and incapacitation of the perpetrator. 

2) The reform consolidated into one hand the power held 
up to that time by judges and parole boards, and 
established the US Sentencing Commission, which 
was tasked with drafting the sentencing guidelines. 

3) All criminal convictions at the federal level were 
made determinate. 

4) Appellate review was authorized for all sentences that 
deviated from the guideline, but also for several other 
reasons9. 

 
The discretion that was taken from the judges when Congress 
made the sentencing guideline binding was returned to them 
(Bloom, 2005) by the US Supreme Court in United States v. 
Booker10. Firstly, the court stated that the binding guideline 
violated the rights of the defendants under the 6th Amendment11, 
as it gave the judge the power to draw factual conclusions that 
could increase the sentence above the maximum that could have 
been possible based on the jury’s conclusions. Secondly, the 
court stated that this violation could have been avoided if the 
guideline had just been made discretionary or advisory. As a 
result, the court repealed the provisions that made the guideline 
binding and allowed the appellate review of sentences that 
deviated from it. Based on this decision, judges are not obliged 
to apply the guideline, but they do so on a discretionary basis. 

 
Today, the federal government and several states have 
determinate sentencing systems, while other states continue to 
operate with indeterminate sentences. The federal sentencing 
guideline represents a two-dimensional chart: the offense level 
on the vertical dimension and the criminal history on the 
horizontal dimension. This model and several other models of 
sentencing guidelines are in use throughout the United States, it 
is widely believed that sentence ranges in the US are narrow 
and that the guidelines are very restrictive. (Reitz, 2013.) For 
this reason, the American model has not found popularity in 
other countries. 

 
In Great Britain, judges enjoyed full discretion in determining 
criminal punishment, with a few rare exceptions, and were 
guided only by the standards of appellate review. (Radziniwicz, 
1985.) There were very few mandatory minimum sentences in 
English law. As a rule, the Parliament sets the maximum limits 
of sentences, while judges exercise their judgment in 
determining the sentence within these limits. The sentencing 
appellate system has existed since at least 1907 and the courts 
of appeal have established several sentencing principles. 
Starting in 1980, the Chief Justice of the Supreme Court has 
issued instructing opinions, in which he has suggested the levels 
from with the calculation of the sentence for certain offenses 
should begin. (Ashworth, 2005.) At the same time there were 
several initiatives of the magistrates themselves to draft non-
binding sentencing guidelines. In 1998, the Sentencing 
Advisory Panel was established, which adopted a non-binding 

 
8 The Sentencing Reform Act of 1984 (Comprehensive Crime Control Act of 1984; P.L. 98-
473), 28 U.S.C. §994(k), 18 U.S.C. §3553(a)92). 
9 This meant that the guideline was binding. 
10 543 U.S. 220 (2005). 
11 The 6th Amendments provides for the right to jury trial. 

guideline that was applied in the majority of cases by appellate 
courts. In 2003, the Sentencing Guideline Council was 
established, a body composed of mainly judges that had the 
power to draft final sentencing guidelines to be applied by the 
courts. In 2009, the panel and the council were replaced by the 
Sentencing Council12 and, thus, sentencing guidelines became 
an integral part of English criminal law. These guidelines do not 
contain tables; instead, they are narrative and not so strict. Great 
Britain has a higher number of prisoners compared to other EU 
countries, but that number is about ¼ of the number of prisoners 
in the United States13. 

 
In recent years, many other countries of the common law 
tradition have sought to establish mechanisms similar to US and 
British sentencing guidelines. These efforts reflect the desire for 
more consistency in sentencing policies to build a criminal 
process that is fair to all defendants, but also to predict as 
accurately as possible what the prison population will be. (Lord 
Carter, 2007.) The first objective, the differences in sentence 
type and duration for convicts in similar circumstances is 
supported by existing scientific research. (Ashworth, 2005.) 
But, recently, the planning of prison population has also 
become very important for different countries, for budgeting 
purposes and for the planification of social measures. 

 
Sentencing guidelines are a tool to ensure greater consistency 
and, as a result, more predictability. Several countries, like 
Belgium, New Zealand, Australia, Israel, South Africa, South 
Korea (Ashworth, Roberts, 2013), have considered the adoption 
of sentencing guidelines of various types. The objections from 
the judiciary have been the strongest opposition these guidelines 
have encountered. Judges believe that the adoption of binding 
guidelines that create mandatory sentence margins has no 
benefits and have argued that their discretionary power and the 
instructions of higher courts are sufficient. 
 

3.  SENTENCING GUIDELINES IN KOSOVO 
 
The penal policy in Kosovo has long been subject to criticism 
from both scholars and local organizations, as well as from 
international partners that monitor and support the justice 
system. Even the higher judicial and prosecutorial officials have 
publicly criticized the judicial case-law as far as it concerns the 
issue of sentencing policies. (IKD, 2019.)  
 
To address these concerns, the work was begun for the adoption 
of the Kosovo sentencing guideline14, based on an initiative of 
the US Embassy in Pristina. The guideline was approved by the 
Supreme Court of the Republic of Kosovo on February 15, 
201815 during a general meeting of the court. 
 
The guideline is based on the Criminal Code16 and the Criminal 
Procedure Code of Kosovo17, as well as on the 
recommendations of the Council of Europe and interpretations 
made by the Constitutional Court of Kosovo18. The guideline is 

 
12 Coroners and Justice Act 2009. 
13 Source: statista.com.   
14 Official name is: Guideline for Sentencing Policy. 
15 The Supreme Court of Kosovo, “Udhëzues për Politikën Ndëshkimore”, 2018. 
16 The Criminal Code of the Republic of Kosovo, Kodi nr, 04/L-02, Official Gazette of the 
Republic of Kosovo Nr.19/13, July 2012, Pristina. 
17 The Criminal Procedure Code of the Republic of Kosovo, Kodi nr. 04/L-123, Official Gazette 
of the Republic of Kosovo Nr.37/28, December 2021, Pristina. 
18 The guideline cites an opinion of the Constitutional Court of Kosovo, which argues that the 
lack of coherence in judicial decision-making constitutes violation of the ECHR: “The decision-
making of courts of regular jurisdiction in cases that are completely the same and the non-ability 
and lack of desire to establish a coherent case law seriously violates the principle of legal 
certainty as one of the basic principles of the rule of law. Therefore, there is no doubt as to the 
fact that the decision-making in these circumstances constitutes violation of Article 6 of the 
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presented as a method to address the relevant provisions of the 
Criminal Code and includes a suggested form for gathering 
evidence that are relevant for sentencing and a draft for final 
decisions. The guideline provides a list of circumstances that 
must be used by judges to mitigate and aggravate the sentence; 
together with the relevant explanation of the weight that these 
circumstances must have in the final sentence.  
 
In two separate chapters, which constitute its core, the guideline 
deals in detail with mitigating and aggravating circumstances. 
In this regard, the guideline is very detailed, as, for each 
circumstance, it clarifies its meaning, the factors that must be 
taken into account in its application, as well as the issues that 
the court must clarify. Parallelly, the guideline explains how 
mitigating and aggravating circumstances are weighed in the 
same decision and how duplication of circumstances is avoided, 
in the sense that non-circumstantial evidence is not used and the 
same circumstances cannot be taken into account twice within 
the same decision.  
 
The guideline also contains a chapter on the “Practical 
implementation of the guideline”, which instructs the court on 
how to act in each case, giving detailed explanations on 
sentencing. The guideline also deals with the application of 
alternative sentences, supplementary sentences and the 
examination of cases on appeal.  
 
Appendix 1 of the guideline contains the table to be used to 
calculate the sentence. The table sets the standards for each case 
and the sentence ranges that the court must take into account. In 
this sense, the Kosovo guideline is a tabular one. 
 
Following the approval of the sentencing guideline, in February 
2018, the General Session of the Supreme Court established the 
Penal Policy Advisory Commission tasked with monitoring the 
trends in penal policy in Kosovo. During 2018 this commission 
held 12 roundtables across the country, with the support of the 
US Embassy.  
 
A study conducted in 2019 (IDK, 2019) on the implementation 
of the guideline, showed that the judicial system of the Republic 
of Kosovo has not established a uniform sentencing case-law 
and that no part of the guideline has been implemented to a 
satisfactory level. (IDK, 2019.) Further, it was noted that there 
is no consistency in the way court decisions were justified, but 
pre-fabricated justifications were used, without care to adapting 
them to the specifics of each case. (IDK, 2019.)  
 
Thus, despite the adoption of the guideline, in Kosovo the issue 
of judicial assessment of aggravating and mitigating 
circumstances, as well as the weighting process in specific cases 
remain completely unenforceable in practice. In addition, 
sentences continue to be low (Gjykata Supreme e Kosovës, 
2019) and opinions unjustified when it comes to the selection of 
the type and extent of the sentence.  
 
Despite these findings, in 2020 the Supreme Court adopted a 
specific guideline on the imposition of fines as criminal 
punishment19.  
 

 
ECHR and of Article 31 of the Constitution”. See also Beian v. Romania, 30658/05, 2007, 
ECHR. 
19 The Supreme Court of Kosovo, “Udhëzues Specifik për Caktimin e gjobës si sanksion për 
veprat penale sipas Kodit penal të Republikës së Kosovës”, 2020. 

4.  THE GUIDELINE - THE CASE OF NORTHERN 
MACEDONIA 

 
The overall goal of the justice system reform in Macedonia was 
to build a functional and efficient justice system, based on 
European standards. In the field of criminal sentences, the 
changes made to Article 3920 of the Criminal Code are 
important to mention. Based on the need for more uniformity 
and predictability in sentencing (Brashear Tiede, 2012), this 
article was amended twice in 2014. Initially Article 39 was 
amended to stipulate that the court determines the sentence in 
accordance with the Book of Rules for the Determination of 
Sentence, which is approved by the President of the High Court 
based also on the prosecutors and lawyers’ opinion. 
 
The book was approved on 16.4.201421 by the President of the 
High Court Lidija Nedelkova. Nedelkova explained that the 
book was a mixture of legal institutes and criteria, on the one 
hand, and case-law and research, on the other, and constituted 
an innovative endeavor that should not be rejected, but further 
developed. 
 
At the end of 2014, the government amended Article 39 again 
and replaced the book with a law on the determination of 
sentences. The law was passed on the same day22. The law was 
passed with the aim of overcoming weaknesses in criminal 
policy and establishing equality in sentencing, but was 
immediately opposed by scholars and practitioners as a law that 
interfered with judicial authority and insulted the role of the 
Supreme Court under the Constitution. (Buzarovska et al, 
2016.) 
 
The criteria for determining sentences were provided for strictly 
and objectively (with vertical and horizontal categories), which 
created an obligation for judges to impose a certain type and 
duration of criminal sentence. This manner of determining the 
sentence was deemed contrary to the previous efforts to select 
and train professional and independent judges. On the other 
hand, the determination of the category to which the crime 
belonged was a simple point calculation that anyone could do. 
(Bozhinovski, 2017.) It was also argued that this law would 
pave the way for greater abuse with alternatives to trial 
(especially plea agreements). Different scholars stated that the 
parliament had not been sufficiently familiar with the common 
law point of view, which was supposedly the inspiration for the 
law, because in these systems the guidelines only have a 
supplementary function, are not binding and do not replace the 
judges’ free evaluation regarding the type and duration of the 
sentence. 
 
In 2017, Hristijan Georgievski, a lawyer from Kumanovo, 
requested the repeal of this law in an application to the 
Constitutional Court. On 27.11.201723, the Constitutional Court 
repealed the law as contrary to the principles of judicial 
independence and free evaluation of evidence24, based on which 
the judges create their inner conviction which leads to a 
decision. Given that North Macedonia belongs to the sentencing 

 
20 The Criminal Code (1996, 1999, 2002, 2003, 2004, 2005, 2006, 2008, 2009, 2011, 2012, 
2013, 2014, 2015, 2017). Official Gazette of the Republic of North Macedonia (37/96, 80/99, 
04/02, 43/03, 19/04, 81/05, 60/06, 73/06, 07/08, 139/08, 114/09, 51/11, 135/11, 185/11, 142/12, 
166/12, 55/13, 82/13, 14/14, 27/14, 28/14, 41/14, 115/14, 132/14, 160/14, 199/14, 196/15, 
226/15, 97/17). 
21 Official Gazette of the Republic of Macedonia (64/14). 
22 Official Gazette of the Republic of Macedonia (199/14). 
23 Official Gazette of the Republic of Macedonia (170/2017). 
24 Law on courts (2006, 2008, 2010). Official Gazette of the Republic of Macedonia (58/06, 
62/06, 35/08, 150/10). Law of the criminal procedure (2010, 2012, 2016). Official Gazette of 
the Republic of Macedonia (150/10, 100/12, 142/16). 
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system with minimum and maximum margins provided for in 
the law, the determination of the sentence within these margins 
is a function of the judicial system. (MASA, 2014.) The 
decision of the Constitutional Court was welcomed by the 
European Union in its progress report on North Macedonia25, 
which also emphasized that this decision was a step towards re-
establishing the authority of the judiciary. 
 

5.  ON THE USEFULNESS OF A SENTENCING 
GUIDELINE IN ALBANIA 

 
The statistics mentioned at the beginning of this paper on the 
number of prisoners in Albania should be of concern. 
Overcrowding in prisons can be attributed directly to the 
increased criminalization of new offenses, but also to the 
general increased severity of criminal sanctions26, either though 
lowered minimum ranges or increased maximum ranges. 
(Nikolli, 2015.) These have generally been the ways in which 
penal policy has been applied in our country. It seems that the 
penal policy of the post-communist period in Albania has not 
been a process driven by the analysis of facts, statistics or 
scientific arguments, but a populist process without a scientific 
and moral basis. (Nikolli, 2015.)  
 
The lack of a coherent penal policy is also suggested by the 
simultaneous increase in the crime rate in the country27. The 
increase of sentence limits for various crimes has not led to the 
desired reduction in crime. On the other hand, the application of 
non-individualized measures to reduce prison overcrowding, 
such as year-end amnesties (Nikolli, 2015), has exacerbated the 
lack of coherence and strategic planning in penal policy. 
Extensive amnesties have caused problems of other natures28, 
obviously unimagined by the drafters and legislators, which is 
one more argument for the fact that they are not actually part of 
national penal policy (Nikolli, 2015), but only a reaction to 
emergency situations or populist needs.  
 
The problems of the Criminal Code in determining the margins 
of sentences and the principles of individualization of criminal 
punishment were reiterated in the analytical document on the 
justice system, which preceded the justice reform29. It was 
stated there that the Criminal Code lacks concrete guidelines 
that should guide the court or prosecutor in the sentencing 
process. Further, the analysis reaches the conclusion that the 
adoption of margins of punishment has not followed a scientific 

 
25 European Commission (2018), commission staff working document “The Former Yugoslav 
Republic of Macedonia 2018 report”. 
26 It is not within the scope of this paper, but it should be mentioned that the increased prison 
population must also be attributed to the increase in the backlog of cases awaiting trial. The 
backlog at first level increased by 28% at the end of 2021, where a total of 36,579 cases remains 
pending. Of these, 8,373 case are penal, but the backlog as a whole affects most courts in the 
country because they do not have separate penal and civil chambers. All six appellate courts 
combined had a total of 8,820 criminal cases pending at the end of 2021, while the Supreme 
Court had 35,822 pending cases. The backlog created is mainly a result of delays in the creation 
of new institutions and the inability to fill vacancies created by the dismissal of judges as a 
result of the vetting process. Sources: The High Judicial Council and the Supreme Court. 
27 From 2016, the criminality rate has steadily increased. Despite a decrease in 2020, in 2021 the 
rate increased again considerably compared to previous years. Source: INSTAT. 
28 In Pulfer v. Abania (application No. 31959/13, dated 20.2.2019), the ECtHR found violations 
of Article 3 of the ECHR, when it found, among others, that “in cases of torture or ill treatment, 
amnesties and pardons must not be tolerated… even though the legal framework might have had 
a sufficient deterrence effect… this later was erased by the law on amnesty.” Source: the Office 
of the State Advocate. 
In 2017, a judge was murdered by her ex-husband, who had been previously convicted for the 
violence and threats towards her, but had been released prior to serving all his sentence because 
of a general amnesty. This case started a debate on the negative effects on general amnesties, 
especially regarding the effects on the fight against domestic violence, which consists of crimes 
that receive lenient punishments (therefore, very likely to be included in every amnesty. 
See, for example, https://www.reporter.al/vrasja-e-paralajmeruar-denoncimet-e-gjyqtares-u-
injoruan-me-mbyllje-hetimesh-dhe-amnisti/    
29 The Assembly of Albania, The Ad-Hoc Parliamentary Commission on the Reform of the 
Judicial System, Group of High-Level Experts, “Analizë e Sistemit të Drejtësisë në Shqipëri”, 
June 2015. 

methodology, but rather a momentary tendency to criminalize a 
certain behavior. In this sense, the analysis also finds problems 
in the fact that the above pave the way for broad judicial 
discretion, making the determination of the specific sentence an 
unpredictable act of judicial decision-making.  
 
In the strategic conception of the justice reform30, one of the 
defined objectives was the review and clarification of measures 
and criteria for criminal punishment for a large part of criminal 
offenses, as well as the harmonization of definitions of crimes 
and their respective sanctions with European standards. 
However, the Criminal Code was not taken into review until 
202031. A study focused on drug-related crimes (Zhilla et al, 
2017) argued a lack of consistency in sentencing determined by 
court decisions, as well as a tendency to impose lenient 
measures. It was also found that some offenses had very narrow 
sentence limits, leaving no room for individualization of the 
sentence.  
 
In the presentation of the work done for the new Criminal Code, 
the drafters reiterated once again the goal of resolving the 
ambiguities of the legal provisions, which have become a cause 
for abusive judicial interpretations and, at the same time, the 
goal of reducing the discretion of judges in the determination of 
sentences32. The new Criminal Code is still being drafted.  
 
Can these problems be solved with the approval of a sentencing 
guideline? The experience of Kosovo and North Macedonia, but 
also the reluctance of other countries, suggests that it is unlikely 
that such a measure will be effective in Albania, and it may 
even become dangerous for the fragile independence of our 
judiciary.  
 
Inequality in sentencing in Albania comes from some systemic 
problems. The organization of the justice system is complicated. 
The appellate process takes a long time and the backlog of cases 
is very large. Inadequate policies for the selection and 
promotion of judges, as well as the ongoing political influence 
on the judiciary have affected its independent functioning. In 
recent years, the pressure of the vetting process of judges is also 
apparent in their decision-making. The lack of judicial 
independence, mainly as a direct effect of the high politicization 
of judicial appointments and of the direct political interference 
have been addressed many times in reports concerning the state 
of the judiciary in Albania33. Therefore, as in the case of North 
Macedonia, the adoption of a mandatory sentencing guideline in 
Albania, while limiting judicial discretion, will be a further 
threat to judicial independence. 
 
On the other hand, as frequently evidenced34, the overall 
inefficiency of the judicial system creates incentives for judicial 
corruption. A mandatory sentencing guideline will create 
opportunities for abuse of alternative procedures, such as the 
abbreviated trial, plea agreements, etc. The same issue was 
evidenced in North Macedonia where similar issues exist.  
 
The above problems must be considered in connection to the 
previously mentioned chaos in penal policy, as well as with the 
frequent amendments to the Criminal Code. It can be said that, 

 
30 The Assembly of Albania, The Ad-Hoc Parliamentary Commission on the Reform of the 
Judicial System, Group of High-Level Experts, “Strategjia e reformës në sistemin e drejtësisë”, 
2015. 
31 Since the presentation of the strategy, the Criminal Code has been amended several other 
times, following the same chaotic and non-coherent process. 
32 Prezantimi i Kodit të Ri Penal - Ministria e Drejtësisë (drejtesia.gov.al) 
33 European Commission, 2016, Albania 2016 Report, November 2016. 
34 See note 33. 
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due to so many changes, the Criminal Code has a fragmented 
text, which does not serve the role that this code should have in 
society and in the correct understanding of criminal law.  
 
In the case of a discretionary guideline, Albania would run the 
same dangers as Kosovo, where the judges have not 
implemented the guideline at a satisfactory level. Because of the 
setup of both legal systems, it is very difficult to hold judges 
accountable or to compel them to follow a guideline that is not 
mandatory at law level. 
 
Another danger of adopting a discretionary sentencing guideline 
is the fact that our legislators are not sufficiently familiar with 
the widely accepted views in common law systems. In these 
systems, it is considered inherent in their meaning that 
sentencing guidelines are only guides and that the final decision 
is made by the judge. In these countries, sentencing guidelines 
are seen as a process, not a conclusion. (Ashworth, 2005.) In 
these countries, guidelines have been gradually consolidated by 
Supreme Court judges and over several decades.  
 

6.  CONCLUSION 
 

In conclusion, it is believed that a binding criminal sentencing 
guideline would not be in line with the Albanian constitutional 
and criminal law framework, because it would threaten judicial 
independence and provide more incentives for corruption. On 
the other hand, a discretionary guideline would be, at the best 
case scenario, sporadically applied, thus, unlikely to be 
successful in unifying and predicting penal policy.  
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ABSTRACT 
 

In this article, we would like to introduce a cross-cultural 
communication exchange between the University of Venice in 
Italy and our university in Japan, and we try to show how 
effective intercultural communication is for the processes of 
academic globalization. The aim of the exchange is to share ideas 
with presentations from students based on a theme of Fan 
Tourism. We incorporate Osland’s model of working abroad 
based on the hero’s journey and show the relationship between 
intercultural communication and Osland’s model. We also show 
the exchange output and discuss how transnational exchange can 
become a force driving and accelerating academic globalization.  
 
Keywords: Online intercultural exchange, Fan tourism, Osland’s 
model, Transnational exchange, Academic globalization 
 
 

1.  INTRODUCTION 
 
In this article, we would like to introduce a cross-cultural 
communication exchange between the University of Venice in 
Italy and our university in Japan, and we try to show how 
effective intercultural communication is for the processes of 
academic globalization. We belong to the Graduate School of 
International Tourism Management, and since 2019, we have 
been collaborating with CISET, Centro International di Studi 
sully Economia Truistical (Center for International Tourism 
Economics) regarding sustainable tourism research. 
 
This academic exchange is for graduate school students at Venice 
University and Toyo University. The aim of the exchange is to 
share ideas with presentations from students of both graduate 
schools based on a theme of tourism management. We started the 
exchange last autumn, then again in June of the spring semester, 
and for a third time in December. This exchange of December 1 
successfully achieved more than we expected. Through the 
exchange, we would like to show how transnational 
communication can work for the forces driving and accelerating 
academic globalization[1][2]. Especially, tourism study requires 
international perspectives and mutual cultural understanding 
between host and guest countries/regions. The best way to realize 
these goals is to visit the target place; however, this can be too 
expensive for students. Online exchange can be one promising 
tool. We suppose that online exchange can be one key to 
motivating students to go abroad in the future to deepen their 
intercultural communication [3][4][5]. 

In Section 2, we explain about Fan Tourism, which is the main 
subject of the exchange, and why we chose fan tourism as the 
subject. In Section 3, we incorporate Osland’s model of working 
abroad based on the hero’s journey and show the relationship 
between intercultural communication and Osland’s model. In 
Section 4, we show the exchange output and discuss how 
transnational exchange can become a force driving and 
accelerating academic globalization. In Section 5, we conclude 
and describe our future work. In the Appendix, we show some 
pictures of online presentation exchanges on December 1, 2021. 
 
 

2.  FAN TOURISM 
 

What is fan tourism? 
Fan tourism is a travel activity in which fan tourists (participants 
in fan tourism) visit places for concerts or matches to support 
their idols or to remember scenes from movies, TV series, or 
novels [6][7][8][9]. The interests of fan tourists are very diverse: 
sports, film, TV drama series, animation, etc. Fan tourists also 
visit the birthplaces or cemeteries of artists or celebrities. From a 
tourist marketing perspective, fan tourism can be expected to 
bring large economic benefits, as fan tourists not only support 
their idols or remember places but also enjoy other activities, 
such as visiting local attractions at the destination. Lately, fan 
tourism has been growing increasingly popular around the world 
[10].  
 
We chose fan tourism as the presentation theme because both 
students are studying in graduate schools of tourism studies in 
Italy and Japan. Their generation is especially interested in 
contemporary content such as media and subculture, and students 
are eager to know each other’s content culture. In addition, 
thanks to fan tourism currently becoming global phenomenon, 
we can share and exchange ideas between fans in different 
countries regarding fan tourism. We think that picking up tourism 
studies can contribute to academic globalization, and the 
globalized world enables academic activities to transform in a 
better direction. 
 
Fan tourism as intercultural communication 
We aim to realize intercultural communication through 
presentations on fan tourism. For students, composing the 
content of their presentations regarding fan tourism can be 
strongly linked to their cultural interest, and they will express 
their own cultural point of view. At the same time, the students 
prepare the presentation slides while considering their peers with 
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different cultural background, so they imagine and elaborate as 
to how the slide content might affect their peers. Also, they want 
to exchange their cultural way of thinking. Such a pre-
presentation process should be very important for promoting 
intercultural communication, and the students are expected to 
obtain global perspective skills naturally.  
 
This time, student presentations were held online. This is not only 
due to the Covid-19 pandemic. As written in Section 1, it would 
be rather difficult for students to visit their peers’ location due to 
travel expenses and geographical distance. We think that online 
presentation exchange can be a sustainable tool for academic 
globalization as well as intercultural communication regardless 
of the recent Covid-19 pandemic. 
 
However, online exchange has limitations for intercultural 
communication from an educational perspective. It goes without 
saying that it would be ideal for students to visit their peers’ 
location in reality in the future. Online exchange is thought to be 
a preparing phase for future real global academic exchanges. In 
the next section, we would like to introduce one acculturation 
process model and incorporate online cultural exchange into the 
model. 
 
 
3.  THE HERO’S JOURNEY OF OSLAND’S MODEL OF 

WORKING ABROAD 
 
Six parts in the hero’s journey of Osland’s model 
This model is adapted from Joseph Campbell’s work on mythic 
heroes and Joyce Osland’s own experience abroad [11]. Based 
on numerous interviews and observations of expatriates (anyone 
living in a country other than the one in which he or she was 
raised), Osland found many similarities between the expatriate 
acculturation experience and Campbell’s work on mythic heroes 
[12]. Mythic heroes departing for adventure have had many 
unexpected experiences. During their journeys, they encountered 
many supporters and enemies; finally, they found something they 
were seeking before returning to their homeland. Also, although 
they returned safely, they may not always be happy in their 
homeland. Osland tried to explain multiple acculturation 
processes according to such a hero’s journey story. Table 1 shows 
Osland’s model corresponding to the hero’s journey. Osland’s 
model is composed of six parts: The call to adventure, in the belly 
of the whale, the magical friend, the road of trials (paradoxes), 
ultimate boon, and return. Osland intended to adapt the model to 
people working abroad; in contrast, we use the model for the 
academic globalization process. 
 
 
Table 1. Osland’s model adapted from the hero’s journey, 
excerpted from [12], pp. 293-297. 

Hero’s journey 
part Description 

1. The call to 
adventure 

The opportunity to go abroad and 
experience a new way of living in a new 
world 

2. In the belly of 
the whale 

Entering an unknown culture; crossing a 
threshold from one’s past life into a 
totally different life 

3. The magical 
friend 

Regardless of mistakes one may make 
and challenges that one may face in this 
new land, eventually, one seems to find a 
magical friend or a cultural mentor. 

4. The road of 
trials 

(paradoxes) 

Even with a magical friend to serve as 
mentor, the hero must eventually go 
down his and her own road of trials. 
These trials must be experienced, 
although mentors can help during this 
process. Paradoxes are the seemingly 
contradictory but equally true ideas that 
emerge as one tries to mediate between 
two cultures. 

5. Ultimate boon 
Transformation of the self. Finding ways 
to deal with the trials of the road results 
in an empowered person. 

6. Return 
Finding that things have changed. Certain 
things were idealized, but they may no 
longer have the same elevated status. 

 
Relationship between intercultural communication and 
Osland’s model 
We adapted an intercultural communication process in our 
exchange in accordance with Osland’s model. As shown in 
Figure 1, we regard the online exchange process as In the belly 
of the whale, the second part of Osland’s model. Metaphorically, 
it may be so dark in the belly of the whale that one cannot see 
anything; however, one must advance in search of the exit. On 
the way, one may touch the sides of the belly to understand what 
is going on. According to Osland’s model, to acculturate oneself 
successfully in a totally different world, one should cross a 
threshold; in fact, crossing the threshold is made difficult by 
some factors, such as culturally inappropriate constraints. Based 
on Osland’s description, we interpreted this part of In the belly of 
the whale as being the presentation phase in which students are 
struggling and making efforts to convey what they want to 
express to their peers online. Also, touching the belly of the 
whale can be likened to getting the reaction of online peers during 
the presentation. Questions and answers after the presentation are 
very important because students got unexpected questions from 
their peers and must answer considering different the cultural 
backgrounds.  
 
Our online exchange can motivate the students to communicate 
transnationally and to explore global thinking. Online exchange 
can be said to play a satisfying role in place of real experience. 
However, we think that the online exchange should only be 
considered to be the phase of In the belly of the whale. As shown 
in Figure 1, online and offline parts are separated with a dotted 
line. After the phase of In the belly of the whale, students should 
make transnational experience a reality to meet the magical 
friends indicated in Osland’s model. 
 
 

 
Figure 1. Osland’s model with a dotted line (made by the authors 
based on [11]) 
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4.  TRANSNATIONAL EDUCATION FOR THE FORCES 
DRIVING AND ACCELERATING ACADEMIC 

GLOBALIZATION 
 
Presentation exchange results 
The exchange class featured nine presentations from each 
graduate school. Some presentations were made by a group and 
others by a single student. Student presentations were made 
alternately by the countries. In Table 2, we summarize the student 
presentations on fan tourism. In Table 2, we can find some 
interesting differences between the students of each side. CISET 
students at Venice University in Italy tend to choose TV series as 
presentation titles; on the other hand, Toyo University students 
choose animation. 
 
Table 2. Summary of the student presentations on fan tourism 

CISET students ITALY 
Title Fan Destination 

Queen artist London 
Gomorra TV series Naples 
Outlander TV series Scotland 

Curon TV series Curon Venosta1 
Toyo students JAPAN 

Title Fan Destination 
If You Are the 

One animation Hokkaido2 

Anohana3 animation Chichibu4 
Kimi no Na wa5 animation Hida6 

Initial D animation Shibukawa7 
Detective 

Conan animation Tottori8 
1 A small town located in South Tyrol, northern Italy, on the border with 
Austria and Switzerland 
2 The northernmost prefecture in Japan 
3 In English, The Flower We Saw that Day 
4 A city located in the west of Saitama Prefecture north of Tokyo 
5 In English, Your Name 
6 A city located in Gifu Prefecture, in the middle of Honshu Island, 
Japan 
7 A city located in the middle of Gunma Prefecture, north of Tokyo 
8 A northern prefecture located in the northwest of Honshu Island 
 
The importance of transnational education - crossing over 
the belly of the whale 
In Table 2, a difference can be found in the choices of fan 
categories between groups of students. We think that such 
choices should not be important; however, it is valuable to 
evaluate what students from each side think of this phenomenon. 
We expect that the students can understand some cultural 
differences from the presentation results. We would like to show 
two comments from our university students. 
 
Student A: 
I don’t know Italian culture very well, so I have no knowledge 
about what TV series are popular in Italy. In Japan, we know that 
Japanese animation is well known globally, which persuaded me 
and my colleagues to choose animation as fan tourism. Next time, 
I hope we can exchange our cultures mutually. Especially, I want 
to talk about our histories, because knowing the history behind 
their culture is the best way to understand each other. 
 
Student B: 
I have the impression that the presentation content reflects the 
most well-known popular culture in each country. When we 
introduce the most popular culture in Japan, we will first choose 
animation unintentionally, as we know Japanese animation is 

very famous all over the world. In Italy, fans often visit the places 
broadcasted in TV series. On the other hand, in Japan, fans visit 
the places introduced in animation. In the future, I would like to 
discuss common problems and differences in inbound tourism 
both of Venice and Tokyo with CISET students because the two 
cities are very famous tourist places in the world. 
 
What we are especially interested in about their comments is that 
the students chose animation as fan tourism content for the reason 
that Japan’s animation is very famous throughout the world. 
They again recognize their own culture and how popular it is in 
culturally different countries. They are proud of their own culture 
and want to show it to others; at the same time, they seem to want 
to understand their peers’ culture.  
 
Excerpted from [12], pp. 296: 
Osland notes that her interviewees felt that this was the most 
significant of the paradoxes they faced. A hero tends to recreate 
the identity in very unique ways even as she or he is more aware 
and accepting of different identities. 
 
The above quote expresses something a bit different from our 
case on the point of working abroad, but we would like to apply 
them to our case. Through online presentation exchange, the 
students are aware of their own culture, and at the same time, we 
hope the students will accept different cultures more willingly. 
 
 

5.  FUTURE WORK 
 
In this article, we introduced a presentation exchange as a cross-
cultural communication project between the University of 
Venice in Italy and our university, and we showed how effective 
intercultural communication is for academic globalization 
processes. Our academic exchange is related to the second part 
of Osland’s model, In the belly of the whale. Currently, we have 
yet to try many things with our exchange project. We should try 
more exchange sessions, not only related to fan tourism, but also 
including more diverse themes. Moreover, choosing themes on 
tourism studies can be one of the most promising directions, as 
the field of tourism studies has strong potential for intercultural 
communication. As travelers, people around the world are 
moving transnationally and exchanging local host culture and 
their own. Finding suitable themes in tourism studies can give 
students a more positive outlook on intercultural communication 
and academic globalization. 
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Exploring the Institutional Context of an International Alliance and Micro-foundations of 
Its Dynamic Political Capabilities 

Andrejs Čirjevskis 

ABSTRACT 

The institution-based view of strategy has become a leading 
perspective in international business and strategic 
management. However, to date, the institutional context of 
strategic alliances, particularly the analysis of the influence 
of government agencies on the synergies or dyssynergies of 
international alliances, remains unexplored. The paper aims 
to incorporate institutional dimensions into dynamic 
capabilities views of competitive advantage and to explore 
the conditions for collaborative synergies in international 
alliances. Empirically, this paper aims to contribute to the 
existing theoretical gap by showing how the alliance of 
Tesco and Carrefour could not fundamentally change their 
strategies to exploit the opportunities of globalization due to 
the significant influence of the institutional context on their 
collaborative synergies.  

Keywords: institutional context, dynamic capabilities, 
strategic alliance, grocery retail, synergy 

The institution-based view of strategy has become a leading 
perspective in strategic management (SM) and international 
business (IB). Nevertheless, the use of the institution-based 
view of strategy as an integrated framework for 
understanding competitive advantage or disadvantage is still 
quite new. This implies that further research is needed on 
what determines the success or failure of an international 
strategic alliance. This paper aims to contribute to this 
theoretical gap by showing how the alliance of Tesco and 
Carrefour could not fundamentally change their strategies to 
exploit the opportunities of globalization due to the 
significant influence of the institutional context and the lack 
of dynamic political capabilities. The paper explored the 
Brexit event in the life of the UK and some serious 
consequences on the Tesco-Carrefour alliance, as well as an 
influential role, was played by the Covid-19 pandemic 
started in 2019. Although Tesco and Carrefour have not 
demonstrated effective dynamic political capabilities in 
search of collaborative synergies,  as well as French 
authorities imposed strict restrictions on the Tesco-
Carrefour alliance, what they could have done differently, 
anyway? Thereby, the current paper makes several 
theoretical and empirical contributions to two different 
knowledge areas: international business (IB), and strategic 
management (SM). By contributing empirical research in IB 
and advancing the dynamic capabilities view of SM, the 
author has developed practical micro-foundations of 
dynamic political capabilities of the international alliance 

and bridged them with alliance development capabilities and 
the phase of the single alliance life cycle in the cohesive 
whole construct as given in Tables 1 and 2. 

2.1 Institutional contexts in international business 

Institutions can be understood as the rules of the game in a 
society [1,2]; they are the humanly devised constraints that 
structure political, economic, and social interactions [3]. 
This perspective has roots in both the institutional economics 
[1,4] and institutional theory literature [5,6,7], and thus 
“incorporates the role of institutions in understanding why 
firms differ in terms of competitive advantage” [8, p.82]. 
The institution-based view of strategy [9] has become a 
leading perspective in strategic management (SM) and 
international business (IB). In addition, Peng [10] argues that 
such important issues as strategic alliances and acquisitions 
in IB must consider the role of government antitrust policy 
[11]. Recognition of the importance of institutions to 
competitive advantage or disadvantage is important so that 
they are no longer treated as background conditions [12]. 
This recognition is also closely related to [13] call for more 
formal inclusion of contextual factors (e.g., institutions) in 
existing models that attempt to advance management 
theories such as the dynamic capabilities based-view on 
competitive advantage. Nevertheless, the use of the 
institution-based view of strategy as an integrated 
framework for understanding competitive advantage is still 
quite new. This implies that further research is needed on 
what determines the success or failure of an international 
strategic alliance. Moreover, most of the academic research 
on the institutional view of strategy has focused on emerging 
market economies (China, India, and Malaysia) [14]. 
Therefore, research on the institutional context of 
industrialized countries could help to integrate the 
institution-based view into research on the dynamic alliance 
capabilities framework. This paper seeks to contribute to this 
direction by providing an empirical analysis of the 
institutional context in EU countries, particularly France and 
the UK, before and after the Brexit, during the Covid-19 
pandemic, and the role of governments in the international 
strategic alliance of Tesco and Carrefour (2018-2021). In 
this sense, the paper contributes to the scholarly call to 
include institutional dimensions in the dynamic capabilities 
framework. It will help scholars in their empirical research 
on the synergies and/or dyssynergies of international 
alliances and practitioners in the formation and functioning 
of alliances.  

Meza Street 3, Riga LV 1048, Latvia 
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Institutions are a critical element of the business ecosystem, 
regulatory laws, and antitrust laws influence part of the 
business environment [15]. "The organization of society-
particularly the institutional, political, and legal systems-is a 
critical determinant of success" [16, p.186]. Companies with 
strong dynamic capabilities not only adapt to the economic 
ecosystem but also shape it by collaborating with institutions 
[16]. In this sense, the Dynamic Capabilities Framework 
emphasizes the important role of supporting institutions such 
as educational and research institutions, property protection 
institutions, corruption control institutions, and rule of law 
institutions that are critical to development and growth 
within the business ecosystem ([16, p.15,47,176]. However, 
institutions such as regulators, the judiciary, and standard-
setting bodies can also constrain the rules by which 
competition plays out [17, p.1323]. Hoffman also agreed that 
regulatory constraints affect a firm's profitability in a 
particular area [18]. In addition, Teece [16] argues that 
antitrust economics has difficulty dealing with dynamic 
concepts of competitive advantage and justifies that 
promoting dynamic (not static) competition benefits 
consumers the most, if not in the short run, then in the long 
run [16, p.258]. Teece also argues that the main reason for 
the limited ability of a neoclassical economic theory to 
explain differences in growth rates across nations is 
economists' low appreciation and understanding of the role 
of institutions and governance [16, p.200]. Alliance partners 
can sense and even shape the future by seizing new value-
added combinations of assets and reshaping organizations, 
including regulatory and institutional structures, if necessary 
[17, p.1346]. A strategic alliance is a purposeful relationship 
between two or more independent companies that involves 
the exchange, sharing, or joint development of resources or 
capabilities to achieve mutually relevant benefits [18,19, 
20]. However, the integration of two (or more) international 
organizations presents a critical institutional management 
problem that the new organization must address by 
developing dynamic political capabilities [21, 22]. Dynamic 
capabilities are the ability of an organization to integrate, 
build, and reconfigure internal and external competencies to 
respond to and shape a rapidly changing business 
environment [15].  

Simply put, dynamic capabilities are the company's core 
competence to create new competencies. According to Teece 
[17, p.1319], "dynamic capabilities can be divided into the 
ability to (1) identify and shape opportunities and threats, (2) 
seize opportunities, and (3) maintain competitiveness by 
enhancing, combining, protecting, and, when necessary, 
reconfiguring the firm's intangible and tangible assets." If so, 
what are the dynamic alliance capabilities that underlie the 
successful development of alliance building and its greater 
performance? What are the key dynamic political 
capabilities required for each stage of the alliance life cycle? 
The first set of dynamic capabilities is related to the 

functions of identifying and shaping opportunities. This 
includes searching and exploring markets and thus 
discovering new customer segments and new key activities 
needed to satisfy existing and emerging demand, as well as 
selecting new advanced international partners for 
collaboration. Once a new market and international 
development opportunities are identified, they must be 
"seized." The second set of dynamic capabilities is therefore 
related to the function of lever-aging and engaging partner 
companies to absorb and integrate their new key resources, 
capabilities, knowledge, and customer base. The third 
function of dynamic capabilities is to transform the way 
customers are engaged and sold to create new value 
propositions for customers and deliver appropriate value to 
stakeholders. Because of these transformation processes, 
partner companies reconfigure their cost structure and 
revenue stream and deliver new customer value 
propositions, giving them a new competitive advantage. The 
author conducted a structured literature review exploring the 
micro-foundations of dynamic capabilities in alliance 
formation. The review began by establishing search and 
selection keywords that assisted in selecting the most 
relevant and appropriate research to conduct the literature 
review on the stages of alliance formation and DCV. This 
helped create the comprehensive integrated content analysis 
framework, as shown in Table 1. 

Specifically, the author adopted and extended Kale and 
Singh's [19] construct of the key success factors of a single 
alliance. To specify the characteristics of dynamic 
management capabilities, the author used Kale and Singh's 
[19] key factors for alliance success as a set of semantic 
characteristics, especially their keywords, which are given 
as an explanation of the key factors for three phases of an 
alliance's life cycle.  However, when companies operate in 
business ecosystems, they may need to form multiple 
alliances with multiple partners and could dynamically 
change these alliances. Therefore, the author adopted and 
extended Hoffman's [18] construct of the three phases of 
alliance portfolio development: adapting strategy, shaping 
strategy, and stabilizing strategy, as shown in Table 1. After 
specifying the characteristics of dynamic alliance 
capabilities, the author used Hoffman's [18]  keywords for 
the strategic intent of each strategy. Next, the author used an 
integrative alliance capabilities framework by Wang & 
Rajagopalan [23] for the pre-and post-alliance formation 
phase. Wang & Rajagopalan [23] examined the dynamic 
capabilities of alliances at different stages of development 
and found that certain capabilities are more likely to be 
updated than others so that some capabilities remain 
valuable over time and in different alliance contexts. The 
paper substantiated this argument by specifying the micro-
base of dynamic political capabilities for each stage of the 
alliance life cycle. The author found that dynamic political 
capabilities [22] remain valuable for managing the 
institutional context and resolving regulatory and 
institutional constraints through collaboration with 
institutions at all stages of the alliance life cycle. In doing so, 

2.2 Institutions, strategic alliances, and dynamic 
capabilities. 
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specified the micro-foundations of dynamic capabilities at 
each stage, as shown in Table 1. 

Table 1. Bridging allocated components of dynamic alliance capabilities among three phases of an alliance with an institutional 
context. 

Source: Developed by the author. 

As shown in Table 1, micro-foundations of dynamic alliance 
capabilities relating to first, namely, alliance formation and 
the partner selection phase are (1) sensing new demands, (2) 
discovering new key geographic activities, (3) deliberating 
new international partnerships, and (4) sensing opportunities 
and constraints are imposed by institutions. Micro-
foundations of dynamic alliance capabilities for the second, 
namely, alliance governance and the design phase are (1) 
capabilities to build robust internal partnership connections, 
(2) to work with internal and external alliance members and 
engage them, (3) the capability to manage the strategic 
partnership, and (4) explore and exploit institutional context 
through probing around finding the solution. For the third, 
namely, the post-formation alliance phase, the micro-
foundations of dynamic alliance capabilities are (1) 
reconfiguration of existing resources and capabilities, (2) 
synchronizing knowledge and key activities, (3) brokering 
institutional context across the alliance, and (4) resolving 
institutional constrains and escalation in the alliance. Thus, 

Proposition 1. The capability to sense constraints imposed 
by regulatory institutions is an important dynamic political 
capability of the explorative phase of an international 

alliance that determines the international alliance's success 
or failure. 

Proposition 2. The capability to resolve those constraints 
through collaboration with regulatory and institutional 
structures is an important dynamic political capability of the 
exploitative phase of a strategic alliance that determines the 
international alliance's success or failure. 

To give an empirical illustration of two theoretical 
propositions, the paper further discusses and interprets the 
case study Tesco Carrefour research results. 

Peng [12] argues that the institutional framework in any 
given country is always in some sort of transition (e.g., 
Brexit and Covid-19 pandemic nowadays). In this vein, 
Redding's [24] calls for a heavier emphasis on thick 
descriptions of the context, such as institutions and national 
cultures, toward a clear strategic understanding: how do such 
institutions impact firm strategy and performance?  

Theoretical 
Perspective 

Formation Design Post Formation 

The phase of the 
single alliance life 

cycle  [19] 
Formation and selection phase Governance and design phase Post formation phase 

Key drivers of single 
alliance success [19] 

Partner complementarity. 
Partner compatibility. 
Partner commitment. 

Contractual provisions. 
Relational governance. 

Equity sharing or ownership. 

Use of coordination mechanisms. 
Development of thrust and 

relational capital. 
Conflict resolution and escalation. 

Alliance 
development strategy 

[18] 

Adapting strategy Shaping strategy Stabilizing strategy 

Strategic intentions 
[18]  

Develop new resources and 
capabilities and explore new 
development opportunities. 

Broadening the resource base and 
increasing strategic flexibility.  Use a 

hybrid strategy (explore and exploit) in 
uncertain situations 

Exploit and commercialize 
resources base and monetize 

collaborative strategy. 

Alliance capability 
[23] 

Information search and 
Processing. Codified routines 

and processes including partner 
evaluation techniques 

Contract design capability 
Governance capability 
Negotiation Capability 

Intra firm routines for learning. 
Knowledge transfer 

Monitoring capability. Governance 
capability 

Dynamic capabilities 
[17]  

Sensing, discovering,  and 
deliberating, 

Seizing, broadening,  and engaging. 
Reconfiguring, resolving, and 

commercializing. 
Dynamic political 
capabilities [22]  

Scanning political context and 
predictive capabilities 

Political social and capital deployment Institutional influence capabilities 

Micro- the 
foundation of 

dynamic political  
capabilities 

Capabilities to explore 
institutional context imposed by 
regulators, laws, and standard-

setting bodies and foretell 
permissible constraints 

Capabilities to explore and exploit 
institutional context with high 
regulative uncertainty through 

focusing their probing around finding 
the solution. 

Capabilities to exploit  regulatory 
and institutional structures through 

collaboration with them 

the author mapped the most important dynamic capabilities 
for achieving greater alliance success to development and 

3.  CASE STUDY TESCO CARREFOUR ALLIANCE  
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3.1 Rationales  behind entering alliance, the impact of 
institutional context, and dynamic political capabilities 

A central rationale for entering an alliance for both Tesco 
and Carrefour (2018-2021) was the development of own-
branded product sales. While being huge market players and 
the best shopping choice for a lot of people, both companies 
caught the opportunity to produce highly qualitative own-
labeled products and sell them to customers at a lower price 
across the categories. Tesco and Carrefour held an 
aggressive marketing strategy in past towards their own 
products' introduction during the past several years and put 
a lot of effort to make people acquainted with their brand 
offerings during their shopping visits. Throughout the years, 
these types of products became quite popular among 
consumers of both stores, however, both companies 
understood the need for expansion in this field. Therefore, 
the rationales behind the alliance formation were, firstly, 
increasing the number of own-branded products in the store 
(which was the main rationale of the deal) and, secondly, 
eliminating the middlemen in a face of suppliers. The basic 
economic logic comes into force here – the more parties 
involved in the process – the more commissions are 
calculated for the deal – the greater cost of a product would 
finally happen. While eliminating the suppliers, both 
companies were able to offer products (which are already 
well welcomed by the customers) in their stores at a highly 
competitive price. The alliance would then work perfectly 
for both companies if the government would not intervene in 
the process.  

However, the Carrefour and Tesco joint purchasing 
agreement was communicated to the Competitive Authority 
(CA) in France following the provisions of the Law of 6 
August 2015 for Growth, Activity, and Equal Economic 
Opportunities (Macron Law). CA opened an investigation in 
May 2019 and already in September 2019 some interim 
measures based on Egalim law took place [25]. It was 
identified that being a very profitable way of collaboration 
both for Tesco and Carrefour, the alliance impacted the 
fairness of the market in the following aspects: decreasing 
market power of supplies and decreasing suppliers' 
involvement in innovations. As an outcome of the found 
problems, Competition Authority decided to adjust the 
cooperation terms for five years by excluding several 

product families from the scope of the alliance (as of 8 
October 2020): (1) exclude agricultural products (fruits and 
vegetables: citrus fruits, berries, tomatoes, grapes, kiwis, 
melons, watermelons, etc.), bought mainly from French and 
European producers [25]; (2) limit volumes for eight product 
categories (cotton, blue cheese, fresh cheese, canned 
tomatoes, etc.) for Carrefour, to 15% of market share per 
product family [25]; (3) re-establish the possibility for small 
suppliers to respond to calls for tenders, which is aimed at 
increasing the collab-oration once again [25]. By imposing 
strict restrictions on the Tesco-Carrefour alliance, French 
authorities supported suppliers in the market (especially 
small ones) and limited the operations with own-labeled 
products, which were the highest prioritization for the 
alliance. 

Moreover, an influential role was played by the Covid-19 
pandemic started in 2019. Firstly, the UK and France 
governments introduced several restrictions on people 
gatherings, movements, and collaborations for safety 
purposes. So, customers started to visit offline grocery stores 
much rarer, while making the shopping experience faster. A 
big portion of customers moved towards online shopping. 
Both actions led to more focused shopping and not picking 
up additional unplanned items, thus decreasing the sales 
volume. Secondly, the general purchasing power of 
consumers decreased due to increased unemployment. So, 
the demand for quite many products which were in great 
attention of alliance, and which did not belong to a basic 
shopping basket (like wine or blue cheese), decreased. Brexit 
event in the life of the UK had some serious consequences 
on the Tesco-Carrefour alliance. First, with the complication 
of paperwork (legal environment), it became much more 
complicated for both countries to perform logistics between 
countries and interact in general. Second, several immigrants 
living in the UK left the country due to the complicated 
process of receiving residency permits. These people were 
usually highly needed in the retail business – sellers, movers, 
drivers, etc. [26]. So, with Brexit Tesco and Carrefour 
companies faced regulatory problems which they could not 
predict and which, finally, slowed down the development of 
own-labeled products. The comments on the institutional 
constraints of Tesco and Carrefour and the dynamic political 
capabilities needed to react, resolve, and adopt have been 
allocated into three-phase of the alliance life cycles Table 2. 

Table 2. Alliance’s dynamic political capabilities and comments on micro-foundations of  capabilities of Tesco and Carrefour   

The phase of the 
alliance life cycle 

Exploration phase Exploration and exploitation 
phase 

Exploitation phase 

Dynamic political 
capabilities [22]  

 

Scanning political context and 
Predictive capabilities 

Political social capital deployment Institutional influence capabilities 
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Source: Developed by the author 

As the result, supermarket groups Carrefour and Tesco have 
ended their purchase alliance due to the significant impact of 
the institutional context on their collaboration and expected 
synergies and as well as the lack of their dynamic political 
capabilities. 

FUTURE WORK 

capabilities framework in the recently published several 
studies [27,28], the current paper has made a higher 
contribution to international business and strategic 
management disciplines. The novelty is a micro-foundation 
of institutionally based dynamic capabilities of the alliance. 
In the previous publications, the author has provided the 
dynamic capabilities needed for successful performance in 
each phase of the alliance life cycle. However, the 
institutional context and, particularly, dynamic political 
capabilities, have been missed in previously published 
papers [27], which might be because the institutional context 
was not so important as today. Today the institutional 
context in any EU country is in dramatic transition due to 
BREXIT and COVID-19 that cannot be ignored. The 
dynamic capabilities framework [16,17] has missed the 
importance of dynamic political capabilities needed in 
pursuit of competitive advantage. Oliver and Holzinger, 
(2008) provided dynamic political capabilities but they 
didn’t link them to alliance capabilities development. 
Regarding theoretical novelty, the author has bridged 
dynamic capabilities [16,17], dynamic political capabilities 
[22], and alliance capabilities [23], that have previously been 
presumed to be independent. Thereby, the author has 
extended his previously published construct on dynamic 
managerial capabilities by bridging alliance capabilities [23] 
with dynamic political capabilities [22] and proposed the 
micro-foundations of dynamic political capabilities.  
Illustrative case study Tesco and Carrefour alliance provide 
evidence that exactly the lack of dynamic political 
capabilities was a reason for the alliance's failure. Having 
proposed future research on alliance formation, Hoffman has 
requested that "…Alliances that represent institutionalized 
linkages between firms and their environments can be 
considered an especially attractive object of inquiry" [18, 

p.851]. This paper has contributed to this scientific request. 
Teece argues that "…Management theory is not physics…. 
Deductive logic is a more useful approach. 'Appreciative' 
(qualitative, observation-based) theorizing is perhaps the 
best way of characterizing the methodology of choice" [29, 
p.335].  Having used deductive logic in the current paper, the 
case study represents important aspects of institutional 
contexts that impact on collaborative synergies of an 
international strategic alliance by taking the Tesco-
Carrefour alliance as a justification for three propositions. 
This paper is a novel theoretical and empirical contribution 
to illuminating the important micro-foundations of the 
dynamic alliance's political capabilities as prerequisites of 
collaborative synergies in international alliances from the 
institutional-based view on competitive advantage. The 
author has found that dynamic capabilities to sense 
constraints imposed by regulatory institutions are important 
dynamic alliance capabilities of the explorative phase of 
international alliance (Proposition 1) and dynamic 
capabilities to resolve those constraints through 
collaboration with regulatory and institutional structures are 
important dynamic capabilities of the exploitative phase of 
strategic alliance (Proposition 2), both determine the 
international alliance success or failure. Therefore, the paper 
contributes to the scientific discussion on the framework of 
dynamic capabilities by demonstrating that international 
partnerships are underpinned by an institutional-based 
perspective. Finally, new core political competencies 
created in an international alliance portfolio, as well as 
knowledge leveraging and pursuing dynamic political 
capabilities, are important dynamic alliance capabilities that 
could be the subject of future research papers. Although the 
interdependence between the institutional dimensions of an 
international alliance and the dynamic capabilities, of the 
collaborating partners is theoretically understood and 
evident, further empirical research is needed to integrate 
them into a coherent theoretical and empirical construct. 
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Micro- the foundation 
of dynamic political  

capabilities 

Capabilities to explore 
institutional context imposed 

by regulators, laws, and 
standard-setting bodies and 

foretell permissible constraints 

Capabilities to explore and exploit 
institutional context with high 
regulative uncertainty through 
focusing their probing around 

finding the solution. 

Capabilities to exploit  regulatory and 
institutional structures through 

collaboration with them 

Comments on the 
purchasing alliance 

between Carrefour and 
Tesco 

Tesco and Carrefour 
underestimated the French 

competition authorities, who 
forced the partners to commit 
to an agreement that seriously 

undermined the potential scope 
of the alliance 

An attempt for the two partners to 
get suppliers by warning them to 
drop their prices didn't work. The 

alliance was subject to strict 
conditions by the French 

competition authority. 

The UK's official departure from the 
EU brought with it new regulations 
and added complexity to moving 
products across the channel. The 

vulnerability of the supply chain for 
perishables was made clear during the 
COVID-19-related disruptions at the 

start of 2021. 

4.  CONCLUSION, CONTRIBUTIONS, AND 

Having empirically examined the dynamic managerial 
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ABSTRACT 
 

This paper explores the contexts and applications of metaverses, 
their potential, and possible best practices in education. The 
paradigms of learning are shifting, driven by new frontiers in 
learning through the advent of metaverses and augmented reality 
digital technologies. The future of education and work is 
evolving into a fluid landscape with uncertain job and career 
trajectories due to volatility, uncertainty, complexity, and 
ambiguity. The structuring of education as a menu of predefined 
disciplines and degrees situated in brick-and-mortar educational 
institutions may no longer be an optimal model. The evolution of 
three factorsaugmented reality digital technologies such as 
metaverses, big data, and global demand for a tech teacher 
workforce versed in Technological Content Knowledge, and 
Technological Pedagogical Knowledge will have far-reaching 
consequences for the field of education. Cognitive architecture 
and global, interactive, immersive, and real-time online spaces 
are poised to become fundamental game-changers. 

Algorithmic approaches to decision-making are 
starting to permeate both institutional and personal spheres 
through decision support systems. In education, artificial 
intelligence and intelligent systems will become change agents 
with deep impacts not only on assessment, administrative 
functions, organizational strategic planning, student acquisition, 
and retention but also on curriculum design and pedagogies.  
 
Keywords: Metaverses, artificial intelligence, Technological 
Content Knowledge, Technological Pedagogical Knowledge, 
Augmented Reality Digital Technologies, metaverses. 
 

THE BIG SCOPE: PAST AND PRESENT 
 
Education, educational institutions, and the use of tutors in 
education date back to 3500 BC. Egypt and the Middle East 
established major centers of learning with the invention of the 
written language. European education started with ecclesiastical 
establishments in monasteries during the Middle Ages. In 1330, 
a mere 5% of the population could read or write [1]. Education 
was reserved for members of the male aristocracy and religious 
orders, which jealously guarded access to literacy.  

The focus of early U.S. schooling was to “teach 
children how to read the bible and how to align themselves with 
puritan morals” [2]. John Dewey’s theory on progressive 
education promoted the central role of democracy in education. 
He believed that schools were not only a place for students to 
gain content knowledge but also a place for them to learn how to 
live. The purpose of education was thus to realize students’ full 
potential and ability to use their skills for the greater good [3]. 
Dewey further noted that “to prepare him for the future life means 
to give him command of himself; it means so to train him that he 
will have the full and ready use of all his capacities” [3]. These 
are prescient words still today, during the transition from the 
Digital Revolution to the Fourth Industrial Revolution (4IR), a 
phase driven by dramatic technological expansion and social 

change. This change will eventually transform political, 
institutional, and cultural traditions.  

4IR or Industry 4.0, is an ongoing and pervasive 
digitization of technology, industries, societal patterns, and 
processes. Yet the 4IR involves more than technology molding 
how we live, learn, work, and play. In the future, intense 
population growth in developing markets and extended life 
expectancies might fuel a massive economic expansion. 
Technological innovations will require and drive unprecedented 
educational demand in re-skilling and up-skilling for anyone 
participating in the global network of economies. Advances in 
multimedia, virtual education and virtual mobility, e-learning 
environments and platforms, and informal arenas of learning will 
lead to diverse learning opportunities in daily life and the 
workplace. 

In today’s post-pandemic world, a fluid landscape is 
developing with uncertain job and career trajectories due to 
volatility, uncertainty, complexity, and ambiguity (VUCA) in a 
post-pandemic world. The structuring of education as a menu of 
predefined disciplines and degrees in brick-and-mortar 
educational institutions may no longer be the best or most 
desirable model. The convergence of trends in three areas - 
augmented reality digital technologies (ARDTs), big data, and 
global demand for a highly qualified teacher workforce are 
poised to usher in far-reaching changes in the field of education. 
The 4IR will be responsible for new models of learning, leading 
the modernization of education systems. economies, and 
societies. 
 

OUTSOURCED AND AUTOMATED 
 

In 2016, the World Economic Forum predicted that by 2020 
“more than a third of the desired core skill sets of most 
occupations will be comprised of skills that are not yet 
considered crucial to the job today” [4]. The report further stated 
that “the 4IR is characterized by a fusion of technologies that 
blurs the lines between the physical, digital, and biological 
spheres. Thus, the 4IR is reshaping educational philosophies and 
their underpinning pedagogies by transforming the modes of 
delivery in educational institutions worldwide.” In the interview 
Radically Open: Tom Friedman on Jobs, Learning, and the 
Future of Work, the Pulitzer Prize–winning journalist reminded 
us that whatever can be outsourced and automated will be. 
Friedman further stated, “In the age of Google, no one really 
cares what you know, because the Google machine knows 
everything. All they care is what you can do with what you 
know” [5].  
 

LITERATURE REVIEW 
 
The World Economic Forum warned in its report Our Education 
System Is Losing Relevance. Here’s How to Unleash Its Potential 
of an antiquated Industrial Revolution model that focuses on IQ, 
in particular memorization and standardization. The report 
recommended that educational approaches be updated to include 
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“job readiness, the ability to compete against smart machines and 
the creation of long-term economic value in mind” [4]. The 2020 
EDUCAUSE Horizon Report: Teaching and Learning Edition 
identified as most important technologies and practices in the 
near future adaptive learning technologies; artificial intelligence 
(AI)/machine learning education. AI applications will drive 
analytics for student success; the elevation of instructional 
design, learning engineering, and user-experience design; open 
educational resources; and extended reality, augmented reality, 
virtual reality , mixed reality, and haptic technologies [6]. In its 
Education in 2030 report, HolonIQ, the world’s leading impact 
intelligence platform, unbundled the four drivers of the global 
expansion in education and outlined five scenarios: education as 
usual, regional rising, global giants, peer-to-peer, and robo 
revolution. The report further predicted significant population 
growth among school-age students, with 1 billion more students 
by 2030 and 2.4 billion more students by 2050 with global 
demand driven by Asia and Africa [7]. The National Research 
Council stated, “This post-industrial form of society calls for a 
new, post-industrial form of education” [8]. Finally, in A Guide 
to AR and VR in Education, Dr. Penny Thompson referred to VR, 
AR, and mixed reality as the “4th wave of technological 
innovation and change in the world of computing” [9]. 
Thompson further discussed the importance of considering 
learners’ developmental stages before integrating technology 
into the teaching and learning environment [9].  
 

EDUCATORS AND TECHNOLOGY INTEGRATION 
 
Educators’ acceptance and use of technology hinges on perceived 
usefulness, ease of use, and user experiences as shown in Table 
1.  
 
Table 1. Frameworks and Technology Integration 
 

Framework Description 
Pedagogical content 

knowledge (PCK) 
Pedagogical best practices 

aligned with specific 
learning objectives 

Implementing best practices 
for teaching targeted 
content to specific target 
learner groups 

Technological pedagogical 
knowledge (TPK) 

Relationships and 
interactions between 
technological tools and 
specific pedagogical 
practices 

Knowing how to use digital 
tools to achieve 
measurable learning 
outcomes through targeted 
experiences 

Technological content 
knowledge (TCK) 

The merging of technologies 
and learning objectives 

Knowing how digital tools 
can enhance or transform 
content 

Having insight into the 
complexity of 
implementing digital tools 

Creating context-situated 
interactive experiences 

 
Technological, pedagogical, and content knowledge (TPACK) is 
a technology integration framework that identifies three types of 
knowledge educators need incorporating EdTech: technological, 
pedagogical, and content knowledge. TPACK recognizes the 
dynamic, transactional relationship among content, pedagogy, 
and technology [10]. TPACK unbundles and defines the skills 
and nature of knowledge required by educators tasked with 
integrating technology into their teaching while addressing the 

complex, multifaceted, and context-situated nature of teacher 
knowledge [11]. 
 Technology in and of itself is pedagogically neutral; 
nevertheless, the increasing integration of technology into all 
aspects of education reflects a broader cultural shift. Utilizing 
such technologies to support learning in meaningful ways can 
help prepare students for success in the 4IR. Roberta Golinkoff 
and Kathy Hirsh-Pasek in their book Becoming Brilliant 
envisioned what successful learning encompasses in a dynamic, 
global world. They identified six learner competencies: 
collaboration, communication, content, critical thinking, creative 
innovation, and confidence [12]. Successful integration of 
metaverses into purposeful learning frameworks will require 
evidence-based, dynamic learning models that focus on these six 
competencies. 
 

METAVERSES AND INTELLIGENT SYSTEMS 
 

The term metaverse, from meta (which implies “transcending”) 
and universe, refers to virtual worlds “in which the avatar acts, 
and the avatar is the user’s alter ego and becomes the active 
subject in the Metaverse” [13]. Extended reality is the medium 
that connects avatars in metaverses and users in the real world. 
Therefore, metaverses are substantially different from 
augmented or virtual reality. Metaverses are virtual worlds with 
access to three-dimensional (3D) virtual spaces, solutions, and 
environments, whereas virtual reality, a technology, is one of the 
components for interacting with a metaverse. Metaverses are 
open, shared virtual 3D worlds that continue to function after 
users log off, augmented or virtual reality experiences end once 
the user exits the program.  

Metaverses lend themselves to the collection of big 
data, which eventually might go beyond text mining to include 
audio mining, to evaluate students’ skills, self-reflection, and 
emotions. Metaverses will be able to collect and measure 
students’ achievements, detect behavior and perform predictive 
modeling, and detect learners’ behavior. In addition, big data–
driven AI might predict career paths and carry out recruitment 
practices based on insights into learners’ performance, 
motivation, and habits. 

In education, AI and intelligent systems are poised to 
become change agents with deep impacts not only on assessment, 
administrative functions, organizational strategic planning, 
student acquisition, and retention but also on curriculum design, 
and personal learning networks. The global competitiveness of 
educational institutions and their graduates will rest on their 
ability to be agile and nimble in adopting adaptive technologies. 

Key trends in the domains of big data and AI are 
associated with predictive analytics and AI. Big data work on the 
principle that a pattern of information appears with the collection 
of massive amounts of data. Through AI analysis, information 
patterns reveal previously hidden relationships. Analyzing and 
understanding such emerging relationships enable smarter 
decision-making and predictive forecasts in fields from medicine 
to the military, finance to education. Data sets consisting of 
volume, value, variety, velocity, and veracity cannot be manually 
processed using traditional data management techniques, such as 
spreadsheets. Hence, novel and innovative computational 
technologies are required for the acquisition, storage, 
distribution, analysis, and management of big data in education.  

 
THE POWER OF TRUSTLESS IMMUTABILITY 

 
Education is already being impacted by AI through smart 
content, intelligent tutoring systems, virtual facilitators, and yet-
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to-be-invented learning environments. Over time, trustless 
systems that use some form of distributed ledger technology 
(DLT) will become common for administrative and 
organizational purposes. Blockchain or Holochain integration 
has the potential to disrupt through the global recognition and 
transfer of credits, the tracking of intellectual property, the use of 
verified sovereign identities for student identification, and the 
use of immutable certificates/micro-credentials.  

Blockchains are distributed databases in which data are 
stored in blocks instead of structured tables. The use of DLT or 
blockchain technology enables not only portable and secure 
creation of digital identities but also educational record-keeping, 
conferrals of degrees, guarantees of the authenticity of student 
work and faculty research, plus digitalization of national higher 
education results. DLTs are characterized by decentralization, 
anonymity, immutability, auditability, and autonomy. Currently 
there are three types of blockchains: public, consortium, and 
private blockchains. 

Non-degree pathways in information technology 
certifications for companies such as Google, Microsoft, Cisco, 
and Novell have created a parallel postsecondary universe. There 
are five types of DLTs: blockchain, directed acyclic graph, Hash 
Graph, HoloChain, and Tempo (Radix). Each of these DLTs has 
the power of trustless immutability [14]. 

 
METAVERSES AND LEARNER GROWTH 

 
Although metaverses can offer multidimensional immersive 
context, it is necessary to keep in mind sound pedagogical 
principles, the science of learning, and the impact of ARDTs on 
real children. Further exploration of the effect of avatars and 
child development in metaverses is necessary as “all individual 
users own their respective avatars, in analogy to the user’s 
physical self, to experience an alternate life in a virtuality that is 
a metaphor of the user’s real worlds” [15]. How might the four 
education domains of learner growth be influenced through 
learners’ immersion in metaverses? Metaverses, ARDTs, and 
DLTs have the potential to foster learning and skills verification 
through simulations, digital kiosks, live virtual events, live 
interactivity, instructor-facilitated learning, AI-driven chatbots, 
and hyper-realistic experiences.  

Metaverses are poised to transform how we socialize, 
learn, shop, play, and travel, and thus there are serious privacy 
concerns. Biometrics such as audio and iris recognition are 
becoming more prevalent, especially in immersive worlds. 
Today, if a student loses their password to a learning 
management system such as Canvas, the worst-case scenario is 
losing some data and having to create a new password to secure 
their institutional account. “However, since biometrics are 
permanently associated with a user, once they are compromised 
(stolen by an imposter), they would be forever compromised and 
cannot be revoked, and the user would be in real trouble” [15]. 

ARDTs enable multiple users to experience the same 
curated content. Such content personalization offers 
opportunities to accelerate learner understanding and deepen 
learner engagement. Institutions will need to plan for and 
integrate program coherence coupled with sustained learner 
contact at both the institution and educator as designer levels as 
well as continuously assess and evaluate technology tools, third-
party vendors, faculty, and learners. Offering ARDTs with 
functional 3D immersive spaces such as metaverses requires a 
robust institutional, system-wide discussion of technology-
enhanced learning. Integrating technology-enhanced learning not 
only requires a highly qualified educator workforce but also 

demands articulated, interconnected institutional, educator, and 
learner cultures as shown in table 2. 
 
Table 2. Institutional, Educator and Learner Cultures 
 

Institutional 
Culture 

Educator Culture Learner Culture 

System-wide 
understanding and 
general 
conceptions of 
teaching and 
learning in three-
dimensional (3D) 
learning spaces 
such as 
metaverses. 
 

Educators co-
construct and 
implement 3D 
learning spaces 
together with 
design teams to 
support both 
learning and 
teaching. 

Learners recognize 
and value the 
benefits of 3D 
immersive spaces 
for acquiring 
content 
knowledge. 

Clearly articulated 
and legally vetted 
approaches to 
creating and/or 
configuring 3D 
immersive learning 
hubs such as 
metaverses. 
 

3D teaching is 
purposefully 
orchestrated and 
relies on sound 
pedagogical 
principles. 

Immersive 3D 
activities are 
aligned with 
students’ learning 
preferences. 

Determining 3D 
learning space 
integrations as a 
vital part of 
university culture 
and learning 
systems. 

3D spaces 
meaningfully and 
purposefully 
engage learners 
with learner-
centered 
instructional 
activities. 

Avatars are 
appropriate and 
representative of 
the learner and the 
abilities needed to 
engage with and 
execute 
instructional 
directions. 

 
Purposeful pedagogical frameworks and designs are needed for 
metaverses, otherwise the multitude of activities, such as games 
or virtual social interaction, capturing learners’ attention will 
interrupt learning experiences, thereby impeding knowledge 
construction and learner agency. 

 
METAVERSES: FRAMEWORKS AND BUILDING 

BLOCKS 
 

Just like towns, metaverses feature different layers. Layer 1 is the 
supporting infrastructure, such as networks and hardware. Layer 
2 hosts the virtualization engines. Layer 2 includes the computing 
parts and computing requirements, such as Cloud, Edge, and 
others. The computing parts enable the programming engines, 
such as 3D engines and geospatial mapping, that are needed to 
create user experiences. Virtual platforms, avatars, and asset 
creation are all part of layer 2. This means that assets such as 
digital twins are part of layer 2. Digital twins are virtual 
representations of real-time digital counterparts of a physical 
object or person. Companies have started leveraging the 
metaverse to be more akin to a video game. They do this not only 
for gamification purposes, engagement, and robustness of game 
engine tech, but to attract younger talent to otherwise traditional 
industries. Digital twins act as boundary spanners across multiple 
domains that not only transfer knowledge between people and 
systems but also retain it, possibly forever, in secure ways. Layer 
3 is the interface and user access and encompasses hardware such 
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as mobile devices, VR/AR, smart glasses, and any other displays. 
Layer 4 deals  with user experiences and use cases. Experiences, 
education, content, events, payments, asset marketplaces, and 
financial services are part of layer 4. Currently governments and 
educational institutions are ill suited to vetting, analyzing, and 
evaluating layers 1–3.  

 
THE METAVERSE AS THE CLAVIS AUREA? 

 
Clavis aurea, or “golden key,” refers to the means of discovering 
hidden or mysterious meanings. The complex, interconnected 
phenomena of metaverses promise to be the future clavis aurea, 
the golden key, on the path to the amplification of human 
intelligence. According to the Online Etymology Dictionary, the 
transitive verb transform, meaning to “change the form of,” is 
from the Old French transformer (14th century), the Latin 
transformare (to “change in shape, metamorphose”), and trans 
(“across, beyond”) [16]. Transformative uses of technology 
fundamentally change aspects of the learning process. 
Transformative pedagogy empowers students to critically 
examine beliefs, values, and knowledge with the aim of 
developing new epistemologies, centering multiple ways of 
knowing, and developing a sense of critical consciousness and 
agency [17]. 

Governments and educational institutions that 
implement ARDTs in traditional contexts will need to embrace 
VUCA while engaging in robust discussion and debate on the 
challenges to quality, evaluation, and accreditation that using 
these 21st-century tools will bring. Questions remain about how 
institutions might implement agile frameworks using ARDTs to 
monitor quality assurance and ensure quality management 
systems. How might governments and credentialing bodies deal 
with the standardization, assessment, and accreditation of in-
world learning?  

Introducing AI and intelligent systems into education 
will have profound effects on not only assessment and 
administrative functions but also faculty and learner motivation, 
engagement, and overall academic performance. Other areas that 
will be affected include organizational strategic planning, student 
acquisition and retention, curriculum design, and personal 
learning networks. Speed, agility, and collaborative intelligence 
will determine the competitiveness of educational institutions 
and their graduates in the global marketplace. Metaverses and 
ARDTs will need updated learning policy and development not 
only to modernize education policy but also to create fertile 
spaces to explore, expand, and eventually consolidate new 
learning practices and approaches for 21st-century knowledge 
societies. 

Metaverses and future AI systems promise to 
accelerate human progress by pushing boundaries by amplifying 
the collective human intelligence. “Traditional classrooms and 
bureaucratic education systems cannot provide society with what 
it now requires. The agenda of the new learning is to meet the 
needs of the knowledge society in a globalized world” [18]. 
Empowered learners, digital citizens, and knowledge 
construction are tangible benefits of immersive environments. 
Free ARDT tools for educators include 3Bear Lessons, Merge 
EDU, Immersive Reader, Flipgrid, NearPod VR, CoSpaces, Big 
Bang AR, Adobe Aero, Thyng AR, Quivervision, Jig Space, 
Mondly AR, and the Metaverse. 

In conclusion, unanswered questions remain in regard 
to the science of learning and the impact of ARDTs on real 
children. Moreover, there are concerns about the privacy of 
biometrics driven by big data aggregation. Nevertheless, 
metaverses in a chain of worlds might soon enable governments, 

educational institutions, educators, and learners to engage with 
one another and complex content and tasks in safe, realistic ways.  
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ABSTRACT 

 
Students need to be engaged into the lab with real-world 
instrumentation such as Raman spectroscopy which is highly 
needed into today’s technological world.  This study has engaged 
undergraduate students into problem solving the organic 
structure of various compounds /functional groups by utilizing i 
Raman spectroscopy instrumentation. The students 
understanding of abstract bonding concepts has been utilized by 
the FBI to solve and analyze unknowns /forensic chemistry 
compounds of interest.  These experiences with the hands-on 
instrumentation have shown enhanced test scores in organic 
chemistry as well due to real-world bonding problems being 
resolved to analyze the unknown organic compounds by Raman 
spectroscopy.  
 
Keywords: Organic compounds, octet rule, inquiry-based 
learning, Raman spectroscopy, technology. 
 
 

1.  INTRODUCTION 
 
One of the greatest challenges of teaching chemistry has been to 
grasp the students’ interest in a lab experiment.  Many lab 
experiments or research projects are not engaging the students to 
learn how the technique or instrumentation would be utilized in 
a real-world setting.  As a science educator the overriding goal is 
to engage pre-service and in-service teachers with the needed 
technology to solve problems in the chemistry lab setting.  The 
most appealing experiments for students have been forensic 
science where students are engaged in the process of solving a 
crime and identifying the unknown substance. In the nature of 
forensic examination: transfer, identification, classification, 
association and reconstruction shape the field of study which 
depend on analytical chemistry techniques/technology. The 
analytical technique that was utilized in this inquiry-based lab 
was Raman Spectroscopy instrument to engage our pre-service 
and in-service teachers with understanding organic chemistry 
functional groups while identification of unknown samples.   
Wilbur Wright stated, “It is possible to fly. But not without 
knowledge and skill.”  Our pre-service and in-service teachers 
were required to develop interdisciplinary knowledge by 
integrating organic chemistry content with the Raman 
spectroscopy instrument to solve the bonding /functional group 
identification.  The Ohio Learning Standards and Model 
Curriculum, K-12, May 2019, and Next Generation Science 
Standards (NGSS) all advocate cooperative, inquiry-based 
science classroom with technology.  The novel Raman 
spectroscopy technology allows our students to determine what 
organic functional group or groups are present in the sample and 
determine the actual compound integrated with a library index 
program.  The advantage of Raman spectroscopy lab allows our 

students to understand the real world setting of potential value in 
the qualitative and quantitative analysis of trace amounts of drugs 
/illicit substances on different matrices such as cloth, currency 
notes, and fiber without the need of extensive sample preparation 
in a non-destructive manner. 
 
 

2.  INSTRUMENTATION/OVERVIEW 
 
Raman spectroscopy involves directing monochromatic light 
source such as laser onto the sample and detecting the scattered 
light.  Majority of the light scattered elastically called Rayleigh 
scatter, and the small fraction of light scattered inelastically is 
Raman scatter.  Thus, Raman is based on the inelastic scattering 
of radiation that interacts with the substance/sample. The 
graph/spectral data obtained by the Raman scattering is due to 
the vibrational modes of the molecule.  Thus, the Raman 
scattering (inelastic scattering) provides information about the 
molecular vibrational structure and can be used to identify the 
functional groups.  The Raman instrument allows for rapid, 
nondestructive to sample and can be used for analysis of many 
classes of hazardous and potentially explosive compounds. 
Raman spectroscopy is sensitive to slight differences in chemical 
structure/functional groups which has been used to determine 
medicinal samples (tablet or gel cap). The Raman spectra 
illustrates a number of peaks where the intensity and wavelength 
position of the Raman scattered light.  Every peak designates to 
a specific molecular bond vibration such as C-C, C=C, C-H and 
groups of bonds such as C6H6 ring mode, and  polymer chain 
vibrations.  The general Raman spectrum provides a unique 
chemical fingerprint that can be used to identify an unknown 
chemical sample and a comprehensive Raman spectral library 
search assists in providing the chemical identification,   The 
Raman spectrum is unique to a material/sample thus it is an 
excellent technique for identifying unknown compounds. 
 
 

 
In preparation for the Raman Spectroscopy unknown sample 
analysis, students were required to read the PeakSeeker Raman 
Spectroscopy operation manual.  
Safety when working the laser was utmost importance: 
-Caution – use the controls or adjustments or performance of 
procedures other than the directions specified in the manual may 
result in hazardous radiation exposure.  
 
-Do not point the laser or allow the light to be directed or 
reflected toward people or reflective objects. 
 
-Always wear appropriate protective eyewear.  
 

3.  EXPERIMENTAL 
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-Do not modify or remove protective covers. 
 
-Never operate laser if unit is defective or if safety covers, locks, 
and labels are damaged or missing. 
 
The PeakSeeker Raman has compact dimension as shown in 
Figure 1., the laser probe is available in 785 nm.  
 
 

 
 
Figure 1.  Raman Spectroscopy Instrument  
 
 
 
 
 

4. RESULTS/DISCUSSION 
 
Raman spectroscopy is complementary to infrared (IR) 
spectroscopy, which depends on the change in dipole moment 
during the vibration, and thus offers many advantages. The 
following are among the analytical advantages of Raman 
spectroscopy: 
-Little or no sample preparation is required. 
 
-Raman is relatively unaffected by strong IR absorbers like 
water, CO2, and glass (silica). 
 
-No special accessories are needed for aqueous solutions because 
water is a weak scatterer. 
 
-Fiber optics of varying lengths can be used to transmit the 
excitation laser light and collect the back-scattered light for 
remote analyses. 
 
-The short wavelength excitation source can penetrate 
transparent and translucent container materials, and thus Raman 
measurements can be acquired through glass vials, envelopes, 
plastic bags, and several other (but not all) packaging materials. 
 
-Properties of the laser sources make it relatively easy to probe 
micro-samples, surfaces, powders,  films, solutions, gases, and 
various other sample types. 
 
- Raman systems are flexible to miniaturization for field 
applications.  
 
Raman spectroscopy is a well-established analytical technique, 
and new portable systems are utilizing the many advantages for 
field applications. 
 
Spectra 1 is a 2-butanone aliphatic ketone that has a peak around 
1715 cm-1 and peak around 800-700 cm-1, as shown our peak at 
763 cm-1.  Also, peak at 1400 cm-1 our peak at 1418 cm-1 has 
signified the ketone functional group as well.   

 

 
 

Spectra 1:   2-Butanone,     

 
 

Spectra 2 is acetonitrile and has the C triple bond N with a nitrile 
peak signified around 2260-2200 cm-1 (nitrile), our nitrile peak at 
2254 cm-1.  The benzene, spectra 3 has shown peaks at 606 cm-1 

(CCC deformation in plane vib mode), 993 cm-1 (benzene ring-
breathing mode), 1,177 cm-1 (C-H vib. mode), 1586 cm-1(CCC 
stretching).        

 
 

 

 

Spectra 2: Acetonitrile,   
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Spectra 3:  Benzene,   
 
  
Spectra 4 signifies a benzene ring with an OH functional group 
commonly referred to as phenol with peak location 820, 1005, 
1255, 1600 cm-1.  Note that with the phenol which has similar 
structure to the Benzene ring structure but the OH functional 
group bonded to the benzene ring has changed peak locations and 
stretching are due to additional functional group.   
 
 

 
 

Spectra 4:  Phenol,  
 

 

5.  CONCLUSION 
 
Since 1930s Raman spectroscopy has been applied to organic 
systems and is often used in conjunction with IR spectroscopy to 
give qualitative and structural information. In many cases, 
Raman spectra are sharp and simple and thus provide advantages 
over IR in terms of frequency discrimination. Overall there has 

been abundant deal of progress in bringing Raman spectroscopy 
to the field, there remain several areas where improvements and 
further testing are needed. The data system (including the 
software and library-searching capabilities) will need to improve 
both in terms of the user interface and the library-search 
algorithms. A group frequency searching and screening 
capability would be highly desirable. This capability would 
provide the responder with an assessment screen that can be used 
to make educated decisions in the event that the chemical or 
mixture in question is not in the library. Although not intended 
to be exhaustive, Table 1 illustrates a few selected compound 
classes and their characteristic frequency ranges that would be 
important. There have been continuing research efforts to build 
chemical libraries for the types of chemicals that the FBI 
Hazardous Materials Response Unit personnel encounter in the  
scientific field. An expansion of the library search engine to 
include frequently encountered mixtures will be a necessity for 
FBI Hazardous Materials Response Unit applications. Control of 
the laser power by means of pulsing, beam chopping, or beam 
spreading may prove necessary as potentially ignitable samples 
are interrogated. A portable Raman system is needed to 
discriminate between signal and background light so that 
shielding will not be required.  
 
 
Table 1. A Selected List of Warfare Chemicals-FBI materials 
of interest to analyze 
Compound 
class/substructure Example(s) Frequency (cm-1) 
Chemical warfare agents 
(methyl phosphonate) Sarin 685–785 
Explosive 
(nitroaromatic) 
(nitroester) 

TNT, DNT 
PETN, EGDN, 
NG 

1310–1390 
1260–1300 

Propellants/shock sensitive 
(fulminates) 
(azides) 

Mercury 
fulminate 
Lead azide 

1250–1350 
590–620, 1345–
1355 

  
 
As noted in Table 1, analyzing chemical bonding and learn the 
different functional groups in Organic Chemistry content are 
vital for real-world problem solving problems at the FBI.  The 
Raman system will be a valuable front-line screening tool for FBI 
field investigations.  Raman Spectroscopy inquiry lab has 
allowed our class to study and analyze unknown chemical 
samples to understand the bonding in more detail.  Illustration of 
various organic chemicals Raman Spectra of unknown samples 
were analyzed by Raman to better determine the type of 
bonds/functional groups present.  These were all unknown 
samples that had to be determined by matching the Raman 
Spectra to the library database, example spectra 5.  The phenol in 
water was studied as well with Raman and found to match the 
spectra for phenol. Thus, Raman spectroscopy has been found to 
be feasible to apply it directly to analysis of substances dissolved 
in water. Therefore, the analysis of rivers, lakes and marine 
waters without the necessity of prior separations makes Raman 
spectroscopy advantageous over other analytical instrumentation 
techniques.    
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Spectra 5. Phenol with library match  
 
 
 
The science educators needed to learn how to analyze and 
understand organic chemistry bonding and the Raman lab has 
allowed our students to learn real-world instrumentation.  This 
project has provided the needed knowledge and technological 
skills for the 21st century for our undergraduate and graduate 
science education majors at Wright State University (WSU) by 
providing our students with a Raman Spectroscopy instrument.  
The Ohio Learning Standards and Model Curriculum, K-12, 
May 2019, and Next Generation Science Standards (NGSS) all 
advocate cooperative, inquiry-based science classroom with 
technology.  However, our WSU students could not realize these 
national and state goals for science education without skilled, 
trained K-12 teachers, knowledgeable in interdisciplinary 
science, pedagogy and technology fields. We have been limited 
at WSU to train our pre-service/ in-service teachers and general 
chemistry students with technology such as Raman 
Spectroscopy.   As stated by the standards, “improvements in 
technology allow us to gather new scientific evidence,” but 
without the updated technology our undergraduate and graduate 
science education majors could not meet the needed Ohio 
Department of Education and national science standards.  The 
use of the Raman Spectroscopy instrument was utilized in our 
Chemistry 3460 –Middle Childhood Education Chemistry class 
to analyze unknown Organic Chemistry samples.  Raman 
Spectroscopy technique provides detailed information about the 
chemical structure of the unknown chemical samples which is 
nondestructive to the samples as well. This is a light scattering 
technique where a molecule scatters incident light from a high 
intensity laser light source.   A good number of the scattered light 
occurs at the same wavelength as the laser source thus does not 
provide useful information which is referred to as Rayleigh 
Scatter.  Typically, 0.0000001% of light is scattered at different 
wavelengths which depend on chemical structure of the analyte 
referred to as Raman Scatter.  The Raman spectra illustrates a 
number of peaks where the intensity and wavelength position of 
the Raman scattered light.  Every peak designates to a specific 
molecular bond vibration such as C-C, C=C, C-H and groups of 
bonds such as C6H6 ring mode, and  polymer chain vibrations.  
The general Raman spectrum provides a unique chemical 
fingerprint that can be used to identify an unknown chemical 
sample and a comprehensive Raman spectral library search 
assists in providing the chemical identification.   The Raman 
spectrum is unique to a material/sample thus it is an excellent 
technique for identifying/analyzing unknown compounds while 
allowing students to understand organic chemistry content better.  
The pre-test and post-test results have shown high content gains 
utilizing the R.R. Hake’ method.  Therefore,  students have 

shown an urgent need to understand the chemical bonding and 
learn the different functional groups in Organic Chemistry 
content.  Raman Spectroscopy inquiry-based lab has allowed our 
class to study and analyze unknown chemical samples to 
understand the bonding in more detail.  The distinctiveness of the 
skills outcomes would be: “the learned capacity to think 
critically, communicate effectively, productively collaborate and 
perform technical procedures” by P.T. Ewell.  Thus, the Raman 
Spectroscopy instrument has helped our students learn the 
organic chemistry content and advocate a “broad, rich 
understanding of novel equipment and its effective use in the role 
of the world.”  The pre-test and post-test assessments/outcomes 
of learning Organic Chemistry content with the use of the Raman 
Spectroscopy instrument increased content gains greater than 
0.70 in content gains understanding organic chemistry bonding, 
and relating the concept to real-world analysis of hazardous 
chemicals such as TNT. These hands-on experiences have been 
found to correlate with increased content gains which are 
typically found with inquiry-based learning labs (R.R. Hake’).   
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ABSTRACT 
 

School of the Future Research Laboratory at the University of 
São Paulo – USP is 32 years old and since 2010 has been devoted 
to map and discuss new behaviors among different virtual 
communities seeking of media and information literacy (MIL), 
new ways of learning and producing contents on digital 
platforms. On order to do so we have been developing surveys, 
virtual ethnography and netnographic studies to map new 
attitudes and behaviors of contemporary networked actors. This 
article brings a summary of several findings in the research 
conducted in the last ten years, demonstrating how the pioneering 
work of School of the Future researchers points out indicators on 
the behavior of young communities that are valid to this day and 
still raise contemporary discussions. In order to do so we will 
focus on our most extensive netnographic studies developed with 
young students throughout Brazil in 2012-2014. 
  
 
Keywords: Brazilian Youth digital literacies, media and 
information literacy – Brazilian youth, netnographic studies 
among Brazilian youth, School of the Future Research Lab 
netnographic studies. 
 
 

1.  INTRODUCTION 
 
The Research Center for New Communications Technologies 
Applied to Education –School of the Future at the University of 
São Paulo - USP began its activities in 1989 and turned into a 
Research Center in 1993 linked to the Dean’s Office. Since the 
inauguration, it seeks to improve education in Brazil through the 
introduction of digital culture within formal and informal 
learning. NACE EF-USP proposes innovations using Internet 
and multimedia resources to enhance learning and teaching 
experience. The commitment to theoretical research and to 
applied strategies for education, communication and information 
are the core principles guiding its operational activities.  
New ways of learning, teaching, and producing knowledge 
requires out-of-box studies regarding the impacts of ICT on 
contemporary life. NACE EF-USP so developed partnerships 
model involving university, society, and different research 
funding agencies and government spheres in order to fund action-
research projects. Also, the Digital Culture Observatory was 
created in 2007, focusing on emerging literacies, social practices, 
individual and collective production of knowledge in network 
environments and new forms of authorship inspired on digital 

collectives [1], producing an extensive literature regarding this 
scenario [2, 3, 4]. 
Surveys, virtual ethnography and netnographic studies are 
methods used to map new attitudes and behaviors of 
contemporary networked actors [5]. Concepts raised by authors 
like Turkle [6], Van Dijck [7] and Morozov [8] are usually the 
basis of our studies’ theoretical framework. In the following 
lines, a summary of several findings in the research conducted in 
the last ten years will be presented and discussed, demonstrating 
how the pioneering work of this Brazilian research center points 
out indicators on the behavior of young communities that are 
valid to this day and still raise contemporary discussions. In order 
to do so we will focus on our most extensive netnographic studies 
developed with young students throughout Brazil in 2012-2014. 
The References section at the end of this article presents our main 
academic production on the last ten years. 
 
 

2.  NATIONAL SURVEYS OVER YOUTHS’ DIGITAL 
BEHAVIOR 

 
NACE EF-USP’s expertise in both theoretical and applied 
research on ICT impacts stimulated the Brazilian Telefonica 
Foundation to invite us to partnership on a national survey about 
youth behavior. Based on previous experience of Spanish 
Telefonica Foundation in association with the University of 
Navarra, data was collected regarding gender equality, 
technology penetrability and national challenges towards 
democratic empowerment for this age group. “Interactive 
Generations Brazil” (2012) and “Connected Youth Brazil” 
(2014) main results are presented as follows. 
 
 
Interactive Generations Brazil research 
In 2010, 73 million people were connected to the Internet. Also, 
at that time, 4.6 million households with computer had no 
Internet access. This number increased 52% until 2015. At that 
time, a national investigation on uses and appropriation of 
screens by youths was imperative. For Passarelli [2], NACE EF-
USP distinguished two waves in the networked society. The first 
is related to the central need of digital inclusion. In the second 
one, it is evident the presence of digital natives, when the concern 
is no longer how they learn to use the basic digital tools, but how 
they apply and create knowledge online. What was the Brazilian’ 
state of art in this issue? 
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Figure 1: Research General Overview 

 
Source: Authors

 
 
 
 
The use and value involved in four screens – television, games, 
computer, and mobile phone – among kids and youths (6 to 18 
years old, named the interactive generation) were the basis for 
measuring penetrability in the school and family environment. 
The data collection was performed between 2010 and 2011 with 
a sample of 18,000 respondents among children and teenagers in 
the five Brazilian regions. Figure 1 summarizes the general 
sociodemographic profile. 
About 64.2% of youngsters assumed they navigate online on 
their own, higher level than “learning from a friend” (11.2%) or 
even “parents” (5%). Parents usually did not follow up their 
online behavior regarding knowledge production, awareness, and 
transmission. Teacher at school was actually the main mediator 
for learning at a low rate (11%). Distinctions between male and 
female behavior were noticed (Figure 2), being games and music 
their more similar preferences. 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 2: Content production on the web (Youth, Gender) 

 
Source: Authors 
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About virtual friends, 51.3% of male and female respondents 
argued not having anyone. For the ones with online friends, 30% 
had met them, while 18.4% did not have the chance to do so. 
Concerning content by gender (Figure 2), male tended to prefer 
games, sports, software, and adult content. Females were more 
inclined to music and personal history. The other themes 
presented a low inequality regarding gender. 
Despite their low penetration, mobile phones were a growing 
trend in the beginning of 2010s and represented the higher level 
of youth activity when compared to the other screens.  Brazilian 
youths were onto media convergence (analogical and digital) and 
were starting to develop their mobile literacies by sending text 
messages, listening to music or to the radio, using the alarm 
function for waking up in the morning and gaming, among others 
mobile activities. 
It is interesting to observe that the mobile phone emerges, for 
young people, as a convergence platform where they are able to 
explore many media channels and vehicles, social networks, 
browsing, and apps for radio and television, games, photography, 
watches, calculators, and phone book. Female respondents 
showed more experiences using mobile phones than the male 
ones. Girls are also more active about the day life organization 
using mobile apps. Boys usually perform downloads, games, web 
navigation and video recording. 
These activities data come along with another critical issue: the 
surveillance indicator (Figure 3). According to the research, the 
level of surveillance performed by parents or guardians, friends 
and partners was higher for female individuals than male. When 
watching television, for example, girls are much more surveilled 
than boys in every pointed scenario. 

 
 

 

 

 
Figure 3: Behavior and surveillance (Youth, Gender) 

Source: Authors 
 
Youth invested and continues to invest a great amount of time on 
the studied screens in order to enjoy learning and leisure. 
Therefore, they revealed being equipped with access devices, 
which allow them to interact with other people and media and 
fulfill their relationship, consumption and learning needs. Much 
of the data confirm this scenario in Figure 4. 
 

 
 

Figure 4: Youths and kids' connection rates

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source: Authors 
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As foreseen by this research in 2011, the national research “ICT 
Kids Online Brazil” published in 2015 states that kids and youths 
were depending much less on desktop computer from their school 
or home to get connected: they have been empowered and 
 
 

Figure 5: Mobile phone activities (Youth, Gender) 

 
Source: Authors 

 
 

becoming autonomous through mobile communication devices, 
establishing networks and relationships in a web logic. This has 
been making them prefer the mediated interaction of screens to 
the face-to-face social interaction or traditional learning. This 
scenario was just slightly different in low-income communities 
or in rural areas, where computer in schools still plays a 
significant role. 
Regarding mobile phones use, female respondents were more 
eager to use them for relationships activities than the male ones 
– which were more focused on action-driven activities (Figure 5).  
Nevertheless, both game and Internet entertainment dimensions 
were part the youths’ daily life during week and weekends. In 
this respect, the research revealed that the number of hours 
reserved for leisure mediated by the four screens is hardly distinct 
between the days on the week, prevailing a 1-2 hours of usage 
per day, and males’ users reported using more than female ones. 
 
 
#Connected Youth Brazil research 
In 2014, the continuity of the research was structured over four 
strands: youths’ behavior, education and learning, 
entrepreneurship performance and activism, but the following 
lines will focus on data concerning gender equality, educational 
and behavior trends, and activism performance.  
Regarding technologies for accessing the Internet, Figure 6 gives 
an idea of how the access is distributed and how unequal this 
provision can be between north and southeast region. 
 
 
 
 

 

 

 

Figure 6: Means and sides of access 

 
Source: Authors 
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Figure 7: The mobile phone usage for accessing the Internet 

  
Source: Authors 

 
 
 
 
For the surveyed youths, no matter the gender, age, or 
socioeconomic class: both desktops and smartphones are means 
to access the Internet – and 42% consider the smartphone the 
main one (Figure 7).  For youth from low-income communities, 
the smart phone role is even higher. 
Brazilian youth were extremely interested in mobile 
communication for chatting. In a daily basis, 90% of respondents 
use social network at least one time as a priority – “leisure and 
entertainment”, “seeking information”, “support and online 
services” and “education and learning activities” were behind in 
this order. In relation to schools’ activities, 43% of respondents 
argued that they use Internet more than once a day and were even 
more engaged with online courses. Figure 8 summarized youths’ 
performances by activities. 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 8: Youths' Internet performance 

 
 

Source: Authors 
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Figure 9: Youths' Internet performance

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 
Source: Authors 

 
 

 
 
It is interesting that the collected data tends to revel new sides of 
the male youth user that surpass the girls in territories that the 
female used to dominate, like social relationship and shopping. 
Also, consider how the female youths are assuming new 
commands in areas that used to be for the male, like games. Some 
of that difference can be regarded in Figure 9. 
For all the investigated digital activities, practices, and tools 
regarding entertainment for the youth, the mediation and 
educational level was highlighted, confirming that even in 
leisure, the educational level helps in the apprehension and 
enjoyment of digital opportunities. For education, capacitation 
and training performances, it is possible to affirm that the Internet 
use as a tool for school content research is strongly focused on 
college education, when the high school level could make a better 
use of those engines.  Educational level is a fundamental 
characteristic in the youths’ literacy, meaning that even for fun, 
the learning process matters, as mentioned in the related literature 
[9, 10]. 
About the seek and creation of online content (Figure 10), in 
general the most quested themes are the same in an elevated level 
of production (which can be interpreted like the youths are not 
satisfied with the available content or inspired by something they 
have seen) showing a coherent order between the cultural, 
information and recreational interests. In addition, religion gains 
a path in this context if seen the event and content creation when 
compared to political interests. 

Figure 10: Online creation, dissemination, and production 

 

Source: Authors  
 
The urban life condition, characterized by the great distances and 
difficulties in transporting, makes the physical personal contact 
hard to achieve or even inexistent in some cases. The users 
considered that with the Internet, people have become lazy. 
Therefore, it was witnessed that the interviewees (more than 
once) have evaluated themselves in a critical perspective, even as 
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a bad image, which points to the accommodation and to giving 
up the physical contact with their friends. According to this logic, 
the quotidian and P2P contact shapes the user’s affection and 
emotion. 
Considering the extensive Internet use declared by the sample 
majority, for them digital practices is naturalized (common 
duties), and often they do not see it as over the boundaries. On 
the other hand, for parents, responsible and teachers – the 
connectivity compulsion is concerning, and consider the 
excessive spent time on the Internet a productivity obstacle, 
jeopardizing social relationships and schooling outcomes quality.  
In several opportunities, interviewees expressed to be worried 
about critics, discussions and misunderstanding over 
disseminated content in social networks. It can be highlighted the 
youths’ wish of acceptance and almost no tolerance facing a 
debate or a polemic issue. 
Therefore, they usually avoid confrontation with divergent or 
opposite opinions, and it is a mistake to assume that the 
generations understand about technology and technical skills to 
manage it. What they often have is a critical and curious 
capacities but still do not enjoy the whole potential the web can 
offer, and to deal with differences and oppositions is a needed 
capacity in the social skills developing process. The youths have 
the potential to occupy the Internet and the physical public spaces 
in order to perform their empowerment capacities for 
establishing themselves as democratic pillars in the Knowledge 
Society in the Information Age. 
The month of June of 2013 in Brazil was blended by many 
streets’ protests, with expressive participation by the young 
population, boosted by mobile technologies. In estimation 1,4 
million people in 20 Brazilian cities went protesting. This net-
activism occasion was a typical movement that started on the 
street, migrated to the social networks, and came back to the 
public space with a huge youth adherence and had main 
characteristics: disappearance, anonymity, no leader or political 
party and no seek for power. 
 We must consider new communication systems enable social 
movements to new forms of organization, amplifying the space 
of power, establishing a direct channel towards the mass 
population and against-power movements. The government 
institutions systemic crisis – in general parties and trade unions – 
in answering the citizens’ demands rises a communication that 
emerges by individuals without any censorship by the traditional 
media. This space offers non-human instruments for 
emancipation and autonomy and builds a power that crosses a 
technological transformation in cultural, social, and political 
context. In this context, the youths have become more exigent by 
two reasons. 
The new Information and Communication Technologies enable 
actions and activities of social movements. The juvenile world is 
affected and impacted by this context, including the digital 
networks dynamic. It is worth saying that for Brazilian connected 
youth the participation in popular activism, even when restricted 
to the Internet is considered relevant. However, the physical 
presence in protests is prominent for 27% of the sample, while 
14% declared that the Internet dimension of activism is also 
valuable. In the 2013 mobilizations, the general sample affirmed 
to follow the status, presently and online, in all the five regions 
(in higher or lower amplitude).  
The juvenile net-activism was a phenomena not only in Brazil 
and shows the transformation potential over these initiatives, 
especially related to the personal and critical perspective 
foreseeing the social and political issues in the local community, 
empowering themselves as the protagonists in designing their 
own future. The net-activism revealed unknown sides of youths’ 

behavior and social practices that enables us to better understand 
juvenile dilemmas regarding their own net-activism. What is 
curious is that, in general, the sample showed to be not interested 
in politics. 
 
 

3.  FINAL REMARKS 
 

In this paper, several findings in the research carried out in the 
last ten years were analyzed pointing out how indicators on the 
behavior of young communities emerged and are still valid to this 
day, raising contemporary discussions in the context of Brazilian 
culture. 
When regarded the educational process, the Interactive 
Generation Brazil research shows new technologies and digital 
literacies shaping the relations between teachers and students 
inside the school ecology. This new connected scenario imposes 
urgency and transformation within educational processes was 
teachers must act more as mentors and enhance student’s 
discoveries. In this sense, Connected Youth Brazil research 
outcomes showed how new pedagogical approaches demand that 
professors and schools perform critical production on content 
connections between digital platforms and tools, taking as a 
reference the students’ context: both of them are in constant 
learning about the technologies’ mediation processes. 
Another obstacle is that the school institution must prepare their 
professors and students for new informational resources 
regarding reliable sources, enlightening the difference between 
traditional journals’ news and online channels. Meanwhile 
students can access everything they can reach, but they cannot 
dismiss teachers’ mediation for constructing critical thinking.  
With the digital benefits there are risks related to the 
psychological health, beyond ethical and moral values that can 
be easily dissolved in the connected space (like the social 
network addiction). The citizen empowerment toward a critical, 
autonomous, ethical and protagonist development is connected to 
families and learning environments rich in technologies and 
genuine mentorship. 
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ABSTRACT 

 

The aim of this paper is to postulate a new paradigm 

of communication within the transdisciplinary 

research, treated as a desirable model of practicing 

science in the XXI century (Brandt et al. 2013, 

Balsiger 2004, Wickson et al. 2006, Aenis 2010). The 

author emphasizes the need for a re-naturalization of 

transdisciplinary communication within the 

internally diversified teams, by returning to the 

natural, unforced patterns of human behavior within 

a group. Although it may seem to be a manifestation 

of sentiment for the Renaissance vision of science, 

combining threads from various, seemingly 

unconnected, areas of study (e.g. physics, 

metaphysics and philosophy in one research 

approach) - the today's necessity to restore 

transdisciplinary communication is a challenging 

task, including a need to return to the natural 

practices of cross-domain communication, using the 

potential of an in-depth expertise in all the scientific 

areas. A mature transdisciplinary dialogue bases on a 

translation of perspectives (Schuetz 1984, 

Perinbanayagam 2005) resulting from the natural 

predilection of a human actor to put himself/herself 

in the position of the other (interaction partner) in 

order to understand his/her point of view, for the set 

of intersubjectively shared senses and meanings is 

the starting point for every kind of partnership. 

 

Keywords: communication, transdisciplinary 

research, dialogue, common understanding, shared 

meanings. 

 

 

 

 

 1.  INTRODUCTION 

 

 The purpose of this paper is to propose a new 

paradigm within the transdisciplinary research, 

treated as a postulated model of practicing science in 

the XXI century (Brandt et al. 2013, Balsiger 2004, 

Wickson et al. 2006, Aenis 2010). In the era of digital 

disruption, “transdisciplinarity is not a vehicle that 

we deploy to stay alive or accomplish our projects. It 

is a way of being alive” (Japee 2020: 1). 

“Transdisciplinary research reflects a truly inclusive 

cooperation of various scientific disciplines, as well 

as social environments that contribute to a deepened 

understanding of a given phenomenon” (Pokojska 

2022b, see elaboration below). 

 

 
Source: Own elaboration (Pokojska 2022a) 

 

 

However, in order for transdisciplinary research to 

function in the world of science and realize its  

communication, defined as an orderly and mutually 
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understandable dialogue between representatives of 

various scientific communities and beneficiaries 

from outside the world of science, becomes essential. 

A mature transdisciplinary communication, however, 

is not only a way to establish and strengthen scientific 

cooperation between various areas of knowledge as 

well as non-academic beneficiaries (Malitza 1979), 

but also a tool of legitimacy of the role of XXI-

century universities - as a socially responsible center 

sthat link and shape the overall discourse on key 

social issues (Misra, Lotrecchiano 2018, Pokojska 

2022b). 

 An effective co-creation of a 

transdisciplinary communication requires, however, 

a common optics and senses shared by the partners, 

as a prerequisite for a fully grounded understanding 

across various disciplines. Albeit, the need to 

negotiate the designate of joint categories and 

communicate results of the research - as a crucial part 

of the scientific communication - should be presented 

not as a new, additional obligation for academics - 

but rather as a return to the natural, unforced 

patterns of human behavior within a group. 

Therefore, the aim of this paper is to emphasize the 

need for a re-naturalization of transdisciplinary 

communication within the internally diversified 

teams, not building it from the scratch. Moreover, 

making scientists aware that the participation in 

transdisciplinary projects can serve as a catalyst for 

the restoration of the natural communication as an 

immanent human skill, will be the first step towards 

disseminating a truly mature transdisciplinary 

dialogue in the contemporary science (as well as with 

the recipients from the non-academic environment). 

The beginning of this reflection may be a three-step 

model of establishing an enhanced transdisciplinary 

communication, proposed below: 

 

 
 

 

2.  PRE-ACADEMIC NATURAL 

COMMUNICATION  

AS A HUMAN ABILITY 

 

 Interdisciplinary communication in 

academia, as part of transdisciplinary projects, is 

based on the absolutely primal skill of the human 

species, namely the articulated speech and the ability 

to communicate within a group as a part of the 

process of externalization (Berger, Luckmann 1983). 

It distinguishes people from the other animal species 

and enables them to co-create signs, symbols, and 

thus the whole cultural system as a context of human 

existence (Harrub et al. 2003). 

 Peter Berger and Thomas Luckmann 

describing the stages of human development, they 

pay attention to the key competence that a child 

acquires in the process of primary socialization (i.e. 

in the first years of shaping his/her social identity), 

which is - the ability to communicate with others, 

using a codified system of signs, called a language 

(Berger, Luckmann 1983). Also, Jean Piaget, he 

expresses the view, that the cognitive development of 

a child includes - among other things - the 

development of a crucial social competence, i.e. 

social speech "the purpose of which is to inform 

someone about something, joint exchange of verbal 

messages, i.e. discussion" (Karwowska-Struczyk, 

1982: 48). Intra-group communication is therefore 

not only a natural human competence, but most of all 

- a skill that precedes the acquisition of other 

(including scientific) skills and competences, hence, 

it should be treated as an absolute basis of any further 

cooperation, including the scientifically advanced 

one. 

 

 

3.  SCIENTIFIC COMMUNICATION WITHIN 

THE DISCIPLINE 

 

 Along with the development of science and 

the deepening of the considered issues, with the 

beginning of the modern era, a vision of specialist 

science, divided into individual plots and thematic 

areas, emerged (Sokołow 1969). On the one hand, it 

was a requirement for rapid scientific progress and 

the inevitable effect of striving to obtain an in-depth 

picture of the researched matters - on the other, 

though, it led to the separation of individual areas of 

knowledge and their delineation, which resulted in 

the loss of the idea of a transdisciplinary approach to 

the studied phenomena. 
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 Today's debate on the need to restore 

transdisciplinary communication may seem to be a 

manifestation of sentiment for the Renaissance vision 

of science, practiced in a humanistic, erudite 

paradigm, combining threads from various, 

seemingly unconnected, disciplines of science (e.g. 

physics, metaphysics and philosophy in one research 

approach). So as not to be naive, it was possible in 

the fifteenth and sixteenth century, not only because 

the science of that time – due to its relatively low 

level of development (in comparison to the 

contemporary learning) – touched on questions of a 

more general nature and issues less specialized and 

detailed than today, but also due to the scientists 

themselves, who did not have a truly in-depth and 

specialized expert knowledge at their disposal, that 

would help them go deep into one, specific research 

area. 

 Therefore, the today's necessity to restore 

transdisciplinary communication is a more 

complicated task, as it includes the need to return to 

the natural practices of cross-domain 

communication, using the potential of an in-depth 

expertise in all the scientific areas included. 

 Every single discipline elaborates its own, 

intra-disciplinary language embracing key categories 

and terms treated within the academic research, 

constituting a system of meanings that is to some 

extent hermetical and inaccessible for the others. 

Consequently, these expanded meanings and 

specialized understandings deepen interdisciplinary 

barriers and lead to the division of science into more 

respected areas and those of relatively less 

prestigious. As Simon Sussen writes, „Just as there is 

a hierarchical relation among universities, there is ‘a 

hierarchical relation among subject areas’ 

(Holmwood 2010), with some of them being more 

prestigious and affluent than others, in terms of both 

their symbolic capital and their economic capital” 

(Sussen 2021). The divisions and relations of power 

embedded in interdisciplinary cooperation 

undoubtedly do not facilitate cooperation and 

transdisciplinary communication, although the 

awareness of their existence may already be the first 

step to overcome the existing barriers. 

 

 

4.  RE-NATURALIZATION  

OF THE TRANSDISCIPLINARY 

COMMUNICATION 

 

 Therefore, a new approach towards the issue 

of communication within the transdisciplinary 

research should be considered as a restoration of the 

natural human process of searching for the agreement 

and understanding with different actors from various 

environments (not only the scientific ones). The truly 

and effective trans-domain dialogue requires, 

however, an ability and willingness to share one’s 

perspective with the partners of interaction, shifting 

a focus to building a global image of the scientific 

questions, from a bird’s eye-view. 

 The postulated course of establishing (or 

rather re-naturalization) of transdisciplinary dialogue 

bases on a translation (in other words - interpretation) 

of perspectives, perceived by one of the greatest 

phenomenologists, Alfred Schuetz, as a prerequisite 

for agreeing on meanings and building an effective 

communication (Schuetz 1984, Perinbanayagam 

2005). Three rules of the translatability of 

perspectives have been formulated. These are: (1) the 

assumption, that there are other beings all around, 

who are similar to us, also in the rational way of 

thinking, (2) the awareness, that the same objects 

may be perceived and experienced by different actors 

differently, due to miscellaneous positions and 

individual biographical determination, (3) the way of 

solving these difficulties is adopting the principle of 

translatability of perspectives (Schuetz 1984). 

 According to the phenomenological 

conception of the social worlds, all these assumptions 

lead to an effective construction of an intersubjective 

world of shared meanings and co-creation of 

intersubjective knowledge (deriving from the 

subjective points of view), which is a foundation for 

establishing relationships going beyond divisions and 

disciplines. This is also the way in which a deep 

transdisciplinary communication should be built, on 

the foundation of the natural predilection of a human 

actor to put himself/herself in the position of the other 

(interaction partner) in order to understand his/her 

point of view, for the set of intersubjectively shared 

senses and meanings is the starting point for every 

kind of partnership. 

 

 

5.  CONCLUSION 

 

 The argumentation presented in the paper 

was to show transdisciplinary communication as an 

indispensable element of the scientific process in the 

XXI century (Wang, Aenis, Siew 2019). The 

challenge, however, is that the process of building a 

mature, effective communication requires 

overcoming a certain academic paradox „on one hand 

most academic subjects are encouraged to engage in 
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inter- and transdisciplinary research” (Sussen 2020: 

217). On the other though, they „(…) are obliged to 

reassert their disciplinary identities (…), thereby 

reinforcing traditional conceptual, methodological, 

empirical, and institutional boundaries” (Sussen 

2020: 217). Furthermore, establishing a re-

naturalized interdisciplinary dialogue, based on the 

primary human ability and immanent need to share 

the world of meanings, must also include a socio-

cultural context and values that underlie activities 

carried out by members of a community. No research 

projects can be carried out in a vacuum, and decisions 

made by researchers not only result from the existing 

axionormative order, but also contribute and co-

create the social order. Therefore, in the process of 

re-naturalization of the transdisciplinary 

communication, the social responsibility of academy 

(as well as an amenability of individual participants 

of interactions) cannot escape our attention 

(Pokojska 2022b). 
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ABSTRACT 

This paper analyses the significance of digital 

competence in the light of the impact of the 

Covid-19 on formal and non-formal education 

settings. The Authors discuss the definition of 

digital competence, as provided by the 

European Commission, and quote key 

international research data on digital 

competence in education. Furthermore, based 

on research carried out by the Authors during 

the Covid-19 pandemic among school teachers 

familiar with digital technologies in learning, 

and international education project 

coordinators, the Authors claim that digital 

competence has become one of the most 

substantial elements in contemporary classroom 

and international education project 

management.   

Keywords: digital competence, international 

education, learning mobility, school teachers, 

project leaders 

 

 

1. INTRODUCTION 

Education systems have emerged as one of the 

spheres most severely affected by the Covid-19 

pandemic, and no country has been prepared to 

face this challenge. Almost all countries 

surveyed by UNESCO and the World Bank 

reported the inclusion of remote learning as the 

main response to the Covid-19 [1]. Today, over 

one year after the pandemic outbreak, schools 

are fully open in less than 40% of the 37 OECD 

countries [2]. An unprecedented experiment 

on teachers and learners came into being almost 

overnight and demanded an immediate response 

of ministries responsible for education, school 

management and teachers themselves, not to 

mention the paramount role of parents 

in supporting students in this process.  

The Covid-19 pandemic also influenced 

the international dimension of education – 

the courses and studies of many international 

students and pupils have been interrupted, 

postponed, moved online or even cancelled. 

According to a survey carried out by Erasmus 

Student Network on a sample of 21 930 

international students from all over Europe, 

Proceedings of the 26th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2022)

47 https://doi.org/10.54808/WMSCI2022.03.47
ISBN: 978-1-950492-66-4
ISSN: 2771-0947



25% of student learning mobility periods were 

cancelled [3]. For those students, who 

continued their stay abroad, 37,5% experienced 

at least one major problem related to their 

exchange, and a half declared that their classes 

were moved online [4].  

However, international learning mobility, 

especially within European Union Erasmus+ 

Program, is not limited to students. Also school, 

youth, and staff exchanges were negatively 

affected by the Covid-19 pandemic. So were 

strategic partnerships between educational 

institutions and international trainings 

for teachers, youth workers and academic staff. 

All these activities were either cancelled or 

carried out online, depriving their participants 

of the opportunity to experience the social, 

cultural and networking aspect of international 

learning mobility. 

Transferring teaching and learning to the online 

world brought about a journey which was often 

an unknown world of digital technology for 

teachers, learners and parents. In this article, the 

Authors discuss the notion of digital 

competence and its importance for school 

teachers using eTwinning Program to form 

international online partnerships with their 

counterparts from schools abroad, and describe 

their digital readiness to run classes online1. 

Finally, the digital competence is discussed 

from the perspective of project leaders 

implementing international education projects 

financed from the Erasmus+ Program. 

 

2. DIGITAL COMPETENCE 

Given the fact that the Authors discuss 

European Union educational programs 

(Erasmus+ and eTwinning), the crucial notions 

referring to key competences (understood as a 

combination of knowledge, skills and attitudes), 

and specifically to the digital competence, are 

 
1 Both Erasmus+ and eTwinning programs are European 

Union mechanisms to support international collaboration 

in education and international mobility – physical and 

online. 

based on the definitions provided by the 

European Commission [5].  

Digital competence is one of the eight key 

competences for life-long learning and 

is defined as confident, critical and responsible 

use of and engagement with, digital 

technologies for learning, at work, and for 

participation in society [6]. The knowledge, 

skills and attitudes chart for digital competence 

is presented on the Table 1. 

Table 1. Knowledge chart for digital 

competence. Source: Own work based on Key 

competences for life-long learning, European 

Commission, 2019 

D
ig

it
a
l 

co
m

p
et

en
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Knowledge 

• understanding how digital technologies can 

support communication, creativity and innovation 

• understanding the general principles, mechanism 

and logic for digital technologies 

• knowledge of the basic function and use of 

devices software and networks 

• awareness of the opportunities, limitations and 

risks related with the use of digital technologies 

Skills 

• ability to use digital technologies, in particular to 

use, access, filter, evaluate, create, program, and 

share digital content as well as to manage and 

protect information, content, data and digital 

identities 

• ability to recognize and effectively engage with 

software, devices, artificial intelligence or robots 

Attitudes 

• reflective and critical, yet curious, open-minded 

and forward-looking attitude 

• ethical, safe and responsible use of digital 

technologies  

 

3. TEACHERS’ DIGITAL COMPETENCE 

An average of 25% of school heads of OECD 

countries reported that shortages or 

inadequacies of digital technology were 

hindering learning in their institutions [7]. 

In 2018 only about 50% of 15-year-old pupils 

from OECD countries attended schools with an 

effective learning support platform [8]. 

The same source indicates that teachers were 

not used to use digital technologies neither 

in everyday contact with their students nor 

as a teaching support before 2020. Only 53% of 
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teachers on the average let their students use 

information and communication technologies 

for projects or classwork (Figure 1) [9]. 

 

Figure 1. Percentage of lower secondary 

teachers who “frequently” or “always” let 

students use ICT for projects or class work. 

Source: OECD, 2018 

A similar situation of online school teaching 

during the pandemic emerges from the Polish 

studies. The report Online education during 

Covid-19 [10], which deals with elementary 

school teachers and students, indicates the lack 

of methodological preparation in the transfer 

of traditional classes to the digital world, 

understood as the ability to choose 

the appropriate tools, methods and content 

available in digital form. In addition, 

the Authors indicate the lack of sufficient 

digital competence among teachers. Both 

teachers and their students agree on the 

assessment of teachers' preparation in this field. 

Students who participated in this survey rated 

their teachers' preparation for online instruction 

low (40%) and medium (34%). Less than 20% 

of the respondents rated their teachers' digital 

competence as high, and only 8% said that 

teachers' engagement, digital competence, and 

ability to organize learning situations 

in the virtual space were at the highest level. 

The reason for teachers’ digital competence 

shortages is seen by Buchner [11], in the very 

poor or complete lack of prior experience with 

online teaching.  

TALIS2 2018 data shows, however that teachers 

who had ICT courses as part of their formal 

education or training, as well as teachers who 

took ICT classes as part of their professional 

development scheme are more willing to use 

new technologies and software in their 

everyday work [12]. The results of a study 

carried out among 1621 Polish teachers who 

took part in eTwinning3 programme 

demonstrated that taking part in extracurricular 

online projects within this scheme also has 

a positive impact on teachers’ digital 

competence. 72,4% of teachers surveyed 

claimed not to have major difficulties teaching 

online, and the longer their experience with 

eTwinning programme, the fewer technical 

obstacles they reported [12]. The teachers who 

took part in the survey admitted to be familiar 

with a wide array of online tools, such as 

Google applications, Messenger, LearningApps, 

Teams, Kahoot!, Quizzlet or Wordwall. One in 

ten set up their own website to enhance their 

teaching during the Covid-19 pandemic. 

 

4. ERASMUS+ PROJECT LEADERS’ 

DIGITAL COMPETENCE 

The Covid-19 pandemic has brought major 

changes to the functioning and has significantly 

limited the possibilities offered by 

the Erasmus+ programme. A desk research 

analysis [13] carried out on the data coming 

from Polish institutions demonstrates that 

94.8% of administrative managers in Poland 

were working from homes for more than half-

time, in contrast with 5.3% before 

 
2 TALIS - The OECD Teaching and Learning 

International Survey – an international survey that 

provides a voice to teachers and school principals, who 

complete questionnaires about issues such as the 

professional development they have received; their 

teaching beliefs and practices; the assessment of their 

work and the feedback and recognition they receive; and 

various other school leadership, management and 

workplace issues. 
3 eTwinning is a EU programme that offers an online 

platform for schools in Europe and several neighbouring 

countries, which allows to find partners and collaborate 

on projects. 
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the pandemic. In the case of Erasmus+ 

Programme, the unexpected transition of project 

activities into virtual reality has become the 

paramount challenge to project leaders, who 

were suddenly required to manifest a certain 

level of digital competence and ability 

to redefine their project activities in order 

to deliver project objectives. The course 

of international education projects during the 

pandemic was the main topic of the study over 

project leaders’ competences which was 

conducted by the Authors in 2020.  

Data coming from 990 respondents led 

to distinction of the following four competences 

of international project leaders: managerial, 

cognitive, social and digital. While the first 

three were considered as contextual factors, the 

latter was of major significance in the context 

of the present study. The digital competence is 

a feature composed of several indicators 

concerning among others: everyday use 

of electronic equipment, digital literacy 

in private life and technical ability to use 

specific programs and tools. 

According to the study, the level of the digital 

competence among international education 

project leaders was relatively high 

(in comparison to other competences) with 

average score of 4.33 on the five-point Likert 

scale (Table 2).  

 

Table 2. Distribution of Erasmus+ Project 

Leaders’ Digital Competence in Percentiles. 

Source: Authors’ own work 

 

 

Furthermore, two clusters of Erasmus+ project 

leaders were identified for comparisons: leaders 

with outstandingly high level of digital 

competence (fourth quartile; N = 255) and 

leaders with substantially lower level of digital 

competence (first quartile; N = 220). 

Subsequently, a projects sustainability 

(understood as suspending vs continuing 

the project) was examined separately for leaders 

coming from every cluster. Overall, 21% of the 

highest digital performers postponed 

or extended their Erasmus+ projects, whereas 

in the cluster of lowest digital performers this 

ratio reached 29%. Considering this, 

the analysis in clusters was continued 

on the remaining three competencies and their 

specific dimensions (Table 3).  

 

Table 3. The lowest and the highest digital 

performers among Erasmus+ project leaders. 

Source: Authors’ own work 
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Lowest 

digital 
performers 

(first 

quartile) 

3.56 3.57 3.68 3.72 1.71 3.70 3.39 

Highest 

digital 

performers 
(fourth 

quartile) 

3.96 4.13 4.17 4.11 1.86 4.12 3.79 

 

The direct conclusion is that lower digital 

competence co-exists with lower managerial, 

cognitive and social competence and vice versa. 

What is more, the Erasmus+ project leaders 

with higher digital competence seemed to be 

more efficient in the implementation, 

management and sustainability of their projects. 
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45.9% of best digital performers stated that 

their project activities were delivered 

successfully in 75% or more during the Covid-

19 pandemic, in comparison to 35.9% in the 

cluster of lowest digital performers. 

Their projects were also less likely to be 

suspended.  

Moreover, higher level of digital competence 

in studied group was coherent with better auto-

evaluation as a project leader. 44.7% of highest 

digital performers assessed themselves as very 

good whereas in the second cluster it was only 

13.6% which means that the quality of project 

management may be affected to great extent by 

the level of digital competence. In general, 

a developed digital competence, could 

be perceived as leaders’ shield against negative 

effects of the Covid-19 pandemic 

for international cooperation. 

Higher level of digital competence was also 

linked to increased willingness to develop skills 

and knowledge. Lifelong learning approach 

is more common among respondents with 

higher digital competence (87.5% state that are 

still developing), whereas in the second cluster 

this is the case for less than half of the group 

(47.7%). This may prove that higher digital 

competence helps to better adapt in relation 

to external conditions concerning the project 

leader position. 

 

5. CONCLUSIONS 

The evidence of the research presented above 

demonstrate that digital competence can be 

a factor contributing to assuring continuity 

of both online classes at school and 

international education projects. Teachers who 

had pre-pandemic experience with the use 

of online tools and methods in class declared 

not to have significant technical challenges 

while online learning during the Covid-19 

pandemic. The same applies to international 

educational projects’ coordinators – the 

implementation and sustainability of such 

activities, despite mobility and sanitary 

obstacles caused by the Covid-19, depended, 

among other factors, on the level of their digital 

competence. The effective ability to teach 

and work online has therefore become one 

of the fundamental skills nowadays. 
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ABSTRACT 

 
Global financial assets behaviour has become highly 
volatile during the pandemic period, especially the highly 
risky assets. Financial instruments like cryptocurrencies 
are basically speculative and the investors basically trade 
on these anomalies. Even though the entire world has come 
to standstill these markets were never. In order to 
understand the market anomalies during the COVID 
pandemic the popular asset in cryptos which is bitcoin 
along with the global market index such as S&P 500, 
Global Crude Oil prices and gold prices daily trading data 
are taken into consideration during and post covid. Some 
of the interesting aspects of Machine Learning (ML) such 
as variety of techniques, parameter selection, nonlinearity 
and generalization ability make it well suited for the 
problems of uncertain functional structure. Price 
prediction of stock markets is a challenging problem 
because of unpredictable noise and the number of potential 
variables that may impact on the prices. The research work 
presented in this paper involves the development of a ML 
algorithm which will throw light on the price behaviour of 
these instruments during and post crisis. 
 
Keywords: Machine learning, Artificial Neural Network, 
Asset’s behaviour prediction, COVID pandemic. 
 

1.  INTRODUCTION 
 
The application of Artificial Intelligence (AI) in finance 
has grown over the last few decades and transformed the 
direction of any financial institution. Many researchers 
have developed tools and techniques that predict assets 
behaviour and help investors to make proper decisions on 
investments. Machine learning (ML) is one section of 
Artificial intelligence (AI) where the high-dimensional 
nature of algorithm is used to learn from existing data to 
make future decisions or predictions. Some of the 
interesting aspects of ML such as range of techniques, 
diversity, parameter selection, nonlinear mapping and 
strong generalization ability make it well suited for the 
problems of uncertain functional structure. Price 
prediction of stock markets is a challenging problem 
because of unpredictable noise and the number of potential 
variables that may impact on the resultant prices. Several 

aspects of asset pricing make it, especially attractive field 
for analysis using ML methods.   
 
How can improve the accuracy of any stock price 
prediction is an open question.  At the same time prediction 
of assets behaviour continue to be one of the most 
challenging research areas due to dynamic and 
inconsistent data. Our main experimental finding is that 
ML has the capability to learn and improve predictability 
and performance automatically. Global financial assets 
behaviour has become highly volatile during the pandemic 
period, especially the highly risky assets. Financial 
instruments like cryptocurrencies are basically speculative 
and the investors basically trade on these anomalies. Even 
though the entire world has come to standstill these 
markets were never. In order to understand the market 
anomalies during the pandemic the popular asset in cryptos 
which is bitcoin along with the global market index such 
as S&P 500, Global Crude Oil prices and gold prices, daily 
trading data are taken into consideration during and post 
covid. The research work presented in this paper involves 
the development of a machine learning algorithm which 
will throw light on the price behaviour of these instruments 
during and post crisis. 
 
This paper aims to develop an innovative neural network 
approach to achieve better stock market assets price 
predictions. The remainder of the paper is organized as 
follows: Section 2 reviews the papers related to predicting 
assets prices with different ANN models in the literature 
in the recent past. Section 3 describes the proposed 
machine learning model and the data sets. Section 4 
contains the results for the model and discussions. Section 
5 concludes the research findings. 
 

2. LITERATURE REVIEW 
 
Several statistical and ML techniques have been explored 
for the stock analysis and price prediction problem in 
recent past [1, 3, 7, 13]. Most of these data mining models 
used advanced ML techniques and different architectural 
designs based on convolutional and multi-layer neural 
networks to learn complex patterns in data, inspired by the 
way the human brain works on recognition and 
classifications. The most powerful 
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modelling device in ML is Artificial Neural Networks 
(ANN) and it is used in complex problems, such as 
predicting stock index prices and movements, computer 
vision, natural language processing, and many more. ANN 
is also least transparent, least interpretable, and most 
highly parameterized ML tool. Many financial institutions 
are now approving ML techniques applications for internal 
controls and risk management.  
 
ANN is demonstrating the way neurons interact in the 
human brain with many hidden layers of simulated 
interconnections. When we increase the number of hidden 
layers with non-linear processing units improves the 
efficiency of learning in ANN. A Convolutional Neural 
Networks (CNN) based architecture was introduced on a 
collection of data from a variety of sources for predicting 
the next day’s direction of movement for the indices of 
S&P 500, NASDAQ, DJI, NYSE, and RUSSELL. The 
results showed a significant improvement in prediction’s 
performance compared to other existing algorithms [8]. 
 
Bitcoin is one of the successful and largest crypto 
currencies where its price can be forecasted with the ANN 
model. The model shows the neuron in single hidden layer 
ranging from 7 to 9 neurons with the epochs ranging from 
2,000 to 10,000 with the inputs such as volume of trading, 
M2 and its volatility, in the ANN. On comparing the 
results with the experimental result from particle swarm 
optimisation (PSO) technique the results are not 
satisfactory compared to the ANN output. Therefore, ANN 
model is best suited for forecasting the bitcoin price trend 
[6]. The bitcoin is widely considered as an investment 
asset and the exchange rate has a significant impact on the 
same [10]. 
 
Machine learning prediction models on the uncertain index 
and components of cryptocurrencies for forecasting future 
prices using four major algorithms, Gradient Boosted 
Tree, Neural Network, Ensemble Learning Method, and k-
nearest neighbour (KNN) model is proposed. They have 
showed that their research outcomes are competitive in 
compared to the other work proposed in literature and can 
play a major role in cryptocurrency portfolio management 
and in observing the fluctuations in the prices of 
components of cryptocurrency market. These forecasting 
models can be used to understand the trend and help the 
investors to trade in a difficult and challenging financial 
commodities like bitcoin [4]. 
 
Four deep learning models such as Multilayer Perceptron 
(MLP), Long Short-Term Memory (LSTM), 
Convolutional Neural Network (CNN) model and UA 
model to predict the next day’s index price of three 
commodities (S&P500 index, CSI300 index and 
Nikkei225 index) traded in the financial markets were 
proposed. They have used the datasets collected in eight 
years and the results show better accuracy in all the models 
and the attention-based model (UA model) has showed the 

best performance among the other alternative models. 
They used four hidden layers and the corresponding 
neurons are 70, 28, 14, 7 in each hidden layer in MLP 
model. MAPE was set to be the main predictive accuracy 
measurement indicator [5].  
 
A recurrent neural network architecture using LSTM and 
Gated Recurrent Unit (GRU) based hybrid cryptocurrency 
prediction scheme for price prediction and directional 
movement of stock is proposed. They used multiple input 
with the data concerning average price, open price, close 
price, high and low prices, and the volume of trades and 
their novel model exhibiting some promising results. Their 
approach treats each cryptocurrency independently 
ignoring its possible relations with other cryptocurrencies. 
This issue is very common on all the approaches proposed 
by most of the work. The model accurately predicts the 
prices with high accuracy, showing that the scheme could 
be applicable in various cryptocurrencies price predictions 
too [14]. 
 
Another research aims to develop two revolutionary ANN 
models to study the influence of market characteristics on 
stock prices and data were obtained from live markets. 
They introduced a concept called “stock vector.” The input 
data are from multi-stock high-dimensional historical data. 
Their two models are deep long short-term memory model 
(LSTM) with embedded layer and the long short-term 
memory neural network with automatic encoder 
respectively. The results shows that the deep LSTM with 
embedded layer is better performance with the accuracy of 
56.9% than the other model [11]. 
 
A comparative study of two useful models Long Short-
Term Memory (LSTM) recurrent neural network (RNN) 
and a deep neural network (DNN) to predict the Indian 
BSE Sensex index in volatile environment was proposed 
in another research. The result shows better performance 
in daily prediction by both models and the LSTM model is 
more promising for making longer-term predictions [12].  
Another deep learning model using Recurrent Neural 
Network (RNN) also was proposed to predict the google 
stock price and movement. They obtained an accuracy of 
87.32% compared to the previous proposed work had 
limited accuracy [15]. A Systematic Literature Review 
(SLR) that deal with the prediction of European Union 
(EU) stock markets using deep learning techniques was 
conducted. Even though there are many surveys papers 
published using American stock market data, the 
representation of EU stock markets in those surveys are 
minor.  This work provides great opportunities for future 
researchers to experiment their proposed DL 
methodologies in the markets of the EU [2, 9].  
 

 
In this section, we explain the proposed model. The 
proposed model is based on the idea of processing all 

3. METHODOLOGY 
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assets data, simultaneously. Data is the base of any 
Artificial Intelligence techniques and large amount of data 
availability allows ML models to perform better because 
of their ability to learn from the examples. The rationale 
behind the proposed model is to develop a reinforcement 
learning model which can use information from various 
assets data and then process this information for achieving 
accurate and reliable predictions. The data utilized in this 
research, consists of daily historical data during the Covid 
Pandemic (from 1st March 2020 to 28th February 2022) of 
BTC, S&P 500, Crude oil, and Gold in USD. We used the 
adjusted closing price of the various assets for our model 
inputs and predicted output. After adjustments for splits 
and dividend distributions of the asset, we get the adjusted 
closing price.  The Adjusted Closing price of any assets is 
the final output value that will be forecasted using the ML 
technique in our model and adjusted closing value of other 
assets as independent inputs as shown in the table below. 
The number of units in the input layer is equal to the 
dimension of the predictors. The number of inputs units in 
this example (denoted A1..., A3) is three. The output layer 
collects the weighted signals into the forecasted value 
(A4). For example, we choose the following three 
variables to account as inputs for training validation, and 
testing purposes: 

Adjusted Closing price of A1(BTC),  
Adjusted Closing price of A2(Gold),  
Adjusted Closing price of A3(Crude Oil),  

 
and the following to asset as forecast output: 

Adjusted Closing price of A4(S&P500). 
 
Then we took A1, A2, and A4 as inputs to forecast the 
closing price for A3 and so on. Table 1 depicts the actual 
data set used for this purpose. 
 

Table. 1 Adjusted Closing prices (original data) 

Date 
BTC Crude 

Oil 
Gold S&P 500 

18/02/2022 40030.98 91.07 1898.60 4348.87 

17/02/2022 40538.01 91.76 1900.70 4380.26 

16/02/2022 43961.86 93.66 1870.20 4475.01 

15/02/2022 44575.20 92.07 1854.80 4471.07 

14/02/2022 42586.92 95.46 1868.00 4401.67 

11/02/2022 42407.94 93.10 1840.80 4418.64 

10/02/2022 43565.11 89.88 1836.20 4504.08 

 
Since the input data are in different range, it does not 
contribute equally to model fitting which will lead the 
learning function to create a biased result. Proper scaling 
of data is necessary in any ML technique to achieve more 
stable and accurate result in the forward and back 
propagation. Hence, we normalized the assets adjusted 
closing price to values between 0 and 1 using MINMAX 
scaler Eq. (1). Therefore, all the data in large numbers are 
reduced to small numbers, and therefore memory 

consumption is also decreased eventually. As shown in the 
table below, the normalized values of the inputs and output 
are scaled down to smaller values when compared to the 
real values given in the above table. 

 
Table 2. Normalized Data 

BTC Crude Oil Gold S&P 500

0.811132 0.924891 1 0.992301

0.800819 0.922297 0.977555 0.983095

0.812482 0.924183 0.949203 0.994141

0.822177 0.929489 0.98671 0.964954

0.822254 0.91876 0.984347 0.922441

0.828582 0.916519 0.985529 0.952412
 

𝑋
 

 
    (1) 

 
For training and testing purpose, the asset data were 
divided into training set (400 days), validation set (100 
days), and testing set (97 days). An efficient gradient 
descent method called back-propagation is used to attain 
the algorithm’s convergence. 
 
We used the nonlinear computational ML approach called 
Multilayer perceptron (MLP) in this work. This model has 
one input and output layer, and multiple intermediate 
hidden layers, these layers have highly interconnected 
neurons, and the raw input data and the desired output are 
given to the learning algorithm to learn by adjusting the 
weights. MLP uses the backpropagation method for 
training, in which calculated errors are back propagated 
from the output layer to the input layer to minimize the 
errors. In detail, from the input layer to the hidden layer to 
output layer:  the flow of information occurs in the forward 
direction. The inputs are used to calculate the output of the 
neuron using a function called Activation function, which 
decides whether the neuron should be activated or not by 
calculating the weighted sum added with the bias. The 
neurons in the input layer get activated through input data 
and neurons in the other layers get activated through 
weighted connections with active neurons in the previous 
layer. The formula is given in Eq. (2). 
 
𝑋  ∑ 𝑊𝑒𝑖𝑔ℎ𝑡 ∗ 𝑖𝑛𝑝𝑢𝑡  𝑏𝑖𝑎𝑠   (2) 
 
We used Sigmoid function as our activation function and 
depicted in Eq. (3). It is a non-linear function and if the 
weight or bias of one or multiple neurons are changed a 
little bit, the output of that neuron will be changed. We 
used sigmoid function because it allows the nodes to learn 
more complex structures in the data. Sigmoid (or Logistic) 
function takes any real value as input and outputs the 
values in the range of 0 to 1.  
 

𝑓 𝑋  
 

   (3) 

 

Proceedings of the 26th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2022)

54



  

The backpropagation algorithm is used to update the 
weights of the network connections and bias to get the 
expected results. If the difference between the actual 
output of the model and the desired output is minimized, 
then we can stop the training. Derivative function used for 
backpropagation is given in Eq. (4). 
 
𝑓 𝑋 𝑓 𝑋 ∗ 1 𝑓 𝑋    (4) 
 
We design MLP model with two hidden layers and the 
corresponding neurons are 30, 20 in each hidden layer. 
When we introduce number of hidden layers with non-
linear processing units improves the efficiency of learning 
from known data. One of the most common challenging 
issues in ML models is overfitting which could be avoided 
by doing cross validation.  
 
We evaluated the prediction result by lost functions: Mean 
Square Error (MSE) (given in Eq. (5), Root of MSE 
(RMSE, given in Eq. (6)) and coefficient of determination 
(R2, given in Eq. (7)). The MSE value is always 
nonnegative, and it measures how the predictions are 
widely spread from one data set to another.  

𝑀𝑆𝐸  ∑ 𝑦 𝑦   (5) 

𝑅𝑀𝑆𝐸  √𝑀𝑆𝐸                 (6) 

𝑅
∑

∑
                 (7) 

where N denotes the number of samples in the data set, 𝑦  
is the model prediction value, yi is the real value, and 𝑦 is 
the mean value of yi. 
 
There are three neurons in the input layer and one neuron 
in the output layer. The learning rate is set to 0.3, and the 
number of iterations is 3000. 
 

4. RESULTS 
 
We trained the proposed model and compared the 
predicted and true results. The evaluation indicators show: 
MSE is 0.0096903, RMSE is 0.098439 and R2 is 0.72839, 
validation data accuracy is 0.9024 and testing data 
accuracy is 0.79197. The results are depicted in the figures 
(1 & 2). The smaller the MSE and RMSE values, the closer 
the predicted value to the true value and the model will fit 
better if R2 is closer to 1. Using this proposed forecasting 
methods, anyone can easily understand the trend and it 
would be even easier for them to trade in any difficult and 
challenging assets. 
 

Figure 1. Mean Square Error and Root of MSE in 
Training Phase 

 

Figure 2. Coefficient of Determination (R2) in 
Training Phase 

 
We compare the results for different combination of inputs 
assets and forecasted assets price as shown in the table 3 
for validation and testing phases. 
 

5. CONCLUSIONS 
 
Market participants throughout the world has undergone 
tremendous stress with their investments in various assets. 
They are not having any clue how to enter, hold or exit 
from the markets in which their investments are made. 
Every market reacts differently during this pandemic 
period which has necessitated some authentic models for 
their price predictions. This paper proposes a model using 
Artificial Neural Network (ANN) technique to forecast the 
Adjusted Closing price of BTC/Gold/S&P500/Crude oil. 
The novelty of the proposed model is based on the training 
data set, which is collected during and post COVID-19 
crisis period 2020 to 2022 as well as design of the model 
itself.  The results show that the proposed model has been 
trained well to forecast the adjusted closing price of an 
asset by using a combination of other three different asset’s 
adjusted closing prices as inputs. Hence the forecasting 
models proposed in this research can easily help any 
participants to understand the trend and trade in any 
difficult and challenging assets during and post COVID. 
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Figure 3. BTC in Validation Phase 
 

Figure 4. BTC in Testing Phase

Table3. Inputs, Output combinations for Validation and 
Testing phases 

Inputs Output 
(forecast) 

Figure number 

S&P 500, Gold, 
Crude oil, 

BTC  Figure 3, 4 

S&P 500, BTC, 
Gold

Crude oil Figure 5, 6 

S&P 500, Crude 
oil, BTC 

Gold Figure 7, 8 

6. REFERENCES 

BTC, Crude oil, 
Gold 

S&P 500 Figure 9, 10 
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Figure 5. Crude Oil in Validation Phase

Figure 6. Crude Oil in Testing Phase 
 

Figure 7. Gold in Validation Phase 
 

Figure 8. Gold in Testing Phase 
 

Figure 9. S&P 500 in Validation Phase 
 

Figure 10. S&P 500 in Testing Phase 
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ABSTRACT 

Western science has always intrinsically been a social 
enterprise. How the population of scientists organises itself to 
produce knowledge, though, has changed enormously during 
the last 150 years. Generally, these changes occurred 
instinctively and spontaneously, being rarely, if at all, planned 
or investigated a posteriori. The result of this process is that the 
actual organisation of the scientific society is being considered 
far from optimal to face the gigantic and complex challenges 
lying ahead. In domains aiming to understand problems of 
organised complexity it is even inadequate, although it is often 
difficult to state why and to identify where inadequacies lie. 
Grounding on organisations, a generalisation of the system 
concept, on the in-formation concept induced by them and on 
the ground-breaking achievements of the science of generic 
systems in the last century, I sketch a description of the 
scientific milieu and its social arrangements that allows for 
inquiring about agonistic, antagonistic, and synergistic 
situations and interaction-patterns. 

Keywords: Scientific Milieu, Scientific Enterprise, Innovation, 
Creativeness, Multi-disciplinary Science, Organised Complexity. 

1.  INTRODUCTION 

Modern western science is a collection of scientific fields of 
inquiry which achievements form the kernel of Humanity’s 
knowledge about natural and artificial phenomena. The argu-
ments herein take for granted that the great achievement of 
Scientific Revolution, as a socio-cultural event, was the bind-
ing of pure thought to observation, of philosophy to nature. 
The intellectual discipline stemming from this revolution of 
course came to be named Natural Philosophy. This move re-
quired reasoning to be intertwined with observation, passive or 
actively gathered through experimentation, and observation to 
be reproducible [1]. A less conspicuous, but not less important, 
achievement is the transformation of scientific activities and 
knowledge production into a curiosity-driven social enterprise, 
centred around concerns and inquiries in given domains of 
interest. This later achievement allowed for extending the 
reach of scientific inquiries to phenomena with characteristic 
times longer than the human lifespan. The collection of all 
scientists undertaking the scientific adventure is the scientific 
milieu. 

This move towards collective investigation occurred slowly, 
grounded on individuals exchanging ideas by communicating 
two at a time, through letters, printed documents, and face-to-
face encounters. Nonetheless, in the last 170 years, there were 
non-trivial qualitative, quantitative, and contextual changes in 
the social organisations participating in the scientific enter-
prise, bringing to stage actors like “labs,” evaluation boards, 
national directives, associations, funding agencies and so on. 
These changes occurred spontaneously along the centuries, 
without any introspection, planning or self-criticism. Often, 
they were only slightly inspired by necessities intrinsic to the 
scientific quests that led to discoveries and the creation of in-
quiry-specific knowledge, being in principle moulded by the 
cultural-social-economic background in subtle ways. This 
sloppy, un-steered evolution was made possible by a lack of 
self-contemplation and was largely induced by important 
changes in problems humankind needs to address. It resulted in 
a scenario where scientific activities are driven mainly by fac-
tors strange to scientific values, methods, and paradigms. A 
scenario that is being baldly and boldly considered dark and 
confusing, utterly promoting a wave of obscurantism [2].  
Waves of obscurantism in the sciences are not new nor rare. 
They seem to occur when we depart from the directives of 
science scepticism and stick to ideas that bring us nowhere, 
refusing to look around for alternatives or new paradigms and 
perspectives. For the actual one, though, other factors come 
into play. Since late XVIII century, problems addressed by 
scientists have drifted from problems of simplicity to problems 
of (organised) complexity [3], many demanding multi-discipli-
nary brain-force to be addressed. Concomitantly, the way sci-
entists organise themselves to produce knowledge has changed 
dramatically. Lately, a deluge of spurious information and dis-
tracting interruptions, produced by scientific and non-scientific 
actors, by technology, behaviour, and philosophical tints [4, 5], 
only make things worst; obscuring our vision of what nature is 
telling us and defocusing our attention from what indeed mat-
ters. 
This work looks forward to obtaining a better picture of what 
currently goes-on in and around the scientific process and its 
milieu and how the scientific milieu changed in the course of 
time. I sketch a picture of the scientific milieu in a unified 
framework, using concepts of system sciences, mainly J. G. 
Miller [7], and the organisation/in-formation paradigm [8]. 
Individuals, their channels of interaction and their associations 
will be pictured by constructs grounded on the organisation/in-
formation formalism, while function and behaviour will be 
identified and analysed following Miller’s ideas. Arguments 
herein are essentially non-quantitative [9]. 
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This sketch is based on observations gathered from my life-
long working experience as a scientist with collaborators in 
Brazil, Europe and US, in small groups and in networks. It is a 
humble, partial, and biased account. By no means it addresses 
all relevant aspects of scientific achievements, chiefly those 
arisen after the digital revolution, demanded by multidiscipli-
nary subjects, or that are originated after the 2020 lockdown. 
This presentation is meant as an initial step, boosting an in-
depth investigation about the peculiarities and singularities 
identifiable in all facets of the scientific process. It allows us to 
address questions like “how our training and work-habits affect 
our brain potentialities?”, “is the commonly found master-slave 
organisation of work efficient?”, “what do we need to do to 
maximise creativity of groups and networks?”.  
I start highlighting historical events and scientific terms in a 
time-line perspective but with no intended chronology or his-
torical commitment. This picture will support the description 
of the social organisation and usual interactions while doing 
science, as well as the identification of changes in our ways of 
producing scientists and scientific knowledge. This description 
throw light in the scientific activity as a Human endeavour 
(Kritz, 2007) and its evolution over time, providing a basis for 
thinking about possible future directions. I present in the se-
quel the essentials of the two intellectual frameworks that will 
be used and then sketch the scientific milieu discussing its 
evolution and some of its creativity bottlenecks. I conclude 
emphasising the importance of getting the sharpest self-retract 
of the scientific milieu possible to adapt and be ready to 
present and future challenges. 

2.  SCIENCE BEGINS… 

The Scientific Revolution gave birth to modern science. It is 
generally accepted that the socio-historical events that make it 
took place during approximately 140 years, from N. Coperni-
cus times (1543) up to the publication of I. Newton’s Principia 
(1687). They do not provide the whole picture, though. We 
need to also inspect past and future as well into other achieve-
ments surrounding inquiries about nature to get a better picture 
of how science came to be. I do it here without any chronolog-
ical compromise or historical rigour (see Fig 1). The following 
events prepared the backcloth for the Scientific Revolution 
occurrence. 
In ancient times, knowledge was restricted to temples and oth-
er closed communities, where knowledge was produced, 
taught, and preserved. Greek philosophers change that dis-
cussing ideas and teaching in open spaces for anyone interest-
ed. During the Middle Ages, Arabs diligently developed a lot 
of crafting skills [10] that were later crucial in creating scien-
tific observation apparatuses that allowed for regular observa-

tion and extending human sensorial capabilities. They were 
also instrumental in developing mathematical skills and widen-
ing our ways of reasoning. Printing (J. Gutenberg, 1450) al-
lowed for collective memory and more permanent dissemina-
tion of ideas, while availability of paper and user-friendly writ-
ing gadgets speeded-up intellectual exchanges by facilitating 
person-to-person communication through letter-exchanging. 
The cultural push Renaissance had in the Scientific Revolution 
is largely acknowledged. However, the importance of 
achievements in logics and mathematics as well as the role of 
abstract representations of observations (models) have not been 
properly acknowledged to this moment; possibly because mod-
els appeared exclusively as equations in the subjects of physi-
cal sciences.  
Modern science is characterised by some key actions tying 
philosophical thinking to nature contemplation: questioning, 
observing, modelling, making hypothesis and predictions, 
analysing models, hypothesis, and their consequences, deduct-
ing through logic or forecasts, elaborating interpretations for 
has been found and so on [1]. Furthermore, any scientific in-
quiry-explanation domain has an underlying logical system 
[11]. Along these characteristics, there is the requirement of 
observation replicability, what naturally led to a cycle of ac-
tions that gradually refine our ideas and understanding. Some 
key elements, like questioning-observing or deducting-foresee-
ing, cannot be easily disentangled, nor arranged in any prece-
dence relation. These entangled elements can be aggregated by 
means of three landmarks — observation, modelling, and theo-

ry construction — resulting in a cycle OMT (Fig 2) that en-
hances knowledge. 
This short account faithfully describes how Weaver’s problems 
of simplicity and disorganised complexity have been success-
fully treated for about 300 years mainly, but not exclusively, 
within the domain of physical sciences. It highlights the core 
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Figure 1 – Historical events relevant to the development of Western Science.
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steps in everyday physicists work that remain until today. They 
think ahead and check their thoughts through intelligently 
planned observations. Not even the introduction of uncertainty, 
non-determinism, and model-plurality due to the study of 
quantum phenomena has changed this tradition appreciably 
[5]. An important feature of these phenomena and the way they 
are handled is the strong assumption that interactions among 
components are all alike and that they can be completely de-
scribed by changes in the components’ attributes described by 
means of equations, when conservative, or inequations, other-
wise. 

In the last decades of 19th century scientists started to be inter-
ested in problems beyond the borders of physical sciences, 
meaning that scientists moved from problems of simplicity into 
problems of (organised) complexity, that demand multi-disci-
plinary efforts to be addressed. These are phenomena where 
displacement and movement are not central to their under-
standing. An immediate example is living entities. A biological 
event, e.g., becoming hungry, doesn’t depend whether the sub-
ject is stationary on Earth’s surface or flying at ultrasonic ve-
locities but do depend whether it is relaxing calmly by the sea 
or fully stressed running for its life on a prairie. Biological 
events depend on arrangements, internal interactions, and mu-
tual relations [12]. Its relevant events relate to “architecture” 
rather than position, including the underlying energy distribu-
tion and flow. 
Biological entities are the simplest subjects in Weaver’s com-
plementary class of organised complexity problems, which is 
not to be equated with subjects of complex systems science. 
The later lay between movement and organisation. The science 
of complex systems results from the intellectual inertia that 
keeps us using movement to address organisation through pat-
tern formation. Though a bit unfocused, this discipline is not at 
crisis. Its stunning achievements invariably state that organisa-
tion is not incompatible with movement [8], fortunately. 
During the 20th century there were several developments relat-
ed to science and the scientific process that profoundly 
changed or are about to change the interplay between thought 
and nature as depicted in Fig. 1. Probably in a not far distant 
future we will have the necessary historical perspective to 
reckon these events as another scientific revolution [13].  
Systems Science [14] was born in the first half of last century, 
short after the quantum earthquake in physics. It brought along 
a distinctive change in perspective that consider interactions to 
have the same importance as components and is holistic. It 
hosted cybernetics with the concours of the information con-
cept, born around the middle of the century, but is insufficient 
to face many problems of organised complexity, all biological, 
ecological, and environmental phenomena included [13, 15]. 
The last century saw, if not the birth, the blossoming of many 
non-numerical mathematical disciplines. It is rather naive to 
consider nowadays mathematics as a science of numbers. 
Many fields came from a deep and extensive enquiry about the 
foundations of mathematics and science at large. We learned 
that there is a plurality of ways of reasoning and representing, 
as well as various concepts of things, proximity, and form. Not 
to forget the new idea of connectivity stemming from graph 
and network theories, as well as game and decision theories. 
The advent of computers, generically seen as ‘number crunch-
ing machines’, curiously gave birth to yet another collection of 
non-numeric mathematical disciplines: automata theory, theory 
of programming, temporal logics, computation theory, formal 
systems and grammar theories, programming languages, etc. 

Different computer architectures reflect middleware in pro-
gramming paradigms that firmly affect our ways to represent 
phenomena as computational models (computer programs) 
and, by extension, our ways of thinking. Last but not least, 
computer programs are amazingly plastic emulators allowing 
us to perform virtual experiments not just about nature but also 
about our reasoning. And here is where their major contribu-
tion to science lies. It is difficult to express in simple from the 
overwhelming possibilities this trait opens to human creativity. 
Just to give a hint, the cycle in Fig. 2 becomes the one in Fig. 
3. Note that it can be traversed in several more ways than the 
first one. 

4.  SCIENTIFIC COMMUNITY AND ITS MILIEU 

Since shortly after the scientific revolution, the development of 
scientific disciplines has been a social enterprise centred 
around problems and inquiries in definite domains of inquiry. 
As an enterprise, scientific investigation transforms Unknown 
into known things and knowledge. Hence, by definition, it 
lacks an important referential present in all other human en-
deavours. Namely, the raw material that is transformed into a 
product by any enterprise. Therefore, the iteration cycle of 
Fig.2 can only start out of the blue, from pure thought and 
imagination. Observations surely inspire us but nothing new 
can arise exclusively from observations. Hence, it is very im-
portant to obtain a better and more objective picture of how 
science is done and to be able to improve its doing.  
Scientific community is the population of all scientists on 
Earth. Scientific milieu is this community plus all organisa-
tions, institutions, and non-scientists with whom scientists need 
to interact to produce humankind’s scientific knowledge. The 
following account is based in my working experience as a 
scientist with collaborations in Brazil, Europe and US, person 
to person, and in networks. It is humble, partial, and biased, 
providing a rather limited picture. Its aim is to support and 
illustrate the arguments in the sequel. A more complete and 
accurate description of this subject can be found in [16], that 
should be taken as referential. I haven’t though checked every 
statement below against it. 
The phenomenon to be depicted is the social behaviour of the 
scientific community, its organisation at various levels of 
complexity, and the interactions of these organisational units 
between themselves and with the rest of the human society. 
This is clearly an utter-complex subject. Its description and 
clarification require knowledge from various disciplines to be 
accomplished to a satisfactory level. I present below a first 
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Figure 3 – Nature-thought Interaction with Virtual Experiments

3.  SCIENCE GOES ON 
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sketch towards this quest, to be sharpened and improved in the 
future. 
Definition 1 – An organisation [8] is either: 
1. an atom, a black-box we do not want to open or inspect; 
2. a set of organisations; 
3. a group of organisations put somehow in relation to one 

another; 
4. nothing else. 
Clearly, sets are organisations as much as systems, that are sets 
of interrelated things [18]. Organisations generalise systems in 
two aspects. The definition above straightforwardly shelters the 
phrase “systems made of systems” and also collective (m – n) 
connections by choosing the “relation” of item (3) properly. 
Organisations are trees (hierarchical arrangements) whose 
forks are relations and whose leaves are relations or atoms. 
This assertion hints at their mathematical model that when 
formalised results in a space  of organisations. Molecules, 
cells and live-processes, as well as houses, human beings and 
human brains are organisations [8]. 
During the scientific revolution and the centuries immediately 
following it, the scientific community organised itself as a 
collection of single individuals sharing ideas, materials, and 
stimuli every now and then, first through letters or personal 
contacts, then in meetings that eventually became regular with 
the appearance of scientific societies. Besides meetings, the 

journals of scientific societies greatly contributed to speed-up 
sharing of ideas. Scientists appeared rather spontaneously out 
of self-training, what certainly moulded their abilities to think 
and create, as well as their independence of thought. This can 
be depicted as a time-varying graph  where nodes 
represent scientists and arcs their exchange of ideas. A node 
enters the graph every time a scientist is formed, staying there 
until s-he dies or forever if s-he publishes. Arcs represent sci-
entific interactions between scientists, that is, resulting in sci-
entific knowledge. Clearly,  is more prone to vary than . If 

 is a publication, we may consider that an arc  
can only exist if  for  and . The rep-
resentation possibilities run quickly to infinity and the good 
ones depend on the inquiries being explicitly posed. A few 
remarks apply at this point, though. In the beginning, most 
nodes of  were isolated within , linking just to future. Dia-
logues are cycles in  and discussions cycles that persist for a 
while. Brainstorms are regular, complete, or otherwise struc-
tured sub-graphs of , depending on how the discussions are 
moderated. Creativeness and imagination, however, remain 
constrained to individual brains, and depend strongly on 
synapses connectivity, to the best of our knowledge. Brains are 
indeed embodied organisations or synexions [8] (see next sec-
tion).  
After the beginning of the 20th century, the scientific milieu 
changed drastically, starting with the mass production of re-
searchers in the USA, which required a standardisation of the 
training process analogously to any other production line. The 
quickly enlarged scientific community essayed spontaneously 
to organise itself in a series of different modes, some within 
already existing institutes like faculties, research institutes, 
observatories, and hospitals. Concomitantly, factors and influ-
ences external to the scientific community started to “have a 
word” in the scientific labour, first due to the intrusion of sci-
entific interests into everyday human affairs and later due to 
the necessity of justifying investments in science when it be-
came more and more expensive. 
Figure 4 displays a collection of entities that can be found in 
the scientific milieu today, hints at their subliminal motivations 
and exemplifies a possible hierarchy based on the complexity 
measure defined in , that accounts for components, connec-
tions, and hierarchy. The possibilities of hierarchy exemplified  
on the left are indicative and aim to displace thinking habits.  
In a gigantic and profound work to characterise living systems, 
J.G. Miller considered any assemblage of human beings as 
living and identified the 19 ‘systems’ depicted in Figure 5 in all 
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them — from cells to cities and nations [11]. He didn’t seem to 
have addressed ecosystems and landscapes, since their bound-
aries are not directly assessable. Some Miller systems process 
matter and energy, some process information, while two 
process both.  
What Miller discovered is indeed a collection of functions that 
any living entity must perform. This means that, whenever 
living entities are depicted as organisations, there must exist 
sub-organisations of theirs that perform the 19 functions above. 
To them, I shall add still another function — enquirer — that is 
responsible for sustaining our learning processes and lust. The 
most relevant functions to the present discussion besides the 
enquirer are those responsible for processing information, 
including the boundary marker that identifies the self or, in 
scientific milieu terms, our peers. For the sake of simplicity, I 
shall name the collection of these functions, as well as the 
(sub) organisation that performs them, the brain, taking off the 
italics whenever referring to a human brain.  
For reasons that are both social and psychological, generally 
there is no easily identifiable brain beyond small collaborating 
groups, as of now. When a board or panel has a leader or dean, 
or someone who speaks for them, we may consider its brain as 
the brain of the board or panel. But is this correct? Did this 
person really directed the enquiry so closely, that the answer 
reflects sole its opinion? Of course, an enlarged brain is not 
necessary in a department or institution since their members do 
not engage the same study at the same time. But is certainly 
desirable for evaluation boards at any level if we want to en-
large our scientific understanding and stimulate creativity. 
Funding and promoting boldly is paramount to innovation. As 
it is for enacting innovative resolutions of scientific societies 
and institutions. 

Creativeness and sensibility are immaterial and elusive entities. 
Its difficult to acquaint for them [21]. However, not only they 
are connected to each other but to our bodies and emotions as 
well. Science is not just reason. It is time to fully acknowledge 
the fact that the human intellect has a body, and they constantly 
interact, mutually affecting each other performance. Innovation 
is closer to matter. If we innovate exchanging organisation  
for organisation , innovation may be valuated by considering 
the complexity of the minimum necessary transformations in  
to take  into . To decide if an innovation is creative, though, 
we resource to aesthetic values and pleasure and many brain 
processes, especially synaptic plasticity, are regulated by the 
limbic system and par extension by our emotions. This can 
only be found in embodied organisations or synexions [8, 21] 
where frequency (vibes) and other dynamical aspects allow for 
handling the bio-chemical aspects associated with emotions 
and pleasure.  
The organisations in Fig. 4 above individuals cannot be said to 
be embodied in an easy manner. Two or three persons may be 
tuned emotionally and be said to ‘feel’ each other, acting ac-
cordingly. In this case, they may be represented as synexions. 
The consequences of this remark to the creation of brains in 
larger groups of human being will be the subject of future 
work. Nevertheless, it is very clear even from this initial stand 
that inducing integrative work and creativity in groups of sci-
entists require dealing with emotions, or emotional intelli-
gence. 

The above intentionally recounts existing knowledge from a 
different perspective. It tells about what things are but prepares 
the ground to discuss how things should be by emphasising 
that all interviewing elements are or should be embodied or-
ganisations as much as our brains are, no matter how they are 
described. This common description allows for comparing 
things more widely and deeply than previously. It is pointless, 
for instance, to make calls for multi-disciplinary projects or 
articles when the boards evaluating the submissions are disci-
plinary or, having representatives of various disciplines, do not 
really evaluate together. How can we turn them into a multi-
disciplinary team with one brain? I shall use the Jain parable of 
‘the eight blind wise men inquiring about an elephant [22]. 
In the parable, the wise men work individually competing to 
describe what is being studied in the best possible form and are 
likely to enter into a dispute about who is right. Suppose now 
that they can talk to each other, and they absolutely trust the 
integrity, capacity and honesty of the other seven. This is no 
dream as they are the main traits of character required from 
scientists [23] How can develop a modus operandi and com-
munication protocols to be able to integrate their observations 
and knowledge into one global opinion even if imprecise?  
This is the motivation of this study. The challenges facing hu-
mankind, from understanding the Amazon landscape and its 
interactions with Earth climate to understanding the role of 
viruses in Earth’s biota [24] and its eventual destabilisation 
into endemics or pandemics, are more than elephants while the 
whole scientific community less than 8 wise men. We need to 
solve this puzzle, or we risk not surviving. 
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ABSTRACT 

 

Building upon the possibilities of technologies like ontology 

engineering, knowledge representational models, text mining, 

and semantic reasoning, our work presented in this paper, which 

has been performed within the collaborative research project 

PREVISION (Prediction and Visual Intelligence for Security 

Information), co-funded by the European Commission within 

Horizon 2020 programme, is going to support Law Enforcement 

Agencies (LEAs) in their critical need to exploit all available 

resources, and handling the large amount of diversified media 

modalities to effectively carry out criminal investigation. 

 

A series of tools have been developed within PREVISION which 

provide LEAS with the capabilities of analyzing and exploiting 

multiple massive data streams coming from social networks, the 
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open web, the Darknet, traffic and financial data sources, etc. and 

to semantically integrate these into dynamic knowledge graphs 

that capture the structure, interrelations and trends of terrorist 

groups and individuals and OGCs. 

 

The paper at hand focuses on the developed ontology and the 

tools for text mining, Extract Transform Load, Semantic 

Reasoning and the knowledge base and knowledge visualization. 

 

Keywords: Ontology, ETL tools, Knowledge Base, Text 

Mining, Semantic Reasoning, Knowledge Visualisation. 

 

 

1.  INTRODUCTION 

 

Left- and right-wing extremists, as well as Islamist terrorist 

groups deliver their hate speeches and propaganda to a wide 

spectrum of audiences on different social media. Although 

counter-measures resulted in limiting terrorist abuse of 

mainstream platforms, such as Twitter, YouTube and Facebook, 

this is not yet the case with start-up social media companies. As 

pointed out by Europol, differences in assessment of content, lack 

of linguistic capabilities and expertise, are being exploited by 

terrorists to infest social media with their toxic messages [1]. 

 

Organised Crime Groups (OCGs) quickly adopt and integrate 

new technologies into their ‘modi operandi’ or build brand-new 

business models around them (such as CaaS) [2]. More than 

5,000 OCGs operating on an international level are currently 

under investigation in the EU [1], whereas document fraud, 

money laundering and the online trade in illicit goods and 

services are recognised as the engines of organised crime. 

Notably, goods and services offered on the Darknet are available 

to anyone, be it an individual user, an OCG or terrorist 

organization [3]. 

 

Moreover, experience from the criminal activities committed on 

the Darknet suggests that a new generation of criminals and inter-

criminal relationships has emerged, whereby individuals often 

work together in loosely organised and de-personalised networks 

in which trust is more important than hierarchy [4]. This in turn 

calls for new tools that allow Law Enforcement Agencies (LEA) 

to understand the structure, complexity, dynamics and 

interrelations within and across OCGs. 

 

These trends reveal the importance of addressing the 

aforementioned weaknesses by means of advanced Big Data 

capabilities and appropriate ICT tools that analyse social 

networks, utilising advanced linguistic models and semantic 

technologies. 

 

 

 

The EU funded project PREVISION developed a series of tools 

which provide LEAS with the capabilities of analyzing and 

exploiting multiple massive data streams coming from social 

networks, the open web, the Darknet, traffic and financial data 

sources, etc. and to semantically integrate these into dynamic 

knowledge graphs that capture the structure, interrelations and 

trends of terrorist groups and individuals and OGCs. The tools 

have been integrated into a platform, providing LEAs a common 

access to the tools and interconnecting the tools. Figure 1 

presents an overview of the architecture of the developed 

platform. 

 

This paper focuses on the developed ontology and the tools for 

text mining, ETL, Semantic Reasoning and the knowledge base 

and knowledge visualisation.  

 

The rest of the paper is structured as follows: Section 2 describes 

related work, especially other EU funded projects addressing the 

topic of technologies improving the knowledge of investigators 

when fighting crime and terrorism. Section 3 introduces the 

PREVISION ontology, which is the core of the PREVISION 

platform. Section 4 and section 5 describe the text mining tool 

and the ETL tool, which populate the knowledge base and thus 

contribute to an enhanced knowledge about the situation in a 

criminal investigation. Section 6 describes how the knowledge 

base has been implemented. In section 7 semantic reasoning 

tools, which operate on the knowledge base and produce new 

entries in it are provided. Section 8 presents how the knowledge 

is visualized. The paper concludes with a conclusion and the 

acknowledgment. 

 

2.  RELATED WORK 

 

In order to foster the fight against organized crime and terrorism, 

the European Union funded a series of research projects to 

develop tools needed by LEAs. These projects are similar to 

PREVISION, each of it focusing on specific aspects regarding 

the investigation of criminal and terrorist activities. 

 

The ANITA “Advanced tools for fighting online illegal 

trafficking” project [5] focused on the design and development 

of a knowledge-based user-centered investigation system for 

analyzing heterogeneous (text, audio, video, image) online 

Figure 1: Overview of the PREVISION platform architecture 
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(surface web, deep web, DarkNet) and offline content for fighting 

financing terrorism, illegal trafficking of drugs, counterfeit 

medicines, and firearms. 

 

The COPKIT project [6] has developed data-driven policing 

technologies to support Law Enforcement Agencies in analysing, 

investigating, mitigating and preventing the use of new 

information and communication technologies by organized crime 

and terrorist groups. It developed a toolkit for knowledge 

production and exploitation in investigative and strategic 

analysis work to support the Early Warning /Early Action 

paradigm for both strategic and operational levels. 

 

The AIDA (“Artificial Intelligence and Advanced Data Analytics 

for Law Enforcement Agencies”) project [7] is developing a Big 

Data Analysis and Analytics framework equipped with a 

complete set of effective, efficient and automated data mining 

and analytics solutions to deal with standardised investigative 

workflows, extensive content acquisition, information extraction 

and fusion, knowledge management and enrichment through 

applications of Big Data processing, Machine Learning, AI and 

predictive and visual analytics. It is focusing on cybercrime and 

terrorism by approaching specific issues and challenges related 

to LEAs’ investigation and intelligence using machine learning 

and artificial intelligence methods. 

 

The ASGARD (“Analysis System for Gathered Raw Data”) 

project [8] developed a best-of-class tool set for the extraction, 

fusion, exchange and analysis of Big Data, including cyber-

offense data for forensic investigation. 

 

The INSPECTr (“Intelligence Network & Secure Platform for 

Evidence Correlation and Transfer”) project [9] develops a 

shared intelligent platform and a novel process for gathering, 

analysing, prioritizing, and presenting key data to help in the 

prediction, detection and management of crime in support of 

multiple agencies at local, national and international level. The 

data processed by INSPECTr originates from the outputs of free 

and commercial digital forensic tools complemented by online 

resource gathering. Using both structured and unstructured data 

as input the developed platform facilitates the ingestion and 

homogenisation of this data with increased levels of automation, 

allowing for interoperability between outputs from multiple data 

formats. 

 

The TENSOR (“Retrieval and Analysis of Heterogeneous Online 

Content for Terrorist Activity Recognition”) project [10] 

developed a unified semantic infrastructure for information 

fusion of terrorism-related content and threat detection on the 

Web. This infrastructure offers Law Enforcement Agencies fast 

and reliable planning and prevention functionalities for the early 

detection of terrorist activities, radicalisation and recruitment. 

The TENSOR framework consists of an ontology and an 

adaptable semantic reasoning mechanism. 

 

In literature there are several attempts to model terrorism-related 

concepts as ontologies, with the work by Mannes and Golbeck 

being one of the first attempts [11], [12]. In their work the authors 

present an ontology for representing terrorist activity, mostly 

focusing on the description of sequences of events and the 

representation of social networks underpinning terrorist 

organizations.  

                                                 
1 https://www.w3.org/RDF/ 

 

Turner [13] presented in its report as a new paradigm the 

Adversary-Intent-Target (AIT) ontology. AIT is a model for 

semantically representing adversary groups and their intentions, 

classification of their weapons and attack types, and the 

relationship between the outcomes of an attack and the various 

recognized intentions of the adversary group. 

 

3.  ONTOLOGY 

 

One of the first steps in the development of the PREVISION 

toolset has been the design of an ontology capturing the relevant 

concepts used in criminal investigations. 

 

The model has been defined using the semantic web technology 

Resource Description Framework1 for describing an ontology. 

Ontologies are a formal way to describe taxonomies and 

classification networks, essentially defining the structure of 

knowledge for various domains. The W3C RDF defines the Web 

Ontology Language (OWL) as a knowledge representation 

language for authoring ontologies. 

 

The PREVISION ontology is based on the so-called intelligence 

pentagram (Figure 2) that is widely used in the field of 

intelligence analysis [14]: The pentagram connects the following 

main concepts: 

• Event: A description of an incident or occurrence of some 

significance that happens during a defined time period. 

Examples of important PREVISION-specific event types are 

special crime types, actions in the preparation or execution of 

a crime, watching a crime by witnesses / testimonies and 

police counter-crime measures. 

• Equipment: Any item of material used to equip a person, 

organization or place to fulfil its role. 

• Organization: An organizational entity or grouping which 

has a common purpose and which may have a recognizable 

hierarchical structure.   

• Place:  Represents all spatial areas, which may be relevant in 

the context of a crime.  A place may be a natural or a man-

made feature, an area or a geospatial reference point. A place 

may be also a virtual market-place, e. g., in the Dark Net.  

• Person: A description of the physical characteristics and of 

the private and professional attributes of an individual. This 

will consist of, amongst other matters, details of the 

identification, relationships to other persons and digital 

identities and individual behavior patterns of the person.  

 

 
Figure 2: Main Ontology Concepts (Intelligence Pentagram) 

 

The generic pentagram concepts have been refined by creating 

taxonomies, i.e., the event class have been structured to describe 
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criminal activities and other activities that are subject to 

investigations. 

The ontology has been developed in the MAGNETO 

(Multimedia Analysis and Correlation Engine for Organised 

Crime Prevention and Investigation) project [15] and been 

refined and supplemented for supporting the evidence created by 

the PREVISION tools. 

 

In order to support information integration and cyber situational 

awareness in cybersecurity systems, the PREVISION ontology 

has been enhanced by integrating the Unified Cybersecurity 

Ontology (UCO). The ontology incorporates and integrates 

heterogeneous data and knowledge schemas from different 

cybersecurity systems and most commonly used cybersecurity 

standards for information sharing and exchange [16]. 

 

Significant effort has also been placed on identifying 

complementary underlying concepts via a data-driven process, 

by further analyzing the knowledge generated by PREVISION 

data sources. Specifically, a large volume of Dark Web-crawled 

datasets, as resulted by the PREVISION’s crawling component, 

has been studied in order to pinpoint new entity and relationship 

types that will be required to adequately model the domain of 

discourse. The inspected data samples have been found to 

incorporate concepts related to online marketplace 

advertisements, user profiles in forums, marketplaces, forum 

posts and digital currency addresses (e.g., Bitcoin addresses). 

 

The development of the ontology has been carried out with 

respect to the Universal Message Format (UMF), a standard or 

agreement on what the structure of the most important law 

enforcement concepts when they are exchanged across borders 

should be. UMF is a set of concepts (building blocks) to construct 

standard data exchanges for interconnecting dispersed law 

enforcement systems [17]. 

 

Based on the PREVISON ontology, a message format for the 

information exchange between analysis tools has been 

developed. Messages are formulated in the widely used JSON 

format, where keys and values of JSON objects are governed by 

the PREVISION ontology. This approach opens up the 

possibility to standardize the interfaces for message exchange 

within the platform and even the platform and external systems 

in order to establish a modularized, open architecture. 

 

4.  TEXT MINING 

 

The Text Mining Tool basically transforms grammatically 

correct free text in English language to a formal representation - 

in case of PREVISION the formal representation is the 

PREVISION ontology model.  

 

The tool is built up of a preprocessing component, which is 

capable of consuming emails in eml format, pdf or MS Word 

files, and a deep linguistic analysis component using methods 

and state-of-the-art components from the natural language 

processing and understanding research field.  

 

The deep linguistic analysis component follows a two-step 

approach [18] and extracts in a first step linguistic information 

(e.g., named entities, verbs and their semantic roles) into an 

                                                 
2 https://www.dbpedia.org/ 
3 https://www.w3.org/TR/sparql11-overview/ 
4 https://jena.apache.org/documentation/fuseki2/ 

intermediate model, which is then ingested to the PREVISION 

knowledge base by a second - mapping - step. The mapping 

requires a correct type assertion to the identified named entities, 

types of linguistic mentions are determined by an entity linking 

process. For example, a BMW X6 is typed as a car (concept Car) 

by entity linking grounded on dbpedia2 , Car is a subclass of Item 

in the PREVISION ontology, which may be used (property 

isObjectInEquipment) as equipment (concept Equipment) in a 

criminal case. The result of this processing is a formal 

representation of the content of the text files. 

 

5.  ETL TOOLS 

 

The ETL (Extract-Transform-Load) component allows to 

integrate the numerous data sources in a scalable manner. 

Basically, the ETL component is responsible for extracting 

certain information from the different PREVISION data sources 

(databases, filesystems, but also PREVISION tools and services 

like actor identity resolution for DarkNet accounts), then 

transforms the extracted information according to defined 

business rules, and finally loads (ingests) the transformed 

information to the PREVISION knowledge base. 

 

Data stemming from various data sources is fused into a common 

knowledge graph. For example, persons are identified via their 

social network id. In this way, information in police databases as 

well as crawled datasets referring to this id are connected and 

stored in the knowledge base. 

 

6.  KNOWLEDGE BASE 

 

The output of several data mining tools is fused in a common 

knowledge graph. It is represented as a set of triples of the form 

“subject” – “predicate” – “object” according to the RDF standard 

and can be queried with the SPARQL Protocol and RDF Query 

Language (SPARQL)3. Besides this kind of information which 

we call “semantic data”, also other kinds of data like text, image, 

and video files are produced and stored. 

 

As an implementation of the semantic data base, the Apache Jena 

Fuseki4 server has been chosen, while binary data is stored in an 

Apache Hadoop Distributed File System (HDFS)5 and 

MongoDB6 is used as a document-oriented data base. 

Furthermore, an API encapsulating the Fuseki server has been 

developed which serves several purposes: 

 

Data consistency: Write operations on the knowledge base are 

only accepted if the inserted data is consistent with the 

PREVISION ontology. In particular, the class and property 

hierarchy as well as domain and range specifications are 

respected. 

 

Data provenance: The RDF format allows the partition of a 

knowledge graph into named subgraphs. In the PREVISION 

knowledge base, the name of a subgraph is an OWL individual 

itself, which is assigned information to by a set of triples about 

the system component or user which has inserted the triples in 

the subgraph. In this way transparency about data provenance is 

assured. In theory, it would also be possible to encode the point 

in time in this way, when a triple has been created in the 

5 https://hadoop.apache.org/ 
6 https://www.mongodb.com 
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knowledge base. However, in PREVISION this option has not 

been used. 

 

REST API: The PREVISION knowledge base provides a 

Representational State Transfer (REST) API which is accessible 

over the HTTP as well as Advanced Message Queuing Protocol 

(AMQP) protocols. As an implementation for the latter, 

PREVISION makes use of the message broker RabbitMQ7. 

 

7.  SEMANTIC REASONING 

 

PREVISION’s semantic reasoning toolset consists of a logic 

reasoning tool and a probabilistic reasoning tool. 

 

The logic Reasoning Tool is based on Semantic Web Rule 

Language (SWRL). It extracts information from the knowledge 

base focused on specific SPARQL requests using Fuseki’s inbuilt 

reasoner to apply the ontology-inherent rules resulting from the 

taxonomy of classes. The results are displayed in tabular or 

graphical node-network presentation. The various queries 

include the following aspects:  

• Persons and attributes, e. g., vehicle owner/holders, credit 

cards, residence, guns/weapons. 

• Vehicles (route planning) 

• Events 

• Crisis Event 

 

The probabilistic reasoning tool uses a semantic reasoning 

technique for extending existing information with new 

knowledge by adding additional relations between persons, 

events, places or objects in the knowledgebase. It is based on the 

so-called Markov Logic Networks MLN [19], which enables 

probabilistic reasoning by combining a probabilistic graphical 

model with first-order logic.  

 

An MLN represents a first-order knowledge base, i.e., a set of 

formulas expressed in first-order logic. Each formula is assigned 

corresponding weight expressing the degree of believe that it is 

correct. These formulas serve as the base of an algorithm yielding 

a Markov network, which then can be used to assign probabilities 

to possible states of instances of the underlying ontology. 

 

The set of formulas consists of the evidence retrieved from the 

knowledge base and the rules that have to be developed in 

cooperation with law enforcement agencies. The advantage of the 

probabilistic reasoning is the ability to cope with rules that have 

uncertainties, meaning they may not hold in every case, but in 

most cases. So, the confidence in a rule is expressed in a weight 

factor. As a result, the new evidence inferred has a weight that 

may be seen as a measure for the probability that it is correct.  

 

The approach has been evaluated in the MAGNETO project and 

presented in [20]. Disadvantages have been encountered in the 

task of formulating general applicable rules without previous 

knowledge of the evidence found in the knowledge base and by 

the enormous computational load resulting from large semantic 

networks. 

 

8.  VISUALISATION OF KNOWLEDGE 

 

PREVISION has developed a web-based graphical user interface 

providing several visualization tools to give a comprehensive 

                                                 
7 https://www.rabbitmq.com/ 

view on the evidence gathered in the knowledge base by various 

tools and users. 

 

Problem-oriented views 

Tools like PREVISION’s text mining tool produce results on a 

high information density level, which corresponds to the 

information density in the source data. But this data density is not 

appropriate for an investigator, who is interested in certain 

indicators related to the case he is in charge of. A central aspect 

during a criminal investigation is evidence discovery to support 

some of the hypotheses the investigator has in mind. To gain 

condensed and problem-oriented information, PREVISION 

supports different views on the data pool (i.e., knowledge base), 

which filters appropriate subnets from the complex knowledge 

graph, e.g., description about equipment like cars, weapons or 

clothes with their attributes and relations to persons (e.g., owner). 

Such views are realized as predefined SPARQL queries as 

described in the next section. 

 

Knowledge Base Inspector 

The knowledge base provides a web-based graphical user 

interface (GUI) as part of the overall PREVISION GUI, which 

allows the user to run custom SPARQL queries as well as to 

choose predefined SPARQL query patterns for frequently 

performed query tasks. Also, for each OWL entity stored in the 

knowledge base, it is possible to list all triples adjacent to it in 

tabular form. 

 

The display of OWL entities is implemented as web-links in the 

knowledge base GUI, which allows the user to browse through 

the knowledge graph. Also type-specific editing options are 

provided to create, insert and delete data, while consistency with 

the ontology is assured. 

 

The knowledge base GUI further provides the option to display 

text, image or video files stored in Hadoop which are associated 

via a dedicated OWL property with the individuals stored in the 

knowledge base. Also, context menus associated with entities 

provide the option to run several context specific analysis 

processes or data visualization tools. 

 

Map-based view 

Events that have a geo reference may be displayed in an 

interactive map that the user can explore.  

 

The events are presented as single pinpoints or heat maps 

depending on the zoom level and the density of events. Events 

that have associated a time value may be displayed in an 

animation on the map, or they may be connected with arrows in 

chronological order forming trajectories, for example phone calls 

involving a specific caller or callee. 

 

9.  CONCLUSIONS 

 

In this paper, a semantic framework for knowledge management 

is presented to support LEAs by improving their situation 

awareness in criminal investigation.  

 

Various analysis tools have been developed to extract 

information from heterogenous data. The output of the 

information extraction components (e.g., ETL tools) is used to 
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populate a knowledge base structured by an ontology, which has 

been developed specifically for crime investigation purposes. 

 

The consequent usage of the PREVISION ontology as the basis 

for an exchange format of messages between platform 

components, which can themselves be interpreted and persisted 

as parts of a knowledge graph, turned out to be a promising 

approach for a platform architecture in the domain of criminal 

investigation.   
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ABSTRACT 

 

This work is a meta-cognitive study of the author who will try to 

describe, from a linguistic/translation point of view, what 

happens when a person (Human intelligence [HI] – nous) moves 

back and forth between two, at least, linguistic systems (English 

↔ Greek in the present study). As the author will claim during 

this process the person [HI – nous] goes through seven stages: 

(1) “Cognitive blindness” to specific parts and key words or 

terms of the text, unless there is a helper or an agent, either a HI 

and/or an Artificial Intelligence [AI]. (2) Awareness (noesis) of 

the existing polysemy of scientific discourses. (3) Motivation to 

find a solution (i.e. the appropriate scientific term). (4) Ask 

several helpers/agents for help; that is, HIs (noes) – such as 

scientists, colleagues and/or AI – such as electronic dictionaries, 

forums, translation machines. (5) Consideration of the scientific 

and cultural context of the terms s/he encounters. (6) Entrance in 

the grey area of the translator’s black box when s/he tries to make 

a decision. (7) Production of knowledge [a text (oral or written)], 

thus, the person [HI-nous] enters the sphere of inter-linguistic 

(across languages) and inter-disciplinary communication. The 

author will also discuss how cognition and knowledge as aspects 

of ontology and epistemology respectively can be understood as 

a Janus-faced situation. 

Keywords: Human intelligence [HI] – nous, Artificial 

Intelligence [AI], cognitive blindness, awareness (noesis), 

translator’s black box, inter-linguistic and inter-disciplinary 

communication, ontology, epistemology. 

 

 

1. THE AUTHOR’S BILINGUAL BACKGROUND 

 

What is going to be described is based on the author’s 

accumulated knowledge and experience at a meta-cognitive 

level. An accumulated knowledge and experience of: (a) an over 

35 years of bi-directional translation of a variety of scientific 

texts from English and Greek and vice versa; (b) a more than 10-

year experience of English language editing of scientific texts; 

and (c) a 24-year ESP/EAP1 teaching experience at a private 

college and a non-English (Greek) University. 

 

Living in a monolingual (i.e. Greek) environment since she came 

back from Canada and the USA and having to teach Greek 

students either how to become translators or how to use 

appropriate terminology in English when they want to 

communicate their inter-disciplinary research to a wide public in 

English, she has observed both her own cognitive responses (as 

                                                 
1 ESP: English for Specific Purposes; EAP: English for 

Academic Purposes. 
2 All the Figures of the present study have been organized by the 

writer of the paper, based on her research and scientific 

knowledge. 

a trained translator and an ESP/EAP teacher) and her students’ 

cognitive responses to asymmetries found in inter-linguistic 

(across languages) communication. 

 

Thus, the present study is an effort to describe and categorize the 

cognitive processes of people (experienced or inexperienced – 

HIs - noes) - who have acquired bilingualism at a very young age 

but are still operating in a monolingual (other than English) 

environment - that may be worth being publicized so that some 

light can be shed on what goes on in the translator’s black box; 

that is, when a person (nous) tries to decide which term s/he will 

use in a discourse of a “foreign” (unfamiliar) language, such as 

English, to communicate his/her local inter-disciplinary research 

to a wider public who understands and communicates in English 

- a mediated global language or lingua franca. This study will 

tackle not only on cognitive psychology and linguistics but also 

on philosophy of language and will raise ontological and 

epistemological issues. 

 

 

2. MOVING FROM GLOBAL TO LOCAL TO 

RESEARCH 

 

What is going to be described and discussed about is valid for all 

non-English academic contexts where most bibliographical 

references used are written in English and both university 

teachers (ESP/EAP teachers included) and students are forced to 

transfer the knowledge they acquire in English (the global 

language) into their local language, thus moving between the 

global and the local, as shown in Figure 1. 

 

Global language (English) → Local language (i.e. Greek) 

Figure 1: Unidirectional transfer of communication G: L 2 

 

In order for university teachers and students to move between the 

global and the local, as shown in Figure 1, it is taken for granted 

that teachers and students alike do have a good – very good 

knowledge of general English; that is, they can have an acquired 

bilingualism which can be maintained and evolved during their 

lives [12]. However, a good-very good knowledge of general 

English does not presuppose a very good knowledge and use of 

scientific discourse in English, especially when both teachers and 

students deal with domains that are inter-disciplinary fields that 

draw upon different disciplines and their terminology can be re-

contextualized to meet their specific needs.3 If it is so, then how 

can both academics/specialists and students alike (HI-noes) be 

3 A similar claim is made by an ESP teacher of Marine Studies in 

Italy; see [18, pp. 13-16].  
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aware of this (scientific and possibly cultural) re-

contextualization? 

 

 

3. INTER-DISCIPLINARITY AND POLYSEMY IN 

INTER-LINGUISTIC COMMUNICATION 

 

show their complex inter-connectedness. 

 Inter-disciplinarity is the fact of drawing on two or more 

areas of knowledge. 

 Polysemy is the coexistence of many possible meanings of a 

term or phrase. 

 Inter-linguistic communication (of natural languages) is 

the linguistic act of conveying intended meanings from a HI-

nous or a group of them (HIs-noes) to another HI-nous or a 

group of HIs-noes who belong to another linguistic system 

[across languages] through the use of mutually understood 

language, signs and semiotic rules.  

 

Now, considering the aforementioned definitions, first, one may 

wonder what happens when people or HIs-noes from different 

linguistic systems come in contact and try to communicate their 

research to each other and, second, one may reflect upon a variety 

of sets of questions, such as: (1) In which language do people 

communicate and how do they achieve to communicate a 

research that is usually inter-disciplinary and its terminology is 

usually re-contextualized? (2) How can inter-disciplinary 

research be communicated in a globalized context when the 

human participants are from different linguistic and cultural 

backgrounds? (3) What happens when polysemy of scientific 

discourse comes into play, thus creating asymmetries (i.e. no 1:1 

correspondence) of various terms, which the participants in the 

communication are not aware of, and, as a consequence, there 

may be a breaking down of communication among scientists 

from different linguistic systems and cultural backgrounds? 

 

 

 

In this section, the author will examine, keeping in mind Figure 

1, how the participants (noes) in an inter-linguistic (across 

languages) communication from the global to the local (e.g. from 

English to Greek) become “blind” to the polysemy of scientific 

discourse if they are unaware of the issue of inter-scientificity,4 

thus becoming “cognitively blind” to understand what they read 

and/or becoming “cognitively deaf” to what they are told. 

 

As far as inter-scientificity is concerned, it is a skill in an inter-

linguistic communication that is acquired by a non-English 

researcher (nous) who can distinguish between various readings 

of a polysemous terminological entity (or polyseme) in English 

and can render it and use its equivalent polyseme in his/her own 

mother tongue (e.g. Greek) accurately. In other words, it is the 

linguistic competence of a non-English researcher to move at 

ease at least in two linguistically different scientific discourses 

(e.g. from English to Greek). 

 

                                                 
4 The terms inter-scientificity and reverse inter-scientificity (it 

will encountered later) are neologisms, which were coined and 

introduced by the author of the present article in [8]–[11], [13]-

[15]. 
5 Other ESP teachers have come to the same conclusions; see [3]. 

To illustrate the cognitive effects of the lack of awareness of 

the issue of inter-scientificity on inter-linguistic communication 

in inter-disciplinary fields, the author will discuss in some detail 

some observations she has made during our ESP/EAP classes in 

various Departments at a Greek University for the last twenty-

two years; she will also elaborate how this lack of awareness can 

be overcome, discussing briefly some of the issues involved. 

 

A simple case of “Cognitive Blindness” of inexperienced 

people (noes) to a term of a written or oral text. 

A simple case of inter-scientificity that generates “cognitive 

blindness” (and/or “cognitive deafness”) to inexperienced non-

English students (noes) of Geography and Anthropology is the 

term discipline. In some of her ESP classes in the Departments 

of Geography and Anthropology at the University of the Aegean, 

when stating that “Geography / Anthropology is a discipline”, the 

students are usually stupefied; they do not understand what she 

means by this statement. Although they are allowed to use 

general printed bilingual dictionaries (e.g. [19]) and/or electronic 

ones (AI – IATE [4]), which have all the Greek equivalents of 

the term discipline, the students are usually unable to extract the 

correct meaning. They are usually get stuck to the first Greek 

term and “blind” to the other terms, thus being unable to select 

the correct equivalent by matching their respective meanings 

with the specific context in which the term occurs.  

 

Discipline: (1) πειθαρχία [19, p. 144] (: behavior in accord with 

rules of conduct and a set or system of rules and regulations; 

[20, p. 409, no: 5]). (2) επιστημονικός κλάδος, τομέας γνώσεων 

[19, p. 144] (: a scientific field, a branch of knowledge [20, p. 

409, no 6]). (3) (πειθαρχική) ποινή [19, p. 145] (: corrective 

punishment [20, p. 409, no 3]). 

Figure 2: Polysemes of discipline 

 

One can see that in Greek there are three polysemes, that is, three 

different terms for the English term ‘disciplin’. Therefore, the 

term discipline is proved to be a complex case characterized by 

multi-leveled interpretations and uses in both languages as well 

as by semantic asymmetries across languages. 

Furthermore, there are two more issues involved: 

(1) The linguistic context (i.e. the teacher’s oral statement) 

does not necessarily help her students understand the meaning of 

discipline.5 

(2) Despite the fact that the students consult a general 

bilingual dictionary (printed or electronic) or the ‘google 

translate’, they are unable to select the right meaning due to the 

fact they did not know how to use a bilingual dictionary,6 and 

thus, their eyes get stuck to the first equivalent (no 1) instead of 

moving to the other equivalents (nos 2 or 3), as shown in Figure 

2. 

 

After the author’s has devoted some time as to how her students 

can use a printed and/or electronic dictionaries and how to 

connect the Greek term (Figure 2, 2) with her previous oral 

statement, only then the students become aware of the existing 

polysemy of the specific term and realize that there is not always 

1:1 correspondence between an English and a Greek term in its 

use in a specific (scientific) domain. 

 

6 Although it may sound strange, most first-semester Greek 

university students do not know how to use printed or electronic 

monolingual or bilingual dictionaries due to some drawbacks of 

the present Greek Secondary Education System – an issue that 

goes beyond the scope of this paper. 

4. FROM GLOBAL TO LOCAL   – ISSUES OF 

At first, the author will define the terms, and then she will try to 

INTER-SCIENTIFICITY [ENGLISH: GREEK] 
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During this stage of awareness, there is usually a helper or an 

agent – that is, either a person or HI – nous and/or a printed or 

electronic dictionary (AI) or both – who/which helps the 

inexperienced person (nous) to become aware of the situation, to 

motivate him/her to find a solution and chose the appropriate 

scientific term according to the (scientific) context. After the 

inexperienced person has become aware and conscious of the 

complexity in use of the terms in inter-linguistic and inter-

disciplinary communication, the moment comes that s/he should 

make decision as to which term s/he will choose. It is at this 

specific moment that the person (nous) enters the grey area of the 

translator’s black box where s/he has to use his/her own skills 

and the help s/he has received from the helper/agent in order to 

decide which term is the most appropriate for the specific context 

s/he is in. 

 

A more complex case of “cognitive blindness” of 

inexperienced people (HIs –noes) to a term of a written text. 

A more complex case of inter-scientificity that generates 

“cognitive blindness” to inexperienced students (noes) of 

Anthropology is the term ‘affinity’.7 And this happens because 

the inexperienced person (nous) is usually confused when s/he 

reads in the “google translate” ‘affinity’ as συγγένεια (syggeneia; 

lit. of the same race) and, gives ‘kinship’ as a synonym down the 

list, something that is misleading. And this is misleading because 

‘affinity’ and ‘kinship’ are not ideal synonyms. In Anthropology, 

both in English and in Greek, on the one hand, ‘affinit’ is 

συγγένεια εξ αγχιστείας (syggeneia ex agchisteias), that is, a 

relationship by marriage, in-laws, or bonds other those of blood, 

and, on the other hand, ‘kinship’ is συγγένεια αίματος (syggeneia 

aimatos), that is, blood relationship or consanguinity. 

 

In this particular case, the inexperienced nous need a HI as a 

helper/agent to help him/her to use AI to find the correct term in 

English and in Greek. The author, as an ESP/EAP teacher, 

usually assumes the role of the helper advising her students to: 

 Go “google” and type up ‘affinity’, and when the term pops 

up on their screen; then 

 Scroll down the cursor until they find ‘affinity’ in 

Dictionary.com. ; and 

 Click on “Affinity – Dictionary.com” to get what they see in 

Picture 1. 

 

                                                 
7 The term affinity is used in different domains both in English 

and in Greek. Nevertheless, the Greeks use different terms to 

render the different meanings of this English term. 

 
Picture 1: Affinity – Dictionary.com 

 

Once the students get Picture 1, the author helps them to read it 

carefully. Once they do that, the students realize that No 3 is what 

they look for; that is, ‘affinity’ is a “relationship by marriage or 

by ties other than those of blood”. They further realize, when 

clicking on ‘consanguinity’, that this term is the absolute 

synonym of the term ‘kinship’, since they both indicate “blood 

relationship”, whereas ‘affinity’ points to in-laws or non-blood 

relationship. 

 

At the moment that the non-English students (noes) read all the 

information and compare the two terms in order to decide which 

term is the most appropriate in use, it is then that they enter the 

grey area of the translator’s black box where they have to use 

their own skills (comparative, contrastive and associative), the 

help they have received from the helpers/agents (both a HI - nous 

and AI) in order to decide which term is the most appropriate. 

 

At this point, it should be noted that the English students of 

Anthropology (noes) will encounter the same difficulty, first, in 

recognizing the synonyms – if they are not aware or conscious 

that the term has different meanings in different domains, and, 

second, in extracting the appropriate information from the 

Internet – if they have no help from a HI-nous. In order to make 

a decision, the English students of Anthropology also enter the 

grey area of the “translator’s black box”, since they have first 

to recognize cognitively (“translate the information in their 

minds [nous]”) and decide consciously which meaning best fits 

within their context. 

 

The most complex case of “cognitive blindness” of an 

experienced person (nous) to a term 

What is to be discussed in this sub-section is the author’s search 

for translatability of the term waves of translation ([19], pp. 

252, 253), which seemed at first untranslatable. Although this 

is discussed thoroughly at a metacognitive level in [9], in the 

present study the author – as a long-term bilingual and trained 
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translator – will describe her quest for translatability of the 

aforementioned term by observing her own cognitive steps and 

trying to recount what goes on in the translator’s black box 

before the experienced person (nous) reaches his/her final 

decision. 

 

“Cognitive blindness” to the term waves of 

translation: A few years ago, the author – as an ESP/EAP 

teacher in the Department of Marine Sciences at the University 

of the Aegean – encountered the term waves of translation and 

had to help her students to transfer it to the language of 

instruction, that is, to Greek. 

 

Her first step was to ask oceanographers in the respective 

Department, who expressed total ignorance! Then, as a trained 

translator in the past, she got stuck to the second part of the 

expression – i.e. ‘translation’, since she related it to her own 

specialization (i.e. Translation Studies). In other words, she 

became blind to any other meanings that the term ‘translation’ 

carries. It was after she had made a thorough research on the 

Internet (AI) and in monolingual and bilingual printed and 

electronic dictionaries (AI) she realized how much blind to the 

term ‘translation’ she had been. 

 

Nevertheless, despite that initial blindness, the author was able 

to overcome it just because of her specialization, since she started 

using ‘advanced search for translators’ to solve the problem of 

“untranslatability” she was facing. It took her almost a month to 

conceptualize and execute this ‘advanced search’, since no HI-

nous/specialist came to her help; it was only AI (the Internet and 

dictionaries [electronic and printed]) that helped her in complex 

search and, eventually, helped her to reach the final decision. 

 

Starting from what she knew in Translation Studies [1], [2], that 

is, that: 

 untranslatability is considered the property of any 

utterance, phrase or a text in one language [SL: Source 

Language] (i.e. the English term: ‘waves of translation’) for 

which there is no equivalence or no equivalent utterance, phrase 

or a text in another language [TL: Target Language], that is, in 

Greek, and  

 terms or phrases are not exclusively untranslatable; it 

is rather their nature that make them difficult to translate, and the 

translator’s skills and knowledge of both SL and TL are to 

overcome untranslatability [5], the author (and ESP/EAP teacher 

in the Department of Marine Sciences at the time) followed four 

basic steps of the advanced search for translators, as described in 

detail in [10]. These steps are the following: 

Step 1 --- Search in technical e-dictionaries and printed 

dictionaries. With her findings, she constructed a Table (see 

Table 1 [10, p. 27]) where the various meanings of the English 

term ‘translation’ were/are juxtaposed with their Greek terms 

(not just meanings). 

Step 2 --- Search only for the term translation in Physical 

Sciences and in other monolingual and bilingual electronic (AI) 

and printed dictionaries. Since the author found nothing about 

‘waves of translation’, she decided to search and find what 

‘translation’ may signify in Physical Sciences. From her findings 

in English and Greek that ‘translation’ is motion of a body, she 

began speculating that ‘waves’ may be closer to ‘sea bodies’ in 

motion. Thus, she decided to further her research into the 

definition of this term onto the Internet. 

Step 3 --- Search for a definition in English and in Greek onto 

the Internet. When she entered ‘waves of translation’ in Google, 

she came across two entries and diagrams, one from Wikipedia 

[10, p. 27] and one from Quizlet [10, p. 28]. Although those two 

entries and diagrams provided her with definitions of ‘waves of 

translation’ in English, the author had yet to find an equivalent in 

Greek. Any search for 1:1 equivalence between English and 

Greek had failed. Then, she was forced to think in terms of 

synonyms of this term first in English and then in Greek. 

Step 4 --- Search for synonyms in English and possibly in Greek. 

Searching more carefully, the author was stunned to find that a 

‘wave of translation’, used by American scientists, is also called 

‘Russell’s solitary wave’ or ‘soliton’ by the European scientists. 

To her amazement, she realized that there is a linguistic and 

intra-cultural scientific difference within a wider English 

scientific community, something that she did not expect.  

 

After the author had found all the possible Greek equivalences of 

a ‘wave of translation’ and a ‘Russell’s solitary wave’ or a 

‘soliton’, she constructed a Table [10, p. 28] juxtaposing the 

English terms with their Greek equivalences. It was after she had 

constructed the Table with her findings (with the aid of AI), that 

the author (HI – nous) had to reach a decision as to which Greek 

term is the most appropriate that she entered the grey area of the 

translator’s black box. Being in that box, where she went 

through a variety of cognitive processes, such as comparison and 

contrast between the two scientific terminologies, and, made 

some linguistic associations (i.e. associative thinking) to decide 

to choose ‘κύματα μεταφοράς’ as the Greek equivalent to ‘waves 

of translation’. In [10, p. 28], the author explains her decision 

which was basically based on the striking linguistic similarity 

between the Greek term ‘μεταφορά’ and the English term 

‘translation’. Her further research in Greek bibliographical 

references showed her that she had made the right decision. 

 

 

5. FROM LOCAL TO GLOBAL  

 

What is to be described and discussed about is valid not only for 

Greek Universities but also for any other non-English academic 

context where both university teachers (ESP/EAP teachers 

included) and students want to communicate their inter-

disciplinary research that is written in the local language to a 

wider academic community whose the language of 

communication is English (the global language), thus moving 

between the local and the global –  a reverse directionality from 

that in Figure 1, which is now being illustrated in Figure 3. 

 

Local language (i.e. Greek) → Global language (English) 

Figure 3: Reverse unidirectional transfer of communication 

L: G 

 

In order for university teachers and students (HI – noes) to move 

between the local and the global, as shown in Figure 3, it is again 

taken for granted that both teachers and students do have a good 

– very good knowledge of general English; that is, they can have 

an acquired bilingualism which can be maintained and evolved 

during their lives [12]. However, a good-very good knowledge 

of general English does not presuppose that non-English teachers 

and students (HIs-noes) have a very good knowledge of or they 

are keen on subtle (cultural) nuances scientific discourse in 

English, especially when dealing with domains that are inter-

disciplinary fields that draw upon different disciplines, as 

discussed in Section 4.  
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6. FROM LOCAL TO GLOBAL - REVERSE 

 

In this section, the author will examine, keeping in mind Figure 

3, how the participants (noes) in an inter-linguistic (across 

languages) communication from the local to global (e.g. from 

Greek to English) become “blind” to the polysemy of scientific 

discourse if they are unaware of the issue of reverse inter-

scientificity, thus becoming “cognitively blind” to which 

English term they should use within a given scientific context of 

communication. 

 

As far as reverse inter-scientificity8 in an inter-linguistic 

communication is a skill acquired by a non-English researcher 

who can distinguish between various readings of a polysemous 

terminological entity (or polyseme) in his/her own language (e.g. 

Greek) and can render it and use its equivalent polyseme in 

English accurately. In other words, it is the linguistic competence 

of a non-English researcher to move at ease at least in two 

linguistically different scientific discourses but in reverse, that is, 

from Greek to English. 

 

To illustrate the cognitive effects of the lack of awareness of 

the issue of reverse inter-scientificity on inter-linguistic 

communication in inter-disciplinary fields, the author of this 

study will discuss in some detail some observations she has made 

during her ESP/EAP classes in the Departments of Geography, 

Sociology, Cultural Technology and Communication and Social 

Anthropology and History at the University of the Aegean for the 

last twenty-two years, and she will also elaborate how this lack 

can be overcome, discussing briefly some of the issues involved. 

 

The most complex case of “cognitive blindness” of both 

inexperienced and experienced people (noes) to a term – The 

issue of Reverse Inter-scientificity 

The author will mention the notorious example of reverse inter-

scientificity of the Greek term πρόγραμμα, as shown in Figure 4, 

whose English equivalents confuse and make “blind” both the 

Greek experienced and inexperience people (HIs-noes) and raise 

the issue of reverse inter-scientificity. 

 

During her twenty-two years of ESP/EAP teaching experience, 

the author has seen students and colleagues misuse the various 

English equivalences of the Greek term ‘πρόγραμμα’, as shown 

in Figure 4, since they are blind to or unaware of the issue of 

reverse inter-scientificity. Most of them, especially a colleague 

who is an educator – have repeatedly mistakenly transferred this 

Greek term to English as ‘programme’ or ‘program’, when 

writing papers in English during the EAP classes or Erasmus 

schemes programs or, even worse, when presenting papers in 

international conferences on Education [7], [8]. This happens due 

to two different but interrelated factors. First, students and 

educators (noes) alike are totally blind to the fact that this Greek 

term has six different equivalent terms in English and ignorant of 

the linguistic, specialized and cultural context of the English 

terms. Second, they translate literally the Greek term 

‘πρόγραμμα’ into the English term ‘programme’ (and/or 

‘program’), since the latter cognates from the former – and, thus 

both terms can be considered faux amis or false friends, as they 

are called in Translation Studies ([6, p. 139]), meaning a word or 

expression in one language that, because it resembles one in 

                                                 
8 The term reverse inter-scientificity is a neologism, which was 

coined and introduced by the author of the present article in [8]-

[10]. 

another language, is often wrongly taken to have the same 

meaning. The only case where the Greek students and colleagues 

(noes) do not make a mistake when transferring ‘πρόγραμμα’ 

into ‘Programme’ (or ‘Program’) in speaking or in writing is 

when they use it as in Figure 4, (4), where the use in both 

languages is identical. 

 

Πρόγραμμα: (1) Programme (UK) or Program (US); (2) Plan 

(scheme) or schedule (timetable) [in its general sense]; (3) 

Program (UK and US), as in a computer program [in Informatics 

and Computer Science]; (4) Programme (or Program), as in 

Undergraduate or Postgraduate Studies Programme (or Program) 

[in Higher Education]; (5) Curriculum, as in a school curriculum 

or national curriculum [that is usually specified by the Ministry 

of Education – in Primary and Secondary Education]; (6) 

Syllabus, as a plan showing what is to be studied in particular 

course or subject that leads to an exam [in Primary, Secondary 

and Higher Education]. 

Figure 4: English Polysemes of Πρόγραμμα. 

  

In this particular case of reverse inter-scientificity, both 

inexperienced and experienced people (HIs-noes) need another 

HI-nous as a helper/an agent, first, to make them aware of the 

issue and, second, to help them decide on the most appropriate 

term. During this process it is the cognition of two HIs-noes (i.e. 

that of the inexperienced/experienced person and that of the 

helper’s) that operate, so that the inexperienced or experienced 

nous to choose and use the most appropriate term. It is at later 

stage that the inexperienced or experienced nous may want to 

store the knowledge s/he has acquired in a glossary which may 

look like Figure 4 and, as the author calls it Terminological Data 

Bank (TDB) which is both a mnemonic and a knowledge 

management tool [9]-[11], [13]-[16]. 

 

7. COGNITION & KNOWLEDGE – ONTOLOGY 

& EPISTEMOLOGY: A JANUS FACE 

 

In the previous sections, the author has tried to show how the 

cognition of bilingual non-English noes operates when it 

encounters issues of inter-scientificity and/or reverse inter-

scientificity in a globalized context. During this overall process, 

cognition goes through different stages, as described in this 

paper, and produces knowledge that is expressed in human 

discourse (logos). 

 

Now, if one examines the terms cognition and knowledge 

etymologically and philosophically, one may find that human 

cognition, as related to human ontology, is one side of Janus face, 

and, knowledge, as related to epistemology is the other face of 

Janus face. More analytically, on the one hand, cognition comes 

from the Latin noun cognitio (: learning, knowledge or 

examination), which is derived from the compound verb 

cognosco, that is, the prefix con (: with) and gnosco (: know). 

Gnosco cognates from the Greek verb gi(g)nosko (γιγνώσκω), 

which means ‘I know’ or ‘I perceive’. On the other hand, if one 

examines knowledge, first, as perception and, second, as a 

product of human cognition, one soon realizes that perception is 

related to gnosis (γνῶσις), a noun that derives from the verb 

gi(g)nosko (γιγνώσκω) which is the second part of the word 

cognition (i.e. con+cognition ←gi(g)nosko). Thus, human 

INTER-SCIENTIFICITY [GREEK: ENGLISH] 
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knowledge, as perception or gnosis9, is directly related to human 

cognition because it is the God-given ability of a healthy HI-nous 

to think (cognito → cognition) or noein [νοεῖν]10 and reflect upon 

issues and objects. A healthy HI-nous can perceive 

himself/herself and can become both the observer (subject) and 

the observed (object) of his/her own examination or meta-

cognitive process. This ability is directly related to human 

ontology or as to how the human being (on-ὄν) is created. 

 

Now, if nous can perceive processes that are related to epistēmē 

(ἐπιστήμη) - a term that in philosophy and classical rhetoric is the 

domain of true knowledge and usually refers to a principle 

system of understanding or, otherwise, scientific knowledge - 

then, nous, trying to understand the (chaotic) universe around 

him/her and put an order to that, s/he first becomes aware (noein 

-νοεῖν) of the specific universe, and then s/he sets some rules 

(principles), if s/he wants to function in this universe. In other 

words, s/he exercises his/her “reason” or “logic” (two other 

English translations of nous) on his/her natural, linguistic and 

cultural environment (milieu), if s/he wants to comprehend where 

s/he stands in this universe. By doing this, nous undergoes 

rigorous thinking processes; and they are these 

mental/intellectual rigorous thinking processes (cognition or 

noesis - νόησις) that generate “intellectual production” and/or 

epistēmē (ἐπιστήμη) or true knowledge. After these 

mental/intellectual rigorous thinking processes (cognition or 

noesis - νόησις), HI or nous uses a language (when an English 

monolingual scientist uses English as lingua franca) or languages 

(when a non-English scientist uses English as lingua franca) in 

an international context to communicate his/her epistēmē 

(ἐπιστήμη) and/or research. Then, if this reasoning is correct then 

cognition and knowledge are Janus’s two faces. 

 

 

8. CONCLUSIONS 

 

In this meta-cognitive study the author has tried to describe, from 

a linguistic/translation point of view, what happens when a non-

English person ([HI] – nous) moves back and forth between two, 

at least, linguistic systems (English ↔ Greek in the present 

study). As the author claims during this process an inexperienced 

and an experienced person goes from “cognitive blindness” to 

awareness of the existing polysemy of scientific discourses to 

motivation to find a solution, with the aid of HI and/or AI, to 

consideration of the scientific and cultural context of the terms 

s/he encounters. Then, s/he enters the grey area of the translator’s 

black box where s/he undergoes of cognitive processes, such as 

juxtaposition of notions, comparison, contrast, association and 

linkage of concepts, when s/he tries to make a decision. Finally, 

by producing knowledge in the form of a text (oral or written), 

the person gets involved in inter-linguistic (across languages) and 

inter-disciplinary communication, since s/he communicates in 

English which is the language of international communication 

nowadays. Taking into consideration what is involved in inter-

linguistic and inter-disciplinary communications, the author has 

also made an effort to show how cognition, as ontology, and 

knowledge, as epistemology, are so subtly interconnected that 

they can be understood as Janus’s two faces. 

 

                                                 
9 Gnosis may sound familiar because it is this word that 

‘Gnosticism’ and ‘Gnostics’ in philosophy and early Christianity 

respectively derive from. 
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ABSTRACT 

The emerging knowledge obtain by the relations between the use 
of technologies, Artificial Intelligence-AI and cognitive sciences 
may be the most powerful ideas to change some of the actual 
paradigm of education. The concretization of these goal implies 
a large database of tasks created by teachers, that can adapt to 
several student learn styles, using all the teacher’s knowledge 
about the difficulties, errors, and students’ misconceptions. We 
are interested in studying these issues in the field of mathematics 
education, but similar questions arise in the remaining areas of 
education. The extend database of tasks included in the 
GeoGebra Materials, many useful strategies created by teachers, 
however there is a great challenge to include automatic feedback 
strategies in these proposals in a way that can allow the users 
autonomous learning. This will be the first stage to walk to give 
these materials some of the actual AI features. Some of the tasks 
of tasks with automatic feedback already built generate 
problems, with resolution clues, which aim to help and adjust the 
learning needs of the student. They also use various 
representations and develop from the knowledge evidenced by 
the user, presenting instructions that adjust the learning needs 
identified a priori, that is, they model the performance of the user. 
Since they are elaborated by teachers, they start from the 
representation and a way of thinking about the performance of 
an expert in the area, as well as their didactic skills, elaborating 
answers and providing accurate instructions, the tasks are 
modeled by an expert. The design that the authors of the tasks 
have of feedback is one of the crucial points of this project, 
feedback must be seen as a dynamic process that allows users to 
put themselves before formulations that allow to improve their 
answers, remembering or learning certain concepts prior to the 
accomplishment of the task. In fact, the certification feedback is 
simple to obtain with the software and strategies used in this 
project. On the other hand, feedback that results in a regulatory 
assessment of the user's learning of tasks is more complex 
because it depends on the heuristic resolution contemplated in 
the preparation of the task, heuristic that must necessarily 
contemplate the various paths that the user can initiate in the face 
of the proposed challenge.   
 
Keywords: GeoGebra Materials; Artificial Intelligence; 
Automatic Feedback Strategies. 
 

1. INTRODUCTION 
 
In nowadays there are three important issues that implies urgent 
changes in education. First the general accessibility to 
computers, to electronic devices and the internet, give to schools 
and the students powerful means to use and elaborate 
information, and give new ways of produce new contents in 
several areas of knowledge. 
Second, the Artificial Intelligence (AI) capabilities are large 
disseminate in many areas, computers can develop many tasks, 
involving supervised and unsupervised learning than can help in 
many issues related with educational trends, namely in managing 
the students teaching and learning process. AI can help each 
student separately by giving them separate curriculum based on 
their interest and skill assessments, and for it, the contribution of 
teachers in the design and adjustment of automatic feedback 
tasks is invaluable so that the inclusion of machine learning 
techniques, namely supervised learning and reinforcement 
learning can make a good contribution to create good tools for 
learning and teaching, particularly in mathematics.  
Finally, but perhaps the most important issue is the actual state 
of the knowledge in cognitive sciences, the understanding of how 
people learn, think, and solve problems, needs to be use 
effectively in education. 
The emerging knowledge obtain by the relations between the use 
of technologies, AI and cognitive sciences may be the most 
powerful ideas to change some of the actual paradigm of 
education. However, the concretisation of these goal implies a 
large database of tasks created by teachers, that can adapt to 
several student learn styles, using all the teacher’s knowledge 
about the difficulties, errors, and students’ misconceptions. In 
our case, we are interested in studying these issues in the field of 
mathematics education, but similar questions arise in the 
remaining areas of education. 
If we look to the extend database of tasks included in the 
GeoGebra Materials, we get many useful strategies created by 
teachers, however there is a great challenge to include automatic 
feedback strategies in these proposals in a way that can allow the 
users autonomous learning. This will be the first stage to walk to 
give these materials some of the actual AI features. But our 
question is how we can help teachers to improve their tasks in 
this direction. 
In this sense, the research team presented the authors' research 
project, called GeoGebra as a Strategy for Remote Teaching: 
Creating Activities with Automatic Feedback, approved in the 
instances of the Pontifical Catholic University of São Paulo, 
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Brazil (PUC-SP), aiming to develop a study with teachers who 
teach Mathematics, so that they use GeoGebra in their teaching 
practice and they are creators of automatic evaluation processes 
allowed by the software. The project was developed remotely 
with eight higher education teachers from a Brazilian institution 
and a teacher of Basic Education from a public school in the same 
region of Brazil, called Group 1, using the Google Meet 
platform, and expected to last eighteen months. Currently, the 
project is being developed with another group of teachers, named 
Group 2, from Brazil, Portugal, Cape Verde, and Angola through 
the ZOOM platform. The team of researchers, who write this 
article, joined these two groups, making their knowledge 
available to teachers who volunteer to integrate them, seeking 
common answers to the challenges set out in the project. 
 

2. LITERATURE REVIEW 
 
The evaluation, as well as the referrals made from the analysis of 
their results, are difficulties to be faced in the practice of 
pedagogical action to ensure the pedagogical-didactic conditions 
and means so that students are stimulated in their studies, without 
the need for intimidation, and understand the mistakes made. 
Some researchers seek to interpret the difficulties of students in 
mathematics, identified in the analysis of errors, and present 
didactic strategies to help them reflect on their mistakes and 
overcome them [1]. 
Cury (2008), points out that when evaluating mathematics 
activities, it is necessary not only to point out the mistakes made 
by students, ignoring the correct answers as if they were 
expected, since all resolutions, are those that are expected only 
one answer, or those that indicate the student's creativity, allows 
to detect how the student thinks and what influences he brings 
from his previous learning, formal or informal. The analysis of 
errors and correct answers of an evaluation allows the possibility 
of understanding how the appropriation of knowledge by 
students takes place and, thus, to build appropriate automatic 
evaluation processes. 
Life today is characteristic of rapid transformations in the most 
varied sectors and, from the point of view of education, it is 
necessary to think of strategies to introduce similar mechanisms 
that provide automatic feedback in more trivial situations 
allowing greater autonomous work of students. 
Narciss (2008) considers feedback as:  

[...] interactive (computer-based) learning tasks that is 
provided by an external source of information (e.g., an 
instructional program, a teacher) to contribute to the regulation 
of the learning process in such a way that learners acquire the 
knowledge and skills required to master these tasks.[2] p.127. 

We consider that one of the challenges is to get the subjects 
involved in the school context to reflect on their pedagogical 
practice; have complete mastery of the path of mathematical 
content since the initial series; investigate and understand your 
students' learning styles and immerse yourself in the use of 
technologies from their first steps. 
Nicol and Macfarlane-Dickb (2006) consider that good feedback 
practices are broadly defined, as any strategy that can strengthen 
students' ability to self-regulate their own performance, and that 
should meet the following seven principles: 

1. helps clarify what good performance is (goals, criteria, 
expected standards);  
2. facilitates the development of self-assessment (reflection) in 
learning;  
3. delivers high quality information to students about their 
learning;  
4. encourages teacher and peer dialogue around learning;  

5. encourages positive motivational beliefs and self-esteem;  
6. provides opportunities to close the gap between current and 
desired performance;  
7. provides information to teachers that can be used to help 
shape teaching. [3] p.205 

A theoretical study is presented by [4] and deals with the 
documentary work of the mathematics teacher and its 
relationship with his previous knowledge in a context of 
technological innovation, arguing that the teacher's previous 
knowledge influences the choice and transformation of 
resources, and can facilitate the relationship with a technological 
innovation. 
Immersed in his teaching functions, the teacher often finds it 
difficult to delve into the knowledge that many theories, such as 
the Technological Pedagogical Content Knowledge (TPCK), 
indicate as fundamental.  
The TPCK or TPACK [5], it is a theory that involves three 
knowledges necessary for a teacher in his practice: pedagogical, 
content and technology. The observation of these aspects in a 
continuous formation can allow the identification of obstacles in 
the construction of proposals exposed in the project. 
Another aspect to be considered is that the construction of 
resources involves the identification of the instruments that will 
be used and the respective improvements that meet the proposal. 
These changes always include comings and goings and require 
an analysis of the variables present in the moments of adaptation. 
To meet this context, the Project-Based Design Research (IBD), 
a term so called by [6], was considered, which can be understood 
as the progressive improvement of an investigation. It consists of 
applying a first version of a project so that it is possible to verify 
and analyse how it occurs, and then be constantly reviewed based 
on the experiences collected and evaluated, until the obstacles 
are minimized.  
The development of the proposed project meets one of the main 
characteristics of the IBD, which is the conscious disruption 
between the division of professor-researcher roles, as they are all 
equally considered collaborators in this process. 
In the research project, it was suggested the use of GeoGebra in 
the creation of resources by teachers for the teaching of 
mathematics in two aspects: adapting or creating materials, 
adjusted to the interests, needs and problems faced by teachers 
in schools and investigating the use of these materials in school 
contexts and their effect on improving the results of students. 
The justification for the use of GeoGebra is that it is a software 
that proves useful for the teaching of mathematics and other 
sciences, as well as establishing connections between 
mathematical and other scientific fields, ensuring principles of 
equity in the teaching, and learning of mathematics. [7]. 
In a current and future vision of mathematics teaching and 
learning, in which knowledge and mathematical thinking are a 
mediator of positive experiences in science, engineering and 
technology, GeoGebra has been used in several projects in which 
researchers, teachers and students participate and will be the 
main instrument. 
 

3. PROJECT PARTICIPANTS 
 
In this project participate a team of researchers, and two training 
groups. The team of researchers includes a computational 
algebra specialist and two experts in mathematics education, all 
members of the research team have in-depth knowledge about 
GeoGebra, extensive experience in teacher training in the field 
of technologies applied to teaching, and familiar with issues 
related to supervised learning and machine learning techniques. 
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With regard to the training groups: Group 1 included nine 
volunteer teachers from a higher education institution in Brazil, 
which found that only two had adequate mastery of the software 
and the relevant issues of the proposal; Group 2 includes 9 
mathematics teachers, 4 Portuguese (2 of the first cycle of Basic 
Education, 1 of the third cycle of Primary Education and 1 of 
secondary education), 2 Cape Verdeans (1 of secondary 
education and 1 of higher education), 1 Angolan of higher 
education, 1 Brazilian of higher education. All participants in 
Group 2 reveal knowledge of the software and understood the 
project proposal. 
In the future, the project envisages involving students from the 
classes of teachers who are part of the Group 2. Students have 
used the tasks and during this process teachers will collect data 
to analyse the effectiveness and adjustment of their proposals. 
Randomly, interviews will also be conducted with tasks to 
analyse the internal feedbacks they give to users. 
 

4. GEOGEBRA AND PLATFORM’S ASSOCIATED 
 
The GeoGebra (GG) software was a project initiated by Markus 
Hohenwarter, created on the concept of software or dynamic 
mathematics system, was being integrated into several platforms, 
such as Moodle, Google's Classroom, and gradually developed 
the capabilities of a Mathematical Learning Environment (AAM) 
[8].  
In fact, GG in addition to the software has other platforms, such 
as: GeoGebra Materials, an online shared resource platform, 
which may include dynamic GeoGebra applications, text blocks, 
pdf documents, images, videos, or links; GeoGebra Books, 
which allows you to structure collections of GeoGebra Materials 
(GGM) materials in interactive books published online. but that 
can be downloaded to work offline; GeoGebra Groups, 
especially suitable for asynchronous work. In relation to the 
GGC platform, it was created the previous year as a resource to 
encourage student participation in an active and inclusive 
manner [9]. 
Whereas we aim to create the possibility of promoting 
autonomous learning of users using tasks included in the 
GeoGebra Materials, we need to ensure that it is possible to: (i) 
offer at least a solution to the task assigned to the user at the end 
of their work; (ii) give feedback through the various actions 
performed by users in the tasks; (iii) the task can record the 
different actions of the user in order to provide overall feedback 
at the end of the work and, at the same time, use this data to 
improve the efficiency of the task and in a global system where 
the task may be included. If these three conditions are 
guaranteed, in a consistent set of GeoGebra Materials, we may 
be able to obtain an Intelligent, Collaborative Interactive Tutor 
based on GeoGebra. 
 

5. GEOGEBRA TASKS 
 
Some of the tasks of tasks with automatic feedback already built 
generate problems, with resolution clues, which aim to help and 
adjust the learning needs of the student. They also use various 
representations and develop from the knowledge evidenced by 
the user, presenting instructions that adjust the learning needs 
identified a priori, that is, they model the performance of the user. 
Since they are elaborated by teachers, they start from the 
representation and a way of thinking about the performance of 
an expert in the area, as well as their didactic skills, elaborating 
answers and providing accurate instructions, the tasks are 
modelled by an expert.  

On the other hand, tasks create interaction with the user, reacting 
to their actions, interpreting them, and giving useful answers to 
the user's actions, so there is a multiplicity of interactions. In 
addition, these tasks are created to generate learning activities, 
which require user involvement, being contextualized in an 
appropriate and relevant way to the domain concerned, 
promoting interactive learning.  
During some tasks, considering the user's responses, moments of 
help can be created that often translate into other subtasks, so that 
the task can change the teaching-learning trajectory based on 
inferences about the user's actions, so that they are modelled on 
the user's teaching-learning trajectory. 
Next, we will discuss in detail our strategy for the preparation of 
automatic feedback tasks with GeoGebra. 
 

6. AUTOMATIC FEEDBACK TASKS PROCEDURES 
 
To illustrate the processes inherent to an automatic feedback task 
with GeoGebra we present an example of one built for the first 
years, conceived by a teacher of the 1st cycle of Basic Education 
in Portugal, which is part of Group 2. 
The task proposes a problem of adding two natural numbers, a 
and b, between 1 and 5. Numbers a and b are automatically 
generated whenever the user clicks the "New Challenge" button, 
changing the dynamic text of the problem, in case the correct or 
wrong answer is given visual feedback (Figure 1)  

 
Figure 1 - Task created in GeoGebra, with correct and wrong 

answers  
In the case of incorrect answer, it is necessary to provide 
immediate help in more detail to the user, this strategy has a 
critical role for less confident students so that they do not give 
up and be able to be helped in their response. In the example 
presented here, visual feedback is appropriate, because the 
didactic strategy is the identification of two sets with cardinals a 
and b. Even after this visual feedback is given if the user gives a 
wrong answer, visual feedback appears that prompts you to count 
the points that appear in the visual feedback, see Figure 1. 
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In general preparation of tasks lacks the design of a process 
diagram, see Figure 2, to analyse and place evidence of all the 
crucial points where the user could have wronged in the 
response, contemplating feedbacks that allow the user to 
complete the task successfully. 
At the crucial points, the task needs to provide help to the user, 
often lacking to present to the user some of the previous 
knowledge essential to overcome the difficulties evidenced. 
Often, help at crucial points must include several tips, which 
guide the user in applying the previous knowledge needed, in 
fact, this aid must be programmed as if it were an autonomous 
task that lacked a process diagram of its own. The design of tasks 
for students will be a crucial point using traditional rule-based 
expert systems techniques [10]. 

 

 

Figure 2 - Task created in GeoGebra and Process Diagram 
 

In fact, the process diagram, associated with an automatic 
feedback task, begins with a first sketch, where it is essential to 
describe the teaching-learning trajectory idealized by the 
specialist who draws the task. During the task design process, 
activities, events, as well as initially planned entries may change, 
leading to changes in the process diagram, which can also be 
changed due to the testing process of the prototypes.  
The definition of the process diagram is a dynamic process, 
which goes through several phases to optimize it, but which 
cannot forget an array of the task, see Figure 3. This matrix 
should generally be carried out prior to the design of the task, 
including contents, curricular objectives, previous knowledge, 
and an inventory of the most common mistakes made by students 
in relation to similar tasks performed in the school context. 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3 - Task Matrix 
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Another example of a constructed task refers to the addition of 
rational numbers in fraction form, see Figure 4. This proposal was 
prepared by two participants of Group 1, evidenced a certain 
mastery of GeoGebra tools and understanding of the objectives of 
the project. 
 

 
Figure 4 - Initial view of the task developed by two group 1 

participants. 
 

This proposal, adding rational numbers in the form of a fraction, 
had an application in which a sum was given between two 
fractions, generated automatically, and two fields would have to 
be completed: one for the numerator and one for the denominator. 
There are two buttons in the application: the 'Update' that 
generates another sum of fractions and the 'Fix' that checks the 
response given by the user. If the numbers filled in the two fields 
match the result of the sum of fractions, the message appears: 
"Correct answer". If the user inserts the sum result in the form of 
a reducible fraction, the following message "Correct, but not in 
the irreducible form" appears, see Figure 5, and otherwise, the 
message appears: "Incorrect answer" indicating to the user if there 
was an error in the numerator or denominator and presenting an 
example of resolution of a sum of fractions.  
 

 
Figure 5 - Feedback for correct answers.   

The following are the feedbacks given in the use of this feature in 
the set of images in Figure 6. 

 
Figure 6 - Feedback in case of incorrect answer. Available in: 
http://geogebra.ese.ipp.pt/ficheiros_on_line/html/IlustAppFA-

OperRat_00.html 
 
Although the tasks already built can record user performance, 
give individual feedback, which contributed to the improvement 
of user performance, still does not develop a monitoring system 
that can measure the performance of a user in relation to other 
users, who had performed the same task. However, like the tasks 
created already include registration variables, which in the future 
allow this functionality of self-improvement, a functionality 
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desired by an intelligent tutoring system, that is an integration of 
unsupervised learning in the system. 
 

7. PRELIMINARY RESULTS 
 
One of the first challenges was to find a group a team of teachers 
willing to participate in the project.  At first, Group 1 was formed, 
with nine volunteer teachers, authorized the recording of the data 
obtained in the meetings for the development of the research, 
which began in December 2020 until May 2021. The project 
ended its activities in five months, because the understanding of 
the proposal was not immediate by most of the teachers, who 
understood that there would be training on GeoGebra generating 
some difficulties that could not be overcome. Despite these 
difficulties, two of the participants presented very interesting 
proposals, one of them integrating Group 2, which is currently 
part of the project's working sessions. 
After this first impasse, the research team was able to find another 
group of stakeholders, Group 2, in which the proposal is being 
developed with interesting results, because the elements that 
integrate it have an interest in developing materials on the topics 
they develop in their practices, understanding that the automatic 
feedback to be provided to users of applications must be a 
learning strategy that goes beyond the certification of the answers 
given. 
It follows from the implementation of the project that the 
realization and design of these automatic feedback tasks lack a set 
of knowledge and skills of the authors. In addition to a knowledge 
and medium mastery of the software, the authors lack a deep 
knowledge of the didactic processes leading to the learning of the 
contents presented to the users of the tasks, and a deep knowledge 
of the contents and mathematical procedures involved is 
necessary. Only after these conditions are met can participants use 
the technical knowledge inherent in performing tasks with 
automatic feedback effectively. It should be noted that the tasks 
under construction only resort to supervised learning processes, 
and the automatic feedback generated the result of an early 
heuristic of the author of the task before a hypothesis of direct 
action of the user, and at no time was it attempted to use the 
machine-learning process that can be coupled to the tasks. 
The design that the authors of the tasks have of feedback is one 
of the crucial points of this project, feedback must be seen as a 
dynamic process that allows users to put themselves before 
formulations that allow to improve their answers, remembering or 
learning certain concepts prior to the accomplishment of the task. 
In fact, the certification feedback is simple to obtain with the 
software and strategies used in this project. On the other hand, 
feedback that results in a regulatory assessment of the user's 
learning of tasks is more complex because it depends on the 
heuristic resolution contemplated in the preparation of the task, 
heuristic that must necessarily contemplate the various paths that 
the user can initiate in the face of the proposed challenge.   
 

8. CONCLUSION 
 
The automatic feedback tasks produced so far allow to create 
supervised learning processes, contemplating external feedback, 
plausible to be integrated into an automatic tutorial system (ATS). 
These learning processes according to the measure of being 
measured by several experts, so that the collaborative character of 
and carrying out the planning of these tasks is an indispensable 
condition for them to provide feedback that leads to the learning 
of users. The creation of an (ATS) has clearly benefited from the 
possibility of collaboration of several authors because a wide 
diversity of tasks is necessary, and because each task needs to be 
analysed by various actors to provide quality feedback and lead 
to user learning. The analysis of internal feedback sums related to 

the use of these tasks has not yet been performed, being already a 
limitation of the study and that will be developed at a later stage 
of the project. There is also the challenge of studying how these 
tasks can be monitored simultaneously by learning processes of 
inspection or non-supervision. 
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ABSTRACT 

This paper studies how to improve students’ technical and 

academic writing skills by applying digital technology, 

and identifying the effect of technical and psychological 

factors. The specific purposes of the study are to 

determine: 1) How digital technology can improve 

students’ technical and academic writing performance, 2) 

What tools and apps are available that can enhance 

students’ writing skills, 3) What technical and 

psychological issues need to be addressed to incorporate 

digital technology into the writing-intensive classes. Given 

the persistent limited writing performance with low 

motivation of learning academic and technical writing 
among the undergraduate students in the computer 

technology programs such as Cyber Security and 

Information Technology, this study is significant.  

 

Keywords: Academic and Technical Writing, Writing 

Apps and Tools, Perceived Value, Attitude, Motivation 

 

1. INTRODUCTION 

With advancement of Information Technology and digital 

environments, the writing opportunities and practices with 

digital technology have proliferated. Having ever evolving 

digital tools and apps in writing can encourage students to 

become more involved in academic and technical writing 

and increase their writing skills. These expanded 

possibilities make a renewed vision of the teaching of 

writing using digital technology an even more urgent issue 

[13]. Research findings show that digital tools and apps 

should be part of writing in class to support students 

because they could be more apt to write using tools. By 

integrating digital technology, educators can provide more 

opportunities and strategies to increase students’ abilities 

of more professional and academic writing [21]. Using 

digital technologies benefiting students’ academic writing 

improvement [20]. Therefore, it is important to show the 

students that writing can be an interesting learning process 

by giving them the right tools and strategies to use while 

writing [21]. 

 

Significance  

The main purpose of this study is improvement of 

undergraduate students’ academic and technical writing 

proficiencies in Cyber Security and Information 

Technology programs. The study focuses on how the 

incorporation of digital technology can help improve 

undergraduate students’ academic and technical writing 

skills. One basic component of literacy is writing that is 

used on an everyday basis to communicate what one thinks 

and feels. However, there are challenges instructors face 

in teaching academic writing, especially in writing 

intensive classes in technology programs. That challenge 

comes not only from students’ lack of writing skills but 

also from their attitude that they don’t need to learn writing 

because their academic discipline and career are 

technology related. Students in technology programs have 

a lack of understanding that learning academic and 

technical writing is vital in their professional fields. 
Students’ writing skill set is one of the core accreditation 

criteria approved by ABET for undergraduate Cyber 

Security and Information Technology programs. 

Therefore, proficiency in academic and technical writing 

is required in classes, especially in writing intensive 

classes in these programs, but there are many students who 

are reluctant to improve their writing skills because they 

believe that writing is not necessary in their future career 

in the technology industry. 

 

Consequently, this study focuses on how to incorporate 

digital technology to enhance students’ writing 

assignments in class. The study also seeks to better 

understand the technical and psychological factors that 

may contribute to undergraduate students’ intention to 

improve their writing skills and how the digital tools can 

help students to be more engaged in academic and 

technical writing in undergraduate Cyber Security and 

Information Technology programs. In this context, the 

ultimate goal of this study is to develop a theoretical 

research framework addressing the gaps in knowledge 

existing in literature about different contributing factors 

and their level of significance on undergraduate students’ 

motivation of improving writing skills and adopting digital 

technology for that purpose. 

 

2. IMPORTANCE OF USING DIGITAL 

TECHNOLOGY IN CLASS 

Changed Student Population 

New kinds of learners are emerging in the digital 

environment. Majority students are the generation who 

grow up and live in the world of digital technology.  They 
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are more self-directed and less top-down oriented. They 

are better organized to capture new information inputs 

relying on feedback and response. More inclined to 

collaboration and interaction than the instructor-centered 

learning. Digital technology can enhance interaction 

between instructor and students, determining more quality 

instruction in writing class.  

 

Changed Learning Process 

Digital technology is changing the learning process itself 

by enabling: 1) New access points to knowledge using e-

books and cloud computing, 2) Real-time information 

sharing that includes just-in-time searches, perpetual and 

pervasive access to online resources including social 

media. In the mid-1990s Web1.0 technology emerged that 

immensely expanded access to information and started the 

Open Educational Resources movement in education. 

Then the Web 2.0 sparked a more far-reaching revolution 

in access to information. Web 2.0 tools such as blogs, 

wikis, social media, tagging systems, mashups, and 

content-sharing sites are examples of new user-centric 

information infrastructure. Web 2.0 emphasizes 

interactive participation and understanding in learning. 

Encourages focused conversation on topic and facilitates 

innovative explorations, experimentations, and purposeful 

tinkering. 

 

INTENSIVE CLASS 

Writing Course Content and Design 

Instructional design strategies need to ensure relevancy 

and accuracy of online writing course content. Utilizing a 

variety of learning styles and activities is important to 

maintain students’ interest in writing, especially in online 

classes. The success of online learning is often a function 

of personal learning styles, individual learning 

preferences. Poorly designed writing classes ignore 

students’ self-selecting content needs. Classes that are not 

stimulating or worth students’ time or effort leads to a 

higher drop-out rate. Integration of multimedia can 

enhance writing course content and design, and increase 

the effectiveness of online learning with a variety of 

learning styles. 

  

There are numerous useful Web 2.0 tools and apps 

available that can be integrated in writing-intensive classes 

to improve students’ academic and technical writing skills. 

As shown in table 1, 2, and 3, there are many applications 

software and tools are available that can help writing 

improvement. The writing apps mentioned in table 1, are 

either free or may need minimum fee. The apps listed in 

table 2 are compatible with Android operating systems-

based devices. The apps listed in table 3 are mainly used 

for editing and designing purposes. 

 

Searching Tools and Apps for Writing 

There are two search methods to find suitable tools from 

many useful tools available to integrate in writing class: 1) 

General tools search: Explore the tool landscape to get 

ideas about what could be done with this tool in a writing 

class. 2) Specific tool search: Already have identified 

learning objectives of class and looking for tools to 

achieve those objectives. Both search methods yield 

productive and useful results; however, for academic and 

technical writing-intensive classes in Cyber Security and 

Information technology programs specific tool search is 

more efficient and appropriate.  

 

Table 1. Available tools and apps to enhance students’ 

writing skills 

Writing Apps 

Minimum Fee or Free 

Basic Plan 

Free 

• Scrivener 

• Ulysses 

• Reedsy Book 

Editor 

• iA Writer 

• Storyist 

• Final Draft 

• ProWritingAid 

• Hemingway 

• Readable 

• Freedom 

• Evernote 

• Grammarly 

• Reedsy Book Editor 

• NaturalReader 

• FocusWriter 

• Reedsy Prompts 

• yWriter 

• Novelist 

• Markor 

• Character Story 

Planner 2 

 

 

 

Table 2. Android specific writing apps 

Writing Apps for Android Operating Systems 

• Character Story 

Planner 2 

• Google Docs, 

Drive, Keep Notes 

• Grammarly 

Keyboard 

• JotterPad 

• Markor 

• Microsoft Word, 

OneDrive, 

OneNote 

• Novelist 

• Pure Writer 

• Writer Plus 

• Writer Tools 

 

Table 3. Writing apps for editing and designing 

Writing Apps for Designers and Writers 

Quip: Cross-platform writing and collaboration app 

Hemingway Editor: Ultimate editing tool 

Grammarly: Writing and editing tool that teaches 

Draft: Minimal Markdown editor 

Airstory: Research, outline, and write in one place 

 

Criteria to Choose Digital Technology  

Any given instructional strategy can be supported by a 

number of contrasting technologies, similarly any given 

technology might support different instructional strategies. 

3. DIGITAL TECHNOLOGY IN WRITING-
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But for any given instructional strategy for a specific class, 

some technologies are better than others. Before deciding 

which learning tool to use in a writing-intensive class 

instructor should follow five criteria [23]. 

 

Accessibility: Is the tool accessible by users with 

different operating systems such as Windows and Mac 

based devices? Is the tool viewable in a variety of web 

browsers such as Firefox, Safari, Chrome, etc.? Does the 

tool work well with all different types of internet 

connections such as cable, broadband, satellite, etc.? Does 

the tool provide options following ADA compliance that 

support students with disability? Is the tool free or require 

a fee and/or license? Will the tool be around for a while or 

will be obsolete soon? 
  

Usability: How user friendly the tool is? Is the 

tool easy to use? How complicated is it to learn to operate? 

Does the tool have a robust and easy to use Help feature? 

Does anything have to be downloaded and installed on the 

computer to use the tool? Do users have to create an 

account to use the tool? 
  

Privacy, Security, and Intellectual Property: 

Does the tool protect students’ personal data? Does the 

tool allow students to restrict unauthorized access to their 

work or information? Does the tool allow students and 

instructors to retain their copyright status to the content 

they have created? Can students and instructors save a 

copy of their created product for archival purposes? 
  

Workload and Time Management: How much 

extra effort is needed for the instructors to develop their 

class using the tool? How much extra effort students need 

to put to work on their assignments using the tool? Is it 

possible to embed the tool into the e-learning systems that 

are being used as a platform for the class? Does the tool 

make it easy to track students’ works/assignments as well 

as interaction in class? Does the tool support individual 

and group feedback for students? 
  

Creativity, Collaboration, Interaction: Does the 

tool allow instructors and students to be creative during the 

learning process? Does the tool provide opportunities for 

different types of interaction such as visual, verbal, and 

written as students’ individual learning process is 

different? Does the tool increase the perception of 

connectedness and communications, especially in online 

class? Does the tool encourage collaboration? 
  
 

4. TECHNICAL AND PSYCHOLOGICAL 

ISSUES 

Although proficiency in academic and technical writing is 

required in classes, especially in writing intensive classes, 

but there are many students in computer technology 

programs such as Cyber Security and Information 

Technology, who are reluctant to improve their writing 

skills because they believe that writing is not necessary in 

their future career in the technology industry. There are 

several technical and psychological factors that contribute 

to students’ intention to improve their writing skill using 

digital technology. 

Interface Usability 

One of the important technical factors in adopting a 

technology is its interface usability. According to the 

International Standards Organization (ISO 9241-11, 1998, 

p.6), usability refers to "the extent to which a product can 

be used by specified users to achieve specific goals with 

effectiveness, efficiency and satisfaction in a specified 

context of use." [14] Usability is vital for Human-

Computer Interaction (HCI), which is a field of inquiry 

that studies the interaction between humans and computers 

in all forms, and is particularly engaged with 

understanding the relationship between humans and 

emerging technology. The field is interdisciplinary, 

originating in work on human factors in computer systems 

in the 1970’s, that today uses diverse methods and practice 

from Computer Science, Psychology, Sociology, Design 

and the Arts. HCI is a problem-solving field that strongly 

emphasizes constructive solutions of problems addressing 

challenges created by different kinds of computer systems, 

user interactions and contexts [18]. Contemporary 

technology and information systems not only influence 

individual end users but also have holistic effects on 

society at large [7]. Consequently, it can be assumed that 

the user interface design of the tools and apps can play an 

important role in students’ intention to adopt those 

technologies to improve their writing skills.  

 

Accessibility to Technology Infrastructure 

Another important technical factor in adopting a 

technology is people’s access to that technology. The 

recent widespread growth of Information Technologies 

poses incentives to broaden the participation of individuals 

in social, political, and economic dimensions of life 

including the access to key information and the 

opportunities of social interaction that include education, 

professional work, and entertainment. However, despite 

the digital society’s apparent pervasiveness, not everyone 

is digitally connected [19]. The access to technology and 

infrastructure, and also acquisition of skills to deal with 

innovations of digital technology depends on many 

fundamental factors. Several studies show the role of 

socioeconomic, cultural and geographical characteristics 

determine the people’s access level of technological 

advances worldwide [17].  

 

Nelson et al. explained that the excessive costs of Internet 

connection, lack of technical skills, poor network 

coverage, and the shortage in the number of devices such 

as laptops or smartphones to engage students in an online 

learning environment were the main barriers to continue to 

adopt e-learning systems in educational institutions [15]. 

Another study in Nigeria showed that students and 
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instructors complained about the problem of having an 

irregular power supply. Without adequate technical 

resources, it is challenging for both students and 

instructors to successfully run the learning process 

remotely using the e-learning platform [1].  

 

Perceive Value of Writing and Technology 

Perceived value is a psychological factor that plays a vital 

role in people’s decision in adopting a behavior. Bandura 

in his Social Cognitive Theory (SCT) suggested that 

individuals are more likely to undertake behaviors they 

believe will result in valued outcomes than those they do 

not see as having favorable consequences [4]. Bandura’s 

‘outcome judgment’ variable is similar to perceived 

usefulness (PU) of Technology Acceptance Model (TAM) 

developed by Davis [9]. Davis stated that the outcome 

judgment is concerned with the extent to which a behavior, 

once successfully executed, is believed to be linked to 

valued outcomes. Therefore, people’s technology adoption 

depends on the perceived consequences of use of that 

technology or that action. The perceived value of a 

technology depends on a comparison between benefits and 

sacrifices people made when using it [9].  

 

Following the Theory of Reasoned Action, Davis included 

benefits as PU construct in his TAM. Davis stated that 

people have a tendency to use a technology only to the 

extent that they think that such technology will enhance 

their job performance or that they will be benefited from 

using that technology. According to Davis, the perceived 

value corresponds to PU. He stated that “value parallels 

perceived usefulness” [9, p. 322]. Thus, PU is defined as 

the total value that individuals perceive from using a new 

technology. People evaluate the consequences of their 

behavior in terms of PU and set their choice of behavior 

on the desirability of the usefulness. Davis further 

described the phenomenon through a three-pronged 

categorization: job effectiveness, productivity and time 

savings, and the importance of the system to the people’s 

job. PU intuitively has a directly positive relation with use 

of a new technology [9].  

 

Bandura defined outcome expectancy as individuals’ 

estimate regarding whether a particular behavior will 

result in requisite outcomes. That is, individuals are more 

likely to perform specific behaviors when they expect to 

receive valued outcomes from that behavior. 

Consequently, it can be assumed that students in writing-

intensive classes in computer technology programs will be 

reluctant to improve their writing skills if they believe that 

writing is not necessary in their future career in the 

technology industry. Similarly, they will not be interested 

in adopting a new technology that may improve their 

academic and technical writing skill. People would adopt 

a technology only if they could see that there would be 

positive value associated with such use [8]. 

 

 

Attitude toward Writing and Technology 

Attitude is an important factor that contributes to how 

people act or behave. Attitude is a key construct that 

appears to influence people’s intention to adopt a 

technology or take an action. Attitude is defined as “a 

disposition to respond favorably or unfavorably to an 

object, person, institution, or event” [3, p. 3]. “An attitude 

is a mental and neural state of readiness, organized through 

experience, exerting a directive or dynamic influence upon 

the individual’s response to all objects and situations with 

which it is related” [2, p. 81].  

 

In his Social Cognitive Theory (SCT), Badura (1986) 

stated that attitude predicts intentions that, in turn, predict 

people’s behavior. Although some research has 

demonstrated that the formation of people’s attitude is 

sufficient to affect their adoption of a new technology, 

other scholars argue that attitude must be transformed into 

intention to influence their actual adoption of it. In Theory 

of Planned Behavior and TAM, intention is the pivotal 

concept in the attitude-behavior relationship because the 

immediate determinant of behavior, intention, mediates 

the attitude on behavior. That is, individuals’ attitude is 

assumed to influence behavioral intention to use a 

technology, which in turn influences their actual adoption 

of it. Therefore, people’ attitude can influence their actual 

behavior [15]. 

 

According to Brown and Venkatesh (2005), attitude forms 

from cognitive beliefs and refers to “people’s positive and 

negative feeling (evaluative effect) about performing the 

target behavior” [6, p. 216]. Davis, Bagozzi, and Warshaw 

[10] stated that attitude is the degree to which the 

individual is interested in specific technology, which has a 

direct effect on the intention to adopt as well as actual 

adoption of those technologies. The extent to which a 

technology is actually adopted over a certain period of 

time is influenced by the intention to adopt it. Since 

intention can be predicted by attitude towards a behavior, 

it is reasonable to predict that students’ favorable attitudes 

will lead to their favorable behavior [15], that is, 

improving their academic and technical writing skill using 

tools and apps.   

 

Since attitude appears to be a major factor affecting 

people’s adoption of a technology or action; therefore, 

understanding their attitude toward a technology or action 

is important. Sometimes changes in attitudes are more 

important than changes in skills for people’s use of 

technology. That is, in taking action to improve writing 

proficiency using technology, students’ attitude can play a 

more vital role than their technology skill. Traditionally, 

students in computer technology, who have extensive IT 

skills, have held a less than positive attitude toward 

writing. Consequently, students’ attitude toward writing 

improvement and technology should be considered as a 

major predictor of their action in this regard. Any research 

on these students’ writing improvement using technology 
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should include their attitude toward writing itself and using 

technology for that purpose. 

 

Motivation for Extra Effort 

Motivation is an essential factor in digital learning 

platforms. The transformation in the learning method 

using technology should not affect the level of students’ 

commitment in the learning process. Motivation is a 

psychological concept, which students must have in the 

learning environment, for their greater engagement in the 

online learning process [11]. Berestova et al. have 

described motivation from two basic dimensions: intrinsic 

and extrinsic [5]. Intrinsic motivation concentrates on the 

pleasure, joy, and interest feelings toward the learning 

process; it can be dedicated toward obtaining knowledge 

or reaching a specific achievement. Intrinsic motivation 

can also be determined by the level of satisfaction, 

autonomy, inherent, and enjoyment [12]. In this case, 

motivation means the student’s feelings regarding 

importance and meaningfulness toward performing a 

learning activity to improve their academic and technical 

writing using technology. The extrinsic motivation 

explains the learning process as a goal that should be 

achieved to satisfy any duties or obligations taken, as well 

as meet the responsibility role for accomplishing that 

purpose. Therefore, it can be assumed that if students 

perceive that writing is not valuable in their technical 

professional field, they will not be motivated to improve 

their academic and technical writing by putting extra 

effort. They will not be interested in adopting 

aforementioned writing apps and tools for that purpose 

either. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Effect of Psychological Factors on Technology 

Adoption for Writing Improvement 

 

5. CONCLUSIONS 

In this study, the available tools and apps that can improve 

students’ writing skills were investigated. The study also 

focuses on the factors, especially technical and 

psychological factors that impact students’ adoption of 

technology putting extra effort to learn those for 

improvement of their academic and professional writing in 

computer technology programs such as Cyber Security and 

Information technology.  It has been found that there are 

plenty of tools and apps that can help students in 

improving their academic learning. However, there are a 

number of psychological factors that may impact their 

intention to adopt those technologies. Research findings 

revealed that students’ perceived value and attitudes 

toward digital technology are influential in determining 

their technology-based learning experiences. Students’ 

perception and attitude toward those technologies and the 

writing itself play an important role in their motivation to 

put extra effort in improving writing using those 

technologies. That is, high perceived value and favorable 

attitudes toward writing will lead to their favorable 

behavior to learn writing. Consequently, students’ 

perceived value and attitude toward writing using digital 

technologies contribute to their motivation to adopt the 

aforementioned technologies for improving their writing. 

In addition, the technical factors such as interface usability 

of those tools and apps as well as accessibility to 

technology infrastructure also play vital roles in this 

regard. Consequently, it is important to consider these 

technical and psychological factors in improving 

undergraduate computer technology students’ intention to 

improve academic and technical writing using digital 

technology in their writing-intensive class. 
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ABSTRACT 

 

This article addresses the fundamentals of critical pedagogy as 

enhancers of the investigative practice of university teachers. 

Critical pedagogy is an educational paradigm based on dialogue 

and reflection, while university research is a substantive process 

that seeks to understand and generate knowledge. Therefore, 

Paulo Freire relates them in theory and practice as an inseparable 

part of education. In this work, the limitations and strengths of 

the investigative practice of the university professor in the 

Faculty of Philosophy, Letters and Educational Sciences of the 

Technical University of Manabí (FFLCE-UTM) are described. 

The research has a descriptive scope with a quantitative approach 

and a non-experimental-transactional design; with the interview, 

survey, and quantitative content analysis techniques. The 

population corresponds to 100 teachers taken as a sample. The 

results indicate a growing research production. However, some 

elements can be enhanced: dialogue, active participation, digital 

identity, production and socialization of knowledge. It is 

concluded that critical pedagogy is an opportunity to strengthen 

procedural aspects in investigative practice. Therefore, a 

methodological strategy composed of a system of activities is 

proposed. 

 

Keywords: critical pedagogy, education, dialogue, reflection, 

research, university professor. 

 

1. INTRODUCTION 

 

Critical pedagogy was born as an educational model or paradigm 

that supports the educational process and strengthens social 

transformation. Critical pedagogy establishes dialogue and 

reflection as essential foundations of education and 

interdisciplinary components. In this work, the relationship 

between critical pedagogy and the investigative practice of the 

university teacher is established. University research is a 

substantive process that encompasses educational and social 

problems. Therefore, it cannot be separated from the dialogue 

and reflection proposed by critical pedagogy from teaching. 

"There is no research without teaching, nor teaching without 

research" [1]. 

 

This study is part of a master's thesis developed at the FFLCE-

UTM-ECUADOR. In this context, the subject of study is based 

on the need to know approaches or methodologies that can 

enhance the investigative practice of university teachers. 

Therefore, after a descriptive bibliographic review, critical 

pedagogy is considered a possible methodological approach to 

provenance research through dialogue and reflection. 

 

This research aims to describe the limitations and strengths of the 

investigative practice of the university professor in the FFLCE-

UTM. As a result of this diagnosis, the fundamentals of critical 

pedagogy are linked to generating a structured methodological 

strategy with a system of activities. This inquiry process answers 

the question of how to improve the investigative practice of the 

university professor of the FFLCE-UTM from the theoretical and 

methodological contributions of Critical Pedagogy? which is 

responded to in the discussion section of the results. 

 

The research results show the strengths and limitations of the 

investigative practice, elements linked to active participation, 

digital identity, production and socialization of knowledge. It 

should be noted that the main strength of this study is the growing 

research production that is evident in the FFLCE-UTM. 

However, the processes can be improved with the intervention of 

the fundamentals of critical pedagogy. 

 

Finally, the structure of a methodological strategy is conceived 

with a system of activities outlined in the Moodle educational 

platform, which is an opportunity to take advantage of the 

benefits of the virtual learning modality. The modality of 

presentation of the proposal is emphasized since it offers 

synchronous and asynchronous activities that substantially 

complement the purpose of this work. Offer university teachers 

new ways of reflecting and interacting with research practice. 

 

2. DESCRIPTIVE BIBLIOGRÁPHICAL REVIEW 

 

Foundations of Critical Pedagogy 

 

Critical pedagogy establishes that there is transformation through 

human action. It is based on the dialogic relationship between 

human beings, nature and their social bond [2]. The primary 

foundation of critical pedagogy is dialogue, in which the creation 
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of spaces that generate interaction is emphasized. The dialogue 

spaces are not only focused on speaking on a specific topic but 

also on discussing the processes that human beings share within 

the social and educational environment. 

 

In university education, spaces for dialogue and interaction have 

knowledge-generating characteristics. Therefore, research is 

essential for generating knowledge. Research is an opportunity 

to create new knowledge from data and science in such a way 

teachers choose to put into practice their investigative skills and 

acquire the possibility of expressing their experiences, 

knowledge, proposals, practices, and methodologies, among 

others. 

 

Contributions of Paulo Freire: this pedagogue proposes solid 

arguments that link the act of teaching with research. He points 

out that teaching involves research. Therefore, a teaching process 

is not conceived without including research such as inquiry, 

questioning and practice, nor research whose process is not for 

learning [3]. Teachers [4] are called ‹search subjects›; their work 

cannot be far from research. The result of the dialogical educator 

is to work in an interdisciplinary and team manner [5]. 

 

Freire [1] synthesizes nine fundamental knowledge for critical 

educational practice, cited as those related to the subject studied. 

 

Fundamentals 

Knowledge 

Characteristics 

Teaching 

requires 

methodical 

rigour. 

Learn critically. Knowledge 

production does not 

exist yet. 

Teaching 

requires 

research. 

Epistemological 

curiosity. 

 

There is no teaching 

without research 

and no research 

without teaching. 

Teaching 

requires 

criticism. 

Knowing the 

fact of pure 

experience. 

Know facts of 

methodically 

rigorous 

procedures. 

Teaching 

requires critical 

reflection on 

practice. 

Critical teaching 

practice.  

Permanent training 

of teachers. 

 

Table 1: Fundamentals knowledge for educational-critical 

practice [1]. 

 

In research, the role of the teacher requires a state of 

empowerment that links their pedagogy and how they assume the 

production of knowledge [5]. The act of teaching is not limited 

to the transfer of knowledge; instead, there are educational 

elements that suggest the creation of knowledge-based on 

localized needs or problems. Research is an inherent part of the 

educational process in this search for knowledge. 

 

Contributions of Henry Giroux: critical pedagogy focuses on 

a social vision of education related to experience and practice. 

Critical pedagogy seeks to work from experience through 

dialogue as a component to reflect and engage in good 

educational practices [6]. Dialogue is the central axis of any 

critical process, which solves the search and production of 

knowledge, oriented from the investigative, social and 

educational processes. 

Giroux emphasizes the importance of knowledge production, be 

it discursive or written [6]. He points to research as a starting 

point for generating knowledge. Research is a space of 

opportunities and forms of interaction; practical and 

methodological components are displayed that envision the 

participation of researchers and study subjects. Critical pedagogy 

proposes collaborative teaching, research, joint publication, 

democratic planning, and spaces designed to improve dialogue 

through discourse [7]. 

 

Giroux questions how teaching and research are presented in the 

university context [8-9] the loss of public funding and 

educational structures create limitations in access to resources; 

therefore, he proposes to reflect on the existing ones. The search 

for the optimization of resources in research practice is one of the 

points discussed in Giroux's critical pedagogy. The distribution 

of knowledge is another point to study since the educational 

community must have free and easy access to the production of 

knowledge offered by the university. 

 

Contributions of Peter McLaren: the purpose of critical 

pedagogy focuses on improving the pedagogical practice of 

teachers, in addition to facing current problems. McLaren takes 

critical pedagogy to establish ideals that seek a revolutionary 

practice that addresses the issues located in the context [10]. 

Critical pedagogy requires a commitment to research and 

practice, that is, critical teaching staff in constant training. The 

bases of an efficient practice are the studies of new pedagogical 

strategies and the acquisition of current knowledge [11]. 

 

Critical educational research, a term used by McLaren, links the 

meaning of historical and cultural trends to question what 

happens in the context, the construction of the world and those 

who build it [12]. Revolutionary critical pedagogy proposes the 

renewal of its foundations [13]. That is the study of current 

trends, current knowledge and current social and educational 

policies. The ideas expressed in this paragraph strengthen the 

vision of critical educational research without neglecting the 

main foundations of critical pedagogy: dialogue and reflection. 

 

Critical pedagogy is characterized by understanding and acting 

on problems involving a broad knowledge context. In other 

words, it has an interdisciplinary vision that makes the subject 

responsible for the educational and social process [11]. Critical 

pedagogy is a pedagogical link that guides the emancipatory 

practice from knowledge production. Its focus is dialogue and 

reflection, these components are oriented towards understanding 

and analyzing specific problems in the region. That is, try to 

generate knowledge or knowledge related to the needs of each 

educational context. 

 

The fundamentals of critical pedagogy are synthesized in 

dialogue and reflection; the aforementioned authors assume the 

application of critical pedagogy in educational processes. The 

apparent reason is interdisciplinary of this educational approach. 

For this reason, research, a substantive part of university 

teaching, has solid links with the foundations of critical 

pedagogy. And this, in turn, proposes to reflect on how to 

improve educational practices. 

 

Critical pedagogy: higher education in Latin America and 

Ecuador 

 

The university is a space for social transformation, and 

professionals are created in various branches of knowledge. It 

solves three substantive functions: teaching, research and linking 

with society. The training process at the university turns out to be 
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complex and requires organizational mechanisms to promote 

transversal axes [14] political commitment, ethics, emancipation, 

training, research and transformation of society. The university 

envisages spaces for interaction with social factions, including 

students, teachers, authorities, and the community. The 

university context has the possibility of access to understanding 

social and educational problems through substantive functions 

[15]. 

 

Critical pedagogy has Freire as its primary precursor in the Latin 

American context. The bases are located in an emerging search 

for crucial consciousness in the face of new trends in Latin 

American education [16]. Education is a political environment 

rich in cultural diversity and social spaces. In this, critical 

pedagogy seeks to promote the emancipation of knowledge 

linked to modern needs. The use of technology in education is 

related to a new form of research. The accessibility it offers 

makes it possible to investigate and establish research methods 

without neglecting the critical guidelines of the process and 

obtaining reliable results through the relationship between 

pedagogy and critical-reflexive research. 

 

In the Ecuadorian context, critical pedagogy is mentioned as a 

starting point in reflecting on the role of the educator. The 

university teacher is a key part of the social and educational 

transformation, responsible for restructuring or improving the 

systems adopted by the institutional structure [17]. The cited 

work describes the importance of critical pedagogy in the 

university context of Ecuador. However, the implications remain 

theoretical. Little literary production on critical pedagogy is 

reflected, although it points out the importance of the works 

studied. What resolves to question of how education is done and 

how theory-practice can be reflected in research. 

 

Dialogue and reflection promote understanding and reasoning 

and help the teacher recognize his pedagogical and investigative 

practice. The purpose is to improve educational processes related 

to the knowledge used for teaching and content production [18]. 

Literary production in Ecuador presents limited works that 

describe critical pedagogy, but that does not mean that it is not 

considered or used. Despite the limited presence of theoretical 

and practical studies, critical pedagogy is supported by studies 

that originate in the international context. Finally, this article 

proposes to study essential pedagogy and its methodological 

approaches in Ecuadorian education with greater emphasis. 

 

Critical pedagogy in university research 

 

University research constitutes substantive processes linked to 

the problems and needs of each context. It seeks to understand 

and generate knowledge that can be used by the educational, 

social and cultural community. The feedback and visualization 

evidence the usefulness of the knowledge generated at the local, 

regional, national and international levels. In this, the research 

production of the university must first contribute to improving 

processes from within and then offer knowledge to society. The 

approaches studied in this paragraph are related to pedagogy as a 

central axis for dialogue and reflection at the university. 

 

The university needs to renew its theories, perfect its practice, 

and seek innovative ways of interacting. Without neglecting solid 

foundations in the structure of this new challenge, these 

foundations propose open, dialogical, critical and reflective 

epistemological approaches [19]. University research takes 

technology as innovation, and it is correct. The contradiction is 

when it is misused, or the benefits are not taken advantage of. 

Therefore, this article proposes an efficient approach to 

innovation, the search to promote the participation of teachers in 

the digital space, and the efficient management of digital identity. 

 

In the production of knowledge, critical pedagogy highlights 

research as a component that favours the pedagogical training of 

teachers. The purpose of the study is not to publish in a big way. 

On the contrary, the constructive approach is what critical 

pedagogy rescues [20]. The university facilitates investigative 

processes in terms of resources, training, spaces, democracy and 

autonomy, 

 

Research practice of the university teacher: local, national 

and international context 

 

In recent years, local context: the Technical University of 

Manabí, in recent years, has promoted research work in its 

academic units. This process has been carried out progressively 

and with positive results [21]. The main limitation lies in the 

teaching load exercised by the educator. Therefore, the UTM 

studied suitable ways to integrate the investigative work. In this, 

it is proposed to establish guidelines that allow the construction 

of research groups with specific lines of research. Finally, it is 

resolved to keep current the processes that will enable us to grow 

from research and teaching as an institution. 

 

From the national context: The work of teaching and research 

suppose a separation in the use of scientific productions in 

Ecuador [22]. The limited use of the works is due to the little 

reliability of the results or the feasibility of putting them into 

practice. The data that reflects the national context is worrying; 

the investigator must have investigative skills related to 

optimising resources and managing investigative processes [23]. 

The investigative quality depends on the process that is carried 

out. In this case, scientific production in Ecuador has been low 

compared to other countries due to the scarce scientific culture 

and policies that promote research [24]. 

 

International context: research is a relevant activity in Latin 

American universities; it contributes to the development of the 

state, innovation and social transformation [25]. Research has 

been promoted in countries like Argentina and Colombia, and 

significant contributions to university teaching have been 

visualized [26-27]. Critical pedagogy has been postulated as a 

Latin American model that seeks to break with paradigms that 

have limited investigative practice. Being a region in constant 

social and political struggle, research means an opportunity to 

share knowledge from science with a cultural and social 

approach. 

 

3. METHODOLOGY 

 

The methodology used assumes the positivist paradigm, with a 

descriptive scope, with a quantitative approach in the non-

experimental-transactional research design. 
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Figure 1: Methodological approach to research 

 

The research techniques used are interview, survey and 

quantitative content analysis. The study population corresponds 

to 100 teachers of the FFLCE-UTM. The methods were selected 

to complement the study of the variables and categories of 

analysis. For this reason, they were applied in three moments of 

the investigation: the interview with the authority that guides the 

investigative processes of the FFLCE-UTM; This first approach 

allowed us to know in a general way what strengths and 

limitations the investigative practice possesses. Subsequently, 

the survey applied to the teachers entitled to consolidate what 

was studied in the interview and analyze specific aspects of the 

investigative practice. Finally, the quantitative content analysis 

addressed categories of research that allowed us to understand 

how the digital presence of the researcher is with respect to his 

works published and registered in Google Scholar. 

 

The validation of the research instruments was established by 

consulting experts, and most of them agreed with the feasibility 

of the instruments used. Likewise, in the validation of the survey, 

it was decided to apply Cronbach's Alpha. The results are shown 

in Table 2. 

 

Reliability statistics 

Cronbach's 

alpha 

Cronbach's alpha is 

based on standardized 

elements 

# of elements 

,866 ,854 12 

Table 2: Survey Reliability 

 

The data processing was developed using the SPSS program in a 

test version. This Software allowed a descriptive statistical 

analysis through measures such as mean, mode and median; 

minimum, maximum and percentiles. These data were relevant, 

given that a first approach in recognizing the limitations and 

strengths of the investigative practice, later proposing critical 

pedagogy as a pedagogical link between the functions of the 

university teacher. 

 

4. DISCUSSION OF RESULTS 

 

Diagnostic results 

 
Instrument 1: the interview guide applied to the authority 

responsible for the investigative processes in the FFLCE-UTM 

allowed to recognize in a general way the strengths and 

limitations of the investigative practice. 

 

Categories Subcategories 

Institutionalization Lines of research UTM 

FFLCE research lines 

Research lines by departments 

Empowerment Creation of research groups 

Management Platform PCA Platform 

Financing Internal 

External 

Self-financing 

Monitoring and 

control 

Vice Dean 

Group directors 

project managers 

Table 3: Strengths of research practice  

 

The main strength of the investigative practice is the growing 

tendency to include efficient processes in investigative 

management. As shown in Table 3, this finding allows us to 

deduce the feasibility of having new ways of assuming that the 

solid foundations offered by the institution make research a 

process of development, improvement and strengthening. 

 

Categories  Subcategories 

Research productivity Completion of projects 

Finished products 

Proposals executed 

Participation  Students 

Teachers 

Funding Allocation Bureaucratic Processes 

Acknowledgements Recognition of investigative work 

Economic and academic 

incentives 

Use of scientific 

products  

Conceptual gaps 

Methodological proposals 

Educational needs 

Table 4: Limitations in the investigative practice 

 

The limitations focus on the participation of the subjects who do 

research. However,h the data in Table 3 show solid foundations 

for growth in research; studying the shortcomings of the process 

to mitigate the deficiencies found cannot be ignored. Table 4 

shows that strategies need to be fine-tuned to benefit analysis. In 

this work, it is possible to recognize superficial limitations, so it 

is suggested to address the subject of study more widely. For that 

reason, critical pedagogy as a starting point through dialogue and 

reflection offers solid foundations that support future research. 

The purpose of these data is to discover the limitations of the 

investigative practice and that they can be addressed from the 

foundations of critical pedagogy. Therefore, it is complemented 

with instruments 2 and 3. 

 

Instrument 2: the questionnaire applied to teachers gave way to 

the analysis of questions that resolve the doubts raised in this 

article. Among the main findings, critical pedagogy is evidenced 

at three levels: academic unit level, investigative process level, 

M
et

h
o
d
o
lo

g
ic

a
l 

ap
p
ro

ac
h
 t

o
 r

es
ea

rc
h

Reseach level Descriptive

Research Approach Quantitative

Design Type
Non-experimental-

Transectional

Methods

Theoretical level

Deductive

Analytical

Synthetic

Statistical level Statistical-descriptive

Empírical level Survey

Techniques

Interview

Questionnaire

quantitative content analysis

Instruments

Quiz guide

Analysis units and categories 
guide
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the nature of these data, it was decided to add instrument 3, which 

addressed relevant results. 

 

On the other hand, the investigative practice of the university 

professor presents some limitations. Teachers indicate that they 

rarely use t own works as part of the study content in the 

classroom. TheKnowledge productis another factor to be 

considered for improvement depending on the local, regional, 

national and international context. The execution of educational 

proposals should also be promoted, which suggests effectiveness 

in the participation of all educational and academic subjects. 

 

Instrument 3: quantitative content analysis focuses on studying 

the scientific products located in Google Scholar, a source of 

information linked to the researcher profile of teachers. In this 

study, shortcomings related to the management of the researcher 

profile were visualized. 50% of teachers have a Google Scholar 

profile; on the contrary, 50% do not. Teachers who do not have 

a researcher profile do have work without registering in this basic 

search engine for scientific products. Next, the units and 

categories of analysis studied are displayed. 

 

 

Units of analysis  Categories of analysis 

Analysis unit 1: 

Scientific products 

registered in Google 

Scholar. 

1. Articles in Google Scholar 

Analysis unit 2: 

Quantity of scientific 

products. 

1. Number of items 

2. Articles related to education.  

Analysis unit 3: Type of 

scientific product. 

1. Pure research 

2. Proposals 

3. Literature reviews. 

Analysis unit 4: 

Educational Context. 

1. Studies related to critical 

pedagogy. 

2. Studies developed in FFLCE-

UTM. 

3. Studies in a regional context. 

4. Studies in a national context. 

5. General or international studies. 

Analysis unit 5: 

Evaluation of scientific 

production. 1. Number 

of citations. 

1. Number of citations. 

2. H index. 

3. i10 index. 

 

Table 5: Guide to units and categories of analysis 

 

The findings of instrument 3 show that teachers have poor 

management of the researcher profile in Google Scholar. It is 

suggested to improve the teacher's digital identity. The results 

reaffirm the need to improve teacher participation in research 

processes. In the survey, teachers affirmed that they use critical 

pedagogy. However, no study supports this affirmation. Of the 

50 profiles studied, only one profile shows studies related to 

critical pedagogy. 

 

This article answers the question of how to contribute to 

improving the investigative practice of the university professor 

of the FFLCE-UTM from the theoretical and methodological 

contributions of Critical Pedagogy? This question is resolved 

positively. It is possible to argue and systematize how to 

contribute to the improvement of investigative practice. 

 

Briefly, the structure of a methodological strategy that assumes 

critical pedagogy as a methodological foundation is stated. For 

this, the Moodle educational platform is proposed as a virtual 

space where resources and activities are displayed in the form of 

a training program. The PACIE methodology supports this 

virtual learning environment 

 

Sections/blocks Start Block 

Information section Rules, guidelines, schedule, 

content 

Interaction section General chat, presentation forum 

Communication section Important Bulletin 

Announcements 

Sections/blocks Academic block/activity system 

exhibition section 

Exhibition section 1. Dialogue 

2. Active participation 

3. Digital identity 

4. Production of targeted 

knowledge 

5. Socialization of focused 

knowledge 

Rebound section 

Construction section 

Check section 

Sections/blocks Closing block 

Feedback section 1. Question and answer forum 

2. Completion of the program of 

activities 

Table 6: Structure of the activity system 

 

5. CONCLUSIONS 

 

Critical pedagogy has the necessary foundations to be integrated 

into the investigative practice of the university teacher. The 

results of this work position problem include limited 

participation, inadequate digital identity management, unfocused 

production, and socialization of knowledge. Once the limitations 

were detailed, it was possible to establish pedagogical links with 

critical pedagogy and research. The limited participation can be 

improved by integrating spaces for dialogue and reflection aimed 

at essential awareness. The management of digital identity is 

enhanced with training for teachers. The production and 

socialization of knowledge are enhanced by the concatenation of 

dialogue, participation and digital identity through the proper 

management of these elements. 

 

In the findings studied, digital identity is one of the components 

that should receive more attention. As the authors explained, 

critical pedagogy seeks to confront new trends with a 

revolutionary approach. For this reason, teachers cannot be far 

from the digitalization of data, a trend that has been marked in 

recent years in education and that should be included in the 

research. It is hoped that this article will be the impetus for 

broader research and that new limitations will be discovered that 

affect the investigative practice of university teachers. 
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and individual and practical level. These data reflect that teachers 
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ABSTRACT 

 

“Health is Wealth” such a wealth of people is being affected and 

they are put to death on deathbeds in millions by a newly 

discovered virus called n-CoV (Corona virus). Covid is so-called 

mysterious because people affected by this disease are 

asymptotic. This infectious disease is mostly transmitted through 

droplets when an infected person coughs or sneezes. One of the 

main precautions that everyone must follow is wearing a mask. 

Some people wear masks improperly whenever they visit 

crowded places where there are high chances of this disease 

being spread. We have designed a real-time face mask detector 

that aims at detecting masks worn by people to reduce the 

transmission of this virus and make people wear masks in 

crowded areas. We can install this system at the entrance of 

places where there is more number of crowds. The detector 

follows Convolutional Neural Network (CNN), a part of Deep-

Learning used to analyse visual imagery. It takes an input image, 

assigns importance (learnable weights and biases) to various 

aspects/objects of the image, and differentiates one from the 

other. Cascade Classifier detects the frontal face. Results have 

shown the detector classifies people with and without masks at 

an accuracy of 96.97%.   

 

Keywords: Covid, Mask Detection, Convolutional Neural 

Network, Cascade Classifier, Pre-processing Techniques. 

 

 

1.  INTRODUCTION 

 

Covid-19 has become a buzzword for the past one year. This new 

infectious virus emerged in Wuhan, China with an outbreak of 

viral pneumonia. Further, there was an outbreak all over the 

world that led to the pandemic situation in 2019. People affected 

with this virus had a fever, dry cough, tiredness, difficulty in 

breathing, chest pain, pressure, and so on. Some carriers of this 

disease were also asymptotic that made this disease deadly, 

bizarre, and mysterious. [4] Covid is transmitted through 

droplets, coughed and sneezed by the affected people. To prevent 

and reduce the transmission, there are many precautions being 

advised and one among them is wearing a mask. But many people 

avoid wearing masks while visiting crowded regions. In order to 

have surveillance, [6] we have designed a real time face mask 

detector using Convolutional Neural Network (CNN) that would 

detect masks worn by people and also alerts if no mask is 

detected. 

Figure 1: AI VS ML VS DL 

 

Figure 1 shows the comparison of AI VS ML VS DL. 

 

[5] Deep Learning (DL) is a subset of Machine learning (ML), as 

seen in Figure 1, [1] aims at using multiple layers for 

understanding, analyzing and extracting the features and 

characteristics of the input. Deep learning requires large amount 

of input data and it takes longer time for the model to train and 

learn itself. This helps us in providing greater accuracy of results. 

 

[2] One main part of deep learning or deep neural network is the 

Convolutional Neural Network (CNN) which is mainly used in 

pattern recognition and image processing. [3] CNN layers made 

up of neurons with learnable biases and weights that are used to 

analyze and understand the input to map and obtain a final output. 

 

 

2.  PROPOSED SYSTEM 

 

Building of this Face Mask Detector consists of several 

phases/modules. They are:  

 

• Data Collection 

• Model Creation 

• Pre-processing of Data 

• Training Model 

• Testing Model 
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Figure 2: Flowchart of the different Phases of Proposed System 

 

Figure 2 shows the various phases involved in the proposed 

system. 

 

Data Collection 

The face mask detector required data set consisting of many 

images of people’s faces with and without masks. For the model 

to give more precise and accurate results irrespective of whatever 

may be the input, we have collected data set consisting of images 

of people having faces with and without masks: zoomed images, 

inverted images, horizontally flipped, vertically flipped, faces 

with transparent masks, faces with face shields, no masks and 

faces with different coloured masks. 

Inclusive of shielded faces and transparent masks images, our 

dataset contains 4624 images of people wearing with masks 

(2312 images) and without masks (2312 images). 

 

Model Creation 

The next phase after data collection is the Model 

creation/Modelling of the face mask detector. We have used 

Convolutional Neural Network, a branch of Deep Learning to 

model our system. The algorithm for the model creation is as 

follows in the Figure 3. 

                      
Figure 3: Flowchart of the various steps to create the model 

 

Figure 3 shows the various steps involved in Keras to create the 

model. 

Sequential model is a Linear Stack of Layers where we create the 

model by stacking one layer upon another layer. This model is 

mostly suited in many deep learning problems. To create a 

sequential model, the following steps are followed: 

 

• Instantiate the model 

• Stack layers using add() 

• Compile the mode 

 

 
Figure 4: Instantiation of model as Sequential 

 

Figure 4 shows the Python code to instantiate the model as 

Sequential using Keras. 

 

After instantiation, Convo2D convolutional layer is added. The 

following arguments are given: 

 

• Output channels = 32 

• Kernel size = (3,3) moving window 

• Activation = ReLU 

 

This helps the filter learn and recognize features within the 

image. It recognizes edges, lines and other distinct shapes within 

the images. Hence convolutional step is also called Feature 

Mapping. We will have multiple channels and each channel will 

be trained to detect certain key features of the image. 

 

 
Figure 5: Stacking of Convo2D layer to model 

 

Figure 5 shows the Python code to add/ stack the convolutional 

layer to the model instantiated using Keras library. 

 

Next, we stack the MaxPooling2D. The default pool size is (2, 

2). We can also add our own pool size. This reduces the number 

of parameters in our network which is called as down-sampling 

and makes the model robust to detect features by making it 

impervious to orient and scale changes. 

 

 
Figure 6: Stacking of Pooling Layer 

 

Figure 6 shows the addition/ stacking of the pooling layer on top 

of the convolutional layer. 

 

Thirdly, we stack the Flatten Layer to the model. Here the 2 

dimensional array output after Pooling is flattened and converted 

into a 1 dimensional single long feature vector and passed as 

input to the fully connected layer where classification is 

undergone. 

 Figure 7: Flattening of the layer. 

 

Figure 7 shows the Python code to add Flattening to the model 

using Keras library. 

 

Lastly, we add the fully connected layer using Dense where 

neurons in this layer are fully connected with all the neurons of 

previous layer. 
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Figure 8: Stacking Dense Layer 

 

Figure 8 shows the stacking of the Dense layer to the model after 

the Flattening is done. 

 

Table 1: Model Summary 

 

Table 1 shows the summary of all the layers of our model, shapes 

and the parameters of each layer. 

 

Preprocessing Data 

Data Set consists of images that are vertically, horizontally 

flipped, oriented at different angles, zoomed in or out,etc [8]. All 

these type if images may cause difficulties for the model during 

training phase. These inconsistent images are preprossed to make 

them coonsistent and easy for the model to identify features and 

train themselves. 

 

Images after each preprocessing technique: 

Figure 9: Output after preprocessing the image 

 

Figure 9 a) shows the input image  

Figure 9 b) shows the output after vertical flip  

Figure 9 c) shows the output after horizontal flip  

Figure 9 d) shows the output after applying shearing  

Figure 9 e) shows the output after applying positive zoom  

Figure 9 f) shows the output after applying negative zoom. 

 

These are the pre-processing techniques that we have used to 

make our data set consistent for the model to detect features from 

the images and train themselves. 

 

Training the Model 

The next phase after pre-processing the input data is the Training 

phase. From the data set consisting of 4624 images, 3700 images 

are used to train the model (1850 images of people with masks, 

1850 images of people without masks). 

In this phase, the model is trained in such a way that the algorithm 

has learned to generalize the training data to provide the correct 

and required output. The model uses the created Convolutional 

Neural Network to understand, analyse and identify features of 

the input images and classifies the images into two categories for 

output: with and without mask. 

 

Testing the Model 

This is the final stage where the trained model’s performance is 

evaluated. From the data set consisting of 4624 images, 924 

images are used to test and evaluate the model (462 images of 

people with masks, 462 images of people without masks). 

We used completely different data set for testing the model and 

no images of training and testing data overlap. This is because if 

the testing data contains training data then the model may be 

difficult to observe the model’s performance on new data as it 

would always give correct results for the already trained images. 

Moreover it is hard to assess if the algorithm has generalized 

from the training data set or just memorized the data set. 

 

 

3.  RESULTS AND DISCUSSIONS 

 

By splitting the data set in the ratio 80%, 20% for training and 

testing respectively, we observed the model to perform well. 

Figure 10 shows the model’s accuracy increasing and the training 

loss decreasing in successive epochs. The final accuracy was 

observed to be about 96%. 

 

Figure 10: Graph of Training Loss and Accuracy 
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Table 2: Loss and Accuracy Table 

 

Figure 10, Table 2 depicts the loss and accuracy of our model 

over various epochs. The accuracy increases and the loss 

decreases in successive epochs. The model initially had an 

accuracy of 87.68% which in-turn finally increased to 96.97% 

after the completion of the final epoch. 

 

Features of our Face Mask Detector 

 

Execution Type 1: We can give an image as input to 

the model and it would print “Mask” or “No Mask” depending 

on the image. 

 

Figure 11: Output of type 1 execution 

 

Figure 11 shows the input images given to the model and the 

corresponding output of the model. 

 

 Execution Type 2: [7] Real time face masks detection 

using a camera module. 

 

 
Figure 12: Output of Real Time Face Mask Detection 

Figure 12 shows the real time face mask detection of the model. 

The image at the left shows the model’s prediction of person 

without mask and the image at the right shows the model’s 

prediction of person with mask. 

 

 Beep Sound and Voice Message: In real time face 

mask detection, whenever a person fails to wear mask, the model 

identifies the Operating System of the PC and if it is Windows, 

beep sound is ringed else if the OS is IOS (DARWIN-Apple) then 

there is a voice message stating ”No Mask Detected”.   

 

 
Figure 13: Code Snippet for Identification of OS, Beep sound 

and Voice message 

 

 Shield and Mask: The model is trained to detect face 

shields also. Whenever a person wears only face shield without 

face mask, the model predicts the output correctly to be “No 

Mask Detected” and if both shield and mask are worn, then the 

result is correctly predicted as “Mask Detected”. 

 

 
Figure 14: TYPE 1 Execution – Input and Output 

 

Figure 14 shows the input images given to the model and the 

corresponding output of the model. 

 

 
Figure 15: Real Time Face Mask and Face Shield Detection 

(TYPE 2 Executions) 

 

Figure 15 the image at the left shows the model’s prediction of 

person without mask and the image at the right shows the model’s 

prediction of person with mask and shield. 
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Transparent Mask Detection: The model is also 

trained to detect transparent masks. If a person wears a 

transparent mask, the model predicts the output to be “Mask 

Detected”. 

 

Figure 16: Transparent Mask Detection TYPE 1 Execution 

 

Figure 16 shows the input images given to the model and the 

corresponding output of the model. 

 

Figure 17: Real Time Transparent Mask Detection (TYPE 2 

Execution) 

Figure 17 shows the model’s prediction of person wearing a 

transparent mask. 

 

Multiple Face Detection: We have trained the model to detect 

multiple faces at real time and classify people with masks and 

without masks as shown in Figure 18. 

 

Figure 18: Output of Multiple Face Detection 

Figure 18 shows the model’s prediction of many people wearing 

masks. 

 

 

4.  CONCLUSION 

 

This paper emphasizes and discusses a Real-Time Face Mask 

Detector built using Convolutional Neural Network and 

OpenCV. On training the model with the acquired data set and 

evaluating it, we observed its accuracy to be about 96%. 

Installation of this detector at the entrances of highly crowded 

areas can help in detecting people without masks. An alarm 

(beep) rings whenever the system detects someone entering 

without a mask. This can keep the place and people in the vicinity 

cautious because of continuous surveillance. The system helps in 

drastically reducing the transmission of COVID. 

 

 

5.  FUTURE ENHANCEMENTS 

 

Though we have devised a stable face mask detector with many 

features, our model has a few setbacks. The model wants good 

lighting for proper working. It will not detect faces during low 

lights and at night. Moreover, the model works well in plain 

background. At times it misbehaves when the background is 

poor.  Anyone who takes up this project can work on the areas 

mentioned, fix these bugs and enhance the system to make this a 

complete working model. Further, integrating this system with 

automatic doors at the entrances of places will allow people only 

if they are wearing masks. All these can reduce the transmission 

of COVID and keep the areas and people in the vicinity free from 

contamination. 
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ABSTRACT 

 

Prominent social media sites such as Facebook and Twitter use 

content and filter algorithms that play a significant role in 

creating filter bubbles that may captivate many users. These 

bubbles can expose users to dangerous or extremist content as 

seen with QAnon rhetoric, leading to the January 6, 2021 attack 

on the U.S. Capitol, and the unprecedented propaganda 

surrounding COVID-19 vaccinations. This paper hypothesizes 

that the secrecy around content algorithms and their ability to 

perpetuate filter bubbles creates an environment where 

dangerous false information is pervasive and not easily mitigated 

with the existing algorithms designed to provide false 

information warning messages. Both Facebook and Twitter 

provide various forms of false information warning messages 

which sometimes include fact-checked research to provide a 

counter viewpoint to the information presented. The results of a 

survey administered by the authors indicate that users would 

spend less time on Facebook or Twitter once they understood 

how their data is used to influence their behavior on the sites and 

the information that is fed to them via algorithmic 

recommendations. Further analysis of the survey data indicates a 

possible correlation between having seen a false information 

warning message and COVID-19 vaccination status. 

  

Keywords: Social Cybersecurity, Social Media, Filter Bubble, 

Disinformation Campaign, COVID-19, Facebook, Twitter 

 

 

1.  INTRODUCTION 

 

Social media usage is pervasive in the United States and most 

other countries. Particularly in the wake of the COVID-19 

pandemic and the necessity of physical isolation, social media 

usage has increased significantly. Unfortunately, the policies and 

underlying algorithms designed to generate increased traffic and 

interactions on social media sites often create safety and security 

issues in both cyberspace and the real world especially when 

factoring in human psychology and behavior. These algorithms 

create filter bubbles and feedback loops which negatively impact 

human lives, society and country. One such harmful impact is 

observed in the role of social media in disseminating deliberate 

wrong information.  

 

Social media sites are increasingly used by people as a source of 

information. According to a report from the Pew Research 

Center, about half of all American adults consume news from 

social media [8]. Another report suggests that US adults who 

consume news from social media tend to be more misinformed 

about the coronavirus and politics [6]. However, unlike 

prominent news media organizations, in social media, 

information can be posted without appropriate vetting by regular 

users. As a result, a significant amount of misinformation is 

disseminated widely in social media circles may or may not have 

originated elsewhere. While some misinformation is produced or 

shared without any malicious intent, there are disinformation 

campaigns that purposely target specific user bases in order to 

gain domestic or international political advantages. The impact 

of the disinformation campaign may not always stay within the 

limits of cyberspace. Often, our physical world is also severely 

impacted.  

 

Prominent social media sites such as Facebook and Twitter use 

content and filter algorithms that are designed to grow user bases 

and extend the time spent on these sites. While the intentions are 

seemingly innocuous and business-driven, the nature of these 

algorithms play a significant role in creating filter bubbles that 

may captivate many users. These bubbles reinforce existing 

beliefs and expose users to content they might have otherwise not 

seen. In addition, filter bubbles create feedback loops with 

dangerous or extremist content as seen in the QAnon rhetoric, 

leading to the January 6, 2021 attack on the U.S. Capitol, and the 

unprecedented propaganda about COVID-19 vaccinations.   

 

The algorithms of social media sites have other underlying biases 

that also create havoc in people’s lives directly or indirectly. In 

the social media space, Facebook still permits, to varying extents, 

ad targeting by race and other demographics which was found to 

be an issue when housing companies used it to target ads at only 

specific people. It is also possible for politicians and 

organizations to target advertisements towards, for instance, a 

white male between the ages of 18 and 30 that lives in a particular 

zip code with a certain political affiliation and interests [18].   

 

While content algorithms are designed to either increase 

engagement for advertising purposes or to moderate harmful 

content, they are treated as intellectual property protected by 

applicable laws in the United States. Not much is understood 

about the intricacies of how content algorithms work. Due to their 

secretive nature, is it difficult for users to make informed 

decisions about the types of content they need to use and what 

information Facebook and Twitter are collecting from them 
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which can lead to a perpetuating filter bubble. This paper 

hypothesizes that the lack of understanding of content algorithms 

and their ability to perpetuate filter bubbles creates an 

environment where dangerous false information is pervasive and 

not easily mitigated with the existing algorithms that are meant 

to provide warning messages against false information. In a 

sense, one set of algorithms is working to recommend content 

while another set of algorithms may be working to provide 

content warnings even to the recommended content. These 

algorithms are not widely understood on a detailed level and are 

extremely complex. 

 

This research falls under the emerging interdisciplinary field of 

social cybersecurity which aims to understand how cyber-

mediated changes in human behavior influence social and 

political consequences. Traditional definitions of cybersecurity 

have focused primarily on more technical aspects of the subject 

such as hacking, malware, physical security, and business 

continuity planning. Social cybersecurity is a newer, emerging 

space within the discipline that examines the ways in which 

people consume information, primarily on the Internet, and what 

role social media companies and government agencies play to 

ensure spaces remain safe. Kathleen M. Carley et al, in [19] refers 

to this space as the nexus between cybersecurity and other 

disciplines such as sociology, marketing, forensics, information 

warfare, and social psychology. In a traditional cybersecurity 

sense, the goal is often to implement procedures to prevent cyber 

incidents from occurring and to have mitigation and recovery 

plans in place for when they do occur. In social cybersecurity, the 

goal is, in many ways, very similar. Social cybersecurity is also 

concerned with ensuring social media companies, ISPs, and other 

stakeholders in the social media space are acting in an ethical way 

that presents as little risk to users and society as possible. Social 

media policies and content algorithms are at the crux of the issue. 

In social cybersecurity research, these policies and algorithms are 

reviewed through the lens of other disciplines such as social 

sciences and psychology in an effort to understand the human 

component of cyber safety.  

 

Through analysis of social media cybersecurity policies and 

content algorithms in conjunction with a survey, our research 

seeks to understand the relationship between these policies and 

algorithms and user behavior outside of cyberspace. In addition, 

we seek to gauge how cybersecurity policies contributed to the 

nature of people’s experiences with the COVID-19 pandemic. 

With data collected from 97 Facebook and Twitter users, we 

tested the following hypotheses: 

● Facebook and Twitter false information warning 

messages are effective in changing opinions. 

● If Facebook or Twitter revealed more information of 

how they use artificial intelligence to influence the 

time users spent on the websites and the content that 

was pushed to them, users would choose to spend less 

time on the websites. 

● Exposure to false information warning messages on 

Facebook and/or Twitter leads to users being more 

likely to have been vaccinated against COVID-19. 

● Facebook and Twitter users that reported not 

independently researching content marked as 

“misleading” or “false” were more likely to have not 

received a COVID-19 vaccination. 

 

Results indicate that users would spend less time on Facebook or 

Twitter once they understood how their data is used to influence 

their behavior on the sites. Further analysis revealed that a 

majority of the people who responded believed in the warning 

messages they read.  Only a small proportion of the respondents 

indicated that they are not influenced by false information 

warning messages.  Similarly, users who did not not conduct 

independent research outside of the social media sites were less 

likely to have been vaccinated against COVID-19.  

 

 

2.  REVIEW OF SOCIAL MEDIA ALGORITHMS 

 

While there are many social media organizations, in this paper, 

we will review the policies and algorithms of Facebook and 

Twitter. Facebook and Twitter algorithms can be generally 

bucketed into one of two categories: engagement drivers and 

content moderation. Both sites use a variety of tactics to increase 

engagement which in turn increases exposure to advertisements, 

both companies’ primary revenue streams. At the crux of the 

issue is the secrecy around how exactly these algorithms are 

designed to function. We can take some educated guesses and 

speak to examples that have been publicized but the algorithms 

themselves are proprietary and the companies are generally 

unwilling to divulge trade secrets. There are a few things we do 

know, however, from Facebook’s own Data Policy and their data 

export service which includes 48 different categories of data 

(located in Facebook Settings>Your Facebook 

information>Download your information). [20]  

● User interactions such as likes, shares, retweets, and 

comments are constantly collected and stored as part of 

the company’s profile of each user 

● Accounts, pages, and groups that users have followed 

or are members of are all categorized and added to the 

user profile 

● Demographic information freely given by users such as 

their name, age, location, sex, gender, marital status, 

political affiliation, race, ethnicity, health status, and 

even family members is collected and attached to the 

user profile  

● Engagement algorithms analyze all of this data that is 

attached to the user profile to further recommend 

content that the company believes may increase a 

user’s engagement and time spent on the website 

● Advertisement algorithms also utilize much of this data 

as part of an ad-targeting approach 

 

In many cases, the results of this data collection, while 

uncomfortable for some users, is innocuous. Facebook and 

Twitter provide free services for users and, in turn, they realize 

revenue through advertisers paying for exposure to users. In 

some cases, advertisers and even Facebook and Twitter have 

crossed the line in terms of what the general public may consider 

to be an invasion of privacy or overreach. In late November 2021, 

Facebook announced it would no longer allow advertisers to 

target users based on race, ethnicity, health status, religion, 

sexual orientation, or political affiliation after significant 

pressure. [22] 

 

Facebook and Twitter’s other set of algorithms, while related to 

their content promotion algorithms, are algorithms created with 

the intention of moderating content. Facebook subcontracts its 

fact-checking to a third-party organization called the 

International Fact-Checker Network (IFCN) which is managed 

by the Poynter Institute. 
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3. RESEARCH METHODOLOGY 

 

To conduct our research, we administered a Qualtrics survey to 

Facebook and Twitter users using a variety of methods including 

multiple choice responses and Likert scales. Participants were 

reached via email to Columbus State University TSYS School of 

Computer Science students as well as via Facebook and Twitter. 

Our population sample consisted of Facebook or Twitter users at 

least 18 years of age that had used Facebook or Twitter within 

the past year. Respondents were asked up to 18 questions and 

must have agreed to an informed consent notice before 

beginning. Data was collected anonymously and did not include 

IP addresses or other identifying information.  

 

When determining our research methodology, we developed 

several questions that evolved into our research hypotheses. Our 

hypotheses are as follows: 

 

● Hypothesis 1: Facebook and Twitter false information 

warning messages are effective in changing opinions. 

● Hypothesis 2: If Facebook or Twitter revealed more 

information of how they use artificial intelligence to 

influence the time users spent on the websites and the 

content that was pushed to them, users would choose 

to spend less time on the websites. 

● Hypothesis 3: Exposure to false information warning 

messages on Facebook and/or Twitter leads to users 

being more likely to have been vaccinated against 

COVID-19. 

● Hypothesis 4: Facebook and Twitter users that reported 

not independently researching content marked as 

“misleading” or “false” were more likely to have not 

received a COVID-19 vaccination. 

 

To answer the question of if social media disinformation 

campaigns have influenced the opinions, attitudes, and actions of 

Facebook and Twitter users, a sample research survey was 

conducted. This survey is quantitative in nature and set out to 

answer if Facebook and Twitter users’ opinions regarding 

COVID-19, health safety protocols, and vaccination were 

influenced by content they saw on the platforms. Specifically, we 

wanted to know if Facebook and Twitter users were persuaded to 

be vaccinated against COVID-19 or not, if they were willing to 

follow health safety guidelines, and if Facebook or Twitter 

content influenced these real-world decisions. 

 

Survey Analysis 

 

In total, 100 participants began the survey but 3 reported not 

using Facebook or Twitter at all and were excluded from the 

results. 97 participants reported using Facebook or Twitter at 

least once in the past year and completed the survey in full. Of 

the 97 participants, 55 unique participants reported using both 

Facebook and Twitter and 42 reported using only one of the 

platforms. Prior to asking participants if they have seen examples 

of disinformation displayed on Facebook or Twitter or if they 

have seen “false information” warnings displayed, a series of 

demographic and baseline questions were asked. One of these 

asked if participants were vaccinated against COVID-19 either 

by personal choice or due to a job or other requirement. 83 of 97 

participants noted that they were vaccinated with only 2 stating 

it was due to a job or other requirement and the others stating it 

was by personal choice. 14 stated they were not vaccinated by 

personal choice and no participants chose the option stating they 

had refused the COVID-19 vaccination due to a documented 

medical condition. These 14 participants were key to answering 

our question of if social media disinformation found on Facebook 

or Twitter had contributed to a participant’s real-world decision 

to not receive a COVID-19 vaccination. 

 

 

4.  RESULTS AND DISCUSSION 

 

In this section, we will discuss the results obtained from our 

survey to provide insights on our research questions.  

 

4.1 Hypothesis 1: Facebook and Twitter false information 

warning messages are effective in changing opinions. 

 

In questions 13, 14, and 15, we asked respondents who have 

seen one of these messages if they had:  

Q13) Read the Explanation 

Q14) The message changed their opinion 

Q15) Conducted independent research outside of Facebook or 

Twitter 

 

For the purposes of these questions, we consider “Always” and 

“Frequently” to be stronger indications with “Sometimes” and 

“Never” being weaker indications. Most participants in Figure 1 

indicated that they only “Sometimes” or “Never” read the 

explanation, that the explanation changed their opinions, or that 

they conducted independent research. For each of the three 

questions asked, “Sometimes” was the most selected answer 

possibly indicating a general apathy or lack of attention paid to 

the false information messages. 

 
Figure 1: Actions taken by participants who have seen a false 

information message 

 

4.2 Hypothesis 2: If Facebook or Twitter revealed more 

information of how they use artificial intelligence to influence 

the time users spent on the websites and the content that was 

pushed to them, users would choose to spend less time on the 

websites. 

 

A slight majority of users said that their usage of Facebook and 

Twitter in Figures 2 and 3 would not change if the websites 

revealed more information of how they use algorithms using 

data points gathered on each user to manipulate the content 

users see. A large percentage of users also reported that they 

would use the websites less frequently with only 2 out of 97 

respondents stating they would use the websites more 

frequently. Perhaps most interestingly, more frequent Twitter 

users across all usage distributions reported they would use the 

websites less frequently than the same distribution across 

Facebook users. 
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Figure 2: Changes in Facebook usage after revelation of 

algorithmic influence 

 

 
Figure 3: Changes in Twitter usage after revelation of algorithmic 

influence 

 

4.3 Hypothesis 3: Exposure to false information warning 

messages on Facebook and/or Twitter leads to users being 

more likely to have been vaccinated against COVID-19. 

 

Our results indicate nearly inverse results for respondents who 

have seen or not seen false information messages distributed by 

those who are vaccinated or not vaccinated against COVID-19 

by personal choice as seen in Figure 4. 71% of those not 

vaccinated have not seen a false information message and 29% 

have. Conversely, 33% of those who are vaccinated have seen a 

false information message but 67% have. Only 2 respondents 

noted they were vaccinated against COVID-19 due to a job or 

other requirement and they were equally as likely to have seen a 

false information message. These results suggest that there may 

be a correlation between seeing false information messages and 

choosing to receive the COVID-19 vaccination. 

 

 
Figure 4: Vaccination status of respondents by exposure to false 

information 

 

 

 

 

4.4 Hypothesis 4: Facebook and Twitter users that reported 

not independently researching content marked as 

“misleading” or “false” were more likely to have not received 

a COVID-19 vaccination 

 

Only 4 respondents out of 97 were not vaccinated against 

COVID-19 by personal choice and have seen a false information 

warning message on Facebook or Twitter as seen in Figure 5. 

While a small number from our population, these 4 respondents 

noted that they only “Sometimes” or “Never” conducted 

independent research outside of Facebook or Twitter of any 

content marked with a false information warning message. 

Conversely, there was a much more equal distribution of 

frequency of independent research among those that were 

vaccinated against COVID-19 by personal choice. As this is a 

small subset of users, a greater population sample may assist in 

answering this question with more confidence. 

 

 
Figure 5: Covid19 vaccination status and exposure to false 

information 

 

5.  CONCLUSIONS 

 

Our results suggest a correlation between COVID-19 vaccination 

status to having seen a false information warning message and 

responses to those messages. Respondents overwhelmingly 

selected “Sometimes” and “Never” as opposed to “Frequently” 

and “Always” meaning the majority of our respondents were 

indifferent at best to slightly dismissive at worst to Facebook and 

Twitter false information warning messages. Whether users who 

are vaccinated against COVID-19 spend more time on Facebook 

and Twitter and have a greater likelihood of seeing one of these 

messages or if another reason might explain how they are more 

likely to have seen one of these messages than those who reported 

not being vaccinated is unclear. What is clear from our results is 

that if Facebook or Twitter revealed details of how their 

algorithms are designed to influence the content displayed to 

users, most respondents indicated they would either use 

Facebook or Twitter less frequently or have no change. A very 

small minority indicated (2 out of 97 respondents) that learning 

more about these algorithms would cause them to spend more 

time on the websites. In addition to being intellectual property of 

Facebook and Twitter, fewer users spending less time on the 

websites could be another reason why they are unwilling to 

reveal additional information on their algorithms. Additionally, 

our results indicate a wider distribution of those who are 

vaccinated and the frequency in which they independently 

research information marked with a false information warning 

message. While it appears from our results that those who are not 

vaccinated against COVID-19 do not research information 

independently at the same frequency as those that are vaccinated, 

our population was quite small so additional research with a 
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larger sample may yield more confidence in results.  
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APPENDIX A: SURVEY QUESTIONS 

 

Q1 What is your age? 

● 18-25  
● 26-35  
● 36-50 
● 51-65   
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● 66+   
Q2 How often have you used Facebook in the past year on 

average? 

● Not at all  
● Once every few months  
● Once a month   
● Once a week  
● Daily   

Q3 How often have you used Twitter in the past year on average? 

● Not at all  
● Once every few months   
● Once a month   
● Once a week   
● Daily   

Q4 What is your gender? 

● Man   
● Woman   
● Nonbinary   
● Other   

Q5 Do you identify as Hispanic or Latino? 

● Yes  
● No   

Q6 How do you identify your race? 

● American Indian, Alaska Native, or Indigenous   
● Asian   
● Black or African American   
● Native Hawaiian or Pacific Islander  
● White   
● Other   

Q7 What is your highest educational achievement? 

● Some high school  
● High school diploma/GED   
● Some college  
● Bachelor's degree   
● Graduate degree  
● Technical degree/certification  

Q8 Which of the following COVID-19 guidelines do you 

regularly follow when in public? Check all that apply. 

● Wear a mask   
● Social distance  
● Wash hands/use hand sanitizer   
● Avoiding enclosed spaces with other people   
● None   

Q9 Have you received the COVID-19 vaccination either partially 

or fully? 

● Yes, by personal choice  
● Yes, due to job or other requirements  
● No, by personal choice  
● No, but due to a documented medical illness  

Q10 If you did not receive the COVID-19 vaccination, did 

information found on Facebook or Twitter influence your 

decision? 

● Not at all  
● Somewhat   

● Greatly  
● Significantly  

Q11 Have you seen a “fact checker” or “false information” 

message displayed on any COVID-19 related posts on Facebook 

or Twitter? 

● Yes  
● No   

Q12 If you have seen a “fact checker” or “false information” 

message displayed on a Facebook post or Twitter tweet, how 

often did the following occur? An example of a Facebook 

message is displayed below. 

 

 Never Sometimes Frequently Always 

Read the 

explanation  

    

Changed your 

opinion of the 

information 

presented 

    

Conducted 

independent 

research 

outside of 

Facebook or 

Twitter 

    

  

Q13 Which of the following kinds of posts or tweets do you recall 

seeing in the past year on Facebook or Twitter? Check all that 

apply. 

● Health safety guidelines regarding the COVID-19 

pandemic   
● Safety of COVID-19 vaccines   
● Negative effects of the COVID-19 vaccination on 

pregnancy or fertility   
● Effectiveness of the COVID-19 vaccination   
● COVID-19 vaccination causes human magnetism   
● COVID-19 vaccination is a depopulation mechanism   
● COVID-19 vaccination contains microchips or other 

technology   
● None   

Q14 How do you generally classify your political leaning? 

● Democrat   
● Independent   
● Libertarian   
● Republican   
● Other  

Q15 If Facebook or Twitter revealed details of how it uses 

artificial intelligence to influence your online behavior and the 

time you spend on the website, how would that impact the time 

you spend on the website? 

● Less time on Facebook or Twitter  
● No change  
● More time on Facebook or Twitter  

Q16 Please enter your email to be entered into a random drawing 

for a $20 Amazon gift card. Your email will only be used to 

contact you if you are chosen and will not be used to identify you. 
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ABSTRACT 

 

Astronomy has a rich and long history, and deep connections to 

development of the most important concepts in physics. The 

philosophical implications of the subject are often neglected in 

publications or in university courses. A framework is presented 

for teaching the history and philosophy of astronomy in a way 

that engages students and encourages them to develop writing 

and reasoning skills. The newly developed class is suitable for 

non-science majors at universities, and a version of it has been 

launched as a massive open online class or MOOC for lifelong 

adult learners. The class is informed by the scholarly literature 

on the history of physics and astronomy. There are thirteen 

weekly modules: Ancient Skies, Greek Science, Revolutions, 

Telescopes, Gravity, Evolution, Mapping, Relativity, Quantum 

Theory, Stars and Atoms, Galaxies, Big Bang, and Life in the 

Universe. The early part of the course has interdisciplinary 

material on the different conceptions of the universe among 

cultures around the world. The middle part addresses the rise of 

the scientific method and science as a cultural activity. The latter 

part presents the dramatic changes in worldview associated with 

the theories of the big bang, relativity, and quantum mechanics. 

 

Keywords: Astronomy, Physics, Philosophy, University Course, 

Online Teaching, Lifelong Learning. 

 

 

1.  INTRODUCTION 

 

Astronomy is the oldest science, with a history that predates 

civilizations as humans looked for patterns in nature and used the 

night sky as a map, a clock, and a calendar [1]. Astronomy and 

philosophy are closely related, since questions about the nature 

of the universe and our place in it spurred the development of the 

scientific method and tools for addressing the fundamental nature 

of existence, reality, and knowledge. Astronomy is also twinned 

with physics since theories of gravity and elementary particles 

that apply to the universe also operate in the lab. 

 

The full historical sweep of astronomy, physics, and philosophy 

is covered in a college course called “Knowing the Universe.” It 

was designed as a three-credit, upper division elective for non-

science majors at the University of Arizona and it was taught by 

the author for the first time in spring 2020. The class is small, for 

15-20 students, and it is designed to be delivered either face-to-

face or online. Subsequently, the course was converted into a 

massive open online class, or MOOC for Coursera, offered for 

the first time in spring 2022. It is the third MOOC our group has 

developed, following courses on astronomy and on astrobiology 

[2]. The typical audience for a science MOOC is lifelong learners 

who are motivated by curiosity and personal interest rather than 

professional development. In contrast to the typical university 

class, a MOOC carries no letter grade and no transferrable credit. 

The ethos of the course is conveyed by the image in Figure 1. 

 
 

Figure 1.  A wood engraving by an unknown artist, which first 

appeared in print in a popular science book by French astronomer 

Camille Flammarion [3]. The image is used as a metaphor for the 

scientific quest for knowledge. 

 

 

2.  PEDAGOGY OF THE COURSE 

 

The face-to-face university class and the online class for lifelong 

learners share common elements, notably a division into thirteen 

modules and the core of video lectures. The MOOC is evaluated 

through quizzes and short, peer-reviewed writing assignments, 

while the university class is evaluated through attendance, class 

participation, and weekly multimedia presentations online.  

 

Video Lectures 

The core of the class is a set of video lectures, totaling 18 hours, 

and divided into 8–12-minute topics. To maintain interest, videos 

were filmed using a green screen, to allow the insertion of varied 

backgrounds, and sequences of the “talking head” lecturer were 

interspersed with graphics, animations, and film clips. In addition 

to lecture videos, a set of 8-10 YouTube videos were selected for 

each module of the course. These videos address the topics with 

high production values, pizazz, and professional communicators.  

 

Peer Review in VoiceThread 

The MOOC must have automated methods of evaluation, since 

there can be thousands of leaners enrolled at any given time. We 

use short writing assignments that are peer-reviewed by at least 

three other learners, with a rubric provided and using a coarse 

grading scheme. For the face-to-face university class, we use the 

web-based platform called VoiceThread [4]. It is a collaborative 

tool that lets students share content with many types of media – 

videos, audio files, presentation, images, and others. The tool has 

a social element because students give feedback and comment on 
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each other’s work. The tool is asynchronous, and, in this usage, 

students would respond to one of set of five or six prompts and 

post their work each week for a new topic. 

 

Hypotheticals and Counterfactuals 

One ingredient of the class used for discussions was a series of 

hypothetical and counterfactual statements for each module. A 

hypothetical statement is an imagined or suggested situation that 

is not necessarily true or real. A counterfactual statement is one 

describing a situation that might be true, or which is not true but 

could be. They are both used frequently in philosophy [5]. As the 

following examples make clear, open-ended statements are great 

tools for animating students and spurring classroom discussion. 

 

• Would astronomy have developed if we had lived on a 

cloud-shrouded planet? 

• Can science make real progress just by using thought 

experiments? 

• How would science have been affected if it had never 

been separated from art? 

• How would the natural world be different if effects had 

no apparent causes? 

• Would natural selection operate on varied forms of life 

throughout the universe? 

• Is there any objective reality that exists independent of 

our observations? 

• How would everyday life be different if the effects of 

quantum mechanics were large? 

• What would the universe be like if stars had not created 

the heavy elements? 

• If we colonized Mars, how might humans evolve in the 

far future? 

• How could we tell if we lived in s computer simulation 

created by advanced lifeforms? 

 

Improving Writing about Science 

A new ingredient of the course is the use of machine learning or 

AI to improve students’ writing about science. For non-science 

majors, understanding the scientific method means being able to 

make assertions or claims that are backed by data or evidence. As 

a research project within our group, we are using student writing 

in a similar course to train a neural network to recognize claim-

evidence pairs as a hallmark of scientific writing. This research 

is based on language models that are being used in a challenge 

across the field of AI to address the problem of fake news [6]. 

We are working with a curated set of hundreds of claim-evidence 

pairs to train a neural network, which will then be deployed to 

improve student writing in the next iteration of this course. 

 

 

3.  CONTENTS OF THE COURSE 

 

The course is divided into thirteen modules. In a semester each 

takes one week, with lecture on one day and class discussion on 

the other. For the MOOC, which is self-paced, each module 

includes about ninety minutes of video lectures. The following 

subsections describe the principal themes of each module, with 

an emphasis on the interdisciplinary aspects. 

 

Ancient Skies 

Astronomy is the oldest science because it had direct, practical 

significance for cultures across the world going back to the dawn 

of humanity. The sky acted as a clock, a calendar, and map, and 

a “book” of stories. Portable artifacts dating back 80,000 years 

were used to track time through lunar cycles. Ancient monuments 

such as Stonehenge and Chichen Itza had the function of tracking 

the seasons and marking the summer solstice. Our knowledge of 

how different cultures used astronomy is incomplete, due to bias 

toward the Western tradition and the large, fixed civilizations of 

Mesopotamia, Egypt, and Greece, and the fact that artifacts from 

cultures in tropical climates do not tend to survive long [7].  

 

Calendars and timekeeping are at the intersection of astronomy 

and culture [8]. All our divisions of time are based on astronomy 

– the Earth’s spin for a day, the Moon’s orbit for a month, Earth’s 

orbit of the Sun for a year, and even the days of the week define 

objects that move with respect to the stars, when named in one of 

the Romance languages. Timekeeping is an amalgam of tools of 

earlier civilizations – the Babylonian base 60 system for minutes 

and seconds, Egyptian bright transiting stars giving 12 hours in 

the day and night, and Earth moving one degree in its daily orbit 

setting a year close to 360 days. The earliest calendars were lunar, 

before a pivot to solar worship around early Roman times. Even 

today, the tension between solar and lunar calendars persists in 

the different practices of Judeo-Christian and Islamic cultures. 

 

Greek Science 

For ancient Greek thinkers, philosophy, physics, and astronomy 

were inseparable. With no tradition in experimental science, they 

used thought experiments to frame interesting questions and to 

make progress. Considering small scales, Democritus asked what 

would happen if a grain of sand was sub-divided again and again. 

Was a limit reached or did the process head towards the infinitely 

small? Considering large scales, Archytas asked what happened 

to a spear flung outwards into the universe. Would it hit a barrier, 

or would it sail on forever, and if so, into what? These thoughts 

led to bold speculations about atoms and an infinite universe. To 

this rich brew, Pythagoras added the idea that the universe was a 

mathematical entity [9]. 

 

Greek astronomy had an aesthetic component, with their notion 

of warring opposites: cosmos, or order, and chaos, or disorder. It 

was the first time that people had looked for patterns in nature, 

then applied logic and mathematics to make mental models of 

physical phenomena. Aristarchus used these tools to argue that 

the Earth revolved around the Sun, anticipating Copernicus by 

1800 years, but the apparent lack of the Earth’s motion and the 

challenge of imagining a large cosmos led Aristotle’s geocentric 

view to dominate. Nonetheless, the Greeks understood that lunar 

eclipses showed that the Earth was a sphere, and they developed 

a geometric method to calculate its approximate size.  

 

Revolutions 

While Greek thinking was prescient, it does not stand alone in 

the history of astronomy. Chinese astronomers had two millennia 

of unbroken observations to study, and they used them to learn 

about transient cosmic phenomena. In the bleak centuries after 

the fall of Rome, Islamic scientists made important advances in 

optics [10]. The Islamic empire also retrieved and translated the 

classic Greek texts and so incubated the Renaissance during the 

11th and 12th centuries. Knowledge was nurtured in the first wave 

of secular universities in Europe, and it was able to spread more 

easily after the invention of the printing press by Gutenberg. 

 

Copernicus published his book on the heliocentric model in 1543, 

and it was revolutionary in both senses of the word. Displacing 

the Earth from the center of the universe was a radical demotion 

for humanity and it broke the cozy pact between man and God 

that had been cemented into Christian theology by Aquinas. The 

Copernican Revolution was initially flawed, because heliocentric 
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motions did not fit the planet orbits any better than geocentric 

motions, and Copernicus had no explanation for the lack of any 

stellar parallax [11]. The first of these issues was addressed by 

Johannes Kepler, who used Tycho Brahe’s observations to show 

that Mars had an elliptical orbit. The second issue would not be 

resolved until the first stellar distance was measured, nearly two 

centuries later. Kepler echoed the Pythagorean tradition with his 

belief in the “harmony of the spheres.” The stage was set for the 

birth of modern science with Galileo Galilei. 

 

Telescopes 

Greek philosophers set up two lineages for science progress. In 

the tradition of Aristotle, philosophy is dominant, and laws of 

nature are based on common sense and intuition. Truth is found 

by plausible arguments. In the tradition of Archimedes, physics 

is dominant, and he laws of nature should be based on simple 

mathematical principles. Truth was found by experience and by 

doing experiments. Galileo followed the tradition of Archimedes, 

using experiments to rebut Aristotle’s physics and to derive the 

concept of inertia. His central insight was that the newly invented 

telescope could be used to study the heavens. His observations of 

craters on the Moon established the idea of “other worlds” and 

his observations of Jupiter’s moons and Venus’ phases cemented 

the Copernican model. The end of career was overshadowed by 

his near-fatal collision with the Catholic Church [12]. 

 

Modern telescopes are descendants of Galileo’s humble spyglass. 

The only major change in four centuries is the use of mirrors, not 

lenses, to capture and focus light, since they can be made large 

and light and bring all the colors to the same focal point [13]. 

Telescopes are characterized by their collecting area and angular 

resolution; in both cases, larger is better. But their performance 

is limited by the turbulence of Earth’s atmosphere and by light 

pollution. Astronomers site their telescopes on high and remote 

mountaintops. Technology can correct for atmospheric blurring, 

recovering the theoretical image sharpness of any mirror and 

removing the advantage of launching telescopes into Earth orbit. 

The largest telescopes in the world will soon be behemoths 20 to 

30 meters across. The electromagnetic spectrum has been pried 

open, and now we can even see with gravity “eyes” (Figure 2). 

 

 
Figure 2.  Transitions in ways of seeing the universe. After the 

invention of the telescope, advances were the use of photography 

in the 1840’s and electronic detectors in the 1980’s. In the 20th 

century, detectors were developed to capture radiation from radio 

waves to gamma rays. A recent innovation is the detection of 

gravity waves, a measurement of mass rather than light. 

Gravity 

Setting the stage for Newton, and his masterful theory of gravity, 

was Rene Descartes. The French philosopher was a giant in his 

field, with the concept of radical doubt, and pivotal in astronomy 

and physics, with his idea of the clockwork universe. Newton is 

the genius who benefited from a liberalization of society after the 

English Civil War and the Restoration, when coffee house culture 

hosted scientific discussions and the Royal Society was founded. 

His innovations include the calculus, theories of light and optics, 

the laws of mechanics, and a universal theory of gravity. He also 

innovated experimentally with a design for a reflecting telescope. 

Architect and mathematician Christopher Wren and astronomer 

Edmund Halley were instrumental in persuading him to publish 

gravity theory. Newton did not accept the idea of a clockwork 

universe, but the metaphor became part of the popular culture, 

generating a backlash from humanists at the time [14]. 

 

Newton and his science can be set in the broader sweep of the 

Enlightenment, a flow of ideas that emphasized individualism 

and reason, rather than tradition. Its proponents included Kant, 

Goethe, Voltaire and Rousseau. Tradition held sway in Newton’s 

time. Most people believed in the medieval “Chain of Being, a 

hierarchical and static worldview and social order untouched by 

the Copernican Revolution. It is omnipresent in Shakespeare and 

other writers of the Elizabethan era. Even Newton studied the 

occult, and science was not as clearly delineated from magic and 

other belief systems as it is today. After Newton, science became 

a profession for the first time and the flow of information surged 

through science clubs and learned societies in the 17th and 18th 

centuries. Innovations of science led directly to the technologies 

and wealth creation of the Industrial Revolution, which propelled 

England to a preeminent status among nations. 

 

Evolution 

Evolution is based on the idea of deep time, and consideration of 

time means digging deep into human history. Cyclic time been 

used by world cultures from Aboriginal Dreamtime to Hindu 

cycles within cycles. In the latter, multiple world systems are 

created and destroyed continuously, with no beginning and no 

end. This tethers to astronomical cycles, which range from the 

day to multimillennial Milankovitch cycles. Linear time accords 

with human experience, where time only flows forward. Judeo-

Christian and Islamic religions adopted linear not circular time. 

The “arrow” of time is rooted in the idea of entropy, colloquially 

thought of as disorder, but in physics, the number of equivalent 

microscopic states of any system. Interactions of fundamental 

particles are time-reversible, but collections of particles show a 

tendency toward disorder and steadily increasing entropy. 

 

In the 18th century, James Hutton saw that the slow, inexorable 

changes in Earth’s geology could accumulate to become dramatic 

changes over millions of years. Layered rock strata and fossils 

were used to establish a timeline of Earth’s history over 4 billion 

years. A century later, biological evolution was established with 

the acute observations of Charles Darwin. As with changes to the 

Earth, natural selection works on timescales of millions of years 

to diversify species, with survival and adaptation sculpted by the 

environment. The oldest evidence of life is almost as old as the 

oldest dated rock. From a common ancestor 4 billion years ago, 

a single biological experiment began, with all current terrestrial 

life sharing the same genetic code. Biology and the planet have a 

symbiotic relationship, where life has led to new minerals and 

has profoundly altered the Earth’s surface and atmosphere. In the 

tree of life define by genetic material, all primates are just a twig. 

Earth is mostly a microbial world [15]. 
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Mapping 

During the Enlightenment, science advanced on all fronts. Hutton 

advanced the concept of deep time in geology. Antione Lavoisier 

developed nomenclature and quantitative methods for chemistry. 

Darwin’s theory of natural selection was used by Alexander von 

Humboldt to understand life’s effect on Earth’s climate. America 

was a young country, but it grew in intellectual power during the 

18th century through the efforts of iconic figures like Benjamin 

Franklin and the rapid growth of research universities in the 19th 

century. Women are mostly missing from the story of science, an 

omission that is slowly being rectified. Mapping was an activity 

that was used to advance our knowledge of the Earth, then later 

out knowledge of the cosmos. 

 

Astronomy at its most basic level is positional, measuring two 

angles of objects in the sky and their angular motions. The key to 

knowing the physical attributes of a celestial object – size, mass, 

luminosity, and space velocity – is distance. Telescope making 

progressed through the two hundred years after Galileo, but it 

was not until 1840 that the first distance to a star was measured. 

Mapping the Earth and the sky with greater precision depended 

on advances in timekeeping. One angle, latitude on the Earth or 

elevation in the sky, can be measured with a device like a sextant. 

But the second angle, longitude on the Earth or azimuth in the 

sky, involves the spinning Earth so needs an accurate measure of 

time. The problem was solved, for navigation and astronomy, in 

John Harrison’s marine chronometer [16]. By the end of the 18th 

century, the size of the Solar System had been measured, and the 

last of the planets was discovered by William Herschel. Herschel 

continued his surveys by mapping the Milky Way, revealing our 

place in a vast assemblage of stars. Cosmology was born. 

 

Relativity 

Complacency set into physics at the end of the 19th century. The 

classical theories of mechanics and thermodynamics had shown 

enormous explanatory power. It seemed that there was little left 

to discover in nature. However, storm clouds were building and 

a revolution in physics was brewing. One issue was the lack of 

any detection of the ether, the hypothetical medium to reference 

the speed of light through space. Einstein used the constancy of 

the speed of light, regardless of relative motion, to derive special 

relativity. The radical implication was that at speeds close to the 

speed of light, objects shrink, their mass increases, and their time 

slows down [17]. He also derived mass-energy equivalence, mass 

as “frozen” energy, where a tiny amount of mass corresponds to 

a huge amount of energy. He won a Nobel Prize for showing that 

light behaves as a particle as well as a wave, and photons carry 

discrete amounts of energy. All this was a radical departure from 

the classical physics of Newton and Boltzmann. 

 

Einstein’s masterwork came in 1916, with the general theory of 

relativity. This replaced the absolute and linear time and space of 

Newton with hyphenated space-time, where mass-energy curves 

space-time and time runs slower in strong gravity. The theory 

was quickly affirmed during a solar eclipse and the succeeding 

hundred years has seen it pass many observational tests. Einstein 

became the most famous scientist of the 20th century and perhaps 

all time, an instantly recognizable figure and symbol of genius. 

The ultimate expression of general relativity is in its prediction 

of black holes, places where gravity is so intense that space-time 

is pinched off and nothing can escape. These ciphers of gravity 

are not fully explained by general relativity. Astronomers have 

proven that black holes exist, and they come in sizes from dead 

stars ten times the Sun’s mass to behemoths at the centers of 

galaxies with billions of times the mass of the Sun [18]. 

Quantum Theory 

In the early 20th century, several experiments gave results that 

defied Newtonian physics. The crisis was resolved with another 

radical departure from intuition and common sense: the quantum 

theory. The microscopic world is not smooth and continuous like 

the everyday world. It is discrete and quantized. Particles have 

wavelike properties and vice versa. Particles are not localized and 

hard-edged; they are defined by probabilities. Most surprising of 

all, measurements of arbitrary precision are not possible. There 

is a fundamental limit to our knowledge of the physical world set 

by Heisenberg’s uncertainty principle. There is a “shadow” state 

of matter having opposite quantum properties, called antimatter. 

Since quantum theory was developed, we have discovered deeper 

level of structure beyond protons, neutrons, and electrons. It’s not 

yet clear where this will lead, but progress may depend on uniting 

the two foundational theories of modern physics: relativity and 

quantum mechanics [19]. 

 

Quantum mechanics is a weird but successful theory. Modern 

technologies like electronics, lasers, and MRI are based on it. But 

it raises some profound philosophical questions that have not yet 

been resolved. Since every observation affects the system being 

observed, there may be no independent reality. Since all events 

are inherently probabilistic, nothing is formally impossible. The 

phenomenon of quantum entanglement challenges the principle 

of causality. Thought experiments like Schrodinger’s cat create 

logical puzzles that have no easy solution. Physicists have tended 

to simply accept the theory and use it in the lab, but philosophers 

find it a rich terrain for exploration and speculation. 

 

Stars and Atoms 

Physics appears to be universal. Gravity works the same way in 

all locations and no elements have been found in space that do 

not occur on Earth. Armed with the quantum theory, astronomers 

were able to understand how the Sun and all stars produce energy 

by the fusion process. The life story of a star is a battle between 

the force of gravity pulling inward and pressure from nuclear 

reactions pushing outward. The Sun is converting hydrogen into 

helium, and when the hydrogen is exhausted, a new fuel must be 

found, or it will collapse. Massive stars have stronger gravity so 

they can create heavier elements [20]. Stars are not so much light 

bulbs in the sky as chemical factories. 

 

By the mid-20th century, astronomers had explained where all the 

elements in the periodic table come from. The heaviest elements 

are created in stellar cataclysms: supernovas or the collisions of 

dense stellar corpses. Life depends on stars. We literally owe our 

existence to previous generations of stars that created the carbon, 

nitrogen, oxygen, and other elements that animate biochemistry. 

The story of stars depended on the theoretical insights of Arthur 

Eddington and Subrahmanyan Chandrasekhar, but also on the 

unsung heroes at Harvard College Observatory, women who 

painstakingly classified hundreds of thousands of stellar spectra. 

Gravity is the final victor in the life story of a star. When the fuel 

is exhausted and the light is extinguished, the core collapses to a 

white dwarf, a neutron star, or the enigma of a black hole. 

 

Galaxies 

Early in the 20th century, the Milky Way was the universe, a vast 

assemblage of hundreds of billions of stars. Then Edwin Hubble 

used a large new telescope at Mount Wilson Observatory to show 

that the Andromeda nebula (M31) was a distant system of stars, 

an “island universe,” the only one visible to the naked eye. He 

measured the distances to dozens and then hundreds of galaxies, 

mapping out a majestic universe thousands of times larger than 
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Herschel’s Milky Way. Galaxies are separated by millions of 

light years, and they are aggregated into groups and clusters, with 

voids of space in between. Surveys in the latter part of the 20th 

century encompassed tens of millions of galaxies, extending to 

billions of light years from Earth. Some are spiral galaxies like 

the Milky Way, others are smooth and ellipsoidal in shape, and 

yet others are small and irregular. All are laid out like jewels on 

the black velvet of night [21]. 

 

Hubble’s second discovery was just as important as his first. He 

saw that almost all galaxies had redshifts and were moving away 

from us, and their speed of recession was correlated with their 

distance. This implies that the universe is expanding. We are not 

at the center of the expansion since inhabitants of other galaxies 

would see the same thing. In the second half of the 20th century, 

two discoveries showed that our understanding of the universe 

was far from complete. The stars in galaxies are moving too fast 

for galaxies to be held together by gravity, unless there is a large 

component of invisible mass. This still-mysterious substance is 

called dark matter, and it is found in every galaxy and in the space 

between galaxies. Then, it was found that the cosmic expansion 

is accelerating. This acceleration is attributed to something called 

dark energy, another mysterious substance that operates counter 

to gravity. Just 4% of the universe is made of the familiar atoms 

of stars and planets and people [22]. 

 

 
Figure 3.  The Copernican Revolution was the displacement of 

the Earth and humanity from the center of the universe. It has 

continued since, as we learned that our Sun is a typical star, in a 

typical galaxy, in an enormous universe of hundreds of billions 

of galaxies. The final steps in this ongoing revolution would be 

the demonstration that our universe is one among many and that 

biology is not unique to the Earth. 

 

Big Bang 

Distant light is old light. Telescopes are time machines looking 

back into the history of the universe. Trace the cosmic expansion 

backward in time, like running a movie backward, and it points 

to a time 14 billion years ago when the universe was smaller, 

hotter, and denser than it is now. This is the big bang theory [23]. 

Evidence for the big bang is the cosmic expansion, the abundance 

of light elements like helium, which were created when the 

universe was a few minutes old and as hot as the center of a star, 

and a “bath” of almost perfectly uniform microwave radiation at 

a bone-chilling temperature of three degrees above absolute zero. 

The big bang is all around us; photons from the creation of the 

universe are in every breath we take. 

 

The big bang theory says nothing about what caused the universe 

to come into existence or what came before. Scientists push the 

theory to a level that raises deep question about our existence and 

relationship to the universe. One modification to the theory in the 

1980’s was the idea of inflation, an exponential expansion in the 

first fraction of a second after the big bang that rendered space 

flat and means that the visible universe – all we can see with our 

telescopes, is a small fraction of the physical universe – all that 

there is. Inflation is not verified beyond doubt observationally, 

but, if true, it implies that the universe was once smaller than an 

atom and could have emerged due to a quantum fluctuation. This 

scenario opens the possibility of the multiverse, an ensemble of 

universes, each with different properties, even different laws of 

physics, of which ours is one. This would extend the Copernican 

Revolution to a radically new level (Figure 3). 

 

Life in the Universe 

We still only know of one place in the universe with life: Earth. 

But astronomers are confident that life exists elsewhere, based on 

a set of plausible arguments. Life formed quickly on Earth when 

conditions were extreme and harsh. The ingredients for life are 

widely distributed through space and time. There are billions of 

habitable planets in the Milky Way galaxy, and billions of other 

galaxies. Life on Earth can survive in an astonishing range of 

physical conditions and has spread to almost every conceivable 

ecological niche. All life on Earth is unified. It’s a single genetic 

experiment that started four billion years ago. With one example 

of life to study, we don’t know how common or strange life might 

be in other cosmic locations. Earth is mostly a microbial planet, 

and intelligence and technology took a long time to evolve. This 

may indicate that microbial life is relatively common elsewhere 

while intelligent life is rare. Until they find any other example of 

life, astronomers can only speculate [24]. 

 

The search for life in the universe proceeds along three tracks. 

One is in our backyard, looking at habitable locations in the Solar 

System. Mars was warmer and wetter a few billion years ago, 

with shallow seas. Even now, there might be microbial life in the 

aquifers that exist under the surface. Jupiter’s moon Europa is a 

water world with more water than the Earth, and Saturn’s tiny 

moon Enceladus also has sub-surface water. Saturn’s large moon 

Titan could host Life 2.0, a variant based on the biochemistry of 

methane and ethane. Life in the Solar System could be detected 

within thirty years. A faster track is looking for modification of 

the atmospheres of Earth-like exoplanets by microbial life. Large 

telescopes are being built that could do this experiment within a 

decade. There are hundreds of potential targets within a hundred 

light years [25]. The third approach is SETI, the search for 

extraterrestrial intelligence, which vaults over all the uncertainty 

over biological evolution and posits that there are technological 

civilizations that we can detect via their radio and optical signals. 

So far, SETI has experienced sixty years of the “Great Silence,” 

but it could succeed at any time. We are closing in on the answer 

to one of the most evocative questions we can ask about the 

universe and the human condition: Are we alone? 

 

 

4.  CONCLUSIONS 

 

Astronomy is an excellent basis for a course that capture a broad 

sweep of history and addresses major philosophical questions. As 

delivered either face-to-face or online, the course reaches formal 

learners in college or lifelong adult learners seeking enrichment. 

The core content is astronomy and physics, but there are many 

opportunities for interdisciplinary perspectives and dialogs. 
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ABSTRACT 

Based on the social culture of Japan and how educational trends 
of the 1980s became the prototype for the organizational culture 

of schools, some schools have rejected the formative assessments 

that flourished at the time and have consistently used complex 

assessments. The purpose of this study is to explore the nature of 
children's learning from individualized narrative data. In this 

paper, we use data from a record of integrated learning at Ina 

Elementary School in Nagano, Japan, which documents the 

learning of a single child, with peer group dynamics and teacher 
support, to examine how teachers perceive children's learning 

from children's statements. The method of analysis of this data 

was conducted using NVIVO, a qualitative analysis tool, based 

on a frame grounded in the concept of "relationship" (kankei in 
Japanese). The data were categorized from the children's 

statements (narratives), and the learning records were coded and 

interpreted for meaning. To visualize, at various levels 

(individual, peer, classroom), we used Peter Senge's learning 
organization. The results show that children at Ina Elementary 

School learn directly from learning resources. And teachers work 

together with them toward the learning resources. In this form of 

learning, the teacher nurtures the competencies that are invisible 
and difficult to measure in children, with the teacher’s tacit 

knowledge. Therefore, it is very difficult to visualize children's 

learning. For this reason, we can approach the essence of 

children's learning.  

 

Keywords: learning organization, individualized narrative data, 

integrated learning, tacit knowledge, relationship 

 
1.  INTRODUCTION 

With accelerated globalization and a faster rate of technological 

development, a new era is upon us, and the direction of education 

in the future is extremely uncertain and unpredictable [1]. The 
discussion about how most appropriate learning is for a child to 

survive in the future, and what role of teachers is a confusing 

topic. A paradigm shift in assessment has been advocated 

worldwide, and formative assessment has been one of the central 
topics [2]. Even in such a situation, Ina Elementary School in 

Nagano, Japan has consistently used complex assessments. This 

school has no report card, which is quite rare in Japan. However, 

parents seldom complain about their children’s learning progress. 
One of the reasons for this is that the teachers (see NOTE 1)) pay 

close attention to the children's learning, and the children grow 

freely. For evidence of this, some Japanese elementary schools 

(including Ina Elementary School) have recorded the 

individualized narrative data traditionally. In some schools, 

teachers themselves document narrative data. This data from Ina 

Elementary School is the same case. Teachers observe children's 

learning in detail and record it to demonstrate their practice to the 

public. Such meticulousness is one of the unique features of 

Japanese classroom research. This act, that is, to record the 
practices is itself connected to assessment. However, teachers do 

not use the technical terms that researchers use in the academic 

field to delve into the details. Even though they have documented 

their knowledge and skills of teaching and observing in detail, 
they have yet to conceptualize and convey them. The issue is that 

their practical and tacit knowledge is not very clear. Therefore, 

there is a need for researchers or other third parties to represent 

their practical and tacit knowledge in an abstract form. In this 
paper, to interpret this individualized narrative data, it was 

analyzed using NVIVO, which is a qualitative data analysis 

software. When analyzing qualitative data, the main task is 

coding. Coding is to classify or categorize something. It is a 
process that permits data to be divided, grouped, recognized, and 

linked in order to consolidate meaning and develop explanation 

[3]. Coding is not a precise science; it is primarily an interpretive 

act [4]. A code in qualitative analysis is most often a word or 
short phrase that symbolically assigns a summative, salient, 

essence-capturing, and/or evocative attribute for a portion of 

language-based or visual data [4]. 

Although this paper did not reach a perfect theorization, this 
data can be explained by Peter Senge's five disciplines. These are 

five key learning elements that all learning organizations have in 

common. The perfect learning organization is not an attainable 

goal, but rather a desirable and useful set of guiding ideas and 

principles for people and organizations to aspire towards [5]. 

 

2.  RESEARCH QUESTIONS 

i. How is it to explore the nature of children's learning from 
individualized narrative data. 

ii. How teachers perceive children's learning from children's 

statements. 

 
3.  RESULTS 

Children’s scholastic ability 

The children's learning from data on the integrated learning at 

Ina Elementary School was coded (using NVIVO) and 
interpreted. First, it was clarified what aspects of children's 

learning would be analyzed. According to Prof. Kazuyasu 

Azegami in his lecture [6],  children's scholastic abilities can be 

divided into two main categories. In other words, there are two 
types of learning: learning (learning outcomes) that can be easily 

quantified and learning that cannot be easily quantified. He 

defined the children's scholastic ability as shown in Fig. 1. 

“Learning that is difficult to quantify” has five activities. These 
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 Fig. 1. Children’s scholastic ability [6]. 

 

Many subject education curriculums focus on learning that is 
easy to quantify and learning that is difficult to quantify is often 

treated as an adjunct. However, in Japanese integrated learning, 

the focus is on learning that is difficult to quantify. This is 

because integrated learning is intended to utilize the ideas of 
each subject education, grasp the subject from a bird's eye view, 

and continue to question one's own way of life through inquiry 

[7]. 

 
Learning resources 

In Japanese integrated learning, schools often use their own 

learning resources. Learning resources play an important role in 

supporting learning that is difficult to quantify. Learning 
resources are defined as follows; “any resource – including print 

and non-print materials and online/open-access resources – 

which supports and enhances, directly or indirectly, learning and 

teaching. Typically, the use of a learning resource in the 
classroom is subject to a process of evaluation and approval at 

the school, local or national level. Evaluation criteria may include 

relevance to the curriculum and expectations for learning, social 

considerations, and age or developmental appropriateness” [8]. 
Ina Elementary School students have been dealing with the 

Tenryu River (This river flows near Ina Elementary School.) as a 

learning resource for many years. Other than that, the learning 

resources are very diverse, such as raising pigs, goats, lambs, and 
horses, maintaining the pond environment, making “Anko” 

(traditional Japanese sweet bean paste), growing flowers, and 

making flowers arrangements, etc. 

 
The relationship between these activities 

In this paper, five activities of learning that are difficult to 

quantify are coded from the individualized narrative data. In the 

process of coding, the relationship between these five codes 
became apparent. It is as shown in Fig.2. The coding includes not 

only statements but also actions and facial expressions. 

 

 
Fig. 2. The relationship between these five codes. 

 

Coding 

This paper focuses on an example of integrated learning using 

flowers as a learning resource for 6th-grade elementary school 

students. The children plant and grow flowers of their own choice 

and use them to create flower arrangements. TABLE Ⅰ shows the 
activities of the individual child, the peers around him or her, and 

the children in the classroom (see NOTE 7)), coded at each level. 

These codes used in this analysis represent the learning that is 

difficult to quantify, which were referred to as those presented by 
Prof. Kazuyasu Azegami. 

 

TABLE Ⅰ. CODING 5 CATEGORIES 

category each level 

individual peer classroom 

kanjiru 2 1 2 
negau 7 0 2 

kangaeru 6 0 0 

hatarakikakeru 2 0 6 

hyougensuru 12 2 3 
 

The findings from this coding process are described below. It 

shows that individual children are learning directly through 

learning resources. Children's interactions with peers also play an 
important role in the learning organization. The classroom can be 

seen to be moving the flow of learning through “hatarakikakeru”, 

for example, they suggest that they show the outside teacher their 

flower arrangement. The peer and teacher consider and rejoice, 
and so on with the individual child. However, there is a different 

attitude between the peer and the teacher. The peer is reacting to 

what the individual child has achieved, while the teacher is 

looking at the process of achieving. Also, the teacher is observing 
not only the individual verbal expression, but also the details of 

their activity, facial expressions, and emotional conflicts. 

Nevertheless, the role of peers is also important to the individual 

child. In this data, there is peer assessment. This assessment is 
the task feedback [9] to the individual child. For example, the 

following statement “It would look better if the Italian whites 

(see NOTE 8)) were a little higher up.”, “I think it would be better 

if the Italian white was higher and the spray carnation (see NOTE 
8)) was lower.” were recorded. Regarding feedback, the 

connection between cybernetics and the education field has been 

noted in previous years [10]. 

 
Teacher’s action 

This data is a record of class practice; however, it shows that 

there are very few descriptions of the teacher's actions (see 

TABLEⅡ). The actions are not instructing or teaching at all. 

However, detailed observations of the child are being conducted, 

and these are actions taken to understand the children's learning. 
 

five activities are expressed in the Japanese language. See NOTE 

2)-6) for explanations of these words. 
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TABLE Ⅱ. CATEGORIES OF TEACHER’S ACTION 

teacher’s action frequency 

consider together 1 

ask the reason  3 
empathize 1 

Make suggestions 1 

 
The results of the above analysis indicate that the form of 

learning differs between conventional integrated learning and 

that of Ina Elementary School. In conventional integrated 

learning, as shown in Fig.3, the teacher first interprets the 
learning resource and then teaches it to the children in the 

classroom. 

 
Fig. 3. The conventional learning form of an integrated 

learning. 

 

However, In the learning form shown in Fig.4, a learning 

community is created as indicated by the green circle. At Ina 

Elementary School, each child (individual child) is the central 

actor in this form of learning, working with peers, the classroom 

members, and the teacher toward the learning resources (see 
Fig.4). The learning community that each child perceives is 

individual and each one perceives it differently. In other words, 

each children's learning is personalized. 

 

 
Fig. 4. The learning form of integrated learning in Ina 

Elementary School. 

 
Learning organization in Japanese sociocultural aspects 

With respect to the organization, the Japanese social culture 

uses a philosophy called “kaizen” (the Japanese word), which 

means change for the better or improvement [11].  It is a belief 
that as one can never be perfect, one must continually work 

toward improvement [12]. In other words, the goal is not to 

become a perfect learning organization, but rather for teachers to 

think about how to become a better learning organization. 
 

4.  DISCUSSION 

In the results part, children's learning, children's interactions 

with each other, and children's interactions with their teachers in 
integrated learning are visualized. To understand aspects of 

learning that are difficult to quantify, such as integrated learning, 

the ability and practice of "developing reflective dialogue," 

"cultivating aspirations," and "understanding complexity" need 
to be perceived in a balanced manner [13]. How to represent such 

complexity is a challenge for the future. Also, to reveal this 

complex tacit knowledge, the use of Ikujiro Nonaka's SECI 

model [14] is being considered. In addition, learning through 
resources is not limited to schools. The Tenryu River near Ina 

Elementary School is not only a learning resource for children's 

integrated learning but also a lifelong learning resource for 

residents to learn together. The relationship between learning 
resources and the lifelong learning of residents including children 

can also be represented by the SECI model. 

 

5. LIMITATION 

The relationship between the individual, peer, the classroom, 

and the teacher can be described as a learning organization. 

Although we have visualized a learning organization, we think 

that it can be represented by Peter Senge's five disciplines (see 
Fig.5). For each of the five disciplines, the narrative data from 

Ina Elementary School were derived.  
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Fig. 5. Five learning disciplines [5] 

 

Shared Vision: This is the answer to the question, “What kind 

of children's learning do we hope to achieve?”. The vision of Ina 

Elementary School is “Make progress from the inside of self”. 
The teachers mutually agree with and share this vision. Teachers 

believe in the ability of children to grow and emerge 

spontaneously from the inside of themselves. They treat children 

not only while they are in school, but also after they graduate 
from school. 

Mental Models: The teachers practice making children’s mental 

models clearer for each other and challenging each other’s 

assumptions to build shared understanding. By doing so, in the 
classroom "relationship" (kankei in Japanese) is formed. And it 

becomes a learning organization. 

Personal Mastery: Personal mastery is achieved by confronting 

learning resources. And children understand “how much they 
know about themselves”. For example, take the third-grade 

children's statement. The learning resource was a horse. One 

child had been bitten on the back by a horse and was unable to 

approach the horse for a while. However, she continued to stare 
at the horse from a distance, felt it, and said, "I would like to find 

a “good distance” when I am quite ready to do so. 

Team Learning: This was seen in all grades 1-6 at Ina 

Elementary School. The children and teachers consider together. 
This is possible because the teachers provide “Ba” [10] (Japanese 

word, see NOTE 9)) to encourage dialogue. 

Systems Thinking: This is a framework for seeing inter-

relationships that underlie complex situations and interactions. In 
this data, an individual child is surrounded by peers, classrooms, 

teachers, parents, outside teachers, and many others who 

influence him or her.  

The above shows that the integrated learning at Ina Elementary 
School is a learning organization. Although the number of data 

is limited and cannot be theorized in this paper, it is our belief 

that integrated learning in Japanese elementary schools has 

already formed a learning organization. 

6.  CONCLUSIONS 

The results show that children at Ina Elementary School take 

learning resources seriously and learn directly from them. It was 

found that what teachers use to support learning is important to 
children and that teachers work together with them toward the 

learning resources. Children do not see the teacher as a "teacher 

who teaches" but rather as an "empathetic interaction partner". 

Parents are also cooperative and learn with their children. The 
children are not aware that the adults around them are teaching 

the children. It is clear that in this form of learning, the teacher 

maintains a large learning container and nurtures the academic 

skills and abilities that are invisible and difficult to measure in 
children. In this form of learning, children's learning is highly 

context-dependent. This is because each child's individuality 

emerges in the way he or she perceives learning even when 

learning the same material. Therefore, it is very difficult to 
visualize children's learning. However, it is precisely for this 

reason that we can approach the essence of children's learning. 

Also, perhaps this data of Ina Elementary School is the Japanese 

practical knowledge of documenting records, tacit knowledge 
made visible through feedback loops, layers, symbiosis, 

coexistence, and so on, which seems to have had a ripple effect 

on other schools today. 
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10.  NOTE 

1) In Japanese elementary schools, there is one teacher per 

classroom. He or she has all classes, eats lunch with their 

classroom children together, plays recreations together, and 

cleans up together. In other words, the children in the 
classroom spend the entire day with one teacher. 

2) Kanjiru; To feel admiration for others, or to feel happy 

about the growth of animals, plants, etc. 

3) Negau; To imagine what one would like others to do or 
what one would like to do, or to hope for the growth of 

animals, plants, etc. 

4) Kangaeru; To consider current phenomena using the 
knowledge they have learned in the subject education or 

their own experiences until now. 

5) Hatarakikakeru; To approach others by asking questions, 

seeking advice, and communicating one's intentions. 

6) Hyougensuru; To express one's feelings and emotions 

through words, attitudes, and creations. 

7) Japanese elementary school “classroom” consists of the 

same members who spend every day for one or two years. 

[15]  like  the  conventional  learning  form  (like  Fig.3)  of 

integrated learning. 

 

Also, cybernetics, which essentially represents the connection 

between  machines  and  living  organisms,  has  recently  been 

applied to  social  fields. This  means that  the view is  that  it  can 

also  be  applied  to  the  field  of  education,  too  (see  NOTE 10)). 

Although it could not be conceptualized this time, we consider 

that  systems  thinking  is  like  cybernetic.  This  is  because  the 

cybernetic  viewpoint  creates  space  (Ba)  in  which  learning  can 

occur. This is different  from a topdown  management approach 
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They take all classes and eat school lunches with the same 

members. “Classroom” members are not changed by class. 

Even school cleaning and recreation during recess are often 

done as a “classroom”. 

8) The Italian whites and the spray carnation are names of 
kinds of flowers. 

9) The “Ba” is the interactional occasion to support and 

facilitate knowledge creation in the school context. It is our 
hypothesis at this stage that this "Ba" is composed of the 

"Yamato kotoba". 5)-9) are the examples. It has been used 

mainly as a spoken language, and the "sound" itself often 

has its own meaning, apart from the Chinese characters that 
have been added later. This is one of its characteristics. The 

word "word" is derived from the word "kotoba," which 

originated in the Nara period (710-794). Before that time, 

the word "kotoba" was used to express "koto. That is all. 
Koto" is included in things, matters, etc., also "koto" from 

ancient times. In those days, in Japan, both "words" and 

"events" were expressed by the same word, "koto. The 

reason why they are the same is due to the ancient Japanese 
belief in "Kotodama (words and spirits). The ancient 

Japanese believed that words uttered out loud or thoughts 

in one's heart would come true. Happy, joyful, unpleasant, 

sad, and so on. The divine power that resides in words 
moves actual things. It is in the Japanese language that we 

can learn the beautiful and delicate Yamato language, and 

that it can convey “omoiyari" (compassionate 

consideration for others/ anticipatory communication)"  in 
a casual and thoughtful way. 

10) We understand Cybernetics as a comparative study of the 

control and communication processes of organisms and 

machines. According to Kitao 1987 [16], Systems are 
"interlinked sets of components hierarchically organized 

into structural wholes which interact through time and 

space and are self-regulating yet capable of structural 

change" [17]. This means that if a complex phenomenon 
has a holistic property, the behavior of that phenomenon 

cannot bed is covered by analyzing the components 

separately. Knowledge about the interrelationships among 

components is also required. … Cybernetics models are the 
most dynamic for explaining changes in interactions. 

…(including) behavior that people regulate, alter, or 

maintain. …As for cultural variables, they vary much 

according to culture. … The study of this model would not 
be easy. However, researchers could use relatively new 

techniques such as interaction analysis or path analytic 

techniques to identify the different kinds of messages being 

employed, as well as their relationships with other 
components. 
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ABSTRACT 

 

Lack of equity between boys and girls schools is not a special 

specific of one country, but also a sensitive issue. Annual 

reports show that a considerable number of children, mainly 

girls, have interrupted their education in various levels of 

Albanian education system, due to a number of reasons. The 

education of girls and women in Albania is important, not only 

as a matter of respecting a basic human right for half of the 

population, but also as a powerful force for economic 

development and achieving other social goals such as improved 

health and civic involvement. This work will focus on gender 

disparity in Albanian education system, where number of boys 

and girls is not the same in all education cycles - primary, 

elementary, secondary, according to data in the largest region in 

the country. A coordination of the qualitative and quantitative 

analysis is provided to indicate the reasons for this disparity and 

compare data according to random chosen schools. This work 

shall offer suggestions and recommendations to improve school 

curricula and determine the role of teachers in this aspect in 

order to create a favourable environment for both genders as 

well as making the education system more inclusive for all 

children includes improving standards, curricula and a focus on 

teacher training and development in Albania.  

 

Key words : gender, education, equity, Albania, teacher, 

curricula  

 

1. INTRODUCTION 

 

The concept of gender is a concept that expresses the 

differences in the male and female body as a living being. On 

the other hand, gender is society's well-established views of 

men and women, unlike biological definitions and the source of 

these views is culture. Individuals, both men and women, 

perform roles, behaviours and actions that are built or given by 

society. [4] From this point of view, gender equality means that 

individuals benefit from equal opportunities and rights and are 

treated equally in all areas of life, regardless of their biological 

gender, develop their personal knowledge and skills in all areas 

they wish, and freely express their preferences [5].  

 

Gender equity is now part of all policies and strategies of all 

education structures in many countries. Human rights, 

inclusiveness and equal access to are some of the priorities of a 

healthy education system. But, somehow, school today is 

considered an institution that encourages the female teaching 

styles, leaving male manners in shadow. Expressing feelings 

and thoughts verbally, doing homework, work in group are 

some women-like characteristics. These actions do not take into 

consideration the strength and male interest and as a result, a 

considerable number of boys abandon school [14]. 

Hence, all citizens are granted the right to attend educational 

institutions irrespective of their gender, race, colour, ethnic 

belonging, language, sexual orientation, political affiliation, 

residence, health situation, limited abilities or any other reason 

defined in the Albanian legislation. [2] The Republic of Albania 

recognises the importance of gender equality. This is reflected 

in the dynamic policy initiatives and clear strategic commitment 

to promote gender equality and empower women in all domains 

reflected by Gender Equality Index. [11] UNCRPD strongly 

underlines the right to education. However as results indicate, 

full gender equality is still to be achieved.  

 

 

2. DATA AND THEORETICAL FRAMEWORK 

 

Large gender gaps exist in access, learning achievement and 

continuation in education in many settings, most often at the 

expense of girls, although in some regions boys are at a 

disadvantage. Despite progress, more girls than boys still 

remain out of school. In the recent years, policies, strategies and 

action plans have focused on providing equal opportunities to 

boys and girls in the family and society. [8] The Education 2030 

agenda of Albania recognizes that UNESCO’s work on 

education and gender equality is guided by the UNESCO 

Strategy for gender equality in and through education (2019-

2025) and the Gender Equality Action Plan (2014-2021, 2019 

revision). It focuses on system-wide transformation to benefit 

all learners equally, and supports targeted action for girls ’ and 

women’s empowerment across three areas of priority: better 

data, better policies and better practices. Even though, number 

of girls attending schools in developing countries is increasing 

more rapidly than boys, according to the UNESCO report, out 

of about 104 million children that miss elementary school, 

about 57 per cent are girls.  

 

Women consist of 51% of Albanian population. Data on 

poverty in Albania testify to the feminization of poverty and 

increasing numbers of children afflicted by it. Albania ranked 

20th among 153 countries on the Global Gender Gap Index in 

2020, was placed 51st of 162 countries on the Gender 

Inequality Index in 2019.  

 

Another problem related to gender differences in education 

which was reflected in the collected data is related to 

professional profiles. This aspect is important because it affects 

gender equity in labour market, and according to the data, there 

is a higher trend of boys attending vocational schools and 

higher trend of girls attending high school. For e.g. a vocational 

school in Tirana counts 26 girls out of 624 boys. [9] 

 

Likewise, there are problems with Roma community, where 

female Roma do not attend school, compared to boys, taking 

into consideration the fact that in some communes in Albania, 
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Roma population consists of majority of local inhabitants, 

where lack of education among Roma girls is an important 

problem for the region. [9] Another problem is reduction of 

number of boys attending high school education in rural areas, 

taking into consideration that majority of population in Albania 

is rural. [10] While enrolment of boys and girls is virtually 

identical in EU-28, in Albania boys have higher enrolment. 

Gender Equality Index in Albania scores 60.4 indicating that 

still high commitment is needed to achieve full gender equality. 

The score is lower than EU. (2017) But, all these can be 

improved with the right intervention in curricula and school 

environment, in order to overcome this misbalance in number of 

boys attending primary and secondary education. 

  

 

3. METHOD 

 

This work offers a quantitative analysis with data collected 

from schools of primary, elementary and secondary education 

in Tirana region. Additional data were provided from Institute 

of Statistics (INSTAT) and Educational Directorate in these 

regions. These official statistics include comprehensive 

information on registration of students in various study cycles 

and their graduation. This work is focused on a collection of 

data on attainment of boys and girls in schools located in Tirana 

and an analysis of collected data pointing out to potential 

reasons that may have caused the gender disparity. (2008) 

 

This analysis shall focus on number of boys and girls attending 

the selected schools in this region during 2020/21 period. This 

city consists of the majority of Albanian population with a big 

number of schools concentrated in this area and will help carry 

out a comprehensive analysis. This work also offer a qualitative 

analysis with the help of a questionnaire addressed to schools 

directors regarding reasons that force students to leave studies.  

 

After review and interpretation results, this work shall offer 

suggestions and recommendations for improvement of school 

curricula in order to make the school environment favorable for 

both genders and consolidate teacher’s role in this respect. It 

will provide also suggestions and recommendations about 

teachers’ role in order to train them for dealing with situations 

of gender disparity in the class and highlighting the key points 

of teachers training in this context, as well as fighting 

prejudices about gender stereotypes in curricula and textbooks 

. 

 

4. RESULTS 

 

Although there were no reported indicators of gender inequality 

in school enrolment and attendance rates, data show that women 

of reproductive age have lower educational levels. Data also 

show that women’s educational levels, especially at or above 

secondary education, have a positive impact on the 

improvement of their economic status and reproductive health. 

(OECD, 2020)  

 

The following table shows the actual situation in schools of 

Albanian capital, where at primary schools number of boys is 

higher than girls, then in elementary school the difference is 

smaller and girls gain some numbers. But in secondary 

education level we have the reverse situation.  

 

 

 

Education 

cycle 

Total  Girls Boys 

Primary  158.528 75.821 82.707 

Elementary 127.958 60.398 67.560 

Secondary  88.965 47.623 41.342 

Total  375.451 183.842 191.609 

 

Table 1. Number of boys and girls in pre-university education 

cycles in schools of Tirana 

 

Enrolment of boys and girl is virtually identical in the EU28, in 

Albania, gender gap favours slightly boys in lower education, 

but reverses in tertiary education, where females graduate 

outnumber. Other statistics are offered by Albanian Institute of 

Statistics show also data from higher education, indicated in the 

following picture:   

 

 

 

 

 

 

 

             

 

 

 

       

 

 

Fig. 1 Source from Institute of Statistics  

 

In the framework of this study, a questionnaire carried out in 

schools of Tirana with the participation of the directors and the 

responsible person for school statistics listed the main reasons 

that force school dropout in Albania, which are showed in the 

following figure: 
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Figure 2. Percentage of reasons of failure to attend school 

 

In Tirana outskirts, the economic situation does not favour 

school attendance. Due to poverty, parents force girls to stay at 

home to do the housework and take care of their little brothers 

and sisters. 

 

Equity is also a concern, with continued disparities in 

educational opportunities and outcomes according to gender, 

ethnic background and geographical residence. Geographical 

isolation is caused by poor road and transport infrastructure 

places further restrictions on student access to school. While, 

pursuit of qualitative education is a key factor driving Albania’s 

migration. Demographic changes and migration are driving 

changes in the geographic distribution of students within the 

country and presenting a dilemma in terms of education 

planning, particularly around recourse allocation, as schools are 

emptying in some municipalities and filling up in others. 

 

Albanian legislation considers Roma as a non-ethnic language 

minority; an element quoted as an obstacle for engagement of 

Roma people in comprehensive education by many authors and 

lack of Albanian language possession has been seen as a reason 

for abandoning of school by these students. Most of street 

children and working children belong to Roma community, who 

are disadvantaged compared to students coming from other 

environments. They reach an average of about 4.02 up to 5.05 

school years. Among group children who risk abandoning 

school are girls due to early marriages especially among Roma 

girls. 

 

Mentality of parents obstacles girls in rural areas to attend 

school, stopping them to attend classes after compulsory 

education. Indicators showing school abandoning tell that 

parents offer excuses not to allow girls attend school, because 

they ask for warranties and protection from school, security 

during road to school, protection from abuse. 

 

 

5. DISCUSSION 

 

Gender equity can never be achieved through administrative 

decisions or legal acts, it can be established only through an 

efficient education system. In this respect, all the stakeholders: 

government structures, local government units, human rights 

and civil society organisations shall play a crucial role. 

Decentralization processes of education systems in Western 

Balkans mean an increasing autonomy of schools, which can 

lead to increasing rights for professional decision-making by 

teachers themselves.  

Socio-economic conditions have a significant impact on access 

to education and educational outcome and students from 

disadvantages backgrounds perform less well than more 

advantage students. [16] This finding indicates a lack of 

opportunities in less well-off households and in poorly 

developed, rural or remote communities where access to 

education for both girls and boys is significantly lower then 

elsewhere. In this respect, the education laws should reflect 

national priorities in this field, drafting among others things a 

Social All-Inclusive Strategy. 

 

Therefore, we should pay special attention to curricula and 

teaching models. We should look for teaching absorption ways 

suitable also for males’ role. Data from OECD Programme for 

International Student Assessment (PISA) [15] show that about 

79 % of the responsibility for curriculum implementation lies at 

school level, therefore local unit have to act in this respect.  

 

During the questionnaire, findings showed that boys had a 

different behavior regarding learning environment, which is 

regulated by teachers at school, but in some cases new teachers 

are more insecure and incapable to create a favorable 

environment for boys. Some boys claim that teachers are not 

fair because they always stand on girls’ side. In contrary to 

boys, relation of girls with education includes several aspects, 

such as improvement of social status, key weapon to poverty, 

emancipation and integration of women in all fields. In general, 

teachers are not well-prepared to work with children of different 

social-cultural origins. Likewise, studies show that teachers ’ 

current education is characterized by theoretical knowledge, 

whereas practice is almost absent, zeroing opportunities to 

establish teachers ’ capacities to deal with external factors 

regarding all-inclusive education. This is one of the biggest 

challenges for teachers’ trainings about all-sided education 

practices. 

 

Initial qualification system of teachers in Albania is mostly 

based on subjects and program structure, which makes almost 

impossible the specific teaching of competences and 

professional expressions for students ’ inclusiveness and 

recognition of diversity. Continuous qualification of teachers 

has provided a minimal contribution in learning of inclusiveness 

competences, due to the fact that qualification programs during 

working years are not comprehensive or accredited.  

 

The policy planning and teachers training practices should be 

focused on all-inclusive education in contexts of social and 

cultural diversity. The changes in policies and practices are 

better if they could be made in harmony with teachers’ 

experience, in harmony with other developed countries. [6] 

 

 

6. RECOMMENDATIONS 

 

We propose a number of measures to be taken by decision-

taking authorities, teachers ’ trainers and teachers themselves to 

accelerate the reform for an inclusive policy, based on data 

provided during the study.  

 

- fight prejudices about gender stereotypes in curricula and 

textbooks. 

 

- encouraging sensitisation importance of education among 

girls, combating prejudice of this issue affecting Albanian 

0.285

0.2150.163

0.137

0.12

0.08

Poverty Geographical isolation
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educational systems, ways how to overcome barriers in the 

access for girls to and in educational systems of Albania, 

measures for trainers and teachers themselves at a system level 

for a social inclusion through education. 

 

- creating a school environment that is friendly to both sexes 

and ensuring that women are equally represented in teaching, 

administrative and educational leadership roles. 

- carrying out the right interventions in curricula and school 

environment, in order to overcome this misbalance in number of 

boys attending primary and secondary education.  

- paying special attention to curricula and teaching models. We 

should look for teaching absorption ways suitable also for 

males’ role.    

 

-  increase teachers’ competences necessary for an all-sided 

education in social and cultural diversity situations.  

-  hold organized training activities for teachers 

 

According to all recent studies, all-inclusive education in 

Albania requires a different model to influence in all system’s 

levels.   

 

•  More powerful effort is needed to recruit men in the role of 

lecturer in our schools   

•  More attention to needs of boys   

•  Lecturers should not only be focused on theory, they should 

include action  

 • Schools environment should become friendlier for boys. 

 

Meanwhile, authorities should contribute in promotion of 

policies and practices for an all-sided education in context of 

social and cultural diversity.   

 

 

7. CONCLUSION 

 

Development of inclusive education practices requires efforts 

and joint initiatives with the participation of all groups of 

interest. Government plays an important role in coordination of 

trainings and other services offered by governmental and non-

governmental institutions, international agencies, teachers 

training institutions, schools and communities. This would help 

fill all pieces of the puzzle to contribute for the same objective. 

A leading role can be carried out by the governmental institute 

or a commission subordinated by Ministry Education may be 

created to ensure coordination and supervision of its 

implementation for a long term period. 

 

Albania has undertaken significant education reforms over the 

last two decades that have improved access to education and 

raised learning outcomes, including decentralisation of school 

governance and introduction of a competency based curriculum. 

Access to compulsory education has expanded and student 

performance has improved, but learning levels remain among 

the lowest in Europe. A big number of Albanian students still 

leave school without mastering basic competences. This limits 

the employments and life chances of many individuals and risks 

holding back national development. Closing the skills gaps by 

improving educational outcomes is seen as crucial to attracting 

foreign direct investments as Albania moves toward EU 

accession.  

 

This topic is relevant for European policymaking regarding 

future projects focused on prevention of school abandoning by 

girls. This topic is sensitive in some Western Balkan countries, 

but as long as aspiration of these countries is joining EU, they 

must be ready to join. Inclusiveness education in a broader 

point of view is understood as a process through which schools 

try to treat students as individuals of their own from local 

communities, who will to attend studies and should reduce all 

forms of exclusion. Ensuring the integrity of girls and women, 

promoting their socio-economic rights, supporting 

disadvantaged groups and engaging men and boys in all 

activities aimed at empowering women and providing equal 

opportunities are some of the key objectives of Albanian 

authorities. 
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ABSTRACT 

 

The constant changes that arise in society require Higher 

Education Institutions to be prepared to face the challenges that 

occur in the educational field; For this reason, it is essential to 

strengthen teacher training, to make the teaching-research-

linkage relationship feasible and concrete in the classroom space, 

which guarantees a more scientific, creative and socially 

committed teaching activity. Based on this premise, this research 

aimed to develop the theoretical and methodological foundations 

of a Teacher Training Strategy for the integration of substantive 

university functions in the professional performance of 

university teachers, through descriptive-propositional research, 

based on a mixed approach of sequential design in two stages, 

the first allowed to diagnose the training needs of the university 

teacher of the Faculty of Philosophy, Letters and Educational 

Sciences of the Technical University of Manabí; and second, to 

develop a teacher training strategy as a strategic axis for the 

integration of substantive university functions, supported by 

different theoretical, empirical and statistical methods. The 

Teacher Training Strategy, as the main scientific result, is 

structured in three stages, in correspondence to the general 

conception assumed and the training needs identified in the 

research; its validation by the criteria of experts allowed to 

conclude that the proposal is viable and has relevance, therefore, 

it is feasible to be applied. 

 

Keywords: teacher training, substantive functions, higher 

education, teaching-learning. 

 

1. INTRODUCTION 

 

The constant changes that arise today require highly qualified 

professionals to face the significant challenges that sustainable 

human development demands. Higher education institutions 

(HEIs) have the responsibility to train professionals capable of 

actively and creatively meeting the transformation of reality, 

which will further strengthen the link between education and 

knowledge. Therefore, higher education institutions must 

develop training programs for their teachers that allow them to 

enhance academic processes. Teacher training is understood as 

an "educational process enhanced by the professional 

development of teachers in the exercise of teaching that takes 

place throughout life and that enables competent, autonomous 

and committed professional performance [1]. 

 

HEIs must work to preserve, develop, and promote culture, 

conceived as substantive functions that materialize in the 

execution of university processes: teaching, research, and 

outreach. By relating to each other, these processes respond to 

the integration of the main functions of the University, as 

established in the legal framework that regulates the operation of 

Universities and Polytechnic Schools in Ecuador by the 

provisions of Art. 117. [2] 

 

The demands and challenges that the current knowledge society 

demands of university teaching staff impose the 

reconceptualization of their role and functions, from an 

integrating perspective that breaks with the routine fragmented 

schemes of academic tasks, towards an interrelated vision of 

them. From this point of view, the professional performance of 

the teacher ceases to be a sum of teaching tasks + research tasks 

+ linking tasks to become a unit of integrated tasks; expressed in 

other words, this practice of working each function separately 

should be stopped, since the linking projects are not taking place 

from the imperative dialectical relationship that must exist 

between theory (knowledge imparted in teaching) and 

implementation. in the practice of that knowledge; In addition, 

the results of research related to university teaching and the 

professional field are not being incorporated to improve the 

quality of education. 

 

The teacher's teaching activity can be improved both from its 

articulation with the linking projects that integrate students, 

teachers and social actors, as well as from the investigation of 

their educational practice from a critical and reflective 

perspective; In turn, the linking projects can be constituted in 

experiential learning spaces, in which classroom knowledge is 

enriched with the experience lived in natural contexts, in addition 

to being an essential source of research projects with the 
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identification of problems of the community. Profession. This 

requires the teacher to master theoretical and methodological 

tools that promote this performance from a comprehensive 

approach. 

 

This article aims to: Elaborate on the theoretical and 

methodological foundations of a Teacher Training Strategy for 

integrating the Substantive University Functions into the 

professional performance of the university teacher.  In addition, 

the objectives, thematic nuclei and general orientations of the 

proposal are delimited in correspondence with the prevailing 

conception assumed and the training needs identified. 

 

 

2. DESCRIPTIVE BIBLIOGRÁPHICAL REVIEW 

 

Teacher training and professional development 

 

The current knowledge society requires higher education 

institutions to be prepared to face the new challenges demanded 

by the quality of education in its contribution to social 

development. These demanding challenges turn HEIs into 

strategic organizations and teaching staff into key players in 

educational and social change, which demands from institutions 

the continuous training of qualified teachers for efficient 

performance in the integrated fulfilment of teaching functions, 

research and connection with society, the university professor 

needs to grow in various areas and through different means and 

with different resources [3]. 

 

The training of teachers in higher education institutions is of 

great relevance in the educational field, considering that training 

programs should be directed to the profile of teachers in a way 

that favorably affects their professional training and the quality 

of education. University, considering that teachers are the main 

actors in the transformation and innovation of education. 

 

From this professional perspective in the analysis of what the 

teacher is and should do, [4] the authors' contributions stand out 

when considering that the university professor is an education 

professional, more because of the function he performs than 

because he has been trained for the teaching exercise, and whose 

attribute is the promotion of knowledge through its adequate 

performance in three core axes: research, teaching and extension. 

With the constant changes in the knowledge society, the teaching 

profession must adapt to this transition in the current century, 

strengthening and promoting academic processes from new 

perspectives. 

 

The critical analysis of permanent teacher training in Latin 

America states that the need to offer quality teacher training is 

evident in the initial and permanent stage, updating and 

developing management, linkage, pedagogical and investigative 

skills. [5]. Added to this are the evaluations of the doctoral thesis. 

It is stated that, when studying teacher training oriented towards 

teacher identity, traditionally, teacher training has been exposed 

to multiple revisions, which have not necessarily converged in 

transformations. Even fewer have impacted the learning of future 

university professionals" [6]. These authors agree that the 

training programs that are designed must be oriented to the 

training needs of teachers and directed to their areas or profiles 

to guide or develop skills integrated into teaching, research and 

links with society. 

A critical study on teacher training at the UTM is synthesized in 

the publication of the book The university task: Teaching, 

Research and Linking. It is pointed out that quality education 

requires that teacher training includes professional and 

pedagogical aspects [7]. That is why it is necessary to strengthen 

continuous training with topics related to the skills of teachers, 

whether they are pedagogical, digital or communicative, to 

enhance the teaching-learning process and therefore achieve 

quality education. 

 

What has been described demonstrates the importance of 

designing and planning teacher training programs that strengthen 

teachers' knowledge, skills, and attitudes to integrate the 

professional tasks of teaching, research, and engagement in their 

performance. 

 

The substantive university functions in the face of the new 

challenges of higher education 

 

The substantive functions (teaching, research and extension) are 

closely related since one cannot be carried out without the other. 

They must coincide in achieving institutional objectives [8]. 

They should not work in isolation since each of them plays an 

essential role in academic processes, strengthening teaching, 

generating knowledge through research, and, in turn, solving an 

existing problem in society. Universities worldwide are 

responsible for developing understanding, disseminating it and 

evaluating its impact on society. [9] 

 

There is little recognition of the importance of articulating the 

substantive functions... this could be happening because, from 

the moment the activities are planned, this interrelation is not 

considered vital support of the actions by the teacher [10]. This 

ignorance on the part of teachers and authorities does not allow 

the existence of an articulation of the substantive functions in the 

educational process, which leads to its fragmentation and 

execution separately. For this reason, it is important to design 

continuous training programs that strengthen the joint work of 

teaching, research and extension. 

 

Correct integration of the teachers' substantive functions would 

positively contribute to the teaching-learning process since the 

knowledge (teaching and research) of both parties (teachers and 

students) would be enriched, and, in turn, the problems could be 

solved. Needs presented in society (linkage). 

Teaching is a process of teaching and learning the knowledge 

produced through scientific research, represented in the different 

sciences, which constitutes the content of the disciplines. The 

university extension (linkage) interrelates teaching and research 

by promoting these actions to the social environment to meet the 

needs of cultural development and the solution to problems of 

social practice [8-11]. 

 

The integration of substantive university functions in the 

educational process consolidates teaching-learning so that it 

becomes an essential pillar in the training of professionals. For 

this reason, the integration of substantive functions constitutes a 

challenge that HEIs must assume to improve the quality of 

education [12]. 

 

The university teacher in the 21st century is not a transmitter of 

knowledge but a trainer and manager who plays a central role in 

achieving quality education by implementing innovative training 

proposals that promote meaningful learning in the preparation of 

competent professionals to meet the challenges of today's 

knowledge society. Today's teacher trains his students as future 

professionals who will be able to build an environment in which 
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they will meet the needs of their country, which makes the 

university professor a companion of the educational process [13]. 

Therefore, teachers must be in constant and ongoing training. 

 

As has been argued, the substantive functions articulated with 

each other are of great relevance in the educational field since 

they contribute to the quality and excellence of university 

education. The same, integrated into the teaching-learning 

process, will provide students with experiences and resources 

helpful in their professional training. For this reason, it is 

important that the university teacher can count on updated 

comprehensive training according to the current era, with 

relevance to the needs that arise in the educational and 

specialized field according to the profile of the teachers. The 

professor's work is integral; the teaching, extension and research 

action cannot continue to be considered parallel and disjointed 

feats of his academic career. Sometimes, the contradiction is 

reached in proposing that to carry them out, theoretical discharge 

is needed [14]. 

 

It is important to note that adequate research that expresses the 

actual training needs of teachers will allow them to perform 

better in their classes and put them into practice in contribution 

to the society to which they must respond from knowledge. 

Imparted; All this baggage of experiences with adequate and 

pertinent instrumentation will help to promote research 

development by sharing the results obtained in science. 

 

Characterization of the substantive functions of the 

University: teaching, research, extension 

 

Teaching is the construction of knowledge and the development 

of skills and abilities, resulting from the interaction between 

teachers and students in teaching-learning experiences in 

environments that promote the relationship between theory and 

practice and guarantee freedom of thought, reflection, criticism 

and commitment [15]—considered as a systematic process in 

which knowledge is built and developed inside and outside a 

classroom. 

 

Research is creative, systematic work based on epistemological 

debates, which enhances scientific knowledge and ancestral and 

intercultural knowledge, generating relevant responses to the 

environment's needs [15]. Through this function, the results 

generated from the deep systematic analysis can be disseminated, 

which will allow a solution to be found to the needs that affect 

the social environment. Likewise, research also articulates 

teaching by generating knowledge incorporated into the 

teaching-learning process, contributing to professional training. 

 

Research is considered a generating source of knowledge and 

support for teachers, as its purpose is to generate and verify the 

knowledge that contributes to the development of science. 

Research tasks are planned, developed and evaluated in a series 

of activities. In this particular. Research constitutes the essential 

activity of the university mission, serves as a support for the link 

and, at the same time, constitutes a determining factor in the 

updating and deepening of knowledge, which supports the 

teaching activity [16]. 

 

Extension or linkage is that function that generates capacities and 

knowledge exchange following the academic domains of HEIs, 

to guarantee the construction of effective responses to the needs 

and challenges of their environment... contributing to improving 

the quality of life [15]—considered as a fundamental pillar the 

academic processes, in which a set of actions are presented 

integrating teaching and research to solve the problems that arise 

in society. 

 

As a cultural institution, the university has a marked 

responsibility to society, so it cannot be satisfied with the 

development of its teaching and research processes but also 

requires developing the extension process to fulfil its social 

mandate [17]. 

 

Higher education institutions have a commitment to society, 

generating both theoretical and practical knowledge, which will 

be very useful for solving problems through different projects 

that stimulate the interaction of the University with the 

community. This interaction makes it possible to create an 

educational process that links teaching and research to the 

knowledge of social, economic, political, technical and cultural 

needs. All activities related to education must be directed towards 

training. While the investigative function must be focused on the 

discovery, the extension must be aimed at linking the University 

with the community to merge the essence of knowledge 

generation. 

 

Through the link with society, the Ecuadorian University can 

become an institution that, in the task of transferring and applying 

knowledge to the community, linking and engaging socially, 

learns from the same society it serves and in which uses lies their 

knowledge, promoting and enriching professional training [8-

18]. 

 

It is necessary to highlight that research is closely related to 

bonding and complements teaching. This is why teachers 

conduct research in various ways. One is oriented explicitly to 

didactic-pedagogical aspects to improve their teaching activity, 

and another, with respect to their area of knowledge. The teacher 

becomes a researcher, through practice, questions that need 

answers about why certain events or needs occur, which leads 

him to make decisions to improve the quality of teaching. 

Through research projects, benefits can be obtained, which can 

be very useful for improving the quality of education. In addition 

to providing knowledge that serves as training for teachers, the 

investigative function is very useful for the teaching-learning 

process. This close relationship between teaching and research 

allows us to point out that a teacher-researcher can acquire 

knowledge and transmit it to their students. 

 

This perspective focused on the integrality of the functions 

 

 

3. METHODOLOGY 

 

For the methodological approach, a descriptive-propositional 

type of research was carried out based on a mixed approach with 

a two-stage sequential design: 

 

First Stage: in this stage, the quantitative approach prevailed, 

with a non-experimental, transactional design, where an 

instrumented inquiry was carried out, collecting and analyzing 

data through quantitative and qualitative instruments, intending 

to diagnose the current state of university teacher training for the 

integration of the substantive functions in their performance from 

the voices of the actors involved (teachers, managers, quality 

managers). 
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While the Second Stage: a qualitative approach prevailed, where 

the design of the Teacher Training Strategy was oriented as a 

strategic axis for the integration of substantive university 

functions, based on the analysis of national and foreign research 

experiences and in a comprehensive approach. Of the substantive 

and reflective critical parts of professional performance, 

delimiting the objectives, thematic nuclei and general 

orientations of the proposal, in correspondence with the 

prevailing conception assumed and the training needs identified. 

 

The Faculty of Philosophy, Letters and Education Sciences 

teachers and principals have used the population, represented by 

98 teachers and 10 Principals. 

 

Theoretical, empirical and statistical methods cover the 

investigative path travelled in its different stages and moments; 

as well as the use of techniques and instruments for the 

collection, analysis and interpretation of information related to 

the diagnosis of teacher training needs, as empirical support for 

the elaboration of the proposed solution to the problem 

addressed. 

 

4. DISCUSSION OF RESULTS 

 

With the results obtained in the investigation, it can be evidenced 

that teacher training is key to achieving excellence and 

educational quality in the institution; they conceive it as a 

perspective of integral human development that allows 

innovative educational processes. The importance of 

continuously developing training programs is highlighted, with 

specific topics according to current needs. The substantive 

functions are also articulated since, through research, the 

knowledge imparted in teaching and linking, it is possible to 

solve the different problems in society. 

Regarding the problems that affect the professional training of 

teachers, it depends on the teacher's predisposition, coupled with 

excessive management work or teaching activities. It is also 

pointed out that the new technical skills that professionals must 

have; are the economic situation to access the teaching update 

that allows them to strengthen their pedagogical capacities to 

teach. One of the great problem significant that was indicated is 

that, due to the lack of teaching staff, sometimes they have 

subjects in areas not related to their profile and are not adequately 

trained to provide that teaching. According to what has been 

stated, several factors have a negative impact on teacher training. 

 

Likewise, the teacher training offered by the University does 

contribute permanently to teaching, the same one that has 

guaranteed the quality of higher education and professional 

training through research and links with society. However, there 

is still a lack of real consolidation regarding research – and 

articulated link to teaching. 

 

It is considered necessary for the University to implement a 

teacher training plan or proposal that integrates substantive 

functions, responds to current needs, and evolves knowledge to 

the highest standards. The performance of research teachers is 

strengthened through linkage and their teaching practice. 

 

The results obtained in the diagnosis applied to the directors, 

teachers, and those responsible for the Evaluation of the Faculty 

of Philosophy, Letters and Educational Sciences. It revealed the 

need to strengthen teacher training through a continuous training 

plan, allowing them to enhance their knowledge, skills, and 

attitudes for better teaching performance that integrates teaching, 

research, and outreach. It is also deduced that teacher training in 

the teaching component, articulated to the other substantive 

functions (analysis and linkage), would benefit the teaching-

learning process and, in turn, would contribute to satisfying the 

needs of society identified in the research through the direct link. 

 

For this reason, the Teaching Strategy was designed for the 

integration of the substantive functions in the professional 

performance of the university teacher, in which a continuous 

training plan is presented through the follow-up of the roadmap 

that is offered, which allows the identification of the actual 

training needs that teachers have, so that they can be in 

accordance with the current demands demanded by society, and 

that this knowledge can be favorably integrated into their 

educational practice. The strategy has qualities that make it 

enjoyable, such as; participative, flexible and innovative. In it, 

teachers will actively present their winning interests for each 

semester. These are validated according to the minimum content 

of their subjects and learning outcomes, and teaching profiles. 

 

It will be analyzed his proposal was inspired by the continuous 

improvement cycle towards a permanent accreditation based on 

continuous self-assessments. The said proposal defines the need 

to integrate teaching, research and linking society on a 

complimentary basis to institutional conditions.  

 

 

5. CONCLUSIONS 

 

University professors assume a strategic role in achieving 

educational quality, so HEIs must implement comprehensive 

training programs that guarantee their continuous updating for 

effective performance through proposals directed to their area or 

profile. The new challenges that arise in education demand that 

teachers be in constant training to be at the level of the needs 

required by pedagogical practice and achieve excellence and 

educational quality. 

 

Teacher training should promote the integration of functions in 

teaching practice, which will result in benefits: for the teacher, 

from his personal and professional development; to the quality of 

the teaching-learning process from the wealth of knowledge built 

in harmony with the research results achieved in the solution of 

professional problems that emerge from real contexts; in 

institutional development, as a generator of knowledge through 

bidirectional dialogue with society, and trainer of competent 

professionals committed to social development; and, in the 

development of society, by responding with greater relevance 

and quality to its demands. 
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ABSTRACT 

 
Project-based educational environment that focuses on real-
world problems and cross-sector collaboration instills students’ 
learning pathways with the proficiency to move from the domain-
specific to the domain-general knowledge. We conceptualize a 
project-based curriculum model as central to undergraduate 
education. Focusing on iterative design and development during 
each year of the undergraduate degree allows for further 
enrichment of the undergraduate curriculum. We present a case 
study of a project-based model in action within Virginia Tech, a 
large public polytechnic university in the United States. Working 
with seventy-five industry partners serving as project mentors 
and twenty-seven transdisciplinary faculty, we discuss 
methodology key to ensuring student learning and project 
outcomes within this model, including embedding industry 
partners within project teams, developing transdisciplinary 
project teams, and encouraging just-in-time implementation of 
disciplinary knowledge.   
 
Keywords: Project-based learning, Transdisciplinary research, 
Transdisciplinary undergraduate education, Cross-sector 
collaboration and communication. 
 

1.  INTRODUCTION 
 
Project-based coursework enriches student experiences by 
enabling them to understand the complexities of real-world 
problems and actionable approaches to address them. In standard 
course design, learning outcomes are directly mapped to course-
related assignments and activities.  In project-based learning 
where unstructured problems drive the course activities, 
achieving learning outcomes requires an adaptive approach to the 
course and curricula structure.  In this paper we present a core 
element of our project-based model, curricula that is adaptive in 
response to input from cross-sector collaborations between 
industry professionals, faculty, and students. Aligned with [1], 
the project-based model encompasses principle-based shifts from 
traditional to interdisciplinary research and education. However, 
as [2] mention, implementing project-based learning requires 
attention to changes in the existing instruction. Authors in [3] 
provide a framework and evidence that a project-based approach 
is beneficial in tackling complex problems and finding solution 
opportunities. Extending from this scholarship, and in 
collaboration with industry partners, revised project-based 
coursework emphasizes analytical thinking and decision-making 
based on real-world input, develops practical competency via 
iterative design, and evaluates outcomes based on feedback from 
industry partners. 
 

Students enrolled in the curriculum also enroll in coursework 
outside their area of expertise to enhance the transdisciplinary 
nature of the program. For example, students whose degree 
requirements do not ordinarily include courses in coding learn 
these concepts, while students who would not ordinarily take 
coursework in visual storytelling and presentation take those 
courses. Requiring these courses fosters transdisciplinarity by 
giving students the ability to engage in development beyond 
disciplinary boundaries. This project-based model has resulted in 
projects that, for example, provide adaptive training for 
aerospace manufacturing mechanics using virtual reality, 
develop accessible designs for airplane seating arrangement, and 
mitigate injuries for factory workers using collaborative robots. 
These interdisciplinary projects show students that learning 
happens across multiple layers of cognition and communication. 
 
In this article, we present project-based curricula as a model for 
transdisciplinary education. We develop this model through (1) 
Communication with industry partners to determine problem 
spaces and mentor students; (2) Building interdisciplinary teams 
of students and faculty; and (3) Structuring learning that 
embodies vertical and horizontal cognitive growth. We anchor 
this case study with three years of program assessment data, 
including perspectives from industry partners and project 
outcomes. This case study demonstrates how project-based 
education can equip students for transdisciplinary collaboration 
as they progress toward their career goals. 
 

2.  CROSS-SECTOR COLLABORATION AND 
COMMUNICATION 

 
Industry-academic partnerships provide research and education 
opportunities that enrich student experiences. This cross-sector 
collaboration affords mentorship opportunities and aid the 
transfer of knowledge from classroom instruction to professional 
development. Enhanced with this mentorship, students evaluate 
their solutions based on stakeholder benefits, costs, and risks. 
The competitive global environment is motivating academic and 
industrial institutions to improve their collaborations [4] and 
innovate [5, 6]. However, as scholarship in university-industry 
collaboration has noted, balancing these collaborations requires 
careful attention. Authors in [7] note that maintaining 
connections with industry partners over time can be challenging.  
 
To develop student competencies that translate to the 
professional work environment, it is critical to capture the 
complexities of those environments in academic curricula. To 
provide this perspective, we are collaborating with industry 
partners from the Boeing Company, General Electric, Caterpillar, 
the Association for Financial Professionals, the Capital Youth 
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Empowerment Program, and Ithaka S+R. In the design of 
undergraduate curricula, we acknowledge and emphasize that 
real-world problems are multifaceted and require consideration 
of multiple perspectives and stakeholders [8, 9]. The complexity 
of industry-motivated problems increases when these problems 
move beyond a purely technical domain into the sociotechnical 
space, as the shift generates interdependencies within the system 
of focus [10]. This motivates us to emphasize human-centered 
approaches in our educational environment. Our collaboration 
with industry partners provides an integrated research and 
educational setting in which students see these interdependencies 
and develop suitable approaches to address them. 
 

3.  PROJECT-BASED LEARNING ENVIRONMENT 
 

We designed our project-based learning environment in 
collaboration with industry partners. In this collaborative space, 
the co-creation of content and methodology affords adaptability, 
suitability, and responsiveness of structure. Maintaining a 
competitive advantage in the marketplace motivates university-
industry collaboration on research and innovation [4, 11]. 
Recognizing the importance of societal impact, various research 
methodologies have been introduced to facilitate knowledge 
production between researchers and practitioners when engaging 
with stakeholders and communities. These approaches include 
action research [12-14], collaborative practice research [15], and 
interactive research [16], among others [11]. To integrate 
research and education, a joint approach called action research 
and action learning, has also been studied [17]. The role of design 
practices, prototyping, and tools in collaborative university-
industry partnerships have been investigated as well [18].   
 
To encourage the high-level and low-level considerations of the 
problem at hand, we implemented methodology that encourages 
students to leverage systems thinking and practice. Systems 
thinking is defined as “thinking about a question, circumstance, 
or problem explicitly as a system—a set of interrelated entities” 
[19]. Additionally, we encourage students to take planned steps 
toward addressing the problems that they identify in the system. 
We imbue this methodology with the scholarly work rooted in 
Action research (an orientation to inquiry that aims to bridge 
ideas and practices in the service of humans [20]).  
 
Students take these actionable steps by implementing an iterative 
design approach. In this context design is broadly defined and 
emphasizes approaches rooted in Design Thinking. Emphasizing 
co-creation pedagogy, Jussila et al. [18] underscored the value of 
design thinking and iterative design in interdisciplinary teams for 
providing solutions to ambiguous business challenges. 
Furthermore, the role of prototyping in new product development 
across various disciplines has been studied as well [21]. This 
work highlights the importance of design tools and practices in 
understanding the diverse needs of stakeholders (end users) [22] 
along with knowledge translation [23]. Moreover, a designerly 
approach (one that adopts a solution-focused strategy) has been 
introduced as a methodology to reduce barriers between 
academia and industry when addressing problems [24].  
 
Working directly with stakeholders aligns with the goal of 
participatory design [25]. By shifting the focus from the product 
to the end user, design developers can obtain insight into users’ 
current and future utilization of technology [26]. Our 
collaborative learning environment builds on the knowledge 
developed in these studies and allows the permeation of 

knowledge from all the stakeholders in the project-based learning 
setting of the program. 
 

4.  CALHOUN HONORS DISCOVERY PROGRAM  
 
The Calhoun Honors Discovery Program (CHDP) is a four-year 
transdisciplinary program located within the university’s Honors 
College. CHDP is in its third year since inception. Through 
course substitutions for general education pathways coursework, 
students enroll in the program’s studio-centered curriculum, 
taking a three-credit studio course in the fall semester of the first 
year (Transdisciplinary Fusion Studio 1), second semester of the 
second year (Transdisciplinary Fusion Studio 2), every semester 
of the third year (Transdisciplinary Junior Design Studio 1 & 2), 
and every semester of the fourth year (Transdisciplinary Senior 
Design Studio 1 & 2). Students who lack experience in 
transdisciplinary skillsets, e.g., programming in Python, market 
analysis, humanities, or design enroll in one-credit 5-week 
courses to gain those skills, again through course substitutions. 
Importantly, all students regardless of major are required to 
complete six credit hours of technical communication 
coursework during their time in the program. The coursework in 
communication is integrated in the first- and second-year studios 
to allow permeation and application of the acquired knowledge 
in teamwork settings of project development. Students who 
complete the program’s studio-centered curriculum receive a 
Collaborative Discovery diploma from the program in addition 
to their major diploma. 
 

5.  COLLABORATIVE SOCIOTEHNICAL 
INNOVATION MODEL 

 
In our approach to co-creation with industry partners, we aim to 
combine scientific methodologies with practical benefits for 
societal impact. To this end, in addition to the methodology 
discussed in Section 3 we developed the Collaborative 
Sociotechnical Innovation Model (CSIM), which lays the 
foundation of the instruction and mentorship plans in the studio 
[27]. This model is an expansion of the IDEO’s design thinking 
model and emphasizes sustainable practices that consider larger 
impacts of innovative solutions (Fig. 1). Students evaluate 
sociotechnical innovation based on four criteria: desirability (is 
there a human defined need?), feasibility (what is an enabling 
technology approach?), viability (can it be built and is it 
financially sensible?), and sustainability (does it possess social, 
economic and environmental endurance?). 
 

 
Figure 1: Collaborative Sociotechnical Innovation Model 
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We form the teams in the studio environment using various 
criteria that includes students’ interest, balance of majors and 
expertise within the team members, and the complexity of the 
problem space. Together these criteria define the size of the team 
and the distribution of majors to afford an opportunity for peer-
learning among the students in the team. Team collaboration and 
individual member’s reflection on the process of project 
development is central to our learning environments. Inspired by 
the works of Donald Schön [28], in this collaborative 
environment, undergraduate students take a reflective approach 
to addressing a problem. The research and practice that embodies 
CSIM in the CHDP studios affords students direct access to 
industry professionals and academic mentors throughout all four 
years of their undergraduate studies. The evolution of these 
relationships will be studied in upcoming student cohorts. 
 
In implementing CSIM, we emphasize the temporal aspect of the 
system in focus. Students take an iterative approach, evaluating 
the problem space and solution concept with the CSIM 
perspective throughout the project development process. In each 
iteration, students incorporate the four lenses of the CSIM model 
and evaluate the problem space and causal relationships between 
sets. A typical implementation cycle of CSIM encourages 
students to begin analysis of the problem space using systems 
thinking methodologies and tools such as systems diagrams. 
Then, students define the problem-space by identifying the scope 
and scale of the system in focus. Finally, students develop a 
solution concept informed by this process and present their 
results in a formal milestone presentation to industry and 
academic partners. Collaboration is not limited to these milestone 
presentations. Students meet remotely with these experts on a 
regular basis throughout the process. Additionally, to engage the 
end-users in the design process, the educational environment 
emphasizes direct communication with end users to the students 
as they work through the iterative design process. Industry 
partners facilitate connections with their respective internal 
workers/users to elicit feedback on proposed solutions and/or 
receive additional information regarding the environment where 
the solution will be implemented. Incorporating this information 
into the design review process assists the students as they refine 
their prototype solutions and enhances the likelihood of 
successful integration into industry systems. Student teams 
present preliminary, underdeveloped, conceptual, and prototype 
of a solution to academic and industry expert groups. Each studio 
follows a subset of NASA's project development milestones [29]: 
Mission Concept Review (MCR), Preliminary Design Review 
(PDR), and Critical Design Review (CDR).  

 
6.  INTEGRATED RESEARCH AND EDUCATION 

OUTCOMES 
 

In this section we present the results of three years of program 
assessment data, including perspectives from industry partners 
and project outcomes. We highlight three student team project 
outcomes and present data from student surveys in the first- and 
second-year studios along with the data from industry partner 
focus groups. Industry partner focus groups are conducted at 
three points during each academic year. During these events, 
industry partners, faculty, and other university stakeholders 
discuss sociotechnical problems and organize them into broader 
outcome areas. Outcome areas, representing areas of interest for 
industry, provide organization for students and themes to focus 
on in the upcoming year. As well, industry partners suggest 
additional point-of-need learning areas that students should 
engage with to learn more about outcome areas.  

 
In Figures 2-4 we present the student project outcomes in the 
Transdisciplinary Fusion Studio II (second-year, spring 
semester). Student teams present the outcomes of their semester-
long projects to academic and industry partners during the 
showcase. The showcase allows for an enhanced feedback 
exchange between stakeholders. While the full breadth of 
projects cannot be captured in this case study, we selected a set 
of projects that demonstrate approaches that students selected to 
address the problems. Figure 2 presents the outcome of a project 
that focused on providing enhanced training for drilling 
operations using virtual reality. Figure 3 presents the design of a 
foldable airplane seat that allows passengers with disabilities to 
remain in their own wheelchair when entering the aircraft aisle 
and situated in their spot for flight. Figure 4 presents the 
prototype of a remote-controlled robot arm that reduces 
Musculoskeletal Disorders caused by repeated exposure to the 
forces and vibration of drilling in aerospace manufacturing. 
 

 
Figure 2: Student project, adaptive training for aerospace 
manufacturing mechanics using virtual reality 

 
Figure 3: Student team project, accessible designs for airplane 
seating arrangement 

 
Figure 4: Student team project, mitigating injuries for factory 
workers using collaborative robots 
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Studio course design includes multiple assessment points to 
capture students’ feedback of the learning environment that 
motivates timely adaptation of the course structure to enhance the 
educational experience. After each milestone in the studio, we 
provide a survey to students that asks questions about their 
satisfaction with the project-based environment across multiple 
aspects: their perception of learning new concepts, their 
interactions with mentors, access to information and facilities 
among others. Below we present the survey results from 
Transdisciplinary Fusion Studio 1 (fall semester, first year 
students) & Studio 2 (spring semester, second year students).   
 
Our project-based environment allows for vertical and horizontal 
integration of knowledge. That is, students incorporate the 
knowledge gained in their major coursework (domain-specific) 
into the broader application space of the studio (domain-general). 
In both courses we emphasize key aspects of project development 
and provide opportunities to students to learn concepts related to 
those aspects. To that end, Transdisciplinary Fusion Studio 1 
(first-year) emphasizes problem analysis, project and team 
management, and stakeholder need identification. We 
acknowledge that these concepts are challenging for incoming 
college students and provide just-in-time mentorship to students 
to navigate the studio experience successfully. Figure 5 presents 
the individual student satisfaction with the project-based learning 
environment in the first-year studio from two different years, Fall 
2020 and Fall 2021. In Fall 2020 we offered the studio in an 
online format because of an in-person restriction caused by the 
pandemic. While this model provided a convenient structure for 
class meetings, as shown in the results of student’s higher level 
of satisfaction, it severely limited access to labs and other 
facilities for students to apply the knowledge. Although the 
students in Fall 2020 indicated overall satisfaction and 
maintained that level of satisfaction throughout the semester, 
they did not experience growth. In contrast, in the Fall 2021 
studio we implemented a hybrid model with video lectures and 
in-person class time spent on project development. The increase 
of students’ satisfaction between the first and third milestones 
indicates growth from the in-person development activities and 
encourages us to develop this adaptive model further. Figure 6 
presents the student perception of learning new concepts during 
the first and last phase of the first-year studio. Our studio 
curriculum is based on gradual reduction of new concepts, 
focusing more on learning ideas early in the semester and then 
application later in the semester. Results from both years 
demonstrate that students understand this aspect of the studio 
environment. 
 

 
Figure 5: First-year studio, mean of responses to the satisfaction 
of the learning environment 

 
Figure 6: First year studio, students’ responses to whether they 
have learned new concepts during each phase of the studio 

Transdisciplinary Fusion Studio 2 emphasizes quantitative 
thinking, prototyping, and business plan development. Students 
in this studio environment begin the development of prototypes 
as early as possible. The pandemic restrictions were lifted prior 
to the Fall of 2021, bringing back in-person classes.  The 
noticeable increase in students’ satisfaction of the learning 
environment (Figure 7) between Spring 2021 and Spring 2022 is 
likely attributed to this factor. Additionally, in Spring 2022 
between the two phases of this studio we emphasized action 
learning which provides a more seamless peer-learning 
opportunity. Students’ positive responses to this model is 
captured in Figure 8. 
 

 
Figure 7: Second year studio, mean of responses to the 
satisfaction of the learning environment 

 
Figure 8: Second year studio, students’ responses to whether 
they have learned new concepts during each phase of the studio 
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7.  LIMITATIONS AND FUTURE WORK 
 

Our program accepts approximately 35 students from 15 majors 
each year from various colleges at Virginia Tech. Currently the 
distribution of students from each major is balanced and the 
represented majors provide sufficient expertise to tackle complex 
real-world problems with transdisciplinary teams; however, we 
aim to provide the project-based learning model of the CHDP to 
a larger population of students and a wider range of majors. One 
of the challenges in doing so is course substitutions that meet the 
requirements of the variety of disciplinary four-year plans. To 
overcome this challenge, we plan to provide a combined first- 
and second-year studio as an elective course in Fall 2022. This 
studio experience will incorporate the methodology of CHDP 
studios and including access to industry mentorship. 
Furthermore, this combined studio environment will be available 
to all students in our institution.  
 

8.  CONCLUSIONS 
 

In this paper, we discussed our project-based framework for 
transdisciplinary research and education, rooted in systems 
thinking and action research. We presented our model developed 
in close collaboration and communication with industry partners. 
The Collaborative Sociotechnical Innovation Model at the core 
of our project-based model demonstrates the benefits of 
transdisciplinary and cross-sector collaboration. Our findings 
demonstrate that our methodology provides an adaptive and 
responsive learning environment for students to better 
understand and analyze real-world problems. Students’ positive 
responses to the learning environment and its adaptation to 
student learning needs encourage us to extend our project-based 
environment to a larger population of students in a wider range 
of majors. 
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ABSTRACT

This work proposes the use of a fine-tuned Transformer-based
Natural Language Processing (NLP) model called BERTimbau
to generate the word embeddings from texts published in a
Brazilian newspaper, to create a robust NLP model to classify
news in Portuguese, a task that is costly for humans to perform
for big amounts of data. To assess this approach, besides the
generation of the embeddings by the fine-tuned BERTimbau, a
comparative analysis was conducted using the Word2Vec
technique. The first step of the work was to rearrange the news
from nineteen to ten categories to reduce the existence of class
imbalance in the corpus, using the K-means and TF-IDF
techniques. In the Word2Vec step, the CBOW and Skip-gram
architectures were applied. In BERTimbau and Word2Vec steps,
the Doc2Vec method was used to represent each news as a
unique embedding, generating a document embedding for each
news. The metrics accuracy, weighted accuracy, precision,
recall, F1-Score, AUC ROC and AUC PRC were applied to
evaluate the results. It was noticed that the fine-tuned
BERTimbau captured distinctions in the texts of the different
categories, showing that the classification model based on the
fine-tuned BERTimbau has a superior performance than the
other explored techniques.

Keywords: Deep Learning, NLP, BERT, BERTimbau,
Transformers,  Word2Vec.

1.  INTRODUCTION

Understanding human language has been one of the greatest
challenges of Artificial Intelligence. The Natural Language
Processing (NLP) area faces big challenges such as the context
understanding, sentiment analysis or figurative language
interpretation. Recently, NLP has been boosted with deep
learning, performing significant advances and transforming the
interaction between humans and machines.

Language models are usually pre-trained to process large sets of
general-scope text and audio data of a given language (also
known as the linguistic corpus), and serve as the general basis
for a diverse range of applications, becoming foundation
models, which are then leveraged for solving problems on
specific tasks through transfer learning. However, training these

foundation models is generally extremely expensive, requiring a
huge computational effort. Recently, the emergence of the
Transformer-based neural network architecture and the attention
mechanism [1] has decreased the required computational
resources to perform such tasks. This has made it feasible to
train foundation models on large volumes of general scope text
and audio data, becoming them the most powerful.

The most part of pre-trained models based on Transformers
publicly available was trained in English language, but there are
some models in other languages, such as Google's Multilingual
BERT, Bidirectional Encoder Representations from
Transformers [2], which encompasses 104 languages including
Portuguese. However, these models are not trained as a big and
representative linguistic corpus of the specific language,
opening a gap in the foundation models construction to other
languages. In this context, in 2020, the NeuralMind company
released a Bert model trained in Brazilian Portuguese named
BERTimbau [3]. This initiative opened new possibilities for
research in the field of NLP in Portuguese.

One of the main reasons to use BERT is due to the fact that its
self-attention mechanism can learn the semantic relationship
between words. Also, the model does not process the words
input in sequence, opposed to models based in Recurrent Neural
Networks (RNN). Furthermore, this model is based on
unsupervised learning, which means that they are trained on a
corpus with unlabeled data. Thus, this study compares different
types of NLP techniques to a specific task of classification in
text categories of news written in Brazilian Portuguese from the
regional newspaper “A Tribuna” from Vitória/ES, and proposes
a methodology for Brazilian Portuguese text classification using
BERTimbau as a base, then specializing it as for this case study.
News classification tasks become costly when we handle large
amounts of data with different textual structures and contexts.

The methodology to the classification demonstrated in this
paper was performed through a Machine Learning model fed by
numerical vectors that represent the words, named word
embeddings (WE) [4]. The experiment also did a comparative
study between the WE made from BERTimbau and those made
from an older but widely used NLP technique called Word2Vec
[5]. This paper is organized as follows: Section 1 presents the
Introduction. Section 2 presents Theoretical Reference. Section

Transformers for Brazilian Portuguese
Text Classification of News Using Deep Learning and Natural Language Processing Models Based on
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3 presents the Methodology. Section 4 presents the Results and
Discussion and finally Section 5 presents the Conclusion.

2.  THEORETICAL REFERENCE

One of the biggest challenges in NLP is training language
models on large linguistic corpora. Before the advent of WE, a
widely used technique was Bag of Words (BoW). It transforms
the analyzed corpus into a sparse matrix. The rows of this
matrix represent the number of documents to be analyzed, and
the columns represent the presence or absence of a given token
(word) in the document. A similar technique, used in this study
as a baseline, is TF-IDF (Term-Frequency - Inverse Document
Frequency). It calculates the frequency of a term in a document
divided by the inverse of its frequency in all other documents in
the corpus, thus indicating the importance of a word for a
document [6]. BoW and TF-IDF are techniques that fail to
capture context and semantics of words and add drawbacks such
as high sparsity of word representations, since the size of each
vector is equal to the number of distinct words in the corpus, but
they carry very little relevant information.

In 2011, the first techniques for building word representation in
a dense vector space, the WE [4] , appeared. The generation of a
WE considers words that are close to the target word, in order to
capture the context and semantics. In this way, representations
of similar words occupy dense and close vector spaces, and
therefore, it becomes possible to calculate the degree of
similarity of words through similarity analysis techniques, such
as cosine similarity [7]. In 2013, Google presented the
unsupervised learning technique Word2Vec [5]. For the WE
generation, Word2Vec has the CBOW (Continuous Bag of
Word) and Skip-gram approaches. CBOW aims to predict a
target word from a number of context words, located before and
after that word. The number of words is defined in the "window
size". Skip-gram, on the other hand, tries to predict a number of
context words from an input target word. The CBOW technique
has the advantage of being simpler and its training time is
shorter than Skip-gram. In addition, the first technique captures
syntactic relations between words better than the latter.
However, the Skip-gram technique can better capture semantic
relationships between words [3]. An example of a learned
relationship between WEs is realized by subtracting two vectors
and adding another WE to the result. For example, Paris -
France + Italy = Rome. [5].

Word2Vec builds context-free WE, that is, every word in your
vocabulary is represented by the same dense vector regardless
of what a word means in a given sentence. So its biggest
drawback is that it cannot differentiate words that are
homographs. Another weakness is that the Word2Vec-based
model cannot create WE from words that are not present in its
vocabulary. WE were commonly used as embedding layers in
RNNs such as LSTM and GRU, which require higher
computational power to train. Because of their intrinsically
recurrent architecture, they cannot be trained in parallel, which
reduces the gains in training these networks on supercomputers.

At that same time, the concept of attention mechanism [1] and
the "Sequence-to-Sequence" approach for solving some
problems, such as translation between languages, surged. In
2018, BERT emerged as a model based on the neural network
architecture called Transformers, which promoted a major
revolution in the field of NLP. The Transformer has an

Encoder-Decoder architecture. The model receives as input a
sequence of words, which will be encoded in WE, and later they
will be decoded in words as outputs, for a given NLP task (e.g.
text translation). The original proposed architecture is composed
of a stack of six encoders and six decoders that are identical, but
do not share the same weights. Each encoder has a MultiHead
Self-Attection layer, and a feed-forward neural network. The
Positional Encoding is present at the input of the model, being
responsible for assigning the position of each word in a
sentence, thus preserving the order of the words.

The Self-Attention layer is responsible for generating a WE for
each word. The WE of a word is based on the weighted sum of
all the other words in the sequence, where those that are
important to the target word will receive greater importance.
The idea of this mechanism is to signal that the meaning of the
target word can be better explained by looking at the other
words in the sequence, storing contextual information in each
representation. The feed-forward takes as input the output
produced by the attention mechanism and sends it to the next
encoder. The structure of the decoder is similar to the encoder
structure, but with the addition of an intermediate attention layer
that signals the decoder to "pay attention" to the most relevant
words in the sentence. Despite the existence of other
predecessor models based on Transformers, BERT was the first
to capture the context to the left and right of the target word in a
bidirectional way. This makes it easier for the model to find
relationships among words.

This new WE building process, unlike RNN architectures, does
not depend on the sequence of the words. So multiple sentences
can be processed in parallel. Such independence made it
possible to train these models on large corpora, making these
models very powerful. As a consequence, we are now able to
work with these large pre-trained models taking advantage of
transfer learning in any NLP task. Regarding BERT, this model
has a stack of twelve encoders and twelve attention mechanisms
for the Base version and 24 encoders and 16 attention
mechanisms for the Large version. The feed-forward layers are
768 for BERT-Base and 1024 for BERT-Large. In addition, they
have 110 and 355 million parameters, respectively. BERT was
trained on Wikipedia and the Book Corpus [2]. BERTimbau is
the first BERT model that was trained on the Brazilian
Portuguese BrWaC (Brazilian Web as Corpus) [3]. Its
pre-trained model has Large and Base versions.

3.  METHODOLOGY

The study was implemented following the steps illustrated in
Figure 1. It was developed with the Python programming
language (version 3.7.11). The K-means algorithm from Scikit
Learn was used to plot the clusters. WE for Word2Vec were
built with the open source library Gensim (version 3.6.0). In the
fine-tuning step of BERT, the pre-trained BERTimbau model
from the BERT-base version was used. The open source
PyTorch library was used for GPU usage. BERTimbau was
manipulated with the Transformers Hugging Face library
(version 4.9.0), from the open-source community of pre-trained
Deep Learning models called “Hugging Face” [8]. The model
used for news classification was the XGBClassifier, from the
XGBoost library (version 0.90), which uses the Gradient
Boosting technique.
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The data analysis was performed on a collection of news from
the newspaper "A Tribuna", collected between the years 2004
and 2007. The database was labeled according to the newspaper
sections, with a total of 42,123 instances and is distributed in
nineteen unbalanced categories. About 77% of the data is
concentrated in six categories, being “Economy” the largest
category with 6,557 instances and the smallest category,
“Everything to do”, with only 30 instances. In the data
exploration step, it was noticed that most of the texts have
between 100 and 450 words, but there is a significant amount of
texts with 500 to 1000 words. The average is 485 words, with
the smallest text containing 14 words and the longest 5,523
words.

In order to group the news in more general categories, the first
step was to generate word clouds for each category to know the
most cited words and try to extract some information about the
subject and context of the existing categories. Before the clouds
were generated, the text was cleaned by removing very frequent
words, HTML tags, numbers, accentuation, punctuation,
prepositions and articles. By observing the word clouds, it was
possible to clearly identify the subject matter in some classes,
while the distinction was not so clear in others.

To reduce the unbalance of the dataset and facilitate the
regrouping process of the minority categories, the k-means and
TF-IDF techniques were used in order to identify whether such
categories could be incorporated into the larger ones or simply
be discarded. The definition of the initial number of clusters
was based on the elbow method using the inertia metric,
resulting in six clusters. An aspect also taken into consideration
was the fact that almost 80% of the instances were distributed in
only six of the nineteen existing categories. After the clusters
were defined, heat maps were plotted which indicated the
similarity of the various categories with the six major clusters.
Some minority categories that were similar to each other were
merged into a new category. Others were incorporated into
those that were similar and already existed. In this way, the
initial nineteen classes were rearranged into only ten.

The next step was to build WE using Word2Vec with the
CBOW and Skip-gram architectures. The goal was to feed a
classification model, which served as a baseline for comparing
classification results with WE built by Transformers in the
following steps. The Word2Vec model from the Gensim API1

was used to generate the WE of the words. The size of the
output WE vector was 768 to be equivalent to the one built by
BERT, which also produces an embedding of the same size. The
window-size chosen for Skip-gram and CBOW was five words.

After the WE were generated, each news text had the amount of
WE equivalent to the amount of words. Then, the Doc2Vec
method was used to create only one WE per text. For each news
story, a single WE was calculated by averaging the WE derived
from each text. To train the classification model, the doc2vecs
were divided into train and test in the proportion 80% and 20%
respectively. The model chosen to be the baseline was
Word2Vec with CBOW. This architecture was chosen for
having the fastest processing, given the size of the dataset used
in this study.

1 API: Application Programming Interface

Figure 1. Steps of the methodology developed in this study

In order to discover the power of Transformers in capturing the
news context, for this step, the pre-trained BERTimbau Base
model was used. The BERT requires a specific input format to
be fed. Mandatorily, the word sequences must have a fixed size
of 512 words. Using the BERT Tokenizer, words were
transformed into tokens, which represent BERT's vocabulary
words. BERT's Tokenizer transforms subwords into tokens,
enabling BERT to generate a representation of an unknown
word. Then, the average of the WE of each sentence in a
document was calculated to reduce to just one per sentence. To
train the BERT classification model, the doc2vecs were divided
into train and test in the proportion 80% and 20% respectively.

The next step was to perform fine-tuning of BERTimbau, which
is the process of training part of the pre-trained model on a
specific dataset. The BERTimbau (Bert-Base) model fine-tuning
technique chosen was to train all layers of the model with the
masked-language modeling (MLM) strategy. This approach
consists of providing a sentence to the model with some masked
input tokens and the output should be the same complete
sentence. The model's attempts to guess the tokens makes
BERT better understand the usage of the words in a specific
context. Thus, at the end of training, the weights of the layers of
its entire architecture are updated and adjusted according to the
"A Tribuna'' dataset. The indicators and metrics used to analyze
the results were the Accuracy, Weighted Accuracy, Precision,
Recall, F1-Score, Area Under the Curve - Receiver Operating
Characteristic Curve (AUC ROC), and Area Under the Curve
Precision Recall Curve  (AUC PRC).

4.  RESULTS AND DISCUSSION

The overall results obtained in classification are illustrated in
Table 1. Regarding Word2Vec, the best results were obtained
with the Skip-gram approach. The general accuracy obtained
was only 57.8%. The weighted accuracy was 57%. The
precision was 55%.

Figures 2 and 3 illustrate the classification reports for CBOW
and Skip-gram with the metrics Accuracy, Revocation,
F1-Score separated by categories. In Figure 3, where the best
results are displayed, it is possible to highlight “Sports” and
“Tech” as the categories that the model was most accurate with
67%. The “Regional” category obtained the lowest recall result,
with a value of only 19%. The best F1-Score result was also for
“Sports” with 68%. The model performed below 50% in all
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metrics for the “Local News”, “International”, “Opinion” and
“Regional” categories. The AUC PRC result for CBOW and
Skip-Gram was only 53% and 55% respectively. The
“Regional” obtained the curve with the smallest area in both
approaches, highlighting the CBOW that obtained a value of
only 22%. Finally, two plots are shown with the clusters
resulting from the classification using CBOW in Figure 4 and
Skip-gram in Figure 5. In both plots, although it is possible to
see most of the groups they are not clearly separated.

The results achieved with the WE from BERTimbau were
significantly better than those of Word2Vec, according to the
metrics shown in column Original from Table 1.

Table 1. Comparative table of the obtained results
Word2Vec BERTimbau

Architecture CBOW Skip-gram Original Fine-tuned

Accuracy 0.557 0.578 0.811 0.877

W. Accuracy 0.550 0.570 0.810 0.880

Precision 0.531 0.554 0.799 0.873

Recall 0.485 0.511 0.774 0.853

F1-Score 0.496 0.524 0.784 0.862

AUC ROC 0.878 0.889 0.967 0.982

AUC PRC 0.528 0.552 0.830 0.897

Figure 2. Metrics of the classification performed by the model
fed with CBOW WE .

Analyzing the metrics of the original BERTimbau, there was an
increase of about 25 percentage points in the metrics of
accuracy, precision, revocation, and F1-score. In Figure 6, the
metrics by category can be analyzed and it can be seen that the
results are more balanced.

The best F1-score result is for the “Sports” category with 93%
and soon after, for "Style" with 89%.

Figure 3. Metrics of the classification performed by the model
fed with Skip-gram WE.

Figure 4. Resulting clusters from CBOW

Figure 5. Resulting clusters from Skip-gram

Another relevant point was the increase in the PRC AUC that
rose from 55% to 83% demonstrating that BERTimbau was able
to capture the nuances of the different subjects, performing well
in predicting even for minority categories. The K-means output
illustrated in Figure 7 shows a better distinction of the clusters,
however there is still not a good distinction between the
"Regional", "Local News" and "International" clusters.

Figure 6. Metrics of the classification performed by the model
fed with BERTimbau WE

The next step was to perform the BERTimbau fine-tuning.
Perplexity [9] was the metric used to evaluate the fine-tuning of
the model. It tries to show how likely the model is to be
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confused when choosing a word. So the lower the Perplexity,
the better the model. The value obtained at the end of the
BERTimbau training was approximately 4.21. After that, the
trained model was used to generate new WE for another dataset
classification. With the new WE created, a better performance
than the original BERTimbau was obtained. All the results of
the applied metrics had a relevant increase, demonstrating that
the fine-tuned BERTimbau absorbed characteristics of the texts
of database context. Table 1 (fine-tuned column) also shows the
results of the overall metrics obtained.

Figure 7. Resulting clusters from Bertimbau

The accuracy of the model reached approximately 87.7%. The
weighted accuracy was 88%. The precision was approximately
87%, highlighting the 95% precision achieved for “Sports”
(Figure 8). Another interesting result was the 82% precision for
the “Regional” category, a considerable improvement over the
65% result obtained by the original BERTimbau. The highest
recall was also for the “Sports” and the lowest was 68% for the
"Regional" category. As in the original BERTimbau, the best
F1-Score result was from the “Sports”. There was an
improvement over the predecessor from 93% to 96%. The ROC
curve increased from 97% to 98%. The AUC of all categories
obtained a percentage greater than 97%. The “Sports” category
obtained an AUC of 100%. The AUC PRC obtained a value of
89.7%. The categories with the smallest area were “Opinion”
with 79% and “Regional” with 80%. The “Regional” category
AUC PRC was only 56% using the original BERTimbau.

The plot shown in Figure 9, clearly demonstrates the ten
clusters defined, and it is evident how much better the
fine-tuned BERTimbau model performed compared to the other
models developed in this study. When observing the obtained
results, it can be seen that the percentages achieved with the
techniques that used BERTimbau were considerably higher. The
main reason for this is because the WE built by BERT are able
to capture the context of words, unlike the WE built with
Word2Vec, which result in context-free representations of
words. This difference is evidenced when analyzing the results
of the PRC curves for each category of news. The results for
Word2Vec show curve areas below 50%, indicating the underfit
of the model predictions for the minority categories.

Figure 8. Metrics of the classification performed by the model
fed with fine tuned BERTimbau WE

Figure 9. Resulting clusters from fine-tuned Bertimbau

Proceeding with the analysis of the results, it is perceived that
when the fine-tuning of BERTimbau was performed, the model
specialized itself in the language of the explored dataset. Such
circumstance is evidenced in the PRC curve of the "Regional"
category. In the original BERTimbau model, its area was 56%.
With the fine-tuned BERTimbau, its result increases to 80%.
Overall, after the fine-tuning, there was a significant
improvement in the classification for all categories.

5.  CONCLUSIONS

By performing the comparative study of WE building
techniques, it is evident that the dense vector-based
representations of words generated by the models based on the
Transformers architecture are far superior in relation to their
predecessors. The representations generated through the classic
Bag of Words (BOW) technique, besides not capturing context,
have the problem of the high dimensionality of the vectors
defined by the size of the vocabulary, making the training
computationally costly for large corpora. Word2Vec generates a
WE for each word in your vocabulary. This feature makes this
representation context-free . However, trying to reduce all the
contexts of a word into a single vector representation did not
prove to be a very efficient method. This limitation was
perceived when analyzing the results. It was noticed that the
model confused categories such as "Politics" and "Economy"
whose contexts are distinct but share a similar vocabulary.
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BERT, on the other hand, generates numerous representations of
each word, depending on the context in which it is presented.
This makes its WE context-dependent, so it is possible to
capture the semantic nuances of different texts. When applying
the original BERTimbau, a considerable improvement in the
performance of the news classification task was noticed. After
fine-tuning, there is an increase in the classification
performance, especially when analyzing the result of the PRC
curves for each category. During the fine-tuning process, a
difficulty encountered was related to the fine-tuned BERTimbau
Tokenizer. The token building time of the new words coming
from "A Tribuna '' dataset was much higher than the building
time of a token from the main vocabulary. So, it became
necessary to use the original BERTimbau Tokenizer to generate
the new tokens. For future comparative studies, it is suggested
to improve the Doc2Vec generation technique in order to choose
the one that best preserves the news features. Another
interesting suggestion is to use the BERTimbau-large version
and other models based on Transformers architecture.
Explainable AI can also be applied to better understand the
performance of attention mechanisms.

Transformer-based language models have taken NLP to a level
of excellence when it comes to human language interpretation.
Several advances have been noticed in information seeking,
speech recognition, Text-to-Speech and dialog systems. Models
like BERT and its successors, such as RoBERTa [10] and GPT-3
[11] and its predecessors, GPT-1 and GPT-2, from Open AI, are
being used by industry, commerce, health care, justice, but little
has been produced for the Portuguese language. One of the
main reasons is the little investment to build these models using
large datasets in Portuguese.

The creation and specialization of language models for
Portuguese, such as the fine-tuned BERTimbau, has captured
language regionalisms, increasing its vocabulary and improving
the classification of news. Journalists may benefit when they
need to categorize their large collections into more general
subjects. They may also have greater support in searching for
topics of interest to them, better filtering the huge amount of
unstructured information they are exposed to. The model can
also be used to improve recommendation systems according to
the type of information consumed by readers. It could also
improve aggregation systems, by collecting several different
textual sources, linking news by similar contexts. Finally,
beyond the famous virtual assistants, Transformers-based
models can contribute a lot to the improvement of people's daily
lives.
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ABSTRACT 

 

Performance management System (PMS) is a systematic 

approach that bring into line structures, stages, processes, and 

procedures through a series of establishment activities to assure 

quality and progress toward organizational goals which enable an 

organisation to work systematically and to track the connection 

between outcomes. PMS has its origins in three main theories: 

goal-setting; public-choice; and expectancy theory. These 

theories contribute to the understanding of employees motives to 

perform according to the required standards. However, the 

models introduced for PMs has three common features: they are 

focusing on the process, emphasizes on quantitative measures 

and address the evaluator/ organisation point of view. This can 

justify why employees complains about PMS.  Through a 

qualitative study in several Egyptian companies, this paper 

introduces a model for PMS from the perspective of performers 

and discussing the integration between quantitative and 

qualitative performance measures. The introduced model has 

three clear stages: Agreement on objectives, Feedback and 

Agreement on appraisal. 

 

 This study, though with some limitations in term of response and 

scope of study has served the purpose of initiating research on 

considering the other side of the performance equation which is 

the performer, which can be used as a basis for further study and 

benefit to the management of organizations in the service 

industry. The study offers theoretical and practical 

recommendation and suggests further research areas related to 

performance measurement practices and measures. This would 

enable managers to focus on the issues that positively influence 

both individual and organizational performance. 

 

Keywords: PMS, Systematic, Model, Practices, Agreement, 

objectives, AFA model, Feedback and appraisal. 

 

 

1.  INTRODUCTION 

 

In a number of operational, market, and human resources 

applications, organisations are increasingly seeking to develop, 

inspire, and improve the performance of their people to improve 

the organisation’s performance (Güngör, 2011). It has been noted 

that when it comes to performance, as a productive and efficient 

employee, is highly related to organisational performance. The 

individual's performance will have a beneficial impact on the 

organization's performance. According to (Lynn & Akgün, 

2001), organisational performance criteria should encompass not 

only staff morale, profitability, marketing effectiveness, and 

customer satisfaction are all important factors to consider, but 

also the output of employees. 

Efficiency and effectiveness have become two crucial phrases in 

the management of every organisation. Human capital in modern 

enterprises is expected to perform at the highest level possible. 

To get the most out of employees, a company must implement 

procedures that increase employee engagement, organisational 

performance, and individual performance (Hervie, Illés& Dunay 

2021). Organizations must rethink how they hire, train, and 

reward their employees in order to organize efficiently; as a 

result, people may be encouraged to be competitive. During an 

employee's working life, performance assessment is a vital tool 

for aligning employee behaviour with company goals, objectives, 

and expectations. Performance assessment accomplishes its 

goals by defining work tasks and expectations, establishing clear 

goals, and giving data to support human resource choices such as 

promotions, reorganizations, and talent management. 

 

However, despite the benefits of performance measurement, 

effective performance management is fraught with difficulties 

(Lawrie , Marshall , & Cobbold, 2004) . Due to a fear of straining 

working relationships with crucial people beneath them, 

management frequently fails to provide honest and genuine 

developmental feedback to employees. These essential people 

are frequently the persons on whom management relies to meet 

their work deadlines (Cardy & Dobbins, 2004). Employees, on 

the other hand, believe that their bosses are useless in discussing 

their performance and assisting them in developing their work 

skills. Some employees may also be unaware of the significance 

of performance feedback and how it influences their future career 

chances (Idemobi & Onyeizugbe, 2011). The purpose of this 

research is to examine and investigate the influence of a 

performance management system on employees. 

 

Statement of the Problem 

As a result, employee performance management (PMS) on the 

individual level, organisations will results of a good 

performance. Since different methods for managing and 

arranging employees' labor could lead to better employee 

performance and, in turn, better organisational performance. 

(Neumark & Cappelli, 1999).  Performance management 

techniques have gotten more sophisticated, differentiated, and 

revolutionized over time. As a result, several alternative 

measurement systems have been developed, including: 

Performance Contracting, Balanced Scorecard, Business 

Excellence Model, Key Performance Indicators (Meng & 

Minogue, 2011). 

 

The need to completely integrate the human element is at the 

heart of all alternative performance management and 

measurement approaches, overcoming the limits of previous 

practices such as limiting employee power and decision-making 

autonomy, and incorporating psychological and social demands 

of employees. (Neumark & Cappelli, 1999) 
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This paper will present clear steps in managing the performance 

of individual within the organisation. 

Research Objectives.  

•To determine the practical process of Performance 

Management system PMS 

•To establish the level of employee productivity based on 

systematic process. 

•To introduce the theoretical practical framework to the 

literature.   

 

 

2.  LITERATURE REVIEW 

 

Performance management system (PMS) is concerned with the 

management of individual’s performance. Performance can be 

defined as the way in which companies, groups, and individuals 

carry out their tasks (Armstrong, 2014). Another wider view on 

performance, presented by Brumbach, that, performance is 

encompasses both behaviour and outcome; behaviors emanate 

from the performer and transform performance from thinking to 

action. (Brumbach, 1988). According to Ingram and McDonnell 

in (1996), performance is defined as the result of attaining 

organisational goals as a scale of success. 

 

PMS is a strategic and organisational strategy to describing, 

evaluating, executing, and continuously improving 

organisational performance. It consists of approaches, 

frameworks, and indicators that help organisations formulate 

their strategies and allow employees to obtain strategic insight, 

allowing them to confront strategic assumptions, improve 

strategic thinking, and inform strategic decision-making and 

learning (Marr, 2006). It is viewed as an integrated process in 

which managers work with their employees to set expectations, 

monitor and review results, and reward performance in order to 

increase employee performance and, in turn, favorably impact 

organisational success (Mondy,Noe,& Premeaux , 2002). Simon 

defined PMS as "the formal, information-based processes and 

procedures used by managers to sustain or change patterns." 

(Simons, 2000). 

 

Literature has highlighted several main characteristics for 

designing effective PMS including: the alignment with 

organizational goals and objectives; supporting the 

organization’s overall direction; effective performance tools and 

processes and finally being accepted by concerned parts 

(Caixote, Mothusi, & Molokwane, 2020). Scholars has used four 

theories in their efforts to explain the mechanizes of PMS, these 

theories are goal-setting, public-choices, expectancy and equity 

theory. The first three theories were used to explain the logic 

guiding the design on the systems whereas expectancy and  

equity theories are used to explains students reaction to 

PMS(Caixote, Mothusi, & Molokwane, 2020). On the other 

hand, Balance Scorecards, KPIs and Business Excellence Model 

(BEM) were introduced as models for performance management. 

These models address the organizational level for performance 

management not the individual level (Meng & Minogue, 2011). 

Literature devoted great efforts to study PMS in different 

contexts including governmental, private and public 

organizations (Sole, 2009; Bento & White, 2006; Mwita, 2000) 

Parthiban & Goh, 2011) in both developed and developing 

countries  (Caixote, Mothusi, & Molokwane, 2020), however, 

very few attempts were made to integrate the individuals in the 

PMS models. For example, Goncharuk and Monat to conjoining 

internal benchmarking, external benchmarking, and a strong 

employee performance /behavior paradigm (Goncharuk & 

Monat, 2009). Another attempt was made by Buchner who tried 

to consider the performer perspective but with an HRD lens 

(Buchner, 2007). 

 

In this paper we investigate PMs from three perspectives: 

employees’ perspective; managers’ perspective and HR staff 

perspective.  Using qualitative approach, a PMS model is 

introduced with a discussion of the three perspectives. 

 

 

3.  METHODLOGY 

 

Research design: 

This study used a qualitative method of research design.   

Qualitative approach and study group. The main criteria in 

identifying the 50 participant employees with HR staff and 

managers included both female and male in the Egyptian 

companies and universities applying PMS. The majority of the 

sample were also selected randomly. The participants were meet 

in groups and individually. The AFA model of Performance 

Management System (PMS) was draw based on the feedback 

from groups and individuals. The researcher shows the 

participants the diagram the companies agreed about it and 

confirmed these are the correct steps take place in the PMS, and 

they were asked to identify the main dimensions from their 

perspective. Table 1 shows the sample chosen for this study and 

Table 2 shows the elements and process. 

Sample selected: 

 

Sample selected: 

 

Table (1) the sample group categories  
 

Category Mangers HR Employees 

Number 10 10 30 

 

       Table (2) the sample group and individuals 
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4.  SUGGESTED AFA MODEL 

 

AFA model of Performance Management System (PMS) 

from management point of view (10 Managers): 

Diagram (1) AFA model of PMS 

As diagram (1) shows above the suggested AFA Model 

presenting in this study is presenting three clear stages are 

Agreement on objectives, Feedback and Agreement on appraisal 

based on the manager and HR representative point of view, 

 

Agreement on objectives (A Level): Agreement on Objectives (A 

level) Performance Planning is accomplished by a process of 

conversation between the executive (direct manager or 

supervisor) and the employees to arrive at the Key Performance 

Areas (A level) (KPAs). It includes of: (1) Defining expectations, 

i.e. the work that needs to be done and the outcomes that need to 

be reached. (2) Setting "Measures" and "Targets," as well as 

prioritizing and weighing the importance of the desired 

outcomes. (3) Identifying and distributing adequate resources to 

enable the achievement of the objectives. (4) agree on the 

individual's improvement feedback plans and development 

needs. 

 

KPI identification: When developing work objectives and 

measures, be sure that: o Goals, Targets, and Objectives are 

SMART (Specific, Measurable, Agreed, Realistic and Time 

bound). The executive has a lot of control on the outcome. o 

Measures are linked to outcomes. Measurement data is available. 

 

After sufficient discussion between the redeployee and the line 

manager/ supervisor, an agreement on mutually agreeable and 

achievable performance targets is reached; it is based on a 

draught MOU that is cascaded from Top to Bottom and uploaded 

on the organisation network by HR before the start of planning 

for the relevant year; it is the responsibility of the HOD to ensure 

that KPAs identified have sufficient "stretch targets" cascaded 

down to achieve individual / team goals; it is the responsibility  

of the HOD to ensure that KPAs identified 

Feedback (F Level):  

 

Continuous feedback is a regular channel of communication 

between management (perhaps the immediate supervisor) and 

employees for the purpose of providing and receiving employee 

performance inputs. The purposes of the feedback are to improve 

the performance in a line with the objectives and to develop an 

individual feedback. 

 

PMS provides the opportunity to capture the developmental 

needs of the executive in the Individual Development Plan (IDP). 

To pursue the objective of development of executives, the 

emphasis is on 3Es are: Education includes (Training courses, 

Reading, Participation in Professional Circle, Business Minds, 

etc.); Experience includes (Job Rotation & Action Learning 

Project): Exposure (Membership of Professional Networks, 

Representation in various Committees). 

 

The prior year's performance serves as the foundation for 

determining the manger/ supervisor training and development 

needs for their employees and theme self. The identified 

development needs should assist the manger/ supervisor in 

delivering rapid results. At the start of the evaluation year, the 

manager/supervisor and employee must agree on an individual 

training and development plan. 

 

Continuous Conversation feedback: Performance management is 

a continuous process, not an event. Continuous Conversation 

feedback reviews were implemented to encourage real-time 

performance feedback and two-way communication between 

managers and employees, as well as to promote transparency 

through continuous performance feedback. Feedback from 
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ongoing conversations is beneficial in the following ways: (2) 

Continuous discussion and feedback on progress (2) Timely 

reinforcement of good performance (3) Updating the status of 

targets, i.e. progress review (4) Identifying areas for "mid-

course" correction (5) Reviewing KPAs and goals, if necessary 

(6) Assessing resource and skill requirements affecting the 

individual's performance (7) Providing early warnings of non-

performance, i.e. avoiding year end surprises (8) Giving prompt 

praise and comments on performance Both the Executive and 

Reporting Officers can use the PMS form to start Continuous 

Review throughout the year. 

 

Agreement on appraisal (Annual assessment) (A Level) 

The goals of annual evaluation are to: (1) discuss and evaluate 

performance in relation to agreed-upon goals. (2) Agree on the 

individual's improvement plans and development needs. 

 

AFA model of Performance Management System (PMS) 

from employees point of view (30 employees): 

 

Based on meeting two groups from different firms and 

organisations give the authors of this study two different point of 

view: 

 

Group 1 (15 employees from CSOs) 

The study targeted 15 employees located in the three CSOs 

reported their feedback based on five components are: 

 Strategic planning: Performance management 

assessments are used in many long-term workforce 

planning models to assess the "quality" of the 

workforce and whether the firm is attracting and 

retaining skilled individuals.in the CSO this is applying 

on the lone term programme up to 5years, however 

with long term project between 6-24months it takes the 

project management cycle performance that applying 

management by result or objectives. 

 

This affect to attract more funds and open more project in needed 

areas for the CSO and community they serve.so normally 

objective set derive the projects and programme rather than 

organisations objectives to be accepted by the diners. 

 Compensation and Reward. Most firms base pay-for-

performance compensation practices on performance 

data, whereas CSOs do not. 

 Individual and team development plan. An individual 

development plan (IDP) is frequently utilized as a last 

documented step in the performance evaluation 

process to aid employees in goal setting and individual 

development that would serve to enhance their career 

and promotional chance. The IDP helps us to design 

our annual CSO training and development plan 

 Succession planning. Performance data over time are 

vital inputs for long-term planning for future 

organizational leadership, that not apply for CSO as 

their planning based on receiving a fund and according 

to donor’s strategic planning fitting the CSOs. 

However good performance in previous projects and 

programs supporting the CSOs in gaining more fund 

from international donors. 

 HR technology systems. Many firms utilize software to 

manage the processes of goal-setting, performance 

evaluation, and performance improvement programs. 

The 5 CSOs reported that they have imbedding system 

for PMS, however it is not reflected on the payment, 

but we used it to support our proposal to gain fund.  

Group 2 (15 employees from companies allocated in Egypt): 

All employees agreed that the PMS is an electronic system in the 

company, on company internal network. 

 

The study targeted 10 employees located in the three CSOs 

reported their feedback based on three components are: 

 

Component one: goal setting 

Goal setting is the process of determining short-term and long-

term objectives. It is the performance criteria against which an 

employee will be judged. Individual employee performance 

goals should ideally match with company and department 

objectives. The following are examples of shared aims for each 

department: Job objectives; project objectives; behavioral 

objectives. In addition to focusing on a few main goals per year, 

all of our objectives should be SMART. 

 

Finally, our objectives should be effective and participatory. To 

ensure comprehension and commitment, both the manager and 

the person should be involved in the establishment of goals. 

Goals should be documented, available for inspection, and 

acknowledged on a regular basis. Goals must be adaptable. 

 

Component two: performance review 

the employees in the companies confirmed that, the practice of 

evaluating an employee's progress toward goals is called a 

performance review. all employees' strengths and shortcomings 

are recorded on a regular basis so that the organisation may make 

educated and accurate decisions about their contributions, career 

growth, training needs, promotions, pay increases, and other 

matters. the quantitative and subjective considerations of how to 

measure and evaluate employee performance results are part of 

performance review and evaluation. 

 

Component three: performance improvement plans 

Employees who are new to a role or are unclear about 

performance expectations can use an individual development 

plan (IDP), as can employees who consistently fail to meet 

performance expectations and whose performance may 

necessitate the start of a progressive discipline process regarding 

the performance level. 

 

The process's guiding document is crucial because it facilitates 

performance conversations, captures areas of concern and 

solutions, and acts as legal and decision-making documentation. 

The IDP will differ depending on the company, however it should 

include the following elements 

 

 

5.  DISCUSSIONAND CONCLUSION  

 

The present study resulted in the empirical validation of the PMS 

from a practical level. In this part will discuss and conclude the 

main findings on the practical level of the module. 

 

Although the AFA module take place in many companies and 

CSOs working nationally and internationally, however still some 

errors and not as planned application take place or in other part 

some part are applying while the other are not. 

 

In the following we will present a three main area for discussion 

commons of the PMS, errors and recommendations 
 

The most commons were presented in this study by the sample 

main about performance review systems: There are several 
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different types of PMS in use. Each system has advantages and 

disadvantages. It is important employees and manager provide 

with a clear definition of each level of performance must be 

supplied regardless of the style or format of the chosen method 

for reviewing an employee's behavioral and job standards. To 

help raters evaluate an employee, samples of behaviour, skills, 

measures, and other performance factors should be presented.  

 

Ranking. Employees in a given group are ranked from top to 

lowest in order of performance in ranking systems. The main 

disadvantage is that quantifying individual performance 

differences is challenging and may require making extremely 

small if not meaningless—differences and identified with 

description in each rank. For example, the difficulty of tasks is 

different from job to other job. 

 

Forced distribution. Employee ratings are distributed along a bell 

curve, with the supervisor awarding a specific percentage of the 

ratings within the group to each performance level on the scale. 

Supervisors may be obliged to include some employees at either 

extreme of the scale when they would otherwise position them 

somewhere in the middle if the actual distribution of employee 

performance does not follow a bell curve.  

 

360-degree feedback. This method gathers information regarding 

an employee's work-related behaviour and its impact from the 

employee's supervisor, coworkers, and subordinates. This 

method of evaluation is commonly used for staff development. 

This form of appraisal is widely favored for employee 

development purposes. The majority of companies’ study 

targeted using this method for mangers only, however it is a 

matter of complements rather than reality.  

 

Competency-based. Performance is judged against specified 

skills (rather than specific tasks or behaviour) that are identified 

for each position in this type of system. 

 

Management by objectives. Management by objectives (MBO) is 

a collaborative process in which the organization's, various 

departments', and individual members' goals are created. 

Employees are evaluated on a yearly basis based on how 

successfully they met the goals' objectives. No routine 

occupations, such as those of managers, project leaders, and 

individual contributors, are particularly well-suited to MBO.  

 

Behaviorally anchored rating scales. BARSs are behaviorally 

anchored rating scales that aim to evaluate employee behaviour 

rather than individual traits. The assessment tool usually includes 

a set of specified actions that indicate different levels of 

performance and are used as "anchors" for ranking individuals on 

various job dimensions. Because it is based on detailed job 

analysis and the collection of significant occurrences for each 

specific job, developing a BARS assessment tool takes time and 

money. 

 

A number of frequent rater errors exist, regardless of the review 

mechanism employed. HR should lead the charge in training 

managers to recognize and mitigate their impact on the system. 

Typical blunders include: 

 

Lack of differentiation. Because raters are generally hesitant to 

cast judgement or lack the confidence to defend their evaluations, 

they may give everyone the same rating. This attitude can be 

lenient (everyone receives great ratings), severe (everyone 

receives negative ratings), or a general feeling that everyone is 

doing OK (and everyone gets rated in the middle). Poor training 

or a failure of an organisation to clear that performance-based 

judgments are an important component of the managerial 

function can often be blamed for a lack of willingness to 

discriminate.  

 

Recent effect. When managers fail to measure performance, 

provide feedback, and document results on a regular basis, they 

frequently forget about the earlier portion of the performance 

period. As a result, they place an excessive emphasis on recent 

occurrences. 

 

Halo/horns effect. When an employee is highly skilled or inept 

in one area, and the supervisor grades the person accordingly 

high or poor in all areas, the "halo" and "horns" effects ensue. 

 

Personal bias/favoritism. Some supervisors may let their 

personal sentiments towards employees or their impressions of 

them influence the performance evaluation process.  

 

Inaccurate information/preparation. Managers frequently fail to 

obtain essential information about an employee's actual 

performance from those who deal with the employee most 

closely, resulting in an incorrect appraisal. 

 

Many of the problems usually associated with performance 

management systems, as stated by employees, are identical to 

those that plague any other organisational project, but with far 

more serious repercussions. 

 

Lack of support from top management: If senior management 

does not communicate to managers and supervisors that 

assessing employee performance is a good use of their time, they 

are more likely to either fail to dedicate the time or merely fill 

out the forms without engaging in the essential dialogues with 

their employees. Managers and employees will remain 

unconvinced of the process's worth unless senior management 

actively engages in it and takes major responsibility for it. 

 

Time-consuming process Perception "busy environment": 

Managers will regard the process as "busywork" of little value 

and a waste of time unless there is an organisational commitment 

to it and a clear knowledge of how it contributes strategically to 

the organization's effective performance, and as it is linked to 

annual raise it is considered as time consuming from both 

managers and employees.  

 

Lack of communicate clear and specific goals and expectations: 

For an employee to be able to carry out an agreed-upon aim, a 

manager's exact expectations must be clear. Goals can focus 

attention, improve persistence, and inspire the creation of 

methods or plans to achieve them. Clarifying and discussing the 

performance targets for the following year is a good use of a 

manager's time because it prevents misunderstandings and 

surprises. Follow-up communications can be used to remind staff 

about their progress and to reinforce certain goals. 

 

Lack of consistency: Some managers are seen as "tough" and 

others as "easy" in most workplaces. Because of this discrepancy, 

various groups of employees may receive different 

interpretations of an organization's performance evaluation scale. 

As a result, HR should train managers on how to use the rating 

system to avoid inconsistencies, some manger doesn’t have IT 

skills to use the system electronically, also they should to be 

trained. Despite training and good intentions, there will nearly 
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always be discrepancies in the interpretation and use of the rating 

system. As a result, some companies within the same industry 

use greater levels of evaluation to calibrate ratings across a 

broader number of people, or even the entire workforce. 

 

Based on the comes, error and problems presented above some 

quick recommendations will be presented during conducting the 

AFA module given by this study are: 

• A constant and timely feedback procedure during the 

evaluation period so that employees know how they are 

doing and what is expected of them. 

• A conversation in which performance feedback is 

compared to clear and explicit goals and expectations 

stated at the start of the performance management 

cycle. 

• A method for the manager and the employee to 

acknowledge the results of the performance review 

procedure in writing. 

• At least once a year, a two-way individual chat 

between the management and the employee (ideally 

face-to-face). 

• Linking Linkage to other HRM systems, the 

importance of the relationship and alignment between 

the PA process, which forms the basis of most PM 

systems, and the HRM system has been well 

documented (Travor, 2019) 

 
Finally, our research leads us to various conclusions. First, our 

scoping study suggests that research in the field of PM is 

disproportionately divided among aspects of the process, with 

PA factors like format and psychometric qualities being 

investigated more frequently than concerns like feedback and 

goal alignment. Second, we can see that the field is still focusing 

on the narrower field of PA rather than the broader field of PM. 

While the restricted topic of PA, which focuses heavily on 

employee appraisal, may be more suited to HRM and 

psychology, the broader field of PM is well connected with HRD 

for the reasons we outlined in our introduction. In fact, we agree 

with Werner (2014) that PM could be beneficial. 

 

We believe that this paper, which includes a scoping review of 

the literature as well as the identification of research needs, will 

serve as a springboard for future HRD research. 
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ABSTRACT 

The use of mobile technologies is increasingly relevant inside 

and outside the school environment because their role in the 

teaching-learning process and the communicative possibilities 

they offer, especially in times of pandemics. However, it is 

essential to study the socio-affective implications of mobile 

technology during social interactions. Considering this 

framework, how can mobile technology dialogue with social 

interaction rituals in a school context? This article proposes an 

interdisciplinary view of the problem, based on the postulates of 

symbolic interactionism, the theory of natural pedagogy, the 

theory of relevance, and Collins' model of social interaction 

rituals. Based on the review, it can be pointed out that social and 

cultural changes that imply new socialization processes may 

reduce the intensity, naturalness, and effectiveness of interaction 

rituals, which could mean the modification or attenuation of the 

effects of such encounters; however, it is not possible to conclude 

on this matter, since it is a subject under development. Finally, it 

is proposed to approach it from an interdisciplinary perspective, 

and promote strategies for its use in schools, not only from an 

educational perspective but also from the point of view of the 

socio-affective development of children and adolescents.   

Keywords: social interaction, mobile technology, interaction 

rituals, socio-affective development. 

1. INTRODUCTION 

The use of Information and Communication Technologies (ICT) 

is becoming increasingly relevant, both inside and outside the 

school environment, due, among other factors, to their role in the 

teaching-learning process and the communicative possibilities 

they offer in times of pandemic and confinement [1]. Given this 

scenario, educational policy has placed special emphasis on 

providing pedagogical tools and proposals that allow students to 

develop digital competencies and encourage their use and 

incorporation in the school context [2]. However, the 

implications in the socio-affective sphere of the presence of 

mobile technology, particularly smartphones, during social 

interactions, is an issue that has not yet been addressed 

significantly by educational policies. Given this scenario, the 

authors of this paper are interested in delving deeper into the 

subject by addressing in an interdisciplinary way different views, 

regarding social interactions and the possible implications in the 

socio-affective development resulting from the presence of 

mobile technology in social interaction rituals. 

Indeed, the use of mobile devices such as smartphones in the 

school context has become a subject of study in different 

disciplines, among which Educational Informatics stands out, 

which mainly addresses the advantages of the educational use of 

ICT and the didactic variations that characterize its application 

[3,4 5,6,7]. However, because of the transversality of the 

phenomenon in the Digital Age, its study has expanded from the 

educational to other currents of the Social Sciences: 

Anthropology, Sociology, and Psychology advancing "in new 

conceptualizations about the subject, identity, communities, 

environments and contemporary networks"[8]. 

The Digital Age or Digital Phase [9] is characterized by major 

cultural changes associated with the presence of ICTs, which can 

be observed in the way individuals relate, communicate, and 

interact. Levy [10] attributes these changes to the transforming 

conditions brought about by these technologies, both in 

individuals and in societies, which makes it impossible to 

understand them separately from society and culture.  

Concerning these changes referred to the way of interacting, 

mediated by ICT and by mobile technology, it can be pointed out 

that they are founded on the intrinsic characteristics of this digital 

phase: "virtuality, connectivity, hypertextuality, interactivity, 

transparency, globality, convergence, immersion, random access, 

mobility, ubiquity and real-time" [11].   

For that matter, social interaction, labor relations, information 

transmission, and knowledge acquisition, have undergone a 

change that forces us to question whether the paradigms that 

previously collaborated in the understanding of social approaches 

are still relevant [12], even more so in the context of the pandemic 

in which society currently finds itself, which has forced to make 

effective use of technologies to maintain communication with 

others, continue with educational processes and, at the same time, 

ensure the social distancing that the health authority 

recommends.  

Before this scenario, the study of social interactions and, in 

particular, of interactions mediated by technologies or social 

networks, whether in daily life, work, and/or education, was 

approached from cultural models such as Cyberculture [13,9,10] 
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and Cyberpragmatics [14,15,16]. However, the current focus is 

mainly on the social effects that this phenomenon has on 

individuals. 

Microsociology is the current area of sociology that studies social 

interaction on a small scale, everyday behaviors, and 

relationships between individuals. One of its exponents is 

Randall Collins, who addresses face-to-face social interactions 

and the interaction rituals that arise from them, distinguishing 

himself from other exponents, such as Durkheim [17] and 

Goffman [18], in that interaction rituals, in addition to being 

characterized by the common focus of attention of their 

participants, also foster a collective emotional effervescence and, 

therefore, promote the emergence of a common emotional state 

[19]. In this way, the social interaction rituals proposed by 

Collins  may be modified due to the presence of the cellphone 

during face-to-face interactions, given that, on the one hand, the 

device may signify an interference in the effects of the ritual by 

affecting the quality of the interaction [20,21,22,23] or on the 

contrary act as a platform that stimulates the interaction [24] and, 

in this way, intensify the effects of interaction rituals. For this 

reason, social interactions in co-presence continue to be a 

relevant research topic, mainly concerning the socio-affective 

development of young people, since we understand interaction as 

a basic element of socialization and acquisition of social skills. 

Similarly, this phenomenon becomes more relevant in school 

contexts considered socializing spaces par excellence and where 

the presence of smartphones and other mobile technologies have 

acquired an important role given their importance in the learning 

and communication processes. 

This paper purpose is to become a platform for reflection on the 

social interaction rituals among students in the presence of 

mobile technology in a school environment. In this context, the 

question arises: how can the presence of mobile technology 

dialogue with social interaction rituals in a school context? To 

answer this question at least preliminarily, the article proposes an 

interdisciplinary look at the problem, based on the postulates of 

different currents that refer to social interactions, mainly face-to-

face, among them: Mead's [25] and Blumer's [26] Symbolic 

Interactionism which studies interactions from the interpretation 

of symbols and meanings that individuals give to such instances 

of socialization, as well as studies from the notion of 

communication raised by Rizo [27,28], the theory of Natural 

Pedagogy by Csibra  & Gergely [29], the theory of relevance 

proposed by Wilson & Sperber [30] , the cyberpragmatics of Yus 

[14,15,16] and as a theoretical basis the microsociological 

proposal called Ritual Model of Interaction by Collins [19]. 

2. EMPIRICAL BACKGROUND 

Research in the area of social psychology refers to the importance 

of face-to-face interactions between boys and girls given the 

effect they have on behavioral regulation. According to Field [30] 

interpersonal relationships are social phenomena capable of 

regulating states of exaltation and arousal associated with 

different stimuli.  The author points out that this phenomenon can 

be observed in behavioral, physiological, and biochemical 

synchrony throughout development and during relationships with 

the mother and peers. In turn, other studies point out that social 

interactions in their different expressions collaborate in social 

skills and emotional regulation. Tigrero, Garcés & Monteros [31] 

empirically demonstrate that the relationship between boys and 

girls in the school context is fundamental to acquiring social 

skills, regardless of the level of emotional intelligence. However, 

if this is high, they can acquire the ability to relate permanently 

and harmoniously with the rest of the individuals.  

Amendola, Spensieri, Guidetti & Cerutti, [32] have focused on 

emotional regulation and its relationship with digital 

technologies. The authors have linked emotional dysregulation 

with the presence of mobile technologies, whose results support 

the hypothesis that adolescents with greater emotional 

dysregulation are more likely to experience problematic use of 

new technologies. Following this line, recent studies have 

examined how people manage their affective states using digital 

technologies, such as smartphones, referring to the emergence of 

what is known as digital emotion regulation [33].  

On the other hand, sociological and psychological literature has 

referred to the possible interventions in the social dynamics 

between people when using mobile technologies, which may 

have implications on the way they relate to each other. One of the 

communicative phenomena detected refers to what is called 

'absence of presence', an act that implies being physically present, 

but having one's mind elsewhere, because of interaction in the 

presence of cellphones [34]. Recently, the concept of 

technoference has been introduced, defined as the daily 

interruptions that occur in interpersonal interactions product of 

the presence of mobile technology [35, 22], example of this, is 

the interaction between peers or in the family context.  

Misra, Cheng, Genevie & Yuan [23] from a study in a naturalistic 

setting, demonstrate that conversations in the absence of mobile 

technology are considered significantly superior compared to 

those where such technology is present, regardless of age, 

ethnicity, and mood. Differences can be seen in the degrees of 

empathy reported by participants, where the highest levels were 

reported in those who had conversations without the presence of 

a mobile device. The authors argue that the implications for the 

nature of social life in mobile technology environments are still 

debated.  

Other studies have shown that the consequences of excessive use 

of mobile technology, the internet, and social networks can mean 

impairment in cognitive functions, mood/affective states and 

social skills [36, 37], causing, in addition, dependence and 

addiction [38,39,40].     

Likewise, social interaction, the transmission of information, and 

the acquisition of knowledge have undergone a change that 

forces us to question whether the paradigms that previously 

collaborated in the understanding of social approaches are still 

relevant [12], even more so in the context of the pandemic in 

which both society and school are currently found [41]. Given 

the above, an interdisciplinary theoretical review is presented to 

reflect on the construction of a dialogic relationship between 

mobile technology and social interactions in the current school 

context.   

3. THEORETICAL BACKGROUND 

Social interaction, a communicative phenomenon in constant 

dynamism, is the subject of study in different disciplines, 

including Sociology and Social Psychology. Microsociology, a 

theoretical approach that allows articulating both currents, 

studies social interaction on a small scale, in particular everyday 

behaviors, and face-to-face relationships between individuals 

[28]. 
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Rizo [27] from the area of communication, proposes an approach 

to the psychological and sociological concept of interaction, 

points out that according to Symbolic Interactionism "the 

individual is both subject and object of communication, while 

personality is formed in the process of socialization by the 

reciprocal action of objective and subjective elements in 

communication". For this reason, the first approach proposes 

social interaction as a communicative phenomenon that makes it 

possible to establish forms of behavior and social relations 

among individuals, creating symbols and meanings that represent 

the group [25]. In this scenario, the approaches of Symbolic 

Interactionism [26] in general and Microsociology in particular, 

allow an approach from the currents of thought. 

Symbolic Interactionism is defined as a psychosocial theoretical 

current [42] that seeks fundamentally to glimpse the role played 

by social interaction in the development of society, personality, 

and culture [27]. "Interaction is the field where social relations 

are actualized and reproduced, it also constitutes a space of play 

where intervention and change can be introduced and where, at 

each instant, the social bond is founded anew"[43]. Mead [26] 

proposes two levels or approaches to social interaction: symbolic 

interaction and non-symbolic interaction. In the first, and the 

object of Mead's study, individuals are capable of recognizing, 

interpreting, and giving meaning to the gestures of the 

participants and acting from that consideration. 

In relation to this proposal, Rizo [27] points out that the 

individual is both subject and object of the communicative 

process since the personality is formed in the process of 

socialization in this reciprocal action, because of which, the 

feedback that implies the act of interaction from the proposal of 

symbolic interactionism requires a degree of attention from the 

other that allows the reading and interpretation of the subject and 

thus the socialization process is developed. In this sense, the Rites 

of Interaction proposed by Collins [19] from microsociology 

configure an interactional context characterized by the reciprocal 

action generated by the participants of the interaction through the 

common focus of attention and the emotional states they share. 

According to Collins, "a ritual is a mechanism that focuses joint 

emotion and attention, generating a temporally shared reality" 

(p.21), a reality that is in constant flux and contextualization. The 

author points out that other sociologists, including Durkheim and 

Goffman, had already approached the term "Ritual" in a similar 

way to him, however, they had done so from another theoretical 

tradition and in another intellectual epoch. However, Collins 

expresses the need to be able to defend his notion to apply it to 

the problems of today's society. Collins proposed the model of 

Rites of Social Interaction is based on empirical research in 

microsociology, and on verbal and nonverbal interaction and the 

sociology of emotions. In his proposal, he identifies types of 

rituals which are related to their effects, among which are: 

achieved rituals, formal rituals, natural rituals, failed rituals, 

empty rituals, and forced rituals. 

The essence of the interaction ritual presented by Collins is 

characterized by situations that emerge in the interaction, among 

them: focusing on coincident attention and emotions that enter 

into reciprocal consonance.  These “ingredients”, as the author 

calls them, achieve different levels of intensity which implies 

different degrees in their effects, which are group solidarity, 

symbolism, emotional energy (EE) and the feeling or guidelines 

of morality. Group solidarity is related to the feeling of 

membership or belonging to the group that arises from the 

interaction rites achieved. Symbolism refers to the creation of 

symbols or emblems, such as icons, words, and gestures, 

associated with the group. The individual emotional state (ES) is 

the feeling of confidence, contentment, strength, enthusiasm, and 

initiative for action on the part of the participants.  Finally, the 

feeling of morality that implies the feeling of doing the right thing 

by respecting and defending the signs that represent the group.  

Considering Collins’ explanation of the social interaction ritual 

model, it is possible to understand the author's view of social 

encounters, which he places in a context of co-presence and 

different shared states, following the sociological tradition: 

"Small-scale interaction, here-and-now, and face-to-face is the 

place where the action and the scenario of social actors take 

place" [19].  

4. SOCIAL INTERACTIONS AND SOCIO-

AFFECTIVE LEARNING 

Socio-affective development begins to develop from an early 

age, particularly from the attachment with the caregiver during 

face-to-face interaction, generating affective bonds that 

determine the future relationships and social skills of the 

individual [44]. This process subsequently continues in the 

interaction with family members and the closest environment and 

finally, with peers and friends. Thus, during the first years of life, 

children learn, from interactions with others, to manifest and 

regulate their emotions, to perceive others, and respond to them 

[45].  

For Ortiz, López, Fuentes & Etxebarria [46], the social and 

affective entails an evolutionary development where individuals 

within a socialization context incorporate what they live and 

relate to others, thus developing the ability to form affective 

bonds, learn other customs, assume roles and acquire norms and 

values. Considering this context, the school represents the proper 

place for socio-affective development, social skills, interactions, 

relationships, and bonds, thus becoming a determining factor in 

the socialization process of children and adolescents [47]. 

Sartori & López [48] consider that social skills allow the 

execution of learned behaviors, which can be deployed in 

interpersonal interactions and relationships, thus individuals are 

able to respond effectively to social demands. Likewise, Caballo 

[49] expresses that the way social skills are constituted, allows 

the individual to develop both individually and interpersonally, 

since they can express in a contextualized manner, their 

emotions, attitudes, and opinions, among others, thus enabling 

the resolution of problems of daily life. 

An adolescent with a broad repertoire of social skills will be able 

to understand and control his emotions, and those of the people 

around him, thus contributing to the strengthening of his 

interpersonal relationships and successful adaptation in the face 

of the demands of his context [48]. 

According to Mayer & Salovey's emotional intelligence mode 

[50], emotional development is "the ability to perceive, value and 

express emotions accurately; the ability to understand emotions 

and emotional knowledge; and the ability to regulate emotions 

promoting emotional and intellectual growth" [51]. For this 

reason, the school can become a favorable space for the socio-

affective learning process of children and adolescents, since 

through the interactions generated there, not only social skills are 

strengthened and bonds are created between the different 
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educational actors, but also individual and collective emotional 

regulation is fostered. 

The Emotional Intelligence (EI) Model, developed by Mayer & 

Salovery [50], is characterized by proposing a general concept of 

emotional intelligence, referring to emotions, and identifying 

specific mental skills related to EI. The mental skills targeted by 

the model are the following: abstract, verbal, and analytical 

thinking skills; mechanical, visuospatial, and synthetic skills; and 

practical and social skills.  

According to the model, Emotional Regulation (ER) corresponds 

to a dimension of emotional intelligence and is characterized by 

the ability to attend to feelings, positive or negative, and reflect 

on them, thus the individual can discard or take advantage of the 

information that accompanies these feelings or emotions 

according to their usefulness. In turn, ER provides the tools to 

manage one's own emotions and those of others, so that 

individuals can contain negative emotions and expand positive 

ones: "This ability would reach the emotional processes of 

greater complexity, that is, the conscious regulation of emotions 

to achieve emotional and intellectual growth"[51].  

Social interactions can be pointed out as mechanisms through 

which individuals are able to develop and/or strengthen both 

social and affective aspects, in which they can understand and 

assimilate the learning that interaction and socialization with 

other individuals provide them. Likewise, the school is 

established as the place that promotes and favors such 

encounters, in which it is not only possible to establish 

relationships, strengthen social skills and channel the work of 

emotions, but also to situate learning and the formative process 

in a given socio-cultural context. Therefore, it is essential to ask 

not only about the effects that the mediation of mobile 

technologies has on current social interactions but also about how 

they can dialogue to favor their relationships and thus their 

learning processes. 

It is known that children acquire much of their knowledge and 

cognitive skills through their interaction with others and through 

collaborative processes, which Vygotsky points out, in the 

sociocultural theory of development and learning, “zone of 

proximal development”, which is defined as: "the distance 

between the actual level of development, determined by the 

ability to independently solve a problem, and the level of 

potential development, determined through the resolution of a 

problem under the guidance of an adult or in collaboration with 

another more capable partner” [52]. 

Considering Vygotsky's proposal, learning activates mental 

processes that arise during social interaction, which is mediated 

by language and situated in specific contexts. These processes, 

which are the product of interactions with others, are internalized 

during social learning and finally become modes of self-

regulation. In this sense, social interaction not only collaborates 

with the development of social cognitive skills but also 

psychological ones.  

The Natural Pedagogy Theory postulates that communication 

between individuals corresponds to an evolutionary adaptation of 

human beings and is constituted as a mechanism for the 

transmission of cultural knowledge [29]. It is for this reason that 

Natural Pedagogy is considered an exclusive attribute of human 

beings since it aims at social learning through communication 

that can be extrapolated to all cultures. 

In both theories, regardless of their differences, human 

interaction is the main learning mechanism, both social, cultural, 

and affective. For this reason, the current focus of attention 

should be on building a dialogue between mobile technology, as 

the main device of the current communication phenomenon, and 

face-to-face social interactions.   

5. DISCUSSION 

The ritual model of social interaction or of common focus and 

emotional consonance, as Collins [19] calls it, is essentially a 

bodily process, given that the first step of the process is the 

meeting of bodies in the same place. Although the author refers 

to the lack of empirical research that addresses the rite of 

interaction in non-face-to-face contexts, he ventures to suggest 

that without co-presence it is difficult to express group 

participation and to reaffirm the identity of the participants as 

members of the group. Collins points out that, in this scenario, 

the experiential micro-details that are manifested through 

immediate visual signs are missing, which implies unsatisfactory 

rituals. 

In turn, the author notes that other forms of communication, such 

as telephone, video calls, or the internet, can provide some sense 

of ritual participation, however, the level of intensity could be 

lower compared to face-to-face encounters. For example: when 

receiving and reading a text message or email, the focus of 

attention with the interlocutor, according to Collins, is relative, 

with low intensity, mainly because such messages lack 

paralinguistic signals that allow the development of focused, 

shared, and synchronous attention. Even when the speed of 

response is practically immediate, it is difficult to accumulate 

intense feelings of solidarity or for a symbol to be charged with 

group significance. The purpose of comparing face-to-face social 

interactions with non-face-to-face ones is basically to convey the 

importance of face-to-face interaction in the intensity with which 

interaction rituals unfold, since bodily presence, according to the 

author, makes it easier for the interactants to capture each other's 

signals and bodily expressions, share rhythms and reciprocal 

emotions arise.   

The Relevance Theory, an ostensive-inferential model of human 

communication [14], seeks to explain the process of linguistic 

communication from the function that the human cognitive 

system exercises, detecting the most relevant aspects within the 

communicative process, in order to acquire new knowledge of 

the world, admitting beforehand that what the interlocutor says is 

relevant. Likewise, this theory proposes that an utterance is 

relevant the greater its cognitive or contextual effect and the 

lesser its processing effort [30]. However, it is understood that 

this selection process also entails a loss of information, which can 

affect both the message and its interpretation.    

Communication between individuals involves not only the 

intention to inform and communicate something but also the 

generation of inferences that provide meaning to that message 

[14]. A key concept of the theory of relevance is the so-called 

mutual cognitive environment, which is constituted by certain 

aspects of the interactants' environment and their own mental 

environment, i.e., the cognitive environment is all those 

individuals know and all that they can know. Pragmatics, in the 

face of this phenomenon, points out that such assumptions are 

manifest for the interlocutors and in turn, are shared by them, 

which implies that the context where they interact is not static but 

dynamic [16]. However, with the presence of technology and 

Proceedings of the 26th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2022)

149



 
 

social networks, it is called into question and is approached from 

cyberpragmatics, which states that the identity of the interactants 

and their environments are affected by the interaction through the 

network. However, this situation does not imply that virtual 

communication is defective, given the multiple strategies that 

arise to make up for these contextual shortcomings [15]. 

"Undoubtedly, the most common (and contextually more 

informative) form of communication is that which human beings 

establish in situations of physical co-presence, that is, face-to-

face. However, the inferential operations to obtain an optimal 

interpretation of utterances do not vary substantially in other 

contexts that are less dense in their informative capacity, as 

occurs, for example, in virtual environments" [15]. The author 

suggests that one of the reasons why individuals are motivated by 

the practice of virtual interaction is the possibility of not 

revealing their identity and of embodying multiple personalities, 

thus favoring the expression of feelings and emotions. However, 

according to Collins' model, this situation would hinder mutual 

and fluid consonance.  

Therefore, and concerning the question posed, how can the 

presence of mobile technology dialogue with the rituals of social 

interaction in a school context? It can be inferred that, according 

to Collins' Social Interaction Rites model, the importance of face-

to-face social interactions, mainly among adolescents, lies in the 

emotional and bodily effervescence that implies the generation of 

common focuses of attention and shared emotional states among 

the participants of an interaction rite and the short- or long-term 

effects that this implies, collaborating in the development of 

social skills and emotional regulation. However, as a result of the 

presence of mobile technology during social interaction rituals, 

the time effects of a deeper and more sincere interaction may be 

affected since, according to Collins' model, physical co-presence, 

mutual attention and the emotions that emerge within a context 

of rhythmic consonance are fundamental to achieve effective and 

long-lasting responses. In this sense, the deployment of the 

interaction ritual becomes difficult, since attention and emotional 

consonance would not be synchronous or spontaneous, 

considering the time lag that exists in virtual interaction. 

Therefore, it can be pointed out that social and cultural changes 

that imply new socialization processes may reduce the intensity, 

naturalness, and effectiveness of interaction rituals, which could 

mean the modification, attenuation or even annulment of the 

effects of such encounters, affecting the socio-affective 

development of children and adolescents. 

For this reason, to build a dialogic relationship between social 

interaction rituals and mobile technology, it is essential to 

approach the subject from an interdisciplinary perspective, 

reflect on the presence of mobile technology in school 

socialization scenarios and promote strategies for its use, not only 

from a didactic perspective, but also from the point of view of the 

socio-affective development of children and adolescents.    
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