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TEEM 2022 Preface

We celebrated the tenth edition of the Technological Ecosystems for Enhancing Multicul-
turality (TEEM) International Conference in the University of Salamanca, the institution
in which it was born. Nine years ago, this academic conference project started. We had
the goal to create a new interdisciplinary event in which the new advances in technology
would be reflected in the resolution of the problems of Education and the Knowledge
Society. We pursued the establishment of a new research community with a strong aim
to help Ph.D. students to have opportunities to know and collaborate with consolidated
researchers worldwide.

Looking back, we are very satisfied with the obtained results. We are a consolidated
research community that has grown, many research projects were born in the previous
editions, many collaborative papers in prestigious books and journals have been pub-
lished, many international internships have occurred, but we are very proud because tens
of new Ph.D. participated in the previous editions of TEEM Doctoral Consortium track
and contribute to help the future Ph.D. to be part of the TEEM family.

This edition is a reunion event, fully face-to-face, after two editions in virtual and
hybrid mode due to COVID-19. More than one hundred and ninety researchers shared
their scientific advances in this tenth edition. Some of them were new, but most of them
were regular participants in this conference, which reinforces the original idea of forming
a solid scientific community.

It is also important to say that this TEEM tenth edition was within the European
Campus of City-Universities (EC2U) Alliance (https://ec2u.eu/), co-funded by the Eras-
mus+ Programme of the European Union. The EC2U is a multi-cultural and multi-
lingual Alliance consisting of seven long-standing, education- and research-led, locally
and globally engaged universities from four diverse regions of the European Union: the
University of Coimbra, the University of lasi, the University of Jena, the University
of Pavia, the University of Poitiers (Coordinator), the University of Salamanca and the
University of Turku.

TEEM 2022 has had 210 submissions from which 145 full papers were accepted;
that is, there is a 30% rejection rate. These papers have involved 424 authors from 26
countries.

The TEEM 2022 was organized in 16 thematic tracks that covers research areas
such as Educational Assessment and Orientation, Human—Computer Interaction, Com-
puters in Education, Communication Media and Education, Medicine and Education,
Learning Analytics, Engineering Education, Robotics in Education, Diversity in Edu-
cation, Gamification and Games for Learning, Smart Learning and Laboratory-Based
Education.

In addition to the regular sessions, the TEEM 2022 edition featured three prestigious
guest speakers. Firstly, Gema Parrefio Piqueras, Developer Advocate at Iterative, gave
the inaugural keynote entitled “Alignment of language agents in video games.” Dr. Oriol
Borras Gené, Professor at Universidad Rey Juan Carlos (Spain), gave a keynote entitled
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“3 years escaping from a room, learned lessons.” The closing lecture was given by Dr.
Ricardo Colomo-Palacios, Full Professor at the @stfold University College (Norway),
with the title “Academia-Industry collaboration: a view from IT.”

We would like to thank the members of the Steering Committee for their counsel
and the International Scientific Committee for their accurate and timely reviewing. We
would also like to thank the Track Chairs for their efforts in organizing the academic
issues related to each track and the Organizing Committee for their huge effort in all
the associated tasks that an international conference involves. We would like to do a
special mention for the Editors-in-Chief of the linked journals that have offered special
issues or slots in their regular issues for those selected and extended papers of TEEM
2022 conference that will have another in-depth review following the guidelines of
each journal. Last, but not least, we would like to thank the participating organizations:
University of Salamanca, Research Institute for Educational Sciences at the University of
Salamanca, GRIAL Research Group and European Campus of City-Universities (EC2U)
Alliance for their support.

Next year, we will continue with eleventh edition of TEEM Conference that will be
held at Braganca, Portugal, organized by Instituto Politécnico de Braganca.

October 2022 Francisco José Garcia-Pefnalvo
Alicia Garcia-Holgado
TEEM 2022 Conference Chairs



Conference Chairs

Francisco José Garcia-Pefialvo
Alicia Garcia-Holgado

Steering Committee

Francisco José Garcia-Pefialvo
(Chair)

Ricardo Colomo-Palacios

Angel Fidalgo Blanco

David Griffiths

Maria José Rodriguez-Conde

Maria Soledad Ramirez Montoya

Peter Sloep
Robert Tennyson

Organizing Committee

Lucia Garcia-Holgado (Chair)

Alicia Garcia-Holgado (Chair)

Andrea Vazquez-Ingelmo

Valeria Gabriela Montoya
Roncancio

Sonia Verdugo Castro

Alberto Ortiz Lopez

Pamela Palomera

Patricia Sdnchez-Holgado

Design

Lucia Garcia-Holgado

Organization

University of Salamanca, Spain
University of Salamanca, Spain

University of Salamanca, Spain

@stfold University College, Norway
Technological University of Madrid, Spain
Universidad Internacional de la Rioja, Spain
University of Salamanca, Spain
Tecnoldgico de Monterrey, Spain

OUNL, The Netherlands

University of Minnesota, USA

University of Salamanca, Spain
University of Salamanca, Spain
University of Salamanca, Spain
University of Salamanca, Spain

University of Salamanca, Spain

University of Salamanca, Spain

Universidad Metropolitana de Ciencias de la
Educacién/Pontificia Universidad Catdlica de
Chile, Chile

University of Salamanca, Spain

University of Salamanca, Spain



viii Organization

Program Committee

Adriana Gamazo
Adriana Segura Marifio

Agustin Carlos Caminero-Herrédez

Agustin Pérez Martin
Alberto Ardevol Abreu
Alberto Ortiz Lopez
Alberto Prats Galino
Alberto Sdnchez Rojo
Alejandra Martinez-Monés
Alejandro Rabasa Dolado
Alessandro Ruggiero
Alexander Kist

Alexandre da Silva Pinto
Alicia Garcia-Holgado
Alicia Murciano Hueso
Alicia Triviho

Alvaro Luis Rojas Zamorano
Amilcar Oliveira

Amparo Camacho Diaz
Ana Belén Gonzélez Rogado
Ana Garcia Valcarcel

Ana Maria Balbin

Ana Maria Gonzédlez Ramos
Ana Maria Pinto-Llorente
Ana Pavani

André Fidalgo

Andrea Vazquez-Ingelmo
Angel Fidalgo

Angel Hernédndez-Garcia
Angela Rees

Angeles Dominguez Cuenca
Anita Tabacco

Anna Puig

Anna Puigdellivol-Sanchez
Antonio Ferndndez Martinez
Antonio Fumero-Reverén

University of Salamanca, Spain

Pontificia Universidad Catdlica del Ecuador Sede
Santo Domingo, Ecuador

Universidad Nacional de Educacion a Distancia,
Spain

Miguel Hernandez University, Spain

Universidad de La Laguna, Spain

University of Salamanca, Spain

University of Barcelona, Spain

Universidad Complutense de Madrid, Spain

Universidad de Valladolid, Spain

Miguel Hernandez University, Spain

University of Salerno, Italy

University of Southern Queensland, Australia

Escola Superior de Educacao do Porto, Portugal

University of Salamanca, Spain

Universidad de Salamanca, Spain

Universidad de Mélaga, Spain

Universidad Tecnoldgica Metropolitana, Chile

Universidade Aberta, Portugal

Universidad del Norte, Colombia

University of Salamanca, Spain

University of Salamanca, Spain

Pontifical Catholic University of Peru, Peru

Universidad Pablo de Olavide de Sevilla, Spain

University of Salamanca, Spain

PUC-Rio, Brazil

Instituto Superior de Engenharia do Porto,
Portugal

University of Salamanca, Spain

Technical University of Madrid, Spain

Universidad Politécnica de Madrid, Spain

Pontydysgu, Welsh educational research institute,
UK

Tecnoldgico de Monterrey, Mexico
Politecnico di Torino, Italy

Universitat de Barcelona, Spain
Universidad de Barcelona, Spain
University of Almeria, Spain
Universidad Politécnica de Madrid, Spain



Antonio Jimeno Morenilla
Antonio Pedro Dias da Costa
Antonio Robles-Gomez

Aruquia Peixoto
Bahar Kutun
Baltasar Ferndndez-Manjon

Barbara Mariana Gutiérrez Pérez

Beatriz Legeren
Belén Curto Diego
Bernardino Lopes

Bertil Marques

Bianca Thoilliez Ruano

Blanca Ruth Orantes de Pineda

Camino Fernandez-Llamas

Carina S. Gonzalez-Gonzalez

Carlos Alberola Lopez
Carlos Arcila Calder6n
Carlos Arguedas Matarrita
Carlos Cuenca-Enrique
Carlos Felgueiras

Carlos Vaz de Carvalho
Carlos Villagrd Arnedo
Carol Rivero Panaqué
Cassia Gongalves Isac
Catalina Cerquera Arbelaez
Catalina Rus Casas
Celina Leao

Clara Viegas

Claudia Gomes
Claudius Terkowsky
Cristina Frade Martinez
Cristina Mesuita
Cristina Pereira

Daniel Amo

Daniel Aranda

Daniel Gongalves
Daniel Riera

Organization ix

University of Alicante, Spain

University of Aveiro, Portugal

Universidad Nacional de Educacion a Distancia,
Spain

CEFET/R]J, Brazil

Technische Hochschule Ingolstadt, Germany

Universidad Complutense de Madrid, Spain

Universidad de Salamanca, Spain

University of Vigo, Spain

University of Salamanca, Spain

Universidade de Trds-os-Montes e Alto Douro,
Portugal

Instituto Superior de Engenharia do Porto,
Portugal

Universidad Auténoma de Madrid, Spain

Universidad Tecnoldgica de El Salvador, El
Salvador

University of Le6n, Spain

University of La Laguna, Spain

University of Valladolid, Spain

Universidad de Salamanca, Spain

Universidad Estatal a Distancia, Costa Rica

Universidad Politécnica de Madrid, Spain

Instituto Superior de Engenharia do Porto,
Portugal

Instituto Politecnico do Porto, Portugal

University of Alicante, Spain

Pontifical Catholic University of Peru, Peru

IFRJ, Brazil

Antioquia Institute of Technology, Colombia

Universidad de Jaén, Spain

Universidade Minho, Portugal

Polytechnic Institute of Porto, Portugal

Universidade Aberta Lisbon, Portugal

TU Dortmund University, Germany

University of Salamanca, Spain

Instituto Politécnico de Bragancga, Portugal

Polytechnic Institute of Castelo Branco, Portugal

La Salle, University of Ramon Llull, Spain

Universitat Oberta de Catalunya, Spain

INESC-ID, Portugal

Universitat Oberta de Catalunya, Spain



X Organization

Daniela Reimann

David Fonseca

David Griffiths

David Lépez Alvarez
Diego Gonzélez Rodriguez
Diogo Ribeiro

Dominik May

Doris Meza Bolafios
Edith Soria Valencia
Eduardo Herranz
Eduardo Vila Merino
Elisabete Nogueira

Elise Lavoue

Elvira Rincén-Flores

Emilia Lopez Ifiesta
Emiliano Acquila-Natale
Encarnacién Gimeno Nieves
Enric Mor

Enrique Soriano Heras

Erla M. Morales Morgado
Euan Lindsay

Eva Maria Torrecilla Sanchez
Faraon Llorens

Faradén Llorens

Faraon Llorens

Federico Simmross Wattenberg
Felipe Marafi6én Lazcano

Félix Ortega Mohedano
Fermin Viejo Tirado

Fernando Blaya Haro
Fernando Gil Cantero
Fernando Martinez Abad
Ferran Prados Carrasco

Flavio Escribano

Francisco Alvarez

Francisco Esteban Bara
Francisco Gallego

Karlsruhe Institute of Technology KIT, Germany

La Salle, Ramon Llull University, Spain

Universidad Internacional de La Rioja, Spain

Polytechnic University of Catalonia, Spain

University of Ledn, Spain

Instituto Superior de Engenharia do Porto,
Portugal

University of Georgia, USA

Central del Ecuador University, Ecuador

Pontifical Catholic University of Peru, Peru

Universidad Carlos III de Madrid, Spain

Universidad de Mélaga, Spain

Instituto Superior de Engenharia do Porto,
Portugal

Université Jean Moulin, France

Tecnolégico de Monterrey, Mexico

Universitat de Valencia, Spain

Universidad Politécnica de Madrid, Spain

Universidad de Alicante, Spain

Universitat Oberta de Catalunya, Spain

University of Carlos III, Spain

University of Salamanca, Spain

Aalborg University, Denmark

University of Salamanca, Spain

Universidad de Alicante, Spain

University of Alicante, Spain

Largo University of Alicante, Spain
faraon.llorens@ua.es

University of Valladolid, Spain

Universidad Auténoma de Nuevo Leon, México

Universidad de Salamanca, Spain

Complutense University of Madrid, Spain

Universidad Politécnica de Madrid, Spain

Universidad Complutense de Madrid, Spain

University of Salamanca, Spain

Centre for Medical Image Computing, UK

GECON, Fundacién Iberoamericana del
Conocimiento, Spain

Universidad Autonoma de Aguascalientes,
Mexico

Universidad de Barcelona, Spain

Universidad de Alicante, Spain



Francisco Gutiérrez

Francisco Javier Tejedor

Francisco José Gallego Duran

Francisco José Garcia Pefalvo

Francisco Pastor Vizquez

Francisco Revuelta

Francisco Xavier Valverde
Alulema

Gabriela Marin

Germania del Rocio Rodriguez
Morales

Gina Susana Mejia Madrid

Gisela Oliveira

Graciela Carnevali

Guadalupe Soria Rodriguez

Gustavo Ribeiro Alves

Héctor Barbosa Ledn
Hernan Gil Ramirez
Higinio Rubio Alonso
Ignacio Gonzélez Lopez
Ilkka Jormanainen

Inés Gonzalez-Gonzilez
Inma Rodriguez

Isabel Soares

J. P. Cravino

Jaime Ricardo Valenzuela
Gonzélez

Javier Alfonso-Cendén

Javier Bravo

Javier Garcia-Zubia

Javier Vidal Garcia

Jenny Hughes

Jens Vermeersch

Jesus Ruedas Caletrio
Jimena Pascual

Joan Arnedo Moreno
Joan San Molina

Organization xi

Universidad de Granada, Spain
University of Salamanca, Spain
University of Alicante, Spain

University of Salamanca, Spain
University of Valladolid, Spain
Universidad de Extremadura, Spain
Central del Ecuador University, Ecuador

University of Costa Rica, Costa Rica
Universidad Técnica Particular de Loja, Ecuador

Central del Ecuador University, Ecuador

Universidade Fernando Pessoa, Portugal

National Technological University, Argentina

University of Barcelona, Spain

Instituto Superior de Engenharia do Porto,
Portugal

Instituto Politécnico de Colima, Mexico

Technological University of Pereira, Colombia

University of Carlos III, Spain

University of Cérdoba, Spain

School of Computing, University of Eastern
Finland, Finland

Universidad Publica de Navarra, Spain

Universitat de Barcelona, Spain

University of Porto, Portugal

Universidade de Tras-os-Montes e Alto Douro,
Portugal

Tecnolégico de Monterrey, Mexico

Universidad de Le6n, Spain

Universidad de Distancia de Madrid, Spain

Universidad de Deusto, Spain

University of Le6n, Spain

Pontydysgu, Welsh educational research institute,
UK

GO! Onderwijs van de Vlaamse Gemeenschap,
Belgium

Universidad de Salamanca, Spain

Pontificia Universidad Catdlica de Valparaiso,
Chile

Universitat Oberta de Catalunya, Spain
Universidad de Girona, Spain



xii Organization
Joaquim Alves

Joaquim Armando Pires Jorge
Joe O’Hara

Jorge Cerqueiro Pequeiio
Jorge Joo Nagata

Jorge Simoes

José Antonio Cordén Garcia
José Antonio Jerénimo

José Antonio Merlo Vega
José Carlos Sanchez-Prieto
José Gongalves

José Lima

José Luis Martin Nunez
José M Martins Ferreira
José Manuel Munoz-Rodriguez
Josep Petchamé Sabartés
Juan A. Juanes-Méndez
Juan Cruz-Benito

Juan David Cano Moreno
Juan Garcia Gutiérrez

Juan José Igartua

Juan Pablo Herndndez Ramos
Juarez Bento da Silva

Judith Martin Lucas

Julian Chaparro-Peldez
Karina Arrambide

Kay Margarethe Berkling

Kheng Lee Koay

Koen DePryck

Laura Calvet

Laura Garcia Ruesgas
Laura-Del-Rio-Carazo
Leidy Maritza Garcia Toro
Leonardo Glasserman
Lourdes Moreno

Lourdes Villalustre

Luciano Carlos Mendes de Freitas
Filho

Instituto Superior de Engenharia do Porto,
Portugal

University of Lisboa, Portugal

Dublin City University, Ireland

University of Vigo, Spain

Universidad Metropolitana de Ciencias de la
Educacion, Chile

Instituto Superior Politécnico Gaya, Portugal

University of Salamanca, Spain

UNAM, Mexico

University of Salamanca, Spain

University of Salamanca, Spain

Instituto Politécnico de Braganca, Portugal

Instituto Politécnico de Braganca, Portugal

Technical University of Madrid, Spain

University of South-Eastern Norway, Norway

University of Salamanca, Spain

La Salle, University of Ramon Llull, Spain

University of Salamanca, Spain

IBM Research, USA

University of Politécnica de Madrid, Spain

Universidad Nacional de Educacion a Distancia,
Spain

Universidad de Salamanca, Spain

University of Salamanca, Spain

Universidade Federal de Santa Catarina, Brazil

University of Salamanca, Spain

Universidad Politécnica de Madrid, Spain

University of Waterloo, Canada

Duale Hochschule Baden-Wiirttemberg
Karlsruhe, Germany

University of Hertfordshire, UK

Vrije Universiteit Brussel, Belgium

Universitat Oberta de Catalunya, Spain

University of Sevilla, Spain

Universidad Politécnica de Madrid, Spain

University of Antioquia, Colombia

Tecnoldgico de Monterrey, Mexico

University Carlos III of Madrid, Spain

Universidad de Oviedo, Spain

Universidade Federal do Rio de Janeiro, Brazil



Lucy Esther Garcia Ramos

Luis Guilherme Augsburger

Luis Manuel Casas Garcia

Luis Panizo-Alonso

Luis Schlichting

Luis Toméas Gallego Morales

Luiz Lizasoain Hernandez

Lynn Alves

M? Cruz Sanchez-Gémez

M? Jesus Perales Montolio

M? José€ Rodriguez Conde

M?® Maria del Mar Lorenzo
Moledo

M? Teresa Anguera Argilaga

M? Teresa Del Moral Marcos

M? Victoria Martin Cilleros

Mabel Calderin Cruz

Maddalena Taras

Maire Tuul

Manuel Caeiro-Rodriguez
Manuel Castro

Manuel Rodriguez Martin
Marc Alier

Marcela Cavallo

Marcela Isabel Prieto Ferraro
Marcelo Zannin

Marcos Cabezas-Gonzélez
Margarida Lucas

Margarida Ribeiro

Maria Amparo Verdd Vizquez
Maria Arcelina Marques

Maria Correia Duarte

Maria do Rosario Pinheiro
Maria Elena Rodriguez Benito
Maria Esther Del Moral

Maria Isabel Pozzo

Maria José Hernandez Serrano
Maria José Rodriguez-Conde

Organization

Universidad del Norte, Colombia

Universidade do Estado de Santa Catarina, Brazil

University of Extremadura, Spain
Universidad de Ledn, Spain

Instituto Federal de Santa Catarina, Brazil
University of Autébnoma de Madrid, Spain
University of Pais Vasco, Spain
Universidade Federal da Bahia, Brazil
University of Salamanca, Spain
University of Valencia, Spain

University of Salamanca, Spain

Universidad de Santiago de Compostela, Spain

Universidad de Barcelona, Spain
Pontifical University of Salamanca, Spain
University of Salamanca, Spain

Universidad Catoélica Andrés Bello, Venezuela

University of Sunderland, UK

Institute of Educational Sciences, Tallinn
University, Estonia

Universidade de Vigo, Spain

UNED, Spain

Universidad de Salamanca, Spain

Barcelona Tech, Spain

National University of Rosario, Argentina

University of Antofagasta, Chile

Universidade Federal de Santa Catarina, Brazil

University of Salamanca, Spain

Universidade de Aveiro, Portugal

Instituto Superior de Engenharia do Porto,
Portugal

Technical University of Madrid, Spain

Instituto Superior de Engenharia do Porto,
Portugal

Instituto Superior de Engenharia do Porto,
Portugal

Universidade de Coimbra, Portugal

Universidad Pontificia de Salamanca, Spain

Universidad de Oviedo, Spain

National University of Rosario, Argentina

Universidad de Salamanca, Spain

University of Salamanca, Spain



Xiv Organization

Maria José Vieira Aller
Maria Luisa Sein-Echaluce
Maria Rosa Fernandez
Maria Sanchez Canales
Maria Soledad Ramirez-Montoya
Mariana Hare

Marilio Cardoso

Mariluz Guenaga
Maristela Holanda

Marjo Virnes

Mark Johnson

Marta Martin del Pozo
Martin Brown

Martin Oller Alonso
Matteo de Notaris

Mervi Heikkinen

Miguel Angel Conde
Miguel Angel Gémez Ruiz
Miguel Castelo Branco Sousa
Miguel Hernandez

Miguel Vicente Marifio
Mikel Larranaga

Milos Milovanovié
Miroslav Minovié¢

Natércia Lima

Nic Nistor

Nikolaos Vryzas

Noemi Merayo Alvarez
Noura Aknin

Nuria Medina

Oriol Borras

Oscar Garcia-Panella

Oscar José Martin Sanchez
Pablo Rodriguez-Gonzélvez
Pablo Ruisoto Palomera
Pablo Vicente Torres

Patricia Jimenez

Patricia Paderewski
Patricia Sanchez-Holgado

University of Le6n, Spain

University of Zaragoza, Spain

Universidad de Extremadura, Spain

Technical University of Madrid, Spain

Tecnoldgico de Monterrey, Mexico

Pontifical Catholic University of Peru, Peru

Instituto Politécnico do Porto, Portugal

Universidad de Deusto, Spain

University of Brasilia, Brazil

Aalto University, Finland

University of Liverpool, UK

University of Salamanca, Spain

Dublin City University, Ireland

Universita degli Studi di Milano, Italia

San Pio Hospital, Italy

University of Oulu, Finland

University of Ledn, Spain

University of Cadiz, Spain

Universidade da Beira Interior, Portugal

Catholic University of Valencia, Spain

Universidad de Valladolid, Spain

Euskal Herriko Unibertsitatea, Spain

University of Belgrade, Serbia

University of Belgrade, Serbia

Polytechnic Institute of Porto, Portugal

Ludwig Maximilians Universitidt Miinchen,
Germany

Aristotle University of Thessaloniki, Greece

University of Valladolid, Spain

Abdelmalek Essaadi University, Morocco

Universidad de Granada, Spain

Universidad Rey Juan Carlos, Spain

ENTI-UB/Cookie Box/IEBS, Spain

Pontifical University of Salamanca, Spain

Universidad de Ledn, Spain

University of Navarra, Spain

Universidad Técnica Particular de la Loja,
Ecuador

Pontificia Universidad Catdlica de Valparaiso,
Chile

University of Granada, Spain

University of Salamanca, Spain



Patricia Torrijos Fincias
Pedro Corcho Sanchez
Pedro José Muioz-Merino
Pedro Plaza

Peter Sloep

Petr Valasek

Piedade Barros

Pierre Bourdin

Pino Caballero-Gil
Purificaciéon Sanchez Delgado
Rafael Molina-Carmona
Rafael Pastor

Raul Cordeiro Correia
Ricardo Castedo
Ricardo Costa

Ricardo Morais

Rina Wehbe

Rita Penabaena

Robert Clarisé

Robert Tennyson

Roberto D’ Amato

Roberto Therén

Rocael Hernandez-Rizzardini
Rodrigo de Luis Garcia

Rosa Cabrales

Rosa Gil-Iranzo

Rosa Maria Guilleumas Garcia
Rosana Satorre

Ruth Cobos

Salvador Ros-Muifioz

Samuel Marcos-Pablos
Sandra Cano

Santiago Iglesias-Pradas
Sara Garcia Cuesta

Sara Serrate Gonzélez
Silvia Rueda Pascual
Simone M. Biléssimo
Sonia Casillas-Martin

Organization XV

University of Salamanca, Spain
University of Extremadura, Spain
Universidad Carlos III, Spain
UNED, Spain

OUNL, The Netherlands

Czech University of Life Sciences,
Czech Republic

Polytechnic of Porto, Portugal

Universitat Oberta de Catalunya, Spain

University of La Laguna, Spain

University of Valencia, Spain

University of Alicante, Spain

Universidad Nacional de Educacion a Distancia,
Spain

Instituto Politécnico de Setubal, Portugal

Technical University of Madrid, Spain

Instituto Superior de Engenharia do Porto,
Portugal

Universidade da Beira Interior, Portugal

University of Waterloo, Canada

Universidad del Norte, Colombia

Universitat Oberta de Catalunya, Spain

University of Minnesota, USA

Universidad Politécnica de Madrid, Spain

Universidad de Salamanca, Spain

Galileo University, Guatemala

University of Valladolid, Spain

Universidad de Oriente, Cuba

University of Lleida, Spain

Technological University of Pereira, Colombia

University of Alicante, Spain

Universidad Auténoma de Madrid, Spain

Universidad Nacional de Educacién a Distancia,
Spain

University of Salamanca, Spain

Universidad San Buenaventura de Cali, Colombia

Universidad Politécnica de Madrid, Spain

University of La Laguna, Spain

Universidad de Salamanca, Spain

University of Valencia, Spain

Universidade Federal de Santa Catarina, Brazil

University of Salamanca, Spain



xvi Organization

Sonia Concari
Sonia Labrada
Sonia Pizarro

Sonia Verdugo-Castro
Susana Olmos Miguelafiez
Susana Sastre Merino
Tania Alonso Sainz
Tapani Toivonen

Teresa Alzéas Garcia
Teresa Gongalves
Teresa Pessoa
Teresa Sancho
Teresa Sena Esteves

Thorsten Handler

Trevor Spratt

Valeriano Pifieiro-Naval

Vanessa Izquierdo Alvarez
Veronica Basilotta Gomez Pablos
Veronica Rossano

Vicente Martinez

Vicente Matellan Olivera
Vicente Matellan-Olivera

Vidal Moreno Rodilla

Xabier Martinez Rolan

Universidad Tecnoldgica Nacional, Argentina

Universidad de Oriente, Cuba

Instituto Superior de Engenharia do Porto,
Portugal

University of Salamanca, Spain

University of Salamanca, Spain

Technical University of Madrid, Spain

Universidad Auténoma de Madrid, Spain

School of Computing, University of Eastern
Finland, Finland

University Isabel I, Spain

Polytechnic Institute of Castelo Branco, Portugal

Universidade de Coimbra, Portugal

Universitat Oberta de Catalunya, Spain

Instituto Superior de Engenharia do Porto,
Portugal

Vienna University of Economics and Business,
Austria

Trinity College Dublin, Ireland

Universidad de Salamanca, Spain

University of Salamanca, Spain

University of Salamanca, Spain

University of Bari Aldo Moro, Italy

Universitat Jaume I de Castellon, Spain

University of Ledn, Spain

Universidad de Ledn, Spain

University of Salamanca, Spain

Universidade de Vigo, Spain



Organization XVii

Organization

e . . h \
oo ;\ VNiVERSiDAD Eﬁiz(?:éﬁor? ;%U Elearning
Wi D SALAMANCA University of Salamanca ‘I “ ce

European Campus Cofinanciado por
of City-Universities la Unién Europea
0 . 0 3ot Masters ‘@g Soint Masters Qo:% St Masters
LIFELINE — Lifelong Well-Being
° °ﬂ Sustainable cities gihel Elocity Agegmg 9 R & 2 European Languages, Cultures

and communities - and Societies in Contact

Collaborators

N Universidad
‘ib] Tecnoldgica
de Bolivar

CARTAGENA DE INDIAS

05 en el talento de los colombianos



Contents

Trends on Computational Thinking, Engineering Education, Technology
in Medicine, Qualitative and Mixed Methods, Diversity in STEM,
Lab-Based Education, Technology and Education, Gamification
and Games for Learning and Smart Learning at TEEM 2022 ................
Gustavo Alves, Joan Arnedo-Moreno, Juarez Bento da Silva,
Miguel A. Conde, Anténio Pedro Costa, Angeles Dominguez,
Alicia Garcia-Holgado, Francisco José Garcia-Peiialvo,
Carina Soledad Gonzdlez-Gonzdlez, Juan A. Juanes-Méndez,
Natércia Lima, Samuel Marcos-Pablos, Arcelina Marques,
Judith Martin-Lucas, Rafael Molina-Carmona,
José Manuel Muiioz-Rodriguez, Aruquia Peixoto, Teresa Pessoa,
Ana Maria Pinto-Llorente, Joaquim Armando Pires Jorge,
M. Isabel Pozzo, M“ Cruz Sdnchez-Gomez, Clara Viegas,
and Carlos Villagrd-Arnedo

Computational Thinking and Robotics in Education

Vocabulary Enrichment in Mother Language After Preschoolers’

Interaction with a Social Robot . ........ ... .. ... . . . . . ..
Nicoleta Laura Popa, Oana Alexandra Clim, Adina Boaca,
Cristian-Tiberius Axinte, Robert-Gabriel Lupu, and Georgiana Juravle

The Way for Learning Initial Programming: Activities, Feedback,
and Predict Model . ... ... . ..
José Figueiredo and Francisco José Garcia-Peiialvo

Educational Robotics and Dyslexia: Investigating How Reinforcement

Learning in Robotics Can Be Used to Help Support Students

with Dyslexia . ... ...
Sarah-May Mcvey, Esyin Chew, and Fiona Carroll

Designing Exercises for Block-Based Languages: The Case of ScratchJr .. ...
J. Angel Veldzquez-Iturbide

An Overview of European Projects About Computational Thinking ..........
Tannya Andreina Tene-Tenempaguay, Alicia Garcia-Holgado,
Francisco José Garcia-Penialvo, and Juan Pablo Herndndez-Ramos

25

33

43

50

60



XX Contents

Engineering Education: Teachers’ and Students’ Competences
Recent Developments

Digital Competence in Educators Through Interaction with a Virtual
Learning Environment . .............oouiiintiin i 77
Eduard de Torres and Xavier Canaleta

SDART Software: A Novel Tool Designed to Enhance Learning

in Adjustment Computation in SUrveying ...............c.oueeunneennnann. 86
Pablo Rodriguez-Gonzdlvez, Manuel Rodriguez-Martin,
and Paula Garcia-Osorio

Software Alternatives to Design Learning Activities for Lean Six Sigma

N e-learning .. ...t e 96
Manuel Rodriguez-Martin, Pablo Rodriguez-Gonzdlvez,
and Maria del Rosario Domingo

Following Up on the Examination of Accesses to Educational Resources
in a Blended Learning Flipped Classroom Controls Course ................. 106
Ana Pavani and Vivian S. Medeiros

Roleplay Ethical Debates, An Activity to Learn to Apply Ethical
Theories to Dilemmas and Improve Critical Thinking ...................... 116
Maria José Casaii and Marc Alier Forment

Understanding Engineering Real Projects as an Innovative Learning

Activity: A Case Study in the Bachelor’s Degree in Electrical Engineering .... 126
Cristina Sdez Bldzquez, Ignacio Martin Nieto,
Miguel Angel Maté-Gonzdlez, Natalia Nuiio Villanueva,
and Arturo Farfdn Martin

Team-Based Learning to Enhance Student” Competencies in a Fluid

Mechanics Module . .......... .. . 135
M. Teresa Sena-Esteves, Margarida Ribeiro, Cristina Morais,
Isabel Brds-Pereira, Anabela Guedes, Filomena Soares,
and Celina P. Ledo

The Internship Subjectina CTeSP Course ............. ..., 144
Frederico L. Jacob, Anténio Silveira D. P. Alberto,
and Pedro M. S. Guimardes



Contents

Technological Applications in Medical Training and Practice

The Metaverse in Medical Education and Clinical Practice .................

Juan A. Juanes Méndez, Samuel Marcos-Pablos,
and Santiago Gonzdlez Izard

Students’ Assessment of the Use of 3D Vision Technology Resources

for Independent Learning ......... ... ... i

Manuela Martin Izquierdo, Marcelo F. Jiménez Lopez,
and Juan A. Juanes Méndez

Embedded Mobile App Prototyping .......... ...,

Jiillia Carneiro de Almeida Nogueira, Alex Sandro Gomes,
Amadeu Sd de Campos Filho, and Fernando Moreira

Private Health Record System: Improving the Patient’s Medical

Knowledge with an e-Learning Approach ............ ... ... .. ... ... ...

Ali Azadi and Francisco José Garcia-Peiialvo

Analysis of Ergonomic Aspects in the Surgery Field: Surgeons’

APPraisals . ... ..

Jaime Solleiro Rodriguez, Juan A. Juanes Méndez,
and Fernando Blaya Haro

A Production Workflow for Healthcare Educational Dashboards Using

Clinical Data . ...

Félix Buendia-Garcia, Joaquin Gayoso-Cabada,
and José-Luis Sierra-Rodriguez

Testing and Improvements of KoopaML: A Platform to Ease

the Development of Machine Learning Pipelines in the Medical Domain .....

Andrea Vizquez-Ingelmo, Alicia Garcia-Holgado,

Francisco José Garcia-Penialvo, Rubén Fraile-Sanchon,

Esther Andrés-Fraile, Pablo Pérez-Sdnchez, Pablo Antiinez-Muifios,
Antonio Sdnchez-Puente, Victor Vicente-Palacios,

Pedro Ignacio Dorado-Diaz, Ignacio Cruz-Gonzdlez,

and Pedro Luis Sdnchez

Creating Virtual Models of a Flexible Endoscope in Unity ..................

Adridn Lugilde-Lopez, Fernando A. Mikic-Fonte,
Manuel Caeiro-Rodriguez, Martin Llamas-Nistal,
and Luis Emilio Ferndndez-Santiago

XX1



Xxil Contents

INOVSAFECARE Tools for the Training of Practitioners .................. 227
Amaia Yurrebaso, Juan A. Juanes Méndez, Raquel Guzmdn-Ordaz,
and Eva Picado-Valverde

Proposal and Definition of a Novel Methodology for Improving

the Design and Manufacturing of 3D Printed Prosthetic Hands

in Developing COUNEIIES . ... ...ttt ettt et e e 237
Manuel Casal-Guisande, Jorge Cerqueiro-Pequeiio,
Elena Piiion-Fraga, Daniel Rey-Castro,
and Alberto Comesaina-Campos

Design of a Methodology Based on Analysis of Vibrations for an Efficient

Minimally Intrusive Remote Monitoring of the Evolution of Parkinson’s

DISEASE . ottt 246
Manuel Casal-Guisande, Jorge Cerqueiro-Pequeiio,
Katelynn Rooney, Habeeb Busairi, and Alberto Comesaiia-Campos

Development of Mobile Interactive E-tools in Clinical Guidance

for Nurse Practitioners ... ..........oioiinine i, 255
Félix Buendia-Garcia, Meritxell Leal Ferrandis,
and Jorge Casaiia Mohedo

Design of a Novel Respiratory Device for Neonatal Patients ................ 264
Manuel Casal-Guisande, Jorge Cerqueiro-Pequeiio,
Antia Alvarez-Pazo, Ainhoa Alvarez-Alvarez,
Andrea Garcia-Vdzquez, Mario Gonzdlez-Quintas,
and Alberto Comesariia-Campos

Hyperthermia by Low Intensity Focused Ultrasound ....................... 273
Manuel Vielma, David Wahl, and Fran¢ois Wahl

Piloting the Willingness to Use a Didactic Robot in Health Sciences

Education on the Basis of the UTAUT Model ............... ... ... ...... 283
Samuel Marcos-Pablos, Rebeca Cordero-Gutiérrez,
Rubén Martin-Garcia, and Juan A. Juanes Méndez

Mobile Application Development for Human Veterinary Resources

Management in a Low Density Population Context: Promoting Students

Engagement by Working with the Community ............................ 292
Paulo Matos, Helena Velasco, and José Gongalves

3D Technology Applied on Complex Abdominal Wall Pathologies .......... 304
Jose A. Torres Villachica, Alvaro Sdnchez Tabernero,
Tiago Coelho Morais, Beatriz Montejo Maillo,
and Juan A. Juanes Mendez



Contents XXiii
Implementation of Qualitative and Mixed Methods Researches

The Opinion of the Spanish University Population on the Existence

of Studies and Professions According to Gender .......................... 315
Sonia Verdugo-Castro, M“ Cruz Sdnchez-Gomez,
and Alicia Garcia-Holgado

Trends in Techno-Social Environments and Gerontechnological

Innovation: A Systematic Mapping and European Initiatives ................ 325
Sonia Verdugo-Castro, M“ Cruz Sdnchez-Gomez,
and M*“ Victoria Martin-Cilleros

Towards an Initial Teacher Training in Comprehensive Sexuality

Education (CSE): Theoretical Scopes and Presentation of Categories ......... 335
Daniela Dinamarca-Figueroa, Alicia Garcia-Holgado,
and M. Cruz Sanchez-Gomez

Evaluation of Learning Attributes in Higher Education:

A Methodological Guide Validation .............. . ... ... oiiiiiiia.. 345
Monica Herndndez-Campos, Antonio Gonzalez-Torres,
Martha Quesada-Sdnchez, Giannina Ortiz-Quesada,
and Francisco José Garcia-Perialvo

Qualitative Analysis of the Transition and Learning Needs of Front-Line
Refinery Leaders . ....... ... 355
Patrick Voorhies, Harold Tinoco-Giraldo, and Mark Veary

Accompaniment Methodology of Open Innovation in Local Universities
After COVID-10 Lo 366
Hilda Angélica Del Carpio Ramos,
Pedro Antonio Del Carpio Ramos,
Francisco José Garcia-Perialvo, Jose Carlos Montes Ninaquispe,
Haydeé Ysabel del Pilar Chirinos Cuadros,
and Eduardo Alberto Martin Zdrate Aguinaga

Digital Qualitative and Mixed Methods Research in the Transformation

of Higher Education .......... ... . . . i 375
Noé Abraham Gonzdlez-Nieto, Margarita Espinosa-Meneses,
and Caridad Garcia-Herndndez

Bridging the Diversity Gap in STEM

Analysis of Gender and STEM in Secondary School Students ............... 387
Alba Ayuso and Noemi Merayo



XX1vV Contents

Design of Didactic Units Focused on Improving Diversity Gaps Within
New Multidisciplinary Spaces: The STEAM-Labs ......................... 397
David Fonseca, Monica Sanchez-Sepulveda,
Roger Olivella, Daniel Amo-Filva, Alicia Garcia-Holgado,
Francisco José Garcia-Pefialvo, Giuseppe Maffeo, Yasin Keskin,
Kirsten Quass, Christian Hofmann, Giilay Seving, and Omer Yigit

Implementing Mentoring Communities Under the TEC21 Educational

Model to Ensure the Resilience of Female Students in STEM Areas ......... 406
Maria Gabriela Ortiz-Martinez, Monica Delgado-Fabidn,
Veronica Mayve Gonzdlez-Alemdn, and Jorge Membrillo-Herndndez

A Pilot Experience to Raise Awareness Among Computer Science
Undergraduates About the Gender Biases of Algorithms ................... 414
Carmen Lacave and Ana Isabel Molina

A Grey Web Analysis of Existing STEAM Diversity Initiatives ............. 424
Henry Hasti, Daniel Amo-Filva, David Fonseca,
Monica Sdnchez-Sepiilveda, Roger Olivella, Alicia Garcia-Holgado,
Francisco José Garcia-Penialvo, Giuseppe Maffeo, Yasin Keskin,
Kirsten Quass, Christian Hofiann, Giilay Seving, and Omer Yigit

Access and Dropout in Engineering and Architecture Studies.

A Preliminary Study with a Gender Perspective ........................... 431
Ana-Belén Gonzdlez-Rogado, Susana Nieto-Isidro,
and Alicia Garcia-Holgado

Cultural Differences in Complexity Reasoning in Higher Education .......... 440
Guillermo Rodriguez-Abitia, Maria Soledad Ramirez-Montoya,
Sandra Martinez-Pérez, and Edgar Omar Lopez-Caudana

Gender Roles and Gender Stereotypes in Childhood Education: A Pilot

StUAY o e 448
Carina Soledad Gonzdlez-Gonzdlez, Veronica Violant-Holz,
and José Maria del Castillo-Olivares Barberdn

Lab-Based Education in STEM

Didactic Analysis of Olive Mill Wastewaters Antimicrobial Activity ......... 457
Inés S. Afonso, Cristina Duarte, Anténio Ribeiro, Joana S. Amaral,
and Jodo Ribeiro



Contents

Perceptions of Mechanical Engineering Students Regarding Flipped

Laboratory ACHUVILIES ... ...ttt e e et

Marina Isabel Felizardo Correia Duarte
and Maria de Fdtima Coelho Monteiro

Augmented Reality for Self-management of Learning in Manufacturing

Laboratories (AR-Manufacturinglab) ....... ... ... . .. .. ... .. ..

Felipe Herndndez-Rodriguez

GeOrder Simulator as Provocator of Semiotic Representations

for Statistics Learning in STEM ....... ... ... .. .. . . i

Claudia Orozco-Rodriguez and Abel Palafox Gonzdlez

Identity, Technology and Education. Identity Construction
Processes in Hyperconnected Ecosystems

Technology and Teaching Space: A Pedagogical Approach

to the Classroom of the Future . ........... . .

Judith Martin-Lucas and Alberto Sdnchez-Rojo

Daily Life of Elderly: An Approach to the Use of Gerontechnology ..........

Alicia Murciano-Hueso, Judith Martin-Lucas,
Sara Serrate-Gonzdlez, Patricia Torrijos-Fincias,
and Bdrbara-Mariana Gutiérrez-Pérez

Combating Screens with School Gardens: The Innovative 21st Century

Tool Against Nature Deficit ........ ... .. i,

David Caballero Franco

Students as Creators of Online Newspapers: A Tool’s User-Interface

Proposal .. ...

Diogo Miguel Carvalho, Luisa Jiilio, and Telmo Silva

The Subjective Perception of Internet Use Among Protected Minors
and Young Offenders in the Childhood Protection Scheme in the Spanish

Regionof Castillay Ledn ......... .. i i

Jesiis Ruedas-Caletrio, Sara Serrate-Gonzdlez,
and José Manuel Muiioz-Rodriguez

Social Construction of Learning: Analysis from the Participants

of an Energy Sustainability xXMOOC ...... ... ... .. .. ... ..

Ruth-Elizabeth Minga-Vallejo and Maria-Soledad Ramirez-Montoya

XXV



XXV1 Contents

The Anthropological Dynamics Revealed in the Use of Social Networks
and What We Can Do from Pedagogy ............................
Tania Alonso-Sainz

Video Games as a Form of Youth Leisure: Socialization Practices
and Self-perception Among Young University Students .............
Luis E. Andrade Silva

Gamification and Games for Learning (GAMILEARN)

Tales from the Future: Exploring Game Design Strategies for Creativity
and Play ... ...
Anna O. Meshcheryakova and Fabian Hemmert

Design and Implementation of Serious Games on Extended Reality:

A Use Case in Construction Safety .............. ... ... ... ... ..
Maria Jesuis Bopp Ibar, Felipe Muiioz La Rivera,
Javier Mora Serrano, and Miguel Valero Garcia

Urban Exploration Game — An EPS@ISEP 2022 Project ............
Lina Blaschke, Bram Blauw, Chloé Herlange, Anita Pyciak,
Jakob Zschocke, Abel J. Duarte, Benedita Malheiro,
Cristina Ribeiro, Jorge Justo, Manuel F. Silva, Paulo Ferreira,
and Pedro Guedes

Tangible Application of Gamification for Teaching Spatial Topics

to Blind People Based on Universal Design for Learning ............
Luis Roberto Ramos Aguiar, Francisco Javier Alvarez Rodriguez,
Julio César Ponce Gallegos, and César Eduardo Veldzquez Amador

Coding is Fun: Engaging Adult On-Line Learners Using Programming
GaAIMES ..ottt
Joan Arnedo-Moreno and David Garcia-Solorzano

Gameful English: How Playing Vernacular Video Games May Enhance
ESL Learning in an Extra-Mural Educational Context ..............
Francesca D’Adamo

Pervasiveness for Learning in Serious Games Applied to Older Adults
Johnny Alexander Salazar Cardona, Jeferson Arango Lopez,
and Francisco Luis Gutiérrez Vela

Examples of Games for Learning in Erasmus+ .....................
Maria Goretti Alonso de Castro and Francisco José Garcia-Pefialvo



Contents

Unplugged Gamification: Towards a Definition ..........................

Carina Soledad Gonzdlez-Gonzdlez

Smart Learning

Smart Schools: Inclusion and Participation of Vulnerable Students

During at Distance Learning . .......... ... .. i,

Caterina Bembich and Michelle Pieri

Students’ Acceptance and Efficiency of Virtual Reality in French

Language Learning at Higher Education ................................

Claire Babin, Raphaél Jamard, and Celia Paola Sarango-Lapo

Students’ Performance and Academic Success Study Using Self

Directed Based Learning Methodology .......... ... ... ... ... ... .....

Maria Alsina, Xavier Canaleta, and Ricardo Torres

TEmaps for Designing Courses Based on Smart Learning .................

Alberto Real-Ferndndez, Rafael Molina-Carmona,
and Faraon Llorens-Largo

Identifying Demotivation Patterns in Students of Subjects Related

to Data Science at College .......... .ottt

Alejandro Rabasa, Kristina Polotskaya, Agustin Pérez-Martin,
Nuria Molld, and Patricia Compari

Trends on Communication, Educational Assessment, Sustainable
Development, Educational Innovation, Mechatronics and Learning

Analytics at TEEM 2022 . ... o e

Ana Maria Balbin, Nidia S. Caetano, Miguel A. Conde,

Paulo Costa, Carlos Felgueiras, Angel Fidalgo-Blanco,

David Fonseca, Adriana Gamazo, Alicia Garcia-Holgado,
Francisco José Garcia-Peiialvo, José Gongalves,

Angel Herndndez-Garcia, José Lima, Nicolae Nistor,

Joe O’Hara, Susana Olmos-Migueldriez, Valeriano Piiieiro-Naval,
Maria-Soledad Ramirez-Montoya, Patricia Sdanchez-Holgado,
and Maria Luisa Sein-Echaluce

Communication, Education and Social Media

Fact-Checking: A Journalistic Movement yet to Be Discovered?

Audience Attitudes and Familiarity Levels in Portugal ....................

Jodo Pedro Baptista, Anabela Gradim, Marlene Loureiro,
and Fdbio Ribeiro



XXVill Contents

Opportunities, Challenges, and Risks of Clickbait in the Scientific
CommuUNICAtION . ...ttt e
Ana Maria Zaharia and Jestis Miguel Flores-Vivar

Signs of Culture in Computer Games: Assumption for Education .. ..
Gintare Vaitonyte, Eugenija Valiene, and Dalia Senvaityte

Women in Front of and Behind the Camera. Analysis

of the Representation of Society in Contemporary Spanish

CINEMA ...t
David Blanco-Herrero, Maria Marcos Ramos,
and Teresa Martin Garcia

Chatbot to Provide Initial Assistance to Erasmus Students in Case

Of EMergency . .........ooouiiii i
Roberto Fermin Garcia Mena, Antonio Balderas, Milagros Huerta,
Juan Manuel Dodero, and Nestor Mora Nuiiez

New Technologies to Quit Smoking. Analysis of Mobile Applications
Available foriPhone ....... . ... ... .
Laura Rodriguez-Contreras and Juan-José Igartua

Are Intercultural Competencies the Key to International Collaboration?:

A Systematic Review ....... .. .. ..
Nicia Guillén-Yparrea and Maria-Soledad Ramirez-Montoya

Profiles of Smartphone Use and Consumption in Spanish Students
of Generations Yand Z ........ .
Diego Ramos Méndez and Félix Ortega-Mohedano

The Censorship of Nudes on Instagram: The Female and Male Body

and Its Sexualization .......... ... ... i
Maria del Carmen Tomds-Jiménez, Patricia Sanchez-Holgado,
and Maria-Elena Rodriguez-Benito

Education Through Organizations with a Purpose in Social Networks
Laura Pacheco Barriga

Museums and Heritage Education on Instagram: An Analysis
of the Actions of the “Museus Conectam” Network ................
Rafaela Silva Thomaz

The Association of Internet Use with Subjective Well-Being:
An Empirical Study Based on CGSS 2017 ........ ... ... .. .....
Yurong Yan, Yuying Deng, Juan-José Igartua, and Xiagang Song



Contents
Educational Assessment and Guidance

Application of the CIPP Model in the Structure of a Satisfaction Survey

for Elearning Training ACtiVIties . ......... ...ttt ..

Jessica Uribe Navarrete, Maria José Rodriguez Conde,
and Susana Olmos Migueldriiez

Mentoring in Educational Innovation: Systematization in the Experience

of Teachers’ Educational Experimentation and Research ...................

May Portuguez-Castro

Student’s Awareness of the Environment in Mallorca (Spain)

on Education for Sustainable Development (ESD) .........................

Maneerat Sa-ngiemjit, Maria Antonia Manassero Mas,
and Angel Vdzquez Alonso

Comparing Students’ Critical Thinking by Using the Revised Bloom’s
Taxonomy in Online and Face-to-Face Class Formats of Organic

Chemistry ...

Maneerat Sa-ngiemjit, Maria Antonia Manassero Mas,
and Angel Vdzquez Alonso

The Usefulness of a Mobile App in a Visual Literacy Blended Learning

Course for EQUCAtOTrS . . . ..ot o e

Catalina Huilcapi-Collantes, Azucena Herndndez Martin,
and Juan Pablo Herndndez-Ramos

Competences of University Teaching Staff to Use New Learning

and Evaluation ReSources . ...

Angélica Gonzdlez Arrieta, Guillermo Herndndez Gonzdlez,
Juan Manuel Corchado Rodriguez, Maria Belén Pérez Lancho,
José Rafael Garcia-Bermejo Giner, Ivdn Alvarez Navia,

Juan Andrés Herndndez Siman, Angel Luis Sdnchez Ldzaro,
and Pastora Isabel Vega Cruz

Advances on Sustainable Development in Higher Education

Learning Object as an Educational Innovation Tool for Energy
Management Systems Teaching Based on the ISO-50001 Framework:

An Interdisciplinary Descriptive Approach ........... ... ... ... ... ... ....

Josué Aaron Lopez-Leyva, Sialia Karina Mellink-Méndez,
Gloria Janeth Murillo-Avifia, and Paola Monet Caiiedo-Bobadilla

XX1X



XXX Contents

Learning the Design of Geothermal Sustainable Systems Through

the Analysis of Acceptable Outcomes .............c.ccviiiiniiiineennnann. 900
Ignacio Martin Nieto, Cristina Sdez Bldzquez,
Miguel Angel Maté-Gonzdlez, Natalia Nufio Villanueva,
and Arturo Farfdn Martin

Promoting Sustainability and Energy Efficiency in Higher Education

Through the Optimized Management of Geothermal Resources ............. 909
Cristina Sdez Bldzquez, Ignacio Martin Nieto,
Miguel Angel Maté-Gonzdlez, Natalia Nuiio Villanueva,
and Arturo Farfdn Martin

Electronic Test Subjects and Sustainability ............................... 919
Rithem Sarmento and Carlos Felgueiras

Insect Farming — An EPS@ISEP 2022 Project ........... ... ... oot 925
Benjamin Copinet, Finn Fliigge, Leonie Christine Margetich,
Marie Vandepitte, Paul-Luchian Petrache, Abel J. Duarte,
Benedita Malheiro, Cristina Ribeiro, Jorge Justo, Manuel F. Silva,
Paulo Ferreira, and Pedro Guedes

Form Follows Recyclability? Instruments for Dissipation-Aware
Product Design .. ... ... e 935
Konrad Schoch, Fabian Hemmert, and Christa Liedtke

The Role of Engineering in Achieving the SDGs: A Case Study
on Awareness-Raising Through Different Undergraduate Subjects
at the Higher Polytechnic School of Zamora (Spain) ....................... 944
Ana Belén Ramos-Gavildn, M* Ascension Rodriguez-Esteban,
M Almudena Frechilla-Alonso, Aitor Cristiam Raposeiras,
Diana Movilla-Quesada, Ana Maria Vivar-Quintana, Isabel Revilla,
and Ana Belén Gonzdlez-Rogado

An Overview of the Evolution of Civil Engineering Education Towards
Sustainability in Portugal ....... ... ... . . . 953
Paulo Silva, Nidia S. Caetano, and Carlos Felgueiras

Towards Sustainable Living: Undergraduate Training Course Using

AWORLD App as an Educational Resource .............................. 962
Harold Tinoco-Giraldo, Catalina Huilcapi-Collantes,
Aida Gdndara-Tovar, and Sandy Antonio Gutiérrez



Contents
Educational Innovation

Didactic Strategies in Hybrid and Remote Learning Modalities

to Promote Critical Thinking ........... . ... ...

John Jairo Dominguez, Manuel Ivan Ortiz Ramos,
Alex Sandro Gomes, Fernando Moreira, Rossana Gaia,
Miguel Angel Vargas, and Rosane Alencar da Silva

Academic Analytics Applied in the Study of the Relationship Between
the Initial Profile of Undergraduate Students and Early Drop-Out Rates.

Defining the Variables of a Predictor Instrument .........................

Alba Llauro, David Fonseca, Daniel Amo-Filva, Susana Romero,
Marian Aldez, Jorge Torres Lucas, and Maria Martinez Felipe

Analysis, Progress and Comparative of the European Digital

Competence Framework DIGCOMP ........ .. .. ... ... ... . ......

Maria Collado-Sdnchez, Francisco José Garcia-Peiialvo,
and Ana M. Pinto-Llorente

A Tool to Analyze the Satisfaction Impact of the MFT Method .............

Marta Gomez-Gomez, José Tomds Alcald-Nalvaiz,
Inmaculada Gomez-1bdiiez, Maria Luisa Sein-Echaluce,
and Angel Fidalgo-Blanco

Digital Competence, Educational Innovation with ICT and Burnout

in Tertiary Education Latin American Professors .........................

Angel Deroncele-Acosta, Irma Milagros Carhuancho-Mendoza,
Fernando Alexis Nolazco-Labajos, Helfer Molina-Quifiones,
Jorge Ernesto Torres-Obleas, Susana Edita Paredes-Diaz,

and Juanjo Mena

Perceptions of Future Teachers Experiencing Flipped Learning

as Students in a Master’s Course in Spain ..............ouiiiiiineennn...

Iciar Pablo-Lerchundi, Ana Jiménez Rivero, Gema Marti-Blanc,
and Susana Sastre-Merino

Typology of Processes in the Shared Leadership of Academic Work

TaMS ..ot

Angel Fidalgo-Blanco, Maria Luisa Sein-Echaluce,
Ana Maria Balbin, and Francisco José Garcia-Peiialvo

Personalized Flipped Classroom ..............oiiiuiniiineiineennn.n.

Maria Luisa Sein-Echaluce, Angel Fidalgo-Blanco,
José Luis Martin-Nuiiez, Amparo Verdi Vizquez,
and Laura Garcia Ruesgas

XXX1



XXXI11 Contents

Learning Design Using Mobile Technology in Visual Literacy Teacher

Training . . ..o

Catalina Huilcapi-Collantes, Azucena Herndndez Martin,
and Juan Pablo Herndndez-Ramos

A Proposal for Innovative Higher Education in Archaeology Through

the Use of Virtual Tours . . ... ...t i

Miguel Angel Maté-Gonzdlez, Cristina Sdez Bldzquez,
Jesiis Rodriguez-Herndndez, and Jestis R. Alvarez-Sanchis

Digital Teaching Skills to Design Virtual Learning Classrooms

with the 4PADAFE Methodology ......... ... ... ..

Lena Ivanova Ruiz Rojas, Cristhian Castillo, and Santiago Cariizares

Synergies Between Geomatics and Biological Sciences for the Creation

of New Virtual Materials for Teaching Taphonomy ......................

Miguel Angel Maté-Gonzdlez, Julia Aramendi,
Cristina Sdez Bldzquez, Mari Carmen Arriaza, and José Yravedra

Gamified Formative Assessment in Local Architectures ..................

Angel Herndndez-Garcia, Laura Del-Rio-Carazo,
Carlos Cuenca-Enrique, Santiago Iglesias-Pradas,
Emiliano Acquila-Natale, and Julidan Chaparro-Peldez

Enhancing Adaptive Teaching of Reading Skills Using Digital

Technologies: The LATILL Project .......... ... ...,

Martina Kienberger, Alicia Garcia-Holgado, Karen Schramm,
Anne Raveling, Detmar Meurers, Bohdana Labinska,
Tetiana Koropatnitska, and Roberto Theron

A Model for Learning with Focus on Social Responsibility, Problem

Solving and Collaborative Work in Higher Education ....................

Alvaro Rojas Zamorano, Emilio Castro Navarro,
and Carolina Castro Pereira

Multi-stakeholder Perspective on the Gap Between Existing
Realities and New Requirements for Online and Blended Learning:

An Exploratory Study . ...

Miguel A. Conde, Sonsoles Lopez-Pernas, Elitsa Peltekova,
Katina Pancheva, Miroslava Raspopovic Milic, and Mohammed Saqr



Contents

Gamified Values Education for Fostering Migrant Integration at Schools .. ...

Lucia Garcia-Holgado, Andrea Vizquez-Ingelmo,

Alicia Garcia-Holgado, Francisco José Garcia-Perialvo,
Omer Yigit, Cristina Ramon-Navarro, Dilek Gokgen Pasin,
Canan Aktug, and Annette Greilich

New Trends in Mechatronics Engineering Education

Learning Mechatronics in the MacGyver Way ...........................

Jodo Paulo Coelho and Inés Seixas

Robot Development for Educational Purposes: Advances on Real

and Simulation Environments .. ......... ..t

Emanuel de Jesus Soares Marta, José Gongalves, and José Lima

Towards a More Accurate Time of Flight Distance Sensor to Be Applied

in a Mobile Robotics Application ............ ... ...

Laiany Brancalido, Mariano Alvarez, Miguel A. Conde, Paulo Costa,
and José Gongalves

Automated Ceramics Tableware Finishing: A Laboratory Prototype

for Concept Validation ......... ... .. i

Mariano Alvarez, Laiany Brancalido, Jorge Carneiro, Paulo Costa,
Jodo Paulo Coelho, and José Gongalves

Those Were the Days! Looking Back at Ten Years of Learning
Analytics at TEEM

From Variables to States to Trajectories (VaSSTra): A Method

for Modelling the Longitudinal Dynamics of Learning and Behaviour .......

Sonsoles Lopez-Pernas and Mohammed Saqr

A Revision of LMS Interaction Classifications for Learning Analytics .......

Angel Herndndez-Garcia, Carlos Cuenca-Enrique,
Uchendu Nwachukwu, and Laura Del-Rio-Carazo

Higher Education from a Learning Analytics Perspective: an Exploration

of the Theory Choice in Doctoral Educational Research ...................

Siyu Jiang, Nicolae Nistor, and Dorin Stanciu

Learning Analytics’ Privacy in the Fog and Edge Computing:

A Systematic Mapping Review .......... .. i

Daniel Amo-Filva, David Fonseca, Francisco José Garcia-Peiialvo,
Marc Alier Forment, and Maria José Casany Guerrero

XXX111



XXX1V Contents
Doctoral Consortium

Digital Transformation in Higher Education Institutions Implementation

Model .. 1211
Lina Maria Castro Benavides, Johnny Alexander Tamayo Arias,
and Daniel Burgos

Get the Most Out of Erasmus+ Good Practices . ........ ... ... 1220
Maria Goretti Alonso de Castro and Francisco José Garcia-Peiialvo

Indigenous Women in Higher Education in STEM: A Case Study

TN OAXACA .\ttt et e 1229
Erika Garcia-Silva, Alicia Garcia-Holgado,
and M“ Cruz Sanchez-Gomez

Development of Algorithms and Methods for the Simulation

and Improvement in the Quantum Natural Language Processing Area ........ 1238
David Peral-Garcia, Juan Cruz-Benito,
and Francisco José Garcia-Peiialvo

Design, Development, and Evaluation of a Serious Game Aimed
at Addressing Bullying and Cyberbullying with Primary School Students .. ... 1246
Alejandro Martel-Santana and Marta Martin-del-Pozo

Teaching Processes Concerning the Production of TV with Portuguese

Elderly — From the Gratifications Obtained by Consumption

to the Expectancies of the Production Process ........... ... ... ... ... ... 1255
Luis Miguel Pato, Patricia Torrijos Fincias, Cristovdao Margarido,
and Ricardo Pocinho

TAM, Assessment, and Mobile Technologies: A Study of Teachers’

Acceptance in Higher Education ......... ... ... ... . ... ... .. ... 1263
Alberto Ortiz-Lopez, Susana Olmos-Migueldriez,
and José Carlos Sdanchez-Prieto

Validation and Implementation of a Training Course on Digital

Competence and Cybersecurity in the Future Teachers

of the Autonomous Community of the Canary Islands Using

the Escape Room Technique ............ ... ... .. . . . i, 1272
David Sudrez-Sudrez and Juan Pablo Herndndez-Ramos

XR as a Forward-Looking Tool for Mathematics Learning of Secondary

School Students with Dyslexia and ADHD: A ThesisPlan .................. 1279
Alex Miré-Mediano, Marc Alier Forment,
and Francisco Javier Mora Serrano



Contents

The Influence of Serious Games and Gamification in University

Students of English as a Foreign Language ..............................

Julidn Alberto Lopez-Torres, Herndndez-Ramos Juan Pablo,
and Azucena Herndndez Martin

Methodological Approach to the Evaluation of Scientific Journals ..........

Valeria Montoya-Roncancio and José Antonio Merlo-Vega

Development of an Accompaniment Program for Women at Risk

of Exclusion After Unintended Pregnancies .............................

Eustasio Pérez Salido, Araceli Queiruga Dios,
and Maridn Queiruga Dios

The Maker Movement in Engineering Education: A Partial Literature

Review of the Research Opportunities on Competency Development . .......

Leonardo Saavedra Munar and Marc Alier Forment

Design, Development, and Evaluation of an Intervention in Terms
of Teaching/Learning Practices of Curricular Units of Differential

and Integral Calculus in Engineering Degrees ............................

Maria Emilia Bigotte de Almeida, Araceli Queirugas-Dios,
and Maria José Cdceres

Research Plan and Development of the Thesis: Musical Preferences

in Primary Education in the Nou Llevant/Sud Neighborhood of Mallorca .. ..

Aurora Ferrer Juan, Noemy Berbel Gomez,
and Josep Lluis Oliver Torello

Assess Informal Learning, Through Technology, in Science Centers

OF SCIENCE MUSEUINS .« . . vttt et et e e e e e e e e e e e e e

Ivone Fachada, Francisco José Garcia-Pefialvo,
and Ana Isabel Pereira

Jazz Standards: From the Manuscript to Multiple Possibilities Through

COMPULALION . . ettt ettt e e e e e e e e e e

Patricia Garcia-lasci and Javier Merchdn Sdnchez-Jara

Definition of a Reference Architecture for the Integration of Augmented
Reality/Virtual Reality Techniques in Remote Experimentation

Environments . . ... ...t

Isabela Nardi da Silva, Javier Garcia-Zubia,
and Unai Herndndez-Jayo

XXXV



XXXVi Contents

The Discourse Against the LGTB Community in Social Networks
and Its Relationship with Hate Crimes in Spain ...........................
Marcos Barbosa and Carlos Arcila

Data Literacy for the Development of Learning Analytics in K-12
Environments . ... ...
Belén Donate Beby, Francisco José Garcia-Perialvo,
and Daniel Amo-Filva

Grading Criteria in Technology Subject in Secondary Education Within

the Framework of the LOMLOE ... ... ... .. .. .. ... .. ... . . . . . ...
Aurora Pérez-Fonseca, Maria Dolores Merchdn Moreno,
and Maria Jesis Santos Sdnchez

Author Index . ... ...,



®

Check for
updates

Towards a More Accurate Time of Flight
Distance Sensor to Be Applied
in a Mobile Robotics Application

Laiany Brancaliao’2®™) Mariano Alvarez', Miguel A. Conde?, Paulo Costa®4,
and José Goncalves!

! CeDRI - Research Centre in Digitalization and Intelligent Robotics,
Polytechnic Institute of Braganca, Braganca, Portugal
{laiany,goncalves}@ipb.pt
2 University of Leén, Campus de Vegazana, 24071 Leén, Spain
mcong@unileon.es
3 University of Porto, 4200-465 Porto, Portugal
paco@fe.up.pt
4 INESC TEC - Institute for Systems and Computer Engineering,
4200-465 Porto, Portugal

Abstract. In this paper, it is presented a field of view analysis of a
time of flight sensor, that will be applied in a mobile robotics applica-
tion. The sensor was configured in order to obtain a tradeoff between
reactiveness and accuracy. It was used a microcontroller development
board to acquire data and a manipulator to perform the movements,
assuring repeatability and accuracy in the data acquisition process. The
results of this paper will be used as an input to a simulation, in order to
assist in the development of a mobile robotics application and also to be
applied in educational contexts.

1 Introduction

An approach for distance measurement widely applied in mobile robotics and
machine vision industry in recent years is the Time of Flight (ToF) technology,
which encompasses precision and low cost in the same component. The applica-
tions includes obstacle avoidance, reconstruction of objects and environments,
user detection, gesture recognition and others [1,2].

In the Time of Flight principle, a modulated infrared signal is sent to an
object, it is backscattered and then a ToF receptor receives the reflected signal.
Using the phase shift between the signal sent and the signal reflected it is possible
to calculate the distance [1,3,4].

In order to obtain high performance controllers for mobile robots in dynam-
ics environments it is important to characterize a specific sensor or actuator
obtaining parameters, which can be important, for example, to a sensory fusion

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2023
F. J. Garcia-Penalvo and A. Garcia-Holgado (Eds.): TEEM 2022, LNET, pp. 1145-1155, 2023.
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or even to a virtual environment, allowing the simulation to be closer to the real
parameters and real world [5,6]. The field of view of time of flight sensors it is an
important topic to analyze since it can shift depending to the sensor distances
and directions [7].

According to [6,8] it is possible to note that industrial robots are a good
choice to acquire data from sensors, mainly for the distance sensors which
requires a considerable amount of data, allowing to perform repetitive opera-
tions with precision and speed, since probably it would be executed by humans
with possible errors and in a slower way.

Within the context of mobile robotics the simulation is an important tool
to test and develop applications, besides being a tool very useful in educational
contexts. The simulation provides a virtual environment where it is possible to
design and simulate tests in different conditions with several parameters and
components, allowing fast robot software development, being useful not only
in industry but also in multidisciplinary classes. Besides that, sometimes the
hardware development is separate from software development and with the use
of simulator the last one can be tested before the hardware is done [9,10].

In this work it is proposed a field of view analysis of a time of flight sensor
which will be applied in a mobile robotics application in order to assist in the
robot simulation inside a virtual environment. A previous analysis of the sensor
for different colors tones and distances was already presented in a first paper [11].

This paper is structured as follows. The Sect. 2 explains how the sensor works
and the Sect.3 presents the setup applied to collect the data. The Sect.4 is
intended to present the data analysis and discussion about the field of view
analysis. Lastly, conclusion and future work are presented.

2 Time of Flight Sensor

The time of flight sensor is a ranging module based on the ToF principle,
which basically works illuminating an object with a modulated signal source
and according to the time that the signal is reflected the distance can be mea-
sured (Fig.1). This kind of sensor is very precise and compact, the sensing is
narrow including a field of view of 25°, unlike sonars that bounce ultrasonic
waves.

Usually there is a laser or a LED operating in a spectrum that human eyes
can’t see, near-infrared range approximately 850nm, and a sensor sensible to
the same spectrum and to convert photonic energy to electrical current. This
method presents good results to background light, besides that compact con-
struction, easy-of-use and high accuracy. For these reasons it is very applied in
many applications, including automotive and industrial fields [1,3,4].
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Emitter \
Object
Receptor /

Distance based on the reflection time

Fig. 1. Time of flight principle illustration.

In this paper, it was used the ToF sensor board VL53L0X from STMicro-
electronics, which reach absolute distances for up to 2m and it operates in three
ranging modes, being them default mode, high speed, high accuracy and long
range. Taking into account that the sensor will be applied in a mobile robot that
is expected to have a high performance, giving its operating environment dynam-
ics, therefore, the default mode, with a range timing about 30ms, is adequate to
obtain a tradeoff between reactiveness and accuracy [2].

The long range is not interesting for the proposed application, since the mea-
sured distances will be up to a maximum of one meter. In high speed, accuracy
is lost and noise is gained, and lastly in high accuracy the reactiveness is lost
since the measurement is slower comparing to the other modes [2].

3 Setup for Acquiring Data

In this section it is described the setup created to acquire data from the ToF
distance sensor. The Kassow’s KR810 collaborative robot was used as a manip-
ulator, performing repetitive and accurate movements. This robot has 7 axes, a
payload of 10kg and a reach of about 1.2m [12].

The ToF sensor was attached to the robot, through a bracket made using
3D printing technology, as show in Fig. 2 a). In [11], it was confirmed that white
color has the best results, due to its higher reflection, this color was chosen to
perform the tests related to the field of view of the sensor. One test consisted
to move horizontally over a step, as showed in Fig.2 b), allowing to analyze the
sensor and its field of view behavior face a disturbance, an abrupt difference in
the measured distance.

Another test included the movement in different angles keeping the distance
from the target, as showed in Fig.2 c). The sensor was positioned to move
sideways and to move back and forth in order to verify the sensor behavior and
field of view for different sensor directions. Figure 2 d) presents the setup created
to visualize the field of view through a camera sensitive to infrared signals and
then compare to the datasheet information. In this last test the manipulator
moved the sensor in different distances in z-axis and different angles, obtaining
images captured for each position.
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© (d)

Fig. 2. Setup to acquire data. (a) Sensor attached to the robot (b) Manipulator moving
the sensor horizontally over a step (¢) Manipulator moving the sensor in different angles
(d) Camera obtaining images from sensor field of view.

As explained in the previous section the sensor was configured in the default
mode, providing distance measurement in a frequency 30 Hz. An Arduino Uno
development board was applied to acquire the distance measurements from ToF
sensor through 12C communication and to send the data to a computer through
serial communication.

In the computer it was used the Lazarus software, an open source devel-
opment tool, which uses the Free Pascal compilator and Pascal programming
language [13]. The computer program executes the calculation of the manip-
ulator trajectory, sends it to the robot controller and also receives data from
robot, communicating using Modbus TCP protocol and Ethernet cable. It are
also received the distances measurements from the microcontroller and stores it
in a file, which will be applied in a posterior data analysis.

ToF sensor

Information Information
exchange exchange
5
Serial #Modbus

Fig. 3. System data flow.
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Figure3 represents the system data flow composed by the ToF sensor
attached to the collaborative robot and connected to the Arduino microcon-
troller through 12C communication. The microcontroller sends information to
the computer using serial communication and the computer communicates with
the robot through modbus.

For the data analysis it was chosen to use python libraries, for processing
and visualization of data sets. Python has been gaining audience and it is widely
applied in data science and statistical modeling due to the stability, quality of
documentation, variety of open source libraries, providing an interactive devel-
opment environment and allowing data manipulation easily and fast [14,15].

4 Results and Discussion

There were performed three tests, being them the sensor moving horizontally
over a step, moving in different angles keeping the distance from the target and
a camera to visualize the sensor field of view while moving for different distances
and angles. Three datasets were collected for each one of the three tests and 100
measurements for each position were captured. After performed the means and
the offset correction of 21.81 mm, which was already calculated in the previous
published paper [11], some graphics were generated in order to illustrate the
sensor behavior.

4.1 Horizontal Movement over a Step

The manipulator was moved horizontally over a paper box with approximately
106 mm of height. The surface had white color and the sensor gone through 300
points, starting from 0 mm to 300 mm, with steps of 1 mm and the box positioned
approximately in 155 mm, as illustrated in Fig. 4. This movement was performed
for 6 different distances d from the target, from 50 mm to 300 m, with steps of
50 mm. The results from this test are illustrated in the Fig.5 and the gray line
represents from where the object is positioned.

——>
Omm  155mm  300mm

Fig. 4. Horizontal movement over a step.
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Fig. 5. Sensor moving horizontally over a step.

The caption presented in Fig. 5, represents the calculated distances from the
box, which is positioned after the gray line. Therefore, for the measurements
before the line, the box height (106 mm) is added, being consistent with the
measurements obtained by the sensor, represented by the y-axis. With this test
it is possible to see the sensor behavior related to the field of view on the edge
of a height difference.

The results for this test were consistent and represented well the height dif-
ference facing a step. It is possible to note how the curve is sharp in distances
close to the target and how it becomes soft according to the distance increase,
which is expected once, greater the distance, greather the field of view opening
and consequently, more points outside of the step edge are reached.

The distances between each height also kept themselves approximately the
same in both sides, before and after the step, representing a good sensor response.
The measurements distortion is a little noticeable according to the distance
increase, being consistent with the results obtained in the previous published
paper [11], which confirmed that the error grows with the distance increase.

4.2 Angle Effect

The manipulator performed movements, as illustrated in Fig.6, for different
distances d in z axe, from 50 mm to 300 mm, with steps of 50 mm. For each
distance the sensor was moved in different angles, starting from —25° to +25°,
with steps of 2°, keeping the distance d from the target, being it a table with
a white plastic surface. The time of flight sensor was positioned to move back
and forth (around x axe, changing « angle) and after sideways (around y axe,
changing 3 angle), in order to verify differences in the measurements related to
position of the infrared signal transmitter and receiver.

In Fig.7 it is possible to visualize the curves inclination when the sensor is
not totally perpendicular with the target plane, which is expected and represents
the measurements errors due to the inclination. On the center of the graphic,
at 0°, the values are more accurate and closer to the theoretical distances. This
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Fig. 6. Movement in different angles keeping the distance from the target.

@ ®)

Fig. 7. Sensor moving in different angles. (a) Sensor moving back and forth («) (b)
Sensor moving sideway (3).

phenomenon occurs due to the fact that the slope affects the signal reflected and
captured by the receiver that is not fully aligned.

It can be concluded that there is a difference between the sensor moves side-
ways or back and forth, it is notable that there is more symmetry in the sideway
movement, represented in Fig. 7 b), than in the back and forth movement, repre-
sented in Fig. 7 a), on account of the position of sensor transmitter and receiver.

In Fig. 7 a), there is a distortion in the right side bigger than left side, which
could have been generated by a slight inclination in the sensor board on the 3D
bracket, affecting the position of the sensor transmitter and receiver or also a
manufacturing asymmetry. A level meter was applied in order to guarantee the
alignment of the 3D bracket with the robot flange.

4.3 Field of View Analysis

According to the VL53L0X datasheet, the sensor field of view is 25° [2] and using
the concepts of trigonometry, it is possible to calculate the diameter of the view
circle depending of the height. The calculation was based on the tangent of half
of the viewing angle, since the value of the adjacent peccary (height) is known
and it is obtained the opposite peccary, which, multiplied by two, represents the
diameter of the sensor’s viewing circle.
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Table 1. Field of view diameters

Height (mm) | Diameter (mm)
50 22.2
60 26.6
70 31.1
80 35.5
90 40.0

100 44.4

110 48.8

120 53.3

130 57.7

140 62.2

150 66.6

Table 1 presents the diameters calculated based on the different heights that
the manipulator moved the sensor and Fig. 8 illustrates the field of view increas-
ing according these heights. The axes x and y represents the position of the
viewing circle on the table plane and z axe, the heights from the target. Further
away the sensor is from the target, greater your field of view, which, on the other
hand, affects the increase in measurement error as well.

Fig. 8. Field of view according to different heights.

A Picamera [16], sensitive to infrared signal, was applied allowing to visualize
the field of view of the infrared signal on the table and it was positioned a squared
paper, in which each square includes a distance of lem (10mm), in order to
calculate the diameter of the circle and compare with the theoretical diameter.
Figure 9 show the sequence of images captured by the camera at different heights.
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(@) (b) ()

(d (e) ()

Fig. 9. Field of view according to different heights. (a) 50 mm of height (b) 70 mm of
height (¢) 90mm of height (d) 100 mm of height (e) 130 mm of height (f) 150 mm of
height

The results were consistent with the theoretical values, once at 50 mm of
height the circle covered approximately 2 squares, being closer to the theoretical
value of 2cm (20 mm). At 70 mm reached about 2 full squares and half of square
in each side, totalizing 30 mm and at 90 mm of height, the field of view covered
4 squares, representing 40 mm of diameter.

At 100mm of height, the circle covered 4 squares and half, very close to
the theoretical measurement of 44.4 mm. At 130 mm, approximately 5,5 squares
were reached, totalizing 55 mm and at 150 mm of height, the circle covered just
over 6 squares and half, being all the results presented in Fig.9 coherent and
very close to the measurements of Table 1.

It is also notable that, the circle becomes larger and harder to see as the height
from the target increases, and consequently becoming increasingly difficult for
the camera to capture, for this reason the tests were done at not so high distances.

Figure 10 represents other images captured by the camera when the manipu-
lator moved the sensor in different angles keeping the height. This test was based
in the sensor moving back and forth, that is, around x-axis and changing angle
«. In these images the sensor was at a height of 100 m. It is clear the deforma-
tion of the field of view in Fig.10 a) and 10 c), in which the angle inclination
is not perpendicular with the target plane. This is expected, once the path for
the reflected signal to reach the receiver is slightly longer due to the tilt of the
transmitter and receiver of the infrared signal, becoming the circle closer to an
ellipse.



1154 L. Brancaliao et al.

(@) (b) (©

Fig. 10. Field of view deformation due to angle inclination at 100 mm of height. (a)
+30° (a) (b) 0% (a) (c) =30° (@)

5 Conclusion and Future Work

In this paper it was presented a field of view analysis of a time of flight sensor,
which will be applied in a mobile robot. The analysis will be useful in simulation,
which assists not only in the mobile robot development but also can be applied
in educational contexts.

It was possible to analyze the sensor behavior while facing a disturbance,
that is, an abrupt difference in the measured distances during the movement
sequence, allowing to visualize how the curve of measurements become tenuous
according to height increase, because the field of view is larger than for small
distances, reaching more points and consequently more space outside the target’s
edge. For small heights the curve of measurements is more accentuated.

Through movements changing the inclination of the sensor, the best and
more accurate results were obtained in 0° of inclination, that is, totally in per-
pendicular with the target plane, which is expected. Measurements variations
were verified for another inclination angles, which occurs due to the fact that
the slope affects the signal reflected and captured by the receiver that is not
fully aligned.

It was also possible to verify that the sensor behavior is more symmetrical for
a sideway sensor movement ((3) than for a back and forth sensor movement (),
due to position effect of signal transmitter and receiver. This conclusion must be
taken in consideration when the sensor will be used in the mobile robotics appli-
cation. Besides that, the sensor configured in default mode, the best behavior
was for short distances, which is totally enough for the proposed application.

A camera sensitive to infrared signals was used in order to visualize the field
of view circle and then, to calculate the diameter comparing to the theoreti-
cal measurements. The results were excellent and coherent with the datasheet,
because the calculation done about the diameter in the images captured by the
camera matched with the theoretical diameters. Besides that, it was also possible
to confirm the field of view distortion due to sensor inclination, once the path
for the reflected signal to reach the receiver is slightly longer due to the tilt of
the transmitter and receiver of the infrared signal.
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For future work, tests and analysis with different light operating conditions

and different types of surfaces will be performed. Besides that, the presented
results will be applied in a simulation environment, in order to assist the devel-
opment and tests of a mobile robot that uses this time of flight sensor.
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