CELDA ;-

22" International Conference
on Cognition and Exploratory Learning in Digital Age

1-3 November
Porto, Portugal

PROCEEDINGS

Edited by

Demetrios G. Sampson
Dirk Ifenthaler
Pedro Isaias

ladis

international association for development of the information society

Image credit: Designed by Freepik




22" INTERNATIONAL CONFERENCE
on

COGNITION
AND EXPLORATORY
LEARNING IN THE DIGITAL
AGE
(CELDA 2025)



PROCEEDINGS OF THE
22" INTERNATIONAL CONFERENCE
on

COGNITION
AND EXPLORATORY
LEARNING IN THE DIGITAL
AGE
(CELDA 2025)

PORTO, PORTUGAL

NOVEMBER 1 - 3, 2025

Organised by

’@cc_ﬂ IS

international association for development of the information society



Copyright 2025
IADIS Press
All rights reserved

This work is subject to copyright. All rights are reserved, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, re-use of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other way, and storage in data
banks. Permission for use must always be obtained from IADIS Press. Please contact
secretariat@iadis.org

As a member of Crossref (a non-profit membership organization for scholarly publishing
working with the purpose to make content easy to find, link, cite and assess) each published
paper in this book of proceedings will be allocated a DOI (Digital Object Identifier) number for
its fast and easy citation and indexation.

Edited by Demetrios G. Sampson, Dirk Ifenthaler and Pedro Isaias

Associate Editor: Luis Rodrigues

ISBN: 978-989-8704-72-6



TABLE OF CONTENTS

FOREWORD
PROGRAM COMMITTEE
KEYNOTE LECTURE

FULL PAPERS

EXPLORING THE AFFORDANCES AND CONSTRAINTS OF SCRATCH IN
MATHEMATICS EDUCATION: A STUDY THROUGH THE LENS OF
AFFORDANCE THEORY

Said Hadjerrouit

DIGITALLY SUPPORTED SCENARIO-BASED LEARNING FOR IMPROVING
MATHEMATICS EDUCATION AND PERCEPTION IN SECURITY

AND DEFENCE

Marina Marchisio Conte, Giulia Boetti, Fabio Roman, Enrico Spinello,

Nikolaos V. Karadimas, Linko Nikolov, Paulina Owczarek and Andrada Livia Cirneanu

LECTURE AS CODE: A DEVOPS-DRIVEN TEACHING APPROACH
FOR AI-SUPPORTED LEARNING
Nane Kratzke

PACKAGED WIDGETS: EVALUATING A CONCEPT FOR FAIR
EDUCATIONAL TECHNOLOGY COMPONENTS
Frederic Salmen, Sergej Gorzen, René Ropke and Ulrik Schroeder

CONCEPT MAPPING AND CRITICAL THINKING: A SYSTEMATIC REVIEW
AND FUTURE DIRECTIONS FOR CONCEPT MAPPING TOOL DEVELOPMENT
Allan Jeong, Rachel Wong and Jean Baptiste Mbanzabugabo

EXPLORING RANKING CONSISTENCY OF GENERATIVE AI IN MOOC
PLATFORM EVALUATION: A NON-PARAMETRIC APPROACH
Victor K. Y. Chan

EFFECTIVENESS OF AI-BASED SUPPORT FOR VIDEO-BASED LEARNING
FOR TEACHING EMPATHY

Antonija Mitrovic, Raul Vincent Lumapas, Matthias Galster and Sanna K. Malinen

ANALYZING THE SUITABILITY OF COMPUTER ATTITUDE
QUESTIONNAIRE FOR MEASURING STUDENTS’ ATTITUDES TOWARDS
TECHNOLOGY TOOLS USED IN MATHEMATICS EDUCATION

Jose Gamez, Oscar Villalobos, Youngjin Lee and Kinshuk

THE SERGIO BLANCO STUDY: EVALUATING CREATIVE WORK THROUGH
Al
Franco Ripa Di Meana, Andrea Guidi, Veronica Di Geronimo and Alberto Giretti

X1
xiii

XV

20

31

41

53

61

69

77



INVESTIGATING THE DEVELOPMENT OF SOFT SKILLS THROUGH
BLENDED INTENSIVE PROGRAMMES

Alice Barana, Antonino Cambria, Marina Marchisio Conte, Fabio Roman and Enrico Spinello

EXPLORABLES: EVALUATING A CONCEPT FOR REMIXABLE
INTERACTIVE LEARNING RESOURCES
Frederic Salmen, René Ropke and Ulrik Schroeder

HUMAN PERCEPTIONS ON AI-GENERATED IMAGE AND AI-ASSISTIVE
SENTENCE CORRECTIONS: ANALYZING LEARNERS CONTEXTUAL
VOCABULARY LEARNING BEHAVIOURS WITH AN AI CHATBOT
Kensuke Akao, Mohammad Nehal Hasnine, Mirai Yamada and Hiroshi Ueda

ASSESSING THE TRANSFER OF MACROCOGNITIVE SKILLS FROM
VIRTUAL REALITY SIMULATIONS TO REAL-WORLD TRAINING
ENVIRONMENTS

Jessica M. Johnson

DESIGNING AN INTEGRATED MULTI-DIMENSIONAL ASSESSMENT
FRAMEWORK FOR AI-SUPPORTED ACADEMIC WRITING
Sabine Seufert and Niklas Eulitz

HUMANS VS. AT IN GRADING STUDENTS’ TEXTS — A PILOT STUDY
WITH 3 TEACHERS AGAINST ONE Al
Felix Weber and Hendrik Hubbertz

3D SCANNING WITH MOBILE DEVICES FOR TEACHING HISTORY
Klara Rybenskad

WALKING IN VIRTUAL SHOES: CAN CREATING AVATARS IN SOCIAL
VIRTUAL REALITY ENHANCE COUNSELING COMPETENCE, PRESENCE,
PERSPECTIVE TAKING, EMBODIMENT AND ENGAGEMENT?

Dominik Evangelou, Miriam Mulders and Kristian H. Trdg

FROM DASHBOARD TO CLASSROOM: A CASE STUDY OF
TEACHER-FACING DASHBOARD IMPACT ON LEARNING PERFORMANCE
AND BEHAVIORS

Xuewang Geng, Kohei Ozaki and Masanori Yamada

INTEGRATION OF CHATGPT IN THE PROBLEM-BASED LEARNING MODEL

Daniela Orozova and Nadezhda Angelova

ARTIFICIAL INTELLIGENCE IN ESP EDUCATION TRANSFORMATIONS,
ETHICAL CONSIDERATIONS AND FUTURE DIRECTIONS

Silvia Osman

DESIGN THINKING AS AN INNOVATIVE PEDAGOGICAL TOOL

Pedro Isaias and Paula Miranda

AGE-RELATED VARIATIONS IN COMPUTATIONAL THINKING
DEVELOPMENT THROUGH PEER TUTORING IN EDUCATIONAL ROBOTICS

Vaso Anastasiou and Charoula Angeli

CONTEXTUALIZED LEARNING VIA ASPECTS OF NARRATIVE DIDACTICS
IN DIGITAL LEARNING ENVIRONMENTS FOR MATHEMATICS EDUCATION
Matthias Brandl

A GENERATIVE MODEL FOR NEXT-STEP CODE PREDICTION TOWARD
PROACTIVE SUPPORT
Daiki Matsumoto, Atsushi Shimada and Yuta Taniguchi

vi

85

93

103

111

119

128

135

143

151

159

166

173

181

189

197



TEACHING ELECTRICITY AND MAGNETISM IN HIGHER EDUCATION
THROUGH VIRTUAL REALITY AND ARTIFICIAL INTELLIGENCE
Zhanara Malikova and Bayan Ualikhanova

AI AS THE STUDENT: CONCEPTUAL DESIGN OF A SIMULATION
ENVIRONMENT FOR DEVELOPING TEACHER DISCOURSE COMPETENCE
Sabine Seufert, Philipp Hartmann, Susan McKenney and Sara van der Linden

DIGX: BECOMING EXCELLENT DIGITAL TEACHERS IN FLEMISH
SECONDARY EDUCATION

Bram Bruggeman and Johanna Snoeck

EXPLORING THE LINK BETWEEN TEACHERS’ ATTITUDES

AND THE EFFECTIVE INTEGRATION OF DIGITAL TECHNOLOGIES
IN THE ITALIAN EDUCATION SYSTEM: THE MODERATING ROLE OF
CONTEXTUAL DIVERSITY

Noemi Papotti, Lorenzo Muscella and Sabrina Panesi

ACCELERATING ACOUSTICS: A LEARNING PARADIGM WITH PYTHON
AND PROMPT ENGINEERING
Mari Ueda, Katsuhiro Kanamori, Katsumi Takahashi, Shogo Kiryu and Tetsuo Tanaka

CLASSROOM REGISTRATION VIA THE INTERNET OF THINGS
Zhelyazko Terziyski, Daniela Orozova, Nadezhda Angelova and Margarita Terziyska

EXAMINING THE ROLE OF METACOGNITIVE PROMPTS ON LEARNING
BEHAVIOR DURING CIRCUIT ANALYSIS PROBLEM-SOLVING IN CBLE:
AN EPISTEMIC NETWORK ANALYSIS APPROACH

Jyoti Shaha, Amit Paikrao and Ramkumar Rajendran

THE EMOTIONAL DIMENSION OF FLOW

Ehm Kannegieser and Robert Kiilpmann

QUANTITATIVE EVALUATION OF THE EFFECTS OF READING ALOUD
AND SUBVOCALIZATION ON PROGRAM CODE DEBUGGING TASKS
Tetsuo Tanaka and Mari Ueda

IDENTIFYING PROBLEM-SOLVING PROFILES TO INFORM SCAFFOLDING
IN DIGITAL PROBLEM-SOLVING ENVIRONMENTS
Jorgen Ivar Sikk and Kairit Tammets

FROM CURRICULUM FOR ALL TO INCLUSIVE PRACTICE: INSIGHTS FROM
A PILOT STUDY ON UDL-BASED PEDAGOGICAL TRANSFORMATION

Sara Cruz and Marisa Maia

MEASURING SEMANTIC SIMILARITY OF LEARNING OUTCOMES:
COMPUTATIONAL APPROACHES AND EDUCATIONAL IMPLICATIONS

Sorana Cimpan, Francesco Floris, Marina Marchisio Conte and Sergio Rabellino

INCREMENTAL EXPERTISE: THE CONTINUUM OF EXPERTISE

IN ELECTRICAL ENGINEERING GRID DESIGN THROUGH THE LENS
OF EPISTEMIC FRAMES

Amit Paikrao, Jyoti Shaha, Ramkumar Rajendran and Ritayan Mitra

THE ROLE OF TECHNOLOGY-ENHANCED SIMULATIONS IN REFINING
LEARNERS’ MENTAL MODELS FOR COMPLEX DECISION MAKING

Jessica M. Johnson

vii

205

213

222

230

237

244

251

259

267

275

283

291

299

307



ARE STUDENT ENGAGEMENT HIERARCHIES CONSISTENT?

A RANK-BASED ANALYSIS OF ONLINE VERSUS OFFLINE ATTENDANCE
RATES

Victor K. Y. Chan

ADAPTIVE LEARNING WITH COGNITIVE AWARENESS: AN Al MODEL
FROM THE ELSEI MASTER’S PROGRAM
Zakaria Tagdimi, Souhaib Aammou and Marina Sounoglou

USE OF CHUNKING STRATEGY DURING COLLABORATIVE DEBUGGING
Afaf A. Baabdullah and ChanMin Kim

CONVERSATIONS FOR LEARNING: DESIGNING PERSONIFIED HISTORICAL

CHATBOTS TO ENHANCE CRITICAL THINKING IN K-12 STUDENTS
Karishma Shanghvi, Gurudeo Thakare, Alekh Velayudhan, Ramkumar Rajendran
and Lakshmi T. Ganesh

SHORT PAPERS

INTEGRATING PODCASTING IN TEACHER PREPARATION PROGRAMS
TO INCREASE TEACHER SELF-EFFICACY
Elizabeth Lapon

STUDY ON AUTOMATIC GENERATION OF LECTURE VIDEOS BASED
ON CONTENT ANALYSIS OF LECTURE SLIDES

Kota Mizukami, Daisuke Deguchi, Tomoki Toda, Hiroshi Murase, Haruya Kyutoku
and Tsubasa Minematsu

USER EXPERIENCE TESTING OF AN IMMERSIVE AR APPLICATION WITH
AI COMPANION: AN EXPLORATIVE USER STUDY IN AN EDUCATIONAL
CONTEXT

Thomas Keller and Felix Bauer

DIGITAL INNOVATIONS IN EDUCATIONAL TEXTBOOKS

Joan Ann Swanson

TREASURE: A CUSTOMISABLE SERIOUS GAME FRAMEWORK FOR
SCHOOL CULTURE LEARNING
Ziliang Wang and Jingyun Wang

A CASE REPORT ON THE IMPLEMENTATION OF A WEBXR PLATFORM
FOR TEACHING AND LEARNING IN THE CHINESE LANGUAGE
ENHANCEMENT PROGRAMME (HKU)

Ming Wai Chung and Chi Ming Chan

EASING TECHNOSTRESS AMONG TEACHERS: WHAT FACTORS MAKE

A DIFFERENCE?

Maria Grazia Diana, Pierpaolo Zivi, Gianluca Malatesta, Maria Lidia Mascia,

Cristina Cabras, Alberto Di Domenico, Massimiliano Palmiero and Maria Pietronilla Penna

UNLOCKING METACOGNITION THROUGH COMPUTATIONAL THINKING
Giulia Paludo

viii

315

323

330

339

349

353

357

363

368

373

377

383



INTELLIGENT TUTORING SYSTEMS MEET GENERATIVE-AI CHATBOTS
TO CRAFT PERSONALIZED LEARNING PATHS: A PHENOMENOLOGICAL
STUDY REVEALS 7 KEY DESIGN ISSUES

Michele Norscini, Lucio Monterubbiano and Chiara Moroni

FOSTERING CONCEPTUAL UNDERSTANDING OF PARALLEL CIRCUITS
BEHAVIOUR BY CONSTRUCTING QUALITATIVE REPRESENTATIONS
Tessa Hoogma, Marco Kragten and Bert Bredeweg

UNDERSTANDING WHAT STUDENTS LEARN FROM AUTHENTIC SCIENCE
AND ENGINEERING PRACTICES
Nancy Butler Songer, Julia Calabrese, Holly Cordner and Daniel Aina

DETECTING AI-ASSISTED CHEATING IN ONLINE EXAMS THROUGH
BEHAVIOR ANALYTICS
Gékhan Ak¢apinar

ENGAGEMENT ANALYTICS: FIRST RESULTS OF A SYSTEMATIC
LITERATURE REVIEW

Prosper Sanou, Eric Bittar and Bart Lamiroy

STUDENT-CENTERED LEARNING AND PEDAGOGY IN THE AGE OF Al

Alexander Williams and Ngozi Harrison

WHAT DRIVES EMPLOYEES TO ENGAGE IN CONTINUING EDUCATION?
IMPLICATIONS FOR COURSE RECOMMENDER SYSTEMS — A SYSTEMATIC
LITERATURE REVIEW

Floris K. Scherb and Dirk Ifenthaler

MOBILE EDUCATION SYSTEM FOR EFFICIENT LEARNING OF CIRCUIT
CONSTRUCTION FOR ULTRASONIC SENSING

Atsushi Takemura

DESIGNING CHATBOT-RESISTANT INTERACTIVE QUESTIONS
FOR COMPUTER SCIENCE ASSESSMENT
Johannes Knaut, Michael Wiehl and Mike Altieri

NEUROSCIENCE AND NEURO-PEDAGOGICAL INSIGHTS: ENHANCING
ENGLISH LANGUAGE LEARNING THROUGH MULTIPLE INTELLIGENCES
AND AI-SUPPORTED DIAGNOSTIC MODELS

Jessica Vanessa Balderas Villafranca, Olga Laura Rosas Sanchez

and Hugo Ernesto Vargas Rodriguez

STUDENT ENGAGEMENT, DEVELOPING CRITICAL THINKING SKILLS
AND THE USE OF Al
John W. Hatcher III, Jamie Davis, Bevann Dubuisson and Steele Russell

LEVERAGING SOCIAL MEDIA TO REALISE THE MODE 3 UNIVERSITY
Amy Zidulka

X

387

392

397

401

405

409

413

417

422

427

431

437



REFLECTION PAPERS

CAPTURING THE RESEARCH BASE: FRAMING A LITERATURE SEARCH
ON DIGITAL COMPETENCES

Annika Wilmers, Carolin Keller, Pia Sander, Alexander Christ, Tanja Mayer

and Katja Buntins

COMPUTATIONAL THINKING IN MATHEMATICS EDUCATION: BETWEEN
CURRICULAR EXPECTATIONS AND TEACHING PRACTICES

Marcela de Seabra, Antonio Domingos and Manuel Vara Pires

AUTHOR INDEX

443

446



ISBN: 978-989-8704-72-6 © 2025

COMPUTATIONAL THINKING IN MATHEMATICS
EDUCATION: BETWEEN CURRICULAR EXPECTATIONS
AND TEACHING PRACTICES

Marcela de Seabra', Antonio Domingos? and Manuel Vara Pires!
!Centro de Investigagdo Transdisciplinar em Educagdo e Desenvolvimento (CITeD),

Instituto Politécnico de Braganga, Portugal
2FCT NOVA, EDUNOVA.ISPA, CICS.NOVA, Universidade NOVA de Lisboa, Portugal

ABSTRACT

This paper examines the gap between curricular expectations for the integration of Computational Thinking (CT) and its
implementation in mathematics education. Through a reflective analysis that intersects literature with classroom
experience, we argue that teachers' fragmented understanding stems not merely from training deficits but from deeper
tensions between pedagogical innovation and systemic constraints. We contend that traditional mathematical
competencies already implicitly incorporate core elements of CT. Instead of introducing CT as external knowledge, we
propose a reconceptualization of teacher education to value existing mathematical practices as a foundation for CT
development, thereby avoiding curricular overload and fostering an organic integration that empowers teachers to
recognize the CT already present in their classrooms.

KEYWORDS

Computational Thinking, Mathematics Education, Teacher Training, Problem Solving, Reflective Practice

1. INTRODUCTION

Mathematics education faces a contemporary paradox. Computational Thinking (CT), defined by Wing
(2006) as decomposition, pattern recognition, abstraction, and algorithm design, shares deep conceptual
affinities with mathematical reasoning (Grover & Pea, 2013). Decomposing problems, identifying
regularities, abstracting, and constructing algorithms are intrinsic to mathematical work. Yet, despite this
proximity, many teachers feel insufficiently prepared to explicitly integrate CT into their practices (Kong
& Abelson, 2019; Ye et al., 2023), revealing a tension between the potential for innovation and classroom
reality. This contradiction transcends mere technical training issues. As Brennan and Resnick (2012) warned,
theoretical compatibility does not guarantee effective pedagogical translation. The challenge involves school
culture, curricular policies, and professional identity. Weintrop et al. (2016) identified practices at the
mathematics-computing intersection that are already part of teachers' repertoires. However, these practices
are seldom recognized as contributions to CT, remaining pedagogically invisible, which fosters the belief that
CT is foreign knowledge demanding an additional workload.

2. MATHEMATICS TEACHING AND THE IMPLICIT PRESENCE OF CT

The supposed simplified views of CT held by teachers (Zahid, 2025) deserve an empathetic analysis. Rather
than knowledge gaps, this may represent a pragmatic adaptation to educational ecosystems marked by dense
curricula and assessment cultures focused on standardized outcomes. Traditional pedagogical practices
already tacitly incorporate the pillars of CT. Vygotsky's (1978) seminal work on higher cognitive skills
emerging through contextualized social interaction resonates with Papert's (1980) later ideas on the
connections between mathematics and programming.
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Explicit CT integration faces structural barriers. The pressure to cover extensive curricula and prepare
students for exams that historically favor calculation over open-ended problem-solving is a documented
constraint (Fullan, 2007; Darling-Hammond, 2010). This tension extends globally. While countries like
Finland and Estonia have achieved remarkable cross-curricular integration, many educational systems
struggle between innovative discourse and traditional assessment metrics, which rarely value algorithmic
efficiency (Bocconi et al., 2016). International approaches vary, with Denmark emphasizing data and
programming and Sweden focusing on instructions and commands (Elicer et al., 2023), highlighting the
tension between the depth of CT and the pressures of testing.

3. FROM IMPLICIT TO INTENTIONAL PRACTICE: A CONCRETE
EXPERIENCE

Effective CT integration emerges when teachers recognize existing practices. Consider a lesson on
first-degree equations. When faced with a problem like 3x + 5 = 14, a student, unknowingly, is delving into
CT. First, they decompose the problem: 'I need to isolate x.' This decomposition leads to a sequence of steps.
The student recognizes a pattern: in similar problems, operations are inverted to maintain equivalence. This
abstraction allows them to create a mental algorithm: 1. Subtract the constant term (5) from both sides.
2. Divide by the coefficient of x (3). This procedure is not just a calculation; it is the design of a systematic
and efficient solution. The pedagogical bridge occurs when the teacher intervenes, not to teach a new topic,
but to name what has already been done: 'The sequence of steps you created is an algorithm. You are
thinking like a computer scientist." This linguistic bridge transforms a mathematical routine into an explicit
CT competency, reinforcing both student and teacher self-efficacy without adding new content.

This approach, which values practical knowledge, is more powerful than the mere introduction of
technology. Tools like GeoGebra or Scratch have potential but are often used to mechanize procedures rather
than to explore modeling (Ertmer & Ottenbreit-Leftwich, 2010). CT transcends the digital. Euclid's algorithm
or the Fibonacci sequence are historical examples of "unplugged" algorithmic reasoning (Bell et al., 2009).

To help teachers access this knowledge, professional development should focus on three concrete
strategies: 1. Recognition Activities: Teachers analyze their own lessons to identify where they already
promote the pillars of CT; 2. Linguistic Bridges: Developing a common vocabulary to legitimize existing
skills, explicitly calling procedures "algorithms" or problem-solving divisions "decomposition.";
3. Collaborative Communities: Creating spaces to share examples and design organic integrations, as
demonstrated by Gadanidis et al. (2017).

This aligns with constructivist theories (Piaget, 1977) and the complexities of TPACK (Koehler
& Mishra, 2009), suggesting that sustained change occurs through the evolution of practice, not its
replacement (Guskey, 2002).

4. CONCLUSION

CT represents a unique opportunity to renew mathematics education, but its successful integration requires a
paradigm shift. Instead of an external imposition on overloaded curricula, CT must be recognized as intrinsic
to mathematical thinking itself. Our reflection, supported by literature and an analysis of practice, concludes
that the primary challenge is to create the conditions for teachers to recognize, name, and enhance the
multiple ways they already practice CT.

This evolutionary approach values teachers as experienced professionals (Hargreaves & Fullan, 2012) and
builds upon the foundations of mathematics education. Bridging the gap between curricular expectations and
classroom reality requires valuing knowledge derived from practice (Cochran-Smith & Lytle, 2009).

Ultimately, recognizing that mathematics teachers are already CT practitioners creates the conditions for
authentic and sustained change.
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