
 

 
 
 

 
 

 
Proceedings of the fourteenth Congress 

of the European Society for Research 
in Mathematics Education 

 
Editors: Marianna Bosch Casabò, Susana Carreira, Giorgio Bolondi, Michael Gaidoschick and Camilla Spagnolo 

Organised by: Free University of Bozen-Bolzano 
 

Bozen-Bolzano, Italy 
2025 

 
 

 
 

 
 
 
 
 

 
 



Marianna Bosch Casabò1, Susana Carreira2, Giorgio Bolondi3, Michael Gaidoschick3 and Camilla Spagnolo4 
1Universitat de Barcelona, Spain  
2Universidade do Algarve, Portugal 
3Free University of Bozen-Bolzano, Italy 
4University of Ferrara, Italy 
 
 
 
Editorial Board 
Ergi Acar Bayraktar; Mario Sánchez Aguilar; Leavy Aisling; Chiara Andrà; Jonas Ärlebäck Bergman; Michal 
Ayalon; Nadia Azrou; Anna Baccaglini-Frank; Sara Bagossi; Bärbel Barzel; Fanni Biró; Irene Biza; Camilla 
Björklund; Laura Black; Sabrina Bobsin Salazar; Oda Heidi Bolstad; Vahid Borji; Hilda Borko; Rogier Bos; Gülay 
Bozkurt; Laura Branchetti; Fiene Bredow; Nicola Bretscher; Domenico Brunetto; Lina Brunheira; Orly 
Buchbinder; Renata Carvalho; Clelia Cascella; Raffaele Casi; Maria Chimoni; Stéphane Clivaz; M. Sencer Corlu; 
Annalisa Cusi; Elizabeth de Freitas; Nelleke Den Braber; Dimitrios Deslis; Timo Dexel; Javier Díez-Palomar; 
Christina Drüke-Noe; Viviane Durand-Guerrier; Andreas Ebbelind; Patrick Ebers; Kirstin Erath; Britta Eyrich 
Jessen; Eleonora Faggiano; Janne Fauskanger; Giulia Ferrari; Federica Ferretti; Linda Devi Fitriana; Ignasi 
Florensa; Peter Frejd; Marita Friesen; Daniel Frischemeier; Taro Fujita; María Magdalena Gea; Eirini Geraniou; 
Ingólfur Gíslason; Michele Giuliano Fiorentino; Dubravka Glasnović Gracin; Wendy Goemans; Robin Göller; 
Paula Gomes; Inés María Gómez-Chacón; Orlando Gonzalez; Gilbert Greefrath; Helena Grundén; Ghislaine 
Gueudet; Robert Gunnarsson; Tanja Hamann; Oda Helenius; Tracy Helliwell; Mathilde Hitier; Mark Hoover; 
Veronika Hubenaková; Jenni Ingram; Pedro Ivars; Francisco Javier Rojas; Heather Johnson; Gözde Kaplan 
Can; Ronnie Karsenty; Sibel Kazak; Beth Kelly; Boris Koichu; Eszter Kónya; Stefan Korntreff; Ulrich 
Kortenkamp; Anatoli Kouropatov; Christina Krause; Janina Krawitz; Yana Lacek; Luca Lamanna; Dorota 
Lembrér; Felix Lensing; Andrea Maffia; Derek Maher; Mariam Makramalla; Linda Marie Ahl; Pernilla 
Mårtensson; Janka Medova; Elisa Miragliotta; Simon Modeste; Miguel Montes; Qëndresa Morina; Francesca 
Morselli; Reidar Mosvold; Andreas Moutsios-Rentzos; Ricardo Nemirovsky; Máire Ní Ríordáin; Aoibhinn Ní 
Shúilleabháin; Pedro Nicolás; Juuso Nieminen; Eva Nováková; Kate O’Brien; Antonio M. Oller-Marcén; Shai 
Olsher; Alik Palatnik; Chrissa Papadaki; Ioannis Papadopoulos; Jana Peters; Birte Pöhler-Friedrich; Luis 
Radford; Farzad Radmehr; Johanna Rämö; Elisabeth Rathgeb-Schnierer; David Alexander Reid; Jorunn 
Reinhardtsen; Ornella Robutti; Bettina Rösken-Winter; Libuše Samková; Florian Schacht; Thorsten Scheiner; 
Alexander Schüler-Meyer; Gil Schwarts; Serife Sevinç; Anna Shvarts; Nathalie Sinclair; Bjørn Smestad; Amalie 
Sødal; Daniela Steflitsch; Michelle Stephan; Petra Surynková; Osama Swidan; Michal Tabach; Andreas 
Tamborg; Athina Thoma; Marianne Thomsen; Jana Trgalova; Sylvia van Borkulo; Hendrik Van Steenbrugge; 
Julie Vangsøe Færch; Olov Viirman; Hanna Viitala; Nada Vondrova; Katrin Vorhölter; Pauline Vos; Chronoula 
Voutsina; Geoff Wake; Felix Woltron; Mei Yang; Stefan Zehetmeier; David Zenkl. 
 
 
 
 
 
 
Publisher 
Free University of Bozen-Bolzano, Italy and ERME 
ISBN 9791221086553 
© Copyright 2025 left to the authors 
 
Recommended citation for the proceedings 
M. Bosch, G. Bolondi, S. Carreira, C. Spagnolo, & M. Gaidoschik (Eds.). (2025). Proceedings of the Fourteenth 
Congress of European Research in Mathematics Education (CERME14). Free University of Bozen-
Bolzano and ERME. 
 
Recommended citation for single entries in the proceedings  
Authors (2025). Title of paper/poster. In M. Bosch, G. Bolondi, S. Carreira, C. Spagnolo, & M. Gaidoschik 
(Eds.), Proceedings of the Fourteenth Congress of European Research in Mathematics 
Education (CERME14), (pp. xxX-yYy). Free University of Bozen-Bolzano and ERME. 



Table of Contents

Preface and Introduction 1
Preface: CERME14 – finally in Bozen-Bolzano
. . . Carl Winsløw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Introduction to the proceedings of the fourteenth Congress of the European Society for Research in Mathe-
matics Education (CERME14)
. . . Marianna Bosch, Susana Carreira, Giorgio Bolondi, Michael Gaidoschik, and Camilla Spagnolo . . . . 4

Plenary Lectures 9
Old and new landscapes for mathematics curricula: reflections from an Italian experience
. . . Ferdinando Arzarello . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
Climate change and the mathematics curriculum: gestures and entanglements for the future
. . . Alf Coles and Kjellrun Hiis Hauge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
The new role of data in society: Challenges and opportunities for mathematics education in the age of data
science and AI
. . . Rolf Biehler and Michelle H. Wilkerson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

TWG 01: Argumentation and Proof 97
Introduction to Thematic Working Group 1: Argumentation and Proof
. . . Andreas Moutsios-Rentzos, Orly Buchbinder, Nadia Azrou, Dimitrios Deslis, Viviane Durand-Guerrier,
David A. Reid and Mei Yang . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
Integrating Fallibilism and Formal Logic: A Peircean Approach to Lakatos’ Methodology
. . . Miglena Asenova . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
Presumed criteria of validity of proof drive student teachers’ actions in conjecturing and proving: a case study
. . . Paolo Boero . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
Linguistic analysis of beginning mathematics teachers’ discourse about reasoning and proof
. . . Rebecca Butler and Orly Buchbinder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
Examining teachers’ motivational views on Lakatos-style investigation: A value-cost-expectancy approach
. . . Dimitrios Deslis, Andreas J. Stylianides and Mateja Jamnik . . . . . . . . . . . . . . . . . . . . . 126
A sixth-grade student’s first instance of mathematical proof
. . . Merve Dilberoğlu, Erdinç Çakıroğlu and Çiğdem Haser . . . . . . . . . . . . . . . . . . . . . . . . 134
A model-theoretic approach for didactics research on proof and proving in mathematics
. . . Viviane Durand-Guerrier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142
Justification not Proof as the Scope of Research: The RPA Model of Argumentation
. . . Christian Fahse and Tim Lutz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150
A framework for refutations to recipes and algorithms
. . . Michael Fischer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158

I



Investigating the relationship between negating competence and understanding proof by contraposition: A
study with Indonesian undergraduate mathematics education students
. . . Hapipi H and Andreas J. Stylianides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
Proving the rule for fraction multiplication: What kind of content knowledge is visible in preservice teachers’
arguments?
. . . Andrea Hofmann and Trond Stølen Gustavsen . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
Pre-service teachers developing and using mathematical knowledge for teaching proof
. . . Kasper Højbjerg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182
Analytic and narrative perspectives on proof and proving in mathematics classrooms - a cultural comparative
approach
. . . Christine Knipping, Fiene Bredow, Takeshi Miyakawa, Hiroki Otani and Yusuke Shinno . . . . . . . . 190
Recognising the situation for proving is not obvious
. . . Zoltán Kovács and Eszter Kónya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198
A series of mathematical induction activities to promote deritualization processes
. . . Latifah Mustofa Lestyanto and Kirsten Pfeiffer . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206
Debating the machine: mediations and truth
. . . Amedeo Matteucci, Francesco Saverio Tortoriello and Ilaria Veronesi . . . . . . . . . . . . . . . . . 214
Proof awareness and students’ proof evaluations
. . . Andreas Moutsios-Rentzos and Vassiliki Mantziou . . . . . . . . . . . . . . . . . . . . . . . . . . 222
The use of generic examples in students’ conjecturing processes
. . . Julia Niederquell and Leander Kempen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230
Enhancing Pre-Service Mathematics Teachers’ Justification Abilities: Impact of a Brief Intervention on Real
Number
. . . Mehdi Parsinia and Benjamin Rott . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238
Studying the role of synergy between paper folding and a Dynamic Geometry Environment in upper secondary
students’ conceptualization of conditional statement and proof
. . . Aliki Iliana Perivolari and Giorgos Psycharis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
How do children in primary school prove?
. . . Melanie Platz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
Evaluating arguments: the role of goals and interlocutors
. . . Marta Saccoletto . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 262
Using FullProof to develop geometrical reasoning and proof skills within a practicum course for preservice
teachers
. . . Ruthmae Sears and Orly Buchbinder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 270
Exploring how affect-related constructs predict students’ proof construction competence in algebra and ge-
ometry
. . . Gabriel J. Stylianides, Andreas J. Stylianides, Ling Zhang, Dimitrios Deslis and Jisoo Seo . . . . . . . 278
Reasoning and proving opportunities related to Thales’ theorem in selected lower secondary textbooks from
four different regions
. . . Kinga Szűcs and Mária Slavíčková . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 286
Collaborative problem solving to foster higher-order thinking skills in mathematics: A systematic literature
review
. . . Haydee Ceballos, Theo van den Bogaart, Jeroen Spandaw, Stan van Ginkel and Paul Drijvers . . . . . 294
Is it possible to assess the impact of proof assistants on undergraduate students’ proofs? Preliminary results
. . . Clara Sisco and Cécile Ouvrier-Buffet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 296

Proceedings of CERME 14 II



TWG 02: Arithmetic, Numbers and Operations 298
Introduction to the work of TWG02: Arithmetic, numbers and operations
. . . Ioannis Papadopoulos, Renata Carvalho, Linda Devi Fitriana, Robert Gunnarsson, Eszter Kónya and
Elisabeth Rathgeb-Schnierer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299
Preservice teachers’ decision-making: an empirical study using additive problems
. . . Mónica Arnal-Palacián and Nuria Begué . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303
Unveiling number sense performance in preservice primary school teachers through hands-on activity
. . . Linda Devi Fitriana, Zoltán Kovács and Christiyanti Aprinastuti . . . . . . . . . . . . . . . . . . . 311
Students’ recognition of characteristics in addition and subtraction problems as prerequisite for flexible mental
calculation
. . . Timo Flückiger and Elisabeth Rathgeb-Schnierer . . . . . . . . . . . . . . . . . . . . . . . . . . . 319
Teaching two-digit subtraction with a structural approach in the second grade
. . . Éva Fülöp, Hoda Ashjari, Angelika Kullberg and Marie Fredriksson . . . . . . . . . . . . . . . . . . 327
Improving primary students’ understanding of division
. . . Michael Gaidoschik, Myriam Burtscher and Heidi Pechlaner . . . . . . . . . . . . . . . . . . . . . 335
Number sense towards real numbers
. . . Virginia Garrido Adame, Olimpia Figueras, and Minerva Martínez Ortega . . . . . . . . . . . . . . 343
Mastering the basic facts of multiplication and division till the end of grade 3 – selected results of a longitudinal
study
. . . Sandra Gleissberg, Eichler Klaus-Peter, and Seibold Moritz . . . . . . . . . . . . . . . . . . . . . . 351
What is a high-quality solution to an arithmetic task?
. . . Robert Gunnarsson, and Ioannis Papadopoulos . . . . . . . . . . . . . . . . . . . . . . . . . . . . 359
Primary school student’s ability in fractions as operators
. . . Diana Herreros-Torres, M. Teresa Sanz, Carlos Gómez-Ferragud, Hélia Oliveira, and Renata Carvalho . 367
Advancing the use of retrieval-based strategies with a new manipulative: The case of Nanuka
. . . Sarah Hopkins, James Russo, Jane Hubbard, Ann Roche and Janette Bobis . . . . . . . . . . . . . . 375
Pupils’ understanding of numerical pattern: an analysis of pupils’ solutions to similar problems in grades 2
and 3 of primary school
. . . Darin Jirotkova and Jana Slezáková . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 383
Word problems as a possible means of raising awareness of arithmetical structures
. . . Eszter Kónya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 391
Pupils’ Solving strategies of the word problems Fidgets type
. . . Karolína Mottlová . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399
Problem posing by preservice teachers: The case of open problems
. . . Ioannis Papadopoulos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 407
Toward a conceptualization of %: Some preliminary advances
. . . Jerome Proulx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415
Effects of spoken number words on place value understanding: A comparative study with German and Danish
second graders
. . . Mia Lene Ransiek and Thomas Rottmann . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423
General explanations – conditions and role in the learning process of a child with special difficulties in learning
mathematics
. . . Charlotte Rechtsteiner and Michaela Scheffknecht . . . . . . . . . . . . . . . . . . . . . . . . . . . 431
Tree graph to improve word problem solving involving rational numbers
. . . Maria T. Sanz, Carlos Valenzuela García, Sofia Peregrina, Emilia López-iñesta, Francisco Grimaldo
and Daniel Garcia-Costa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 439
Pupils with severe difficulties in learning arithmetic: An educational challenge for secondary schools
. . . Volker Ulm, Annalisa Steinecke and Moritz Zehnder . . . . . . . . . . . . . . . . . . . . . . . . . 447

Proceedings of CERME 14 III



Assessing students’ conceptual place value understanding at the end of primary school
. . . Gerald Wittmann and Katja Lenz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455
Exploring the strategies utilized by primary pupils to solve equal group multiplication problems using the
‘Stick and Split’ app
. . . Waqas Bin Sarfraz, Dave Hewitt and Ian Jones . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463

TWG 03: Algebraic Thinking 465
An introduction to TWG3 Algebraic Thinking
. . . Maria Chimoni, Luis Radford , Jorunn Reinhardtsen and Stefan Korntreff . . . . . . . . . . . . . . 466
Understanding mathematical structures: A contribution to the discourse about the nature of algebraic thinking
. . . Kathrin Akinwunmi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 470
Mathematics teachers’ correspondence and covariation approaches to quadratic functions in relation to their
covariational reasoning
. . . Mervenur Belin, Gülseren Karagöz Akar and Işıl İşler Baykal . . . . . . . . . . . . . . . . . . . . 478
A 6th grade teacher’s and students’ togethering in the algebra classroom: A process of overcoming emerging
dialectical contradictions
. . . Martin Carlsen and Jorunn Reinhardtsen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486
Employing Erroneous Examples in Refutational Text to Address Misconceptions in Equations and Inequalities
. . . Konstantinos P Christou, Courtney Pollack and Eleni Karagiannidou . . . . . . . . . . . . . . . . 494
From Inductive to Deductive Reasoning: Investigating Grade 6 Students’ Algebraic Thinking Abilities
. . . Pitta-Pantazi Demetra, Maria Chimoni and Christou Constantinos. . . . . . . . . . . . . . . . . . 502
The development of a reference epistemological model of upper secondary school algebra in Sweden
. . . Matilda Hällback and Olov Viirman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 510
Assessing students’ emerging awareness of algebraic structures
. . . Anna Holmlund and Johanna Pejlare . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 518
Overcoming the letter-as-object misconception in 4 weeks? An analysis of latent class transitions and con-
tributing teaching practices
. . . Katrin Klingbeil and Filip Moons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 526
Enhancing students’ conceptual understanding of variables with interactive instructional videos in a knowledge
organization phase
. . . Stefan Korntreff and Susanne Prediger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 534
A case study of a seven-year old’s reasoning with and understandings of function graphs
. . . Nathan Liao, Susanne Strachota, Mathías A. Lopez, Bárbara M. Brizuela, Maria Blanton and Angela
Gardiner Gardiner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 542
Teachers’ conceptualizations of slope in teaching Grade 8 students
. . . Marios Pittalis and Panagiotis Gridos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550
Cartesian graphs and co-variational thinking in early algebra
. . . Luis Radford . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 558
Linking a table and a graph of a function: Slovak case
. . . Daniela Šabaková and Ingrid Semanišinová . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 566
Race among the number line: Functional thinking among primary school students
. . . Stephan Tomaszewski and Marcus Nührenbörger . . . . . . . . . . . . . . . . . . . . . . . . . . . 574
Constructing varying relationships of quantities and writing equations with fractions: A preliminary analysis
of representations produced by Japanese and Turkish teachers
. . . Zelha Tunç-Pekkan, Keiko Hino, Hisae Kato and Hiraku Ichikawa . . . . . . . . . . . . . . . . . . 582
Proportional reasoning unleashed: How gifted minds tackle diverse proportional reasoning tasks
. . . Zeynep Tuncer, Berna İnci and Mine Işıksal Bostan . . . . . . . . . . . . . . . . . . . . . . . . 590

Proceedings of CERME 14 IV



Experts’ structuring processes of equations that can be solved with varying efficiency: An analysis of gaze
paths with eye-tracking
. . . Christof Weber and Georg Bruckmaier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 598
Predictive validity of the algebra concept inventory
. . . Claire Wladis, Eileen Murray and Geillan Aly . . . . . . . . . . . . . . . . . . . . . . . . . . . . 606
Comparison of structural sense in limit tasks between first and final year engineering students
. . . Gloria del Carmen Cancec-Murillo, Pablo Flores Martínez and Teresa Rojano Ceballos . . . . . . . . 614
Strategies used by students with autism to complete repeating patterns
. . . Juncal Goñi-Cervera, Irene Polo-Blanco, Maria Chimoni and Demetra Pitta-Pantazi . . . . . . . . . 616

TWG 04: Geometry Teaching and Learning 618
Geometry Teaching and Learning at CERME14: TWG4 Synthesis Report
. . . Alik Palatnik, Lina Brunheira, Taro Fujita, Chrysi Papadaki and Petra Surynková . . . . . . . . . . 619
Applying Duval’s Teaching Sequence to 7th-Grade Geometry: A Case Study on the Area of a Disc
. . . Branka Antunović . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 623
Generating 3D virtual models of straight-line helicoids in GeoGebra by animations
. . . Daniela Bimova, Jiří Břehovský and Petra Pirklova . . . . . . . . . . . . . . . . . . . . . . . . . 631
Designing tasks to connect geometry and art – developing spatial reasoning using tilling
. . . Lina Brunheira and Cristina Loureiro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 639
Insights into conceptual breaks of individual sine concepts
. . . Maximilian Büttner and Giada Viola . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 647
First graders’ conceptions and linguistic descriptions of geometric shapes
. . . Şahin Danişman and Duygu Arabacı . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 655
Encountering improper points through geogebrization
. . . Agnese Del Zozzo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 663
Theories for the use of both physical and digital tools for developing
. . . Taro Fujita, Kotaro Komatsu, Satoshi Enomoto and Shogo Obayashi . . . . . . . . . . . . . . . . 671
Fostering Understanding of Inclusion Relationships Through Mathematical Events
. . . Aehsan Haj-Yahya, Juhaina Shahbari and Huda Shayeb . . . . . . . . . . . . . . . . . . . . . . . 679
Subjective theories of teacher trainers as to how to initiate argumentation and proving processes for geometry
in lower secondary school classrooms
. . . Stefan Halverscheid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 687
Fostering students’ geometric and spatial reasoning in geometry using duo of digital and tangible artefacts
. . . Liying Huang and Taro Fujita . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 695
Working with student solutions to understand geometry knowledge of preservice teachers
. . . Daniela Kovalčíková and Ingrid Semanišinová . . . . . . . . . . . . . . . . . . . . . . . . . . . 703
Geometry to be taught in Taiwanese and Japanese junior high schools
. . . Takeshi Miyakawa and Yi-Wen Su . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 711
Developing geometrical reasoning skills in primary school
. . . Shogo Obayashi and Taro Fujita . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 719
High School Mathematics Teachers’ Support for Students’ Focus on the Properties of Geometric Solids Using
Dynamic Geometry Software
. . . Samet Okumus and Karen Hollebrands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 727
I see what you’re thinking: Embodied collaborative argumentation
. . . Alik Palatnik, Dor Abrahamson and Catalina Lomos . . . . . . . . . . . . . . . . . . . . . . . . 735
Analysis and categorization of errors in the geometry of prospective primary teachers
. . . Petra Pirklova, Jiri Brehovsky and Daniela Bimova . . . . . . . . . . . . . . . . . . . . . . . . . 743

Proceedings of CERME 14 V



On the mutual relationship of different construction tools and mathematical concepts
. . . Marc Sauerwein . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 751
3D printed manipulatives as an aid in constructing parallel and central projections of solids
. . . Petra Surynkova . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 759
Teaching the concept of minimal definition with the CoD Method
. . . Leonardo Tortorelli and Francesco Saverio Tortoriello . . . . . . . . . . . . . . . . . . . . . . . . 767
Dimensions of conceptual knowledge and geometric constructions
. . . Lukáš Vízek and Libuše Samková . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 775
The role of perceptual clues in 3D enumeration tasks
. . . Edgar Alstad and Maren Berre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 783
Mathematics laboratory on geometric transformations at the museum
. . . Michela Maschietto and Beatrice Battilani . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 785

TWG 05: Probability and Statistics Education 787
Reimagining Statistics and Probability Education in the Age of Data and AI: An introduction to the work of
TWG05
. . . Aisling Leavy, Daniel Frischemeier, Sibel Kazak, Orlando Rafael González, Luca Lamanna and María
Magdalena Gea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 788
Reconsidering Basic Resources for Modern Statistics Teaching and Learning: Opening the Dialogue
. . . Dionysia Bakogianni and Maria Meletiou-Mavrotheris . . . . . . . . . . . . . . . . . . . . . . . . 795
How students justify the usability of self-built machine learning models
. . . Katharina Bata, Angela Schmitz and Andreas Eichler . . . . . . . . . . . . . . . . . . . . . . . . 803
A classroom experiment: the impact of teaching correlation and regression on students’ knowledge of the
equation of a line
. . . Balázs Boller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 811
Risk literacy – a hybrid conceptualization
. . . Marie-Theres Brehm and Angelika Bikner-Ahsbahs . . . . . . . . . . . . . . . . . . . . . . . . . 819
Can you explain the surprising result? About students’ arguments in the context of risk literacy before and
after working with a simulation
. . . Theresa Büchter, Andreas Eichler, Nora Vogel and Karin Binder . . . . . . . . . . . . . . . . . . 827
How do future teachers interpret a pupil solution to a probabilistic task involving proportionality?
. . . María Burgos, María del Mar López-Martín and Veronica Albanese . . . . . . . . . . . . . . . . . 835
Statistical literacy in middle school students’ performance of speech acts when reacting to data-based argu-
ments on social media
. . . Christian Büscher . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 843
Facilitating elementary school students’ transitioning from statistical modeling of to statistical modeling for
. . . Michal Dvir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 851
Novice Students’ Engagement with Big Data Modeling
. . . Ronit Gafny, Michal Dvir and Dani Ben-Zvi . . . . . . . . . . . . . . . . . . . . . . . . . . . . 859
Informal conceptions of appropriate choropleth maps held by in-service Southeast Asian teachers
. . . Orlando Rafael Gonzalez . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 867
Richness of reflective processes on algorithmic decision-making systems by prospective teachers
. . . Susanne Hilger and Carina Büscher . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 875
Middle Grade students’ objectification of probability in a computer simulation-based environment
. . . Kjærand Iversen and Amrit Bahadur Poudel . . . . . . . . . . . . . . . . . . . . . . . . . . . . 883

Proceedings of CERME 14 VI



Exploring the structure of enumerations in combinatorial problem solving: a case study with Italian secondary
school students
. . . Luca Lamanna and Laura Branchetti . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 891
Empowering Statistical Learning: The Impact of Growth Mindset on Students’ Attitudes towards Statistics
. . . Aisling Leavy, Esma Emmioglu-Sarikaya, Caterina Primi and Candace Schau . . . . . . . . . . . . 899
Bringing math into politics: the Decision Theatre Lab and the influence of model knowledge on the interpre-
tation of stochastic simulation results
. . . Christoph Lieben and Sinah Gürtler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 907
Problem solving and argumentation in probability context: analysis of some examples of necessary object-level
narratives
. . . Francesca Martignone, Daniele De Giorgi and Marta Saccoletto . . . . . . . . . . . . . . . . . . . 915
Type of table and reading levels promoted by Spanish textbooks
. . . Jocelyn D. Pallauta, María M. Gea, Carmen Batanero and Pedro Arteaga . . . . . . . . . . . . . . 923
Teaching data-driven machine learning in mathematics education
. . . Sarah Schönbrodt and Martin Frank . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 931
A local instruction theory to strengthen students’ grasp on graphs
. . . Lonneke Boels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 939
Transferring responsibilities to students in a statistics inquiry through an inter-grade study and research path
. . . Maria-Josep Freixanet de la Iglesia, Montserrat Alsina Auback, Marianna Bosch Casabò . . . . . . . 941
Gaining insight – developing eye-tracking vignettes for teacher training on misinterpretations of statistical
graphs
. . . Ayline Heursen, Saskia Schreiter, Vuslat Seker, Anita Alexander, Lonneke Boels, Frank Reinhold,
Martin Abt, Wim Van Dooren and Markus Vogel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 943
Data science modules for preservice teacher education
. . . Susanne Podworny, Sibel Kazak and Aisling Leavy . . . . . . . . . . . . . . . . . . . . . . . . . 945
Investigating students’ co-construction of statistical argumentation
. . . Carlotta Vielmo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 947
Case study of a learning environment for collecting and analysing real data in mathematics classrooms with
the toolkit senseBox
. . . Anna-Marietha Vogler and Kirstin Erath . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 949

TWG 06: Applications and Modelling 951
Introducing the CERME14 papers and posters in, and work of, TWG6: Application and Modelling
. . . Jonas Bergman Ärlebäck, Britta Eyrich Jessen, Gilbert Greefrath, Serife Sevinc, Yana Lacek and Katrin
Vorhölter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 952
The wheel of mathematical modelling: Seeking new perspective
. . . Jonas Bergman Ärlebäck, Serife Sevinc and Lluís Albarracín . . . . . . . . . . . . . . . . . . . . . 960
Modelling indoors and outdoors: A comparison of the student’s interest and competence development in two
task settings
. . . Simon Barlovits, Anton Kunz and Matthias Ludwig . . . . . . . . . . . . . . . . . . . . . . . . . 968
Students’ managing of modelling problems with superfluous data
. . . Caterina Bassi and Rosa Iaderosa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 976
Portfolio as a form of assessment for mathematical modelling with digital tools - Advantages and challenges
from students’ perspective
. . . Catharina Beckschulte, Jascha Quarder, Stanislaw Schukajlow and Samuel Blankenstein . . . . . . . 984
Teacher’s actions in class discussions after solving a Fermi problem
. . . Mireia Brunet-Biarnes and Lluís Albarracín . . . . . . . . . . . . . . . . . . . . . . . . . . . . 992

Proceedings of CERME 14 VII



University students learning to model through large amount of data, simulations and ChatGPT
. . . Louise Meier Carlsen and Britta Eyrich Jessen . . . . . . . . . . . . . . . . . . . . . . . . . . . 1000
How do teachers manage the phase of horizontal mathematization during the implementation of a modelling
task? A case study
. . . Marina De Simone and Yana Lacek . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1008
Assessment in a two-dimensional curriculum: The case of solid geometry and modelling supported by an
“empty” modelling cycle
. . . Stig Eriksen and Martin Nordskog . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1016
How do pre-service teachers interact with IA to solve modelling problems? Characterising the use of ChatGPT
in solving Fermi problems
. . . César Gallart, Irene Ferrando, Carlos Segura and Lluís Albarracín . . . . . . . . . . . . . . . . . 1024
Mathematical knowledge mobilised by a group of prospective mathematics teachers when developing a mod-
eling project
. . . Jeannette Galleguillos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1032
Making the Invisible Visible: Exploring the Situation Model
. . . Isabella Gogesch and Matthias Ludwig . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1040
Financial literacy and mathematical modelling: an analysis of PISA sample tasks
. . . Gilbert Greefrath and Katharina Kirsten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1048
One step at a time? – An empirical study on the use of graphical representations for Fermi problems
. . . Simone Jablonski, Julia Ehemann, Deng-Xin Ken Oehler and Matthias Ludwig . . . . . . . . . . . 1056
The role of transpositive analyses when discussing modelling in disruptive times
. . . Britta Eyrich Jessen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1064
Secondary students’ multifaceted perceptions of the role of data from the perspectives of models, modelling
and information
. . . Takashi Kawakami and Jonas Bergman Ärlebäck . . . . . . . . . . . . . . . . . . . . . . . . . . 1072
The role of recursivity and reversibility in mathematical modelling: The bakery mould
. . . Marcos Marí Bofill, Marianna Bosch Casabò and Berta Barquero Farràs . . . . . . . . . . . . . . 1080
Students’ use of benchmarks in the process of solving Fermi problems
. . . Marlena Meyer and Greefrath Gilbert . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1088
Didactic transposition constraints on modelling at upper secondary level: Comparing France and Norway
. . . Elsa Puchaczewski, Marianna Bosch and Heidi Strømskag . . . . . . . . . . . . . . . . . . . . . . 1096
Modelling in the learning of the definite integral for civil engineering
. . . Mariela Elizabeth Ramírez Inca and Hugo Rogelio Mejía Velasco . . . . . . . . . . . . . . . . . . 1104
In-service teachers’ scaffolding practices based on diagnosing modelling challenges during instruction
. . . Liron Schwartz-Aviad and Zehavit Kohen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1112
Mathematical modelling as part of a general education in mathematics classrooms - challenge for teachers,
responsibility for researchers
. . . Hans-Stefan Siller and Katrin Vorhölter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1120
The evanescence of mathematical models and modelling in the teaching of combinatorics
. . . Susana Vásquez Elias, Berta Barquero Farràs and Marianna Bosch Casabò . . . . . . . . . . . . . 1128
Pre-service teachers’ judgments of students’ solutions to open modeling problems: How important is it to
make assumptions?
. . . Katharina Wiehe, Catharina Beckschulte and Stanislaw Schukajlow , . . . . . . . . . . . . . . . . 1136
The dishwasher experience: Pre-service teachers’ use of extramathematical knowledge while investigating
societal topics
. . . Suela Kacerja, Lisa Steffensen and Trine Foyn . . . . . . . . . . . . . . . . . . . . . . . . . . . 1144
Bridging mathematics and sustainability: Exploring the role of sustainability in mathematics education
. . . Carolin Kammrad and Michael Meyer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1146

Proceedings of CERME 14 VIII



TWG 07: Mathematics for Work, Society and Personal Development: Lifelong
Learning 1148
An introduction to TWG7: Mathematics for work, society and personal development - lifelong learning
. . . Pauline Vos, Oda Heidi Bolstad, Javier Díez-Palomar, Michele Giuliano Fiorentino and Peter Frejd . . 1149
Mathematical literacy – What is missing?
. . . Oda Heidi Bolstad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1158
The shaping of mathematics teacher identities in vocational education through a whole organisational approach
. . . Diane Dalby . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1166
Discussing “Numeracy” beyond the scientific community. How adult learners define numeracy and what
challenges arise from that for the coming future
. . . Javier Díez-Palomar and Kees Hoogland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1174
Mathematics and vocational disciplines: a co-disciplinary perspective to reduce early leaving school
. . . Michele Giuliano Fiorentino and Antonella Montone . . . . . . . . . . . . . . . . . . . . . . . . 1182
Theorizing how citizens and vocational workers interact in co-productivity chains with professional mathe-
maticians
. . . Peter Frejd and Pauline Vos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1190
Mathematics workshops in prison: design and practice
. . . Sofia Galli, Giulia Bernardi, Domenico Brunetto, Helena Dell’Anna and Francesco Nappo . . . . . . 1198
Teachers’ ways of experiencing educationally significant vocational mathematics knowing
. . . Hanna Knutson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1206
Not just threats and weaknesses: seeking opportunities for the teaching/learning of mathematics in prison
schools
. . . Federica Mennuni, Andrea Maffia, Luca Decembrotto and Veronica Manzoni . . . . . . . . . . . . . 1214
Subject integrated team teaching vs. textbook learning: A comparative study on students’ experiences in
vocational mathematics education
. . . Karolina Muhrman and Peter Frejd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1222
Learning Math in Prison: Preliminary outputs of an Educational Design Research
. . . Silvia Regola, Luca Decembrotto, Federica Mennuni and Veronica Manzoni . . . . . . . . . . . . . 1230
Complexities when students authenticate aspects of a task in vocational mathematics education
. . . Trude Sundtjønn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1238
Measuring adults’ numeracy: Which instruments are used and what do they measure?
. . . Marieke Bor-de Vries, Lonneke Boels, Tamara Madern, Kees Hoogland and Paul Drijvers . . . . . . . 1246
How is Europe doing on Numeracy in the 2nd cycle of PIAAC?
. . . Kees Hoogland and Javier Díez-Palomar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1248
Numeracy in social work education
. . . Hugo Mulder, Monica Wijers, Sabine de Vries and Lonneke Boels . . . . . . . . . . . . . . . . . . 1250
Adults studying for a general certificate in secondary education (GCSE) in mathematics in England: self-
efficacy, anxiety and examination grades
. . . Jennifer Mary Stacey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1252
Bridging the gap: Facilitating female adult learners in the East Midlands region of England to re-engage with
mathematics
. . . Farhat Syyeda, Fay Baldry and Ben Harvey-Ashenhurst . . . . . . . . . . . . . . . . . . . . . . . 1254

TWG 08: Affect and the Teaching and Learning of Mathematics 1256
Introduction to the work of TWG08: Affect and the teaching and learning of mathematics
. . . Chiara Andrà, Domenico Brunetto, Robin Göller, Inés M. Gómez-Chacón, Janina Krawitz and Hanna
Viitala . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1257

Proceedings of CERME 14 IX



The COIF model: Modelling the evolution of student states during collaborative sessions
. . . Helena Dell’Anna and Domenico Brunetto . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1262
You are what you feel? – How primary teacher students’ identification as mathematicians and teachers relates
to other affective variables
. . . Lara Gildehaus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1270
Emotions grounded in mathematics-specific personal epistemology
. . . Robin Göller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1278
Connections between epistemic emotions and control actions in Linear Algebra
. . . Inés M. Gómez-Chacón and Adrián Bacelo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1286
“Calculating with numbers and then finding a specific result” – Exploring students’ conceptions about math-
ematics and doing mathematics and possible relations to mathematics teaching
. . . Ramona Hagenkötter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1294
Mathematics teachers support on valuing mathematics: The role of mathematical self-concept
. . . Anwaril Hamidy, Maike Vollstedt and Christoph Duchhardt . . . . . . . . . . . . . . . . . . . . . 1302
Bridging commognition and complexity theory for the study of identity and ritual participation in mathemat-
ical learning
. . . Einat Heyd-Metzuyanim . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1311
Problem posing and motivation: Does reformulating problems into easier versus more difficult versions affect
students’ expectancies for success, task value, and costs?
. . . Janina Krawitz and Katharina Wiehe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1319
Decoding emotions in relation to perceived difficulty: How primary students engage with mathematical tasks
. . . Bianca Nicchiotti, Ilaria Paternoster and Camilla Spagnolo . . . . . . . . . . . . . . . . . . . . . 1327
Strategy-based motivation regarding questioning: Self-efficacy, values, costs, and gender
. . . Stanislaw Schukajlow, Pia Köhler and Alexander Westhölter . . . . . . . . . . . . . . . . . . . . . 1335
Perceived difficulty of a mathematical task: do in-service and pre-service teachers have a common view?
. . . Camilla Spagnolo and Chiara Andrà . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1343
The effects of classroom quality on students’ lesson-specific mastery experiences on easy, medium difficulty,
and hard tasks
. . . Karin Elisabeth Sørlie Street, Lars-Erik Malmberg and Gabriel J. Stylianides . . . . . . . . . . . . 1351
ChatGPT is going to replace us! Or not? “Narrative Insight” about secondary-tertiary transition in mathe-
matics
. . . Gaia Turconi, Domenico Brunetto and Giulia Bernardi . . . . . . . . . . . . . . . . . . . . . . . 1359
Lower secondary pupils’ academic motivation in a collaborative problem-solving intervention
. . . Hanna Viitala . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1367
Mindset and Mathematics Achievement: Mediating Effects of Anxiety and Learning Motivation
. . . Shaoyilin Wang and Yan Zhu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1375
Theoretical framework linking teacher feedback and students’ mathematics self-efficacy, attributions, and
mathematics achievement
. . . Rohit Daniel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1377
Emotion graphing: Tool to study emotions and foster meta-affect
. . . V. Rani Satyam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1379

TWG 09: Interaction, Communication and Language in Mathematics Education1381
Interaction, communication and language(s) in mathematics education: The work of TWG09
. . . Jenni Ingram, Kirstin Erath , Máire Ní Riordáin, Alexander Schüler-Meyer and Ingólfur Gíslason . . . 1382
Characterisation of student’s initiatives in whole class discussions
. . . Christoph Aumann and Kirstin Erath . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1390

Proceedings of CERME 14 X



Teacher guidelines during group work
. . . Dorottya Bessenyei . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1398
Contrasting meanings of ’0’ in bilingual primary school settings
. . . Malte Bürgstein and Elke Söbbeke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1406
Mathematical discourse changes during the introduction phase of the early years - A textbook perspective
. . . Irina Johansson Carlén, Clas Olander and Ulrika Ryan . . . . . . . . . . . . . . . . . . . . . . . 1414
Impacts of multilingualism on mathematical learning in primary school - Focusing on everyday language
differences
. . . Sonja Deegener, Marei Fetzer and Marijana Gregurević . . . . . . . . . . . . . . . . . . . . . . . 1422
Classroom discourse and positioning: A case study of a highly regarded teacher
. . . Ove Gunnar Drageset and Malin Skoglund . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1430
On the linguistic complexity of mathematics school-leaving exams: Differences between subject areas
. . . Louisa Mana Ebel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1438
On using operators to introduce negative numbers: How do students describe states and transformations?
. . . Melina Fabian and Ulrich Kortenkamp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1446
Using Maltese meaning-related vocabulary for the topic ’Equivalent Fractions’ in a bilingual Grade 6 classroom
in Malta
. . . Marie Therese Farrugia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1454
The impact of multilingualism on mathematical teaching-learning situations
. . . Marijana Gregurević and Marei Fetzer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1462
Childrens’ block play language and the manifestation of mathematical content
. . . Esther Henschen and Martina Teschner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1470
Semantic profiles in screening 6-year-olds’ spatial sense and reasoning in Sweden: The impossible of not being
a teacher
. . . Sergej Ivanov and Andreas Ebbelind . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1478
Investigating pre-service mathematics teachers’ requests for information in one-to-one tutoring
. . . Sara Emelie Rut Julsgård . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1486
Linguistic demands and more: A framework for analysing mathematics lessons
. . . Elizabeth Kimber, Jenni Ingram, Núria Planas and Gabriel Chun-Yeung Lee . . . . . . . . . . . . . 1494
German upper-secondary students’ use of discourse practices and lexical means related to the scalar product
. . . Olga Lomas and Lena Wessel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1502
Language-responsive support for connecting understanding division and fraction division: A design research
case study
. . . Jessica Mähnert and Kirstin Erath . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1510
The connection between task design and how algebraic variables and constants are described
. . . Tamsin Meaney, Silke Lekaus and Eugenia Ferrari . . . . . . . . . . . . . . . . . . . . . . . . . 1518
Noticing aspects of the mathematical discourse in a developmental context on teaching angles
. . . Juan Gabriel Rave-Agudelo and Núria Planas . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1526
Teacher responsiveness and didactical decision-making in a multilingual mathematics classroom
. . . Shintia Revina and Alexander Schüler-Meyer . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1534
Fostering mathematical explanations through LLM-based tasks
. . . Hanna Eckhardt and Daniel Thurm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1542
Teaching AI about epistemic logic puzzles: Directing attention
. . . Ingólfur Gíslason . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1544

TWG 10: Diversity and Mathematics Education: Social, Cultural and Political

Proceedings of CERME 14 XI



Challenges 1546
Report to TWG10: Social, Cultural and Political Aspects of Mathematics Education
. . . Timo Dexel, Laura Black, Mariam Makramalla, Juuso Henrik Nieminen, Sabrina Salazar and Daniela
Steflitsch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1547
Beyond performance in mathematics results: gender differences and situated knowledge in the “Tennis tour-
nament” item
. . . Ginevra Aquilina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1551
Discourses on mathematics and mathematical ability of support teachers in Italy
. . . Francesco Beccuti and Maria Polo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1559
Mathematical empowerment and participation in inclusive learning settings
. . . Anna-Maria Billigen and Elke Söbbeke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1567
Creating a task to prepare instructors to teach postsecondary mathematics
. . . Sabrina Bobsin Salazar and Eduardo da Silva Schneider . . . . . . . . . . . . . . . . . . . . . . 1575
Planning for Equity: Does Universal Design for Learning hold promise for mixed-ability mathematics class-
rooms? A Scoping Review.
. . . Aibhin Bray, Cian McKenna and Elizabeth Oldham . . . . . . . . . . . . . . . . . . . . . . . . . 1583
‘Have-been-doing masculinity’ - emerging gender stereotypes in mathematicians‘ descriptions of their memories
of mathematics lessons
. . . Julchen Brieger, Jule Aufschneider and Marie-Christin Aust . . . . . . . . . . . . . . . . . . . . . 1591
Exploring educational resources through sociopolitical lenses: Initial insights from a study of mathematics
textbooks
. . . Cristina Marjorie Da Cruz, Luciana Vieira Andrade, Ana Paula Perovano and Zsolt Lavicza . . . . . 1599
Empowering and disempowering students in a school project on sustainability
. . . Trude Fosse and Kjellrun Hiis Hauge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1607
What does it take to make a change? Pre-service teachers’ positionality when working with mathematics
inspired by Critical Mathematics Education
. . . Trine Foyn, Suela Kacerja and Lisa Steffensen . . . . . . . . . . . . . . . . . . . . . . . . . . . 1615
Bridging the political and the historical in mathematics education: a dialogue with in-service teachers
. . . David Guillemette . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1623
Curriculum: A restricted or restricting Resource?
. . . Katharina Jablonka and Reza Sutan Putra Nazir . . . . . . . . . . . . . . . . . . . . . . . . . . 1631
Cultivating teacher leaders in hierarchical schools and school systems
. . . Richard Kitchen, Lorenzo Gonzales, Monica Martinez-Archuleta and Ali Bicer . . . . . . . . . . . . 1639
Contribution to sustainability competences through mathematics education
. . . Paula López-Serentill, Nataly Pincheira, Marta Gual and Angel Alsina . . . . . . . . . . . . . . . 1647
Mathematics Education and the arenas of new conflicts over inequality - a theoretical framework for research?
. . . Andrea Neuenfeldt and Timo Dexel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1655
I wish someone could remove all the text from the math book
. . . Eva Norén and Anna Wallin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1663
Patterns of mathematics capital among Swedish higher education mathematics students
. . . Lisa Österling, Nhu Truong, Paola Valero, Anna Danielsson, Maria Berge and Bruna Nunes . . . . . 1671
Gender differences in optimistic, realistic, and pessimistic mathematical self-concepts among first-year STEM
students
. . . Pia Tscholl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1679
Active listening for storylines experienced by Indigenous and newly migrated mathematics students
. . . David Wagner, Sacha DeWolfe, Julianne Gerbrandt and Zyrene Estallo . . . . . . . . . . . . . . . 1687
Categorising subjective relevance of mathematics education
. . . Chiara Nadine Wang and David Kollosche . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1695

Proceedings of CERME 14 XII



Socially just relationships between mathematics teachers and learners
. . . Pete Wright . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1703
Gender differences in mathematics education in prison context
. . . Giulia De Rocco, Chiara Giberti and Agnese Ilaria Telloni . . . . . . . . . . . . . . . . . . . . . 1711

TWG 11: Teaching and Learning of Discrete and Computational Mathematics 1713
Thematic Working Group 11 Teaching and learning of discrete and computational mathematics
. . . Simon Modeste, Sylvia van Borkulo, Ulrich Kortenkamp, Janka Medová and David Zenkl . . . . . . . 1714
Shut-the-Box: Fostering computational thinking through the mathematical modelling of games
. . . Lukas Bayer and Martin Bracke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1718
Arrow cards as representation when programming educational robots – Algorithmitizing as an interplay be-
tween encoding and decoding
. . . Carina Büscher . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1726
Algorithmic thinking in problem solving between Mathematics and Computer Science: a case study in modular
arithmetic
. . . Marta Crippa, Laura Branchetti, Violetta Lonati and Luca Lamanna . . . . . . . . . . . . . . . . 1734
Deterministic Model for objectifying the students’ proving process in Discrete Mathematics
. . . Mickael Da Ronch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1742
Investigating the use of programming in the process of creating algebraic expressions in 6th grade
. . . Nisa Efe and Emel Özdemir Erdoğan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1750
Superfluous or meaningful integration of programming in mathematics? An analysis of lower secondary
textbooks
. . . Daniel Fikstvedt, Runar Lie Berge, Andreas Brandsæter and Ingvaldsen Morten Finset . . . . . . . 1758
Towards design principles for learning environments based on theorem provers
. . . Irene Garnelo and Michael Liebendörfer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1766
Programming in the primary mathematics curriculum in Norway
. . . Trond Stølen Gustavsen and Suela Kacerja . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1774
Relationship of computational thinking and spatial reasoning when programming educational robots
. . . Laura Heibeyn and Carina Büscher . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1782
Dragon flights, an unusual introduction of tournaments
. . . Péter Juhász and Eszter Bóra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1790
Identifying isomorphism in combinatorial tasks
. . . Anna Kuřík Sukniak . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1798
Generalizing in combinatorial problem solving: Processes-based or numerical-based approaches
. . . Elise Lockwood and Zackery Reed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1806
Integrating computational thinking in the learning of functions in the 8th grade
. . . Andreia Mateus, Hélia Oliveira and João Piedade . . . . . . . . . . . . . . . . . . . . . . . . . . 1814
Use of re-coding strategy while solving problems related to Catalan numbers by undergraduate student
. . . Janka Medová and Antonín Jančařík . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1822
Assessing Abstraction Skills Among Secondary School Students: A Study of a Blockbased Programming
Environment (BBPE) Enhanced by Augmented Reality (AR)
. . . Fajar Meirani and Sylvia van Borkulo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1830
“Same, same but different?” – Extending a mathematical problem-solving model to computer science problems
. . . Deng-Xin Ken Oehler and Matthias Ludwig . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1838
On the use of Conceptual Knowledge from Computer Science in Mathematics Education
. . . Reinhard Oldenburg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1846

Proceedings of CERME 14 XIII



Using computational thinking to solve the Josephus problem: Insights from participants with different edu-
cational backgrounds
. . . Valentina Postelnicu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1854
Computational problem-solving practices in a Scratch-supported geometry and measurement teaching
. . . Hümeyra Türkmen and Hatice Akkoç . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1862
Investigating students’ testing and evaluating as part of computational thinking with the TEC model
. . . Till von Monkiewitsch ans Carina Büscher . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1870
Analysing post-intervention mistakes in combinatorial problem solving: A study on Czech secondary students
. . . David Zenkl and Naďa Vondrová . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1878
Computational thinking in mathematics problem solving: interplay between context, mathematics and com-
puter science
. . . Valérie Batteau, Jana Trgalová and Sébastien Jolivet . . . . . . . . . . . . . . . . . . . . . . . . 1886
Connections between discrete mathematics and other mathematical topics in Hungarian curricula
. . . Bernadett Szakácsné Györey and Katalin Gosztonyi . . . . . . . . . . . . . . . . . . . . . . . . . 1888
Analysis of students’ self-written combinatorial word problems
. . . Charlott Thomas and Birte Pöhler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1890
Underused but powerful: Fostering computational thinking in GSheets on a statistics topic
. . . Wahid Yunianto, Arie Wibowo and Zsolt Lavicza . . . . . . . . . . . . . . . . . . . . . . . . . . 1892

TWG 12: History in Mathematics Education 1894
Introduction to TWG 12: History in Mathematics Education
. . . Antonio M. Oller-Marcén, Wendy Goemans, Tanja Hamann, Bjørn Smestad, and Marianne Thomsen . 1895
Mathematics education in Belgium inspired by Decroly’s pedagogy
. . . Dirk De Bock and Wendy Goemans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1899
Papy’s minicomputer
. . . Wendy Goemans and Dirk De Bock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1907
Proofs in school geometry and international movements in the Brazilian context
. . . Maria Célia Leme da Silva, Ana Paula Jahn, Marizete Nink Carvalho and Thiago Pedro Pinto . . . . 1915
Mathematics for all, but what mathematics? Comparing the overlap of three coexisting curricula in the mid-
20th century Spain
. . . Antonio M. Oller-Marcén . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1923
New Math: A comparison of the NKMM’s curriculum with Norwegian and Swedish curricula
. . . Hilde Opsal and Bjørn Smestad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1931
The use of two-dimensional figures as means of mathematical justification in complex analysis
. . . José Gerardo Piña-Aguirre and Rosa María Farfán Márquez . . . . . . . . . . . . . . . . . . . . 1939
Shaping geometry in secondary schools in Portugal in the early 20th century
. . . Alexandra Sofia Rodrigues and José Manuel Matos . . . . . . . . . . . . . . . . . . . . . . . . . 1947
Iconic representations in Renaissance reckoning books – on the way to a table of classification
. . . Barbara Schmidt-Thieme and Tanja Hamann . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1955
Using word problems from the 16th century in teaching mathematics
. . . Stela Segev and Tsurit Elitzur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1963
Studying curricular reform through a full-text database of Norwegian textbooks: Findings and methodological
considerations
. . . Bjørn Smestad and Hilde Opsal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1971
Historical awareness and foreground in idea generation processes
. . . Marianne Thomsen and Inge Marie Lyngsø Olsen . . . . . . . . . . . . . . . . . . . . . . . . . 1979

Proceedings of CERME 14 XIV



A transformation of perception in calculus: An exploration of barriers and outcomes through transgressive
actions
. . . Mark Watford and Kathleen Michelle Clark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1987

TWG 13: Early Years Mathematics 1995
Introduction to TWG13: Early years mathematics
. . . Andrea Maffia, Ergi Acar Bayraktar, Camilla Björklund, Dorota Lembrér, Eva Nováková and Chronoula
Voutsina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1996
Performance on addition and subtraction word problems in an online assessment
. . . Christiane Benz, Axel Schulz and Sebastian Wartha . . . . . . . . . . . . . . . . . . . . . . . . . 2000
Cookies on plates – toddlers’ partitioning strategies
. . . Camilla Björklund and Hanna Palmér . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2008
Collaborating on researching mathematical awareness in kindergarten class
. . . Mette Amalie Bundgaard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2016
Individual Differences in Parental Support for Home-Numeracy in Pre-schoolers with Intellectual Disabilities:
A Cluster Analytic Approach
. . . Garyfalia Charitaki, Anastasia Alevriadou and Maria Kypriotaki . . . . . . . . . . . . . . . . . . 2024
Supporting collective mathematical creativity in first grade
. . . Michal Cohen and Ester S. Levenson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2032
The influence of linguistic background on early representations of multiplicative comparison
. . . Ann Downton, Esther Levenson, Andrea Maffia and Nurfar Tobal . . . . . . . . . . . . . . . . . . 2040
From patterns to numbers: Supporting six-year-olds’ discernment of patterns and structure
. . . Jessica Elofsson, Camilla Björklund and Joanne Mulligan . . . . . . . . . . . . . . . . . . . . . . 2048
Becoming confident numeracy players through home play-based early learning activities
. . . Mellony Holm Graven . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2056
Parents’ and teachers’ view on mathematics skills of children with mathematics learning difficulties in pre-
school
. . . Ineta Helmane, Malgožata Raščevska, Dita Nı̄mante, Solvita Umbraško, Andra Vabale, Ieva Bite, Baiba
Trin̄ıte, Gundega Tomele and Egija Laganovska, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2064
How teaching actions with artefacts enable children’s understanding of the part-whole relationships in an
arithmetic task
. . . Helen Lindgren, Camilla Björklund and Clara Vidal Carulla . . . . . . . . . . . . . . . . . . . . 2072
Teachers’ descriptions of mathematics education in preschool in relation to play-responsive teaching
. . . Maria Lundvin, Hanna Palmér and Camilla Björklund . . . . . . . . . . . . . . . . . . . . . . . 2080
Robot programming and its influence on itineraries and map-reading skills in early childhood education
. . . Lígia Gonçalves Nogueira, Teresa Maria Fernández Blanco, Cláudia Manuela Ferreira Maia-Lima and
Sara Aboim . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2088
Mathematical argumentation in preschool – an exploratory study
. . . Mona Nosrati, Beate Nergård and Kjersti Wæge . . . . . . . . . . . . . . . . . . . . . . . . . . 2096
Subjective perception of the readiness of novice kindergarten teachers to develop children’s early years math-
ematics
. . . Eva Nováková . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2104
Dealing with multiplicative problems in pre-primary education: Analyzing children’s performance and strate-
gies
. . . Georgia Pitta and Xenia Vamvakoussi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2112
Spatial ability and one-step additive word problems in early childhood
. . . Jisoo Seo, Gabriel Stylianides and Maria Evangelou . . . . . . . . . . . . . . . . . . . . . . . . . 2120

Proceedings of CERME 14 XV



Perceiving and describing structures of kindergarten children
. . . Priska Sprenger, Àngela Uribe and Barbara Ott . . . . . . . . . . . . . . . . . . . . . . . . . . . 2128
Norwegian preservice teachers’ views on the use of digital technology in early childhood institutions
. . . Mona Karbaschi Vee, Dorota Lembrér and Tamsin Meaney . . . . . . . . . . . . . . . . . . . . . 2136
Opportunities for learning in parent-child discussions about written numbers in everyday life
. . . Chronoula Voutsina, Lois George and Stephanie Flack . . . . . . . . . . . . . . . . . . . . . . . 2144
Guardians’ views on digital tools in preschool
. . . Maria Walla, Hanna Palmér and Jorryt van Bommel . . . . . . . . . . . . . . . . . . . . . . . . 2152
Merging or separating mathematics education and play – does it affect learning?
. . . Lena Karlsson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2160
Finger use for addition and subtraction in preschoolers
. . . Stephanie Roesch and Jamine Hartmann . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2162

TWG 14: University Mathematics Education 2164
Introduction to the papers of TWG14: University mathematics education
. . . Irene Biza, Olov Viirman, Ignasi Florensa, Ghislaine Gueudet, Mathilde Hitier and Athina Thoma . . . 2165
Learning assistants’ development as mathematics teachers: Insights from an undergraduate to graduate teach-
ing journey
. . . Rebecca Butler and Orly Buchbinder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2173
Ecology of task design, adaptation, and selection: A phenomenological study with Norwegian mathematics
lecturers
. . . Ahu Canogullari and Farzad Radmehr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2181
Engineering students’ experience with the vector cross product in a virtual reality environment
. . . Bettina Dahl, Olga Timcenko, Mirela Vinerean, Nissim Harel, Imad Abou-Hayt, René Bødker
Christensen and Morten Grud Rasmussen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2189
Investigating undergraduates’ proof methods in linear algebra
. . . Anairis de la Cruz Benito and Christine Andrews-Larson . . . . . . . . . . . . . . . . . . . . . . 2197
A lukewarm defence of the mathematics lecture
. . . Amalie Thorup Eich-Høy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2205
Design and implementation of a study and research path for teaching statistics: Impact of the dialectics
. . . Laura Fernández-Ruano, Kristina Markulin and Noemí Ruiz-Munzón . . . . . . . . . . . . . . . . 2213
Disciplinary authorities or fellow educators? Exploring positionings of mathematicians when interacting with
secondary teachers
. . . Myriam Goor, Alon Pinto . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2221
Research in undergraduate mathematics education using the concept of didactic contract: results and contra-
dictions?
. . . Ghislaine Gueudet and Camille Doukhan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2229
Using knowledge from mechanics to solve a calculus task: a study through the lenses of mixed praxeologies
. . . Mathilde Hitier and Alejandro González-Martín . . . . . . . . . . . . . . . . . . . . . . . . . . . 2237
Using scriptwriting as a response format for interface tasks: Exemplary analyses in the context of symmetry
. . . Max Hoffmann . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2245
From “chalk and talk” to active learning: inter-community partnerships and shifts in pedagogical and math-
ematical discourse
. . . Owen Lewis Hooper, Elena Nardi, Irene Biza and George Witty . . . . . . . . . . . . . . . . . . . 2253
Towards a research agenda for generative AI in university mathematics education
. . . Paola Iannone, Irene Biza, Ben Davies, George Kinnear, Juuso Nieminen . . . . . . . . . . . . . . 2261

Proceedings of CERME 14 XVI



Opportunities to Learn as entry points to university mathematical discourse: The case of proof in introductory
lectures
. . . Thomais Karavi and Alexander Schüler-Meyer . . . . . . . . . . . . . . . . . . . . . . . . . . . 2269
The research communication of doctoral students in mathematics
. . . Rox-Anne L’Italien-Bruneau, Igor’ Kontorovich and Ofer Marmur . . . . . . . . . . . . . . . . . 2277
The role of mathematics in advanced electrical engineering courses: a typical case of numerical integration
. . . Željka Milin Šipuš, Matija Bašić and Jelena Pleština . . . . . . . . . . . . . . . . . . . . . . . . 2285
Exploring the impact of ChatGPT in teaching numerical methods: Student perceptions, usage and exam
performance
. . . Ferenc István Miskei-Váradi, Fekete Imre and Csaba Csapodi . . . . . . . . . . . . . . . . . . . . 2293
Permutations with indistinguishable objects: inconsistencies in the university mathematics training of prospec-
tive secondary teachers
. . . Jonathan Morcos and Alejandro S. González-Martín . . . . . . . . . . . . . . . . . . . . . . . . 2301
Mathematical provision across subjects in the pre-university curriculum: Comparing geography, psychology,
and sociology undergraduates in England
. . . Jennifer Norris and Andrew Noyes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2309
Between the trivial and the impossible: CHAT as an analytic lens to study the role of programming in
mathematical research
. . . Jan-Fredrik Olsen, Elise Lockwood and Tor Ole Bigton Odden . . . . . . . . . . . . . . . . . . . . 2317
An alternative approach to teaching the fundamental concepts of Analysis to first-year university students
. . . Georgia Petropoulou, Angeliki Mali, Theodossios Zachariades and Despina Potari . . . . . . . . . . 2325
Is this a different proof? Mathematicians’ and secondary mathematics teachers’ practices when comparing
alternative proofs
. . . Alon Pinto . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2333
On the conceptual understanding of the notion of a general solution
. . . Yuriy Rogovchenko and Svitlana Rogovchenko . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2341
“How should we solve it?” and “How should we write it down?” Two tacit hurdles in university mathematics
discourse
. . . Miriam N. Wallach and Igor’ Kontorovich . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2349
An inquiry-oriented approach to least squares in linear algebra
. . . Megan Wawro, Michelle Zandieh and Zachary Bettersworth . . . . . . . . . . . . . . . . . . . . . 2357
Interweaving university and school mathematics: situated learning opportunities at the transition from uni-
versity to teaching at school
. . . Lukas Weith, Anika Dreher, Hendrik Kasten, Denis Vogel and Marita Friesen . . . . . . . . . . . . 2365
Exploring University Students’ Mathematical Digital Competency for Communication in Computer-Supported
Collaborative Learning
. . . Wenfei Du, Eirini Geraniou, Cosette Crisan and Jeremy Hodgen . . . . . . . . . . . . . . . . . . 2373
Characterising internal discontinuities in mathematics in engineering education through teachers’ views
. . . Ignasi Florensa, Iria Fraga and Víctor Martínez-Junza . . . . . . . . . . . . . . . . . . . . . . . 2375
Fostering dialogue between university researchers and upper secondary school teachers on students’ mathe-
matical preparation for university studies in STEM subjects in Iceland
. . . Bjarnheiður Kristinsdóttir and Ingólfur Gíslason . . . . . . . . . . . . . . . . . . . . . . . . . . 2377
Learning about students’ misconceptions with instructional videos and STACK tasks in university courses for
teacher education
. . . Lucia Marchionne, Andreas Eichler, Henrik Floren, Michael Liebendörfer and Mirko Schürmann . . . 2379
Developing and evaluating visual supported STACK tasks for introductory courses in university mathematics
. . . Sophie Markefka, Maxim Urich, Andreas Bley and Andreas Eichler . . . . . . . . . . . . . . . . . 2381

Proceedings of CERME 14 XVII



"The goal is really to have a correct proof that you can also verify in Lean" – Exploring a lecturer’s perspective
of using Lean in teaching
. . . Athina Thoma and Paola Iannone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2383
Students’ conceptions of polynomial functions and their graphical representations at the secondary-tertiary
transition
. . . Juliette Veuillez–Mainard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2385
The roles and responsibilities of mathematicians in secondary mathematics teacher education: An interna-
tional perspective
. . . Olov Viirman, Maria Meehan and Alon Pinto . . . . . . . . . . . . . . . . . . . . . . . . . . . 2387
Research-informed and collaborative reform in university mathematics teaching: The case of secondary to
tertiary transition
. . . George Witty, Owen Hooper, Elena Nardi and Irene Biza . . . . . . . . . . . . . . . . . . . . . . 2389

TWG 15: Teaching Mathematics with Technology and Other Resources 2391
Thematic Working Group 15 Teaching mathematics with technology and other resources
. . . Bärbel Barzel, Gülay Bozkurt, Nicola Bretscher, Eirini Geraniou, Ornella Robutti and Andreas Tamborg 2392
Formation of orchestration chains: linking models
. . . Seyfettin Alan and Hatice Akkoç . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2400
Problem-posing based on digitally enhanced experimental mathematics: What does it demand of teachers?
. . . Marita Barabash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2408
Incorporating programming into mathematics education: The adaptation of a teacher’s craft knowledge
. . . Andreas Borg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2416
Beyond digital technology: Exploring transparency as a tool for analysing pre-service teachers’ interpretation
of an ideational resource
. . . Nicola Bretscher, Jill Adler, Tim Clark, Suman Ghosh and Piers Saunders . . . . . . . . . . . . . 2424
Evolution of Finch robot orchestrations in teaching primary school mathematics
. . . Marcus Yuen-Yiu Cheung and Irina Lyublinskaya . . . . . . . . . . . . . . . . . . . . . . . . . . 2432
The design of artefacts by mathematics teachers’ educators as a window to tension between their actions
. . . Dimitris Diamantidis and Kynigos Chronis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2440
Generative AI in Mathematics Teaching: lessons from spreadsheets through the lens of double instrumental
genesis
. . . Eirini Geraniou, Manolis Mavrikis, Uffe Jankvist and Morten Misfeldt . . . . . . . . . . . . . . . 2448
Preservice teachers and their computational thinking perspectives
. . . Khaled Ben Latief Jemai, Toril Eskeland Rangnes, Shipra Sachdeva, Odd Tore Kaufmann and Marianne
Maugesten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2456
3DMP and TPACK in professional development: Combining actions and knowledge
. . . Tim Läufer and Matthias Ludwig . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2464
Pedagogical framework for AI literacy integration: Applications for mathematics teaching and learning
. . . Irina Lyublinskaya and Xiaoxue Du . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2472
Integrating Computational Literacy into Primary Mathematics Education: Opportunities for developing
mathematical ideas and relationships
. . . Siri Krogh Nordby and George Gadanidis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2480
Teachers’ challenges when integrating technology into problem posing: Through the lens of instrumental
approaches
. . . Tikva Ovadiya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2488
Teaching computational thinking in a collaborative context: A case study
. . . Gláucia Rama, João Pedro da Ponte and Marisa Quaresma . . . . . . . . . . . . . . . . . . . . . 2496

Proceedings of CERME 14 XVIII



Teachers’ knowledge and technology: the global model
. . . Helena Rocha . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2504
Resonance of instrumental functions in geometric constructions: Unpacking teacher and student artifact use
. . . Zahida Sayadi and Abboud Maha . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2512
Mathematical problem-posing according to defined educational needs utilizing Generative AI as a lever to
enhance pre-service mathematics teachers’ TPACK
. . . Ruti Segal and Biton Yaniv . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2520
Teaching computational technology in mathematics education: a comparative analysis of three frameworks
. . . Andreas Lindenskov Tamborg, Cecilie Carlsen Bach, Camilla Finsterbach Kaup, Raimundo Elicer and
Morten Misfeldt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2528
Investigation of the use of AI as a scaffolding tool during mathematical discussion in geometry problem-solving
. . . Serdem Yavuz and Ayşe Tekin Dede . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2536
A pre-service mathematics teacher’s digital resource design capacity
. . . Melike Yiğit Koyunkaya and Gülay Bozkurt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2544
Maths AIde: Can GenAI support mathematics teachers to plan engaging, student centred lessons?
. . . Eleanor Byrne, Aibhín Bray and Brendan Tangney . . . . . . . . . . . . . . . . . . . . . . . . . 2552
Chatbots performance in problem posing: An exploratory study
. . . Sara Embid and Josefa Perdomo-Díaz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2554
Computational literacy in mathematical problem solving
. . . Jack Jalal Kallo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2556
Engaging and explorative digital tasks designed by pre-service teachers: A teacher training course design
. . . Edith Lindenbauer and Eva-Maria Infanger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2558
Developing lower secondary mathematics teachers’ ICT competencies: The case of China
. . . Bohan Liu, Eirini Geraniou, Cosette Crisan and Jeremy Hodgen . . . . . . . . . . . . . . . . . . 2560
Group Instrumental Genesis
. . . Liv Nøhr, Cecilie Carlsen Bach, Andreas Lindenskov Tamborg and Morten Misfeldt . . . . . . . . . 2562

TWG 16: Learning Mathematics with Technology and Other Resources 2564
Learning mathematics with technology and other resources: A short report from TWG16
. . . Osama Swidan, Jana Trgalová, Florian Schacht, Eleonora Faggiano, Rogier Bos and Sara Bagossi . . . 2565
The icosahedron in the room: Revisiting pedagogical dilemmas of individual learning in collaborative activities
. . . Dor Abrahamson, Catalina Lomos and Alik Palatnik . . . . . . . . . . . . . . . . . . . . . . . . 2569
Students’ use of feedback when working on fractions with a digital learning platform and its effects on math-
ematical performance
. . . Larissa Altenburger and Michael Besser . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2577
Supporting cognitive engagement in working with interactive video: Potentials and limitations of video inter-
action and feedback
. . . Stephan Bach, Mike Altieri, Stefan Korntreff and Susanne Prediger . . . . . . . . . . . . . . . . . 2585
Investigating covariational reasoning: a multimodal analysis including eye-tracking data
. . . Sara Bagossi, Osama Swidan, Aylin Thomaneck, Yotam Vaknin and Maike Vollstedt . . . . . . . . . 2593
Identifying design criteria of digital learning environments for geometry learning: A student-centred approach
. . . Selina Baldinger and Robert Weinhandl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2601
Programming and mathematics – Experiences using programmable robots in a 6th grade mathematics class
. . . Ingeborg Lid Berget and Beate Krøvel Humberset . . . . . . . . . . . . . . . . . . . . . . . . . . 2609
Investigating the potential of GenAI as a scaffolding tool in Mathematics Education
. . . Maria Lucia Bernardi, Federica Troilo, Roberto Capone and Eleonora Faggiano . . . . . . . . . . . 2617

Proceedings of CERME 14 XIX



Examination of eye movements of primary school 4th-grade students during mathematical problem-solving*
. . . Çağla Bingül and Yeliz Yazgan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2625
Heuristic trees and their fruits
. . . Rogier Bos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2633
Changes in abstraction levels among undergraduate students during game programming using Scratch
. . . Einav Keisar and Michal Tabach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2641
Students’ mathematical thinking through programming, animation and 3D printing: Early insights in the
case of curvature
. . . Chronis Kynigos and Katia Schiza . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2649
Opportunities for low-achieving students to learn mathematics through design and 3D printing of usable
objects
. . . Laura Levin and Sigal-Hava Rotem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2657
Promoting Euclidean-Taxicab covariational reasoning to enhance understanding of trigonometric concepts in
a digital environment
. . . Annamaria Miranda and Loredana Saliceto . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2665
Chat GPT as a didactic tool to improve students’ abilities in managing different semiotic representations: a
first study.
. . . Giorgia Nieddu, Maria Cristina Carrisi, Maria Polo and Antioco Luigi Zurru . . . . . . . . . . . . 2673
Students’ written and oral verbalizations of a numerical pattern using the tool BookCreator
. . . Zita Pahlsmeier and Marcus Nührenbörger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2681
Can you help us? – Task-specific LLM-based support in a digital mathematical escape game
. . . Lisa Rühl and Daniel Thurm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2689
Three forms of feedback in digital learning material in mathematics
. . . Seif Sharif, Samuel Bengmark, Laura Fainsilber, Eva Fülöp, Tommy Gustavsson and Johanna Pejlare 2697
Enhancing students’ techno-mathematical problem-solving skills: Results from a quasi-experimental study
with 5th graders
. . . Ana Claúdia Simões, Hélia Jacinto, Neuza Pedro and Susana Carreira . . . . . . . . . . . . . . . 2705
Analysis of mixed-types in pre-service teachers’ argumentation using a digital tool
. . . Julia Marie Stechemesser and Florian Schacht . . . . . . . . . . . . . . . . . . . . . . . . . . . 2713
Learning success while working with (interactive) videos on multiplication derivation strategies
. . . Juliane Wefers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2721
Digital Game-Based Learning in Moroccan Mathematics Education: Insights and Challenges
. . . Tariq Bouzid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2729
Enhancing mathematics learning through Mixed Reality: The Function Virtuality prototype
. . . Mosè Colangelo and Andrea Ghersi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2731
LLMs as a tool for problem solving – A case study on the role of generative AI in the solution of Fermi
problems
. . . Marc Herrmann . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2733
Programming to inscribe geometric entities in circle and in sphere: an embodied approach of textual pro-
gramming towards assembling a new Conceptual Field
. . . Charikleia Korompli . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2735
The impact of technology-based collaborative learning on enhancing students’ fraction comparison skills
. . . Nurit Paz-Baruch, Okila Nashif and Iris Schreiber . . . . . . . . . . . . . . . . . . . . . . . . . 2737
Moving forward with AR: Effects of augmented reality on learners’ solution behaviour in analytic geometry
. . . Xenia-Rosemarie Reit and Valerie Wachter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2739
Students’ acceptance of the multimodality of the social robot Pepper as an educational technology for learning
mathematics
. . . Antonio Vitale, Bruno Carbonaro, Gennaro Cordasco, Umberto Dello Iacono and Anna Esposito . . . 2741

Proceedings of CERME 14 XX



TWG 17: Theoretical Perspectives and Approaches in Mathematics Education 2743
Introduction to thematic working group 17: Centring the function and purpose of theory in mathematics
education research
. . . Heather Lynn Johnson, Felix Lensing, Pedro Nicolás, and Amalie Sødal . . . . . . . . . . . . . . . . 2744
Interdisciplinarity in STEM education: A category-theoretical model the viewpoint of Mathematics
. . . Miglena Asenova and Roberto Capone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2752
On the diachronic analysis of a modality of study
. . . José Ginés Espín Buendía, Josep Gascón Pérez and Pedro Nicolás Zaragoza . . . . . . . . . . . . . 2760
Crisis-driven transformation in tertiary mathematics – A case study connecting TTE and ATD
. . . Lukas M. Günther, Jana Peters and Reinhard Hochmuth . . . . . . . . . . . . . . . . . . . . . . 2768
Didactic transposition of structuralist praxeologies at the interface between analysis and topology: a case
study
. . . Thomas Hausberger, Reinhard Hochmuth and Erik Hanke . . . . . . . . . . . . . . . . . . . . . . 2776
The professional obligations of mathematics teaching: How measurement and theoretical progress work hand
in hand
. . . Patricio Herbst, Daniel Chazan, Amanda Brown and Karl Kosko . . . . . . . . . . . . . . . . . . 2784
Using theory as a tool to cultivate and analyse research methods: Theorising positioning to examine task-
based interviews
. . . Heather Lynn Johnson, Evan McClintock and Robert Knurek . . . . . . . . . . . . . . . . . . . . 2792
An interactionist perspective on the negotiation of meaning of mathematical representations
. . . Sebastian Kollhoff and Kerstin Gerlach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2800
Conceptualising subjective relevance of mathematics education
. . . David Kollosche and Chiara Nadine Wang . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2808
Pre-service teachers’ developing professional identity as mathematics teachers - a theoretical perspective
. . . Beate Lien, Amalie Sødal, Jorunn Reinhardtsen and Martin Carlsen . . . . . . . . . . . . . . . . 2816
Rationale and methods for an archive and encyclopaedia of “fundamental didactics”
. . . Nathan Lombard, Marianna Bosch and Claire Margolinas . . . . . . . . . . . . . . . . . . . . . . 2824
Combining a theoretical framework and a statistical measure to assess the reliability of didactic criteria in
the analysis of large corpora
. . . Ismaël Mili, Mickaël Da Ronch and Marie-Line Gardes . . . . . . . . . . . . . . . . . . . . . . . 2832
Didactic paradigms to promote creativity in the study of mathematics
. . . Pedro Nicolás, Ginés Espín and Josep Gascón . . . . . . . . . . . . . . . . . . . . . . . . . . . 2840
On the concept of epistemic obstacles and its significance to mathematics education (research)
. . . Kata Sebök and Felix Lensing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2848
Transposition of research knowledge: From the West to Far East Asia
. . . Yusuke Shinno and Takeshi Miyakawa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2856
Mathematical heterotopias: Lessons for the mainstream classroom
. . . Constantinos Xenofontos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2864
Reconceptualizing opportunities to learn mathematics through postfoundational theories
. . . Ayşe Yolcu, İ. Elif Yetkin-Özdemir, Emine Gül Çelebi and Gökçe Ursavaş . . . . . . . . . . . . . . 2872
Research mixology: Blending mathematics education & digital sociology for a hybrid approach to experimental
design
. . . Giulia Bini, Sara Gagliani Caputo, Pietro Saccomanno and Diego Ceccobelli . . . . . . . . . . . . . 2880

Proceedings of CERME 14 XXI



TWG 18: Mathematics Teacher Education and Professional Development 2882
Subjects and objects of research and theories of learning in the education and professional development of
mathematics teachers
. . . Marita Friesen, Tracy Helliwell, Fanni Biró, Raffaele Casi, Andreas Ebbelind, Janne Fauskanger, Pere
Ivars, Libuše Samková and Gil Schwarts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2883
Teaching fraction multiplication and fraction division to prospective teachers: A design research study
. . . Theodora Avgeri, Maria Bebeni, Konstantinos Tatsis and Xenia Vamvakoussi . . . . . . . . . . . . 2891
Preservice teachers’ collective proportional reasoning in large-format ratio triangles
. . . Morten Bjørnebye, Bjarte Rom, Henrik Løvik Njølstad and Jonas Oskarsson . . . . . . . . . . . . . 2899
Tensions emerging when selecting tasks for problem-solving lessons
. . . Raymond Bjuland, Janne Fauskanger, Reidar Mosvold and Peter Liljedahl . . . . . . . . . . . . . . 2907
On making mathematics flourish for students to grasp it: Teachers designing informal mathematics education
workshops in museums
. . . Raffaele Casi and Cristina Sabena . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2915
Investigating how secondary school teachers perceive mathematical concepts in application contexts: The case
of ratio and chemistry tasks
. . . Adam Čech and Libuše Samková . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2923
Pre-service mathematics teachers’ conceptualizations and noticing of algebraic thinking
. . . Makbule Gozde Didis Kabar and Janet Walkoe . . . . . . . . . . . . . . . . . . . . . . . . . . . 2931
Teaching with technology to foster conceptual understanding: Student level evaluation of a professional
development program
. . . Susanne Digel and Roth Jürgen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2939
Exploring the notion of individuality in research on mathematics teacher education and professional develop-
ment
. . . Andreas Ebbelind and Tracy Helliwell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2947
Preservice teachers’ professional instrumental genesis for integrating programming in the math classroom: the
beginning
. . . Martyna Katarzyna Fojcik, Marie-Frédérick St-Cyr, Chantal Buteau, Eric Muller and Joyce Mgombelo 2955
Exploring the impact of using silent video task on teacher noticing professional development in mathematics
education
. . . Selen Galiç, Şenol Dost and Zsolt Lavicza . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2963
Development of self-reported technological pedagogical and content knowledge (TPACK) during the prepara-
tory service of prospective mathematics teachers in Germany
. . . Fabian Grünig and Markus Vogel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2971
From "anyway using many representations" to targeted practices: A teacher’s professional learning in an
asynchronous online PD
. . . Kerstin Hein, Anne Tester, Lena Böing and Susanne Prediger . . . . . . . . . . . . . . . . . . . . 2979
Development of the disciplinary identity of the mathematics teacher: A professional development proposal
. . . Maximiliano Izzi Prato and Francisco Cordero . . . . . . . . . . . . . . . . . . . . . . . . . . . 2987
Planning considerations stated in intended learning outcomes for primary teacher education in Sweden
. . . Malin Elisabeth Jones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2995
Intertwining theory and practice: Design of planning phases in PD training to support effective teacher
planning processes
. . . Katharina Knaudt, Raja Herold-Blasius and Christoph Selter . . . . . . . . . . . . . . . . . . . . 3003
Noticing of students’ thinking – Is it sufficient for teachers’ analysis of interaction in the mathematics class-
room? – A vignette-based study
. . . Sebastian Kuntze, Sigal-Hava Rotem, Yael Nurick, Marita Friesen and Jens Krummenauer . . . . . 3011

Proceedings of CERME 14 XXII



Discourses of diversity in mathematics teacher education research: An analytical tool for meta-didactic prax-
eologies
. . . Natalya Maksym’yak . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3019
Preservice teachers’ identity as programmers in mathematics
. . . Marianne Maugesten, Odd Tore Kaufmann, Khaled Jemai, Toril Eskeland Rangnes and Shipra Sachdeva
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3027

Exploring mathematics teachers’ informal use of an online self-learning platform while planning a digital
learning environment
. . . Sophie Mense . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3035
Levels of noticing competence among preservice secondary mathematics teachers in a video analysis of func-
tions
. . . José Luis Morales-Reyes and Diana Zakaryan . . . . . . . . . . . . . . . . . . . . . . . . . . . 3043
Supporting pre-service teachers in learning to promote students’ proving: the case of general conjectures
. . . Reidun Persdatter Ødegaard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3051
Pre-service primary school teachers’ curricular noticing: interpreting a sequence of activities about 3D
. . . Zaira Ortiz-Laso, Antonio Saorín, Melania Bernabeu and Ceneida Fernández . . . . . . . . . . . . 3059
Using textbook analysis in teachers’ professional development
. . . Marte Krohg Østby . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3067
Inquiry-based learning through problem posing in pre-service teachers’ teaching practice: a study of discursive
manifestations of contradictions
. . . Gresa Pozhegu-Ermeni, Svein Arne Sikko and Benedikte Grimeland . . . . . . . . . . . . . . . . . 3075
Utilizing a three-phased didactical model in a continuous professional development program for the imple-
mentation of inquiry-based mathematics teaching
. . . Ida Redder Honoré and Louise Laursen Falkenberg . . . . . . . . . . . . . . . . . . . . . . . . . 3083
Fostering the perception of ambiguity and the processing of information in complex diagnostic situations
. . . Andreas Rieu, Katharina Loibl and Timo Leuders . . . . . . . . . . . . . . . . . . . . . . . . . . 3091
Using scriptwriting to examine how pre-service mathematics teachers anticipate and respond to students’
productive struggle
. . . Sigal-Hava Rotem and Adi Eraky . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3099
Shifting from on-site to on-line: How can key design criteria for effective PD be transferred to online, asyn-
chronous programs?
. . . Gil Schwarts and Marita Eva Friesen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3107
Values in mathematics education of potential future teachers on entry to a degree in basic education
. . . Maria de Lurdes Marquês Serrazina, Joana Castro, Elvira Santos, Ana Silvestre, Hélia Jacinto, Cristina
Martins, Manuel Vara Pires, Nélia Amado, Rosa Ferreira and Susana Carreira . . . . . . . . . . . . . . . 3115
Teaching Simulations as Formative Assessments: Generating Validity Evidence Related to the Test Content
. . . Meghan Shaughnessy, Timothy Boerst and Rosalie DeFino . . . . . . . . . . . . . . . . . . . . . 3123
Teacher reflections in lesson study: Transition from external to internal support
. . . Charlotte Krog Skott . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3131
The impact of pre-service teachers’ basic mathematical knowledge on their university mathematics grades: A
case study from Norway
. . . Morten Søyland and Arne Jakobsen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3139
Teacher professionalisation through the use of a digital diagnostic tool in settings with different forms of
additional support
. . . Anica Stemmer, Katrin Klingbeil and Bärbel Barzel . . . . . . . . . . . . . . . . . . . . . . . . . 3147

Proceedings of CERME 14 XXIII



Learning to assess and respond to children’s mathematical thinking in early arithmetic education: a vignette-
based study with pre-service teachers
. . . Simone Wirth, Marita Friesen, Kathleen Philipp and Christine Streit . . . . . . . . . . . . . . . . 3155
Examining the lesson plan designs and reflections of pre service elementary teachers regarding mathematics
teaching
. . . Bilge Yilmaz Aslan and Mehmet Fatih Ozmantar . . . . . . . . . . . . . . . . . . . . . . . . . . 3163
The Reflective Gaze: A Case Study on Eye-Tracking Technology’s Role in Shaping Mathematics Teacher’s
Assessment Identity
. . . Adi Eraky . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3171
Identifying, monitoring and fostering conceptual understanding of the arithmetic mean
. . . Laura Geldermann . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3173
Teachers’ discussions used to explore students’ mathematical writing
. . . Jonas Jäder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3175
The interplay between mathematics teachers’ professional development and classroom practice: A scoping
review
. . . Therese Karlsson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3177
Teacher noticing framework to examine multiple teaching skills: Analysis of teaching and lesson planning
. . . B. Sumeyye Kurutas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3179
Learning to teach problem-solving using a four-step lesson structure
. . . Sabine Lit, Marjolein Kool and Paul Drijvers . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3181
Fostering argumentative dialogue in secondary math classrooms: Teacher development trajectories through
task-based PD
. . . Reut Parasha . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3183
Teachers in noticing courses, how are they noticing and what do their educators notice about their discussions?
. . . Jop Schaap, Theo van den Bogaart and Paul Drijvers . . . . . . . . . . . . . . . . . . . . . . . . 3185
Contextualisation and complexity in online rehearsal of feedback: Insights from online mathematics teacher
education
. . . Kristofer Sidenvall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3187
Preservice teachers’ awareness of their own developmental trajectories in primary mathematics teacher edu-
cation
. . . Michiel Veldhuis, Sonja Stuber and Ronald Keijzer . . . . . . . . . . . . . . . . . . . . . . . . . 3189

TWG 19: Mathematics Teaching and Teacher Practice(s) 3191
An introduction to TWG19: Mathematics Teaching and Teacher Practice(s)
. . . Reidar Mosvold, Helena Grundén, Mark Hoover, Derek Maher, Qëndresa Morina and Nad’a Vondrova . 3192
Sustainability and Mathematics Education considering the 2030 Agenda: Understandings and Practices of
Teacher-Researchers in Portugal
. . . Andrei Luís Berres Hartmann, Marcus Vinicius Maltempi and António Manuel Dias Domingos . . . 3200
Mathematics teacher practices to foster reasoning and communication through making connections
. . . Judit Chico, Genaro De Gamboa, Edelmira Badillo and Miguel Montes . . . . . . . . . . . . . . . 3208
Identifying the needs of mathematics teachers during the implementation of new mathematics education goals
. . . Ilze France, Ildze Cakane and Astrida Cirule . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3216
Teacher-student interaction in collaborative problem-solving: In-the-moment perspective on teacher noticing
. . . Ellen Kristine Solbrekke Hansen and Kristin Krogh Arnesen . . . . . . . . . . . . . . . . . . . . 3224
Practices in math discourses in inclusive primary school
. . . Uta Häsel-Weide and Marcus Nührenbörger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3232

Proceedings of CERME 14 XXIV



The Work of Listening to and Hearing Children’s Mathematical Competence
. . . Mark Hoover and Deborah Loewenberg Ball . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3240
Polya’s method variant: Developing students’ analytical thinking
. . . Lavinia Suvi Lanting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3248
How expert mathematics teachers play ‘status games’
. . . Nicholas James McIvor, Jeremy Hodgen, Sai Loo and Rachel Marks . . . . . . . . . . . . . . . . . 3256
Implementing the SIMPLE approach: A study on teacher fidelity and perceptions in Kosovo classrooms
. . . Qendresa Morina and Naďa Vondrová . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3264
Explicating the work of monitoring students’ mathematical thinking
. . . Reidar Mosvold, Janne Fauskanger, Raymond Bjuland and Peter Liljedahl . . . . . . . . . . . . . . 3272
Tensions in teachers’ attempts to balance mathematical challenge and students’ diverse learning needs
. . . Samaher Ahmed Nama, Despina Potari, Giorgos Psycharis and Chrissavgi Triantafillou . . . . . . . 3280
Selecting and sequencing problems for classroom discussion in a problem-posing task: Insights from prospective
elementary teachers
. . . Mehmet Fatih Öçal, Tuğrul Kar, Merve Özkaya and Ferhat Öztürk . . . . . . . . . . . . . . . . . 3288
Mathematics teacher practice in inquiry-based lessons: a case study in a Japanese upper secondary school
. . . Toshihiko Ogawa and Takeshi Miyakawa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3296
What do teachers notice when reflecting on vignettes of discussion leading practices? A topic-specific case
study
. . . Monika Post and Dilan Şahin-Gür . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3304
Interactions between talk moves and other teaching moves in classroom discussions in ambitious mathematics
teaching
. . . Kjersti Waege and Reidar Mosvold . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3312
Learning support practices in the fostering of basic arithmetic skills
. . . Inga Wienhues and Uta Häsel-Weide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3320
A Preservice Mathematics Teacher’s Reflection on In-The-Moment Noticing of Students’ Mathematical Think-
ing
. . . Ayten Öykü Yaşar, Mine Işıksal Bostan and Erdinç Çakıroğlu . . . . . . . . . . . . . . . . . . . . 3328
The implementation of a new curriculum in Greece: The case of learning and teaching statistics
. . . Georgia Athanasiou, Konstantinos Stouraitis and Despina Potari . . . . . . . . . . . . . . . . . . 3336
Support shifts in how teachers view their students’ capabilities when co-teachers develop ambitious instruc-
tional practice
. . . Anna Bengtsson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3338
Teaching mathematically gifted students in secondary schools: A systematic literature review
. . . Peter Kaiser and Moritz Zehnder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3340
Help-seeking interactions in primary school mathematics classrooms
. . . Emine Shaka, Natalie Fischer and Elisabeth Rathgeb-Schnierer . . . . . . . . . . . . . . . . . . . 3342

TWG 20: Mathematics Teacher Knowledge, Beliefs and Identity 3344
Introduction to TWG20: Teachers’ Knowledge, Beliefs and Identity
. . . Miguel Montes, Veronika Hubenaková, Federica Ferretti, Thorsten Scheiner, Felix Woltron . . . . . . 3345
Beliefs of elementary school teachers regarding the inclusion of special education students in mathematics
lessons
. . . Bital Amir and Esther Sharon Levenson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3353
How teacher education program experiences affect pre-service mathematics teachers’ designated teacher iden-
tities?
. . . Okan Arslan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3361

Proceedings of CERME 14 XXV



Teacher knowledge and the incorporation of inclusivity in a primary level generalisation problem
. . . Ángeles Chico Gómez, Elisabetta Robotti, Nuria Climent Rodríguez and Inmaculada Gómez Hurtado . 3369
Pre-service teachers’ professional development and mathematics large-scale assessment
. . . Maria Chiara Cibien . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3377
Prospective mathematics teachers’ specialised knowledge in response to a task on the density property of
rational numbers
. . . Rosa Delgado Rebolledo and Diana Zakaryan . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3385
Pre-service teachers’ knowledge of students’ misconceptions and difficulties related to functional thinking: a
German and Slovak comparison
. . . Kerstin Frey, Ute Sproesser, Matej Slabý and Ingrid Semanišinová . . . . . . . . . . . . . . . . . 3393
Exploring strategy flexibility and adaptivity in multidigit multiplication: a study with Austrian in-service
primary teachers’
. . . Martina Greiler, Tanja Lobnig and Almut Thomas . . . . . . . . . . . . . . . . . . . . . . . . . 3401
An investigation of TPACK using a 3D Techno-pedagogical integration matrix in the context of mathematics
teaching
. . . Tuğba Hangül Demirci and Hatice Akkoç . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3409
Preservice teachers’ self-perceptions about their knowledge for teaching
. . . Hulya Kilic and Fatma Aslan-Tutak . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3417
The Theory of planned behavior as a tool for linking beliefs and knowledge within the MTSK model
. . . Monika Krišáková and Veronika Hubeňáková . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3425
Promoting and unpacking pre-service teachers’ thinking about students with exceptional difficulties in learning
mathematics in the context of a university course
. . . Philipp Larmann, Leonie Horsch, Samira Reitmann and Matthias Ludwig . . . . . . . . . . . . . . 3433
Inconsistencies in the process of posing problems for use in class by pre-service teachers
. . . Juan Pedro Martín-Díaz, Angeles Chico, Isabel Pascual-Martín and Miguel Montes . . . . . . . . . 3441
Characteristics of teachers’ lesson observations: A comparison of in-service and pre-service teachers’ gestures
. . . Tatsuya Mizoguchi, Yusuke Shinno, Akiko Tomosada and Toru Hayata . . . . . . . . . . . . . . . 3449
Three-fold meta-didactical conflict. LSA and teacher education
. . . Serena Monica and Federica Ferretti . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3457
Mathematics teachers’ identity in the prison context
. . . Gabriella Pocalana, Silvia Regola and Agnese Ilaria Telloni . . . . . . . . . . . . . . . . . . . . . 3465
Towards European measures for upper secondary teacher students’ mathematical content knowledge
. . . Ottavio Giulio Rizzo and Carl Winsløw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3473
Perceptions of mathematical creativity: The case of one teacher in a special education class
. . . Maya Ron-Ezra and Esther S. Levenson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3481
Teachers’ beliefs regarding the knowledge they need to teach word problems in middle school
. . . Iris Schreiber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3489
Specialized mathematical knowledge in the scope of geometric isometric transformation translation and its
impact on teacher’s levels of Interpretive Knowledge
. . . Caroline Silva and Miguel Ribeiro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3497
Preservice and inservice teachers’ understanding of the concept of function: The case of motion problem.
. . . Matej Slabý and Ingrid Semanišinová . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3505
Impact of an academic intervention on prospective teachers’ mathematical world views during their transition
to university
. . . Felix Woltron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3513
Elementary preservice teachers’ knowledge in creating alternative word problems: A guide for mathematics
educators
. . . Fatimah Ahmad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3521

Proceedings of CERME 14 XXVI



Teachers’ knowledge and beliefs about assessment in mathematics: initial evidence from a national survey of
teachers’ formative needs
. . . Giorgio Bolondi, Maria Chiara Cibien, Federica Ferretti, Alessandro Gambini and Francesca Martignone
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3523

Alternatively certified mathematics teachers’ perceptions, experiences, and commitment to continue teaching
. . . Evan Dixon McClintock , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3525
Developing prospective kindergarten and primary teachers’ specialised knowledge through tasks for teacher
education in the scope of operations with natural, integers and rational numbers
. . . Sandra Menezes, Miguel Ribeiro, Arne Jakobsen and Maria Mellone . . . . . . . . . . . . . . . . . 3527

TWG 21: Assessment in Mathematics Education 3529
Introduction to the papers of TWG21: assessment in mathematics education
. . . Francesca Morselli, Michal Ayalon, Christina Drüke-Noe, Gözde Kaplan-Can, Johanna Rämö . . . . . 3530
Graphical tasks with graphical feedback on limits of functions to support abstract reasoning
. . . Alice Barana, Marina Marchisio Conte, Fabio Roman, Matteo Sacchet, Mirela Vinerean and Yosief
Wondmagegne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3534
Development of screening instruments for mathematics education: Theoretical Framework and item develop-
ment
. . . Léon Brings, Michael Kleine, Samuel Coronado Alvarez, Julia Pilet, Sanja Rukavina, Konstantinos
Tatsis, Georgios Fesakis, Andreas Moutsios-Rentzos, Miglena Asenova and Doris Dumičić Danilović . . . . 3542
Exploring instrumental orchestration practices for formative assessment through digital technology
. . . Min Chen, Rogier Bos, Michiel Doorman and Paul Drijvers . . . . . . . . . . . . . . . . . . . . . 3550
Have you thought about short-cuts? – A recommendation for the design of assessment tasks
. . . Lukas Donner and Evita Lerchenberger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3558
How are different competences represented in standard solutions? An empirical study on central exit exams
in mathematics in Germany at the end of upper secondary education
. . . Christina Drüke-Noe and Sebastian Bauer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3567
Introduction of a practical element in oral examination of mathematics: Teachers learn first
. . . Frode Olav Haara . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3575
Students’ reactions to speech input requests in a digital formative assessment of conceptual understanding
. . . Corinna Hankeln, Susanne Prediger, Ulf Kroehne and Sonja Hahn . . . . . . . . . . . . . . . . . 3583
Preservice teachers’ formative assessment strategies they intend to implement in a real classroom
. . . Gözde Kaplan-Can and Çiğdem Haser . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3591
Written tests through the lens of mathematical competence: how a teacher perceives feedback from test and
data collected
. . . Alice Lemmo, Grazia Cotroni and Laura Polidoro . . . . . . . . . . . . . . . . . . . . . . . . . . 3599
Evaluating a multi-indicator assessment scoring approach to support mathematical literacy teaching and
learning
. . . Marta Mikite, G, irts Burgmanis, Ilze France and Dace Namsone . . . . . . . . . . . . . . . . . . . 3607
The contribution of mathematics didactics to interpreting the results of a standardized national assessment
. . . Julia Pilet and Brigitte Grugeon-Allys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3615
Changing the assessment paradigm – What predicts students’ choice of assessment method in an undergrad-
uate mathematics course?
. . . Johanna Rämö, Liisa Myyry, Jokke Häsä and Yan Zi . . . . . . . . . . . . . . . . . . . . . . . . 3623
Using subscores from the high-stakes assessment to explain first-year performance in Mathematics courses
. . . Tatiana Sango . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3631

Proceedings of CERME 14 XXVII



The role of digital tools in enhancing classroom assessment practices
. . . İpek Saralar-Aras and Sümeyra Tütüncü . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3639
Professional development support helping teachers overcome difficulties of implementing formative assessment
. . . Catarina Andersson, Torulf Palm and Mikael Winberg . . . . . . . . . . . . . . . . . . . . . . . 3647
Effects of the COVID-19 pandemic on mathematics achievement: An investigation in university math pre-
courses
. . . Andreas Büchter, Frank Osterbrink and Natascha Scheibke . . . . . . . . . . . . . . . . . . . . . 3649
How can the prison context change teachers’ perspective and practices about mathematic assessment?
. . . Veronica Manzoni, Silvia Regola and Chiara Giberti . . . . . . . . . . . . . . . . . . . . . . . . 3651

TWG 22: Curricular Resources and Task Design in Mathematics Education 3653
An introduction to TWG22: Curricular resources and task design in mathematics education
. . . Annalisa Cusi, Patrick Ebers, Dubravka Glasnović Gracin, Shai Olsher and Hendrik Van Steenbrugge . 3654
Task designs to support connection-oriented mathematical thinking
. . . Hyman Bass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3662
Students’ perspectives on GPT-4’s supported problem solving
. . . Francesco Contel and Annalisa Cusi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3670
Noticing of teacher students on an explorative task to exemplify the potential of using technology
. . . Patrick Ebers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3678
Synergies and dissonances between designers’ and students’ perspectives on key features of digital mathemat-
ical discussion
. . . Sara Gagliani Caputo, Laura Branchetti and Annalisa Cusi . . . . . . . . . . . . . . . . . . . . . 3686
Teacher perspectives on textbooks and their role in Implementing the mathematics laboratory approach in
Italy
. . . Marzia Garzetti . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3694
Exploring the use of digital textbooks in classrooms: focusing on automated feedback
. . . Dubravka Glasnović Gracin, Goran Trupčević and Katarina Širanović . . . . . . . . . . . . . . . . 3702
Upper-secondary school mathematics teachers’ use of a topic-centered research-based teacher guide
. . . Marcus Gustafsson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3710
Down-to-earth mathematics: transforming curriculum and teaching on function transformations
. . . Yosep Dwi Kristanto and Lavicza Zsolt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3718
Examining the paths of reasoning presented in the topic of “patterns” in Norwegian mathematics textbooks
. . . Magdalini Lada, Iveta Kohanova and Birgit Pepin . . . . . . . . . . . . . . . . . . . . . . . . . 3726
Place value concepts as presented in German and Australian student workbooks
. . . Kevin Larkin, Silke Ladel, Ulrich Kortenkamp, Mellony Graven, Lise Westaway, Pamela Vale, Kym
Fry, Tammy Booysen and Dinah-Marie Wiedenhöfer . . . . . . . . . . . . . . . . . . . . . . . . . . . 3734
Empowering mathematics instruction: Variation theory, lesson plan, and instructional quality
. . . Per Nilsson, Jannika Lindvall, Andreas Ryve and Simon Sjölund . . . . . . . . . . . . . . . . . . 3742
Use and perception of differentiated scaffolding by primary school students involved in mathematical tasks
. . . Caterina Papa and Agnese Ilaria Telloni . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3750
Design principles for epistemological dépaysement in pre-service teachers focused on interdisciplinarity math-
ematics and physics
. . . Lorenzo Pollani, Laura Branchetti and Francesca Morselli . . . . . . . . . . . . . . . . . . . . . . 3758
Digital game-based mathematics curriculum resources: Methodological reflections on collaborative prototyp-
ing
. . . Carlotta Soldano, Sonia Palha, Sara Bagossi, Cristina Sabena, Anders Bouwer, Erwin van Crasbeek
and Myrto Karavakou . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3766

Proceedings of CERME 14 XXVIII



Learning goals in view: Design of an intelligent environment for arranging and monitoring secondary mathe-
matics education
. . . Sylvia Patricia Van Borkulo, Peter Boon and Johan Jeuring . . . . . . . . . . . . . . . . . . . . 3774
Conceptualisation of number in curricular resources: Does it matter?
. . . Jana Višňovská and José Luis Cortina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3776
Flexible instructional trajectories for learners’ self-regulation in 9th Grade Algebra
. . . Annika Volt, Mart Laanpere and Kairit Tammets , . . . . . . . . . . . . . . . . . . . . . . . . . 3784
ChatGPT as a resource for pre-service teachers to design their lesson plans and lesson scenarios
. . . Burcu Nur Baştürk Şahin and Menekşe Seden Tapan Broutin . . . . . . . . . . . . . . . . . . . . 3792
Prime Times: a game to develop multiplicative reasoning
. . . James Gray . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3794
A proposal of tasks to integrate sustainability in the early ages from mathematics education
. . . Nataly Pincheira, Paula Lopez-Serentill, Marta Gual and Ángel Alsina . . . . . . . . . . . . . . . 3796
With great freedom comes great responsibility: Exploring potentials and pitfalls of using open environments
through a discourse analysis
. . . Cristina Poli . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3798

TWG 23: Implementation of Research Findings in Mathematics Education 3800
An introduction to TWG23: Implementation of research findings in mathematics education
. . . Linda Marie Ahl, Ola Helenius, Boris Koichu, Julie Vangsøe Færch and Mario Sánchez Aguilar . . . . 3801
The implementation of mathematics education programmes: fidelity to design and fidelity to theory
. . . Mark Boylan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3805
Post-funding implementation – Attending to teachers’ readiness
. . . Jason Cooper and Boris Koichu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3813
The role of habits in a theory of change: Lessons from an implementation of interleaved practice
. . . Andrew Grant and Johan Prytz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3821
Teaching for mathematical competence: “Stumbling stones” in teacher in-service training at scale
. . . Tomas Hoejgaard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3829
Implementing PISA research to practice: a design research approach to enhance mathematical literacy
. . . Ingi Heinesen Højsted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3837
What Works? Implementing Innovations on Small, Medium and Large Scale
. . . Uffe Thomas Jankvist, Linda Marie Ahl, Johan Prytz and Iresha Ratnayake . . . . . . . . . . . . . 3845
Implementability of programming and computing education: Accommodative and assimilative approaches to
turtle geometry
. . . Morten Misfeldt, Jack Kallo, Cecilie Carlsen Bach, Raimundo Elicer, Uffe Thomas Jankvist and
Andreas Lindenskov Tamborg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3853
Success in implementation in early mathematics education - Fidelity and/or adaptation?
. . . Hanna Palmér, Jessica Elofsson and Camilla Björklund . . . . . . . . . . . . . . . . . . . . . . . 3861
Building on success: The possibilities to reproduce the MIST project in different educational settings?
. . . Johan Prytz, Iresha Ratnayake, Linda Marie Ahl and Uffe Thomas Jankvist . . . . . . . . . . . . . 3869
Research-designed, teacher-refined: making sense of teachers’ adaptations of an instructional innovation
. . . Julia Tsygan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3877
Young students’ proportional judgements: A replication study
. . . Julie Vangsøe Færch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3885
Critical speculative implementation discussion: Future scenarios on technology and mathematics in schools
. . . Cecilie Carlsen Bach, Jack Jalal Kallo, Daniel Spikol, Adrienne Lorelei Traxler, Mads Brink Müller
and Morten Misfeldt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3893

Proceedings of CERME 14 XXIX



Using structured reporting guidelines for intervention research to set up a program theory: The case of Algebra
Monday
. . . David Nordqvist, Tina Åkegård, Ahl Linda Marie and Helenius Ola . . . . . . . . . . . . . . . . . 3895

TWG 24: Representations in Mathematics Teaching, Learning and Research 3897
TWG24@CERME14: Representations in Mathematics Teaching, Learning and Research – an overview
. . . Michal Tabach, Elisa Miragliotta, Anna Baccaglini-Frank and Kate O’Brien . . . . . . . . . . . . . . 3898
Boxes and matches as a model for introducing variables in a sign language-oriented mathematics class
. . . Flavio Angeloni, Chrisitan Hausch and Annika Wille . . . . . . . . . . . . . . . . . . . . . . . . 3902
A Pair of algebra beginners working in a spreadsheet environment: Commognitive perspective
. . . Tamar Aviram, Michal Tabach and Einat Heyd-Metzuyanim . . . . . . . . . . . . . . . . . . . . 3910
Emergence and Manifestations of the Analogy Between Algebraic and Graphical Models
. . . Klila Copperman, Anatoli Kouropatov and Ivy Kidron . . . . . . . . . . . . . . . . . . . . . . . . 3918
The different functions of illustrations in solving word problems
. . . Lorenzo Cosci . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3926
Learning mathematics with body-centred and object-centred movement: Expanding on Bruner’s enactive
mode of representation
. . . Julia-Marie Hölzer and Rose F. Vogel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3934
Visual feedback in example-eliciting tasks: from artifact to instrument
. . . Amal Kadan-Tabaja . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3942
Representational affordances of addition in the app Rechenfeld: Pitfall or potential? An object-integrating
perspective on interaction
. . . Nina Köhne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3950
Interpretation and representation of fractions in problem solving
. . . Chloé Lemrich, Marie-Line Gardes and Emmanuel Sander . . . . . . . . . . . . . . . . . . . . . 3958
From multiple discourses to algebraic discourse
. . . Giulia Lisarelli, Bernardo Nannini and Samuele Antonini . . . . . . . . . . . . . . . . . . . . . . 3966
Conceptions of converting units of measurement of length and mass: Two case studies
. . . Tanja Lobnig . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3974
Navigating function graphs with audio: an investigation into the narratives of a blind expert using Audio-
functions
. . . Carola Manolino, Silvia Funghi, Mattia Ducci, Erika Brunetto and Cristian Bernareggi . . . . . . . 3982
Supporting diagrammatic reasoning for users with visual impairments with NoVAGraphS
. . . Margherita Piroi, Daniele De Giorgi and Carola Manolino . . . . . . . . . . . . . . . . . . . . . 3990
Precedents and explorative participation in mathematical discourse
. . . Federica Poli and Elena Macchioni . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3998
Fostering the unitizing concept in array representations by interpreting unconventional terms
. . . Kati Schroeder and Daniela Götze . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4006
Negative impact of making a drawing on problem solving: An eye-tracking study on non-linear geometry
problems
. . . Gudula Volbers, Stanislaw Schukajlow, Gilbert Greefrath and Janina Krawitz . . . . . . . . . . . . 4014
From research to practice: Visual representations as research-based tools and pedagogical mediators for
teacher learning
. . . Merav Weingarden . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4022
Estimating area: strategies and internal representations
. . . Terese Amalie Wendelborg, Eivind Kaspersen and Trygve Solstad . . . . . . . . . . . . . . . . . . 4030

Proceedings of CERME 14 XXX



TWG 25: Teaching and Learning of Calculus 4038
An introduction to TWG25: The Teaching and Learning of Calculus
. . . Laura Branchetti, Anatoli Kouropatov, Vahid Borji, Farzad Radmehr, Jana Peters . . . . . . . . . . . 4039
Comparing two teachers’ teaching approaches to the derivative concept with respect to mathematical world-
views
. . . Amira Mohammad Abed, Michal Ayalon and Anatoli Kouropatov . . . . . . . . . . . . . . . . . . 4048
Students’ understanding of partial sums and convergence of infinite series
. . . Vahid Borji, Rafael Martínez-Planell and Martin Rmoutil . . . . . . . . . . . . . . . . . . . . . . 4056
Characteristics of extra-mathematical contexts for introducing derivative as rate of change
. . . Dafna Elias, Tommy Dreyfus and Anatoli Kouropatov . . . . . . . . . . . . . . . . . . . . . . . . 4064
Students’ strategies for determining limits of multivariable functions
. . . Mika Gabel, Arielle Leitner and Yonutz Stanchescu . . . . . . . . . . . . . . . . . . . . . . . . . 4072
Dynamic conceptualisation of density of Q in R: Upper-secondary school students’ spontaneous conceptions
and argumentations
. . . Chiara Grisendi and Miglena Asenova . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4080
Challenging students’ argumentations towards a flexible use of the concept of change in a qualitative-graphical
approach to calculus
. . . Luisa Gunia and Christine Knipping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4088
Opportunities for pre-structuralist reasoning at the crossroads from calculus – a case study on the equivalence
between the continuity of a function and the path-connectedness of its graph
. . . Erik Hanke, Reinhard Hochmuth and Thomas Hausberger . . . . . . . . . . . . . . . . . . . . . . 4096
Measurement, Inverse Proportions, and Integration by Substitution
. . . Andrew Gyula Izsak . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4104
Accumulation: continuity and contexts
. . . Irena Lax, Dafna Elias, Tommy Dreyfus, Lia Noah-Sella and Anatoli Kouropatov . . . . . . . . . . 4112
Learning trajectory to teach double integrals with GeoGebra Applets
. . . Maria Antonietta Lepellere . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4120
Student understanding of double and triple integrals in rectangular coordinates
. . . Rafael Martínez-Planell, Vahid Borji and Maria Trigueros . . . . . . . . . . . . . . . . . . . . . 4128
Understanding the concept of derivative through dynamic visualisations by GeoGebra
. . . Hoang Nguyen and Gilbert Greefrath . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4136
Meanings of integrals and their compartmentalization: a case study
. . . Lia Noah Sella, Tommy Dreyfus and Anatoli Kouropatov . . . . . . . . . . . . . . . . . . . . . . 4144
Introducing preservice mathematics teachers to multivariable functions through modelling: A study and
research path approach
. . . Farzad Radmehr, Heidi Strømskag . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4152
Inconsistencies in teachers’ symbolism for the gradient and the gradient function - m and dy/dx
. . . Innocent Tasara and John Monaghan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4160
Understanding and Basic Mental Models of the concept of derivative
. . . Hans-Georg Weigand, Gilbert Greefrath, Reinhard Oldenburg, Hans Stefan Siller and Volker Ulm . . . 4168

TWG 26: Mathematics in the Context of STEM Education 4176
Introduction to the papers and posters of TWG26: ‘Mathematics in the context of STEM education’
. . . Michelle Stephan and Nelleke Den Braber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4177
STEAM Teachers in TEAM shape their professional development at the border of disciplines
. . . Maria Giuseppina Adesso, Roberto Capone and Oriana Fiore . . . . . . . . . . . . . . . . . . . . 4183

Proceedings of CERME 14 XXXI



GRAPHICAL reasoning: Students’ ways of chunking a logistic function graph representing a titration
. . . Nigar Altindis, Kathleen Bowe and Melissa Aikens . . . . . . . . . . . . . . . . . . . . . . . . . 4191
Primary teachers’ understandings of integrated STEM elaborations: Discrepancies between importance and
practice
. . . Cory A. Bennett and Wendy Ruchti . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4199
STEM teachers’ meanings of inquiry in STEM teaching, in the context of a Professional Development Pro-
gramme
. . . Katerina Bogiatzi, Nikolaos Metaxas, Despina Potari and Chrisavgi Triantafillou . . . . . . . . . . 4207
Exploring computational thinking in STEM education: Moonbase activity
. . . Elçin Erbasan and Mine Işıksal Bostan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4215
Opportunities and limitations of ChatGPT in creating STEM tasks: A case study with mathematics pre-
service teachers
. . . Alissa Fock, Janina Just and Hans-Stefan Siller . . . . . . . . . . . . . . . . . . . . . . . . . . 4223
Developing a Unified Framework for Authentic Problem Solving in STEM Education
. . . Johannes Klaas, Frederik Dilling and Ingo Witzke . . . . . . . . . . . . . . . . . . . . . . . . . 4231
Exploring mathematical praxeologies and integration in STEM assessment: A case study
. . . Dorte Moeskær Larsen and Maiken Holm Svendsen . . . . . . . . . . . . . . . . . . . . . . . . . 4239
Mathematical activities in integrated STEM lessons
. . . Carina Spreitzer, David Kollosche, Konrad Krainer . . . . . . . . . . . . . . . . . . . . . . . . . 4247
Modelling gender bias in generative AI: From research to classrooms
. . . Peter Wied Stenkilde, Jack Jalal Kallo and Andreas Lindenskov Tamborg . . . . . . . . . . . . . . 4255
(STE)M teachers competence areas in MINTco@NRW: Evaluation of and reflections induced by a mathematics
educational model
. . . Gero Stoffels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4263
Presence of mathematical processes in STEAM high school projects: a case study
. . . Ainhoa Berciano, Jon Anasagasti and Josune Landa . . . . . . . . . . . . . . . . . . . . . . . . 4271
Designing a lesson plan to prevent the waste of water in the context of the ProSTEAM Erasmus+ project
. . . Maria Cristina Costa, Dina Mateus, Alice Silvério, Clementina Queijo and Florbela Andrade . . . . 4273
Identifying mathematical content in a carpentry Instagram video: A study with pre-service secondary educa-
tion teachers
. . . Zaira Ortiz-Laso, José Manuel Diego-Mantecón and Camilo Sua . . . . . . . . . . . . . . . . . . . 4275
Teachers’ design of STEAM activities: different types of connections
. . . Livia Silvestri and Gabriella Pocalana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4277

TWG 27: The Professional Practices, Preparation and Support of Mathematics
Teacher Educators 4279
Introduction to the papers of TWG27: The Professional Practices, Preparation and Support of Mathematics
Teacher Educators
. . . Ronnie Karsenty, Stefan Zehetmeier, Birte Friedrich-Pöhler, Bettina Rösken-Winter, Francisco Javier
Rojas Sateler and Hilda Borko . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4280
Examining pedagogical content knowledge in teacher educators’ modelling practices within didactics-specific
courses
. . . Helen Tatiana Alfaro Víquez . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4284
Teaching experiments as a central design element of facilitators’ PD
. . . Lukas Baumanns, Luise Eichholz, Daniela Götze and Annabell Gutscher . . . . . . . . . . . . . . . 4292

Proceedings of CERME 14 XXXII



The Learning to Facilitate Framework: A model for preparing professional development facilitators
. . . Hilda Borko, Michael Jarry-Shore, Gil Schwarts, Ronnie Karsenty, Susanne Prediger and Kim-
Alexandra Rosike . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4300
Studio Facilitators’ Learning on the Job
. . . Rebekah Elliott and Nieman Hannah . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4308
Self-perception of facilitators in PD
. . . Ralf Erens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4316
Learning to broach potentially difficult discussions about teaching through meta-coaching
. . . Michael Jarry-Shore, Meghan Smith Durkin, Hilda Borko, Marsha Ing and Thomas Smith . . . . . . 4324
Mapping structural characteristics of preparation and support programs for mathematics PD facilitators
. . . Ronnie Karsenty, Hilda Borko and Susanne Prediger . . . . . . . . . . . . . . . . . . . . . . . . 4332
Ten Years on: The learnings from a project nurturing collaboration between mathematicians and mathematics
educators
. . . Margaret Fiona Marshman and Merrilyn Enid Goos . . . . . . . . . . . . . . . . . . . . . . . . 4340
Structuring deep and specific conversations: The work of mathematics teacher educators in professional
learning
. . . Kelly McKie, Lynsey Gibbons and James Hiebert . . . . . . . . . . . . . . . . . . . . . . . . . . 4348
Mathematics teacher educators professional learning: Evidence from inquiry into their own practice
. . . Helena Montenegro, Francisco Rojas and Salomé Martínez . . . . . . . . . . . . . . . . . . . . . 4356
Responding to emergent problems of practice in side-by-side coaching
. . . Jen Munson, Mari Altshuler and Erin E. Baldinger . . . . . . . . . . . . . . . . . . . . . . . . . 4364
Empowering mathematics teacher specialist students as change agents: bridging theory and practice on pro-
fessional development
. . . Linda Gurvin Opheim . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4372
Exploring mathematics teacher educators’ pedagogical content knowledge: a case study
. . . Andrés Pérez-Montilla, José María Cardeñoso and Miguel Ángel Montes . . . . . . . . . . . . . . 4380
Case Study on Mathematics Teacher Educator’s Professional Roles During Teaching Practicum Course
. . . Sanem Sarilican and Fatma Aslan-Tutak . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4388
Facilitators’ noticing of teachers’ responses to student thinking concerning a multiplicative thinking task
. . . Victoria Shure, Rebekka Stahnke, Bettina Roesken-Winter and Daniela Götze . . . . . . . . . . . . 4396
Teaching quality in mathematics lessons from the perspective of facilitators and how they perceive the teachers’
perspective
. . . Maya Zastrow, Bianca Fink, Florian Schacht, Leander Kempen, Bärbel Barzel and Lars Holzäpfel . . 4404
A Study of Mathematics Teacher Educators’ Knowledge from the Perspective of In-Service Teachers
. . . Pablo Giadas, Maria Chiara Cibien, Laura Muñiz-Rodríguez, Federica Ferretti and Luis J. Rodríguez-
Muñiz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4412
From the idea to the implementation: Ensuring coherence and vision transfer in the development of teacher
professional development
. . . Lars Holzäpfel, Zastrow Maya, Fink Bianca and Götze Daniela . . . . . . . . . . . . . . . . . . . 4414
Reflecting on action research cycles to enhance my teaching of jump strategy to pre-service teachers
. . . Tarryn Shirley Lovemore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4416
Mathematics teacher educators’ noticing in a problem posing task
. . . Sara Rodríguez Segarra, Nuria Climent and Luis Carlos Contreras . . . . . . . . . . . . . . . . . 4418

TWG 28: Collaborative Settings in Mathematics Teacher Education 4420
An introduction to TWG 28: Collaborative settings in mathematics teacher education
. . . Geoff Wake, Stéphane Clivaz, Paula Gomes, Pernilla Mårtensson and Aoibhinn Ní Shúilleabháin . . . . 4421

Proceedings of CERME 14 XXXIII



Disciplinary and meta-disciplinary noticing of prospective teachers in a lesson study experiment
. . . Valeria Andriano and Ornella Robutti . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4425
“I’ve really seen myself as a robot”: professional development and perception of teachers involved in a collab-
orative setting after a second implementation loop
. . . Camille Antoine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4433
Potential roles of facilitators’ questioning during post-lesson reflection
. . . Jacob Bahn, Yukiko Asami-Johansson and Britta Jessen . . . . . . . . . . . . . . . . . . . . . . 4441
A teacher’s journey in lesson studies regarding whole-class discussion
. . . Filipa Alexandra Baptista Faria, João Pedro da Ponte, Margarida Rodrigues and Marisa Quaresma . 4449
Reasons to teach and practice collaboration at university and school level
. . . Brigitta Békési, András Bátkai, Eva Ulbrich, Tony Houghton, Jana Trgalova, Houssam Kasti and Zsolt
Lavicza . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4457
Types of talk and mathematical knowledge for teaching problem-solving: Dialogic analysis of a lesson study
. . . Stéphane Clivaz, Valérie Batteau, Luc-Olivier Bünzli, Audrey Daina, Sara Presutti and Jean-Philippe
Pellet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4465
Bi-institutional lesson study on algebra: what is it and what can lower secondary school teachers learn?
. . . Derya Diana Cosan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4473
Preparing and leading a whole-class discussion in a lesson study in initial teacher education
. . . João Pedro da Ponte, Nicole Gaspar Duarte and Filipa Faria . . . . . . . . . . . . . . . . . . . . 4481
Applying variation theory: a challenging case in pre-service teacher education
. . . Dédé de Haan, Siebrich de Vries, Gerrit Roorda and Paul Drijvers . . . . . . . . . . . . . . . . . 4489
Reconsidering textbooks as representations of current didactic paradigms in lesson study
. . . Francisco Javier Garcia Garcia, Josep Gascon Perez and Tomas Sierra Delgado . . . . . . . . . . . 4497
Stepping up from an experienced teacher to a lesson study facilitator
. . . Paula Gomes, Micaela Martins, Marisa Quaresma, Bruna Rodrigues and João Pedro da Ponte . . . . 4505
The Roles of Knowledgeable Others in a Mathematics Lesson Study
. . . Oben Kanbolat and Selahattin Arslan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4513
Collaborative planning in lesson study: The role of mathematical knowledge for teaching
. . . Sarah Leakey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4521
Learning to teach early arithmetic skills through learning study: The case of four prospective teachers
. . . Pernilla Mårtensson, Angelika Kullberg and Rimma Nyman . . . . . . . . . . . . . . . . . . . . . 4529
Collaborative lesson study in initial teacher education: Joint focus on students’ learning
. . . Camilla Hellsten Østergaard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4537
Using the didactical contract to untangle the complex dynamics of a lesson study group in initial teacher
education
. . . Sara Presutti . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4545
Needed skills and knowledge and challenges of the mathematics lesson study facilitator. A literature review
. . . Marisa Quaresma, Micaela Martins, Paula Gomes, Bruna Rodrigues and João Pedro da Ponte . . . . 4553
Socio-cultural practices and behaviours in collaborative inquiry
. . . Geoffrey Wake and Bruce Lander . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4561
The classroom discussion in a TTP lesson: The challenges of a lesson study team
. . . Gerrit Roorda, Siebrich de Vries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4569

TWG 29: Embodied and Material Studies of Mathematical Behaviour 4571
Searching for formats: How to share embodied and material studies. Introduction to TWG29 at CERME14
. . . Anna Shvarts, Giulia Ferrari, Elizabeth de Freitas, Ricardo Nemirovsky, Nathalie Sinclair . . . . . . . 4572

Proceedings of CERME 14 XXXIV



Re-enacting a digital environment tutoring episode: New insights
. . . Anna Baccaglini-Frank, Nathalie Sinclair, Elena Macchioni, Chiara Bonadiman and Cristina Poli . . 4580
Moving towards abstraction: An embodied design for reflection symmetry
. . . Karel Boonstra, Marjolein Kool, Anna Shvarts and Paul Drijvers . . . . . . . . . . . . . . . . . . 4588
Factors influencing the implementation of active, bodily experience mathematics learning activities: the
perspective of educators
. . . Alessandra Boscolo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4596
Concepts and bodies: Creating together in affective bodying
. . . Anna Chronaki . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4604
Designing a tangible manipulative as a socio-material process integrating empathic and mathematical imagi-
nation
. . . Claudia Corriveau and Benjamin Nicolas-Noir . . . . . . . . . . . . . . . . . . . . . . . . . . . 4611
The politics of mathematical embodiment
. . . Elizabeth de Freitas and Nathalie Sinclair . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4619
Diagrams and mathematics education research: A methodological reflection
. . . Francesca Ferrara and Giulia Ferrari . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4627
Use of conceptual blending to investigate students approaching functions in an emerging embodied technology
. . . Andrea Ghersi, Lara Monformoso, Sara Bagossi, Sonia Palha and Ornella Robutti . . . . . . . . . . 4635
Navigating Angles: A Spatial Approach to Angle Measurement
. . . Christina Gkreka and Chronis Kynigos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4643
Experimenting mathematical transformations with GeoGebra Dance: An embodied learning approach
. . . David Hornsby, Shereen El Bedewy, Filiz Mumcu, Réka Szász, Zsolt Lavicza . . . . . . . . . . . . . 4651
Dancing with trigonometric functions: aesthetically guided covariational reasoning while creating periodic
dynamic models
. . . Myrto Karavakou and Chronis Kynigos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4659
Learning is moving in better ways in and across task contexts
. . . Nadav Marco . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4667
Concretion, abstraction, and mathematical experiences
. . . Ricardo Nemirovsky, Charlotte Megroureche, Stephanie Bunn and Vinay Kathotia . . . . . . . . . . 4675
Doping an embodied design
. . . Christoph Oberbucher . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4683
Potential of movement-based embodied learning in mathematics: Insights from German case studies on reac-
tivating movements
. . . Lena Radünz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4691
Towards a theoretical framework for analysing block play constructions through the lens of crystallographic
symmetry-breaking
. . . Michael Rumbelow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4699
A plea for participatory/transformative methodologies in embodied and material studies of mathematics
education
. . . Anna Shvarts and Karel Boonstra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4707
Experimental epistemology in mathematics education and biology of cognition
. . . Jorge Soto-Andrade, Juan - Carlos Letelier, Daniela Diaz-Rojas and Amaranta Valdes-Zorrilla . . . . 4715
Spatial perspective switching in group embodied activities
. . . Jennifer Way . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4723
Developing functional thinking through bimanual movements
. . . Hang Wei, Rogier Bos and Paul Drijvers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4731
Body and materiality from a perspective of visuality in mathematics education
. . . Claudia Regina Flores, Débora Regina Wagner and Mônica Maria Kerscher-Franco . . . . . . . . . 4739

Proceedings of CERME 14 XXXV



Re-presenting abstract and concrete in the diagrams of Al-Khwarizmi
. . . Yassir Maknaoui, Vinay Kathotia and Brigitte Stenhouse . . . . . . . . . . . . . . . . . . . . . . 4741
Collaborative reflection on embodied abstraction for geometry: questioning the research-teaching interaction
. . . Benjamin Nicolas-Noir and Karel Boonstra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4743
Body in between multinaturalism and mathematics education
. . . Thiago Pedro Pinto and João Viola . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4745

Proceedings of CERME 14 XXXVI


	Preface and Introduction
	Preface: CERME14 – finally in Bozen-Bolzano . . . Carl Winsløw
	Introduction to the proceedings of the fourteenth Congress of the European Society for Research in Mathematics Education (CERME14) . . . Marianna Bosch, Susana Carreira, Giorgio Bolondi, Michael Gaidoschik, and Camilla Spagnolo

	Plenary Lectures
	Old and new landscapes for mathematics curricula: reflections from an Italian experience . . . Ferdinando Arzarello
	Climate change and the mathematics curriculum: gestures and entanglements for the future . . . Alf Coles and Kjellrun Hiis Hauge
	The new role of data in society: Challenges and opportunities for mathematics education in the age of data science and AI . . . Rolf Biehler and Michelle H. Wilkerson

	TWG 01: Argumentation and Proof
	Introduction to Thematic Working Group 1: Argumentation and Proof . . . Andreas Moutsios-Rentzos, Orly Buchbinder, Nadia Azrou, Dimitrios Deslis, Viviane Durand-Guerrier, David A. Reid and Mei Yang
	Integrating Fallibilism and Formal Logic: A Peircean Approach to Lakatos’ Methodology . . . Miglena Asenova
	Presumed criteria of validity of proof drive student teachers’ actions in conjecturing and proving: a case study . . . Paolo Boero
	Linguistic analysis of beginning mathematics teachers’ discourse about reasoning and proof . . . Rebecca Butler and Orly Buchbinder
	Examining teachers’ motivational views on Lakatos-style investigation: A value-cost-expectancy approach . . . Dimitrios Deslis, Andreas J. Stylianides and Mateja Jamnik
	A sixth-grade student’s first instance of mathematical proof . . . Merve Dilberoglu, Erdinç Çakıroglu and Çigdem Haser
	A model-theoretic approach for didactics research on proof and proving in mathematics . . . Viviane Durand-Guerrier
	Justification not Proof as the Scope of Research: The RPA Model of Argumentation . . . Christian Fahse and Tim Lutz
	A framework for refutations to recipes and algorithms . . . Michael Fischer
	Investigating the relationship between negating competence and understanding proof by contraposition: A study with Indonesian undergraduate mathematics education students . . . Hapipi H and Andreas J. Stylianides
	Proving the rule for fraction multiplication: What kind of content knowledge is visible in preservice teachers' arguments? . . . Andrea Hofmann and Trond Stølen Gustavsen
	Pre-service teachers developing and using mathematical knowledge for teaching proof . . . Kasper Højbjerg
	Analytic and narrative perspectives on proof and proving in mathematics classrooms - a cultural comparative approach . . . Christine Knipping, Fiene Bredow, Takeshi Miyakawa, Hiroki Otani and Yusuke Shinno
	Recognising the situation for proving is not obvious . . . Zoltán Kovács and Eszter Kónya
	A series of mathematical induction activities to promote deritualization processes . . . Latifah Mustofa Lestyanto and Kirsten Pfeiffer
	Debating the machine: mediations and truth . . .  Amedeo Matteucci, Francesco Saverio Tortoriello and Ilaria Veronesi
	Proof awareness and students’ proof evaluations . . . Andreas Moutsios-Rentzos and Vassiliki Mantziou
	The use of generic examples in students’ conjecturing processes . . . Julia Niederquell and Leander Kempen
	Enhancing Pre-Service Mathematics Teachers' Justification Abilities: Impact of a Brief Intervention on Real Number . . . Mehdi Parsinia and Benjamin Rott
	Studying the role of synergy between paper folding and a Dynamic Geometry Environment in upper secondary students’ conceptualization of conditional statement and proof . . . Aliki Iliana Perivolari and Giorgos Psycharis
	How do children in primary school prove? . . . Melanie Platz
	Evaluating arguments: the role of goals and interlocutors . . . Marta Saccoletto
	Using FullProof to develop geometrical reasoning and proof skills within a practicum course for preservice teachers . . . Ruthmae Sears and Orly Buchbinder
	Exploring how affect-related constructs predict students’ proof construction competence in algebra and geometry . . . Gabriel J. Stylianides, Andreas J. Stylianides, Ling Zhang, Dimitrios Deslis and Jisoo Seo
	Reasoning and proving opportunities related to Thales' theorem in selected lower secondary textbooks from four different regions . . . Kinga Szucs and Mária Slavícková
	Collaborative problem solving to foster higher-order thinking skills in mathematics: A systematic literature review . . . Haydee Ceballos, Theo van den Bogaart, Jeroen Spandaw, Stan van Ginkel and Paul Drijvers
	Is it possible to assess the impact of proof assistants on undergraduate students’ proofs? Preliminary results . . . Clara Sisco and Cécile Ouvrier-Buffet

	TWG 02: Arithmetic, Numbers and Operations
	Introduction to the work of TWG02: Arithmetic, numbers and operations . . . Ioannis Papadopoulos, Renata Carvalho, Linda Devi Fitriana, Robert Gunnarsson, Eszter Kónya and Elisabeth Rathgeb-Schnierer
	Preservice teachers' decision-making: an empirical study using additive problems . . . Mónica Arnal-Palacián and Nuria Begué
	Unveiling number sense performance in preservice primary school teachers through hands-on activity . . . Linda Devi Fitriana, Zoltán Kovács and Christiyanti Aprinastuti
	Students’ recognition of characteristics in addition and subtraction problems as prerequisite for flexible mental calculation . . . Timo Flückiger and Elisabeth Rathgeb-Schnierer
	Teaching two-digit subtraction with a structural approach in the second grade . . . Éva Fülöp, Hoda Ashjari, Angelika Kullberg and Marie Fredriksson
	Improving primary students’ understanding of division . . . Michael Gaidoschik, Myriam Burtscher and Heidi Pechlaner
	Number sense towards real numbers . . . Virginia Garrido Adame, Olimpia Figueras, and Minerva Martínez Ortega
	Mastering the basic facts of multiplication and division till the end of grade 3 – selected results of a longitudinal study . . . Sandra Gleissberg, Eichler Klaus-Peter, and Seibold Moritz
	What is a high-quality solution to an arithmetic task? . . . Robert Gunnarsson, and Ioannis Papadopoulos
	Primary school student’s ability in fractions as operators . . . Diana Herreros-Torres, M. Teresa Sanz, Carlos Gómez-Ferragud, Hélia Oliveira, and Renata Carvalho
	Advancing the use of retrieval-based strategies with a new manipulative: The case of Nanuka . . . Sarah Hopkins, James Russo, Jane Hubbard, Ann Roche and Janette Bobis
	Pupils' understanding of numerical pattern: an analysis of pupils' solutions to similar problems in grades 2 and 3 of primary school . . . Darin Jirotkova and Jana Slezáková
	Word problems as a possible means of raising awareness of arithmetical structures . . . Eszter Kónya
	Pupils’ Solving strategies of the word problems Fidgets type . . . Karolína Mottlová
	Problem posing by preservice teachers: The case of open problems . . . Ioannis Papadopoulos
	Toward a conceptualization of %: Some preliminary advances . . . Jerome Proulx
	Effects of spoken number words on place value understanding: A comparative study with German and Danish second graders . . . Mia Lene Ransiek and Thomas Rottmann
	General explanations – conditions and role in the learning process of a child with special difficulties in learning mathematics . . . Charlotte Rechtsteiner and Michaela Scheffknecht
	Tree graph to improve word problem solving involving rational numbers . . . Maria T. Sanz, Carlos Valenzuela García, Sofia Peregrina, Emilia López-iñesta, Francisco Grimaldo and Daniel Garcia-Costa
	Pupils with severe difficulties in learning arithmetic: An educational challenge for secondary schools . . . Volker Ulm, Annalisa Steinecke and Moritz Zehnder
	Assessing students’ conceptual place value understanding at the end of primary school . . . Gerald Wittmann and Katja Lenz
	Exploring the strategies utilized by primary pupils to solve equal group multiplication problems using the ‘Stick and Split’ app . . . Waqas Bin Sarfraz, Dave Hewitt and Ian Jones

	TWG 03: Algebraic Thinking
	An introduction to TWG3 Algebraic Thinking . . .  Maria Chimoni, Luis Radford , Jorunn Reinhardtsen and Stefan Korntreff
	Understanding mathematical structures: A contribution to the discourse about the nature of algebraic thinking . . . Kathrin Akinwunmi
	Mathematics teachers’ correspondence and covariation approaches to quadratic functions in relation to their covariational reasoning . . .  Mervenur Belin, Gülseren Karagöz Akar and Isıl Isler Baykal
	A 6th grade teacher’s and students’ togethering in the algebra classroom: A process of overcoming emerging dialectical contradictions . . .  Martin Carlsen and Jorunn Reinhardtsen
	Employing Erroneous Examples in Refutational Text to Address Misconceptions in Equations and Inequalities . . .  Konstantinos P Christou, Courtney Pollack and Eleni Karagiannidou
	From Inductive to Deductive Reasoning: Investigating Grade 6 Students' Algebraic Thinking Abilities . . .  Pitta-Pantazi Demetra, Maria Chimoni and Christou Constantinos
	The development of a reference epistemological model of upper secondary school algebra in Sweden . . .  Matilda Hällback and Olov Viirman
	Assessing students’ emerging awareness of algebraic structures . . .  Anna Holmlund and Johanna Pejlare
	Overcoming the letter-as-object misconception in 4 weeks? An analysis of latent class transitions and contributing teaching practices . . .  Katrin Klingbeil and Filip Moons
	Enhancing students’ conceptual understanding of variables with interactive instructional videos in a knowledge organization phase . . .  Stefan Korntreff and Susanne Prediger
	A case study of a seven-year old’s reasoning with and understandings of function graphs . . .  Nathan Liao, Susanne Strachota, Mathías A. Lopez, Bárbara M. Brizuela, Maria Blanton and Angela Gardiner Gardiner
	Teachers’ conceptualizations of slope in teaching Grade 8 students . . .  Marios Pittalis and Panagiotis Gridos
	Cartesian graphs and co-variational thinking in early algebra . . .  Luis Radford
	Linking a table and a graph of a function: Slovak case . . .  Daniela Šabaková and Ingrid Semanišinová
	Race among the number line: Functional thinking among primary school students . . .  Stephan Tomaszewski and Marcus Nührenbörger
	Constructing varying relationships of quantities and writing equations with fractions: A preliminary analysis of representations produced by Japanese and Turkish teachers . . .  Zelha Tunç-Pekkan, Keiko Hino, Hisae Kato and Hiraku Ichikawa
	Proportional reasoning unleashed: How gifted minds tackle diverse proportional reasoning tasks . . .  Zeynep Tuncer, Berna Inci and Mine Isıksal Bostan 
	Experts’ structuring processes of equations that can be solved with varying efficiency: An analysis of gaze paths with eye-tracking . . .  Christof Weber and Georg Bruckmaier 
	Predictive validity of the algebra concept inventory . . .  Claire Wladis, Eileen Murray and Geillan Aly
	Comparison of structural sense in limit tasks between first and final year engineering students . . .  Gloria del Carmen Cancec-Murillo, Pablo Flores Martínez and Teresa Rojano Ceballos
	Strategies used by students with autism to complete repeating patterns . . .  Juncal Goñi-Cervera, Irene Polo-Blanco, Maria Chimoni and Demetra Pitta-Pantazi

	TWG 04: Geometry Teaching and Learning
	Geometry Teaching and Learning at CERME14: TWG4 Synthesis Report . . .  Alik Palatnik, Lina Brunheira, Taro Fujita, Chrysi Papadaki and Petra Surynková
	Applying Duval’s Teaching Sequence to 7th-Grade Geometry: A Case Study on the Area of a Disc . . .  Branka Antunovic 
	Generating 3D virtual models of straight-line helicoids in GeoGebra by animations . . .  Daniela Bimova, Jirí Brehovský and Petra Pirklova 
	Designing tasks to connect geometry and art – developing spatial reasoning using tilling . . .  Lina Brunheira and Cristina Loureiro 
	Insights into conceptual breaks of individual sine concepts . . .  Maximilian Büttner and Giada Viola 
	First graders’ conceptions and linguistic descriptions of geometric shapes . . .  Sahin Danisman and Duygu Arabacı 
	Encountering improper points through geogebrization . . .  Agnese Del Zozzo 
	Theories for the use of both physical and digital tools for developing . . .  Taro Fujita, Kotaro Komatsu, Satoshi Enomoto and Shogo Obayashi 
	Fostering Understanding of Inclusion Relationships Through Mathematical Events . . .  Aehsan Haj-Yahya, Juhaina Shahbari and Huda Shayeb 
	Subjective theories of teacher trainers as to how to initiate argumentation and proving processes for geometry in lower secondary school classrooms . . .  Stefan Halverscheid 
	Fostering students' geometric and spatial reasoning in geometry using duo of digital and tangible artefacts . . .  Liying Huang and Taro Fujita 
	Working with student solutions to understand geometry knowledge of preservice teachers . . .  Daniela Kovalcíková and Ingrid Semanišinová 
	Geometry to be taught in Taiwanese and Japanese junior high schools . . .  Takeshi Miyakawa and Yi-Wen Su 
	Developing geometrical reasoning skills in primary school . . .  Shogo Obayashi and Taro Fujita 
	High School Mathematics Teachers’ Support for Students’ Focus on the Properties of Geometric Solids Using Dynamic Geometry Software . . .  Samet Okumus and Karen Hollebrands 
	I see what you’re thinking: Embodied collaborative argumentation . . .  Alik Palatnik, Dor Abrahamson and Catalina Lomos 
	Analysis and categorization of errors in the geometry of prospective primary teachers . . .  Petra Pirklova, Jiri Brehovsky and Daniela Bimova 
	On the mutual relationship of different construction tools and mathematical concepts . . .  Marc Sauerwein 
	3D printed manipulatives as an aid in constructing parallel and central projections of solids . . .  Petra Surynkova 
	Teaching the concept of minimal definition with the CoD Method . . .  Leonardo Tortorelli and Francesco Saverio Tortoriello 
	Dimensions of conceptual knowledge and geometric constructions . . .  Lukáš Vízek and Libuše Samková 
	The role of perceptual clues in 3D enumeration tasks . . .  Edgar Alstad and Maren Berre 
	Mathematics laboratory on geometric transformations at the museum . . .  Michela Maschietto and Beatrice Battilani

	TWG 05: Probability and Statistics Education
	Reimagining Statistics and Probability Education in the Age of Data and AI: An introduction to the work of TWG05 . . . Aisling Leavy, Daniel Frischemeier, Sibel Kazak, Orlando Rafael González, Luca Lamanna and María Magdalena Gea
	Reconsidering Basic Resources for Modern Statistics Teaching and Learning: Opening the Dialogue . . .  Dionysia Bakogianni and Maria Meletiou-Mavrotheris 
	How students justify the usability of self-built machine learning models . . .  Katharina Bata, Angela Schmitz and Andreas Eichler
	A classroom experiment: the impact of teaching correlation and regression on students' knowledge of the equation of a line . . .  Balázs Boller 
	Risk literacy – a hybrid conceptualization . . .  Marie-Theres Brehm and Angelika Bikner-Ahsbahs 
	Can you explain the surprising result? About students’ arguments in the context of risk literacy before and after working with a simulation . . .  Theresa Büchter, Andreas Eichler, Nora Vogel and Karin Binder 
	How do future teachers interpret a pupil solution to a probabilistic task involving proportionality? . . .  María Burgos, María del Mar López-Martín and Veronica Albanese 
	Statistical literacy in middle school students’ performance of speech acts when reacting to data-based arguments on social media . . .  Christian Büscher 
	Facilitating elementary school students' transitioning from statistical modeling of to statistical modeling for . . .  Michal Dvir 
	Novice Students’ Engagement with Big Data Modeling . . .  Ronit Gafny, Michal Dvir and Dani Ben-Zvi 
	Informal conceptions of appropriate choropleth maps held by in-service Southeast Asian teachers . . .  Orlando Rafael Gonzalez 
	Richness of reflective processes on algorithmic decision-making systems by prospective teachers . . .  Susanne Hilger and Carina Büscher 
	Middle Grade students’ objectification of probability in a computer simulation-based environment . . .  Kjærand Iversen and Amrit Bahadur Poudel 
	Exploring the structure of enumerations in combinatorial problem solving: a case study with Italian secondary school students . . .  Luca Lamanna and Laura Branchetti 
	Empowering Statistical Learning: The Impact of Growth Mindset on Students’ Attitudes towards Statistics . . .  Aisling Leavy, Esma Emmioglu-Sarikaya, Caterina Primi and Candace Schau 
	Bringing math into politics: the Decision Theatre Lab and the influence of model knowledge on the interpretation of stochastic simulation results . . .  Christoph Lieben and Sinah Gürtler 
	Problem solving and argumentation in probability context: analysis of some examples of necessary object-level narratives . . .  Francesca Martignone, Daniele De Giorgi and Marta Saccoletto 
	Type of table and reading levels promoted by Spanish textbooks . . .  Jocelyn D. Pallauta, María M. Gea, Carmen Batanero and Pedro Arteaga 
	Teaching data-driven machine learning in mathematics education . . .  Sarah Schönbrodt and Martin Frank 
	A local instruction theory to strengthen students’ grasp on graphs . . .  Lonneke Boels 
	Transferring responsibilities to students in a statistics inquiry through an inter-grade study and research path . . .  Maria-Josep Freixanet de la Iglesia, Montserrat Alsina Auback, Marianna Bosch Casabò
	Gaining insight – developing eye-tracking vignettes for teacher training on misinterpretations of statistical graphs . . .  Ayline Heursen, Saskia Schreiter, Vuslat Seker, Anita Alexander, Lonneke Boels, Frank Reinhold, Martin Abt, Wim Van Dooren and Markus Vogel 
	Data science modules for preservice teacher education . . .  Susanne Podworny, Sibel Kazak and Aisling Leavy 
	Investigating students' co-construction of statistical argumentation . . .  Carlotta Vielmo 
	Case study of a learning environment for collecting and analysing real data in mathematics classrooms with the toolkit senseBox . . .  Anna-Marietha Vogler and Kirstin Erath 

	TWG 06: Applications and Modelling
	Introducing the CERME14 papers and posters in, and work of, TWG6: Application and Modelling . . . Jonas Bergman Ärlebäck, Britta Eyrich Jessen, Gilbert Greefrath, Serife Sevinc, Yana Lacek and Katrin Vorhölter
	The wheel of mathematical modelling: Seeking new perspective . . .  Jonas Bergman Ärlebäck, Serife Sevinc and Lluís Albarracín
	Modelling indoors and outdoors: A comparison of the student's interest and competence development in two task settings . . .  Simon Barlovits, Anton Kunz and Matthias Ludwig
	Students’ managing of modelling problems with superfluous data . . .  Caterina Bassi and Rosa Iaderosa
	Portfolio as a form of assessment for mathematical modelling with digital tools - Advantages and challenges from students’ perspective . . .  Catharina Beckschulte, Jascha Quarder, Stanislaw Schukajlow and Samuel Blankenstein
	Teacher’s actions in class discussions after solving a Fermi problem . . .  Mireia Brunet-Biarnes and Lluís Albarracín 
	University students learning to model through large amount of data, simulations and ChatGPT . . .  Louise Meier Carlsen and Britta Eyrich Jessen 
	How do teachers manage the phase of horizontal mathematization during the implementation of a modelling task? A case study . . .  Marina De Simone and Yana Lacek 
	Assessment in a two-dimensional curriculum: The case of solid geometry and modelling supported by an “empty” modelling cycle . . .  Stig Eriksen and Martin Nordskog 
	How do pre-service teachers interact with IA to solve modelling problems? Characterising the use of ChatGPT in solving Fermi problems . . .  César Gallart, Irene Ferrando, Carlos Segura and Lluís Albarracín 
	Mathematical knowledge mobilised by a group of prospective mathematics teachers when developing a modeling project . . .  Jeannette Galleguillos 
	Making the Invisible Visible: Exploring the Situation Model . . .  Isabella Gogesch and Matthias Ludwig 
	Financial literacy and mathematical modelling: an analysis of PISA sample tasks . . .  Gilbert Greefrath and Katharina Kirsten 
	One step at a time? – An empirical study on the use of graphical representations for Fermi problems . . .  Simone Jablonski, Julia Ehemann, Deng-Xin Ken Oehler and Matthias Ludwig 
	The role of transpositive analyses when discussing modelling in disruptive times . . .  Britta Eyrich Jessen 
	Secondary students’ multifaceted perceptions of the role of data from the perspectives of models, modelling and information . . .  Takashi Kawakami and Jonas Bergman Ärlebäck 
	The role of recursivity and reversibility in mathematical modelling: The bakery mould . . .  Marcos Marí Bofill, Marianna Bosch Casabò and Berta Barquero Farràs 
	Students’ use of benchmarks in the process of solving Fermi problems . . .  Marlena Meyer and Greefrath Gilbert 
	Didactic transposition constraints on modelling at upper secondary level: Comparing France and Norway . . .  Elsa Puchaczewski, Marianna Bosch and Heidi Strømskag 
	Modelling in the learning of the definite integral for civil engineering . . .  Mariela Elizabeth Ramírez Inca and Hugo Rogelio Mejía Velasco 
	In-service teachers’ scaffolding practices based on diagnosing modelling challenges during instruction . . .  Liron Schwartz-Aviad and Zehavit Kohen 
	Mathematical modelling as part of a general education in mathematics classrooms - challenge for teachers, responsibility for researchers . . .  Hans-Stefan Siller and Katrin Vorhölter 
	The evanescence of mathematical models and modelling in the teaching of combinatorics . . .  Susana Vásquez Elias, Berta Barquero Farràs and Marianna Bosch Casabò 
	Pre-service teachers' judgments of students' solutions to open modeling problems: How important is it to make assumptions? . . .  Katharina Wiehe, Catharina Beckschulte and Stanislaw Schukajlow , 
	The dishwasher experience: Pre-service teachers’ use of extramathematical knowledge while investigating societal topics . . .  Suela Kacerja, Lisa Steffensen and Trine Foyn 
	Bridging mathematics and sustainability: Exploring the role of sustainability in mathematics education . . .  Carolin Kammrad and Michael Meyer 

	TWG 07: Mathematics for Work, Society and Personal Development: Lifelong Learning
	An introduction to TWG7: Mathematics for work, society and personal development - lifelong learning . . . Pauline Vos, Oda Heidi Bolstad, Javier Díez-Palomar, Michele Giuliano Fiorentino and Peter Frejd
	Mathematical literacy – What is missing? . . .  Oda Heidi Bolstad 
	The shaping of mathematics teacher identities in vocational education through a whole organisational approach . . .  Diane Dalby 
	Discussing “Numeracy” beyond the scientific community. How adult learners define numeracy and what challenges arise from that for the coming future . . .  Javier Díez-Palomar and Kees Hoogland 
	Mathematics and vocational disciplines: a co-disciplinary perspective to reduce early leaving school . . .  Michele Giuliano Fiorentino and Antonella Montone 
	Theorizing how citizens and vocational workers interact in co-productivity chains with professional mathematicians . . .  Peter Frejd and Pauline Vos 
	Mathematics workshops in prison: design and practice . . .  Sofia Galli, Giulia Bernardi, Domenico Brunetto, Helena Dell'Anna and Francesco Nappo 
	Teachers’ ways of experiencing educationally significant vocational mathematics knowing . . .  Hanna Knutson 
	Not just threats and weaknesses: seeking opportunities for the teaching/learning of mathematics in prison schools . . .  Federica Mennuni, Andrea Maffia, Luca Decembrotto and Veronica Manzoni 
	Subject integrated team teaching vs. textbook learning: A comparative study on students’ experiences in vocational mathematics education . . .  Karolina Muhrman and Peter Frejd 
	Learning Math in Prison: Preliminary outputs of an Educational Design Research . . .  Silvia Regola, Luca Decembrotto, Federica Mennuni and Veronica Manzoni 
	Complexities when students authenticate aspects of a task in vocational mathematics education . . .  Trude Sundtjønn 
	Measuring adults’ numeracy: Which instruments are used and what do they measure? . . . Marieke Bor-de Vries, Lonneke Boels, Tamara Madern, Kees Hoogland and Paul Drijvers 
	How is Europe doing on Numeracy in the 2nd cycle of PIAAC? . . .  Kees Hoogland and Javier Díez-Palomar 
	Numeracy in social work education . . .  Hugo Mulder, Monica Wijers, Sabine de Vries and Lonneke Boels 
	Adults studying for a general certificate in secondary education (GCSE) in mathematics in England: self-efficacy, anxiety and examination grades . . .  Jennifer Mary Stacey 
	Bridging the gap: Facilitating female adult learners in the East Midlands region of England to re-engage with mathematics . . .  Farhat Syyeda, Fay Baldry and Ben Harvey-Ashenhurst 

	TWG 08: Affect and the Teaching and Learning of Mathematics
	Introduction to the work of TWG08: Affect and the teaching and learning of mathematics . . . Chiara Andrà, Domenico Brunetto, Robin Göller, Inés M. Gómez-Chacón, Janina Krawitz and Hanna Viitala
	The COIF model: Modelling the evolution of student states during collaborative sessions . . .  Helena Dell'Anna and Domenico Brunetto
	You are what you feel? – How primary teacher students’ identification as mathematicians and teachers relates to other affective variables . . .  Lara Gildehaus
	Emotions grounded in mathematics-specific personal epistemology . . .  Robin Göller
	Connections between epistemic emotions and control actions in Linear Algebra . . .  Inés M. Gómez-Chacón and Adrián Bacelo 
	“Calculating with numbers and then finding a specific result” – Exploring students’ conceptions about mathematics and doing mathematics and possible relations to mathematics teaching . . .  Ramona Hagenkötter 
	Mathematics teachers support on valuing mathematics: The role of mathematical self-concept . . .  Anwaril Hamidy, Maike Vollstedt and Christoph Duchhardt 
	Bridging commognition and complexity theory for the study of identity and ritual participation in mathematical learning . . .  Einat Heyd-Metzuyanim
	Problem posing and motivation: Does reformulating problems into easier versus more difficult versions affect students’ expectancies for success, task value, and costs? . . .  Janina Krawitz and Katharina Wiehe 
	Decoding emotions in relation to perceived difficulty: How primary students engage with mathematical tasks . . .  Bianca Nicchiotti, Ilaria Paternoster and Camilla Spagnolo 
	Strategy-based motivation regarding questioning: Self-efficacy, values, costs, and gender . . .  Stanislaw Schukajlow, Pia Köhler and Alexander Westhölter 
	Perceived difficulty of a mathematical task: do in-service and pre-service teachers have a common view? . . .  Camilla Spagnolo and Chiara Andrà 
	The effects of classroom quality on students’ lesson-specific mastery experiences on easy, medium difficulty, and hard tasks . . .  Karin Elisabeth Sørlie Street, Lars-Erik Malmberg and Gabriel J. Stylianides 
	ChatGPT is going to replace us! Or not? “Narrative Insight” about secondary-tertiary transition in mathematics . . .  Gaia Turconi, Domenico Brunetto and Giulia Bernardi 
	Lower secondary pupils’ academic motivation in a collaborative problem-solving intervention . . .  Hanna Viitala 
	Mindset and Mathematics Achievement: Mediating Effects of Anxiety and Learning Motivation . . .  Shaoyilin Wang and Yan Zhu 
	Theoretical framework linking teacher feedback and students’ mathematics self-efficacy, attributions, and mathematics achievement . . .  Rohit Daniel 
	Emotion graphing: Tool to study emotions and foster meta-affect . . .  V. Rani Satyam 

	TWG 09: Interaction, Communication and Language in Mathematics Education
	Interaction, communication and language(s) in mathematics education: The work of TWG09 . . . Jenni Ingram, Kirstin Erath , Máire Ní Riordáin, Alexander Schüler-Meyer and Ingólfur Gíslason
	Characterisation of student's initiatives in whole class discussions . . .  Christoph Aumann and Kirstin Erath 
	Teacher guidelines during group work . . .  Dorottya Bessenyei
	Contrasting meanings of '0' in bilingual primary school settings . . .  Malte Bürgstein and Elke Söbbeke 
	Mathematical discourse changes during the introduction phase of the early years - A textbook perspective . . .  Irina Johansson Carlén, Clas Olander and Ulrika Ryan 
	Impacts of multilingualism on mathematical learning in primary school - Focusing on everyday language differences . . .  Sonja Deegener, Marei Fetzer and Marijana Gregurevic 
	Classroom discourse and positioning: A case study of a highly regarded teacher . . .  Ove Gunnar Drageset and Malin Skoglund 
	On the linguistic complexity of mathematics school-leaving exams: Differences between subject areas . . .  Louisa Mana Ebel 
	On using operators to introduce negative numbers: How do students describe states and transformations? . . .  Melina Fabian and Ulrich Kortenkamp 
	Using Maltese meaning-related vocabulary for the topic 'Equivalent Fractions' in a bilingual Grade 6 classroom in Malta . . .  Marie Therese Farrugia
	The impact of multilingualism on mathematical teaching-learning situations . . .  Marijana Gregurevic and Marei Fetzer 
	Childrens’ block play language and the manifestation of mathematical content . . .  Esther Henschen and Martina Teschner 
	Semantic profiles in screening 6-year-olds' spatial sense and reasoning in Sweden: The impossible of not being a teacher . . .  Sergej Ivanov and Andreas Ebbelind 
	Investigating pre-service mathematics teachers’ requests for information in one-to-one tutoring . . .  Sara Emelie Rut Julsgård 
	Linguistic demands and more: A framework for analysing mathematics lessons . . .  Elizabeth Kimber, Jenni Ingram, Núria Planas and Gabriel Chun-Yeung Lee 
	German upper-secondary students’ use of discourse practices and lexical means related to the scalar product . . .  Olga Lomas and Lena Wessel 
	Language-responsive support for connecting understanding division and fraction division: A design research case study . . .  Jessica Mähnert and Kirstin Erath 
	The connection between task design and how algebraic variables and constants are described . . .  Tamsin Meaney, Silke Lekaus and Eugenia Ferrari 
	Noticing aspects of the mathematical discourse in a developmental context on teaching angles . . .  Juan Gabriel Rave-Agudelo and Núria Planas 
	Teacher responsiveness and didactical decision-making in a multilingual mathematics classroom . . .  Shintia Revina and Alexander Schüler-Meyer 
	Fostering mathematical explanations through LLM-based tasks . . .  Hanna Eckhardt and Daniel Thurm 
	Teaching AI about epistemic logic puzzles: Directing attention . . .  Ingólfur Gíslason 

	TWG 10: Diversity and Mathematics Education: Social, Cultural and Political Challenges
	Report to TWG10: Social, Cultural and Political Aspects of Mathematics Education . . . Timo Dexel, Laura Black, Mariam Makramalla, Juuso Henrik Nieminen, Sabrina Salazar and Daniela Steflitsch
	Beyond performance in mathematics results: gender differences and situated knowledge in the “Tennis tournament” item . . .  Ginevra Aquilina 
	Discourses on mathematics and mathematical ability of support teachers in Italy . . .  Francesco Beccuti and Maria Polo
	Mathematical empowerment and participation in inclusive learning settings . . .  Anna-Maria Billigen and Elke Söbbeke 
	Creating a task to prepare instructors to teach postsecondary mathematics . . .  Sabrina Bobsin Salazar and Eduardo da Silva Schneider 
	Planning for Equity: Does Universal Design for Learning hold promise for mixed-ability mathematics classrooms? A Scoping Review. . . .  Aibhin Bray, Cian McKenna and Elizabeth Oldham 
	‘Have-been-doing masculinity’ - emerging gender stereotypes in mathematicians‘ descriptions of their memories of mathematics lessons . . .  Julchen Brieger, Jule Aufschneider and Marie-Christin Aust
	Exploring educational resources through sociopolitical lenses: Initial insights from a study of mathematics textbooks . . . Cristina Marjorie Da Cruz, Luciana Vieira Andrade, Ana Paula Perovano and Zsolt Lavicza
	Empowering and disempowering students in a school project on sustainability . . .  Trude Fosse and Kjellrun Hiis Hauge 
	What does it take to make a change? Pre-service teachers’ positionality when working with mathematics inspired by Critical Mathematics Education . . .  Trine Foyn, Suela Kacerja and Lisa Steffensen 
	Bridging the political and the historical in mathematics education: a dialogue with in-service teachers . . .  David Guillemette 
	Curriculum: A restricted or restricting Resource? . . .  Katharina Jablonka and Reza Sutan Putra Nazir 
	Cultivating teacher leaders in hierarchical schools and school systems . . .  Richard Kitchen, Lorenzo Gonzales, Monica Martinez-Archuleta and Ali Bicer 
	Contribution to sustainability competences through mathematics education . . .  Paula López-Serentill, Nataly Pincheira, Marta Gual and Angel Alsina 
	Mathematics Education and the arenas of new conflicts over inequality - a theoretical framework for research? . . .  Andrea Neuenfeldt and Timo Dexel 
	I wish someone could remove all the text from the math book . . .  Eva Norén and Anna Wallin 
	Patterns of mathematics capital among Swedish higher education mathematics students . . .  Lisa Österling, Nhu Truong, Paola Valero, Anna Danielsson, Maria Berge and Bruna Nunes 
	Gender differences in optimistic, realistic, and pessimistic mathematical self-concepts among first-year STEM students . . .  Pia Tscholl 
	Active listening for storylines experienced by Indigenous and newly migrated mathematics students . . .  David Wagner, Sacha DeWolfe, Julianne Gerbrandt and Zyrene Estallo 
	Categorising subjective relevance of mathematics education . . .  Chiara Nadine Wang and David Kollosche 
	Socially just relationships between mathematics teachers and learners . . .  Pete Wright 
	Gender differences in mathematics education in prison context . . .  Giulia De Rocco, Chiara Giberti and Agnese Ilaria Telloni 

	TWG 11: Teaching and Learning of Discrete and Computational Mathematics
	Thematic Working Group 11 Teaching and learning of discrete and computational mathematics . . . Simon Modeste, Sylvia van Borkulo, Ulrich Kortenkamp, Janka Medová and David Zenkl
	Shut-the-Box: Fostering computational thinking through the mathematical modelling of games . . .  Lukas Bayer and Martin Bracke 
	Arrow cards as representation when programming educational robots – Algorithmitizing as an interplay between encoding and decoding . . .  Carina Büscher 
	Algorithmic thinking in problem solving between Mathematics and Computer Science: a case study in modular arithmetic . . .  Marta Crippa, Laura Branchetti, Violetta Lonati and Luca Lamanna 
	Deterministic Model for objectifying the students’ proving process in Discrete Mathematics . . .  Mickael Da Ronch 
	Investigating the use of programming in the process of creating algebraic expressions in 6th grade . . .  Nisa Efe and Emel Özdemir Erdogan 
	Superfluous or meaningful integration of programming in mathematics? An analysis of lower secondary textbooks . . .  Daniel Fikstvedt, Runar Lie Berge, Andreas Brandsæter and Ingvaldsen Morten Finset 
	Towards design principles for learning environments based on theorem provers . . .  Irene Garnelo and Michael Liebendörfer 
	Programming in the primary mathematics curriculum in Norway . . .  Trond Stølen Gustavsen and Suela Kacerja 
	Relationship of computational thinking and spatial reasoning when programming educational robots . . .  Laura Heibeyn and Carina Büscher 
	Dragon flights, an unusual introduction of tournaments . . .  Péter Juhász and Eszter Bóra 
	Identifying isomorphism in combinatorial tasks . . .  Anna Kurík Sukniak 
	Generalizing in combinatorial problem solving: Processes-based or numerical-based approaches . . .  Elise Lockwood and Zackery Reed 
	Integrating computational thinking in the learning of functions in the 8th grade . . .  Andreia Mateus, Hélia Oliveira and João Piedade 
	Use of re-coding strategy while solving problems related to Catalan numbers by undergraduate student . . .  Janka Medová and Antonín Jancarík 
	Assessing Abstraction Skills Among Secondary School Students: A Study of a Blockbased Programming Environment (BBPE) Enhanced by Augmented Reality (AR) . . .  Fajar Meirani and Sylvia van Borkulo 
	“Same, same but different?” – Extending a mathematical problem-solving model to computer science problems . . .  Deng-Xin Ken Oehler and Matthias Ludwig 
	On the use of Conceptual Knowledge from Computer Science in Mathematics Education . . .  Reinhard Oldenburg 
	Using computational thinking to solve the Josephus problem: Insights from participants with different educational backgrounds . . .  Valentina Postelnicu 
	Computational problem-solving practices in a Scratch-supported geometry and measurement teaching . . .  Hümeyra Türkmen and Hatice Akkoç 
	Investigating students’ testing and evaluating as part of computational thinking with the TEC model . . .  Till von Monkiewitsch ans Carina Büscher 
	Analysing post-intervention mistakes in combinatorial problem solving: A study on Czech secondary students . . .  David Zenkl and Nada Vondrová 
	Computational thinking in mathematics problem solving: interplay between context, mathematics and computer science . . .  Valérie Batteau, Jana Trgalová and Sébastien Jolivet 
	Connections between discrete mathematics and other mathematical topics in Hungarian curricula . . .  Bernadett Szakácsné Györey and Katalin Gosztonyi 
	Analysis of students’ self-written combinatorial word problems . . .  Charlott Thomas and Birte Pöhler 
	Underused but powerful: Fostering computational thinking in GSheets on a statistics topic . . .  Wahid Yunianto, Arie Wibowo and Zsolt Lavicza 

	TWG 12: History in Mathematics Education
	Introduction to TWG 12: History in Mathematics Education . . . Antonio M. Oller-Marcén, Wendy Goemans, Tanja Hamann, Bjørn Smestad, and Marianne Thomsen
	Mathematics education in Belgium inspired by Decroly’s pedagogy . . .  Dirk De Bock and Wendy Goemans 
	Papy's minicomputer . . .  Wendy Goemans and Dirk De Bock 
	Proofs in school geometry and international movements in the Brazilian context . . .  Maria Célia Leme da Silva, Ana Paula Jahn, Marizete Nink Carvalho and Thiago Pedro Pinto 
	Mathematics for all, but what mathematics? Comparing the overlap of three coexisting curricula in the mid-20th century Spain . . .  Antonio M. Oller-Marcén 
	New Math: A comparison of the NKMM's curriculum with Norwegian and Swedish curricula . . .  Hilde Opsal and Bjørn Smestad
	The use of two-dimensional figures as means of mathematical justification in complex analysis . . .  José Gerardo Piña-Aguirre and Rosa María Farfán Márquez 
	Shaping geometry in secondary schools in Portugal in the early 20th century . . .  Alexandra Sofia Rodrigues and José Manuel Matos 
	Iconic representations in Renaissance reckoning books – on the way to a table of classification . . .  Barbara Schmidt-Thieme and Tanja Hamann 
	Using word problems from the 16th century in teaching mathematics . . .  Stela Segev and Tsurit Elitzur 
	Studying curricular reform through a full-text database of Norwegian textbooks: Findings and methodological considerations . . .  Bjørn Smestad and Hilde Opsal
	Historical awareness and foreground in idea generation processes . . .  Marianne Thomsen and Inge Marie Lyngsø Olsen 
	A transformation of perception in calculus: An exploration of barriers and outcomes through transgressive actions . . .  Mark Watford and Kathleen Michelle Clark 

	TWG 13: Early Years Mathematics
	Introduction to TWG13: Early years mathematics . . . Andrea Maffia, Ergi Acar Bayraktar, Camilla Björklund, Dorota Lembrér, Eva Nováková and Chronoula Voutsina
	Performance on addition and subtraction word problems in an online assessment . . .  Christiane Benz, Axel Schulz and Sebastian Wartha 
	Cookies on plates – toddlers’ partitioning strategies . . .  Camilla Björklund and Hanna Palmér 
	Collaborating on researching mathematical awareness in kindergarten class . . .  Mette Amalie Bundgaard 
	Individual Differences in Parental Support for Home-Numeracy in Pre-schoolers with Intellectual Disabilities: A Cluster Analytic Approach . . .  Garyfalia Charitaki, Anastasia Alevriadou and Maria Kypriotaki 
	Supporting collective mathematical creativity in first grade . . .  Michal Cohen and Ester S. Levenson 
	The influence of linguistic background on early representations of multiplicative comparison . . .  Ann Downton, Esther Levenson, Andrea Maffia and Nurfar Tobal 
	From patterns to numbers: Supporting six-year-olds' discernment of patterns and structure . . .  Jessica Elofsson, Camilla Björklund and Joanne Mulligan 
	Becoming confident numeracy players through home play-based early learning activities . . .  Mellony Holm Graven 
	Parents’ and teachers’ view on mathematics skills of children with mathematics learning difficulties in pre-school . . .  Ineta Helmane, Malgožata Rašcevska, Dita Nımante, Solvita Umbraško, Andra Vabale, Ieva Bite, Baiba Trinıte, Gundega Tomele and Egija Laganovska, 
	How teaching actions with artefacts enable children's understanding of the part-whole relationships in an arithmetic task . . .  Helen Lindgren, Camilla Björklund and Clara Vidal Carulla 
	Teachers’ descriptions of mathematics education in preschool in relation to play-responsive teaching . . .  Maria Lundvin, Hanna Palmér and Camilla Björklund 
	Robot programming and its influence on itineraries and map-reading skills in early childhood education . . .  Lígia Gonçalves Nogueira, Teresa Maria Fernández Blanco, Cláudia Manuela Ferreira Maia-Lima and Sara Aboim 
	Mathematical argumentation in preschool – an exploratory study . . .  Mona Nosrati, Beate Nergård and Kjersti Wæge 
	Subjective perception of the readiness of novice kindergarten teachers to develop children's early years mathematics . . .  Eva Nováková
	Dealing with multiplicative problems in pre-primary education: Analyzing children’s performance and strategies . . .  Georgia Pitta and Xenia Vamvakoussi 
	Spatial ability and one-step additive word problems in early childhood . . .  Jisoo Seo, Gabriel Stylianides and Maria Evangelou 
	Perceiving and describing structures of kindergarten children . . .  Priska Sprenger, Àngela Uribe and Barbara Ott 
	Norwegian preservice teachers' views on the use of digital technology in early childhood institutions . . .  Mona Karbaschi Vee, Dorota Lembrér and Tamsin Meaney 
	Opportunities for learning in parent-child discussions about written numbers in everyday life . . .  Chronoula Voutsina, Lois George and Stephanie Flack 
	Guardians’ views on digital tools in preschool . . .  Maria Walla, Hanna Palmér and Jorryt van Bommel 
	Merging or separating mathematics education and play – does it affect learning? . . .  Lena Karlsson 
	Finger use for addition and subtraction in preschoolers . . .  Stephanie Roesch and Jamine Hartmann 

	TWG 14: University Mathematics Education
	Introduction to the papers of TWG14: University mathematics education . . . Irene Biza, Olov Viirman, Ignasi Florensa, Ghislaine Gueudet, Mathilde Hitier and Athina Thoma
	Learning assistants’ development as mathematics teachers: Insights from an undergraduate to graduate teaching journey . . .  Rebecca Butler and Orly Buchbinder 
	Ecology of task design, adaptation, and selection: A phenomenological study with Norwegian mathematics lecturers . . .  Ahu Canogullari and Farzad Radmehr 
	Engineering students’ experience with the vector cross product in a virtual reality environment . . .  Bettina Dahl, Olga Timcenko, Mirela Vinerean, Nissim Harel, Imad Abou-Hayt, René Bødker Christensen and Morten Grud Rasmussen 
	Investigating undergraduates’ proof methods in linear algebra . . .  Anairis de la Cruz Benito and Christine Andrews-Larson 
	A lukewarm defence of the mathematics lecture . . .  Amalie Thorup Eich-Høy 
	Design and implementation of a study and research path for teaching statistics: Impact of the dialectics . . .  Laura Fernández-Ruano, Kristina Markulin and Noemí Ruiz-Munzón 
	Disciplinary authorities or fellow educators? Exploring positionings of mathematicians when interacting with secondary teachers . . .  Myriam Goor, Alon Pinto 
	Research in undergraduate mathematics education using the concept of didactic contract: results and contradictions? . . .  Ghislaine Gueudet and Camille Doukhan 
	Using knowledge from mechanics to solve a calculus task: a study through the lenses of mixed praxeologies . . .  Mathilde Hitier and Alejandro González-Martín 
	Using scriptwriting as a response format for interface tasks: Exemplary analyses in the context of symmetry . . .  Max Hoffmann 
	From “chalk and talk” to active learning: inter-community partnerships and shifts in pedagogical and mathematical discourse . . .  Owen Lewis Hooper, Elena Nardi, Irene Biza and George Witty 
	Towards a research agenda for generative AI in university mathematics education . . .  Paola Iannone, Irene Biza, Ben Davies, George Kinnear, Juuso Nieminen 
	Opportunities to Learn as entry points to university mathematical discourse: The case of proof in introductory lectures . . .  Thomais Karavi and Alexander Schüler-Meyer 
	The research communication of doctoral students in mathematics . . .  Rox-Anne L'Italien-Bruneau, Igor' Kontorovich and Ofer Marmur 
	The role of mathematics in advanced electrical engineering courses: a typical case of numerical integration . . .  Željka Milin Šipuš, Matija Bašic and Jelena Pleština 
	Exploring the impact of ChatGPT in teaching numerical methods: Student perceptions, usage and exam performance . . .  Ferenc István Miskei-Váradi, Fekete Imre and Csaba Csapodi 
	Permutations with indistinguishable objects: inconsistencies in the university mathematics training of prospective secondary teachers . . .  Jonathan Morcos and Alejandro S. González-Martín 
	Mathematical provision across subjects in the pre-university curriculum: Comparing geography, psychology, and sociology undergraduates in England . . .  Jennifer Norris and Andrew Noyes 
	Between the trivial and the impossible: CHAT as an analytic lens to study the role of programming in mathematical research . . .  Jan-Fredrik Olsen, Elise Lockwood and Tor Ole Bigton Odden 
	An alternative approach to teaching the fundamental concepts of Analysis to first-year university students . . .  Georgia Petropoulou, Angeliki Mali, Theodossios Zachariades and Despina Potari 
	Is this a different proof? Mathematicians’ and secondary mathematics teachers’ practices when comparing alternative proofs . . .  Alon Pinto 
	On the conceptual understanding of the notion of a general solution . . .  Yuriy Rogovchenko and Svitlana Rogovchenko 
	“How should we solve it?” and “How should we write it down?” Two tacit hurdles in university mathematics discourse . . .  Miriam N. Wallach and Igor' Kontorovich 
	An inquiry-oriented approach to least squares in linear algebra . . .  Megan Wawro, Michelle Zandieh and Zachary Bettersworth 
	Interweaving university and school mathematics: situated learning opportunities at the transition from university to teaching at school . . .  Lukas Weith, Anika Dreher, Hendrik Kasten, Denis Vogel and Marita Friesen 
	Exploring University Students’ Mathematical Digital Competency for Communication in Computer-Supported Collaborative Learning . . .  Wenfei Du, Eirini Geraniou, Cosette Crisan and Jeremy Hodgen 
	Characterising internal discontinuities in mathematics in engineering education through teachers’ views . . .  Ignasi Florensa, Iria Fraga and Víctor Martínez-Junza 
	Fostering dialogue between university researchers and upper secondary school teachers on students’ mathematical preparation for university studies in STEM subjects in Iceland . . .  Bjarnheiður Kristinsdóttir and Ingólfur Gíslason 
	Learning about students’ misconceptions with instructional videos and STACK tasks in university courses for teacher education . . .  Lucia Marchionne, Andreas Eichler, Henrik Floren, Michael Liebendörfer and Mirko Schürmann 
	Developing and evaluating visual supported STACK tasks for introductory courses in university mathematics . . .  Sophie Markefka, Maxim Urich, Andreas Bley and Andreas Eichler 
	"The goal is really to have a correct proof that you can also verify in Lean" – Exploring a lecturer’s perspective of using Lean in teaching . . .  Athina Thoma and Paola Iannone 
	Students’ conceptions of polynomial functions and their graphical representations at the secondary-tertiary transition . . .  Juliette Veuillez–Mainard 
	The roles and responsibilities of mathematicians in secondary mathematics teacher education: An international perspective . . .  Olov Viirman, Maria Meehan and Alon Pinto 
	Research-informed and collaborative reform in university mathematics teaching: The case of secondary to tertiary transition . . .  George Witty, Owen Hooper, Elena Nardi and Irene Biza 

	TWG 15: Teaching Mathematics with Technology and Other Resources
	Thematic Working Group 15 Teaching mathematics with technology and other resources . . . Bärbel Barzel, Gülay Bozkurt, Nicola Bretscher, Eirini Geraniou, Ornella Robutti and Andreas Tamborg
	Formation of orchestration chains: linking models . . .  Seyfettin Alan and Hatice Akkoç 
	Problem-posing based on digitally enhanced experimental mathematics: What does it demand of teachers?  . . .  Marita Barabash 
	Incorporating programming into mathematics education: The adaptation of a teacher’s craft knowledge . . .  Andreas Borg 
	Beyond digital technology: Exploring transparency as a tool for analysing pre-service teachers’ interpretation of an ideational resource . . .  Nicola Bretscher, Jill Adler, Tim Clark, Suman Ghosh and Piers Saunders 
	Evolution of Finch robot orchestrations in teaching primary school mathematics . . .  Marcus Yuen-Yiu Cheung and Irina Lyublinskaya 
	The design of artefacts by mathematics teachers’ educators as a window to tension between their actions . . .  Dimitris Diamantidis and Kynigos Chronis 
	Generative AI in Mathematics Teaching: lessons from spreadsheets through the lens of double instrumental genesis . . .  Eirini Geraniou, Manolis Mavrikis, Uffe Jankvist and Morten Misfeldt 
	Preservice teachers and their computational thinking perspectives . . .  Khaled Ben Latief Jemai, Toril Eskeland Rangnes, Shipra Sachdeva, Odd Tore Kaufmann and Marianne Maugesten 
	3DMP and TPACK in professional development: Combining actions and knowledge . . .  Tim Läufer and Matthias Ludwig 
	Pedagogical framework for AI literacy integration: Applications for mathematics teaching and learning . . .  Irina Lyublinskaya and Xiaoxue Du 
	Integrating Computational Literacy into Primary Mathematics Education: Opportunities for developing mathematical ideas and relationships . . .  Siri Krogh Nordby and George Gadanidis 
	Teachers’ challenges when integrating technology into problem posing: Through the lens of instrumental approaches . . .  Tikva Ovadiya 
	Teaching computational thinking in a collaborative context: A case study . . .  Gláucia Rama, João Pedro da Ponte and Marisa Quaresma 
	Teachers’ knowledge and technology: the global model . . .  Helena Rocha 
	Resonance of instrumental functions in geometric constructions: Unpacking teacher and student artifact use . . .  Zahida Sayadi and Abboud Maha 
	Mathematical problem-posing according to defined educational needs utilizing Generative AI as a lever to enhance pre-service mathematics teachers' TPACK . . .  Ruti Segal and Biton Yaniv 
	Teaching computational technology in mathematics education: a comparative analysis of three frameworks  . . .  Andreas Lindenskov Tamborg, Cecilie Carlsen Bach, Camilla Finsterbach Kaup, Raimundo Elicer and Morten Misfeldt 
	Investigation of the use of AI as a scaffolding tool during mathematical discussion in geometry problem-solving . . .  Serdem Yavuz and Ayse Tekin Dede 
	A pre-service mathematics teacher’s digital resource design capacity . . .  Melike Yigit Koyunkaya and Gülay Bozkurt 
	Maths AIde: Can GenAI support mathematics teachers to plan engaging, student centred lessons? . . .  Eleanor Byrne, Aibhín Bray and Brendan Tangney 
	Chatbots performance in problem posing: An exploratory study . . .  Sara Embid and Josefa Perdomo-Díaz 
	Computational literacy in mathematical problem solving . . .  Jack Jalal Kallo 
	Engaging and explorative digital tasks designed by pre-service teachers: A teacher training course design . . .  Edith Lindenbauer and Eva-Maria Infanger 
	Developing lower secondary mathematics teachers’ ICT competencies: The case of China . . .  Bohan Liu, Eirini Geraniou, Cosette Crisan and Jeremy Hodgen 
	Group Instrumental Genesis . . .  Liv Nøhr, Cecilie Carlsen Bach, Andreas Lindenskov Tamborg and Morten Misfeldt 

	TWG 16: Learning Mathematics with Technology and Other Resources
	Learning mathematics with technology and other resources: A short report from TWG16 . . . Osama Swidan, Jana Trgalová, Florian Schacht, Eleonora Faggiano, Rogier Bos and Sara Bagossi
	The icosahedron in the room: Revisiting pedagogical dilemmas of individual learning in collaborative activities . . .  Dor Abrahamson, Catalina Lomos and Alik Palatnik 
	Students’ use of feedback when working on fractions with a digital learning platform and its effects on mathematical performance . . .  Larissa Altenburger and Michael Besser 
	Supporting cognitive engagement in working with interactive video: Potentials and limitations of video interaction and feedback . . .  Stephan Bach, Mike Altieri, Stefan Korntreff and Susanne Prediger 
	Investigating covariational reasoning: a multimodal analysis including eye-tracking data . . .  Sara Bagossi, Osama Swidan, Aylin Thomaneck, Yotam Vaknin and Maike Vollstedt 
	Identifying design criteria of digital learning environments for geometry learning: A student-centred approach . . .  Selina Baldinger and Robert Weinhandl 
	Programming and mathematics – Experiences using programmable robots in a 6th grade mathematics class . . .  Ingeborg Lid Berget and Beate Krøvel Humberset 
	Investigating the potential of GenAI as a scaffolding tool in Mathematics Education . . .  Maria Lucia Bernardi, Federica Troilo, Roberto Capone and Eleonora Faggiano 
	Examination of eye movements of primary school 4th-grade students during mathematical problem-solving* . . .  Çagla Bingül and Yeliz Yazgan 
	Heuristic trees and their fruits . . .  Rogier Bos 
	Changes in abstraction levels among undergraduate students during game programming using Scratch . . .  Einav Keisar and Michal Tabach 
	Students’ mathematical thinking through programming, animation and 3D printing: Early insights in the case of curvature . . .  Chronis Kynigos and Katia Schiza 
	Opportunities for low-achieving students to learn mathematics through design and 3D printing of usable objects . . .  Laura Levin and Sigal-Hava Rotem 
	Promoting Euclidean-Taxicab covariational reasoning to enhance understanding of trigonometric concepts in a digital environment . . .  Annamaria Miranda and Loredana Saliceto 
	Chat GPT as a didactic tool to improve students’ abilities in managing different semiotic representations: a first study. . . .  Giorgia Nieddu, Maria Cristina Carrisi, Maria Polo and Antioco Luigi Zurru 
	Students’ written and oral verbalizations of a numerical pattern using the tool BookCreator . . .  Zita Pahlsmeier and Marcus Nührenbörger 
	Can you help us? – Task-specific LLM-based support in a digital mathematical escape game . . .  Lisa Rühl and Daniel Thurm 
	Three forms of feedback in digital learning material in mathematics . . .  Seif Sharif, Samuel Bengmark, Laura Fainsilber, Eva Fülöp, Tommy Gustavsson and Johanna Pejlare 
	Enhancing students’ techno-mathematical problem-solving skills: Results from a quasi-experimental study with 5th graders . . .  Ana Claúdia Simões, Hélia Jacinto, Neuza Pedro and Susana Carreira 
	Analysis of mixed-types in pre-service teachers’ argumentation using a digital tool . . .  Julia Marie Stechemesser and Florian Schacht 
	Learning success while working with (interactive) videos on multiplication derivation strategies . . .  Juliane Wefers 
	Digital Game-Based Learning in Moroccan Mathematics Education: Insights and Challenges . . .  Tariq Bouzid 
	Enhancing mathematics learning through Mixed Reality: The Function Virtuality prototype . . .  Mosè Colangelo and Andrea Ghersi 
	LLMs as a tool for problem solving – A case study on the role of generative AI in the solution of Fermi problems . . .  Marc Herrmann 
	Programming to inscribe geometric entities in circle and in sphere: an embodied approach of textual programming towards assembling a new Conceptual Field . . .  Charikleia Korompli 
	The impact of technology-based collaborative learning on enhancing students' fraction comparison skills . . .  Nurit Paz-Baruch, Okila Nashif and Iris Schreiber 
	Moving forward with AR: Effects of augmented reality on learners' solution behaviour in analytic geometry . . .  Xenia-Rosemarie Reit and Valerie Wachter 
	Students’ acceptance of the multimodality of the social robot Pepper as an educational technology for learning mathematics . . .  Antonio Vitale, Bruno Carbonaro, Gennaro Cordasco, Umberto Dello Iacono and Anna Esposito 

	TWG 17: Theoretical Perspectives and Approaches in Mathematics Education
	Introduction to thematic working group 17: Centring the function and purpose of theory in mathematics education research . . . Heather Lynn Johnson, Felix Lensing, Pedro Nicolás, and Amalie Sødal
	Interdisciplinarity in STEM education: A category-theoretical model the viewpoint of Mathematics . . .  Miglena Asenova and Roberto Capone 
	On the diachronic analysis of a modality of study . . .  José Ginés Espín Buendía, Josep Gascón Pérez and Pedro Nicolás Zaragoza 
	Crisis-driven transformation in tertiary mathematics – A case study connecting TTE and ATD . . .  Lukas M. Günther, Jana Peters and Reinhard Hochmuth 
	Didactic transposition of structuralist praxeologies at the interface between analysis and topology: a case study . . .  Thomas Hausberger, Reinhard Hochmuth and Erik Hanke 
	The professional obligations of mathematics teaching: How measurement and theoretical progress work hand in hand . . .  Patricio Herbst, Daniel Chazan, Amanda Brown and Karl Kosko 
	Using theory as a tool to cultivate and analyse research methods: Theorising positioning to examine task-based interviews . . .  Heather Lynn Johnson, Evan McClintock and Robert Knurek 
	An interactionist perspective on the negotiation of meaning of mathematical representations . . .  Sebastian Kollhoff and Kerstin Gerlach 
	Conceptualising subjective relevance of mathematics education . . .  David Kollosche and Chiara Nadine Wang 
	Pre-service teachers' developing professional identity as mathematics teachers - a theoretical perspective . . .  Beate Lien, Amalie Sødal, Jorunn Reinhardtsen and Martin Carlsen 
	Rationale and methods for an archive and encyclopaedia of “fundamental didactics” . . .  Nathan Lombard, Marianna Bosch and Claire Margolinas 
	Combining a theoretical framework and a statistical measure to assess the reliability of didactic criteria in the analysis of large corpora . . .  Ismaël Mili, Mickaël Da Ronch and Marie-Line Gardes 
	Didactic paradigms to promote creativity in the study of mathematics . . .  Pedro Nicolás, Ginés Espín and Josep Gascón 
	On the concept of epistemic obstacles and its significance to mathematics education (research) . . .  Kata Sebök and Felix Lensing 
	Transposition of research knowledge: From the West to Far East Asia . . .  Yusuke Shinno and Takeshi Miyakawa 
	Mathematical heterotopias: Lessons for the mainstream classroom . . .  Constantinos Xenofontos 
	Reconceptualizing opportunities to learn mathematics through postfoundational theories . . .  Ayse Yolcu, I. Elif Yetkin-Özdemir, Emine Gül Çelebi and Gökçe Ursavas 
	Research mixology: Blending mathematics education & digital sociology for a hybrid approach to experimental design . . .  Giulia Bini, Sara Gagliani Caputo, Pietro Saccomanno and Diego Ceccobelli 

	TWG 18: Mathematics Teacher Education and Professional Development
	Subjects and objects of research and theories of learning in the education and professional development of mathematics teachers . . . Marita Friesen, Tracy Helliwell, Fanni Biró, Raffaele Casi, Andreas Ebbelind, Janne Fauskanger, Pere Ivars, Libuše Samková and Gil Schwarts
	Teaching fraction multiplication and fraction division to prospective teachers: A design research study . . .  Theodora Avgeri, Maria Bebeni, Konstantinos Tatsis and Xenia Vamvakoussi 
	Preservice teachers' collective proportional reasoning in large-format ratio triangles . . .  Morten Bjørnebye, Bjarte Rom, Henrik Løvik Njølstad and Jonas Oskarsson 
	Tensions emerging when selecting tasks for problem-solving lessons . . .  Raymond Bjuland, Janne Fauskanger, Reidar Mosvold and Peter Liljedahl 
	On making mathematics flourish for students to grasp it: Teachers designing informal mathematics education workshops in museums . . .  Raffaele Casi and Cristina Sabena 
	Investigating how secondary school teachers perceive mathematical concepts in application contexts: The case of ratio and chemistry tasks . . .  Adam Cech and Libuše Samková 
	Pre-service mathematics teachers’ conceptualizations and noticing of algebraic thinking . . .  Makbule Gozde Didis Kabar and Janet Walkoe 
	Teaching with technology to foster conceptual understanding: Student level evaluation of a professional development program . . .  Susanne Digel and Roth Jürgen 
	Exploring the notion of individuality in research on mathematics teacher education and professional development . . .  Andreas Ebbelind and Tracy Helliwell 
	Preservice teachers’ professional instrumental genesis for integrating programming in the math classroom: the beginning . . .  Martyna Katarzyna Fojcik, Marie-Frédérick St-Cyr, Chantal Buteau, Eric Muller and Joyce Mgombelo 
	Exploring the impact of using silent video task on teacher noticing professional development in mathematics education . . .  Selen Galiç, Senol Dost and Zsolt Lavicza 
	Development of self-reported technological pedagogical and content knowledge (TPACK) during the preparatory service of prospective mathematics teachers in Germany . . .  Fabian Grünig and Markus Vogel 
	From "anyway using many representations" to targeted practices: A teacher’s professional learning in an asynchronous online PD . . .  Kerstin Hein, Anne Tester, Lena Böing and Susanne Prediger 
	Development of the disciplinary identity of the mathematics teacher: A professional development proposal . . .  Maximiliano Izzi Prato and Francisco Cordero 
	Planning considerations stated in intended learning outcomes for primary teacher education in Sweden . . .  Malin Elisabeth Jones 
	Intertwining theory and practice: Design of planning phases in PD training to support effective teacher planning processes . . .  Katharina Knaudt, Raja Herold-Blasius and Christoph Selter 
	Noticing of students’ thinking – Is it sufficient for teachers’ analysis of interaction in the mathematics classroom? – A vignette-based study . . .  Sebastian Kuntze, Sigal-Hava Rotem, Yael Nurick, Marita Friesen and Jens Krummenauer 
	Discourses of diversity in mathematics teacher education research: An analytical tool for meta-didactic praxeologies . . .  Natalya Maksym'yak 
	Preservice teachers’ identity as programmers in mathematics . . .  Marianne Maugesten, Odd Tore Kaufmann, Khaled Jemai, Toril Eskeland Rangnes and Shipra Sachdeva 
	Exploring mathematics teachers’ informal use of an online self-learning platform while planning a digital learning environment . . .  Sophie Mense 
	Levels of noticing competence among preservice secondary mathematics teachers in a video analysis of functions . . .  José Luis Morales-Reyes and Diana Zakaryan 
	Supporting pre-service teachers in learning to promote students’ proving: the case of general conjectures . . .  Reidun Persdatter Ødegaard 
	Pre-service primary school teachers’ curricular noticing: interpreting a sequence of activities about 3D . . .  Zaira Ortiz-Laso, Antonio Saorín, Melania Bernabeu and Ceneida Fernández 
	Using textbook analysis in teachers’ professional development . . .  Marte Krohg Østby 
	Inquiry-based learning through problem posing in pre-service teachers’ teaching practice: a study of discursive manifestations of contradictions . . .  Gresa Pozhegu-Ermeni, Svein Arne Sikko and Benedikte Grimeland 
	Utilizing a three-phased didactical model in a continuous professional development program for the implementation of inquiry-based mathematics teaching . . .  Ida Redder Honoré and Louise Laursen Falkenberg 
	Fostering the perception of ambiguity and the processing of information in complex diagnostic situations . . .  Andreas Rieu, Katharina Loibl and Timo Leuders 
	Using scriptwriting to examine how pre-service mathematics teachers anticipate and respond to students’ productive struggle . . .  Sigal-Hava Rotem and Adi Eraky 
	Shifting from on-site to on-line: How can key design criteria for effective PD be transferred to online, asynchronous programs? . . .  Gil Schwarts and Marita Eva Friesen 
	Values in mathematics education of potential future teachers on entry to a degree in basic education . . .  Maria de Lurdes Marquês Serrazina, Joana Castro, Elvira Santos, Ana Silvestre, Hélia Jacinto, Cristina Martins, Manuel Vara Pires, Nélia Amado, Rosa Ferreira and Susana Carreira
	Teaching Simulations as Formative Assessments: Generating Validity Evidence Related to the Test Content . . .  Meghan Shaughnessy, Timothy Boerst and Rosalie DeFino 
	Teacher reflections in lesson study: Transition from external to internal support . . .  Charlotte Krog Skott 
	The impact of pre-service teachers' basic mathematical knowledge on their university mathematics grades: A case study from Norway . . .  Morten Søyland and Arne Jakobsen 
	Teacher professionalisation through the use of a digital diagnostic tool in settings with different forms of additional support . . .  Anica Stemmer, Katrin Klingbeil and Bärbel Barzel 
	Learning to assess and respond to children’s mathematical thinking in early arithmetic education: a vignette-based study with pre-service teachers . . .  Simone Wirth, Marita Friesen, Kathleen Philipp and Christine Streit 
	Examining the lesson plan designs and reflections of pre service elementary teachers regarding mathematics teaching . . .  Bilge Yilmaz Aslan and Mehmet Fatih Ozmantar 
	The Reflective Gaze: A Case Study on Eye-Tracking Technology's Role in Shaping Mathematics Teacher's Assessment Identity . . .  Adi Eraky 
	Identifying, monitoring and fostering conceptual understanding of the arithmetic mean . . .  Laura Geldermann 
	Teachers’ discussions used to explore students’ mathematical writing . . .  Jonas Jäder 
	The interplay between mathematics teachers’ professional development and classroom practice: A scoping review . . .  Therese Karlsson 
	Teacher noticing framework to examine multiple teaching skills: Analysis of teaching and lesson planning . . .  B. Sumeyye Kurutas 
	Learning to teach problem-solving using a four-step lesson structure . . .  Sabine Lit, Marjolein Kool and Paul Drijvers 
	Fostering argumentative dialogue in secondary math classrooms: Teacher development trajectories through task-based PD . . .  Reut Parasha 
	Teachers in noticing courses, how are they noticing and what do their educators notice about their discussions? . . .  Jop Schaap, Theo van den Bogaart and Paul Drijvers 
	Contextualisation and complexity in online rehearsal of feedback: Insights from online mathematics teacher education . . .  Kristofer Sidenvall 
	Preservice teachers’ awareness of their own developmental trajectories in primary mathematics teacher education . . .  Michiel Veldhuis, Sonja Stuber and Ronald Keijzer 

	TWG 19: Mathematics Teaching and Teacher Practice(s)
	An introduction to TWG19: Mathematics Teaching and Teacher Practice(s) . . . Reidar Mosvold, Helena Grundén, Mark Hoover, Derek Maher, Qëndresa Morina and Nad’a Vondrova
	Sustainability and Mathematics Education considering the 2030 Agenda: Understandings and Practices of Teacher-Researchers in Portugal . . .  Andrei Luís Berres Hartmann, Marcus Vinicius Maltempi and António Manuel Dias Domingos 
	Mathematics teacher practices to foster reasoning and communication through making connections . . .  Judit Chico, Genaro De Gamboa, Edelmira Badillo and Miguel Montes 
	Identifying the needs of mathematics teachers during the implementation of new mathematics education goals . . .  Ilze France, Ildze Cakane and Astrida Cirule 
	Teacher-student interaction in collaborative problem-solving: In-the-moment perspective on teacher noticing . . .  Ellen Kristine Solbrekke Hansen and Kristin Krogh Arnesen 
	Practices in math discourses in inclusive primary school . . .  Uta Häsel-Weide and Marcus Nührenbörger 
	The Work of Listening to and Hearing Children’s Mathematical Competence . . .  Mark Hoover and Deborah Loewenberg Ball 
	Polya’s method variant: Developing students’ analytical thinking . . .  Lavinia Suvi Lanting 
	How expert mathematics teachers play ‘status games’ . . .  Nicholas James McIvor, Jeremy Hodgen, Sai Loo and Rachel Marks 
	Implementing the SIMPLE approach: A study on teacher fidelity and perceptions in Kosovo classrooms . . .  Qendresa Morina and Nada Vondrová 
	Explicating the work of monitoring students’ mathematical thinking . . .  Reidar Mosvold, Janne Fauskanger, Raymond Bjuland and Peter Liljedahl 
	Tensions in teachers’ attempts to balance mathematical challenge and students’ diverse learning needs . . .  Samaher Ahmed Nama, Despina Potari, Giorgos Psycharis and Chrissavgi Triantafillou 
	Selecting and sequencing problems for classroom discussion in a problem-posing task: Insights from prospective elementary teachers . . .  Mehmet Fatih Öçal, Tugrul Kar, Merve Özkaya and Ferhat Öztürk 
	Mathematics teacher practice in inquiry-based lessons: a case study in a Japanese upper secondary school . . .  Toshihiko Ogawa and Takeshi Miyakawa 
	What do teachers notice when reflecting on vignettes of discussion leading practices? A topic-specific case study . . .  Monika Post and Dilan Sahin-Gür 
	Interactions between talk moves and other teaching moves in classroom discussions in ambitious mathematics teaching . . .  Kjersti Waege and Reidar Mosvold 
	Learning support practices in the fostering of basic arithmetic skills . . .  Inga Wienhues and Uta Häsel-Weide 
	A Preservice Mathematics Teacher’s Reflection on In-The-Moment Noticing of Students’ Mathematical Thinking . . .  Ayten Öykü Yasar, Mine Isıksal Bostan and Erdinç Çakıroglu 
	The implementation of a new curriculum in Greece: The case of learning and teaching statistics . . .  Georgia Athanasiou, Konstantinos Stouraitis and Despina Potari 
	Support shifts in how teachers view their students’ capabilities when co-teachers develop ambitious instructional practice . . .  Anna Bengtsson 
	Teaching mathematically gifted students in secondary schools: A systematic literature review . . .  Peter Kaiser and Moritz Zehnder 
	Help-seeking interactions in primary school mathematics classrooms . . .  Emine Shaka, Natalie Fischer and Elisabeth Rathgeb-Schnierer 

	TWG 20: Mathematics Teacher Knowledge, Beliefs and Identity
	Introduction to TWG20: Teachers’ Knowledge, Beliefs and Identity . . .  Miguel Montes, Veronika Hubenaková, Federica Ferretti, Thorsten Scheiner, Felix Woltron
	Beliefs of elementary school teachers regarding the inclusion of special education students in mathematics lessons . . .  Bital Amir and Esther Sharon Levenson 
	How teacher education program experiences affect pre-service mathematics teachers’ designated teacher identities? . . .  Okan Arslan 
	Teacher knowledge and the incorporation of inclusivity in a primary level generalisation problem . . .  Ángeles Chico Gómez, Elisabetta Robotti, Nuria Climent Rodríguez and Inmaculada Gómez Hurtado 
	Pre-service teachers’ professional development and mathematics large-scale assessment . . .  Maria Chiara Cibien 
	Prospective mathematics teachers’ specialised knowledge in response to a task on the density property of rational numbers . . .  Rosa Delgado Rebolledo and Diana Zakaryan 
	Pre-service teachers' knowledge of students' misconceptions and difficulties related to functional thinking: a German and Slovak comparison . . .  Kerstin Frey, Ute Sproesser, Matej Slabý and Ingrid Semanišinová 
	Exploring strategy flexibility and adaptivity in multidigit multiplication: a study with Austrian in-service primary teachers' . . .  Martina Greiler, Tanja Lobnig and Almut Thomas 
	An investigation of TPACK using a 3D Techno-pedagogical integration matrix in the context of mathematics teaching . . .  Tugba Hangül Demirci and Hatice Akkoç 
	Preservice teachers’ self-perceptions about their knowledge for teaching . . .  Hulya Kilic and Fatma Aslan-Tutak 
	The Theory of planned behavior as a tool for linking beliefs and knowledge within the MTSK model . . .  Monika Krišáková and Veronika Hubenáková 
	Promoting and unpacking pre-service teachers’ thinking about students with exceptional difficulties in learning mathematics in the context of a university course . . .  Philipp Larmann, Leonie Horsch, Samira Reitmann and Matthias Ludwig 
	Inconsistencies in the process of posing problems for use in class by pre-service teachers . . .  Juan Pedro Martín-Díaz, Angeles Chico, Isabel Pascual-Martín and Miguel Montes 
	Characteristics of teachers’ lesson observations: A comparison of in-service and pre-service teachers’ gestures . . .  Tatsuya Mizoguchi, Yusuke Shinno, Akiko Tomosada and Toru Hayata 
	Three-fold meta-didactical conflict. LSA and teacher education . . .  Serena Monica and Federica Ferretti 
	Mathematics teachers’ identity in the prison context . . .  Gabriella Pocalana, Silvia Regola and Agnese Ilaria Telloni 
	Towards European measures for upper secondary teacher students’ mathematical content knowledge . . .  Ottavio Giulio Rizzo and Carl Winsløw 
	Perceptions of mathematical creativity: The case of one teacher in a special education class . . .  Maya Ron-Ezra and Esther S. Levenson 
	Teachers' beliefs regarding the knowledge they need to teach word problems in middle school . . .  Iris Schreiber 
	Specialized mathematical knowledge in the scope of geometric isometric transformation translation and its impact on teacher's levels of Interpretive Knowledge . . .  Caroline Silva and Miguel Ribeiro 
	Preservice and inservice teachers' understanding of the concept of function: The case of motion problem. . . .  Matej Slabý and Ingrid Semanišinová 
	Impact of an academic intervention on prospective teachers' mathematical world views during their transition to university . . .  Felix Woltron 
	Elementary preservice teachers’ knowledge in creating alternative word problems: A guide for mathematics educators . . .  Fatimah Ahmad 
	Teachers’ knowledge and beliefs about assessment in mathematics: initial evidence from a national survey of teachers’ formative needs . . .  Giorgio Bolondi, Maria Chiara Cibien, Federica Ferretti, Alessandro Gambini and Francesca Martignone 
	Alternatively certified mathematics teachers’ perceptions, experiences, and commitment to continue teaching . . .  Evan Dixon McClintock , 
	Developing prospective kindergarten and primary teachers’ specialised knowledge through tasks for teacher education in the scope of operations with natural, integers and rational numbers . . .  Sandra Menezes, Miguel Ribeiro, Arne Jakobsen and Maria Mellone 

	TWG 21: Assessment in Mathematics Education
	Introduction to the papers of TWG21: assessment in mathematics education . . . Francesca Morselli, Michal Ayalon, Christina Drüke-Noe, Gözde Kaplan-Can, Johanna Rämö
	Graphical tasks with graphical feedback on limits of functions to support abstract reasoning . . .  Alice Barana, Marina Marchisio Conte, Fabio Roman, Matteo Sacchet, Mirela Vinerean and Yosief Wondmagegne 
	Development of screening instruments for mathematics education: Theoretical Framework and item development . . .  Léon Brings, Michael Kleine, Samuel Coronado Alvarez, Julia Pilet, Sanja Rukavina, Konstantinos Tatsis, Georgios Fesakis, Andreas Moutsios-Rentzos, Miglena Asenova and Doris Dumicic Danilovic
	Exploring instrumental orchestration practices for formative assessment through digital technology . . .  Min Chen, Rogier Bos, Michiel Doorman and Paul Drijvers 
	Have you thought about short-cuts? – A recommendation for the design of assessment tasks . . .  Lukas Donner and Evita Lerchenberger 
	How are different competences represented in standard solutions? An empirical study on central exit exams in mathematics in Germany at the end of upper secondary education . . .  Christina Drüke-Noe and Sebastian Bauer 
	Introduction of a practical element in oral examination of mathematics: Teachers learn first . . .  Frode Olav Haara 
	Students’ reactions to speech input requests in a digital formative assessment of conceptual understanding . . .  Corinna Hankeln, Susanne Prediger, Ulf Kroehne and Sonja Hahn 
	Preservice teachers’ formative assessment strategies they intend to implement in a real classroom . . .  Gözde Kaplan-Can and Çigdem Haser 
	 Written tests through the lens of mathematical competence: how a teacher perceives feedback from test and data collected . . .  Alice Lemmo, Grazia Cotroni and Laura Polidoro 
	Evaluating a multi-indicator assessment scoring approach to support mathematical literacy teaching and learning . . .  Marta Mikite, Girts Burgmanis, Ilze France and Dace Namsone 
	The contribution of mathematics didactics to interpreting the results of a standardized national assessment . . .  Julia Pilet and Brigitte Grugeon-Allys 
	Changing the assessment paradigm – What predicts students’ choice of assessment method in an undergraduate mathematics course? . . .  Johanna Rämö, Liisa Myyry, Jokke Häsä and Yan Zi 
	Using subscores from the high-stakes assessment to explain first-year performance in Mathematics courses . . .  Tatiana Sango 
	The role of digital tools in enhancing classroom assessment practices . . .  Ipek Saralar-Aras and Sümeyra Tütüncü 
	Professional development support helping teachers overcome difficulties of implementing formative assessment . . .  Catarina Andersson, Torulf Palm and Mikael Winberg 
	Effects of the COVID-19 pandemic on mathematics achievement: An investigation in university math pre-courses . . .  Andreas Büchter, Frank Osterbrink and Natascha Scheibke 
	How can the prison context change teachers’ perspective and practices about mathematic assessment? . . .  Veronica Manzoni, Silvia Regola and Chiara Giberti 

	TWG 22: Curricular Resources and Task Design in Mathematics Education
	An introduction to TWG22: Curricular resources and task design in mathematics education . . . Annalisa Cusi, Patrick Ebers, Dubravka Glasnovic Gracin, Shai Olsher and Hendrik Van Steenbrugge
	Task designs to support connection-oriented mathematical thinking . . .  Hyman Bass 
	Students’ perspectives on GPT-4’s supported problem solving . . .  Francesco Contel and Annalisa Cusi 
	Noticing of teacher students on an explorative task to exemplify the potential of using technology . . .  Patrick Ebers 
	Synergies and dissonances between designers’ and students’ perspectives on key features of digital mathematical discussion . . .  Sara Gagliani Caputo, Laura Branchetti and Annalisa Cusi 
	Teacher perspectives on textbooks and their role in Implementing the mathematics laboratory approach in Italy . . .  Marzia Garzetti 
	Exploring the use of digital textbooks in classrooms: focusing on automated feedback . . .  Dubravka Glasnovic Gracin, Goran Trupcevic and Katarina Širanovic 
	Upper-secondary school mathematics teachers’ use of a topic-centered research-based teacher guide . . .  Marcus Gustafsson 
	Down-to-earth mathematics: transforming curriculum and teaching on function transformations . . .  Yosep Dwi Kristanto and Lavicza Zsolt 
	Examining the paths of reasoning presented in the topic of ``patterns'' in Norwegian mathematics textbooks . . .  Magdalini Lada, Iveta Kohanova and Birgit Pepin 
	Place value concepts as presented in German and Australian student workbooks . . .  Kevin Larkin, Silke Ladel, Ulrich Kortenkamp, Mellony Graven, Lise Westaway, Pamela Vale, Kym Fry, Tammy Booysen and Dinah-Marie Wiedenhöfer 
	Empowering mathematics instruction: Variation theory, lesson plan, and instructional quality . . .  Per Nilsson, Jannika Lindvall, Andreas Ryve and Simon Sjölund 
	Use and perception of differentiated scaffolding by primary school students involved in mathematical tasks . . .  Caterina Papa and Agnese Ilaria Telloni 
	Design principles for epistemological dépaysement in pre-service teachers focused on interdisciplinarity mathematics and physics . . .  Lorenzo Pollani, Laura Branchetti and Francesca Morselli 
	Digital game-based mathematics curriculum resources: Methodological reflections on collaborative prototyping . . .  Carlotta Soldano, Sonia Palha, Sara Bagossi, Cristina Sabena, Anders Bouwer, Erwin van Crasbeek and Myrto Karavakou 
	Learning goals in view: Design of an intelligent environment for arranging and monitoring secondary mathematics education . . .  Sylvia Patricia Van Borkulo, Peter Boon and Johan Jeuring 
	Conceptualisation of number in curricular resources: Does it matter? . . .  Jana Višnovská and José Luis Cortina 
	Flexible instructional trajectories for learners’ self-regulation in 9th Grade Algebra . . .  Annika Volt, Mart Laanpere and Kairit Tammets , 
	ChatGPT as a resource for pre-service teachers to design their lesson plans and lesson scenarios . . .  Burcu Nur Bastürk Sahin and Menekse Seden Tapan Broutin 
	Prime Times: a game to develop multiplicative reasoning . . .  James Gray 
	A proposal of tasks to integrate sustainability in the early ages from mathematics education . . .  Nataly Pincheira, Paula Lopez-Serentill, Marta Gual and Ángel Alsina 
	With great freedom comes great responsibility: Exploring potentials and pitfalls of using open environments through a discourse analysis . . .  Cristina Poli 

	TWG 23: Implementation of Research Findings in Mathematics Education
	An introduction to TWG23: Implementation of research findings in mathematics education . . . Linda Marie Ahl, Ola Helenius, Boris Koichu, Julie Vangsøe Færch and Mario Sánchez Aguilar
	The implementation of mathematics education programmes: fidelity to design and fidelity to theory . . .  Mark Boylan 
	Post-funding implementation – Attending to teachers’ readiness . . .  Jason Cooper and Boris Koichu 
	The role of habits in a theory of change: Lessons from an implementation of interleaved practice . . .  Andrew Grant and Johan Prytz 
	Teaching for mathematical competence: “Stumbling stones” in teacher in-service training at scale . . .  Tomas Hoejgaard 
	Implementing PISA research to practice: a design research approach to enhance mathematical literacy . . .  Ingi Heinesen Højsted 
	What Works? Implementing Innovations on Small, Medium and Large Scale . . .  Uffe Thomas Jankvist, Linda Marie Ahl, Johan Prytz and Iresha Ratnayake 
	Implementability of programming and computing education: Accommodative and assimilative approaches to turtle geometry . . .  Morten Misfeldt, Jack Kallo, Cecilie Carlsen Bach, Raimundo Elicer, Uffe Thomas Jankvist and Andreas Lindenskov Tamborg 
	Success in implementation in early mathematics education - Fidelity and/or adaptation? . . .  Hanna Palmér, Jessica Elofsson and Camilla Björklund 
	Building on success: The possibilities to reproduce the MIST project in different educational settings? . . .  Johan Prytz, Iresha Ratnayake, Linda Marie Ahl and Uffe Thomas Jankvist 
	Research-designed, teacher-refined: making sense of teachers' adaptations of an instructional innovation . . .  Julia Tsygan 
	Young students’ proportional judgements: A replication study . . .  Julie Vangsøe Færch 
	Critical speculative implementation discussion: Future scenarios on technology and mathematics in schools . . .  Cecilie Carlsen Bach, Jack Jalal Kallo, Daniel Spikol, Adrienne Lorelei Traxler, Mads Brink Müller and Morten Misfeldt 
	Using structured reporting guidelines for intervention research to set up a program theory: The case of Algebra Monday . . .  David Nordqvist, Tina Åkegård, Ahl Linda Marie and Helenius Ola 

	TWG 24: Representations in Mathematics Teaching, Learning and Research
	TWG24@CERME14: Representations in Mathematics Teaching, Learning and Research – an overview . . . Michal Tabach, Elisa Miragliotta, Anna Baccaglini-Frank and Kate O'Brien
	Boxes and matches as a model for introducing variables in a sign language-oriented mathematics class . . .  Flavio Angeloni, Chrisitan Hausch and Annika Wille 
	A Pair of algebra beginners working in a spreadsheet environment: Commognitive perspective . . .  Tamar Aviram, Michal Tabach and Einat Heyd-Metzuyanim 
	Emergence and Manifestations of the Analogy Between Algebraic and Graphical Models . . .  Klila Copperman, Anatoli Kouropatov and Ivy Kidron 
	The different functions of illustrations in solving word problems . . .  Lorenzo Cosci 
	Learning mathematics with body-centred and object-centred movement: Expanding on Bruner’s enactive mode of representation . . .  Julia-Marie Hölzer and Rose F. Vogel 
	Visual feedback in example-eliciting tasks: from artifact to instrument . . .  Amal Kadan-Tabaja 
	Representational affordances of addition in the app Rechenfeld: Pitfall or potential? An object-integrating perspective on interaction . . .  Nina Köhne 
	Interpretation and representation of fractions in problem solving . . .  Chloé Lemrich, Marie-Line Gardes and Emmanuel Sander 
	From multiple discourses to algebraic discourse . . .  Giulia Lisarelli, Bernardo Nannini and Samuele Antonini 
	Conceptions of converting units of measurement of length and mass: Two case studies . . .  Tanja Lobnig 
	Navigating function graphs with audio: an investigation into the narratives of a blind expert using Audiofunctions . . .  Carola Manolino, Silvia Funghi, Mattia Ducci, Erika Brunetto and Cristian Bernareggi 
	Supporting diagrammatic reasoning for users with visual impairments with NoVAGraphS . . .  Margherita Piroi, Daniele De Giorgi and Carola Manolino 
	Precedents and explorative participation in mathematical discourse . . .  Federica Poli and Elena Macchioni 
	Fostering the unitizing concept in array representations by interpreting unconventional terms . . .  Kati Schroeder and Daniela Götze 
	Negative impact of making a drawing on problem solving: An eye-tracking study on non-linear geometry problems . . .  Gudula Volbers, Stanislaw Schukajlow, Gilbert Greefrath and Janina Krawitz 
	From research to practice: Visual representations as research-based tools and pedagogical mediators for teacher learning . . .  Merav Weingarden 
	Estimating area: strategies and internal representations . . .  Terese Amalie Wendelborg, Eivind Kaspersen and Trygve Solstad 

	TWG 25: Teaching and Learning of Calculus
	An introduction to TWG25: The Teaching and Learning of Calculus . . . Laura Branchetti, Anatoli Kouropatov, Vahid Borji, Farzad Radmehr, Jana Peters
	Comparing two teachers’ teaching approaches to the derivative concept with respect to mathematical worldviews . . .  Amira Mohammad Abed, Michal Ayalon and Anatoli Kouropatov 
	Students’ understanding of partial sums and convergence of infinite series . . .  Vahid Borji, Rafael Martínez-Planell and Martin Rmoutil 
	Characteristics of extra-mathematical contexts for introducing derivative as rate of change . . .  Dafna Elias, Tommy Dreyfus and Anatoli Kouropatov 
	Students' strategies for determining limits of multivariable functions . . .  Mika Gabel, Arielle Leitner and Yonutz Stanchescu 
	Dynamic conceptualisation of density of Q in R: Upper-secondary school students’ spontaneous conceptions and argumentations . . .  Chiara Grisendi and Miglena Asenova 
	Challenging students’ argumentations towards a flexible use of the concept of change in a qualitative-graphical approach to calculus . . .  Luisa Gunia and Christine Knipping 
	Opportunities for pre-structuralist reasoning at the crossroads from calculus – a case study on the equivalence between the continuity of a function and the path-connectedness of its graph . . .  Erik Hanke, Reinhard Hochmuth and Thomas Hausberger 
	Measurement, Inverse Proportions, and Integration by Substitution . . .  Andrew Gyula Izsak 
	Accumulation: continuity and contexts . . .  Irena Lax, Dafna Elias, Tommy Dreyfus, Lia Noah-Sella and Anatoli Kouropatov 
	Learning trajectory to teach double integrals with GeoGebra Applets . . .  Maria Antonietta Lepellere 
	Student understanding of double and triple integrals in rectangular coordinates . . .  Rafael Martínez-Planell, Vahid Borji and Maria Trigueros 
	Understanding the concept of derivative through dynamic visualisations by GeoGebra . . .  Hoang Nguyen and Gilbert Greefrath 
	Meanings of integrals and their compartmentalization: a case study . . .  Lia Noah Sella, Tommy Dreyfus and Anatoli Kouropatov 
	Introducing preservice mathematics teachers to multivariable functions through modelling: A study and research path approach . . .  Farzad Radmehr, Heidi Strømskag 
	Inconsistencies in teachers’ symbolism for the gradient and the gradient function - m and dy/dx . . .  Innocent Tasara and John Monaghan 
	Understanding and Basic Mental Models of the concept of derivative . . .  Hans-Georg Weigand, Gilbert Greefrath, Reinhard Oldenburg, Hans Stefan Siller and Volker Ulm 

	TWG 26: Mathematics in the Context of STEM Education
	Introduction to the papers and posters of TWG26: ‘Mathematics in the context of STEM education’ . . . Michelle Stephan and Nelleke Den Braber
	STEAM Teachers in TEAM shape their professional development at the border of disciplines . . .  Maria Giuseppina Adesso, Roberto Capone and Oriana Fiore 
	GRAPHICAL reasoning: Students’ ways of chunking a logistic function graph representing a titration . . .  Nigar Altindis, Kathleen Bowe and Melissa Aikens 
	Primary teachers’ understandings of integrated STEM elaborations: Discrepancies between importance and practice . . .  Cory A. Bennett and Wendy Ruchti 
	STEM teachers’ meanings of inquiry in STEM teaching, in the context of a Professional Development Programme . . .  Katerina Bogiatzi, Nikolaos Metaxas, Despina Potari and Chrisavgi Triantafillou 
	Exploring computational thinking in STEM education: Moonbase activity . . .  Elçin Erbasan and Mine Isıksal Bostan 
	Opportunities and limitations of ChatGPT in creating STEM tasks: A case study with mathematics pre-service teachers . . .  Alissa Fock, Janina Just and Hans-Stefan Siller 
	Developing a Unified Framework for Authentic Problem Solving in STEM Education . . .  Johannes Klaas, Frederik Dilling and Ingo Witzke 
	Exploring mathematical praxeologies and integration in STEM assessment: A case study . . .  Dorte Moeskær Larsen and Maiken Holm Svendsen 
	Mathematical activities in integrated STEM lessons . . .  Carina Spreitzer, David Kollosche, Konrad Krainer 
	Modelling gender bias in generative AI: From research to classrooms . . .  Peter Wied Stenkilde, Jack Jalal Kallo and Andreas Lindenskov Tamborg 
	(STE)M teachers competence areas in MINTco@NRW: Evaluation of and reflections induced by a mathematics educational model . . .  Gero Stoffels 
	Presence of mathematical processes in STEAM high school projects: a case study . . .  Ainhoa Berciano, Jon Anasagasti and Josune Landa 
	Designing a lesson plan to prevent the waste of water in the context of the ProSTEAM Erasmus+ project . . .  Maria Cristina Costa, Dina Mateus, Alice Silvério, Clementina Queijo and Florbela Andrade 
	Identifying mathematical content in a carpentry Instagram video: A study with pre-service secondary education teachers . . .  Zaira Ortiz-Laso, José Manuel Diego-Mantecón and Camilo Sua 
	Teachers’ design of STEAM activities: different types of connections . . .  Livia Silvestri and Gabriella Pocalana 

	TWG 27: The Professional Practices, Preparation and Support of Mathematics Teacher Educators
	Introduction to the papers of TWG27: The Professional Practices, Preparation and Support of Mathematics Teacher Educators . . . Ronnie Karsenty, Stefan Zehetmeier, Birte Friedrich-Pöhler, Bettina Rösken-Winter, Francisco Javier Rojas Sateler and Hilda Borko
	Examining pedagogical content knowledge in teacher educators' modelling practices within didactics-specific courses . . .  Helen Tatiana Alfaro Víquez 
	Teaching experiments as a central design element of facilitators’ PD . . .  Lukas Baumanns, Luise Eichholz, Daniela Götze and Annabell Gutscher 
	The Learning to Facilitate Framework: A model for preparing professional development facilitators . . .  Hilda Borko, Michael Jarry-Shore, Gil Schwarts, Ronnie Karsenty, Susanne Prediger and Kim-Alexandra Rosike 
	Studio Facilitators' Learning on the Job . . .  Rebekah Elliott and Nieman Hannah 
	Self-perception of facilitators in PD . . .  Ralf Erens 
	Learning to broach potentially difficult discussions about teaching through meta-coaching . . .  Michael Jarry-Shore, Meghan Smith Durkin, Hilda Borko, Marsha Ing and Thomas Smith 
	Mapping structural characteristics of preparation and support programs for mathematics PD facilitators . . .  Ronnie Karsenty, Hilda Borko and Susanne Prediger 
	Ten Years on: The learnings from a project nurturing collaboration between mathematicians and mathematics educators . . .  Margaret Fiona Marshman and Merrilyn Enid Goos 
	Structuring deep and specific conversations: The work of mathematics teacher educators in professional learning . . .  Kelly McKie, Lynsey Gibbons and James Hiebert 
	Mathematics teacher educators professional learning: Evidence from inquiry into their own practice . . .  Helena Montenegro, Francisco Rojas and Salomé Martínez 
	Responding to emergent problems of practice in side-by-side coaching . . .  Jen Munson, Mari Altshuler and Erin E. Baldinger 
	Empowering mathematics teacher specialist students as change agents: bridging theory and practice on professional development . . .  Linda Gurvin Opheim 
	Exploring mathematics teacher educators’ pedagogical content knowledge: a case study . . .  Andrés Pérez-Montilla, José María Cardeñoso and Miguel Ángel Montes 
	Case Study on Mathematics Teacher Educator’s Professional Roles During Teaching Practicum Course . . .  Sanem Sarilican and Fatma Aslan-Tutak 
	Facilitators’ noticing of teachers’ responses to student thinking concerning a multiplicative thinking task . . .  Victoria Shure, Rebekka Stahnke, Bettina Roesken-Winter and Daniela Götze 
	Teaching quality in mathematics lessons from the perspective of facilitators and how they perceive the teachers' perspective . . .  Maya Zastrow, Bianca Fink, Florian Schacht, Leander Kempen, Bärbel Barzel and Lars Holzäpfel 
	A Study of Mathematics Teacher Educators’ Knowledge from the Perspective of In-Service Teachers . . .  Pablo Giadas, Maria Chiara Cibien, Laura Muñiz-Rodríguez, Federica Ferretti and Luis J. Rodríguez-Muñiz 
	From the idea to the implementation: Ensuring coherence and vision transfer in the development of teacher professional development . . .  Lars Holzäpfel, Zastrow Maya, Fink Bianca and Götze Daniela 
	Reflecting on action research cycles to enhance my teaching of jump strategy to pre-service teachers . . .  Tarryn Shirley Lovemore 
	Mathematics teacher educators’ noticing in a problem posing task . . .  Sara Rodríguez Segarra, Nuria Climent and Luis Carlos Contreras 

	TWG 28: Collaborative Settings in Mathematics Teacher Education
	An introduction to TWG 28: Collaborative settings in mathematics teacher education . . . Geoff Wake, Stéphane Clivaz, Paula Gomes, Pernilla Mårtensson and Aoibhinn Ní Shúilleabháin
	Disciplinary and meta-disciplinary noticing of prospective teachers in a lesson study experiment . . .  Valeria Andriano and Ornella Robutti 
	``I've really seen myself as a robot'': professional development and perception of teachers involved in a collaborative setting after a second implementation loop . . .  Camille Antoine 
	Potential roles of facilitators’ questioning during post-lesson reflection . . .  Jacob Bahn, Yukiko Asami-Johansson and Britta Jessen 
	A teacher’s journey in lesson studies regarding whole-class discussion . . .  Filipa Alexandra Baptista Faria, João Pedro da Ponte, Margarida Rodrigues and Marisa Quaresma 
	Reasons to teach and practice collaboration at university and school level . . .  Brigitta Békési, András Bátkai, Eva Ulbrich, Tony Houghton, Jana Trgalova, Houssam Kasti and Zsolt Lavicza 
	Types of talk and mathematical knowledge for teaching problem-solving: Dialogic analysis of a lesson study . . .  Stéphane Clivaz, Valérie Batteau, Luc-Olivier Bünzli, Audrey Daina, Sara Presutti and Jean-Philippe Pellet 
	Bi-institutional lesson study on algebra: what is it and what can lower secondary school teachers learn? . . .  Derya Diana Cosan 
	Preparing and leading a whole-class discussion in a lesson study in initial teacher education . . .  João Pedro da Ponte, Nicole Gaspar Duarte and Filipa Faria 
	Applying variation theory: a challenging case in pre-service teacher education . . .  Dédé de Haan, Siebrich de Vries, Gerrit Roorda and Paul Drijvers 
	Reconsidering textbooks as representations of current didactic paradigms in lesson study . . .  Francisco Javier Garcia Garcia, Josep Gascon Perez and Tomas Sierra Delgado 
	Stepping up from an experienced teacher to a lesson study facilitator . . .  Paula Gomes, Micaela Martins, Marisa Quaresma, Bruna Rodrigues and João Pedro da Ponte
	The Roles of Knowledgeable Others in a Mathematics Lesson Study . . .  Oben Kanbolat and Selahattin Arslan 
	Collaborative planning in lesson study: The role of mathematical knowledge for teaching . . .  Sarah Leakey 
	Learning to teach early arithmetic skills through learning study: The case of four prospective teachers . . .  Pernilla Mårtensson, Angelika Kullberg and Rimma Nyman 
	Collaborative lesson study in initial teacher education: Joint focus on students' learning . . .  Camilla Hellsten Østergaard 
	Using the didactical contract to untangle the complex dynamics of a lesson study group in initial teacher education . . .  Sara Presutti 
	Needed skills and knowledge and challenges of the mathematics lesson study facilitator. A literature review . . .  Marisa Quaresma, Micaela Martins, Paula Gomes, Bruna Rodrigues and João Pedro da Ponte 
	Socio-cultural practices and behaviours in collaborative inquiry . . .  Geoffrey Wake and Bruce Lander 
	The classroom discussion in a TTP lesson: The challenges of a lesson study team . . .  Gerrit Roorda, Siebrich de Vries 

	TWG 29: Embodied and Material Studies of Mathematical Behaviour
	Searching for formats: How to share embodied and material studies. Introduction to TWG29 at CERME14 . . . Anna Shvarts, Giulia Ferrari, Elizabeth de Freitas, Ricardo Nemirovsky, Nathalie Sinclair
	Re-enacting a digital environment tutoring episode: New insights . . .  Anna Baccaglini-Frank, Nathalie Sinclair, Elena Macchioni, Chiara Bonadiman and Cristina Poli 
	Moving towards abstraction: An embodied design for reflection symmetry . . .  Karel Boonstra, Marjolein Kool, Anna Shvarts and Paul Drijvers 
	Factors influencing the implementation of active, bodily experience mathematics learning activities: the perspective of educators . . .  Alessandra Boscolo 
	Concepts and bodies: Creating together in affective bodying . . .  Anna Chronaki 
	Designing a tangible manipulative as a socio-material process integrating empathic and mathematical imagination . . .  Claudia Corriveau and Benjamin Nicolas-Noir 
	The politics of mathematical embodiment  . . .  Elizabeth de Freitas and Nathalie Sinclair 
	Diagrams and mathematics education research: A methodological reflection . . .  Francesca Ferrara and Giulia Ferrari 
	Use of conceptual blending to investigate students approaching functions in an emerging embodied technology . . .  Andrea Ghersi, Lara Monformoso, Sara Bagossi, Sonia Palha and Ornella Robutti 
	Navigating Angles: A Spatial Approach to Angle Measurement . . .  Christina Gkreka and Chronis Kynigos 
	Experimenting mathematical transformations with GeoGebra Dance: An embodied learning approach . . .  David Hornsby, Shereen El Bedewy, Filiz Mumcu, Réka Szász, Zsolt Lavicza 
	Dancing with trigonometric functions: aesthetically guided covariational reasoning while creating periodic dynamic models . . .  Myrto Karavakou and Chronis Kynigos 
	Learning is moving in better ways in and across task contexts . . .  Nadav Marco 
	Concretion, abstraction, and mathematical experiences . . .  Ricardo Nemirovsky, Charlotte Megroureche, Stephanie Bunn and Vinay Kathotia 
	Doping an embodied design . . .  Christoph Oberbucher 
	Potential of movement-based embodied learning in mathematics: Insights from German case studies on reactivating movements . . .  Lena Radünz 
	Towards a theoretical framework for analysing block play constructions through the lens of crystallographic symmetry-breaking . . .  Michael Rumbelow 
	A plea for participatory/transformative methodologies in embodied and material studies of mathematics education . . .  Anna Shvarts and Karel Boonstra 
	Experimental epistemology in mathematics education and biology of cognition . . .  Jorge Soto-Andrade, Juan - Carlos Letelier, Daniela Diaz-Rojas and Amaranta Valdes-Zorrilla 
	Spatial perspective switching in group embodied activities . . .  Jennifer Way 
	Developing functional thinking through bimanual movements . . .  Hang Wei, Rogier Bos and Paul Drijvers 
	Body and materiality from a perspective of visuality in mathematics education . . .  Claudia Regina Flores, Débora Regina Wagner and Mônica Maria Kerscher-Franco 
	Re-presenting abstract and concrete in the diagrams of Al-Khwarizmi . . .  Yassir Maknaoui, Vinay Kathotia and Brigitte Stenhouse 
	Collaborative reflection on embodied abstraction for geometry: questioning the research-teaching interaction . . .  Benjamin Nicolas-Noir and Karel Boonstra 
	Body in between multinaturalism and mathematics education . . .  Thiago Pedro Pinto and João Viola 


