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CONTEXTUALISING MATHEMATICS THROUGH WATER:
DISCOVERING RIVERS AND ARISING ENVIRONMENTAL

RESPONSIBILITY
Chiara Andrà, Vittoria Garrone

Università del Piemonte Orientale

The research explores how numeracy can be applied in a context of citizen science
developing the Sustainable Development Goals 6 and 15, addressing water resource
management and biodiversity conservation (Andrà et al., 2024). Citizen science serves
a dual purpose, providing both valuable ecological data and fostering environmental
learning and civic engagement (O’Donoghue, Taylor & Venter, 2018). Numeracy,
defined as the practical application of mathematical knowledge in various real-world
contexts, plays a crucial role in citizens' understanding of river-related issues.
Following Andrà et al. (2024), the study aims to unravel citizens' perceptions and
knowledge regarding rivers and the life inside them, within an interdisciplinary
perspective. The research questions are: How does numeracy manifest when
individuals are asked to answering questions about rivers? How is it related to
knowledge about rivers, even outside mathematics? The research methodology
involved administering multiple-choice questions to 90 high school Italian students.
The aim of the questions is to uncover students’ conceptions about quantities, ratios,
and percentages concerning river-related phenomena, and the correspondence with real
river data (Roccatello et al., 2025). The development of the questionnaire is discussed,
as well as its potential for measuring interdisciplinary knowledge in mathematics,
biology and ecology to understand rivers and their biodiversity. The data revealed
insights into students' perceptions of river water availability, water quality, and the
impact of human activities on river ecosystems. The students were also able to identify
invasive species and natural phenomena that concern rivers. Possible relations among
different forms of knowledge are explored.
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STUDENTS’ COLLECTIVE REASONING WHILE WORKING ON
VERTICAL WHITEBOARDS

Fannie S. Andreassen, Maria E. Landevaag
University of Oslo

Problem solving and reasoning are fundamental components of mathematical
competence. Although research on the role of collaboration in problem solving and
reasoning is already a well-established field, it has recently gained renewed attention
through studies of the teaching approach thinking classrooms. In a thinking classroom,
students are assigned to random groups of 2-4 students and work on vertical
whiteboards with problem-solving tasks that are intended to promote mathematical
thinking (Liljedahl, 2016). This poster reports from a video study investigating student
reasoning in an upper secondary mathematics classroom. The sample consists of three
groups of three students (aged 15–16). We collected video data of the students during
their group work. Reasoning can be understood as justifying the validity of statements
and arguing to convince oneself or others (Lithner, 2008), using identifying,
predicative, verifying, and evaluative arguments. In our study, we analysed the
students’ reasoning in three stages, identifying (1) what types of arguments they made,
(2) how they used the vertical board during the argumentation, and (3) what type of
agency they had when constructing the arguments. We distinguished between shared
and unshared agency, depending on whether the students were mutually dependent on
one another in the reasoning process. All the groups we observed made use of all four
types of arguments. They constructed a large proportion of predicative and verifying
arguments, while the proportion of identifying and evaluative arguments was smaller.
We observed that the students shared individual ideas with each other by writing them
on the vertical board and referred to their writings during argumentation, indicating
that the boards functioned as support for the collective reasoning. Within the groups,
shared and unshared agency appeared in approximately equal amounts during the
construction of arguments. The purpose of the poster is to present illustrative examples
of how students engage in collective reasoning while working in groups on vertical
whiteboards. Our results will be displayed as three doughnut charts, presenting a
profile of each group in terms of arguments made, use of the vertical board, and agency.
References
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BENCHMARKING INSTITUTIONAL SUPPORT FOR
UNIVERSAL DESIGN FOR LEARNING IN HIGHER EDUCATION

MATHEMATICS
Betsy Araujo Grando, Brittni Wendling, Paola Sepulveda, Rich Tener

Iowa State University

The 2024 United States (U.S.) Department of Justice update to the Americans with
Disabilities Act (ADA) Title II requires public universities to ensure digital
accessibility of instructional materials (U.S. Department of Justice, 2024). Universal
Design for Learning (UDL) frames accessibility as proactive design rather than
reactive accommodation (CAST, 2018). In mathematics, UDL presents distinctive
challenges due to symbolic notation, equation editors, and assistive technology
compatibility. Accessible participation requires structural support for MathML
rendering, equation authoring workflows, and integrated learning management
systems. This study benchmarks how land-grant universities are structurally supporting
UDL principles in higher education mathematics under the DOJ mandate. The research
questions are: (1) How are institutions operationalizing UDL-aligned accessibility in
mathematics? (2) What structural supports are provided to faculty? and (3) What
patterns of variation emerge? A cross-case benchmarking design was employed. Peer
land-grant universities subject to DOJ requirements were selected for comparison. Data
sources included publicly available accessibility policies, mathematics-specific
guidance, IT accessibility resources, and documented tool recommendations. A
structured protocol ensured comparability. A heuristic instrument assessed institutional
support across documentation clarity, mathematics-specific workflows, accessible
tooling integration, and service infrastructure. Institutions were categorized along a
four-level scale from Reactive (ad-hoc compliance) to Managed/Integrated
(systematized, proactive support). Cross-case analysis identified implementation
patterns. Preliminary heuristic evaluation results indicate substantial variation in
institutional alignment with UDL principles. While most institutions publish general
accessibility policies, fewer provide mathematics-specific guidance or proactive
workflow support. Compliance mandates alone do not ensure equitable mathematical
participation; institutional design capacity significantly shapes accessibility enactment.
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EXAMINING SEVENTH-GRADE STUDENTS’ PROPORTIONAL
REASONING SKILLS USING SCENARIO-BASED DIGITAL

GAMES
Muhammet Arıcan1, Ramazan Avcu2, Oğuz Köklü1, Zeynep İrem Erçetin1

1Department of Mathematics and Science Education, Boğaziçi University
2Department of Mathematics and Science Education, Aksaray University

Proportional reasoning is a significant and complex domain in school mathematics and
plays a critical role in students’ mathematical development (Lobato et al., 2010). It
permeates a major part of students’ mathematical understanding and is related to
learning many concepts, such as similarity, scale factor, probability, and instantaneous
rate of change (Lobato et al., 2010). Moreover, proportional reasoning extends beyond
mathematics, supporting learning across other disciplines and guiding many aspects of
everyday life. Despite their importance, students often struggle to understand ratios
and proportions, and teachers find teaching these concepts challenging (Lamon, 2007).
Given the potential benefits of digital games for mathematics education, we developed
scenario-based digital games (SBDGs) to investigate their effectiveness in supporting
ratio and proportion instruction in seventh grade. The study employs a mixed-methods
design and includes two groups of seventh-grade students (the experimental and
control groups). In the experimental group, instruction is supported by SBDGs, which
students play in pairs on tablets for five of the 20 lesson hours, whereas the control
group receives only traditional textbook-based instruction. To assess students’
learning, we developed a 30-item proportional reasoning test. Additionally, we are
collecting qualitative data through screen recordings of students’ gameplay on tablets
to better understand how SBDGs support the development of students’ proportional
reasoning, as well as affective, social, and metacognitive skills.
This is an ongoing study. The data collection process began in February 2026 and will
conclude in March 2026. The collected quantitative and qualitative data will be
analysed, and the results will be presented in detail at the conference.
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AN EXAMINATION OF THE SPECIALISED CONTENT
KNOWLEDGE THAT PROSPECTIVE MATHEMATICS

TEACHERS BRING FROM HIGH SCHOOL TO THE
UNDERGRADUATE LEVEL

Müjgan Baki
Trabzon University

The knowledge and skills required of teachers have been widely conceptualised in the
literature (Shulman, 1986; Ball et al., 2008). Ball et al. (2008) emphasised the critical
role of specialised content knowledge (SCK) in effective mathematics teaching. SCK
refers to mathematical knowledge specific to teaching and does not consist solely of
pedagogical knowledge. It involves not only using mathematical concepts correctly but
also analysing students’ thinking and explaining misconceptions on mathematical
grounds. However, mathematical knowledge acquired at the high school level often
focuses primarily on procedural performance, rather than on the development of
teaching-specific mathematical understanding. This situation necessitates the
deliberate and systematic development of specialised content knowledge during the
undergraduate education process of prospective teachers.
This study was conducted within the scope of the “Foundations of Mathematics”
course in the elementary mathematics teacher education undergraduate program. In
line with a pedagogy of teaching, the researcher first aimed to determine the current
level of prospective teachers’ content knowledge. In this process, the argumentation
technique was used. The study aims to examine the specialised content knowledge that
prospective mathematics teachers carry from high school to undergraduate education.
The researcher assumed the dual role of course instructor and practitioner. The study
employed a qualitative research design. Participants consisted of 30 first-year
prospective mathematics teachers. Data were collected through classroom video
recordings, transcripts, and field notes and analysed using descriptive methods. The
findings of the study indicate that prospective teachers possess incomplete and, in some
cases, incorrect knowledge in several mathematical content areas they are expected to
teach. For example, most participants were unable to explain the mathematical
meaning of the process commonly referred to as “bringing down a zero” when
extending division with remainders to decimals
References
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ENHANCING (PRE-SERVICE) TEACHERS’ PROFESSIONAL
VISION OF MATHEMATICS INSTRUCTIONAL QUALITY

Aslihan Bayrak, Milena Damrau, Stefan Ufer
LMU Munich

Professional vision, referring to noticing and knowledge-based reasoning, plays an
important role in (pre-service) teachers’ classroom behaviour, and ultimately affects
student learning. Specifically, teachers’ professional vision of mathematics
instructional quality needs to include subject-specific characteristics (e.g., cognitive
activation, content selection and presentation, Praetorius & Charalambous, 2018).
Developing teachers’ professional vision of mathematics instructional quality requires
theory-based observation frameworks and their effective use in practice (e.g.,
Santagata et al., 2021). Beyond the lack of a coherent observation framework, it is also
unclear how teachers apply such frameworks when observing classroom instruction.
Therefore, we developed a model of mathematics-specific instructional quality based
on n = 5 research-based frameworks, resulting in n = 6 criteria for cognitive activation
and n = 9 criteria for content selection and presentation. Each criterion comprises four
specific and concrete level descriptions to provide a criterial reference for evaluating
classroom instruction. Exemplary classroom situations from the existing frameworks
further illustrate each level. We report on the development process of the model and
present its structure and exemplary criteria. Based on a qualitative Think Aloud study
with n = 8 pre-service teachers, we describe strategies when applying the criteria, as
well as the affordances and challenges introduced by the criteria descriptions.
The think-aloud interview results show that the explicit criteria descriptions support
pre-service teachers’ knowledge-based reasoning, enabling them to go beyond solely
describing the observed situations. However, pre-service teachers mostly focused on
teachers’ actions in their explanations, with limited attention to the mathematical
content or to the effects of these actions on learning processes. While the results speak
to the general feasibility of the approach for generating a model of mathematics
instructional quality, future work needs to explore which teacher characteristics, such
as content-related knowledge and external supports, can facilitate its application.
References
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INVESTIGATING THE EFFICACY OF PROFESSIONAL
DEVELOPMENT FOR MATHEMATICS GRADUATE STUDENTS

Mary Beisiegel1, Mary E. Pilgrim2, Rebecca Segal3

1Oregon State University, 2San Diego State University, 3Virginia Commonwealth

Through a longitudinal study of mathematics graduate students’ (MGS) development
as teachers during their graduate programs (Beisiegel et al., 2019), we found that MGSs
had little time or support to reflect on and understand teaching practices and they most
often replicated the lecture-based instruction they had experienced frequently in their
undergrade education. Additionally, we found that after two to three years of
experience as a teaching assistant, they were ready to think more deeply about
engaging students in active learning and to consider teaching practices that are proven
to improve students’ learning outcomes and sense of belonging in mathematics. To
accommodate the learning-about-teaching stages we observed in the MGSs, we
designed a three-year Engaged Learning and Innovative Teaching Experiences
(ELITE) PD program that offered weekly graduate seminars during which MGSs were
presented with increasingly complex evidence-based teaching practices (e.g., from
using exit cards at the end of class to gauge student understanding of a newly-learned
concept to having students give class presentations about their understanding of a
concept). Our research questions include: (1) What impact does the MGSs’ adoption
of ELITE PD practices have on student outcomes (e.g., experiences, belonging)? (2)
What identifiable aspects of individual and department cultures inhibit or support
sustainable change? We are investigating individual change through Azjen’s (1991)
Theory of Planned Behaviour and institutional change through Bolman and Deal’s
(2008) Four Frames Model. To study the efficacy of the ELITE PD program, we
collected multiple sources of data: (1) interviews with MGSs and faculty leadership,
(2) observations of MGSs’ teaching and post-observation debriefs, (3) surveys from
the MGSs’ students, (4) artifacts from the PD program. In our poster, we aim to convey
the interwoven nature of our findings across individual and institutional contexts.
References
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GEOMETRY TEACHING IN A RURAL SCHOOL: TENSIONS
BETWEEN POPULAR AND ACADEMIC MATHEMATICS

Andrei Luís Berres Hartmann, Marjorie Cristina da Cruz, Rúbia Barcelos Amaral
São Paulo State University (UNESP)

Mathematics teaching in rural contexts often reveals disconnects between students’
lived knowledge and formal schooling. Knijnik (2006) distinguishes “popular
mathematics” mobilized by rural workers from “academic mathematics” transmitted
through formal education. Skovsmose (2001) proposes “landscapes of investigation”
engaging students’ lived experiences through open exploration. This study examines
how these tensions manifest in geometry instruction at a rural school in southern Brazil,
asking: How do tensions between popular and academic mathematics manifest in
geometry instruction?
Through an ethnographic study (February-July 2023) involving 66 secondary students
and eight teachers, data from field diaries, interviews, and photographs were analyzed
using content analysis. Outdoor activities created landscapes of investigation where
students explored geometric concepts through measurement: sketching circles with
varying radii to investigate area relationships and estimating arc length using diverse
strategies. These activities showcased students’ advanced spatial reasoning, grounded
in agricultural practices. One student discussed the spacing requirements for cassava
(1.5 meters to support root growth), while another explained how diagonal soybean
harvesting helps protect combine equipment. However, when moving indoors,
instruction reverted to academic mathematics, emphasizing standard formulas and
leaving students unable to bridge their practical reasoning with formal representations.
Gravemeijer and Kindt (2001) observe that this tension exists between the
mathematising practices from everyday, culturally rooted activities and the formal
mathematics established and endorsed by school curricula. The findings suggest that
pedagogical approaches that explicitly articulate relationships among these knowledge
forms can legitimize students’ existing understanding while providing access to
conventional mathematical tools. Future research should explore micro-to-macro
curricular approaches that support both knowledge systems.
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FOUNDATIONS FOR DISCERNING NUMBERS’ PART-WHOLE
RELATIONS IN A PRESCHOOL INTERVENTION STUDY

Camilla Björklund1, Helen Lindgren1, Jessica Elofsson2 & Clara Vidal Carulla1

1University of Gothenburg, 2Linköping University

Four Swedish preschool groups participated in an 8 months long intervention,
implementing numerical activities where numbers were presented and handled in ways
that make units discernible and emphasising numbers’ part-whole relationships in
arithmetic problem solving (see Venkat et al., 2019). This approach has in previous
research shown positive impact on children’s developing number sense and emerging
arithmetic skills. However, some children do not benefit from taking part in the
interventions. There are likely more foundational aspects, for learning to discern the
part-whole relationship of numbers. The current study specifies the necessary baseline,
in terms of discerned aspects of numbers, for the intervention to have expected
outcome. The specific research question is: What aspects are critical as a baseline for
learning to discern numbers’ part-whole relationships?
61 children participated in task-based interviews pre and post intervention (2:9–5:8
years at first interview). Responses were coded qualitatively based on identified
(un)discerned aspects (cardinality, ordinality, part-whole relations) in the children’s
verbal expressions and finger use. Results are presented in a crosstabulation,
comparing (un)discerned aspects of numbers expressed pre and post intervention.
Two conclusions are drawn from the analysis: If ordinality and cardinality are discer-
ned as differentiated, children will more often benefit from the intervention, and,
children who have not discerned ordinality or cardinality are less likely to take advan-
tage of the teaching intervention. Across tasks, 56-60% of the children demonstrated
partial numerical discernment in the pre-test (cardinality and/or ordinality). Of these,
35-60% were coordinating cardinality and ordinality in the post-test, expressing an
advanced structural approach to the tasks. 52% of the children did not receive the tasks
or answered non-numerically in the pre-test; 80-93% of them were able to engage with
the task after the intervention, however mostly discerning ordinality and/or cardinality
as differentiated. The results indicate that the intervention broadened participation and
the opportunity to experience tasks numerically, providing the field of early mathe-
matics with knowledge how to design teaching interventions that benefit all children.
Reference
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A COMPLEX GENDERED PHENOMENON IN GRADE 1:
MATHEMATICAL AFFECT AND ASSESSMENT

Chloé Brismontier
Paris City University, Laboratory of Didactic André Revuz

In France, since their introduction in 2018, national assessments reveal (NA) an early
mathematics performance gap disadvantaging girls within the first four months of
compulsory schooling. However, existing studies mainly focus on performance or/and
the threat of gender stereotypes and rarely consider pupils’ activity in assessment
situations (AS) together with their mathematical affect (MA).
This study is part of a broader empirical research grounded in a didactical analysis
structured through an approach centred on MA. Two previous case studies were
conducted within the problem-solving domain: one on pupils’ writing strategies in NA
items, and one on learning regulations in informal AS just after NA period. The
analysis results showed differentiation effects according to gender due to implicit
mechanisms in the didactical assessment contract. The research question is: are these
differentiation effects perceptible in Grade 1 pupils’ verbalizations of mathematical
affect ?
The data consist of semi-structured interviews conducted with 34 Grade 1 pupils
(gender-balanced) across 7 classes, following informal AS. Pupils were selected by
their teacher to represent a range of mathematical competence levels in their classes.
The analysis relies on an analytical grid adapted from Genoud and Guillod (2014),
articulated with DeBellis and Goldin’s (2006) model of MA. It combines binary and
qualitative coding with exploratory quantitative analyses.
The analysis results show no substantial gender differences, except a tendency for boys
to associate success with speed (r = .01, Cramér’s V = .61). However, more refined
analyses reveal effects related to teacher practices, strong co-occurrences between
affective variables and differentiated patterns of verbalization. Gender bias don’t
appear as a primary structuring factor of MA at this stage; it is mainly shaped by
assessment practices and individual factors. However, an early gender differentiation
in interpretation of performance norms, may contribute over time to the construction
of gendered relationships to mathematical activities in AS.
References
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STUDENTS’ STRATEGIES WITH UNKNOWNS IN DIGITAL
BALANCE TASKS: INSIGHTS FROM CONTRASTING CASES

Michelle Bräuer
Martin-Luther-University Halle-Wittenberg

This study investigates primary school students’ problem-solving processes involving
unknowns in balance-scale tasks in a digital environment. Early algebra research
highlights relational understanding of equality as an extension of operational thinking
when dealing with unknowns (Knuth et al., 2006). While balance models can support
such thinking (e.g., Warren & Cooper, 2005), less is known about maintaining
equivalence with multiple unknowns in digital environments. Although such reasoning
underpins early algebraic thinking, it is rarely foregrounded in primary mathematics.
The present study addresses the following research question: How do primary school
students maintain equivalence in digital balance-scale tasks with unknowns, and what
strategies can be identified in their solution processes? Students’ interactions,
strategies, and reasoning (N = 22, Grade 4) were analysed using qualitative content
analysis of screen recordings and task-based interviews. The tasks featured two given
balances representing equivalence relations with unknown quantities and a third to
complete equivalently (Bräuer, 2022). The digital environment allowed students to
manipulate the balance without automated feedback. Two contrasting cases show
different approaches to reasoning about unknowns and equality in the same task: Eva
transforms both sides and substitutes, enabling relational reasoning aligned with
previous research on the balance model; in contrast, Claire mainly displays possible
results and estimates isolated elements, reflecting operational thinking. These cases
illustrate that successful problem solving is not determined by the frequency of digital
interaction, but by coordinating actions with equivalence strategies to support
relational reasoning. Findings reveal (a) how maintaining equivalence becomes visible
in students’ interactions, and (b) identification of and diverse strategies for dealing with
unknowns in digital balance tasks beyond final answers.
References
Bräuer, M. (2022). Dealing with multiple unknowns and their relationships using the balance

scales model at primary school age. In J. Hodgen, E. Geraniou, G. Bolondi & F. Ferretti
(Eds.), Proceedings of the 12th Congress of the European Society for Research in
Mathematics Education (CERME12) (pp. 473-480).

Knuth, E. J., Stephens, A. C., McNeil, N. M., & Alibali, M. W. (2006). Does understanding
the equal sign matter? Evidence from solving equations. Journal for Research in
Mathematics Education, 37(4), 297-312.

Warren, E. & Cooper, T. J. (2005). Young children’s ability to use the balance strategy to
solve for unknowns. Mathematics Education Research Journal, 17, 58-72.



689
2026. In H. Krzywacki, M. Hähkiöniemi, E. Haataja, M. Hannula & P. Hästö (Eds.). Proceedings of the 49th
Conference of the International Group for the Psychology of Mathematics Education: General Contributions,
p. 689. PME.

EVALUATING A DOMAIN-SPECIFIC AI MICROCREDENTIAL IN
MATHEMATICS TEACHER EDUCATION: A PRE–POST STUDY

ON BELIEF CHANGE
Nils Buchholtz, Fabian Anton Müller

University of Hamburg

The integration of generative AI into mathematics education requires a profession-
specific AI literacy that combines epistemic awareness, didactic judgment, and ethical
reflection. Building on the distinction between generic, ethical, and domain-specific
AI literacy (Knoth et al., 2024), we conceptualize AI competence for mathematics (pre-
service) teachers as a subject-anchored professional capacity aligned with the
discipline’s norms of rigor, justification, and conceptual understanding. In response,
the University of Hamburg implemented the ECTS-based microcredential “AI
Navigator” in the teacher training programs, which embeds AI-related use cases into
mathematics education modules, integrates structured ethical reflection, and concludes
with a performance-based digital workpiece. The certificate thus represents a curricular
intervention aimed at professionalizing AI use in mathematics instruction. The ongoing
study examines whether participation leads to measurable changes in pre-service
teachers’ AI-related beliefs. Based on prior survey research on beliefs and self-efficacy
in AI-supported in mathematics education (Buchholtz & Schorcht, 2025), we apply a
validated 87-item instrument in a longitudinal pre–post design. Data are collected at
entry (T1) and completion (T2) of the certificate; a matched comparison group is
planned. We hypothesize that the certificate fosters not merely increased acceptance of
AI, but more differentiated and professionally grounded belief structures, characterized
by strengthened domain-specific self-efficacy, heightened awareness of pedagogical
potentials, and sustained sensitivity to epistemic and ethical risks. The study
contributes empirical evidence on the impact of a structurally anchored microcredential
on the development of domain-specific AI literacy in mathematics teacher education.
Additional information
Funded as part of the ReAction (Relationships and Academic belonging in Higher
Education) project by the German Foundation for Innovation in Higher Education.
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DEEPENING MATHEMATICAL DISCUSSIONS THROUGH
SMALL-GROUP SCAFFOLDING AND NOTICING

Sharon Calor1,2,3, Sigal-Hava Rotem4, Chris Kooloos5

1Vrije Universiteit Amsterdam, 2 University of Amsterdam, 3Amsterdam University
of Applied Sciences, 4Utrecht University, 5Kandinsky College

The poster presents a professional development program based on three interrelated
theoretical frameworks that integrate (1) the Small-Group Scaffolding Tool (SGS
Tool), (2) teacher noticing, and (3) classroom discussions around rich mathematical
tasks. The SGS Tool was developed because teachers find guiding small groups
challenging (Calor et al., 2022). The tool consists of six steps that help teachers
determine timing and manner of providing support that meets the group’s needs and
purposely stimulates mathematical discussions (Calor et al., 2022). Teacher noticing
comprises three core components: noticing students' mathematical thinking,
interpreting this thinking, and deciding how to respond in ways that promote student
learning (Rotem & Ayalon, 2022). Strategies for classroom discussions, focus on
students' diverse solution strategies and thinking processes (Kooloos et al., 2023).
This research follows a design research approach that aims to adapt the SGS Tool from
a theoretical and practical perspective. After introducing the theoretical frameworks
and a short training how to apply the SGS Tool, teachers contribute classroom
situations that are analyzed using the SGS Tool and the teacher noticing framework.
Seven secondary school mathematics teachers (7th grade-12th grade), all familiar with
the classroom discussions framework, participated in this study. Video recordings of
guiding group discussions and teacher reflections were collected.
Preliminary results show that teachers find all steps of the SGS Tool necessary, that
noticing should be part of all these steps and that an additional step could be added to
the SGS Tool: step 7 ‘listening, noticing and leaving’, which entails listening to the
group discussion, noticing and deciding whether to stay or leave the group. We
propose, also from a theoretical perspective, to add this seventh step to the SGS Tool.
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OBSTACLES AND SOLUTIONS IN SOLVING ARITHMETIC
PROBLEMS THROUGH GRAPHIC MODELS IN THE PRIMARY

EDUCATION
Daniela Căprioară

Ovidius University of Constanta

Problem solving is a powerful and effective vehicle for learning (Van de Walle, 2011).
Zlate (2006) emphasizes that problem solving ranks first in cognitive psychology, by
involving various reasoning processes and mechanisms. The mental representation of
the problem and the choice of the solving method are crucial for the successful
development and completion of the process. Moving from the text of the problem to
the mathematical model involves a modelling effort: building a system of
representation that explains, “formalizes” various particular objects (Raynal
&Rieunier, 2005), developing a formal representation, or even a support for
understanding the mathematical structure of a problem and for justifying the arithmetic
operations. The graphic model, among the first models studied in elementary school,
operates with graphic language, on different degrees of abstraction. The objective of
the research was to implement and evaluate a two-stage strategy for learning problem
solving through the graphic models based on using straight line segments: 1.
Familiarizing students with graphic language; 2. Using graphic language to solve
problems through the graphic model.
The research method is mixed and consist of a didactic experiment alongside
observation of the problem-solving behaviour of students. The experimental activity
was performed on 2 classes of students (experimental class and control class), suming
up 46 students aged 8-9. The pre-test and post-test comparative assessments (28%
increase in the performance average of the experimental class) and the observations
noted (significant decrease in the incidence of bottlenecks caused by graphic modeling
in problem solving) confirm the hypotesis of research: separating the learning of
graphic language from the problem-solving process enhances students’ ability to solve
mathematical problems through graphic modeling. With the enrichment of the
instrumental repertoire for solving mathematical problems, students' problem-solving
behavior also develops.
References
Raynal, F., Rieunier, A. (2005). Pédagogie: dictionnaire des concepts clés. Apprentissage,

formation, psychologie cognitive. 5e édition.Paris: ESF éditeur.
Van de Walle, J. & alii. (2011). Elementary and middle school Mathematics. Teaching

developmentally. Third Canadian ed. Toronto: Pearson Canada.
Zlate, M. (2006). Psihologia mecanismelor cognitive. Ediţia a II-a. Iaşi: Polirom.



692
2026. In H. Krzywacki, M. Hähkiöniemi, E. Haataja, M. Hannula & P. Hästö (Eds.). Proceedings of the 49th
Conference of the International Group for the Psychology of Mathematics Education: General Contributions,
p. 692. PME.

INTEGRATING GENERATIVE AI AND DISCOURSE-BASED
ASSESSMENT TO PROMOTE SELF-REGULATED LEARNING IN

ALGEBRA
ChangHua Chen1, ChiaHui Lin2

1National Changhua University of Education
2National Taichung University of Education

Generative AI (GenAI) can personalize mathematics learning, yet current research
confounds “media” with “method” (Clark, 1983). Studies treat the AI tool as an
intervention without specifying pedagogy, leaving causal mechanisms unclear
(Weidlich et al., 2025). In the absence of intentional instructional design, GenAI may
lead to cognitive offloading and reduced metacognitive engagement. Thus, this study
adopted Discourse-based Assessment Practice (DAP), a method of extended
questioning and adaptive feedback (Chen et al., 2012), as the instructional guideline
and GenAI as the delivery medium. We examined how a DAP-integrated GenAI
application scaffolded seventh-graders’ self-regulated learning (SRL) in algebra.
The application runs on a Large Language Model API with Retrieval-Augmented
Generation (RAG) to reduce hallucinations. Following DAP principles, the AI
identified algebraic misconceptions and provided graduated scaffolding, from
metacognitive questioning to strategic hints, fading support as student mastery grew.
A pilot study with students at different achievement levels assessed usability and initial
effectiveness. We collected system logs, interaction records, and qualitative
observations to refine the feedback cycle. Preliminary observations suggested that
when DAP serves as the explicit method within the AI medium, cognitive offloading
is reduced. Low-achieving students engaged more willingly in iterative problem-
solving; high-achieving students used the system to verify solutions and detect errors.
By clarifying the tool-strategy distinction, this study informs GenAI environment
design. Future research will enlarge the sample and apply epistemic network analysis
to trace student-AI interaction patterns.
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LLM-SUPPORTED FORMATIVE ASSESSMENT FOR WHOLE-
CLASS DISCUSSION IN INQUIRY-BASED LESSONS

Min Chen, Rogier Bos, Michiel Doorman
Freudenthal Institute, Utrecht University

Large language models (LLMs) are increasingly studied in mathematics education, for
example, to generate feedback on students’ work or to support teachers in designing
tasks. Recent studies report that their outputs can be convincing but wrong or
inconsistent, and may add to teachers’ workload. These findings suggest that teachers
need to validate LLM outputs and often adapt them before they can be used for
formative assessment. Currently, little is known about how this validation and
adaptation takes place when mathematics teachers work with students’ live digital
contributions (e.g., posts on Padlet, an online sharing platform) and prepare for whole-
class discussion under time pressure in real lessons.
Our research question is: How do mathematics teachers check and adapt suggestions
from an LLM-based assistant (LLMa) when real-time evaluating students’ Padlet posts
for orchestrating whole-class discussions? To frame teachers’ checking and adaptation
of LLMa outputs, this study draws on the Ask-Answer-Analyse-Adapt cycle for
formative assessment with technology (Dalby & Swan, 2019) and the theory of
instrumental orchestration, which concerns how teachers arrange digital tools in
lessons (Drijvers et al., 2010). In a design-based study with 4-6 secondary mathematics
teachers, we will use LLMa as a teacher-facing assistant built on a large language
model. Teachers will use the LLMa to cluster Padlet posts and generate short
summaries and suggestions for whole-class discussion. Data includes Padlet posts,
LLMa outputs, lesson audio of whole-class discussion, and post-lesson interviews.
Data will be thematically coded for teachers’ LLMa-mediated orchestrations.
We expect that LLMa-supported analysis of Padlet posts will help teachers under time
pressure to carry out formative assessment: to gain a quick overview of students’
thinking and to identify a small set of posts for whole-class discussion. We also expect
teachers to organise this feedback by evaluating the LLMa’s suggestions in relation to
their lesson goals and deciding what to keep, modify, or reject; the study will clarify
how LLMa can support teachers’ adaptive use of formative assessment evidence.
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EXPLORING PRIMARY PRE-SERVICE TEACHERS’
EVALUATION OF GENAI-GENERATED MATHEMATICAL

MODELLING TASKS
Hui Min Chia

Faculty of Education, The Chinese University of Hong Kong

The ethical and pedagogically sound use of generative artificial intelligence (GenAI)
has become a central issue in teacher education. Pre-service teachers’ (PSTs) ability to
evaluate mathematical tasks is a key component of teacher preparation (Bardy et al.,
2024); integrating GenAI meaningfully into this process is especially important.
Recent studies have begun investigating GenAI’s potential to evaluate and modify
mathematical tasks (Schorcht et al., 2025). Yet, how PSTs interpret and validate
GenAI-generated tasks specifically for mathematical modelling remains an
underexplored dimension of teacher preparation. Accordingly, this research examines
the question: How do primary pre-service teachers evaluate mathematical modelling
tasks generated by GenAI? This action research adopted the task-selection processes
(Bardy et al., 2024) and the features of mathematical modelling tasks Geiger et al.
(2022). as the research framework. The study was conducted in a primary mathematics
education course. PSTs participated in four lectures introducing mathematical
modelling and task design. Forty-one written assignments, including screenshots of
GenAI interactions and written evaluations, were collected for content analysis. The
initial findings show that nearly half of the PSTs (22/41) provided independent
evaluations. However, their reasoning was largely descriptive and focused on surface-
level mathematical modelling task features. The remaining PSTs relied on GenAI’s
evaluation without offering their own reasoning. While GenAI supports task design, it
risks shaping PSTs’ judgment toward superficial reasoning. This underscores the need
for teacher education to move PSTs from passive users to critical evaluators of GenAI-
generated content.
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MONEY WITHOUT CASH? A MATHEMATICS EDUCATION
PERSPECTIVE

Regina D. Möller1, Peter Collignon2

1Humboldt-University of Berlin, 2University of Erfurt

CHANGING MONETARY PRACTICES
In many countries, everyday monetary practices are undergoing rapid transformation
due to the declining use of cash and the increasing prevalence of digital payment
systems. For learners, money is no longer primarily encountered as a tangible medium
but as symbolic, often invisible, numerical information on screens and cards. From a
mathematics education perspective, this shift raises questions about how learners sense
and make sense of monetary quantities, value, and transactions. While traditional
school mathematics has long relied on cash-based contexts (coins, notes, making
changes), these contexts may no longer adequately reflect students’ lived experiences.
DIDACTICAL IMPLICATIONS
The reduced materiality of money changes the epistemic and cognitive conditions
under which learners develop quantitative and financial understandings. Cash-based
situations typically support embodied and perceptual access to magnitude and
equivalence, whereas digital payments foreground symbolic representations and
algorithmic processes. This development may both open and constrain learning
opportunities. On the one hand, digital contexts can foster work with large datasets,
functional dependencies, and modelling situations. On the other hand, the loss of
sensory grounding may weaken intuitive understandings of value and proportionality.
From a modelling perspective, money provides a rich domain for linking arithmetic,
functional thinking, and economic reasoning.
QUESTIONS FOR MATHEMATICS EDUCATION
The poster discusses how mathematics education can respond to changing monetary
practices. It argues for a reflective integration of cash and cashless contexts that
supports both experiential grounding and formal reasoning. Particular attention is given
to implications for modelling tasks and for fostering students’ critical understanding of
quantitative information in digital financial environments.
References
Arcavi, A. (2003). The role of visual representations in the learning of mathematics.

Educational Studies in Mathematics, 52(3), 215–241.
Lusardi, A., & Mitchell, O. S. (2014). The economic importance of financial literacy. Journal

of Economic Literature, 52(1), 5–44.



696
2026. In H. Krzywacki, M. Hähkiöniemi, E. Haataja, M. Hannula & P. Hästö (Eds.). Proceedings of the 49th
Conference of the International Group for the Psychology of Mathematics Education: General Contributions,
p. 696. PME.

HYBRID COLLABORATION DYNAMICS IN THE CO-DESIGN
OF A MATHEMATICAL MODELLING ACTIVITY-SEQUENCE

María Florencia Cruz1, Cristina Esteley2, María Mina2

1Universidad de Córdoba, 2Universidad Nacional de Córdoba

Interest in teacher collaboration and task design is growing internationally in
mathematics education, yet hybrid environments remain understudied (Marshman &
Goos, 2025). One barrier to effective teaching of mathematical modelling (MM) in
compulsory education is the limited availability of teacher-usable tasks (Borromeo
Ferri, 2018), making collaboration in the design and adaptation of MM proposals
relevant. Within this framework, four Argentine teacher educators collaborated to
design an MM activity-sequence for a hybrid initial teacher education group. The
collaboration combined face-to-face and digitally mediated interactions. The study
examines the dynamics of collaborative work during the design process. This
qualitative case study analyses how hybrid interactions shaped participation,
negotiation, and decision-making among the teacher educators (Wegerif, 2020).
Our results show that the collaborative work was configured as a dynamic process of
positioning and repositioning around MM. What began as an apparent consensus,
sustained by a shared repertoire regarding MM, became strained when specific
institutional conditions became visible (for example, a format alternating face-to-face
and virtual weeks). This situation reopened negotiation about what it means to design
“authentic” tasks under constraints of time, curricular legitimacy, and limited
interaction. This tension (authenticity–time–hybrid conditions) was not resolved;
rather, it became a productive focus that restructured roles, reoriented decisions, and
was materialised in the resulting MM activity-sequence, organised into five “moments”
articulating reflection, extended MM work, and conceptualisation through a
combination of face-to-face formats and digital mediations. Overall, the study
contributes to research on collaboration among teacher educators by showing how
hybrid environments configure collaborative dynamics in the design of an MM
activity-sequence and by offering insights for future implementations of MM.
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MATH LANGUAGE WHEN SPEAKING A DIFFERENT HOME
LANGUAGE: AN EXPLORATORY STUDY IN 2ND GRADERS

Karen De Keersmaeker, Patrick Onghena, Kris Van den Branden,Wim Van Dooren
KU Leuven

Understanding mathematical texts, instruction and mathematical exercises requires
both general language abilities and math language abilities (i.e., the content-specific
language used in mathematics, such as the words double, majority; Bailey &
Wilkinson, 2022; De Keersmaeker et al., 2025). Research shows that both general and
math language explain individual differences in children’s math performance, with
math language being more influential (De Keersmaeker et al., 2025). Despite the
growing linguistical diversity in western classrooms, research comparing children’s
math language in their home language (HL) and instructional language (IL) is scarce.
Therefore, we conducted an exploratory study examining (1) differences in math
language across IL and HL, and (2) relations with math. 28 second graders (10 boys,
18 girls, mean age: 7 years 11 months) participated in this exploratory study. They
attended school in Flanders, Belgium (IL = Dutch) and spoke Turkish at home.
Children completed a math language task (in IL and HL), general language task (in
IL), and a math task (in IL).
A paired samples t-test and binominal GLMMs suggest that children’s math language
abilities are comparable across languages, as children showed similar performance in
accuracy and error patterns. Next, children were grouped into three clusters (low,
average, high) based on their math language scores in both languages. General
language did not differ between groups, and math language was comparable across
languages, within groups. Across groups, higher math language was related to higher
math abilities, implying that a higher math language ability in any language (even not
the instructional one) may act as a protective factor.
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THE REFLECTIVE TEACHER IN THE DIGITAL MATHEMATICS
CLASSROOM: EMOTIONS, BELIEFS, AND SELF-EFFICACY IN

PRIMARY EDUCATION
Camilla De Stefani, Giorgio Bolondi

Libera Università di Bolzano

Recent research increasingly recognizes that teacher affect and beliefs profoundly
influence instructional practices (e.g. Di Martino, 2011), particularly when integrating
digital technologies in mathematics education. While Leijen et al. (2023) demonstrate
that teacher beliefs significantly mediate students' opportunities for agency in primary
education, there remains limited understanding of how affect and beliefs on one side,
and self-efficacy and reflective processes on the other interact to shape teachers' digital
mathematics practices. Drawing from established frameworks including Bandura's
self-efficacy theory, Pekrun's control-value theory of emotions, and the TPACK
model, this study addresses this crucial gap by investigating the multidimensional
nature of teacher orientations toward technology integration.
The research aims to identify digital-pedagogical profiles that emerge from these
interactions, and explore how reflective processes mediate these orientations. We
employ an explanatory mixed-methods design structured in two stages. Phase 1
involves administering a comprehensive questionnaire to 300 primary teachers
measuring emotions, self-efficacy, epistemological beliefs, and orientations toward
digital mathematics teaching. Phase 2 consists of explicitation interviews (Vermersch,
1994) with approximately 20 teachers selected based on emerging profiles from Phase
1 to explore teachers' experiential and reflective processes in greater depth. Data
analysis combines quantitative cluster analysis with qualitative thematic coding to
identify teacher profiles. Based on existing literature and preliminary theoretical
triangulation, we anticipate the emergence of different profiles that we expect to reveal
significant correlations between emotional regulation, reflective capacity, and effective
technology orchestration. In the presentation, further results will be discussed in detail.
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STUDENTS’ SCEPTICAL CONCEPTIONS OF GENERATIVE
ARTIFICIAL INTELLIGENCE IN MATHEMATICS EDUCATION

Helena Dell’Anna, Domenico Brunetto
Politecnico di Milano

Mathematics education research has shown growing interest in the integration of
generative artificial intelligence (GenAI) tools in teaching and learning contexts (Pepin
et al., 2025). Blahopoulou and Ortiz-Bonnin (2025) focused on undergraduate students
who choose not to use GenAI, showing how these students can shed light on possible
risks and misuse of these tools. Building on this perspective, this study focuses on
secondary school students who limit or avoid the use of GenAI in mathematics
learning. The study addresses the following research question: What conceptions do
secondary school students who are sceptical about GenAI have regarding its use in
mathematics learning? The construct of conceptions is understood as encompassing
beliefs, meanings, and mental representations (Philipp, 2007).
To that end, 36 students’ short written essays on GenAI in mathematics learning were
collected and analysed: 19 from non-users, 8 former users, and 9 rare users. The
categorical analysis was then conducted to investigate students’ conceptions. In
particular, several recurrent conceptions emerge: (1) GenAI may reduce autonomy and
mathematical reasoning; (2) GenAI can support learning and (3) may reduce
motivation and interest in mathematics; (4) GenAI may lead to reduced understanding
and (5) may reduce anxiety and increase accessibility of mathematics; (6) GenAI may
be unnecessary or distracting for learning; and (7) GenAI may be unreliable and
misaligned with school mathematics. These findings align with prior research on the
potential of GenAI to support learning and on concerns about overreliance, reasoning,
and reliability (Pepin et al., 2025; Blahopoulou & Ortiz-Bonnin, 2025). Moreover, the
study highlights how, in mathematics learning and among non-users, students’
conceptions also involve aspects such as motivation, anxiety, and accessibility.
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ATTITUDES AS AN OUTCOME OF BLENDED MODELLING
INSTRUCTION IN PRIMARY TEACHER EDUCATION

Rina Durandt
University of the Witwatersrand

This poster reports on changes in primary mathematics student teachers’ attitudes
towards mathematical modelling following an independence-oriented modelling
intervention implemented in a blended learning environment. It also visually presents
the instructional design of a ten-lesson modelling unit (five face-to-face and five online
lessons) on fractions, developed within the project Studies in Teaching Approaches for
Mathematical Modelling at Primary Level (STAMM@prim). Instructional design and
affective factors are central to modelling learning. Carefully structured interventions
that combine instructional guidance with opportunities for autonomous construction
can foster learner independence and support substantial competency gains (e.g., Lindl
et al., 2025). In modelling contexts, attitudes are especially salient because tasks are
open-ended, cognitively demanding, and situated in real-world contexts. Such
characteristics can both challenge and strengthen learners’ motivational beliefs and
emotional responses (Di Martino, 2019). Using a pre–post design, quantitative data
were collected from 34 student teachers in 2025 with the adapted Survey of Attitudes
Towards Mathematical Modelling (SATMM). The instrument comprises 36 items
across six dimensions (effort, interest, difficulty, value, cognitive competence, and
affect) measured on a seven-point Likert scale. Paired-samples t-tests revealed
significant gains in effort (t(33) = 5.26, p < .001, dᶻ = 0.90, large) and in interest, value,
cognitive competence, and affect (t = 3.37–3.60, p ≤ .002, dᶻ = 0.58–0.63, medium).
Perceived difficulty did not change significantly (t(33) = 1.04, p = .308), indicating that
while tasks remained challenging, participants reported increased motivation,
confidence, and positive emotional engagement. Overall, the findings suggest that a
well-designed, independence-oriented modelling intervention in a blended
environment can strengthen key affective and motivational dimensions without
reducing cognitive demand. For PME research, the study highlights the importance of
considering attitudes as an integral component of modelling competence and as a
meaningful outcome of instructional design.
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UNDERGRADUATE STUDENTS’ MATHEMATICAL-DIGITAL
COMPETENCY IN SOLVING SOCIO-ECOLOGICAL

CONTEXTUAL PROBLEMS: A CASE FROM INDONESIA
Shofan Fiangga1,2, Sigal-Hava Rotem1, Michiel Doorman1

1Freudenthal Institute, Utrecht University
2Mathematics Education Department, Universitas Negeri Surabaya

Introduction and study goal. Learning mathematics involves applying mathematical
knowledge to real-world problems. The use of digital tools to explore socio-ecological
issues is increasing. Indeed, when students use digital tools to solve these contextual
problems, they activate mathematical modeling processes to understand and change
the world (Coles et al., 2024; Geraniou & Jankvist, 2019). However, many studies treat
students’ mathematics and digital skills as separate areas. Hence, this study examines
how university students combine mathematical and digital competencies to solve a
socio-ecological problem.
Methods. The study used a qualitative approach. We collected data from task-based
activities with thirty-five second-year undergraduate students (ages 19-20), all of
whom had taken a geometry course. The task focused on water scarcity to spark socio-
ecological engagement in mathematics. Students completed the task in GeoGebra
Classroom with a 30-minute time limit.
Preliminary results. The initial analysis shows that students’ mathematical and digital
competency in solving socio-ecological problems can be described in five stages. First,
the socio-ecological conceptual and contextualization stage is about understanding the
narrative and translating real-world constraints into an abstract mathematical
statement. Second, the digital hypothesis stage involves forming a mathematical
hypothesis and choosing a digital tool strategy. Third, digital formulation is building
and executing the model in a digital environment. Fourth, reasoning and iteration use
the digital tool's features to validate and adjust the mathematical output. Fifth, socio-
ecological encoding and communication translate the validated mathematical results
back into a meaningful, contextual conclusion.
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FROM PAPER TO DIGITAL: STUDENT PERFORMANCE IN THE
KANGAROO OF MATHEMATICS COMPETITION

Michael Fischer1, Robin Gludovatz2, Yasmin Theile3, Armin Fabian4,
Viet Anh Nguyen1, Florian Berens4

1University of Graz, 2University of Vienna, 3University of Cologne
4Hector Research Institute of Education Sciences and Psychology

The "Kangaroo of Mathematics" is the world’s largest school mathematics
competition, engaging over six million students annually with short, timed multiple-
choice problems that emphasize inventive reasoning over routine classroom
procedures. In recent years, the digital transformation of such competitions has been
discussed both as an opportunity and a risk for a more inclusive and sustainable world.
While digitalization is often associated with resource conservation, researchers like
Shengjergji and colleagues (2024) highlight possible "hidden costs" and environmental
impact of digitalisation, suggesting that the ecological balance of digital learning is
complex. Furthermore, moving a competition from paper to screen is not a neutral
technical change. While Kenderov (2022) demonstrates a positive example with the
Bulgarian "Theme of the Month" contest—where students use dynamic geometry
software like GeoGebra to explore mathematical ideas—the direct transfer of the
Kangaroo contest reveals different results.
Based on the 2023–2025 Austrian Kangaroo cohort (94,750 students; 160,360 entries),
we analyzed results from a digital replica of the paper format, which reached ~10%
online participation by 2025. First findings indicate a significant "digital gap": students
participating online achieved consistently lower scores compared to their peers
working on paper. Specifically, the analysis shows a stable performance drop of 3.00
percentage points, which corresponds to a relative loss of nearly 8% in achievement.
This disadvantage is educationally non-trivial, as it nullifies around 50% of the average
annual learning progress typically observed between consecutive grade levels. These
results suggest that unless tasks are specifically designed for digital exploration—as
seen in the Bulgarian model—the mere digitalization of traditional formats may
introduce systemic frictions that hinder mathematical performance.
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EXPANDING THE SCOPE OF AN INSTRUMENT TO SELECT
SOCIAL MEDIA VIGNETTES FOR MATHEMATICS EDUCATION

Peter Gonscherowski, Benjamin Rott
University of Cologne

The ability to select (digital) learning resources represents a fundamental component
of digital competence, which must be cultivated among pre-service mathematics
teachers. Evaluating the effectiveness of its development within teacher education
requires objective, reliable, and valid assessment instruments. Gonscherowski (2026)
devised such an instrument and subsequently validated it using GeoGebra applets. The
concise four-item instrument requires participants to describe the learning content of a
GeoGebra applet (item 1), select the learner’s age and specific educational needs (items
2-3), and provide a rationale for or against its selection in relation to the latter (item 4).
The open- and closed-ended items are scored on a scale from 1 to 7. Given the
widespread use of social media also for disseminating video vignettes for learning
mathematics (Engelbrecht et al., 2025), the present study aims to determine whether
the developed four-item instrument can also be used to assess the ability to select such
vignettes. Additionally, the study examines how a sample of pre-service teachers
(n=16), participating in a mathematics lecture during the winter of 2025/2026, reasoned
for or against the selection of such vignettes. The instrument was utilized in a voluntary
assessment that included a video vignette, a GeoGebra applet, and a non-digital
teaching method for the Pythagorean theorem. The same coding procedures outlined
by Gonscherowski (2026) were applied, which demonstrated that identical coding and
scoring could be used for the video vignette. A notable result was that the predominant
reason for selecting the video vignette was a single factor: the demonstration of the
Pythagorean theorem’s application in a real-world context. In contrast, reasoning
related to the GeoGebra applet exhibited greater variability, encompassing factors such
as reduced cognitive load and increased motivation. Convrsely, reasoning about the
non-digital method for teaching the Pythagorean theorem was less specific or absent.
These findings are constrained by the small sample size and the evaluation of digital
resources for only one learning content. Nevertheless, they underscore that the sample
of pre-service teachers placed significant importance on the real-world context of
learning materials. This insight should be considered when developing the facet of
digital competence and selecting digital learning resources.
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MATHEMATICAL FLEXIBILITY OF LITHUANIAN PUPILS
Monika Grigaliūnienė1,2, Erno Lehtinen2,3, Jon Star4

1Faculty of Informatics, Vytautas Magnus University
2Education Academy, Vytautas Magnus University

3Department of Teacher Education, University of Turku
4Harvard Graduate School of Education

Mathematical understanding is essential for personal and societal success, yet many
Lithuanian pupils underperform in mathematics, raising concerns about teacher quality
and preparation. In the age of digitalization and artificial intelligence, questions arise
about whether the mathematics taught offers a solid foundation for developing essential
mathematics-related skills. In the long term, this also affects the country’s capacity for
high-tech and post-industrial development. Mathematical flexibility supports problem-
solving, reasoning, conceptual understanding, and adaptability (Star et al., 2022).
Evaluating whether Lithuanian pupils possess these skills is crucial, as this has not
been studied in the Lithuanian context. The research questions are: (1) how
mathematical flexibility vary by mathematical achievements, (2) what flexibility
profiles emerge from the data.
The sample consists of nearly 1,000 Lithuanian pupils, divided into two groups
according to grade level: secondary and upper secondary education. The intervention
followed procedures used in previous studies (e.g., Star et al., 2022; Xu et al., 2017)
and was implemented in collaboration with the pupils’ teachers. Pupils were given the
same linear equation tasks on two occasions and were asked to solve them using
different methods, then asked to evaluate with is more efficient.
Several distinct profiles emerged from the data, including one profile of students who
experienced significant difficulties in solving linear equations, particularly more
challenging ones, and a second profile of students who were able to solve the equations
but demonstrated no flexibility, as they did not present any alternative strategies. These
pupil profiles provide a more nuanced understanding of the Lithuanian student
population.
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USING FAIRY TALES TO BREAK ALGORITHMIC FIXITY IN
PROBLEM POSING

Gülnihal Güven, Çiğdem Arslan
Bursa Uludağ University

Mathematical problem posing is a fundamental cognitive activity that fosters creativity
(Silver, 1994); however, pre-service teachers often default to routine patterns due to
algorithmic fixity. This study investigates the potential of children’s literature,
particularly universal fairy tales, to overcome this constraint. Fairy tales provide a
familiar yet flexible context, enabling participants to concretize abstract concepts
beyond standard procedures (Zazkis & Liljedahl, 2009). The research analyzes how
such narrative contexts shape pre-service teachers’ cognitive integration and affective
responses during the problem-posing process.
This study is a case study conducted with 25 pre-service mathematics teachers. Data
were collected through an individual problem-posing task supported by visual cards
depicting Pinocchio, Cinderella, Snow White, and Rapunzel, along with learning
journals. Participants were asked to construct mathematical problems based on these
universal narrative contexts. The 25 written problems were analyzed using qualitative
content analysis to identify how fairy tale elements were connected to mathematical
concepts.
The findings indicate that the participants transformed fairy tales into mathematical
variables and structures. In the Rapunzel context, the desire to escape the tower was
modeled through hair growth percentages and the Pythagorean theorem based on the
tower’s structure. In Pinocchio, the concepts of “lie” and “truth” were mathematized
without detaching them from their ethical dimensions, through the Fibonacci sequence
and “good deeds” designed to neutralize the effects of lying. In Cinderella, the pressure
of midnight evolved into dynamic problems involving speed–time calculations and
step combinations. In Snow White, the theme of sharing was represented through the
division of gold among the seven dwarfs using prime relationships or the greatest
common divisor, while the poisoned apple was incorporated into survival probability
scenarios.
Endnote: This study is a part of the author’s ongoing master’s thesis.
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VIRTUES AS PREDICTORS OF INTRINSIC MATHEMATICS
MOTIVATION IN YOUTH

Päivi Halmekoski, Lotta Uusitalo, Markku S. Hannula
University of Helsinki

Virtues are positive qualities of character commonly studied in positive psychology. In
the present work, character strengths and virtues are referred to collectively as virtues,
reflecting the traditional meaning of virtue. The aim of the study was to analyze how
virtues predict intrinsic motivation in mathematics in youth. Compassion, leadership,
and patience were identified as core virtue dimensions in youth aged about 10–15 years
and operationalized in an earlier stage of the study. Although there is much prior
research about virtues and intrinsic motivation separately, research combining virtues
with intrinsic mathematics motivation is limited.
In self-determination theory, intrinsic motivation means interest and enjoyment in
doing something for the sake of the activity itself (Ryan & Deci, 2000). We
operationalized intrinsic mathematics motivation as an adaptation of Intrinsic
Motivation Inventory interest/enjoyment scale (IMI, 2020; Ryan & Deci, 2000).
The sample consisted of 264 pupils aged about 10–15 years. As virtues are considered
rather stable character traits, we assigned virtues as independent variables and intrinsic
mathematics motivation as a dependent variable for a multiple regression analysis.
According to the results, self-reported skills in leadership and patience predicted
intrinsic mathematics motivation about the same amount each (N = 264, R² = .234:
leadership: β = .313, p < .001; patience: β = .266, p < .001; compassion: β = –.002,
p = .973). Compassion did not predict intrinsic mathematics motivation.
The results indicate that the virtues of leadership and patience are positively associated
with intrinsic motivation in mathematics. While there are theoretical arguments for
assuming virtues to be a more stable construct than motivation, we cannot rule out a
reciprocal relation. Nevertheless, the results indicate an interesting relationship
between personal virtues and motivation in mathematics, warranting further study.
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TEACHERS’ NOTICING RELATED TO MODELLING-SPECIFIC
METACOGNITIVE SUPPORT – A VIGNETTE-BASED STUDY

Stefanie Hartmann1, Michael Fischer2, Anna Medwed2, Martin Bracke3,
Sebastian Kuntze1

1Ludwigsburg University of Education, 2University of Graz, 3University of Koblenz

Modelling-related meta-knowledge, e.g., about working steps in the modelling cycle
(e.g., Blomhøj & Jensen, 2003) can be very helpful when students have to monitor their
own modelling process, for instance. Consequently, teachers’ noticing (Sherin et al.,
2011) of non-optimal modelling-specific metacognitive support in classroom situation
contexts is hence a potentially impactful teacher competence aspect, because teachers
should be able to foster modelling-specific meta-knowledge in their students. As
research on this modelling-specific aspect of teacher noticing is scarce, this study
explored the following research question: To which extent do pre-service and in-
service teachers notice non-optimal modelling-specific metacognitive support in
classroom situations shown in classroom cartoon vignettes?
For exploring this research question, more than 200 pre-service and 18 in-service
teachers were asked to comment on two classroom cartoon vignettes which showed
situations in which a retrospective consideration of the modelling process would have
been necessary in order to make the students aware of their modelling process and to
enable them to improve their work throughout the stages of this process – a learning
opportunity missed by the vignette teacher. Hence, an opportunity of building up
knowledge at the metacognitive level on the modelling process had been missed in the
vignette situations. The participants’ comments on the classroom situation as
represented in the cartoon vignette were coded in a top-down criterion-based approach
using content analysis (Mayring, 2015). The analysis yielded comparatively low
frequencies of this aspect of noticing both for pre-service and in-service teachers. A
qualitative look at the answers also suggests that there was little awareness of
metacognitive support with respect to modelling. For mathematics teacher education,
the findings thus call for a reinforced emphasis not only on professional knowledge
related to modelling and the modelling cycle, but for learning opportunities focused on
classroom situations in which modelling activities are implemented.
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ELEMENTARY TEACHERS’ TAKEAWAYS ACROSS TWO
PROFESSIONAL DEVELOPMENT PROJECTS IN RURAL

APPALACHIA
Lynn Hodge, Shande King, Amy Maples, Chulin Chen, Bethany Parker

The University of Tennessee

INTRODUCTION AND BACKGROUND
This poster presentation focuses on shared themes and uniqueness across two projects
supporting professional learning in mathematics for elementary teachers. One project,
Math Counts, is a three-year series of Summer Institutes in mathematics content and
pedagogy. A second project, Computer Science for Appalachia (NSF 2219418), is a
five-year project with mathematics embedded professional development in the context
of learning on computational thinking and culturally responsive pedagogy. Research
on learning has emphasized the importance of hybrid spaces that support the
participation of multiple identities, perspectives, experiences, and ways of knowing
(Guterrez et al., 1999). Through the prioritizing of stories and community connections,
our work the past ten years has sought to support teachers’ content understanding,
engagement, and pedagogy. In addition to supporting teachers through open tasks, we
draw on a decentering approach that positions teachers as experts of their students and
communities. This approach prompts us to ask teachers two questions: How does a
given task connect to the community? How will students experience this task? The
overarching research question we have explored is: What are the tasks, experiences,
and resources of professional development that support teacher learning and
connections related to mathematics?
THEMES AS REFLECTED IN TEACHERS’ WORK
Two themes appeared across teachers’ work from both projects. First, community and
individual stories provided an effective way for teachers to meaningfully connect with
the mathematics content being presented. Second, there seemed to be some missed
opportunities in leveraging stories to build content understanding that have
implications for future design. One theme that reflected uniqueness of the two projects
was how mathematics embedded in computer science professional development
offered another point of connection for some teachers. These themes hold implications
for mathematics teaching and learning and professional development.
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EXPLORING A CHATGPT-BASED MATHEMATICS TUTOR:
FEASIBILITY, REINFORCEMENT, AND SOCRATIC GUIDANCE

Shu-Hao Hsu1, Feng-Lin Lu2, Tai-Yih Tso1, Yu-Min Sun1

1National Taiwan Normal University
2National Academy for Educational Research

This study explores the application of generative artificial intelligence (ChatGPT) in
mathematics education, assessing its problem-solving accuracy and its potential to
serve as a Socratic math tutor for junior high school students. Using mathematics
questions from Taiwan's Comprehensive Assessment Program (CAP), the research was
conducted in three phases: preparation, training, and implementation. In the
preparation phase, the untrained ChatGPT demonstrated limitations in visual and
spatial reasoning, with over 70% of its errors stemming from textual and graphical
misinterpretations. This echoes findings that AI struggles with interpreting graphical
data in mathematical reasoning (Dao & Le, 2023).
During the training phase, a three-level reinforcement strategy was applied to address
these limitations: modifying input formats to text/LaTeX, introducing Polya’s (1945)
four-step problem-solving framework, and providing hierarchical prompts. This
reinforcement strategy effectively mitigated the AI's initial weaknesses, significantly
improving its problem-solving accuracy to an average score of 95.77.
Finally, in the implementation phase, an AI-based math tutor was constructed utilizing
Pólya’s framework and Socratic questioning (Elder & Paul, 1998) to guide students
through the problem-solving process. While the AI could systematically structure the
problem-solving guidance, results showed that it still struggled with executing
authentic Socratic dialogues—such as guiding students to reflect on blind spots rather
than directly providing answers—and interpreting complex geometric diagrams. This
study provides in-depth insights into the potential and limitations of utilizing
generative AI for personalized mathematics learning.
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INTERNATIONAL COMPARATIVE ANALYSIS OF THE
QUALITY OF ELEMENTARY MATHEMATICS INSTRUCTION IN

EL SALVADOR, NICARAGUA, AND BOLIVIA
Hiroki Ishizaka1, Satoshi Kusaka1, Felix Abraham Guevara Menjivar2,

Wendy Stefania Rodríguez Argueta2, Akiho Itagaki3, Douglas Jared Martínez Cruz4
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3Japan International Cooperation Agency
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The Mathematical Quality of Instruction (MQI) framework evaluates the quality of
mathematical content in classroom instruction through structured observation (Hill et
al., 2008). Previous research has demonstrated associations between teachers’
mathematical knowledge and observed instructional quality using MQI (Hill et al.,
2008). At the same time, methodological studies emphasize that MQI scores must be
interpreted carefully, accounting for multiple sources of variation such as raters,
lessons, and instructional contexts. Questions remain regarding how MQI functions
across different national and cultural settings.
This study examines how MQI functions across different national contexts. The
research questions are: (1) How does the mathematical quality of instruction differ
across elementary mathematics classrooms in El Salvador, Nicaragua, and Bolivia?
and (2) To what extent does the background of evaluators influence MQI scores?
Video recordings of Grade 5–6 mathematics lessons were collected in the three
countries. Lessons were segmented into instructional episodes and coded using the
MQI protocol. Coding was conducted by three mathematics education experts from
different cultural backgrounds. Coders jointly analysed sample lessons prior to
independent coding. Inter-rater reliability was examined using intraclass correlation
coefficients, and variance components associated with raters and lessons were
estimated using a generalizability approach.
MQI profiles are expected to reveal both shared characteristics and cross-national
differences. Lesson-level variation is expected to exceed rater effects, suggesting that
MQI can provide a stable comparative framework across cultural contexts.
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VISUAL AND BEHAVIOURAL SIGNATURES OF ARITHMETIC
STRATEGIES IN CHILDREN: AN EYE-TRACKING STUDY
Samuel Juma, Ariane Tretow, Susannah Otieno-Leppänen, Tuire Koponen,

Jarmo Hämäläinen, Paavo. H.T. Leppänen
University of Jyväskylä

Arithmetic strategy use is central to numerical competence, since one cab draw from
multiple co-existing strategies depending on task demands and individual differences
(Hickendorff, 2022). Thus, understanding how children deploy different arithmetic
strategy is critical for instruction. However, the cognitive signature of strategy use is
difficult to identify from behavioural measures: accuracy does not indicate how a
solution was produced, and reaction time offers only a coarse proxy of processing. We
argue that eye-tracking offers a process-sensitive window into real-time interaction
with symbolic number representations. We hypothesize that hidden strategy
implementation leaves traces in gaze behaviour that behavioural measures alone may
miss, thus complement outcome-based assessments. The research questions are:

 Which eye-movement features differentiate arithmetic strategies during single
digit addition task?

 How do task characteristics (e.g., operand magnitude and order) influence
strategy selection and corresponding gaze patterns?

The study included 133 first-grade students (mean age 8.2 years; 49% boys) from 25
public schools in Finland. Children solved computerized single digit addition questions
while eye movements were recorded; reaction time and accuracy were logged, and
strategy use was coded from children’s post-task reports.
Results show that counting showed longer dwell times and frequent operand
transitions, decomposition involved structured digit-level shifts, and retrieval showed
sparse fixations and shorter viewing time. Small →large operand order elicited faster
responses and fewer transitions than large →small, indicating that operand structure
influences strategy selection.
Based on the results, we conclude that arithmetic strategy use is reflected in measurable
gaze patterns during symbolic processing. Fixation duration, spatial allocation, and
operand transitions function as observable markers of strategy implementation. Task
features such as operand order and visual layout need to be considered in task design
as they shape strategy use across learners.
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COLLABORATIVE PROBLEM-SOLVING PROCESSES IN AN
ESCAPE GAME CONTEXT

Marie Christine Juteau
Université de Montréal

This poster presents part of a doctoral study examining collaborative problem-solving
processes in an educational escape game context. Although educational escape games
have attracted increasing attention in education, their contribution to mathematical
problem-solving processes remains only partially documented. This study aims to
explore how mathematical problem-solving processes are implemented by Grade 6
students in an educational escape game context.
The conceptual framework is grounded on research addressing the contributions and
limitations of escape game context (Piñero, 2020) and on problem-solving models such
as Poirier (2001). The study adopts a qualitative interpretative approach. A digital
escape game integrating mathematical puzzles was designed for research purposes. The
intervention was conducted with three Grade 6 teams composed of three students each.
Data were collected through video recordings, classroom observations, field notes, and
students’ written problem-solving work. The analysis focused on observable
manifestations of problem-solving processes.
The poster presentation highlights one pre-algebra episode in which students were
asked to determine the mass of objects based on two relational constraints. Results
show that problem-solving processes were dynamic, non-linear, and iterative.
Consensus-building dialogue, trial-and-error reasoning, and digital feedback
opportunities supported collaborative problem solving by transforming errors into
exploratory learning steps. Interface-based validation functioned as a regulatory
indicator of students’ answers.
Overall, the study contributes to understanding how educational escape game can
support collaborative problem-processes processes, highlighting their potential to
foster iterative exploratory reasoning in pre-algebra tasks.
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MATHEMATICAL ARGUMENTS AND “FAKE NEWS”:
EXPLORING EVALUATIVE CRITERIA ACROSS CONTEXTS

Carolin Kammrad, Michael Meyer, Dennis Müller
University of Cologne

The critical evaluation of claims and arguments is a central goal of mathematics
education, both within mathematical contexts and, more broadly in the sense of general
education, in fostering a critical and reflective attitude towards arguments beyond it
(Skovsmose, 2023). In this sense, it is particularly relevant given the increasing spread
of (socio-ecological) misinformation. We conceptualise the evaluation of statements
and arguments as the use of criteria to assess claims and their justification (Toulmin,
2003). This qualitative study investigates: Which evaluative criteria do students use in
mathematical and socio-ecological contexts, and to what extent are criteria used in
one context taken up in the other?
We conducted semi-structured pair interviews with 16 eighth-grade students (aged 13–
14). They evaluated mathematical claims and arguments (true and false) as well as
climate-related social media posts in a fixed sequence. Data were analysed
interpretatively focusing on the evaluation criteria used. The analysis revealed a range
of similar and different criteria. For instance: Concerning the initial mathematical
claims and arguments, they focused primarily on correctness. When dealing with
climate misinformation, they introduced additional criteria such as plausibility, source
origin, and data presentation. For example, the credibility of a claim was questioned
solely based on its visual and linguistic design. Remarkably, these criteria re-emerged
during the valuation in the second mathematical context, where students paid attention
not only to correctness but also to the structure and presentation of arguments. Our
findings suggest that students’ evaluative practices are context-sensitive and can
expand when engaging with socio-ecological claims. The results indicate that criteria
introduced in one context may also be applicable in other contexts. This underscores
the potential of integrating socio-ecological contexts into mathematics education to
provide students with a broader range of evaluation criteria for arguments, which
previous studies have shown to be limited (Meyer & Schnell, 2020). Thus, the study
highlights the potential of socio-ecological contexts to extend students’ evaluative
practices in mathematics education and to contribute to critical mathematical thinking.
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EARLY PROPORTIONAL REASONING BEFORE AND AFTER
INSTRUCTION IN MULTIPLICATION AND INTRODUCTORY

FRACTIONS: AN EXAMINATION OF SECOND GRADERS’ USE
OF PICTORIAL REPRESENTATIONS

Hisae Kato1, Ai Terai2, Yumi Ueno3, Keiko Hino4, Hiraku Ichikawa5

1 Hyogo University of Teacher Education, 2 Matsue Elementary School,3 Gion
Elementary School, 4 Utsunomiya University and 5 Miyagi University of Education

Proportional reasoning has been widely investigated due to its educational importance
(e.g., Lobato et al., 2010). However, limited research has examined in detail how
proportional reasoning is fostered through formal schooling. In this study, we focus on
instruction in whole-number multiplication and introductory fraction concepts. Based
on written survey data, we examine how this instruction relates to the development of
early proportional reasoning (EPR) before and after the instructional sequence. In our
previous study (Hino et al., 2024), we analyzed how children’s EPR developed before
and after learning multiplication, as well as how the children began to use
multiplication in solving proportional reasoning problems. Building on this work, the
present paper further refines the survey tasks and adds pictorial representations to the
problem statements. We report the results of a paper-and-pencil survey conducted with
30 second-grade elementary school students, consisting of a pre-survey administered
prior to instruction in multiplication, followed by instruction in multiplication and
basic unit fractions, and a post-survey administered afterward. The results of the
written survey indicate that the percentage of correct answers to Problem 7 (“If 8 eggs
cost 60 yen, how much do 4 eggs cost?”) increased from approximately 17% to 40%.
In contrast, the percentage of correct answers to Problem 3 (“If 8 eggs cost 60 yen,
how much do 2 eggs cost?”) increased only from 0% to 13%. An analysis of children’s
written responses and strategies, interpreted from the perspectives of EPR and their
learning experiences with multiplication and fractions, revealed that children engaged
in exploratory attempts to coordinate the two quantities—the number of eggs and the
price— by adding their own details to the pictorial representations provided in the
problem. A remaining challenge is to examine in greater detail the diversity of these
responses in relation to different patterns of children’s learning trajectories.
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UNPLUGGED DATA SCIENCE LEARNING IN MATHEMATICS 
EDUCATION: A MODELLING PERSPECTIVE

Takashi Kawakami1, Takatoshi Konno2

1Utsunomiya University, 2Oyama Junior High School

The advent of big data and AI has heightened interest in instructional approaches that
ensure students’ data science (DS) learning in mathematics education (Biehler et al.,
2025). Unplugged DS tasks and activities that do not rely on computational tools and
programmes are effective for elementary and middle school students (e.g., Podworney
et al., 2025). However, designing such tasks and activities remains challenging. This
study aims to develop unplugged DS tasks and activities based on Models and
Modelling Perspectives (MMP; Lesh & Doerr, 2003) and verify them through a
practice for seventh graders (aged 12–13 years). MMP focuses on real-world problem-
solving and conceptual development through the
modelling process. Through this process, students elicit
their own thoughts within meaningful contexts, express
them as mathematical models, and evaluate and revise
these models to enhance their shareability and
generalisability. Consequently, MMP aligns with task
and activity design to develop student models and key
ideas related to DS. Based on MMP, this study developed the Unplugged Image
Classification Task, which requires students to develop convincing and sharable
models for classifying a real school mascot character according to cards labelled as
real or fake (Figure 1). In five lessons, the students repeated three cycles of generating
a classification model using the cards and verifying and modifying it with new cards.
Preliminary analysis of the students’ models revealed various measures of
classification, including the measurement of different attributes (e.g., eye size) and the
simplification of characters using geometric figures. These measures were articulated
through diverse representations, such as texts, tables, pictures, figures, and decision-
making process diagrams, similar to decision trees. These results highlight the potential
for a modelling approach to achieve open-ended and creative DS learning.
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Figure 1: An example of cards
(Left: real; Right: fake)
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TEACHERS’ EXPERIENCE OF TEACHING PROBABILITY IN
ELEMENTARY MATHEMATICS CURRICULUM

Azimehsadat Khakbaz, Sahr Safdari
Bu-Ali Sina University

In the last decades of the 20th century, probability found its way into lower levels of
education in many countries; a change that was accompanied by an emphasis on
empirical activities, simple random experiments, and the interpretation of real
situations rather than on formal formulas (Batanero et al., 2016). In Iran, probability
education has been included in the elementary mathematics curriculum since 2011.
However, Iranian primary school teachers have not had experience teaching probability
in primary education, and their understanding of probability is limited to the high
school curriculum, which takes a more classical approach. This issue has not been
addressed in their pre-service training. The main question of the present study is: how
do primary school teachers in Iran teach mathematical probability in the primary school
curriculum?
The method of this study is qualitative and was conducted through interviews and
classroom observations of nine primary school teachers in Hamedan, Iran.
The findings showed that teachers considered probability to be practical, relevant to
everyday life, and attractive to students. They tried to connect probability topics to
everyday life through practical experiments. Still, due to limited opportunities, they
focused the experiments on a specific result, which reduced the objectivity and
empiricism of probability education. On the other hand, the position of probability at
the end of the textbooks and the small volume devoted to it have led to the
simplification of education. Also, the challenges of not understanding randomness in
experiments, the discrepancy between theoretical probability in the textbook and
empirical probability, the interference of students' background with the assumptions of
probability problems, and the understanding of negative probability are among the
challenges of probability education that teachers mentioned. As a result, although
teaching probability seems easy, teachers face many challenges in implementing it
within the intended curriculum, using effective teaching methods, and addressing
students' misunderstandings. This indicates the need for professional development
programs in probability education focused on these three categories.
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THE SITUATED NATURE OF MATHEMATICS MOTIVATION:
DIFFERENCES BETWEEN TOPIC-SPECIFIC AND GENERAL

MATHEMATICS MOTIVATION
Triinu Kilp-Kabel, Hardi Sigus, Kaja Mädamürk

Tallinn University

Eccles and colleagues (1983) proposed a theory of achievement motivation, now
referred to as the situated expectancy-value theory (Eccles & Wigfield, 2020).
Therefore, to understand a students’ motivation within a subject, statements regarding
that subject instead of general motivation gives a clearer insight into students’
experiences and differences. We argue, however, that not all situations are created
equal and, thus, what constitutes a situated nature may require a more in-depth analysis
than remaining subject-specific. Therefore, the current study assesses mathematics
motivation comparing both general mathematics-related motivation, i.e. situating
motivation in mathematics, with a topic-specific type of motivation, more specifically,
situating motivation to the topic of functions.
The students in the study were Grade 7 Estonian students (N = 194, 48% female) with
the approximate age of 13-14 years who participated in the study during spring 2024.
They were asked to assess their self-efficacy and utility value through a questionnaire
which was based on the situated expectancy-value theory. Four statements were
provided for mathematics-related self-efficacy (ω = .88), function-related self-efficacy
(ω = .87), mathematics-related utility value (ω = .92), and function-related utility value
(ω = .89) with a total of 16 statements.
A paired samples Wilcoxon test showed that students rate mathematics-related self-
efficacy (Median = 3.50, W = 10484, p < .001, rrb =.73) higher than function-related
self-efficacy (Median = 3.00), and mathematics-related utility (Median = 4.00, W =
15338, p < .001, rrb =.99) higher than function-related utility (Median = 3.00).
Therefore, situating motivation in a mathematics-related context may not be enough to
understand the students’ day-to-day experiences and motivation with different topics.
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BUILDING STUDENT QUESTIONING THROUGH STUDENT-
CREATED AI RESOURCES IN SECONDARY MATHEMATICS

Shande King, Lynn Hodge
The University of Tennessee

Recent technological developments in AI have introduced unique creative pathways
for student success in secondary mathematics. Focusing on student development of
advanced questioning, this study reports on student uses of AI to develop their own
instructional and assessment materials as well as their evaluations of both materials as
they develop their own confidence and abilities as math learners (Canonigo, 2024).
Using a situated learning perspective (Lave & Wenger, 1991), we as researchers sought
to understand how secondary math students refined ways to use AI to assist in their
ability to question and produce authentic materials to better learn and assess their
learning of high school mathematics. The research questions are:

 How have secondary students come to use AI to develop their own
questioning about math?

 In what ways do secondary math students view AI as a resource for deeper
mathematical understanding?

The sample comprises 37 secondary mathematics students in their last two years of
high school in an independent school in an urban city in the southeastern United States.
The intervention takes place over one semester of teaching, with students incorporating
three iterations of AI questioning to determine how best to use AI as a resource they
can use to improve mathematical understanding. The students answered qualitative
questions about their perceptions and use of AI in secondary math classrooms after
each incorporation of AI.
Qualitative responses show a strong positive preference towards the use of AI in
secondary mathematics classrooms as a resource for question development and review
material, citing that the AI is not as helpful in catching student error or cannot
personalize learning in the way that a human teacher can. Further, results show that
students more creatively learned how to word prompts for AI so that students gained
more autonomy in their own learning and understanding of their own learning.
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DEVELOPING ETHNOSTEAM LESSON PLANS THROUGH
DESIGN-BASED RESEARCH

Rabia Gul Kirikçilar1, Ahmet Sukru Ozdemir2

1University of Michigan, 2Istanbul Sabahattin Zaim University

In this poster, we present findings from a design-based research (Bakker & Van Eerde,
2014) study examining how cultural artifacts (e.g., carpets, weaving practices,
traditional games) can be meaningfully integrated into mathematics lesson plans
through an interdisciplinary approach called EthnoSTEAM. The conceptual
framework of this research integrates ethnomathematics and STEAM education. The
study involved 11 middle school mathematics teachers from diverse regions of
Türkiye. Using design-based research, the lesson plans unfolded across three iterative
phases. In the preliminary phase, a needs analysis was conducted, followed by online
training sessions introducing the EthnoSTEAM approach and the stages of the design
thinking process (empathy, define, ideate, prototype, test) (Cook & Bush, 2018). In the
prototyping phase, teachers collaboratively developed and refined eight
EthnoSTEAM-based lesson plans addressing algebraic expressions; numbers and
operations; rational numbers and operations with rational numbers; and square root
expressions. In the evaluation phase, lesson plans were implemented in classrooms and
revised through structured expert feedback loops. Data were collected through teacher
diaries, lesson plans, and meeting records, and analyzed using descriptive and content
analysis. Kendall’s W coefficient was used to examine expert agreement across design
cycles. Findings indicate that the EthnoSTEAM approach strengthened students’
motivation, increased cultural awareness, and supported deeper mathematical
connection-making. Teachers described the design process as professionally enriching,
though time-intensive. Expert analysis revealed that while teachers demonstrated
strong performance in the ideation phase, they encountered the greatest difficulty
during the testing stage, particularly in assessing interdisciplinary student outputs. We
will share the iterative design process, teacher experiences, and the development of a
mathematics-centered EthnoSTEAM lesson plan template.
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ARITHMETIC COMPUTATIONAL THINKING TEST: DESIGN
AND PILOT STUDY

Laura Klapper, Saskia Schreiter
Pädagogische Hochschule Schwäbisch Gmünd

The term Computational Thinking (CT) describes the competencies for understanding
and solving problems by drawing on core concepts of Computer Science. Numerous
countries have implemented CT into their curricula even on a primary school level.
The integration of CT poses new challenges such as a “lack of tools and resources for
teaching” and the adequate “assessment of CT” (Bocconi et al., 2022, p. 39). In
response to this problem, this study presents the development of the ACTt, a new test,
assessing CT within the field of arithmetic.
Adapted from the CTt by Román-González (2015), the test focuses on the assessment
of computational concepts such as sequences, loops and conditionals and partly
includes computational practices such as abstraction and debugging. The test integrates
CT into arithmetic, reflecting its common use in math instruction and its
underrepresentation in existing CT assessments. While CT is considered a general,
transferable problem-solving skill, we chose to test CT within a specific mathematical
field to assess the basic concepts needed to develop higher level CT skills. The test is
aimed at students in grades 4 and 5 (ages 9-11) to assess CT at the transition from
primary to secondary school. The ACTt consists of 30 multiple-choice questions. In
developing the test, we conducted an expert rating (𝑛 = 14) excluding items with a
low content validity index 𝑘*< .75. A pilot study (𝑛 = 67, grades 4 and 5) indicated
medium item difficulty 𝑝∅ = .54 ranging from 𝑝𝑚𝑖𝑛 = .15 to 𝑝𝑚𝑎𝑥 = .85. We also
conducted cognitive interviews (𝑛 = 13, grade 4) to analyse the students approaches
and sources of error. The items were revised based on the student’s errors and feedback.
Future studies will be conducted with bigger simple sizes and address criterion validity
of the ACTt. Corresponding results will be presented at the conference.
References
Bocconi, S., Chioccariello, A., Kampylis, P., Dagiené, V., Wastiau, P., Engelhardt, K., Earp,

J., Horvath, M., Jasuté, E., Malagoli, C., Masiulionytė-Dagienė, V., & Stupurienė, G.
(2022). Reviewing computational thinking in compulsory education: State of play and
practices from computing education. Publications Office of the European Union.
https://data.europa.eu/doi/10.2760/126955

Román-González, M. (2015). Computational Thinking test: Design Guidelines and Content
Validation. Proceedings of EDULEARN15 Conference.
https://doi.org/10.13140/RG.2.1.4203.4329

https://data.europa.eu/doi/10.2760/126955
https://doi.org/10.13140/RG.2.1.4203.4329


721
2026. In H. Krzywacki, M. Hähkiöniemi, E. Haataja, M. Hannula & P. Hästö (Eds.). Proceedings of the 49th
Conference of the International Group for the Psychology of Mathematics Education: General Contributions,
p. 721. PME.

MAKING SENSE OF THE MODELING PROCESS:
PEDAGOGICAL GAINS OF PRE-SERVICE MATHEMATICS

TEACHERS
Himmet Korkmaz

Ordu University, Türkiye

In mathematics education, the Models and Modeling Perspectives (MMP) framework
emphasizes that teacher knowledge is not static but evolves through the continuous
recognition, interpretation, and refinement of classroom instructional situations (Doerr
& Lesh, 2003). Consequently, Model-Eliciting Activities (MEAs) serve a crucial
function in pre-service teachers' professional growth. Designing and implementing
MEAs allows teachers to develop tools to elicit and deeply analyze students'
mathematical thinking. Therefore, providing pre-service mathematics teachers with
extensive opportunities to experience this process during their education is vital for
their professional development (Doerr, 2007).
The purpose of this study is to reveal the pedagogical gains attained by pre-service
mathematics teachers (PMTs) through the implementation of activities they developed
during a mathematical modeling course. Fifty senior pre-service teachers enrolled at a
state university participated in this study. A case study design, situated within
qualitative research methodologies, was adopted. The PMTs were required to develop
an authentic mathematical modeling activity during their modeling course and
implement it with students. Subsequently, they were asked to report on this entire
process. The gathered data were subjected to document analysis. The findings of the
research indicate that PMTs found the experience of guiding students through the
modeling process highly valuable. Furthermore, they stated that they had learned to
refrain from providing evaluative feedback—such as direct approval or rejection—on
students' questions, and they understood that the modeling process itself holds greater
significance than a merely result-oriented approach.
The findings of the study indicate that mathematical modeling practices can foster
process-oriented pedagogical gains for the professional development of pre-service
teachers.
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DEVELOPING AN INSTRUMENT TO MEASURE
MATHEMATICS TEACHERS’ DIGITAL WELL-BEING

Kerli Kosk, Mart Laanpere
Tallinn University, School of Digital Technologies

Digital well-being has emerged as a critical dimension of teachers’ professional
functioning. Teacher well-being is conceptualized as a multidimensional construct
(Viac & Fraser, 2020), while digital well-being research highlights risks such as digital
overload and boundary management (Büchi, 2021). In addition, Artificial Intelligence
(AI) has become increasingly integrated into teaching, creating new demands (Sperling
et al., 2024). This study investigates (1) which dimensions characterize mathematics
teachers’ digital well-being in digitally mediated and AI-integrated teaching contexts,
and (2) which factors should be incorporated into an instrument for measuring
mathematics teachers’ digital well-being. Drawing on the OECD Teachers’ Well-being
Framework (Viac & Fraser, 2020) and framed by Activity Theory (Blunden, 2015),
digital well-being is conceptualized as emerging within a mediated activity system in
which AI functions as a pedagogical tool. Semi-structured interviews were conducted
with ten upper-secondary mathematics teachers from schools across Estonia and
analysed using thematic analysis with particular attention to dimensions relevant for
instrument construction. The analysis identified several core dimensions of
mathematics teachers’ digital well-being: cognitive load, emotional responses,
perceived competence, teacher identity, and institutional support. Where institutional
support structures were present (clear guidelines, IT assistance), using digital tools and
integrating AI into teaching was associated with confidence and reduced workload.
Where these structures were absent, teachers reported reduced cognitive well-being.
The study provides an empirically grounded basis for constructing a multidimensional
measurement instrument.
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‘DIDACTIC SUPERVISION ON MATHEMATICAL TUTORIALS’:
DESIGN OF AN EDUCATIONAL COURSE ON INSTRUCTORS’

ATTITUDES TOWARDS TEACHING MATHEMATICS
Jan Kriegl, Christina Krause

University of Graz

Strengthening teaching skills with the aim of fostering viable student attitudes towards
mathematics is seen as a major task at tertiary educational institutions. The
methodological lens is hereby often geared towards the students’ side. However,
instructors’ attitudes towards teaching mathematics (ATTMs) play just as crucial of a
role in this process. I therefore explore the impact of targeted educational interventions
on ATTMs of instructors at university level in a design-based research project. Herein
I aim at revealing their effectiveness, describing design principles and fostering the
theoretical understanding of ATTMs. The theoretical framework of the three-
dimensional model for attitudes (Di Martino & Zan, 2010) was adapted to the context
of ATTMs to create explicit interventions for a new university course called “Didactic
supervision of mathematical tutorials”. During the summer semester of 2026 six tutors
of mathematic-related tutorials participate in this educational training course at the
University of Graz. Since “attitude is produced by different evaluative processes”
(Hannula, 2002, p.30), the implemented interventions focus highly on reflective
practices. Various measurements are integrated into the course to target the different
dimensions of ATTMs as seen necessary (ibid.): pre- and post-interviews for a holistic
view, written learner’s diaries to capture the continuous development, qualitative
surveys for associations regarding teaching mathematics as well as reflecting collegial
observations from a more didactically developed perspective. Although this course
only spans over one semester, I aspire to obtain data on the development of the
participants‘ ATTMs. The poster displays results of the initial literature-based
conjecture mapping (Sandoval, 2014), which show the need for an embodiment that
incorporates reflection on practical application as well as educational resources and
mediating processes that focus highly on educational justification to foster viable
ATTMs. Furthermore, the interventions constructed according to the multidimensional
character of ATTMs are illustrated.
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EARLY ALGEBRA MOMENTS AND WAYS OF LISTENING
Heidi Kristiansen

University of Agder

Many students struggle with algebra, and more research is needed on how teachers can
make effective instructional decisions and act responsively in the classroom to support
students’ development of algebraic practices from the beginning of formal schooling.
I explore how Grade 4 teachers can support students in justifying generalisations of
patterns. My theoretical framework comprises four algebraic thinking practices—
generalising, representing, justifying, and reasoning (Lee et al., 2023)—and the
concept of early algebra moments (EAMs) (Lee et al., 2023). I investigate how three
ways of listening—evaluative, interpretive, and hermeneutic (Davis, 1997)—can
interact with EAMs, and how these ways of listening may help teachers act on EAMs
to support students when they are justifying their generalisations. The participants in
this study are a Grade 4 teacher and his students from a private school in Norway. The
teacher and I selected tasks for 15 lessons that provided students with opportunities to
engage in the four algebraic practices. We planned and discussed the lessons together.
Taking an enactivist approach, my role was that of a participant‑ observer,
understanding research as a process of learning together with the teacher. I
video‑recorded, transcribed, and analysed selected episodes, and discussed with the
teacher his experiences in supporting students as they justified their generalisations.
The poster will present a visualisation of how different ways of listening can interact
with EAMs. I will show an example of each type of listening within an EAM in which
a student had the opportunity to justify a generalisation. My findings show that
interpretive and hermeneutic ways of listening can help the teacher act effectively in
EAMs, and that the students’ representations play an important role. The hermeneutic
way challenges the teacher to relinquish control and to listen in a genuinely open
manner. The evaluative way—checking the correctness of answers—does not support
students in developing the practice of justifying. My next step is to explore how
purposes (Brown & Coles, 2011) can help teachers listen and act in EAMs.
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CONSTRUCTION OF A CROSS-LAGGED MODEL OF
MATHEMATICS GROWTH MINDSET
Hsin-Yi Kung1, Ching-Yi Lee2, Yuan-Hsiu Lin1

1National Changhua University of Education
2National Academy for Educational Research

Growth mindset serves as a critical catalyst for student achievement, particularly
within the challenging domain of mathematics. Extant literature underscores that
growth mindset exerts a profound influence on student performance; specifically, when
students believe the belief that mathematical ability can be developed through effort,
their academic achievement improves significantly (Boaler, 2016; Dweck, 2006). The
primary objective of this study is to construct a cross-lagged model of mathematics
growth mindset to track the development of mathematics growth mindset over time. In
the initial stage, cross-sectional data were utilized to establish a model based on the
"Context-Self-Action-Outcome" framework. In this model, teacher mathematics
growth mindset served as the context variable, student mathematics growth mindset as
the self-component, and three dimensions—cognitive, affective, and behavioral—as
action variables (mathematics engagement), while mathematics academic performance
constituted the outcome variable. The participants of this study are 754 seventh-grade
students from public middle schools in five counties and cities in central Taiwan.
Stratified cluster sampling ensured representativeness. The fit indices of structural
equation modeling demonstrated that the observed data aligned well with the
theoretical model (GFI, CFI, TLI > .90; RMSEA < .08), and all parameter estimates
reached statistical significance. Findings revealed that teacher mindset significantly
predicted student mindset and mathematics engagement, with the latter further
predicting academic outcomes. Subsequently, the study extended this framework into
a longitudinal design across two waves to construct cross-lagged models. The cross-
lagged model for mathematics growth mindset and mathematics achievement yielded
a χ² = 22.24 (df =14, p=.07), with robust fit indices: GFI, CFI, TLI > .90; RMSEA <
.08. A similar model fit was obtained for the relationship between mathematics growth
mindset and mathematics engagement. However, preliminary analysis of two- waves
indicated that while within-wave correlations were significant, the cross-lagged effects
between waves did not reach statistical significance. This necessitates further analysis
of the complete three-wave dataset to refine the cross-lagged model for mathematics
growth mindset and its associated factors.
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PROSPECTIVE TEACHERS’ VIEWS ON THE PRACTICE
RELEVANCE OF MATHEMATICS EDUCATION –

EMPIRICAL INSIGHTS FROM A VIGNETTE-BASED SURVEY
Sebastian Kuntze

Ludwigsburg University of Education

Prospective teachers’ (PTs’) views on mathematics education (MEd) and on its practice
relevance in particular can have a filtering role for their profession-related learning
(e.g., Pajares, 1992), i.e., the development of their professional knowledge (Shulman,
1986). Despite the importance of such views resulting from this role, the empirical
research base still needs to be broadened, in order to identify ways of optimally dealing
with potentially detrimental views in teacher education. In particular, vignette-based
methods have hardly been explored in this context so far. This study consequently uses
vignettes to investigate PTs’ views on the relevance of MEd and whether they see MEd
as a scientific discipline which can inform classroom practice, according to the
following research questions: (1) Which views of prospective mathematics teachers on
the relevance of MEd can be identified? (2) To which extent is MEd identified as a
scientific discipline which can inform classroom practice? 44 PTs from a German
university of education (33 female, 11 male) at the beginning of their masters’ degree
were asked to comment on given vignette teacher statements. These were presented in
three cartoon vignettes, which showed short dialogues of in-service mathematics
teachers in the teachers’ room. The PTs had to respond to the following prompt:
“Please comment the views of the six teachers in the following three [teachers’ room]
dialogues by (a) describing what views the teachers (probably) hold and (b) stating
how you judge on these individual views (please provide justifications for your
judgements).” Content analysis (Mayring, 2015) was used to identify and reconstruct
PTs’ views according to the research questions; it yielded the following results: Very
opposed PT views were identified in the sample, from not seeing MEd as relevant for
classroom practice at all – and/or not seeing MEd as a scientific discipline – to reflected
views of how the science of MEd can inform teachers and their practice, by teachers’
critical reflection on research findings. The results call for reducing this disparity in
PTs’ views by enriching PTs’ meta-knowledge on the status and relevance of MEd, as
well as by strengthening PTs’ understanding of scientific studies in MEd.
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EFFECTIVE PROFESSIONAL DEVELOPMENT FACILITATOR
CHARACTERISTICS: ATTENTION TO MULTIPLE

STAKEHOLDER PERSPECTIVES
Busra Sumeyye Kurutas1, Serkan Özel2, M. Sencer Corlu3

1Eindhoven University of Technology, 2Bogazici University,
3University of Doha for Science and Technology

While the design of professional development (PD) programs has been widely studied,
less attention has been given to the characteristics of effective PD facilitators.
Subsequently, research has increasingly focused on the development of PD facilitators
and characterized the knowledge and skills they need (Borko et al., 2014). This study
adopts a holistic approach, drawing on the perspectives of all actors involved in a
specific PD context to identify key characteristics of effective facilitators. We sought
to answer the following research question:

 What are the effective PD facilitator characteristics from the perspectives of
one particular PD’s coordinator, facilitator, and participants?

This phenomenological study involved a PD coordinator, a PD facilitator, and five PD
participants. Prolonged interviews (~2 hours) were conducted to capture the essence of
each participant’s experience with the phenomenon. During data analysis, open coding
was used to capture more of what the interview transcriptions revealed. Our findings
both align with and extend existing literature on effective PD facilitator characteristics.
Consistent with prior studies, all participant groups emphasized the importance of
facilitators’ classroom teaching experience, experience in the same learning and
teaching process, and subject-matter expertise. While high-quality feedback has been
less frequently highlighted, our findings underscore its importance—particularly when
it is grounded in authenticity and expertise and delivered in a non-directive manner
that supports teacher reflection and adaptation. Additionally, accessibility and the
creation of a safe, collaborative learning environment were identified as essential,
reinforcing prior work on the pedagogical dimension of facilitation (Perry & Booth,
2021). Finally, our results highlight the need for greater attention to facilitators’ prior
facilitation experience, as novice status may shape participant perceptions and
introduce potential tensions, even as facilitation itself remains an iterative learning
process.
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ADAPTATIONS AND INSTRUCTIONAL STRATEGIES FOR
TEACHING MATHEMATICS TO LEARNERS WITH VISUAL

IMPAIRMENT: UN UMBRELLA REVIEW
Laure-Anne Köhli, Sophie Zufferey, Valérie Caron, Noémie Lacombe,

Myriam Squillaci
Department of Special Education, University of Fribourg

Mathematics education presents particular challenges for learners with visual
impairment (VI) due to the discipline’s reliance on visual representations, symbolic
notation, and spatial organization. Curricula and textbooks frequently depend on
diagrams, graphs, geometric figures and visually structured layouts, which may create
significant barriers to equitable learning (Klingenberg et al., 2019). Although the
inclusion of students with VI in mainstream classrooms is expanding, teachers reported
a lack of knowledge and resources to adapt mathematics instruction effectively.
Designing instruction to be accessible from the outset is therefore essential. While
recent reviews have examined specific tools (e.g., assistive technologies, tactile
graphics), no comprehensive synthesis covers all teaching phases. This umbrella
review aims to identify and summarize the adaptations and instructional strategies to
teach mathematics during the phases of learning, according to Hattie’s model (2023).
A systematic literature review was conducted following PRISMA guidelines across six
databases. Strategies were synthesized and organized according to instructional phases
(preparation, opening, delivery, feedback, closure). Twelve reviews met inclusion
criteria (mean methodological quality: 59%). Despite varied aims and methods, all
reviews report convergent strategies that have proven effective for students with VI in
mathematics. Results highlighted several key domains of effective practice: (1)
diagnostic assessment aimed at understanding students’ specific visual functioning; (2)
anticipatory lesson preparation, including the provision of accessible materials such as
Braille, Nemeth Code, and large-print formats; (3) adapted lesson delivery strategies
(including assistive technologies, multimodal representations, tactile manipulatives,
and explicit verbal descriptions). Providing concrete guidance for teachers without
specialised training in VI appear essential to promote equitable access to mathematics
for students with VI in inclusive classrooms.
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EVIDENCE FOR TEACHING MATHEMATICS TO STUDENTS
WITH INTELLECTUAL DISABILITY: AN UMBRELLA REVIEW

OF 50 YEARS OF RESEARCH
Lacombe Noémie1, Linder Anne-Laure2, de Chambrier Anne-Françoise2

1University of Fribourg, 2University of Teacher Education of Lausanne

The acquisition of mathematical skills is a major challenge for students with
intellectual disabilities (ID), as it contributes to their independence in academic, daily,
and professional activities (Bouck & Long, 2023). However, recent analyses show that
their mathematical skills are often weak, mainly because of the difficulty teachers have
in adapting teaching methods (Ruppar et al., 2023). Over the past 50 years, several
authors have found that students with ID can acquire academic skills, even complex
ones, using evidence-based practices (e.g. Bouck & Long, 2023). In order to
summarize these evidence-based practices, this umbrella review provides an extensive
overview of all systematic reviews and meta-analyses published up to 2024 on
effective interventions in mathematics for students with ID aged 5 to 18. The research
questions were as follows: 1. What patterns emerge related to (a) content area, (b)
design, (c) school grade (d) origin of study, (e) person conducting the intervention, (f)
type of intervention? 2. Which interventions can be considered evidence-based?
Twenty-two systematic reviews or meta-analyses that included 514 studies from 1975
to 2023 with 3,678 participants were reviewed. After recoding 119 empirical studies
met the inclusion criteria. The findings reveal that the areas of numbering (21%) and
operations (28%) are the most studied. In contrast, measurement (7%), geometry (9%),
and algebra (9%) remain underexplored. Most studies use a single-case design (83%)
compared to group design (17%). Geographically, 89% of studies were carried out in
the United States, followed by Europe (7%). Regarding instructional approaches,
systematic instruction is the most tested (30%), followed by explicit instruction (19%)
and concrete represented abstract (CRA) (9%). Effectiveness results show that CRA
and strategy teaching are the most effective methods. Explicit instruction and
systematic instruction also scored highly. This umbrella review offers many avenues
for professionals in the field and helps identify gaps in current research, opening up
research prospects for the coming years.
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A CURRICULAR MAPPING ANALYSIS OF MATHEMATICS AND
ENGINEERING IN VOCATIONAL HIGH SCHOOLS

Ching-Yi Lee, Yi-An Cho, Yu-Ting Lin, Ying-Chien Chen
National Academy for Educational Research

In the era of Industry 4.0 and digital transformation, there is an increasing demand for
technical talent with strong mathematical modelling and analytical skills. However,
Technical and Vocational Education and Training (TVET) institutions often maintain
rigid disciplinary boundaries, leading to a disconnect between general mathematics and
vocational subjects. This study utilizes visual mapping analysis to reveal the structural
gaps between the "Basic Electricity" curriculum and the national mathematics
curriculum in vocational high schools. The aim is to identify the cognitive challenges
posed by these disciplinary boundaries and provide evidence for curriculum
reconstruction. This research is grounded in Boundary Crossing theory. According to
Akkerman and Bakker (2011), boundaries between different fields (e.g., academic vs.
vocational) serve as potential sites for learning and innovation. In TVET, students must
navigate the boundary between abstract mathematical symbols and practical
engineering applications. By using visual tools as boundary objects, this study
identifies where knowledge translation and integration fail due to curricular
misalignment. A mixed-methods design were employed included content analysis and
visual mapping. The visual mapping analysis reveals a complex many-to-many
relationship between engineering tasks and mathematical tools. Key findings include:
The visual mapping analysis reveals a complex many-to-many relationship between
engineering tasks and mathematical tools. While 10th-grade vocational units in the first
semester demonstrate stable horizontal alignment by corresponding with junior high or
early 10th-grade mathematics. The curriculum in the second semester exhibits a
significant vertical temporal disconnect. Visual evidence confirms a cross-grade leap
where 10th-grade electrical units demand 11th-grade mathematical foundations. This
disparity generates a knowledge vacuum in engineering practice, characterized by a
high density of connections in the Sankey diagrams pointing to advanced topics such
as derivatives and integrals for units like transient circuit analysis. Ultimately, this
structural vacuum compels students to perform complex physical modelling before
they have mastered the required mathematical principles in their vocational education
curriculum. The research findings highlight a severe disconnect between vocational
demands and the sequencing of the mathematics curriculum. This knowledge vacuum
compels students to rely on rote memorization rather than conceptual understanding,
hindering their ability to construct mathematical meaning in professional contexts.
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TIMING MATTERS: STUDENTS’ USE OF GENERATIVE
ARTIFICIAL INTELLIGENCE IN PROVING MATHEMATICAL

STATEMENTS
Hyunkyoung Yoon1, Yujin Lee2, Kyungwon Lee3, Oh Nam Kwon3

1California State Polytechnic University, 2Kangwon National University,
3Seoul National University

This study explores the timing of generative artificial intelligence (genAI) use during
mathematical proof construction. Building on Yoon et al. (2024), which examined how
students use genAI in proving, the present study focuses on the sequencing of students’
interaction with genAI. We aim to investigate how the point at which genAI enters the
proving process influences students’ proving activity.
The study involved 30 undergraduate students who engaged in two proving activities.
We compared two approaches: Initial Independent Proving (IIP), in which students
used genAI after an initial independent attempt, and Initial Dependent Proving (IDP),
in which students used genAI before drafting a proof. Participants were assigned to IIP
and IDP conditions through a crossover design and experienced both while completing
the same proof tasks. Data included students’ initial proofs, genAI interaction logs,
revised proofs, a similar proof task completed without genAI, and reflection surveys.
We analyzed students’ proofs using Stylianides’s (2007) three components of a
mathematical argument.
Findings indicate that students in both IIP and IDP conditions tended to integrate
genAI-generated proofs into their final work, although aspects of this integration
differed. In the IIP condition, students showed a tendency to revise their initial proofs
or shift strategies after interacting with genAI, suggesting that genAI functioned as a
resource for review and conceptual refinement. In contrast, students in the IDP
condition showed stronger alignment with genAI-provided proof structures from the
outset, resulting in fewer revisions. Students’ reflections highlighted a tension between
the efficiency of early genAI use and the learning value of using genAI after
independent attempts, underscoring the importance of instructional design that
carefully considers the timing of genAI integration.
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CONCEPTUALIZING CRITICAL THINKING IN MATHEMATICS
CLASSROOMS

Sang Moo Lee
University of Toronto (OISE)

Critical thinking (CT) is widely emphasized as a central goal of mathematics education
in curriculum and policy documents. Despite this prominence, CT remains
theoretically diverse, with definitions originating from philosophy, psychology, and
education. Frameworks such as Facione’s (1990) Delphi study identify core cognitive
skills including interpretation, analysis, evaluation, and inference. In mathematics
education, CT is often intertwined with constructs such as reasoning, problem solving,
and mathematical communication, resulting in conceptual ambiguity (Schoenfeld,
2016). Although policy documents promote CT, limited research has examined how
mathematics teachers conceptualize this construct in classroom practice. This study
explores how mathematics teachers conceptualize CT in their classrooms. The guiding
research question is: How do mathematics teachers conceptualize critical thinking in
mathematics teaching and learning?
An interpretivist qualitative design was employed. Semi-structured interviews were
conducted with mathematics teachers within a single educational jurisdiction. Data
were analysed using inductive thematic analysis, supported by inter-rater verification
and member checking.
Findings reveal considerable variation in teachers’ conceptualizations of CT. While
teachers consistently valued CT, few articulated a unified definition. Instead,
participants described overlapping criteria including interpretation, reasoning,
evaluation, and communication. Teachers emphasized that CT is not limited to problem
solving and may differ across mathematical domains. Structural constraints including
curriculum pacing, limited instructional time, and assessment practices were identified
as barriers to supporting students’ CT. Overall, CT in mathematics is understood by
teachers as a multidimensional and context-dependent construct rather than a single
transferable skill. By foregrounding teacher perspectives, this study highlights tensions
between curricular intentions and classroom enactment, contributing to ongoing efforts
to clarify theoretical understandings of CT in mathematics education.
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ENHANCING EARLY MATHEMATICS LEARNING THROUGH
HANDS-ON ACTIVITIES: AN ACTION RESEARCH ON

INTEGRATING COOKING INTO COUNTING STRATEGIES
Huey Lei1, Wai Sze Li2, Kathy Li2

1The University of Hong Kong, 2Saint Francis University

We report a series of research lessons in K2 (children with ages 4-5) where a teacher
embedded cognitive development of numeracy skills into a series of hands-on cooking
activities incorporating real-life contexts. An action research was conducted by a
kindergarten teacher who designed and implemented interactive activities in the theme
of cooking integrating counting skills. “To be aware of the relationship between
mathematics and life” (CDC, 2017, p.40), the objectives of the research lessons were
to investigate the effectiveness of cooking activities in developing K2 children’s
counting skills, and to identify the mathematical concepts developed in the activities.
To “create real-life learning contexts and select suitable objects and teaching aids”
(CDC, 2017, p. 41), the intervention with cooking activities consisting of eleven 30-
minute lessons, was conducted in three consecutive weeks. Various types of food, e.g.,
spaghetti with tomato sauce, sushi rolls, pizza, and etc., were made with guidance by
the teachers in the lessons that cooking activities involving counting the numbers of
specific ingredients in recipes, were depicted. Different from the common perceptual
unit items to count, such as marbles and fingers, the quantities of objects to be counted
were told to the children as the requirements of the ingredients, e.g., ten pieces of
pineapples, in the activities that children were asked to cut and to obtain the
corresponding numbers of the food by wooden knives (for safely reasons). The
activities allowed children to making sense of numeracy with hands-on experience. In
early mathematics lessons, teachers usually guide children to count objects one-by-one
by one-to-one correspondence (Clements & Sarama, 2020). In the observation,
children were found to firstly focus on counting the numbers of the ‘cuts’ (action) [n –
1], but not the cut objects (pieces of food) [n]. One finding in the action research shows
that children were aware of the difference between the number of cuts (n – 1) and the
obtained cut objects (n). Some children were verbally counting the actions (the
numbers of cut) one-by-one and repeated to count the numbers of cut food while they
obtained a quantity more. This observation not only provided an insight for the teacher
to pedagogically design the ways to count through ‘one-to-one correspondence’, but
also highlighted the conceptual differences between counting of actions and objects.
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MOVEMENT AS A BRIDGE – CREATING CONNECTIONS IN
ANALYTIC GEOMETRY THROUGH AUGMENTED REALITY

Valerie Leister, Xenia-Rosemarie Reit
University of Education Karlsruhe

Analytic geometry connects geometry and algebra. To bridge this gap developing an
understanding of mathematical concepts, operations and relationships – known as
conceptual knowledge (Kilpatrick et al., 2001) – is of great importance. Teaching often
focuses on procedural schemes, like calculating intersection points and lines. To enable
a comprehension-oriented approach, the iOS app MalAR (transl. Learning
Mathematics with Augmented Reality), offers a three-dimensional visualisation of
analytic geometry. Learners view objects of analytic geometry via a device camera and
explore them through body movements. According to the theory of embodiment,
abstract concepts emerge from bodily interaction with the environment (e.g. Wilson,
2002). Mathematical thinking is therefore grounded in physical experience. Through
physical movement, MalAR may provide a bridge between procedural and conceptual
knowledge. This leads to the following research question:
RQ: How can a movement-based Augmented Reality (AR) application support the
connection of procedural and conceptual knowledge in analytic geometry?
After a brief introduction to the MalAR app, 25 mathematics education students
individually solved two typical textbook tasks in analytic geometry in written form,
utilizing MalAR to support their solution process, in June 2024. Participants were
video-recorded to capture their body movements, while simultaneous screen
recordings documented the interaction with and visualization of virtual objects in
MalAR. Video analysis of this exploratory study revealed that all participants moved
actively during the task.  An evaluation of the written solutions, combined with the
screen recordings, revealed that by checking their answers through displaying the
relevant objects in MalAR, the majority of learners were able to identify errors in their
results, which prompted them to revise their written work and frequently led to correct
solutions. These findings suggest that learners can successfully connect procedural
calculation with spatial-conceptual understanding. A larger follow-up study in summer
2026 will focus on conceptual tasks, in order to examine the influence of AR on
procedural and conceptual knowledge in more detail.
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TEACHERS’ IDENTIFICATIONS OF SYMMETRIES IN PLANE 
FIGURES

Esther Levenson1, Ruthi Barkai1,2, Tamar Levyadun1

1Tel Aviv University, 2Kibbutzim College of Education

Symmetry is an important concept in mathematics, often learned in relation to the
properties of geometric figures. Symmetry may also be used as a tool in problem
solving and as such, can increase understanding of the mathematics involved in the
problem (Leikin, 2003). The current study focuses on teachers’ knowledge of reflection
and rotation symmetries as attributes of two-dimensional figures. Our main question
is: Are there differences between teachers’ ability to identify reflection and rotational
symmetries of different figures?
A two-part questionnaire was handed out to 27 practicing teachers. Each part included
the following nine figures:
On the first part, teachers were asked: Is the figure symmetrical? Explain. After
teachers answered this part, they were given the second part with the exact same figures
and were asked: (1) For each figure, determine if the figure has reflection symmetry
and if it does, draw the lines of reflection. (2) Determine if the figure has rotational
symmetry and if it does, state the angles of rotation. Note that specific symmetries are
not mentioned in the first part, while in the second part they are.
Results showed that all teachers recognized that the hand is asymmetrical, but around
20% believed that the Yinyang  is symmetrical, perhaps not considering the
coloring. Among the reflection only figures, on the first part of the questionnaire, an
average of 59% of teachers noted that the figures had reflection symmetry, while on
the second part, 87% drew the correct lines of symmetry. However, for the figures with
both reflection and rotational symmetry, a decrease in correct responses was noted on
the second part, with teachers omitting or adding lines of symmetry. Regarding
rotational symmetry, on part one, figures with rotational symmetry were recognized as
symmetrical, but few specifically mentioned rotation in their explanations. On the
second part, when specifically asked about rotational symmetry, only a small increase
in correct responses was found. The poster will display additional findings along with
some common errors found in the study.
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PROFILES OF STUDENTS WITH PRE-ALGEBRA DIFFICULTIES
AND THEIR DIFFERENTIAL RESPONSIVENESS TO A

STRUCTURED INTERVENTION
Xiangyu Li1, Xin Lin2

1Faculty of Education, Southwest University
2Faculty of Education, University of Macau

Pre-algebra is a critical milestone in the transition from arithmetic to algebraic
thinking, yet many students, particularly those with mathematics difficulties, struggle
to acquire pre-algebra skills. Despite growing recognition of heterogeneity among
students with mathematics difficulties, fine-grained evidence on profiles of pre-algebra
difficulties (PAD) and their instructional responsiveness remains limited. This study
examines (a) the heterogeneity of pre-algebra skill profiles among students with PAD
and (b) whether students with different profiles respond differentially to a structured
pre-algebra intervention.
METHODS AND ANALYTIC FRAMEWORK
Sixth-grade students (N=653) were screened using a comprehensive pre-algebra
assessment, from which students with PAD were identified. Cognitive Diagnostic
Models (CDMs) were applied to classify students’ mastery patterns across conceptual
knowledge, procedural knowledge, and procedural flexibility. In the second phase, a
pretest–posttest randomized controlled design was conducted with selected PAD
subtypes. A researcher-developed intervention targeted equation solving and
integrated contrasting cases to support procedural learning, supplemented by explicit
mathematics vocabulary instruction to strengthen conceptual understanding.
RESULTS
This study identified five PAD subtypes through CDM analyses and revealed
differential responsiveness to intervention across subtypes, reflecting distinct patterns
of conceptual, procedural, and flexibility-related weaknesses. Students with partial
conceptual foundations showed stronger improvement in procedural flexibility,
whereas students with more pervasive difficulties primarily demonstrated gains in
basic procedural knowledge.
IMPLICATIONS
By integrating diagnostic profiles with intervention outcomes, this study demonstrates
the potential of CDMs to support precision-oriented pre-algebra instruction. The
findings underscore the importance of aligning instructional components with
students’ underlying knowledge profiles and offer an interpretable framework for
bridging assessment and differentiated intervention in pre-algebra learning.
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EMBODIED LEARNING IN THE TOPIC OF ANGLES
Pearlyn Li Gek Lim, Liang Soon Tan

Academy of Singapore Teachers, Ministry of Education

This research project investigates how Grade 5 low progress learners in Singapore
learn to find unknown angles using angle properties. Analysis of student work show
that while the use of Geogebra applet and measuring of angles help low progress
learners to understand angle properties like “angles on a straight line add up to 180”
and “vertically opposite angles are equal”, these learners struggle to apply angle
properties to solve for unknown angles.
In line with research in embodied learning, which highlights the importance of bodily
interactions with the physical environment and manipulatives in meaning-making by
students (Stolz, 2015), carefully designed embodied experiences were planned to help
the students overcome their challenge.
The research question guiding this investigation is: How does using multiple
representations mediated through embodied learning support Grade 5 low progress
learners in Singapore in applying angle properties to solve for unknown angles? The
planned intervention was carried out on two groups of subjects. The first group
comprised seven Grade 5 low progress learners while the second group comprised
sixteen Grade 5 middle and low progress learners.  Students’ learning data in the forms
of artefacts, video recordings and quiz results were collected and analysed, with
insights from teacher participants’ reflection on their enacted practice.
The findings show that the use of concrete objects (paper cut-outs in this case) helped
low progress learners visualise that unwanted angles could be subtracted from the
whole angle (180 or the vertically opposite angle) to find the required angle. The use
of paper cut-outs, as opposed to teaching the concept through static diagrams, helped
low progress learners connect their concept of subtraction, which was to take away,
with the coupled perception and action of removing the unwanted angle(s) from the
whole angle. In other words, the bodily interaction of the students with the
manipulatives (paper cut-outs) and its perception enhanced their meaning-making of
the angle property to be learnt. During the presentation, further results will be discussed
in detail.
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SENSING THROUGH SYMBOLS: EXAMINING MULTIMODAL
SENSE-MAKING IN VISUAL MATHEMATICS WRITING

Haorui Cui, Xin Lin
University of Macau

Mathematics writing is an essential practice for articulating mathematical reasoning.
While text-based writing is widely studied, the role of visuals—an important
representation for constructing mathematical meaning—is often overlooked. This
study introduces “visual mathematics writing,” a multimodal approach where students
integrate visual and textual representations to communicate mathematical ideas.
METHODOLOGY
The study included 140 fourth-grade students in China. Participants completed a task
requiring them to explain the mathematical relationship 5×4=5+5+5+5 using both a
visual representation and written text. Performance was evaluated across three
domains: (a) visual features (organization, content, clarity), (b) textual features
(organization, content, grammar, vocabulary), and (c) visual-text connection (the
alignment between the two modes). We also assessed students’ general writing ability
and mathematical (multiplication) competence.
RESULTS
A Friedman rank-sum test revealed significant differences across three feature domains
(χ²(2) = 97.75, p < .001). Students performed significantly better on visual features
(72.50%) than on textual features (52.63%) and visual-text connections (54.78%).
Ordinal logistic regression indicated that mathematical competence was the strongest
predictor for both visual and textual features (p < .01). Notably, students’ performance
on visual-text connections remained consistently weak regardless of their
mathematical or general writing ability.
CONCLUSIONS AND IMPLICATIONS
The findings suggest that while students can construct individual representations, they
struggle with “meaning-making” through multimodal integration. This aligns with the
conference theme “Sensing and making sense of mathematics,” highlighting that the
transition between different senses (visual/spatial vs. verbal/symbolic) requires
targeted instructional support.
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WHEN 4TH-GRADE STUDENTS CONVERT METRIC UNITS OF
MEASUREMENT BY “ADDING” AND “REMOVING” ZEROS

Tanja Lobnig
University College of Teacher Education Carinthia

In Austrian primary education, 3rd- and 4th-grade students are expected to convert
metric units of measurement, for example in word problems. However, unit conversion
is considered one of the most challenging topics for primary school students. Existing
approaches understand conversion as “refining and coarsening” units through
multiplication or division by powers of ten, or use the metric place value table, which
involves shifting digits (Franke & Ruwisch, 2010). At the same time, there is broad
consensus that unit conversions should not only be carried out procedurally but
connected to concrete measurement activities. When asked to explain unit conversion,
many students refer to “adding” or “removing” zeros. This study therefore investigates
what 4th-grade students mean when using this terminology in metric unit conversion.
Data were collected through semi-structured one-to-one interviews with 35 4th-grade
students from six classes in three Austrian primary schools. The interviews included
open questions, conversion tasks, explanatory prompts, and the use of measurement
tools. Data (video recordings, transcripts, notes, and drawings) were analyzed using
qualitative content analysis according to Kuckartz (2019).
The findings show that the expressions “adding” and “removing” zeros were used by
25 students across different classes and schools and do not reflect a uniform
understanding but rather different underlying strategies. Four main patterns emerged:
interpreting zeros as shortcuts for multiplying or dividing by powers of ten (6 students);
using the structure of the metric place value table (10 students); inferring zeros from
known unit relationships (e.g., 1 m = 100 cm), for example by noticing that centimeters
have two more zeros than meters and transferring this pattern (5 students); and applying
or removing zeros arbitrarily (11 students).
These results indicate that similar student verbalizations can mask fundamentally
different conceptions, which is highly relevant for diagnostic purposes and further
highlights the need to foster conceptual understanding of unit conversion.
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ENGINEERING STUDENTS’ CONCEPTIONS OF RATIONAL
FUNCTIONS: AN EXPLORATORY STUDY FROM APOS THEORY

José Lomelí-Mendosa1, Carlos Valenzuela García1 and M. Teresa Sanz2

1University of Guadalajara, 2University of Valencia

The concept of function plays an important role in upper secondary and higher-level
mathematics. However, various studies have shown that the students experience
persistent difficulties in understanding, representing, and interpreting them, especially
rational functions (Bossé et al., 2019). These difficulties include confusion between
domain and range, transitioning between different representation registers, and a lack
of understanding of asymptotic behavior (Paytan Montañez, 2024).
Based on the above, and from the perspective of APOS theory (Arnon et al., 2014),
this exploratory study analyzes the conceptions of rational function held by a group of
engineering student at a public university in Mexico. The interpretation is therefore
carried out in terms of the mental structures of action, process, object, and schema. The
research question guiding the study is: What mental schema have incoming
engineering students constructed with respect to rational function?
The study was conducted with a group of 35 first-semester engineering students. A
questionnaire was administered, from which questions were selected to assess: 1)
conceptions of the function concept, 2) identification of rational function, and 3) the
schema constructed regarding rational function. The results show that first-year
engineering students have a poorly developed schema concerning rational functions,
and even regarding the general concept function, highlighting the need to design
sequences of activities to strengthen their conceptions.
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HIGH-STAKES MATH ASSESSMENT VIA CHATGPT:
PROFICIENCY AND THINKING STRATEGY INDEX

Feng-Lin Lu2, Shu-Hao Hsu1, Tai-Yih Tso1, Yu-Hsien Chen1

1National Taiwan Normal University
2National Academy for Educational Research, Taiwan

This research explores generative artificial intelligence (AI) in high-stakes
mathematical assessment under Taiwan’s competency-oriented Curriculum Guidelines
of 12-year Basic Education. As AI reshapes evaluation (Zhai et al., 2021),
understanding its proficiency in solving complex problems and developing difficulty
prediction mechanisms is now vital. The primary objectives are to evaluate ChatGPT’s
performance stability across consecutive General Scholastic Ability Test (GSAT) and
to validate a “Thinking Strategy” index for predicting item difficulty. Using 2022 to
2024 GSAT Mathematics A exams as benchmarks, this study categorized items by
content and visual traits to analyze error patterns and applied Spearman’s correlation
to examine the relationship between the complexity index and official difficulty levels.
Results show ChatGPT’s capabilities evolved significantly, with performance
improving from “Average” to “Front” tiers between 2022 and 2024. While
demonstrating high proficiency in “Algebra,” its accuracy declined in “Coordinate
Geometry” and visual-spatial tasks. This aligns with findings on Large Language
Models' limitations in geometric logic (Frieder et al., 2023). Regarding difficulty
prediction, the study confirmed a significant moderate positive correlation (r = 0.43)
between the “Thinking Strategy” index and official ratings. Consistent with cognitive
complexity frameworks (Webb, 2002), quantifying strategic steps serves as a viable
tool for pre-evaluating difficulty. While AI exhibits competence, visual reasoning
remains a bottleneck; nevertheless, the validated index provides a scientific foundation
for automated item generation difficulty control.
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EXPLORING THE ROLE OF MATH PROFICIENCY AND MATH
ANXIETY WHEN STUDENTS MEET MATH IN SCIENCE TASKS

Maria Løvgren, Andreas Pettersen, Henrik Hung Haram
University of Oslo

Many studies demonstrate that students struggle to use mathematics in unfamiliar
contexts, particularly within science (Towns et al. 2020). Studies also show that
students with math anxiety, i.e. negative feelings concerning mathematics, perform
lower than other students in both mathematics (Ramirez et al., 2018) and other subjects,
such as chemistry (Mack et al. 2019). In this poster, we present plans and preliminary
results from a study examining to which extent students are able to draw on their
mathematical proficiency to solve science tasks that involve mathematics, and how this
is affected by their attitudes and feelings towards mathematics. We draw on data from
PISA 2022, in which 3185 Norwegian students completed both the mathematics and
science assessments and answered questions about their feelings toward mathematics
(math anxiety). Our analyses of these data confirm previous research findings, showing
a substantial correlation between math anxiety and science achievement (.31).
To further investigate these relationships, we first examined the extent to which solving
the PISA science tasks (n=80) required use of mathematics. Our analysis revealed three
categories: tasks involving no mathematics (n1=47), tasks including a mathematical
representation (e.g., a graph or table), but where the representation was redundant for
solving the task (n2=13), and tasks in which mathematical representations and/or
operations were essential for solving the task (n3=20). In the next phase of the study,
we will investigate how math achievement and math anxiety relate to these three task
categories both quantitatively and through task-based student interviews. These
analyses will deepen our understanding of the relationship between mathematical
proficiency, math anxiety and students’ ability to solve science tasks that involve
mathematics.
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PROFILING COMPUTATIONAL THINKING IN SOLUTIONS TO
NON-ROUTINE MATHEMATICAL PROBLEMS

Marta T. Magiera
Marquette University

Research on computational thinking (CT) in teacher education largely focuses on
pedagogy rather than on the cognitive dimension of teachers’ mathematical knowledge
(Dong et al., 2024; Liu et al., 2024). This study fills the gap by seeking to understand
the relationship between strategy selection in non-routine mathematical problem-
solving and prospective elementary school teachers’ (PSTs’) engagement in CT.
Analyzed were 19 PSTs’ written solutions to the task: The Tarnovik Republic prints
stamps in the denominations 17ȼ, 9ȼ, and 5ȼ; what is the largest amount of postage
that cannot be made using these denominations? To examine the relationship between
PSTs’ problem-solving strategies and their CT structures, the data were first examined
to identify similarities and differences across the set of solutions. This step led to
categorizing PSTs into four groups: optimizers, evaluators, sifters, and explorers. The
optimizers solved the problem by looking for a consecutive run of reachable amounts,
realizing that subsequent amounts are possible by adding multiples of 5 to reachable
amounts. The evaluators focused on checking possibilities. Even though they might
have identified consecutive runs, they continued checking and testing, at times jumping
to higher numbers. Sifters documented a very organized approach, breaking the search
space into manageable blocks (e.g., 11-20, 21-30, etc.) and using these blocks as filters
to represent possibilities. Finally, explorers mostly used trial-and-error, demonstrating
scattered approaches and random testing of different denominations. Drawing on
descriptions of CT practices in the existing literature (abstraction, decomposition,
pattern recognition, algorithmic thinking, and debugging), each solution was examined
for evidence of engagement in these practices and assessed (using a developed 4-point
rubric) for the extent to which each practice was utilized. Patterns of CT engagement
were analyzed for each PST group, revealing varying engagement with CT across PSTs
with different solution profiles; for instance, optimizers showed high levels of
abstraction, while sifters stressed decomposition.
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EMBODIED (RE)CONFIGURATIONS: A NEW MATERIALIST
ANALYSIS OF INTELLECTUAL AUTHORITY IN

MATHEMATICS CLASSROOMS
José Martínez Hinestroza

The University of Texas at San Antonio
This study explores intellectual authority evidenced in embodied mathematical
activity, addressing the research question: How do intellectual authority imbalances
emerge and unfold during children embodied mathematical activity? I argue that
children often reconfigure the materiality of mathematical activity to contest
intellectual authority. I define intellectual authority as a relationship in which “one
person… tends to obey, act on, or accept without question the statements or commands
of another person” (Amit & Fried, 2005, p. 147). This definition brings attention to
whose mathematical ideas are taken as worthy in the classroom. Theoretically, tenets
from new materialism informed this study, challenging views of mathematics learning
as purely cognitive to, instead, consider mathematical concepts as inseparable from
objects, gestures, and spatial arrangements (de Freitas & Sinclair, 2013). Fifty-six
children in three second-grade classrooms in the United States participated in this
study. Data sources included three one-hour video-recorded lessons, one in each
classroom. In all three lessons, students arranged a set of items in multiple arrays. In
the first classroom, children organized twelve 8 in x 8 in wooden boards. In the second,
20 children arranged themselves as arrays. In the third, children arranged 16 toy trees.
Critical multisemiotic discourse analysis (van Leeuwen, 2008) focused on small group.
I identified reactions—i.e., students’ responses to socio-material entanglements, and
possible meanings associated with these (re)actions vis-à-vis intellectual authority.
Findings revealed a continuum from shared to contested intellectual authority reflected
in material entanglements. Examples of shared intellectual authority include children
engaging in a quiet impromptu choreography where they coordinated the placement of
wooden boards to complete an array. Examples of contested intellectual authority
include an exasperated child grabbing classmates by the arm to relocate them in the
array, and a child rotating the toy trees to switch rows and columns and win an
argument about the number of rows in the array. These findings call for attention to
intellectual authority beyond spoken language to also consider the materiality of tasks.
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FROM PROBLEM SOLVING TO PROBLEM POSING IN
MATHEMATICS: THE ROLE OF CONNECTIONS IN

STRUCTURING THE PROCESS
Aitana Martín-Ferraz, Alexánder Hernández, Matías Camacho-Machín

Universidad de La Laguna

Mathematical Problem-Posing Tasks (MPPTs) can be conceptualized as a cyclical
process structured around four phases: Orientation, Connection, Generation, and
Reflection (Cai & Rott, 2024). This research examines how this phase-based model
can be enacted with prospective secondary teachers when the purpose guiding the
problem-posing process is made explicit, enabling the transformation of mathematical
ideas into new problems. The study involved 29 undergraduate students enrolled in a
Mathematics degree program and taking a course in Mathematics Education, working
in a technology-rich environment (GeoGebra and AI tools). Each MPPT was preceded
by solving the original problem through paper-and-pencil strategies and technological
exploration, grounding the posing process in prior mathematical activity. Two
successive cycles were implemented. The first was strongly structured: participants
were explicitly required to identify the situation, the prompt, and the objective of the
MPPT, drawing on Baumanns’ (2022) categorization of problem-posing tasks
(generating new problems, reformulating a given problem for problem solving,
reformulating a given problem for investigation, and constructing tasks for others). The
second cycle was comparatively more open, allowing participants to appropriate the
phase structure with reduced external guidance.
The analysis highlights a continuity between the resolution of the original problem and
the subsequent Connection phase. Rather than functioning as a separate stage, the
Connection phase emerged as an explicit reorganization of mathematical ideas that had
already begun to develop during problem solving. This continuity suggests that
grounding problem posing in prior problem-solving activity is not merely preparatory,
but structurally constitutive of the Connection phase within the problem-posing cycle.
Acknowledgements
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FROM DESIGN TO USE: ENACTING A THEORY-INFORMED
APP FOR PART-WHOLE UNDERSTANDING

Caroline Marx1, Stephanie Roesch2,3, Björn Rudzewitz2,3, Korbinian Moeller2,4,5,
Christiane Benz1

1University of Education Karlsruhe, 2 LEAD Graduate School and Research Network,
University of Tübingen, 3Hector Research Institute of Education, Sciences and

Psychology, University of Tübingen, 4UMIT Tirol – Private University for Health
Science and Technology, 5Department of Mathematics Education, Loughborough

University

Part-whole understanding is a central prerequisite for early arithmetic learning and can
be supported through a structural approach that systematically emphasises relations
between parts and wholes (Björklund et al., 2021). However, translating these
structural principles into digital learning environments remains challenging (Drijvers
& Sinclair, 2024). Against this background, a theory-informed app prototype was
developed to support primary school students’ part-whole understanding by
implementing systematically structured decomposition tasks across enactive, iconic,
and symbolic representations. The present study reports on a pilot study of this
prototype and addresses the following research question: What insights for the further
development of the prototype can be derived? The pilot study was conducted with first-
grade students (N = 97) in a pre-post design including a control group receiving
business-as-usual textbook-based part-whole instruction. In addition to assessing part-
whole understanding, usage data and classroom observations were analysed to inform
further development. No additional learning gains in part-whole understanding were
found for the intervention group. However, variation within the intervention group
suggests that gains depend on the extent to which students completed the intended
decomposition tasks. Classroom observations further indicate that some students
engaged superficially, and that limited ICT routine and the need for additional analogue
support challenged systematic task processing. These findings suggest that further
development should focus on ensuring that all intended decompositions are
systematically processed, supported by more specific feedback on missing
decompositions and by a closer integration of digital and analogue representations.
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EMOTIONS ASSOCIATED WITH CODE-SWITHICNG FOR
MATHEMATICS BILINGUAL GRADUATE STUDENTS

Anna Mikulo
University of Northern Colorado

Bilingual students are an important part of U.S. doctoral mathematics programs, yet
little research has examined the affective dimensions of their language practices in
advanced mathematics. Prior research suggests that bilingual students use multiple
languages strategically and that language switching can support understanding and
participation (Planas & Setati, 2009), while also serving affective functions such as
emotional distance or regulation (Heredia & Altarriba, 2001). In this study,
bilingualism is understood as the meaningful use of more than one language (Grosjean,
1997), and code-switching as movement between English and one other language
while reading, writing, speaking, or thinking mathematically. The study asks: What
affective experiences do bilingual doctoral students report when moving between
English and another language while learning advanced mathematics in an English-
medium U.S. PhD program?
To address the research question, this study analysed semi-structured interviews from
a larger project with five bilingual mathematics doctoral students at a research-
intensive U.S. university. The analysis focused on segments where participants
described moving between languages and attached an affective evaluation to that shift.
Three themes emerged. First, switching languages supported understanding,
collaboration, searching for explanations, and idea generation, and was associated with
comfort, clarity, naturalness, and sometimes confidence. Second, English was
associated with concise mathematical phrasing, broader access to resources, and the
norms of PhD coursework and research. Third, participants described tension when
translating questions into English, using their first language for advanced mathematics,
or relying on non-English resources. Overall, affective experiences were shaped by the
English-dominant language landscape of doctoral mathematics, where English held
institutional power even when another language supported sense-making. This study
presents code-switching as an affectively charged practice shaped by disciplinary
norms.
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A STUDY ON METHODS OF DIAGRAM FORM REVISION IN
PATTERN GENERALIZATION

Naoya Miwa
Graduate School of Comprehensive Human Sciences, University of Tsukuba

In pattern generalization, some studies have focused on the process through which the
mathematical structure embedded in an object is derived. Since this process proceeds
progressively through the mutual coordination of numerical calculations and diagrams,
the revision of diagram forms is sometimes positioned within it. However, few studies
have examined how diagram forms are revised. The purpose of this paper is to identify
methods of diagram form revision in pattern generalization. The revision of diagram
forms refers to reconsidering the conventional rules that constitute a diagram and
reconstructing it according to a different set of construction rules (Hoffmann, 2005).
The research method proceeds according to the following steps: (1) Based on factual,
contextual, and symbolic generalization (Radford, 2003), we design a hypothetical
process of generalization concerning combinations with repetition. (2) Using the
semiotic triadic relation (representamen, object, interpretant) as an analytical
framework, we analyze the process of revising diagram forms. (3) By examining
multiple revisions of diagram forms, we identify methods common to all processes.
Combinations with repetition are chosen because dealing with a more complex
phenomenon than those presented in previous studies was considered more likely to
generate processes of diagram revision. Through two revisions of the diagram form,
we designed a process leading to the construction of the general term for combinations
with repetition. As a result of the study, the following methods of revision were
identified: (1) When students cannot discern the mathematical structure, they revise
the diagram form. (2) Students apply the revised diagram to a simple case. (3) Using
numerical evidence as a basis, students examine the validity of the revised diagram.
(4) From the perspective of simplicity, students refine the revised diagram. This result
suggests that revising diagram forms can serve as a catalyst for deriving mathematical
structures.
Acknowledgement
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EMBODIED GROUNDING, JUDGMENT, AND AFFECT IN
FRACTION MEANING-MAKING

Akira Morimoto1, Mao Obara2

1Fukushima University; 2School for the Deaf, University of Tsukuba

This study examines how mathematical symbols acquire meaning as students construct
and revise judgments through embodied grounding and affective shifts. Drawing on
symbol grounding theory (Lakoff & Núñez, 2000), research on rational number
conceptions (Behr et al., 1983), and the process–object shift in mathematical thinking
(Sfard, 1991), we investigate how students’ fraction meaning-making unfolds as they
justify their judgments. Participants were fifth-grade students solving a comparison
task involving 1/2, 2/3, and 3/5. The study consisted of two phases. In Phase 1, students
judged magnitudes using any method. In Phase 2, they were asked to explain their
reasoning using diagrams. At three moments in each phase—seeing, solving, and
finishing—students reported their affect using three facial-expression categories and
briefly explained their choices. Written responses and drawings were analyzed
qualitatively to examine how judgment, grounding, and affect interacted. This design
allowed us to trace how grounding and affect shaped students’ judgment processes.
One focal case illustrates how shifts in grounding were closely linked to changes in
affect. In this case, diagram-based grounding enabled the student to reorganize their
understanding of quantitative relations and stabilize the final judgment. Across cases,
grounding played different roles: it sometimes confirmed existing judgments,
sometimes triggered conceptual reorganization accompanied by increased anxiety, and
sometimes failed to connect to judgment, resulting in sustained uncertainty.
These findings suggest that embodied grounding does not automatically support
understanding but functions differently depending on how it is integrated into students’
evolving judgment processes. By incorporating affect into symbol-grounding research,
this study proposes a framework for describing mathematical meaning-making as a
dynamic interaction of judgment, grounding, and affect over time. More broadly, the
results suggest that diagrammatic or concrete representations may initially intensify
anxiety while simultaneously enabling conceptual reorganization.
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QUESTION-FIRST IS NOT A FREE LUNCH
Kanta Muramatsu1, Atsushi Yoshikawa2, Kazuhiro Aoyama3, Tsukasa Orikawa4,

Toshikazu Miura5

1Kanto Gakuin University Graduate School, 2Kanto Gakuin University,
3Aichi University of Education, 4Kanazawa University, 5Yamagata University5

In math word problems, it is often recommended to present the instructions for the task
at the beginning; however, research results regarding its effectiveness are divided
(Thévenot et al., 2007; Böswald & Schukajlow, 2022). We hypothesize an aptitude-
by-demand interaction: the question-first cue helps mainly with high-demand items but
becomes redundant or even misleading for low-demand items and for more
experienced solvers (expertise reversal; Kalyuga, 2007). Grade 6-7 students (N = 572)
solved four word problems (two low-demand; two high-demand) with counterbalanced
question positions (Before/After; ABAB/BABA). We fitted a linear probability model
with item and grade fixed effects and student-clustered robust standard errors. Item
demand moderated the effect: for low-demanded items, the question-first effect was
+0.31 pp (95% CI [-2.57, +3.20], p = .833), whereas for high-demanded items, it was
+5.81 pp (95% CI [+1.56, +10.05], p < .01); the interaction was +5.50 pp (95% CI
[+0.31, +10.69], p < .05). In the student subsamples, the overall effect was +3.6 pp; it
concentrated on high-demanded items (error-prone: +9.9 pp; error-free: +5.3 pp) and
was near zero for low-demanded items (error-prone: -1.4 pp; error-free: +1.1 pp). The
results support demand-dependence: question-first produces a clear gain on high-
demand items but not on low-demand items. These patterns align with the goal-
cue/situation-model benefit under high integration demand (Thévenot et al., 2007) and
with redundancy/expertise reversal when the goal is easily inferred (Kalyuga, 2007).
Because assessment type is a proxy (two items per type), future work should
manipulate specific demand features and collect process measures to test the
mechanisms.
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A MIXED-METHOD STUDY ON (PRE-SERVICE) TEACHERS’
BELIEFS ABOUT THE USE OF AI IN MATHEMATICS

EDUCATION
Fabian Anton Müller, Nils Buchholtz

University of Hamburg

The rapid spread of Artificial Intelligence (AI) into everyday life and mathematics
classrooms raises pressing questions about how (pre-service) teachers conceptualize
its pedagogical, ethical, and assessment-related implications. Standard Likert question-
naires, although widespread in belief research, tend to capture decontextualized agree-
ment ratings and are vulnerable to social desirability, which may mask internal tensions
and contradictions in teachers’ views (Safrudiannur & Rott, 2020). This poster presents
a mixed-method study that combines Q methodology with qualitative content analysis
to investigate pre-service and in-service teachers’ beliefs about using AI in mathemat-
ics education. First, 32 participants completed a Q-sort of 29 theoretically grounded,
context-rich statements on opportunities and risks of AI in mathematics classrooms,
arranged on a forced normal distribution from strong disagreement to strong agreement
(Lim-Ratnam et al., 2022). Second, immediately following the Q-sorting, guideline-
based interviews probed 10 participants’ reasoning for extreme placements, the class-
room situations they imagine, and perceived trade-offs. Interview transcripts were an-
alyzed using qualitative content analysis, linking coded segments to specific Q-sort
positions. This makes it possible to reconstruct not only which constellations of state-
ments participants endorsed, but also how they justify and qualify these endorsements
in concrete teaching scenarios. Results reveal a pattern of reflective openness com-
bined with pronounced ambivalence. While AI is perceived as offering instructional
support and opportunities for differentiation, concerns about competence loss, misin-
formation, and ethical risks remain salient. Importantly, participants across groups em-
phasized the irreplaceable pedagogical authority of the teacher. The poster contrasts
the study’s design with conventional Likert-scale instruments for measuring teacher
beliefs about AI. While Likert items may elicit independent ratings of broadly desirable
goals, the Q-plus-interview approach here required participants to prioritize between
competing, context-rich statements and articulate their situational reasoning.
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TEACHING HOW TO TEACH MATHEMATICAL MODELLING
IN PRIMARY SCHOOL
Clara Nehrkorn, Katja Eilerts

Humboldt University of Berlin

Mathematical modelling in primary school can help young learners make sense of
mathematics by linking it to their everyday lives. Hands-on, experience-based work on
modelling problems engages pupils’ senses and invites embodied engagement with
representations. Implementing such experiences, however, poses specific demands on
teachers. We therefore developed and evaluated a seminar in primary teacher education
to foster the pre-service teachers’ professional competence for teaching mathematical
modelling. Its content and design adapt insights from the far more extensive secondary-
school research base to primary classrooms (for an overview see Greefrath, 2025). Our
poster visualises the seminar concept, illustrates it with exemplary tasks and sample
lesson plans, and presents results of the evaluative intervention study. Pre-service
teachers’ pedagogical content knowledge for teaching mathematical modelling in
primary schools (modPCK) is conceptualised based on a competence model for the
secondary level (Borromeo Ferri & Blum, 2010; Greefrath et al., 2021). With the aim
to develop modPCK, the seminar combines theoretical block sessions with practical
components, enabling students to experience modelling and teaching modelling
themselves, in line with the conference theme. Across 38 participants, modPCK
increased significantly over the seminar (3 measurements; rmANOVA, Greenhouse–
Geisser; F (1.28,47.34) = 37.50, p < .001, η2 = .50). We also observed positive effects
on volitional competence aspects and interrelations between both. Building on the
conceptualisation of modPCK and its implementation in the seminar, next
methodological steps are (a) scaling up to larger cohorts and longer time spans and (b)
developing methods to assess how it is enacted in teaching practice. In teacher
education practice, the presented seminar is transferable and can be adapted,
implemented, and refined to support broader integration of mathematical modelling.
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MAKING SENSE OF MANIPULATIVES IN SYMBOLICALLY
STRUCTURED ENVIRONMENTS: A COLLABORATIVE DESIGN

WITH LOWER-SECONDARY TEACHERS
Benjamin Nicolas-Noir

Laval University, Canada; HEP-Vaud, Switzerland

A “critical issue” about manipulatives (here, non-digital objects handled by students
for mathematics education) is the limited interest they receive at secondary school,
from teaching guides and from research (Bartolini & Martignone, 2020, p. 367). In the
Swiss canton of Vaud, too, manipulatives are scarce in teaching recommendations for
lower-secondary level (age 11). In fact, sensory experiences (including bodies with
manipulatives) are excluded from mathematics, in favour of formal language.
This research explores how manipulatives, bodies and formal language can coexist at
the lower-secondary level. It builds on Symbolically Structured Environments (SSEs,
Coles & Sinclair, 2019), in which symbols stand for actions or distinctions with
manipulatives. SSEs ground in the theory of inclusive materialism. Using this
framework, we explore how lower-secondary concepts can exist as assemblages of
manipulatives, bodies and formal language. We study how couplings between gestures,
diagrams, formal language and manipulatives disturb binary norms about formal
language and sensory experiences, through creative acts (de Freitas & Sinclair, 2014).
Using SSEs as a basis, we conduct a collaborative design of manipulatives with four
lower-secondary teachers. Through five group meetings, we define the mathematical
content, generate ideas of manipulatives, prototype them, test them if asked for and
share our process. To capture this exploration, each meeting is videotaped and each
person keeps a design diary. From the unscripted design process, we expect creative
acts to emerge in couplings between gestures, design drawings, formal language and
manipulatives. The method for analysing the videos and the diary notes will be
presented in more details in the poster, together with the first research results.
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ANALYSING PROBLEM-SOLVING TASKS USED FOR SMALL
GROUP WORK IN “THINKING CLASSROOMS”

Guri A. Nortvedt, Alexander J.V. Selling
University of Oslo

A task can be seen as a classroom activity creating a context for students to engage in
thinking about subject matter (Tekkumru-Kisa et al., 2020). As such, tasks are key to
mathematics teaching and learning. While Tekkumru-Kisa et al. (2020) characterise
tasks according to their cognitive demand, Yeo (2017) characterises their openness
based on five variables: goal, method, task complexity, answer, and extension. Tasks
are also a key feature in the teaching approach “thinking classrooms” (Liljedahl, 2018),
which focuses on small-group problem solving and investigative work, applying low-
threshold problem-solving tasks with multiple solutions.
In the current study, we investigate small-group problem solving in upper secondary
mathematics classrooms implementing the thinking classrooms approach. Contrary to
what is found in previous research, the applied problem-solving tasks typically have
only one solution, targeting specific curricular goals. Correspondingly, tasks might be
developed to help students develop conceptual understanding or to prepare them for
developing knowledge of standard procedures and methods. This might be an artefact
of the upper secondary mathematics curriculum or a result of how thinking classrooms
and problem-solving tasks are perceived by the participating teachers. The aim of the
poster is to present and discuss different approaches to analysing the observed
problem-solving tasks. The purpose of using multiple frameworks (e.g. Tekkumru-
Kisa et al., 2020; Yeo, 2017) is to develop a task-analysis framework that can help
identify and unpack the embedded potential and characteristics of the applied problem-
solving tasks beyond that of multiple solutions, showcasing different task aspects to
compare these with teacher intentions. The poster will present sample tasks from the
ongoing study and show how using different frameworks highlight different aspects of
the tasks.
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INTEGRATING FRACTION REPRESENTATIONS USING A
NOVEL AUGMENTED REALITY SPIRAL DESIGN

Daniel O’Brien1, Korbinian Moeller2, Colin Foster1

1Loughborough University, 2UMIT Tirol

Fractions are notoriously difficult concepts for learners to understand. One reason may
be that there are many different aspects of fractions (e.g., part-whole, measurement,
etc.) which are often taught separately, using different visual representations (e.g., area
models, number lines, etc.). Siegler et al. (2010) stressed that understanding fractions
as magnitudes is crucial and should be supported using number lines. However,
fractions are usually introduced to learners using area models such as a pizza. Despite
their accessibility for younger learners, these models may delay understanding of
fraction magnitudes due to whole number bias. To enhance conceptual understanding,
we therefore seek to obviate switching between area and number line representations
by integrating them into a single model. Accordingly, we propose a novel, theoretical
3D solution in the form of a spiral staircase rendered in Augmented Reality (AR).
When viewed from above, a spiral staircase reduces to a pizza model: the stairs become
adjacent sectors of a circle and thus resemble pizza slices. However, when viewed side-
on, the pole through its center becomes a vertical number line. This overcomes a major
limitation of the pizza model, whose slices are bounded by the whole, as steps (slices)
representing improper fractions/mixed numbers can also be incorporated. Moreover, a
digital as opposed to physical model allows a fraction’s denominator (total steps in a
full turn) and numerator (shaded steps) to be instantly changed. Additionally, rendering
it in AR as opposed to a 2D screen enables full embodied interaction, enhanced 3D
visualization and repositioning or rescaling for situated cognition in any learning
environment. In practical terms, viewing the AR spiral staircase via a smartphone
screen also enables implementation at scale due to ease of access and minimal cost.
Future design iterations will develop the current prototype for empirical comparison to
area and number line models. To corroborate our theoretical framing, we would expect
it to better enhance performances while qualitative data should provide insights into its
ability to facilitate deep and lasting conceptual understanding of fractions. If it can
reduce whole number bias and delays in understanding fraction magnitude – enabling
both representations to be introduced simultaneously and coherently – there are
potentially far-reaching implications for classroom practice and curriculum design.
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CHANGES OF STUDENTS’ ATTITUDES TOWARD STATISTICS
THROUGH THE TEACHING AND LEARNING PROCESS OF

SIMULATION-BASED STATISTICAL INFERENCE
Yuichi Oguchi

Ibaraki University

The Understanding that an inference can be made about a population from a sample is
a fundamental aspect of statistical inference. However, when students focus on
sampling representativeness, they may believe that a sample is the same as the
population. One way to facilitate understanding of the relationship between a sample
and the population is to model a real-world situation and simulate it based on that
model (Braham, H. M. and Ben-Zvi, D., 2017). The purpose of this study is to design
the teaching and learning process of simulation-based statistical inference for 11th
graders and to identify students’ changes through the teaching and learning process.
The sample comprises 30 students of grade 11. During the learning session, students
utilize the Common Online Data Analysis Platform (CODAP), which allows
simulations to be run on tablet devices accessed via a browser. The learning activity
involves comparing predicted sample distributions before the simulation with the
actual sample distributions after the simulation. Students' behaviours are grasped on
their descriptions in the learning handouts. The effect of the designed teaching and
learning process is verified through pre-survey and post-survey. The Survey of
Attitudes Toward Statistics (SATS-36) (VanHoof et al., 2011) is used to investigate
attitudes in each survey. The SATS-36 is measured six subscales: affect, cognitive
competence, value, difficulty, interest, and effort. Responses to each question are
quantified on a seven-point scale. Several questions regarding sample size and sample
distribution are used to investigate informal statistical inference ability. From pre- to
post-survey there were changes of attitude scores. The difference of affect was 0.05,
cognitive competence was 0.20, value was -0.06, difficulty was -0.17, interest was -
0.12, and effort was -0.44. These results showed that the score of cognitive competence
increased and the score of effort decreased. It appeared that as students developed
statistical inference ability, they tended to require less effort to understand statistics.
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FROM CULTURAL ARTEFACTS TO DIDACTIC DESIGNS:
ANALYZING PRE-SERVICE TEACHERS’ GEOMETRIC

MODELLING
Daniela Olivares

Universidad de La Serena

Transitioning from sensory perception to conceptual abstraction remains a complex
challenge in teacher education. Duval (2006) argues that reasoning mathematically
requires a cognitive transformation beyond mere visualization. This study investigates
this transition through the geometric modelling of Diaguita pottery, a pre-Columbian
Chilean heritage renowned for its sophisticated patterns. These designs provide a rich
context for exploring geometric properties via dynamic geometry software. However,
effective classroom integration requires more than visual recognition; it demands
adequate Technological Pedagogical Content Knowledge (TPACK) (Mishra &
Koehler, 2006). The aim of this research is to analyse how pre-service teachers (PSTs)
from this cultural territory move from observing physical artefacts to developing digital
models, and finally, to designing didactic proposals. This qualitative study involved 26
pre-service elementary teachers (PSTs) from a Chilean university. The research was
structured in three phases: (1) Observation: PSTs visited a local museum to observe
the geometric patterns of Diaguita pottery. (2) Modelling: Using GeoGebra, students
reconstructed the underlying geometric structures of the patterns to create digital
models. (3) Didactic design: PSTs designed educational posters proposing a teaching
activity for primary school students. The data, consisting of 5 group-designed posters,
were analysed through the lens of the TPACK framework. The content analysis
focused on the integration of mathematical content, technological tools, and cultural
contextualization in their didactic proposals. Results indicate that PSTs successfully
developed digital models to represent geometric concepts. However, the "return to
reality" in their didactic proposals was primarily visual rather than analytical. PSTs
struggled to use the mathematical model to deepen the exploration of the artefact;
instead, their designs remained descriptive, failing to leverage the technology for their
future students to explore the concepts autonomously. This reveals a gap in their
TPACK, where pedagogical integration was limited. Therefore, teacher training must
emphasize transforming digital tools into instruments that foster student-led
exploration and mathematical reasoning.
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CYCLICAL UNDERSTANDING OF TIME IN EARLY
CHILDHOOD EDUCATION

Michael Palaoro
Institute of Mathematics and its Didactics (IMD), Leuphana University Lüneburg

Time is abstract and intangible. It can only be experienced through the passage of
events and made visible by measuring instruments such as clocks. In psychology,
research focuses on the influence of time on people, their understanding of the concept
and their awareness of it. Attention is paid to temporal orientation, subjective
perception and experience, and ultimately the ontogenesis of the concept from early
childhood to adulthood. Two concepts of time interact here: the linear understanding
of time, involving the notion of a beginning and an end, and the cyclical understanding
of time, involving the notion of periodic recurrence. Friedman (1978) first categorised
studies into the following three aspects of time: Logical time refers to Newton's
scheme, in which events are located on a time continuum. Conventional time refers to
culturally determined systems and symbols for organising time. Experiential time
refers to the experience and perception of duration and succession. In mathematics
education, the emphasis lies on fostering an appreciation of time as a quantifiable entity
characterised by distinct attributes, including benchmark knowledge and the capacity
for comparison. Thus, a comprehensive understanding of time requires an appreciation
of all various aspects of time, not just its conventional characteristics. Previous studies
(e.g. Friedman, 1978; McCormack & Hoerl, 2017) have mostly considered the
development of the understanding of time in isolation. The focus has clearly been on
the linear aspect of time and the quantitative paradigm from a methodological
perspective. This project, however, focuses on the qualitative assessment of the
cyclical understanding of time in early education and its possible typology, because
this forms the basis for understanding time-measuring instruments considered essential
in our culture, such as clocks and calendars. A qualitative assessment of this cyclical
understanding requires the temporal aspects to be differentiated further. In this study,
45 German first and second graders were interviewed and videotaped. Qualitative
content analysis is used to evaluate the transcripts of the videos. This poster illustrates
how a cyclical understanding of time can be evaluated in children's statements using a
deductive categorisation system, and how this can be broadened through inductive
categories.
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DIFFERENT MEANINGS OF THE CONCEPT OF A VARIABLE
MEDIATED BY SIMULTANEOUS EQUATIONS EXPRESSED

WITH ICONS IN TWO FINNISH ELEMENTARY SCHOOL
MATHEMATICS TEXTBOOK SERIES

Anna-Maija Partanen
University of Lapland

New uses of variables, in addition to that of the unknown, may pose a major obstacle
for students making the transition from arithmetic to algebra (Ely & Adams, 2012).
Nevertheless, early algebra experiments have shown that even kindergarten and
elementary school children have the capacity for algebraic thinking with, for example,
varying variables (Blanton et al., 2017). In this research, the tasks in the two main
mathematics textbook series for elementary schools in Finland, Milli and Oivaltaja,
were analysed in a search for tasks that could be used to prepare and support students’
learning of the different meanings of the concept of a variable in school algebra. During
this analysis, an interesting type of task, simultaneous equations of several variables,
which were written with icons instead of letter symbols, was found. Those 148 tasks
were analysed by a deductive content analysis using a framework developed by the
author and her colleague (Partanen & Tolvanen, 2019).
Although all the simultaneous equations and equations with icons were first classified
to mediate the meaning of the unknown in the context of equations and inequalities, in
the solution processes of the equations, also the meanings of the generalised number,
varying variable and generalised quantity were needed in the reasoning. The author
discusses expanding the potential of the type of task. For example, the laws of
operations of real numbers could be discovered, or varying variables in functional
relationships could be introduced through them. The results and discussion show that
advanced algebraic ideas about the meanings and uses of variables could be made
available to elementary school students through mediation by the tasks of this format.
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ECEC EDUCATORS’ AWARENESS OF 4- TO 5-YEAR-OLDS’
MATHEMATICAL SKILLS

Piia Parviainen, Jenni Salminen, Minna Torppa, Tiina Ronkainen, Tuire Koponen
University of Jyväskylä

This study aims to explore ECEC educators’ awareness of 4- to 5-year-olds’
mathematical skills, because it is critical in supporting age-appropriate (Clements &
Sarama, 2021), wide-ranging (Gonulates & Gilbert, 2023), and regular (Parviainen et
el., 2023) mathematical learning in ECEC. It is not, however, evident how
comprehensive educators’ awareness of children’s mathematical skills is. In this study,
educators’ awareness of mathematical skills is conceptualised as ability to identify age
and developmentally appropriate core mathematical skills and is explored in relation
to Parviainen’s (2019) theoretical framework of early mathematical skills
development. Web survey data were collected from ECEC educators (N = 54) who
participated in EarlyMath research project. Data were analysed with the qualitative,
theory driven, content analysis. Ethical review was conducted for the research project
and the ethical principles (e.g., voluntary nature of research participation and careful
data analysis) were followed. The findings demonstrate that ECEC educators were best
aware of 4- to 5-year- olds’ numerical skills and fairly of abilities for spatial thinking
and mathematical thinking and reasoning. However, many of the educators failed to
identify core skills comprehensively and description of different sub skills,
developmental level or age-appropriate number range was often missing. The findings
suggest that ECEC educators benefit professional development for their awareness of
4- to 5-year-olds’ mathematical skills.
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CROCHET AND AI GEN IN MATHEMATICAL EXPLORATION
BY UNDERGRADUATE MATHEMATICS STUDENTS

Giovana Pupim da Cruz, Ricardo Scucuglia
São Paulo State University (UNESP)

The notion of humans with media, which emphasizes the idea that knowledge is
produced by the collective of human and non-human beings, has reshaped how learning
processes are conceived in Mathematics Education (Borba & Villareal, 2005). In this
framework, emerging digital media such as Generative Artificial Intelligence (AI Gen)
invite renewed discussions about how mathematical ideas are experienced in hybrid
collectives, while aesthetic perspectives in mathematics education highlight the role of
perception and sensorial engagement in such processes (Sinclair, 2006). In this study
we present the initial results of an ongoing research that aims to investigate how
undergraduate mathematics students explore tasks involving crochet and mathematics
using AI Gen applications. Methodologically, we conducted teaching experiments with
three pairs of students from a public university in Brazil (4 sessions of 2 hours each
pair). The sessions and the computer screen were recorded, in addition to written
records, with the aim of triangulating the data.
The experiments involved learning crochet, identifying mathematical patterns (e.g.,
symmetries, arithmetic and geometric progressions, hyperbolic geometry), and
analyzing the AI Gen's capacity to recognize and to generate and analyze images of
these structures. In the episodes, the students reformulated prompts to obtain more
precise responses, evaluated and sometimes rejected incomplete or inadequate outputs
and revised their own calculations during the interactions, demonstrating that AI Gen
acted not only as a verification tool but as an epistemic participant in the collective
process. The students compared their reasoning with the AI Gen outputs, and with the
crochet pieces, indicating that both the digital and material elements shaped
mathematical interpretations. These episodes suggest that the combination of manual
work and AI Gen technologies can create multimodal conditions for mathematical
exploration, promoting aesthetic engagement and reshaping how future teachers
experience and interpret mathematical ideas.
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MATHEMATIZING BODY MOVEMENTS THROUGH THE LENS
OF THE OBSERVER USING YOLOV8

Paola Ramirez1, David Reid2, Yvan Baldera1, Luis Torres1

1Catholic University of Maule, 2University of Adger

In early years, body movements are central to growth and show what kind of learning
is happening, because verbalisation is less common (due to the developmental process)
on this context whatever method or methodology is applied in mathematical education
research, the observer plays a crucial role in determining what mathematics the
participant is bringing forth (Ramirez, 2025).Hence, based on enactivist approach
where body, is understood as an adaptively autonomous and sense-making system
(Thompson, 2017, p. xxvi) showing itself as a constant problem-solving, a way to
making sense of the world that also can be see it in mathematical terms. On this
ongoing research about children 4-5 years old, mathematics and body movements, we
sought to find an analytical tool that would allow us to explore body movements from
the observer’s perspective, what aspect to consider on it and how to mathematise what
is observed through the movements. This involved identifying methodological criteria
to describe the process of mathematisation of body movements, when this is a
manifestation of mathematics learning.  To do so, we adopt a quantitative-
computational methodological approach based on computer vision and mathematical
modelling of human body movement named YOLOv8. We analyse a video of a girl (4
years old) maintaining her balance by placing her feet on one rope and her hands on
another. As a result, we propose their estimation of the joints because how
proprioception is involves, a temporal evolution of vertical position (time/speed) and
recognise the coordination of the observer/researcher and his own mathematization.
Finally in this poster, we will present the girl’s motion analysis using YOLOv8 based
on human position estimation, their graphic and their mathematization, seeing a
detailed account and the multiple recognitions prompt. Pursuing reflective questions
on methodological challenge posed by observer body movements and mathematics.
Acknowledgment: FONDECYT INICIACION ID11251892
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DESIGNING TEACHER EDUCATION FOR MATHEMATICAL
PROMISE: ITERATIVE DEVELOPMENT IN PRACTICE

Miranda Rampe
Kristianstad University

Teacher education plays a central role in preparing pre-service teachers (PSTs) to meet
the needs of mathematically promising students (MPS). While research on giftedness
and differentiation is well established, fewer studies examine how mathematical
promise can be positioned and operationalised within teacher education programmes.
In this study, mathematical promise is conceptualised as a domain-specific, dynamic,
and context-dependent phenomenon that develops through opportunity, challenge, and
support, requiring deliberate pedagogical consideration. This poster reports on findings
from a study investigating what design insights emerged through the iterative
development of a seminar and subsequent practicum addressing mathematical promise
in teacher education. The study adopts an educational design research approach
(McKenney & Reeves, 2018) and comprises three iterative cycles (two completed, one
ongoing). Each cycle includes a targeted seminar on MPS followed by a practicum in
which PSTs were encouraged to address MPS in their mathematics teaching. Data was
generated through voluntary semi-structured interviews and written reflections from
participating PSTs (n = 8 across two cycles). Guided by cultural-historical activity
theory (CHAT), the analysis conceptualised tensions as systemic contradictions within
and between activity systems. PSTs’ reported experiences constituted the primary data
informing the redesign between cycles. Successive iterations sought to address
identified contradictions and strengthen alignment between conceptual input and
classroom enactment. The analysis led to the formulation of emerging design
guidelines, reflecting implications at both programme level: (1) systematic integration
of mathematical promise across the teacher education programme, and intervention
level: (2) explicit engagement with tensions between inclusive ideals and upward
differentiation, (3) a shift from quantitative differentiation towards qualitatively
different forms of mathematical challenge, (4) prioritisation of instructional judgement
over ready-made strategies, and (5) structured translation between conceptual
understandings and classroom action. Taken together, these findings indicate that
preparing PSTs to meet the needs of MPS requires more than the addition of an isolated
seminar. Rather, they point to the need for coherent integration and a repositioning of
mathematical promise across the teacher education programme, alongside the
cultivation of instructional judgement within inclusive frameworks. A third cycle is
currently ongoing and will allow further testing, refinement, and consolidation of these
emerging design guidelines.
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BEYOND THE SCREEN: A META-ANALYSIS OF DIGITALLY
ENRICHED MATHEMATICS LEARNING IN PRIMARY SCHOOL

Frank Reinhold1, Anselm Strohmaier1, Gilbert Greefrath2, Daniel Walter3

1University of Education Freiburg, 2University of Münster, 3TU Dortmund University

The effectiveness of digitally enriched learning may depend on two aspects: the imple-
mentation of digital learning environments and the ways students use the learning op-
portunities provided by these environments, both of which may further be shaped by a
variety of contextual factors (Reinhold et al., 2024). Previous meta-analyses have re-
ported positive average effects of digital mathematics learning, but have rarely exam-
ined systematic moderators, and only limited attention has been given to primary edu-
cation. This meta-analysis addresses the questions: Do digitally enriched approaches
in primary mathematics instruction lead to greater learning gains than non-digital in-
struction? Do the design of digital tools, characteristics of the studies, the instructional
context, and the implementation and use of technology moderate these effects?
Peer-reviewed studies published between 2014 and 2024 were included if they inves-
tigated digitally enriched mathematics instruction in Grades 1–4, reported cognitive
outcomes, and used (quasi-)experimental pre-post designs with control groups. After a
multi-stage screening of 1,076 records, 49 studies with 315 effects were included. To
examine potential moderators, theoretically grounded variables were coded describing
the learning environment, study design, contextual characteristics, and the interaction
of technology implementation and use. Effect sizes were estimated using multilevel
random-effects models; moderators were tested using mixed-effects meta-regressions.
Results show a robust positive effect of digitally enriched instruction on students’
mathematics achievement compared to non-digital instruction (g = 0.46). Moderator
analyses indicate that technology use and instructional design, as well as the mathe-
matical content domain, are associated with differences in effect sizes, whereas many
commonly discussed features show no systematic effects. The findings suggest that
digital tools can substantially support mathematics learning in primary school, but their
effectiveness depends on how they are implemented and used in classroom practice.
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REFRAMING NUMBER SENSE THROUGH
REPRESENTATIONAL WORK

Guylaine Rousseau and Nathalie Bisaillon
University of Montreal

Number sense is framed as structural understanding of number grounded in
relationships, representation, and operational meaning (McIntosh et al., 1992).
Although curricula emphasize such understanding, teachers’ engagement with
mathematics often remains predominantly procedural. This study examines how
supporting primary teachers’ conceptual understanding of number and operations
influences instructional practice.
The study draws on McIntosh et al.’s (1992) number sense framework and Ball et al.’s
(2008) model of Mathematical Knowledge for Teaching. Eight teachers (grades 3–6)
participate in an eight-month research-formation process combining workshops and
classroom experimentation. Data include journals, observations, transcripts, and
interviews. A qualitative thematic analysis examines shifts in teachers’ number sense
and practice. Data collection is ongoing; findings are based on analyses to date.
Preliminary findings indicate that transformation first emerges in teachers’
interpretation of mathematical understanding. Timed and representational tasks
revealed a gap between procedural fluency and structural reasoning, prompting
destabilization and recognition of rule-based reliance. Teachers began reinterpreting
students’ apparent success as procedural rather than conceptual. Representational tasks
functioned as diagnostic tools, making structural gaps visible and reshaping judgments
of mastery.
Professional change thus appears to originate in interpretive practice before stabilizing
at the level of belief. Representational work mediates this shift and is reflected in
greater use of manipulation and representations, less reliance on workbook-driven
instruction, and more sustained attention to structurally demanding concepts.
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THE LONGITUDINAL RECONFIGURATION OF PRE-SERVICE
TEACHERS’ ASSESSMENT CONCEPTIONS IN MATHEMATICS

Carolina Ruminot
University of Ottawa

Formative assessment is widely promoted in mathematics education, yet tensions
persist between formative ideals and performance-driven practices. While teachers’
assessment beliefs have been studied, less is known about how pre-service teachers’
conceptions evolve longitudinally and how this evolution relates to their developing
understanding of mathematics as a disciplinary practice. This study examines how
assessment conceptions are reconfigured over a two-year teacher education program
and how practicum mediates this process. It asks: How do initial assessment
conceptions evolve across coursework and practicum, and how is this evolution linked
to shifts in participants’ epistemic views of mathematics teaching?
Grounded in research on assessment conceptions (Brown & Gao, 2015) and formative–
normative functions (Laveault & Allal, 2016), conceptions are understood as
interpretive frameworks connecting theory, institutional norms, and disciplinary
epistemology. Assessment competence is thus conceptualized as situated professional
judgment. A qualitative longitudinal collective case study was conducted with six pre-
service teachers. Data were collected at two points: a questionnaire at the end of year
one and interviews after the final practicum. Quantitative profiles (formative,
normative, criterial) were complemented by inductive thematic analysis and cross-case
comparisons. At T1, participants showed strong formative orientations (means 4.0–
4.7) and low normative orientations (1.3–2.1), though traces of performance-centered
beliefs persisted. By T2, four shifts emerged: assessment was reconceptualized as a
cyclical regulatory process; attention moved from procedural correctness toward
reasoning; professional judgment became more holistic; and practicum emerged as a
key mediating space of transformation. Despite these changes, institutional constraints
continued to limit full enactment of formative principles, indicating that conceptual
development is negotiated rather than linear. The study theorizes assessment change as
an epistemic-professional negotiation shaped by disciplinary understanding,
institutional pressures, and practicum mediation within mathematics education.
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DOUBLE INSTRUMENTAL GENESIS IN PRE-SERVICE
MATHEMATICS TEACHERS

Ivonne Andrea Ramírez Oviedo, Marisol Santacruz-Rodríguez
Universidad del Valle

We analyse how do future mathematics teachers develop double instrumental genesis
(Haspekian, 2023), in terms of personal instrumental genesis (GIPE) and professional
instrumental genesis (GIPR) when constructing conics with Dynamic Geometry. We
are interest in the conics teaching because offer a rich context: their teaching tensions
synthetic and analytical approaches using dynamic geometry. Our framework
recognizes how double instrumental geneses include usage schemes of future teachers,
that is, their invariant activity organizations comprising goals, action rules, and
operational invariants (Vergnaud, 1998). Research method is based on a naturalistic
case study (Yin, 2009). Over 5.5 months, data were collected from Víctor
(pseudonym), a final-year student for math teacher in Colombia. Our data set includes
videos of peer collaboration, planning and advising sessions, implementation in
classroom, and a final interview. We are using a mixed coding procedure using
grounded theory coding yielded 15 episodes and 11 usage schemes.
First results. In his lesson plan to teach conics, Víctor adopted an analytic-static
approach using GeoGebra to type canonical equations to display graphics, without
using dragging or sliders. It was remarkable that one of his theorem-in-action was “the
intersection of two parabolas is an ellipse”. Later, in an advisor session, an
experimented teacher observed Victor’s difficulties to understand conics construction,
generating a restructuring of his scheme, showing that social schemes require non-
immediate accommodation. In the class observed, Víctor progressed from a static
displayer to managing technological errors and fostering peer-work.
Final remarks: (a) social schemes orient and constrain both geneses; (b)
instrumentation without instrumentalization limits DT didactic creativity; and (c)
authentic practicum is the primary catalyst for GIPR evolution. Teacher education
should design explicit cycles linking GIPE and GIPR, promoting the use of Digital
Technologies in dual situations: personal and professional.
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DEVELOPMENTAL REORGANISATION OF ERROR TYPES AND
TEMPORAL PROCESSING IN ADDITIVE WORD PROBLEMS
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Iñesta1, Daniel Garcia-Costa4, Francisco Grimaldo4
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Examining developmental changes in arithmetic word problems (AWPs) requires
focusing on how students represent quantitative relations and how errors reflect them.
Performance is shaped by semantic structure (Riley et al., 1983) and situation-model
construction (Kintsch & Greeno, 1985), with errors signalling relational conflict
(Verschaffel et al., 1994). The study examines grade-level changes in error types in 14
one-step additive AWPs and their relationship with temporal indicators: reading (RR)
and solving (SR). A total of 3,111 students from Grades 1 to 6 (ages 6–12) solved the
problems using software. Distractors allowed identification of three error types: higher-
quantity, lower-quantity, and inverse-operation errors. The approach draws on decision
models integrating time and accuracy as complementary components (Ratcliff, 1978).
Results reveal developmental reorganisation: in early grades, quantity-selection errors
predominate, whereas from Grade 3 onward inverse-operation errors increase,
particularly in relational problems (Verschaffel et al., 1994). SR is robustly associated
with accuracy: higher relative solving time predicts lower probability of correct
responses, functioning as a global marker of difficulty (van der Linden, 2007). In
contrast, RR does not predict accuracy, and neither RR nor SR differentiates error
types, separating global difficulty from representational structure.
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INDONESIAN PRE SERVICE TEACHERS’ EXPECTATION AND
CHALLENGE ON STEM EDUCATION IN MATHEMATICS

CLASSROOM
Yurizka Melia Sari1, Yulia Izza El Milla1, Shofan Fiangga1,3, Fikky Dian Roqobih2,
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It is undeniable that STEM education has become highly influential in modern
curricula. Therefore, it is critical to prepare the pre-service mathematics teachers for
the implementation of STEM Education integrated approaches. This study explores the
expectations and perceived challenges of pre-service teachers regarding the integration
of STEM into mathematics classrooms. We proposed that the nine STEM teacher
identities from Holincheck and Galanti (2026) were adjusted into two dimensions:
expectation and challenge. These dimensions reflect on how pre-service mathematics
teachers perceive STEM Education, both in their current roles and through their future
as professional educators. In the expectations dimension, it is characterized by task
perception, self-image, recognition, and motivation. While in the challenges
dimension, it comprises self-efficacy, competence, performance, teaching interest, and
content interest. Using a qualitative approach, data were collected through semi-
structured interviews and reflective journals from six third-year pre-service education
students who had already taken a STEM Education course. The findings reveal high
expectations for enhancing student engagement and demonstrating the real-world
relevance of mathematics. This expectation elicits the characteristics of task-
perception, motivation, and self-image. However, these expectations are tempered by
significant challenges, including a lack of pedagogical content knowledge, limited time
for interdisciplinary planning, and a perceived pressure to prioritize standardized
testing over project-based learning. These challenges highlight the characteristics of
competence, performance, and task-perception. The study concludes that while pre-
service teachers are intrinsically motivated to adopt STEM, teacher education
programs must provide more explicit, hands-on training in interdisciplinary integration
to bridge the gap between expectation and practice.
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TRANSFORMATION OF TEACHERS’ MATHEMATICAL
KNOWLEDGE THROUGH THE DESIGN OF AN EDUCATIONAL

ARTIFACT
Christine Scalisi Neyroud

Lausanne University of Teacher Education

Research about educational artifacts has typically focused on digital artifacts or on the
impact of using an artifact on student learning. There is less research on the design
process of the artifact and its impact on its designer. This project proposes to analyse
the transformation of teachers' mathematical knowledge through the design of a
material educational artifact.
Two theoretical frameworks support this empirical research. First, the theory of
semiotic mediation (Bartolini Bussi & Mariotti, 2008) describes a four-pole model to
assist teacher designers. There is a constant interaction between the artifact, its usage
patterns, the mathematical target and staging the scenario of the lesson built to achieve
the expected student knowledge. Second, embodied and situated cognition, and more
specifically the ACT-IN model (Versace et al., 2018) describes how memory traces of
past sensorimotor experiences are gradually transformed during recurrent multimodal
exposures in similar situations. Knowledge arises from the coupling of present
experience with memory traces of past experiences. Explicit and tacit knowledge
(Polanyi, 1966) evolve on a continuum through the reactivation of traces.
Our hypothesis: Teachers’ mathematical knowledge will be transformed by the design
process of an artifact intented to solve a mathematical educational problem.
We will propose a design process teacher training course with a pre- and post-
questionnaire focusing on explicit knowledge. An explanatory interview, supported by
the images of the evolution of the artifact's design, will focus on the tacit knowledge.
We expect to show that designing an educational artifact helps teachers to expand their
understanding of a mathematical concept, through the artifact under construction.
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MATHEMATICAL LEARNING IN MOTION: EMBODIED
COGNITION AND MOTION TRACKING IN KINDERGARTEN

Franziska Schulte, Maike Schindler
University of Cologne

The learning of basic mathematical skills in kindergarten is fundamental for
mathematical development. A central aspect is the development of number sense
(Jordan et al., 2006). However, many children experience difficulties in acquiring basic
mathematical skills in early development. Recent studies show that learning processes
can be effectively supported by embodied learning activities (Abrahamson et al.,
2020). In this research project, a mathematical learning environment for kindergarten
children is being developed that follows the embodied cognition approach. We present
an exploratory pilot study that aims to investigate embodied learning processes of
kindergarten children. In particular, we work with a mathematical learning
environment that focuses on promoting number sense, particularly the cardinal and
ordinal number concept. The empirical research question is: How does embodied
learning facilitate the acquisition of mathematical skills in kindergarten children?
To methodologically capture the embodied learning processes, we use a marker-based
motion capture system (Qualisys) in addition to video recordings, since motion capture
systems have shown to offer opportunities to investigate embodied learning processes
and are increasingly used in educational settings (Reuter & Schindler, 2023). The
methodological research question is: What are opportunities and challenges of motion
capture systems to investigate young learners’ embodied mathematics learning? The
learning environment is embedded in a space context, where the kindergarten children
are space travellers and the planets represent different learning goals and kinds of
embodied learning activities (realized, e.g., through jumping, turning). This pilot study
is the first step in our embodied research project for young learners. It will give first
insights into the empirical as well as the methodological research questions that serve
as springboard for the further developments.
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UNDERSTANDING STUDENTS’ USE OF MATHEMATICAL
VISUALIZATIONS IN TEXTS THROUGH READING ACTIONS

Oskar Segerlund, Ulrika Wikström Hultdin, Magnus Österholm
Umeå Mathematics Education Research Centre (UMERC), Department of Science

and Mathematics Education, Umeå University

Visualizations are used in mathematics textbooks for various reasons, e.g., to convey
essential information or to support comprehension. We know that experienced readers
use all available semiotic resources (Fang, 2023), and that gaze patterns are useful
when examining how readers interpret and integrate visualizations with other semiotic
resources (Schreiter & Vogel, 2023). In this ongoing study, we investigate strategies
for comprehending mathematical texts that include visualizations containing essential
information. In contrast to previous research, we connect reading comprehension to
students’ use of visualizations by employing eye-tracking as the methodological ap-
proach. In this study, 28 upper secondary students read two mathematical expository
texts, each including symbolic expressions, visualizations and verbal language. Each
text was followed by a set of reading comprehension questions and the participants’
gaze patterns, written answers and voices were recorded. For this presentation, we an-
alysed data from the 5 best- and worst-performing students based on their comprehen-
sion scores. Each visit to a visualization found in the visualized gaze patterns was cat-
egorized as one or more “reading actions”. We define a reading behaviour as a se-
quence of reading actions, which, in turn, is an up to 5 second event in the gaze pattern.
An example of a reading action is “link”, which is recognized by a back-and-forth
movement between visualization and verbal language or symbols typically forming a
triangular shape in the visualized gaze pattern. Reading actions are preferably pre-
sented visually and will be elaborated on in the presentation. Analyzing students read-
ing behaviour as a sequence of reading actions makes it possible to characterize differ-
ent readers in detail. It also enables drawing conclusions about which reading behav-
iours lead to better reading comprehension, with potential implications for teaching
and textbook design. Early indications from our analysis suggest that greater use of the
“link” action when reading is connected to higher reading comprehension. Further re-
search is needed to determine whether the students use these actions intentionally and,
if so, for what purpose.
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STUDENTS’ USE OF VISUAL REPRESENTATIONS WHEN
WORKING ON WHITEBOARDS DURING PROBLEM SOLVING

Alexander J. V. Selling, Guri A. Nortvedt
University of Oslo

Visual representations play a central role in students’ mathematical thinking, learning,
and communication: students can engage with visual representations in many different
forms, for instance drawings and graphs. Being able to utilize, interpret, create, and
translate visual representations is an important skill for students as this can often be a
key strategy in problem-solving activities (cf. Arcavi, 2003). Understanding how
students use visual representations when engaging in problem solving is thus
important. In this study, we investigate students’ problem solving in upper secondary
classrooms that adhere to the “Thinking classrooms” approach (Liljedahl, 2018), where
students work in groups of three on vertical whiteboards to solve mathematical
problems. The use of whiteboards allows students to create and utilize visual
representations, prompted or on their own accord, as well as re-draw, add, and change
their representations, due to the non-permanent nature of the whiteboards. There is
limited empirical research from classrooms using this teaching approach, and
accordingly, little knowledge surrounding how students utilize visual representations
as they work jointly on problems in this setting. In this ongoing study, we aim to
understand what kind of visual representations students use when working jointly on
problem-solving activities. Drawing on video data from an on-going study on
“Thinking classrooms” from Norwegian upper secondary mathematics classrooms, we
utilize video observation and photos of students’ vertical boards to study student use
of visual representations during problem solving. To analyze the data, we use an
abductive coding approach, focusing on 1) what kind of visualizations are used, and 2)
the role of the visualization in the students’ problem-solving process, distinguishing
between prompted representations and those created on students’ own accord.
Preliminary findings suggest that the visual representations act as anchors, facilitating
both discussions and the problem-solving processes. At the same time, representations
could also confuse the students, for example when graphs are poorly drawn or
incorrect. The poster will present illustrative examples of visualization representations
from the observed classrooms, and our analysis (and coding schema) of said
representations.
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ENHANCING PEDAGOGY STUDENTS’ STATISTICAL
THINKING THROUGH PROBLEM-POSING BASED LEARNING

(P-PBL) INSTRUCTION
José Roberto Sierra-Mendoza, Guadalupe Vera-Soria, Humberto Gutiérrez-Pulido

Universidad de Guadalajara

Statistical education plays a fundamental role in undergraduate teacher preparation
(Frischemeier & Biehler, 2017). In Mexico, graduates of Pedagogy programs often
become elementary school teachers responsible for teaching mathematics. Research
has documented deficiencies in prospective mathematics teachers’ abilities related to
data interpretation, decision-making, and critical evaluation of information
(Rodríguez-Alveal & Díaz-Levicoy, 2025). This master’s research, grounded in the
Statistical Thinking Framework (STF), examines the impact of implementing the
Problem-Posing Based Learning (P-PBL) instructional model on the development of
statistical thinking in undergraduate Pedagogy students enrolled in a Descriptive
Statistics course. The analysis considers progression across four levels of statistical
thinking –idiosyncratic, transitional, quantitative and analytical– within four data-
related constructs: description, organization, representation and analysis (Jones et al.,
2000). This qualitative research follows an instrumental case study design to examine
the statistical thinking of a specific group of 36 pedagogy students who participate in
a problem-posing instructional intervention, designed according to the P-PBL
instructional model, consisting of four phases: 1) the teacher introduces a problem-
posing situation, 2) provides a problem-posing prompt, 3) students pose problems, and
4) the teacher selects problems for students to solve and discuss (Cai, 2022). The poster
to be presented at the 49th PME Conference will showcase the problem-posing
situations and prompts developed for the intervention, as well as preliminary results
from the pilot study.
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A CROSS-CULTURAL ANALYSIS OF DIAGRAMS AND
FORMULAS IN TEXTBOOK PROOFS

Michael Fischer1, Fabio Luiz Borges Simas2, Alice Santos3, Rúbia Barcelos Amaral4

1University of Graz, 2UNIRIO, 3University of Minho, 4São Paulo State University

The study of cultural differences in mathematics classrooms has long shown that proof
and proving are embedded in institutional norms and in the semiotic and linguistic
resources through which reasoning is communicated and validated (Miyakawa &
Shinno, 2021). Recent textbook research extends this work by comparing how proving
is linguistically framed across countries, documenting differences in the repertoires
and uses of proof-related words that signal what kind of justification is expected, as
well as differences in how proofs are organised and presented as stepwise procedures
(Hakamata et al., 2025; Fischer & Oldenburg, in review for publication). From a
cognitive–semiotic perspective, this challenges the assumption that formulas and
diagrams form a language-independent code. Duval (2006) argues that mathematical
objects are accessible only through semiotic representations and that understanding
relies on coordinating at least two registers and on conversions between them, often
supported by natural language and the way written text frames symbolic treatments.
Consequently, even when the same formulas or diagrams appear across textbooks, their
interpretability may differ depending on how explicitly the text guides learners in
linking representations and in understanding their role in the argument (Duval, 2006).
Within the project “From A to B”, we examine cultural differences across Austria,
Germany, Portugal, and Brazil in proving activities in textbooks. We present first
results showing cross-country differences in the use of diagrams and formulas in school
textbooks when presenting the same geometry proof at the secondary level.
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TECHNOLOGICAL PEDAGOGICAL READINESS AND
TECHNOLOGY INTEGRATION IN MATHEMATICS

CLASSROOMS
Ali Simsek

Board of Education, Turkish Ministry of Education

Technology integration into mathematics classrooms varies considerably depending on
teachers’ pedagogical readiness and contextual conditions. The Technological
Pedagogical Readiness (TPR) framework (Li et al., 2025) conceptualises technology
integration as shaped by internal factors including teachers’ attitudes, technological
pedagogical content knowledge (TPACK) (reference), and external factors such as
educational environment and professional development. This study examined how
mathematics teachers integrate technology into classroom practice and evaluated the
applicability of the TPR framework by investigating (1) observable patterns of
technology use and (2) internal and external factors influencing integration. A
comparative case study was conducted with four lower secondary mathematics
teachers. Data were collected through non-participant classroom observations (four
lessons per teacher) and semi-structured interviews. Analysis was guided by the
Structuring Features of Classroom Practice (Ruthven, 2009) and the TPR frameworks.
Findings indicated that technology was used primarily for visualisation and
explanation, reflecting predominantly teacher-centred and static integration.
Opportunities for student interaction and collaborative use were limited although
slightly more exploratory uses were observed in some lessons. Teachers reported that
technology enhanced engagement supported conceptual understanding and
instructional efficiency. Integration was shaped by factors including pedagogical goals,
teacher confidence, professional development, and technology access. The findings
showed while different technologies are widely present in classrooms, their
pedagogical potential remains only partially realised. Technology integration was
largely aligned with existing instructional routines rather than transforming classroom
practices. These results highlight the importance of supporting teachers’ pedagogical
readiness and addressing contextual barriers to foster more interactive, student-centred
uses of technology in mathematics education.
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A SYSTEMATIC LITERATURE REVIEW OF QUALITATIVE
RESEARCH ON SHADOW EDUCATION IN MATHEMATICS

Linda Maria Sjögren, Anna-Lena Ekdahl, Robert Gunnarsson
School of Education and Communication, Jönköping University

Shadow education is a broad concept encompassing instructional support offered
outside the regular school context. As Bray (2024) summarizes, research in this area is
largely quantitative, often measuring the amount of tutoring received and its
association with academic outcomes such as mathematics performance, with mixed
results. Against this background, we present a systematic literature review of
qualitative research that can contribute to a deeper understanding of the role of shadow
education in mathematics. The following research questions were addressed: RQ1:
How are the effects of the support characterized in the studies? RQ2: How is the
relationship between the support and the formal schooling described?
A systematic literature search was conducted in the databases Educational Database,
ERIC, Scopus, and Web of Science, resulting in 31 articles. The study was limited to
studies on students aged 14–19, and data were analysed using thematic analysis.
The literature review includes digital support in asynchronous (apps, learning
platforms, videos) and synchronous (online one-to-one tutoring) formats. In contrast,
non-digital support was limited to synchronous formats such as tutoring programs. The
effects of the support (RQ1) are characterized as affective (engagement, motivation,
confidence), learning-related (understanding, student agency), social (relations,
collaboration), and psychological (reduced stress, belonging). The relation between
support and formal schooling (RQ2) is described as complementary, where support
supplements regular classroom instruction, as contrasting, offering alternative ways to
learn mathematics, and as compensatory, compensating for inadequate regular
classroom instruction. In addition, the relationship is understood through more
complex frameworks, such as seamless learning, which emphasizes continuity across
learning settings, and transboundary learning, focusing on how skills, strategies, and
identities developed with support can be transferred back into school.
This literature review will be a foundation for future qualitative research on students’
use of shadow education in mathematics. In the poster presentation, the results are
further elaborated and their implications highlighted.
References
Bray, M. (2024). Timescapes of shadow education: patterns and forces in the temporal

features of private supplementary tutoring. Globalisation, societies and education, 2024-
10, Vol. 22 (5), pp. 890-903.



778
2026. In H. Krzywacki, M. Hähkiöniemi, E. Haataja, M. Hannula & P. Hästö (Eds.). Proceedings of the 49th
Conference of the International Group for the Psychology of Mathematics Education: General Contributions,
p. 778. PME.

CATEGORICAL, ORDINAL, AND INTERVAL TIME REASONING
Amy Smith1, Darrell Earnest2

1Stetson University, 2University of Massachusetts Amherst

Time teaching and learning has been reduced to clock reading and basic elapsed time
calculations in elementary school (Burny et al., 2013; Kamii & Russell, 2012); though,
time reasoning is a skill that extends across K-12 education and beyond. We described
a framework for time ideas in K-12 education to situate mathematics content together
with other critical time ideas across content domains (see Earnest & Smith, under
review). This framework includes three facets of time that reflect different
conceptualizations: Categorical (limited categories of experience; e.g., yesterday
versus tomorrow signifying any event that has happened versus has yet to happen),
Ordinal (logical sequences of experience; e.g., breakfast then lunch then dinner), and
Interval (the mathematization of experiences; e.g., longer than or five minutes). We
interviewed 4-, 5-, and 6-year-olds from diverse families and communities across the
United States (n=32). Using background from parental surveys and interviews, each
child was asked to reflect on the time of their lived experiences (e.g., the duration of
swim lessons or when karate is).
In this poster, we present instances where participants articulated the time of their
experience through the three facets of time. For example, 4-year-old Sam (non-
gendered pseudonym) was asked when the fireworks at a theme-park started. Rather
than stating a specific clock-time, a fact that may have been inaccessible to Sam, they
recounted a sequence of events over the day stating each event while tracking on their
fingers. Beginning with “right now, that is like ten” as they put up their first finger,
Sam continued until reaching the fireworks at the fifth finger count. We posit this
ordinal framing of time reflected Sam’s construction of what time, itself, is. We
propose that children’s lived experiences with categorical, ordinal, and interval time
are critical aspects of one’s overall time understandings that, eventually, include
standard tools and measures for time.
Additional information: This work was supported by a Spencer Research Grant on
Education: Small.
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IDENTIFYING ELEMENTARY STUDENTS’ MATHEMATICS
VALUES AND AFFECT THROUGH STUDENT-GENERATED

METAPHORS
Yushan Ting1, Wee Tiong Seah2, Yu Liang Liou3

1National Chengchi University, 2University of Melbourne, 3Kunshan Elementary
School

Globally, large-scale assessments have repeatedly shown that students in high-
performing education systems do not necessarily report more positive emotions toward
mathematics (OECD, 2023). According to Control-Value Theory (CVT), anxiety is
cognition-based and arises from students’ appraisals of perceived control and
subjective value in learning situations (Pekrun, 2006). In addition, emotions in
mathematics learning are not merely internal states, but are also embodied, situated,
and shaped by social and cultural contexts (Hannula, 2012). Yet, these deeper beliefs
and emotional roots are not easy to capture through direct questionnaire items because
of social desirability concerns and defense mechanisms. Therefore, this study adopts
metaphors as an alternative and creative lens to help upper-primary students express
their perceptions of mathematics more naturally. By eliciting students’ metaphorical
descriptions, the study aims to uncover the values, emotions, and attitudes embedded
in their mathematics learning experiences. Specifically, this study addresses the
following research questions: (a) How do students express their mathematics-related
values through metaphors? (b) How do students express their affective experiences
toward mathematics learning through metaphors? We analysed responses from 333
Taiwanese upper-primary students using thematic analysis and sentiment coding.
Students were asked to complete the sentence: “Mathematics is like ____ because
____.” Results indicate that most students described mathematics as formula-based and
practice-driven, reflecting an exam-oriented learning culture. The analysis also
indicated that students’ affect toward mathematics was predominantly negative, while
also revealing mixed emotions in mathematics learning. These findings suggest that
metaphors provide a useful lens for understanding how students view mathematics
learning, including the emotions and underlying beliefs embedded in their responses.
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CLASS-LEVEL VARIATION IN RELATIONAL UNDERSTANDING
OF THE EQUAL SIGN

Pieti Tolvanen
University of Lapland

The equal sign is a significant semiotic mediator in the transition from arithmetic to
algebra. While developmental perspectives often regard the shift from operational to
relational understanding of the equal sign as a universal milestone, this study,
following Kieran’s (2022) framework, conceptualizes relational understanding as a
socially and pedagogically mediated habit of mind. The Finnish national curriculum
provides minimal explicit guidance regarding the equal sign, leaving student success
largely dependent on the individual teachers’ instructional practices. This study
evaluates Finnish students’ relational mastery of the equal sign and its class-level
heterogeneity in Grades 3 and 5. This cross-sectional study (N=972; G3, n=518, 67%
of local cohort; G5, n=454, 65% of local cohort) used a 12-item instrument designed
to evaluate early algebraic reasoning, with four items focusing on the relational
dimension of the equal sign. These four items (equivalence: 8+4=_+5, additive
decomposition: 4=_+_=…, symbol definition, and symmetry) showed low internal
consistency (𝛼 =0.49), which is interpreted as a substantive finding reflecting the item-
dependent and fragmented nature of students’ relational conceptions (Stephens et al.,
2013). Across all four items, trends were consistent; for example, equivalence task
mastery increased from 34% (G3) to 52% (G5). For this item, results revealed
extensive inter-class variation, with mastery ranging from 0% to 64% in Grade 3 and
from 27% to 100% in Grade 5. Intra-class fragmentation – defined as the class-size-
weighted mean range between a class’s highest- and lowest-performing items –
widened from 33.0 percentage points (G3, 95% CI [27.5, 38.5]) to 41.2 (G5, 95% CI
[34.1, 48.3]). While these t-distribution-derived findings indicate a trend toward
increased item-dependent mastery, the change was not statistically significant. These
results reveal highly uneven relational mastery across instructional environments,
suggesting significant sensitivity to class-level factors. To ensure algebra readiness,
findings advocate for explicit focus on the relational properties of the equal sign to
reduce instructional variance and provide an equitable foundation for all students.
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THE BINARY SYSTEM AS AN OPPORTUNITY FOR SENSE-
MAKING: INTEGRATING CONCRETE MANIPULATIVES AND

HISTORY OF MATHEMATICS
Daniela Tossini1, Giovanni Longo2, Elena Scalambro3

1University Tor Vergata, Rome, 2CNR Rome, 3University of Turin

The binary system is the foundation of modern digital technology, yet students
frequently struggle to bridge its abstract logic with physical reality. In this work, we
combine the history of mathematics with a constructivist manipulative-based pedagogy
to provide cognitive tools for mathematical sense-making. Our research addresses two
primary questions: (1) How does historical context influence students' construction of
meaning and technological awareness? (2) How do manipulatives assist students
translate theoretical binary concepts into concrete understanding while enhancing their
logical reasoning?
To investigate these questions, we employed pre-intervention questionnaires, post-
intervention performance tests, satisfaction surveys and reflective worksheets designed
to facilitate collaborative discourse and to help making sense of binary systems and
mathematics. This interdisciplinary pathway integrates three components: Interlocking
Blocks (IB) as manipulatives to physically represent binary quantities; game-based
learning, introducing “Lucas' Fan”, a 19th-century mathematical “magic trick” based
on binary numbers; and historical narrative, exploring George Boole’s biography to
foster historical empathy and intrinsic motivation.
Preliminary results from an Italian 9th-grade scientific high school (N=27) indicate
that this synergy between tactile manipulation and historical context successfully shifts
the learning focus from procedural execution (the “how”) to conceptual understanding
(the “why”). While historical narrative humanizes mathematical concepts by revealing
their origins, physical interaction mediates the transition from concrete experience to
abstract reasoning. Ultimately, the structural correspondence among these diverse
educational artifacts promotes recursive “spiral learning” consolidating mathematical
knowledge and offering a robust pathway for making sense of mathematics.
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MAKING SENSE OF PROBABILITY: GRUNDVORSTELLUNGEN
IN PRE-SERVICE TEACHERS’ EXPLANATIONS

Eva Treiber
University of Bamberg

Constituting meaning is one focus of the so-called Grundvorstellungen, i. e. mental
representations that “characterize mathematical concepts or procedures and their
possible interpretations in real-life situations” (vom Hofe & Blum, 2016, p. 230).
Regarding the concept of probability, Malle and Malle (2003) listed four
Grundvorstellungen which students should develop for a mathematically sound
understanding: probability as (1) a measure of an expectation, quantified with a value
from 0 to 1, (2) a share of favourable among all possible outcomes, (3) a relative
frequency in a long series of trials, and (4) a subjective trust. The poster investigates
the question: Which of these Grundvorstellungen do pre-service teachers rely on when
spontaneously explaining probability? To answer this question, pre-service secondary
teachers (PSTs) were asked: “How would you explain to somebody what is meant by
‘probability’?”. The 22 written answers were analysed using qualitative content
analysis (Mayring, 2022). As starting categories deduced from the theory, the four
Grundvorstellungen mentioned above were used. During the analysis process and the
revision of the classification, the first and third category were both split into two
categories to capture one aspect each: probability as (1a) an expectation, and (1b) a
quantifiable value; (3a) a frequency, and (3b) related to many repetitions of a random
experiment. One additional category was added: probability as (5) chance or “how
probable” something is. The findings show varying frequencies of the categories,
ranging from 0 mentions of category (4) to 9 mentions of category (1a). While in most
answers, only one category was identified, nine answers contained more than one
category. Only in three answers, categories stemming from different
Grundvorstellungen were found. The poster will display the co-occurrences of the
categories and the underlying Grundvorstellungen.  Further research could investigate
why many PSTs spontaneously activated only one or two of the above mentioned
Grundvorstellungen and how they can be supported to develop a broader understanding
of probability.
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FROM EPISTEMIC LONELINESS TO PROFESSIONAL
BELONGING: NEGOTIATING MATHEMATICAL

ARGUMENTATION IN A DIGITAL COMMUNITY OF TEACHERS
Elsona Troplini

Free University of Bozen

Professional loneliness among primary mathematics teachers is often conceptualized
in emotional or organizational terms (Maslach, 1982). This study reframes it
epistemically, as an erosion of professional recognition. Mathematics teachers’
identities develop dynamically through participation in communities (Wenger, 1998;
Gee, 2000). Drawing on Godino and Batanero (1999), we distinguish between personal
mathematical objects and practices—intuitive, locally developed ways of engaging
with mathematical concepts and argumentation—and institutional mathematical
objects and practices—normatively validated mathematical knowledge, forms of
reasoning, and argumentation endorsed by the professional community. Professional
loneliness emerges when these mathematical objects and related practices remain
misaligned and teachers’ personal meanings are not recognized as professionally
legitimate. We examine whether a Digital Community of Teachers can mediate the gap
between personal and institutional mathematical objects of argumentation. The
methodological design mirrors this theoretical movement: as a researcher, I
deliberately moved from eliciting teachers’ individual meanings to observing and
supporting their collective negotiation of socially and institutionally validated
meanings. Eighteen primary mathematics teachers from across Italy participated in a
Digital CoT hosted on Google Classroom. Data collection was structured to trace a
progression from the personal to the social-institutional dimension: an initial
asynchronous questionnaire and individual Zoom interviews elicited teachers’ personal
mathematical objects and argumentation practices; subsequent asynchronous Padlet
tasks and synchronous focus groups supported the public negotiation of meanings
within the community. A thematic analysis focused on teachers’ meanings of
mathematical argumentation, experiences of epistemic professional loneliness,
discursive shifts, and identity markers, paying particular attention to how personal
meanings were re-positioned, validated, or transformed through collective interaction.
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FUNCTIONS OF PROOF IN MATHEMATICAL PROBLEM 
POSING STARTING FROM A PROOF PROBLEM

Yosuke Tsujiyama1, Kota Kato2

1Gunma University, 2Ootaki Junior High School, Japan

Research on the diverse processes of problem posing has become increasingly
important in mathematics education (e.g., Baumanns & Rott, 2022). Specifically, while
it has been suggested that during the process of mathematical problem posing starting
from a proposition, utilising its proof facilitates deeper understanding (Brown &
Walter, 2005), this specific intersection has received limited attention in recent
research. Given this context, this study aims to examine the process of problem posing
starting from a proof problem, focusing specifically on the diverse functions of proof.
A qualitative case study was conducted through a lesson designed for 8th graders,
involving problem posing starting from a geometrical proof problem ('prove AR = QB'
in Figure 1). This study analysed how students utilised the proof during the process.
Figure 1: Initial proposition   Figure 2: Posed problem   Figure 3: Refined proposition

The analysis identified three aspects of utilising proof in the problem-posing process:
(a) Implicit verification: Students verified the truth or falsity of a proposition posed by
changing the initial hypotheses (e.g., Figure 2) by ‘mimicking’ the initial proof and
seeing whether it remained applicable. Notably, students often concluded a proposition
was false simply because the initial proof could not be applied—a process distinct from
formal verification. (b) Adjustive discovery: Students adjusted the hypotheses of a
tentatively posed ‘defective’ proposition so that the initial proof could be applied,
thereby inventing a true proposition (Figure 3). This differs from immediate discovery,
as it involves iterative refinement of the posed proposition through the lens of the proof.
(c) Distinguishing explanation: Students identified specific conditions that separate
true and false propositions (e.g., PA = PQ, PB = PR, ∠APQ = ∠BPR) through
focusing on the logic of the proof. In the presentation, detailed results will be discussed.
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WHY DO STUDENTS STRUGGLE ON THE NUMBER LINE
WITH FRACTIONS?

Zelha Tunc Pekkan1, Sema Nur Saburlu2

1University of Agder, Norway, 2MEF University, Türkiye

Understanding fractions as quantities on the number line remains a persistent challenge
for elementary and middle-grade students. The number line can support the
reconceptualization of fractions as numbers; however, research shows that this
representation is particularly difficult for many students to grasp (Tunç-Pekkan, 2015).
This study investigates how 7th-grade students interpret and locate fractions on number
lines, with a particular focus on identifying reasoning patterns and difficulties.
Developing understanding requires reorganizing prior whole-number knowledge
(Steffe & Olive, 2010), yet students often rely on whole-number reasoning that
impedes their ability to view fractions as magnitudes (Braithwaite & Siegler, 2018).
This study draws on Fraction Scheme Theory (Steffe & Olive, 2010) as a framework
for both collecting data and analyzing students’ reasoning. This perspective supports
an examination of how students interpret number-line representations and whether
their reasoning reflects part-whole thinking, measure-based reasoning, or other
intermediate conceptualizations. A structured interview protocol consisting of 22
fraction problems designed with Fraction Scheme Theory—previously validated set—
was administered in one-on-one, video-recorded sessions with 30 seventh-grade
students in Türkiye, with analytic focus on six number-line items. Results showed a
sharp decline in correct responses after the first number-line item, a pattern not evident
in other fraction representations also. Our analysis revealed recurring reasoning
tendencies such as treating “1” as the complete number line drawing on the paper,
treating n/m as two separate numbers, counting tick marks instead of spaces, and
searching for improper fractions within the unit interval of 0-1, having two different
locations for “n/n” and “1”—all indicating difficulty interpreting fractions as measures
on an extended number line. These patterns suggest that students’ part–whole fraction
schemes do not readily transfer to measure-based reasoning, and that mediating
representations like rectangles may better support the coordination of units and the
iteration required for fractions as numbers.
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SUPPORTING ACTIVE LEARNING: INSIGHTS FROM
COMMUNITY COLLEGE INSTRUCTORS’ USE OF SHARED

COURSE MATERIALS
Sylvia Valdés, Mark Yannotta

Clackamas Community College

Evidence-based practices spread slowly because reforms often ignore instructors’
beliefs, identities, and contexts. Remillard and Bryans (2004) showed that these factors
shape how instructors interpret and enact curriculum, suggesting that providing
materials alone does not ensure active learning and implementation conditions matter.
Therefore, we were interested in identifying the factors that influence how instructors
adopt and use departmentally provided course materials designed to support active
learning in a multi-section mathematics course.
Many U.S. students begin at community colleges before transferring to four-year
institutions to complete a Bachelor’s degree. Chasen et al. (2023) note that these
colleges are understudied in curricular research and report that their instructors use
active learning more often. To explore how such instructors interpret and implement
curricular materials and active learning, we interviewed five community college math
faculty teaching a first‑year, non‑algebra course for liberal arts students.
We analyzed their responses using Reinholz and Apkarian’s (2018) Four Frames for
Systemic Change: structures, symbols, power, and people. From our preliminary
analysis, we identified the following recommendations for lead instructors 1) designate
a centralized and streamlined electronic storage platform, 2) increase clarity in
instructional intent through conversation rather than in writing, and 3) develop
materials flexible enough for instructors at varying stages of active‑learning adoption
to adapt them to their comfort level.
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THE INFLUENCE OF MATH TEACHERS’ BEHAVIOR ON HIGH
SCHOOL STUDENTS’ MATH ANXIETY: A SYSTEMATIC

REVIEW
Dominique van den Bosch, Cor Kraaikamp, Annoesjka Cabo

TU Delft

Math anxiety among 15-year-old students is increasing worldwide (OECD, 2024) and
hinders students from learning mathematics (e.g. Barroso et al., 2021). It is associated
with avoidance behaviors, such as passivity (OECD, 2024) and selecting curricula with
the least mathematics (Ahmed, 2018), creating a cycle of reduced practice, weaker
skills, and increased anxiety. Research suggests that changes in teacher behavior could
mitigate this cycle (Finlayson, 2014). This study examines the following research
question: What are factors in math teachers’ behavior that influence high school
students’ math anxiety, according to existing research?
Following the PRISMA guidelines (Moher et al., 2009), 745 records retrieved from
Scopus, Web of Science, ScienceDirect, and ERIC were screened, resulting in the
identification of 25 eligible studies. The most frequently examined teacher-related
factor is perceived teacher support, associated with lower levels of students’ math
anxiety. The findings suggest that teachers can reduce math anxiety by providing both
practical and emotional support while allowing students to develop independent
problem-solving skills. Conversely, behavior such as failure-based punishment,
stereotype threat, and poor classroom management are associated with increased levels
of student math anxiety. Finally, the literature does not provide a clear conclusion on
the effect of cognitive activation. More research is needed to investigate this and
additional teacher-related factors that influence math anxiety in high school.
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HOW A PRIMARY SCHOOL TEACHER STIMULATES
STUDENTS’ MATHEMATICAL ATTITUDE: A CASE STUDY

Simone van der Maeden1, Michiel Veldhuis1, Michiel Doorman2, Arthur Bakker3

1Utrecht University, 2Hogeschool IPABO, 3University of Amsterdam

Students’ and teachers’ mathematical attitude, as consisting of emotional dispositions,
beliefs about mathematics, and behavior related to mathematics, is positively related
to students’ mathematics achievement (e.g., Levine & Pantoja, 2021; Ruffell et al.,
1998). In the Netherlands, one of the newly implemented core goals is concerned with
stimulating students’ mathematical attitude development. In the literature, few
educational approaches to stimulate students’ mathematical attitude development are
described. Prior research shows that teachers play an important role in the development
of students’ mathematical attitude (Guillaume & Kirtman, 2010). The central question
of this study is: How does a primary school teacher stimulate students’ mathematical
attitude development in the context of a professional learning community (PLC)? In
this case study, we follow Jan, as a case of the six teacher participants in a year-long
PLC focused on exploring how to stimulate students’ mathematical attitude
development. Jan works four days a week as a teacher in Grade 6 of an inner-city
primary school. The PLC came together for six sessions prepared and led by the first
author. Each PLC session followed the same structure: Check-in, reflection, designing
an activity, and wrapping up. The activities teachers designed, focused on real-world
connection, problem solving, and open-ended questions. Between sessions, teachers
taught the designed activities and reflected. Data consisted of written preparations,
audio recorded reflections, and observations of PLC sessions and classroom teaching.
These were thematically analyzed, deductively and inductively. Findings indicate that
Jan translates his knowledge of mathematical attitude into educational activities, in
which he centralizes mathematical problems which allow for uncertainty and are
connected to real-world contexts. Students’ expressions of mathematical attitude,
during the activities, became more closely aligned to Jan’s own conceptualization.
Lastly, the findings show that Jan made a development in more consciously
implementing the design principles and describing the connections between
characteristics of the design and students’ mathematical attitude.
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COMPUTATIONAL THINKING FROM FACETS TO COGNITIVE
COMPONENTS: PROPOSAL FOR A TIERED FRAMEWORK

Till von Monkiewitsch
University of Cologne

Formulating stepwise algorithmic solutions is a key 21st-century competence with
underlying thought processes subsumed as computational thinking (CT), a cognitive
ability (Kallia et al., 2021; Tsarava et al., 2022). Dohn (2025) challenges viewing CT
as a fixed set of transferable skills, arguing that CT skills as performed activities are
inherently situated within their contexts. This aligns with challenges in assessing CT,
which often offers limited insight into learners’ thought processes. The research aim
of this theoretical contribution is to propose a tiered framework for CT and to explore
its potential as an analytical lens for integrating theoretical and empirical work. The
proposed framework distinguishes three analytically related levels: (1) CT facets:
overarching dimensions of CT as a cognitive ability (e.g. abstraction; Tsarava et al.,
2022); (2) CT activities: domain-specific (Kallia et al., 2021) and situated (Dohn, 2025)
enactments of CT thought processes in concrete learning situations (e.g. abstracting
when programming figures), drawing on facets; and (3) CT components: cognitive
elements constituting these activities (von Monkiewitsch & Büscher, 2025). Locating
studies within this framework suggests that apparent conceptual tensions may concern
different analytical levels rather than conflicting conceptions of CT. Empirical findings
may be most interpretable at the activity level, while facets may offer a higher-level
descriptive language and components may render learners’ CT thought processes more
diagnosable. Thus, the framework offers a basis for synthesizing diverse perspectives
and bridging theoretical, empirical, and assessment-oriented research.
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EYE-MOVEMENT MODELLING FOR ADOLESCENTS’
LEARNING FROM GEOMETRIC WORKED EXAMPLES

Chao-Jung Wu
National Taiwan Normal University

Previous research has highlighted that learning geometric problem solving through
worked examples (WE) is effective (Barbieri et al., 2023). Understanding geometric
WEs involves integrating text, symbols, and diagrams, relying on appropriate reading
strategies. Building on prior research (Lee & Wu, 2018; Wu, 2024), three strategies
were developed: (1) identifying symbols with diagrams, (2) recognizing propositions
with diagrams, and (3) abstracting the solution plan. To examine whether visual
guiding illustrates these strategies, the control group viewed a strategy video, whereas
the EMME group viewed the same video augmented with an expert’s eye-movement
modelling example (Xie et al., 2021). Sixty-eight ninth graders were randomly
assigned to two groups (34 per group). The study employed two separate 2 (group) ×
2 (ability) ANCOVAs, with ability determined by a prior knowledge test (high vs.
low). The dependent variables were post-test scores and the percentage of fixation
duration (FD) on the WE page relative to total FD (WE + item pages), with pretest
measures as covariates. The homogeneity of regression slopes assumption was
satisfied. After controlling for pretest scores, a marginally significant interaction
emerged between group and ability, F(1, 63) = 3.70, p = .059, η² = .055. Follow-up
analyses showed that low-ability students in the EMME group outperformed controls,
F(1, 63) = 8.64, p = .005, η² = .121, whereas no significant difference was found among
high-ability students. After controlling for the pretest percentage of FD on the WE
page, EMME students showed a marginally greater allocation of FD to the WE page
than controls, F(1, 63) = 2.81, p = .099, η² = .043. The findings suggest that
incorporating EMME into geometry WE instruction promotes deeper engagement with
worked examples and enhances learning outcomes for low-ability students.
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GENERATIVE AI–SUPPORTED STRUCTURED SEMI-
STRUCTURED AND FREE PROBLEM POSING: EFFECTS ON

LEARNING ACHIEVEMENT AND PROBLEM-POSING QUALITY
HueyMin Wu1, ShiYu Fu1, HungSheng Lin2

1National Taichung University of Education, Taiwan
2Yunlin County Qishan Elementary School, Taiwan

Problem posing is the process by which learners generate new mathematical problems
based on given information or conditions. Stoyanova and Ellerton (1996) categorized
problem posing into structured, semi-structured, and free types, representing increasing
levels of openness and cognitive demand. Although problem posing fosters conceptual
understanding and creativity, it remains cognitively demanding and underemphasized
in classroom practice. Students often generate routine, closed, or textbook-like
problems with limited cognitive complexity and weak contextual grounding. With
targeted prompts, Generative AI (GPT) scaffolds structured, semi-structured, and free
problem posing by checking numerical appropriateness, refining solvability and
relationships, and enhancing contextual plausibility, linguistic precision, and creative
variation. This study uses the elementary topic of reference quantity and comparison
quantity as an example to investigate the effects of AI-supported mathematical
problems posing on mathematics learning outcomes and problem-posing quality. The
research questions are 1) Do the developmental patterns of problem-posing quality
differ between the experimental and control groups from structured to free problem
posing? 2) How do students’ learning outcomes differ across different problem-posing
instructional contexts? Participants were 88 sixth graders from four classes, randomly
assigned to an experimental group (n = 45) and a control group (n = 43). The
experimental group received AI-supported problem-posing instruction, while the
control group received teacher-guided instruction; both used small-group discussions.
To investigate developmental patterns of problem-posing quality, Epistemic Network
Analysis (ENA) was conducted using correctness, creativity, and appropriateness as
analytic nodes, capturing their co-occurrence patterns. ENA shows correctness,
appropriateness as the core link across all stages, with the experimental group
advantaged in the semi-structured stage and minimal differences in the others.
ANCOVA revealed a significant group effect, F = 78.65, p < .001, η² = .65. The
adjusted posttest mean of the experimental group (56.33) exceeded that of the control
group (45.56). AI-supported instruction significantly improved learning outcomes and
problem-posing quality integration.
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THE IMPACT OF MODEL-BASED PROBLEM SOLVING
EMPOWERED BY PROBLEM POSING ON STUDENTS’

MATHEMATICS PERFORMANCE
Yan Ping Xin, Yichen Wang, Hannah Yanhua Zong

Purdue University

Researchers have developed evidence-based practices to support math problem solving
of students with learning disabilities/difficulties in mathematics (LDM) which
disproportionately include students from linguistically and culturally diverse
backgrounds.  However, when the word problems presented to students do not
represent their lived experiences and cultural contexts, engagement and learning are
limited, even within “evidence-based” interventions. This study directly addresses the
increasing diversity in today’s classrooms, including marginalized students who may
not be as responsive to traditional instruction and therefore at risk of failing the school
curriculum. The purpose of this study was to explore the impact of a conceptual model-
based problem-solving and problem-posing intervention (COMPS+PP, Yang & Xin,
2022) integrating evidence-based practices from mathematics and special education.
The primary research question was: What was the impact of COMPS+PP on improving
mathematics problem solving of students with LDM? A multiple probe baseline across
participants design was used to explore the impact of the COMPS+PP program on
students’ word problem solving performance. Four 3rd graders with LDM participated
the intervention four times a week Monday through Thursday with each session lasting
for 30 mins for a total of 10-12 sessions. Participants initially received the instruction
from COMPS-RtI© computer tutor in which students learned to represent and solve a
range of one-step additive word problems using one cohesive mathematical model
equation (P + P = W). After students constructed the meaning of “part and part makes
up the whole” (i.e., P + P = W), a “What-If-Not” strategy was used to engage students
in posing real-world problems that is relevant to their culture and lives. They then
engaged in solving the problems they created themselves or those created by their
peers. Participants improved their word problem solving performance from an average
of 33% correct during the baseline to an average of 88 % correct post COMPS+PP
intervention. The video footage showed that participants eagerly volunteered and
actively competed for opportunities to come to the whiteboard to create their own
problems. The problem-posing activities substantially changed the dynamics of the
learning process, transforming students from disengaged or passively engaged learners
to active and enthusiastic participants.
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MIDDLE SCHOOL STUDENT’S RELATIONAL THINKING
STRATEGIES: OPERATIONS WITH FRACTIONS

Emel Yeltekin1, Nilüfer Köse2

1Ministry of National Education, Turkey, 2Anadolu University, Turkey

Relational thinking involves transforming mathematical expressions by drawing on the
fundamental properties of numbers and operations, rather than merely computing a
result by following a fixed sequence of procedures (Carpenter, Levi, Franke, &
Koehler-Zeringue, 2005). It serves as a bridge between arithmetic and algebraic
thinking (Kızıltoprak & Köse, 2017). However, a review of the literature reveals that
studies examining student’s relational thinking strategies within the context of fraction
operations remain limited. The study aimed to examine the relational thinking
strategies used by a seventh-grade student in fraction operations. This study, employing
a qualitative research design, was conducted with a single student. Data were collected
through interviews with the student based on a researcher-designed worksheet
consisting of seven tasks. The tasks involved true/false sentences, fraction addition and
subtraction, addition and subtraction with mixed numbers, fraction multiplication and
division, the four operations with decimals and equations with two unknowns.
Thematic analysis was conducted. Four main categories of strategies were identified:
(a) use of fundamental properties of operations, (b) use of relationships among
numbers, fractions, and decimal representations, (c) explaining relationships after
determining the unknown, and (d) result-oriented operational processes. The findings
indicated that the student predominantly relied on strategies grounded in the
fundamental properties of operations rather than procedural algorithms. In particular,
the student focused on recognizing relationships between quantities on both sides of
an equation, transforming numbers and fractions accordingly, and restructuring
operations. In some tasks, multiple relational thinking strategies were employed
simultaneously. In several instances, the student initially determined the unknown
through calculation, and then proposed an alternative solution based on relational
thinking. In addition, several strategies not previously reported in the literature, such
as whole decomposition, completing to the whole, and decomposing mixed numbers
to perform subtraction were identified. These findings extend current understandings
of relational thinking in fraction contexts.
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THE ROLE OF AI-DRIVEN AUTOMATED FEEDBACK IN
NOVICE MATHEMATICS TEACHERS’ PROFESSIONAL

GROWTH: A LONGITUDINAL STUDY
Shu Zhang1, Shuoshuo Hao2
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This study applies the Interconnected Model of Professional Growth (IMPG) to
investigate how AI-driven automated feedback (via the AIME platform) influences the
professional growth of three novice high school mathematics teachers in China over
one year. Findings indicate that automated feedback acts as a catalyst for reflective
practice. The study contributes to understanding how AI tools can be designed and
integrated to support sustainable, situated professional development.
Novice teacher growth is situated, iterative, and individualized. AI-driven automated
feedback tools (e.g., AIME) offer scalable, data-informed insights for teacher
reflection, but their sustained impact on professional growth is under-explored. This
study applies the Interconnected Model of Professional Growth (IMPG) framework to
investigate how AI-driven automated feedback serves as an stimulus to influence the
professional growth of novice high school mathematics teachers in China.
This research employs a longitudinal, mixed-methods design to examine the learning
pathways of three novice high school mathematics teachers from a public school in
Southern China who regularly engage with the automatic feedback from the AIME
platform over a one-year period. Data collection occurred in three phases, including
baseline interviews, followed by monthly cycles of lesson recording, pre-/post-lesson
interviews, reflective journals, and researcher-led debrief sessions.
Findings indicate that automated feedback acts as a catalyst prompting adjustments in
pedagogical understanding (Personal Domain) and encouraging experimentation in
instructional strategies (Domain of Practice). This research contributes theoretically by
extending the IMPG framework into the context of AI-enhanced professional
development. Practically, it provides nuanced insights into how automated feedback
tools foster meaningful and sustainable professional growth for novice teachers.
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MATHEMATICS AS A PRIORITY NEED IN INCLUSIVE
TEACHING OF STUDENTS WITH VISUAL IMPAIRMENTS

Sophie Zufferey, Laure-Anne Koehli, Valérie Caron,
Noémie Lacombe, Myriam Squillaci
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Introduction: Teaching students with visual impairments (VI) requires significant
pedagogical adaptations to ensure equitable access to learning (Ferreira & Sefotho,
2020). In Switzerland, compulsory education is structured around a shared curriculum
that defines learning objectives and professional expectations. However, most teaching
materials are primarily developed for sighted learners, and teachers report insufficient
access to resources and practical guidelines to support individualized adaptations
(Hayes & Proulx, 2023).
Aim: This study aimed to identify teachers’ priority support needs across curriculum
subjects in French-speaking Switzerland.
Method: An online self-report questionnaire was administered to mainstream and
specialized teachers involved in the education of students with VI in French-speaking
Switzerland. A total of 54 completed questionnaires were analysed using descriptive
methods to compare perceived needs across subject areas.
Results: Findings revealed differences between subjects. Mathematics was identified
as the area with the highest level of reported need, followed by science. Teachers
highlighted challenges related to visually complex content, symbolic representations,
and the limited availability of adapted teaching materials.
Conclusion and implication: These results underscore the necessity of strengthening
subject-specific support for teachers, particularly in mathematics. They also lay the
groundwork for a second research phase aimed at documenting existing practices and
developing adapted instructional resources to enhance curriculum accessibility for
students with VI.
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