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EXAMINING SIXTH-GRADE STUDENTS’ RATIO REASONING
SKILLS THROUGH SCENARIO-BASED DIGITAL GAMES
Muhammet Arıcan1, Oğuz Köklü1, Ramazan Avcu2, Zeynep İrem Erçetin1

1Department of Mathematics and Science Education, Boğaziçi University,
İstanbul, Türkiye

2Department of Mathematics and Science Education, Aksaray University,
Aksaray, Türkiye

Ratio is an essential concept for students to understand proportions and develop
proportional reasoning skills. Traditionally, students learn ratios from textbooks,
which offer limited interactivity. Using a convergent mixed-methods design, this study
compares the ratio reasoning skills of sixth-grade students who engaged with scenario-
based digital games (SBDGs) (experimental group) with those who did not (control
group). The SBDGs aimed to enhance students’ ratio reasoning skills through context-
rich ratio tasks. A ratio-reasoning test with 20 items was administered as a pre-test
and a post-test. The results showed that the experimental group performed significantly
better than the control group on the post-test. We also observed that the use of SBDGs
enhanced students’ cognitive, affective, social, and metacognitive development.
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PROTOTYPING MATHEMATICS TEACHER LEARNING AND
IMPLEMENTATION TRAJECTORIES IN INQUIRY-BASED

MATHEMATICS INSTRUCTION
Tuval Avishai, Alik Palatnik, Yifat Ben-David Kolikant

The Hebrew University of Jerusalem

This study examines in-service mathematics teachers’ learning as they work toward
inquiry-based mathematics instruction. Using empirically grounded prototype
construction methodology, we identify three Teacher Learning and Implementation
(TL&I) trajectories: Seamless Transition to Open Inquiry, Gradual Ascent Toward
Open Inquiry, and Preference for Structured Inquiry. We then map each prototype to
a corresponding System of Amplifiers and Filters (SAF) configuration, a framework
comprising teachers’ beliefs, prior knowledge, professional phase, and learning
environments. The TL&I–SAF alignment suggests a framework for anticipating
teacher learning and implementation challenges, thereby supporting more
individualized, data-informed professional development.
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INTERPRETING MATHEMATICAL ARGUMENTATION: A
CROSS-NATIONAL STUDY OF PRESERVICE TEACHERS

Michal Ayalon1, Francesca Morselli2, Gözde Kaplan-Can3, and Samaher Nama1

1University of Haifa, Israel
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This study examines how preservice mathematics teachers from Israel, Türkiye, and
Italy interpret a written whole-class episode involving mathematical argumentation.
Using a framework that distinguishes structural and dialogic aspects, as well as
cognitive, social, and affective dimensions, we identified the lenses through which
participants made sense of students’ reasoning and interactions. While all groups
employed a wide set of lenses, ranging from mathematical justifications to
interactional dynamics and emotional conditions, their emphases differed across
countries, suggesting the influence of local curricular and professional contexts. The
findings highlight the need to support novices in noticing the multifaceted nature of
argumentation in classroom discourse.
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RHYTHM IN AN EPISTEMIC SPACE. EXPLORING THE
DERIVATIVE WITH AUGMENTED REALITY

Angelika Bikner-Ahsbahs
University of Bremen

Learning with Augmented Reality (AR) is a new and promising approach for learning
calculus. However, investigations of how the hybrid combination of the real and the
virtual makes AR experience beneficial are missing. To address this need, a case study
is conducted that conceptualizes and coordinates three perspectives of the AR space,
a spatial, an epistemic and a temporal perspective. The aim is to reconstruct how a
learner who explores the derivative with AR generates an epistemic AR space.
Methodically, local analyses of each episode from the three perspectives are combined
with a global analysis across all episodes. Results show that the AR space is created
by spacing and synthesizing actions, rhythmically conducted with an epistemic
purpose, thus, producing an epistemic ecology where the key is exploratory.
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A SYNTHESIZED COGNITIVE MATHEMATICS LEARNING
TAXONOMY

Michael J. Bossé1, Özge Gün2

1Appalachian State University, 2Bartin University

This paper is based on a recent work that synthesizes 21 cognitive taxonomies relevant
to mathematics education (Gun & Bossé, 2025). Using networking strategies to align
task-demand, learning, process, and problem-solving frameworks, we constructed a
six-level Synthesized Taxonomy (ST) that links features of mathematical tasks (action)
with evidence of students’ cognitive activity (actor). An illustrative coding example
demonstrates how the same mathematical idea can be operationalized across ST levels,
supporting comparisons of task design and student work. We close by critiquing what
the ST does not yet capture (e.g., metacognition and sociocultural dimensions) and
outlining research pathways for empirical validation and refinement.
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LEARNING THROUGH DESIGN: TEACHER EDUCATORS’
LEARNING IN DEVELOPING PCK ASSESSMENTS FOR

FRACTIONS
Sharon Mc Auliffe1, Samukeliso Chikiwa2, Bruce Brown2, Lyn Kok3

1Cape Peninsula University of Technology, 2Rhodes University, 3Kelello Consultancy

This study investigates how teacher educators transform content-focused assessment
items into pedagogical content knowledge (PCK) items, with a focus on fractions. A
qualitative design-based approach was used to explore how lecturers collaboratively
redesigned fraction assessment items to address learner thinking. Data from written
reflections and online discussions were analysed using the Mathematical Knowledge
for Teaching framework. The findings highlight that adapting items to assess PCK
requires careful alignment between distractors and learner misconceptions, strong
understanding of fraction concepts and pedagogical reasoning. Overall, the iterative
design process created opportunity for professional learning for teacher educators.
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TEACHERS’ USE OF EVIDENCE OF STUDENTS’ LEARNING IN
INSTRUCTIONAL DECISIONS: A SCOPING REVIEW

Ruhama Even, Boaz Silverman
Weizmann Institute of Science

This paper reports on a scoping review of research on math teachers’ use of evidence
of students’ learning for informing instructional decisions. Following PRISMA
guidelines, 103 English-language papers published between 2017-2023 in high-impact
mathematics education journals were analyzed. The review focused on two lines of
inquiry: formative assessment and teacher noticing. Despite theoretical resemblance,
papers were rarely associated with both lines of inquiry, greatly favoring teacher
noticing. In contrast, the empirical research methods were largely similar across both
lines of inquiry. Studies typically involved small- to medium-sized groups of teachers,
prospective and practicing, elementary and secondary teachers. Most studies were
situated outside classroom settings, with few non-interventional classroom studies.
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SYSTEMATIC REVIEW OF RESEARCH ON MATHEMATICS
PCK: INSIGHTS FROM A TOPIC-SPECIFIC APPROACH

Monika Grigaliūnienė1,2, Erno Lehtinen2,3, Lieven Verschaffel4, Fien Depaepe4,5

1Education Academy, Vytautas Magnus University
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5itec, imec research group at KU Leuven

One of the most important characteristics of mathematics teachers is their knowledge
enabling them to provide learning experiences that promote students' understanding,
defined as pedagogical content knowledge by Shulman in 1986. The current review
captures the results of 237 studies published between 2013 and 2022, thematically
addressing two components - knowledge of instructional strategies and
representations and knowledge of student learning difficulties. Approached from a
topic-specific perspective this review found 83 unique topic-specific learning
difficulties that were mentioned in PCK measures including procedural and conceptual
difficulties or combinations of them. Teaching strategies were found to be reported less
frequently and some strategies such as the use of manipulatives and visualizations were
mentioned in relation to many mathematical topics.
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A MODEL FOR CHARACTERIZING CRITICAL EVENTS IN
TEACHER EDUCATION: NOVICE MATHEMATICS TEACHER-

EDUCATORS’ NOTICING
Mayssa Hayeen-Halloun, Michal Ayalon

University of Haifa

Research on teachers’ noticing has mainly focused on classroom teaching, while little
is known about how mathematics teacher-educators notice and make sense of events
during teacher-education sessions. This study examines critical events in teacher-
education sessions (CETEs) as identified by novice mathematics teacher- educators
(NMTEs). The study is based on 72 written reports of CETEs produced by twenty-four
NMTEs participating in a university-based teacher-educator preparation course. A
three-dimensional analytic model was derived from the data analysis to characterize
CETEs in terms of: event participants, event focus, and three dimensions of teaching
and learning (cognitive, affective, and social). This paper discusses the theoretical and
empirical construction of the model and demonstrates its potential contribution
through examples from the research.
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BECOMING A MATHEMATICS TEACHER WHEN ONE’S
RELATIONSHIP WITH MATHEMATICS HAS BEEN NEGATIVE:

A STUDY ON MATHEMATICAL REDEMPTION AND THE
SPRINGBOARD EFFECT

Alma Soto-Castillo1, José Antonio Juárez-López1,
María del Socorro García-González2

1Benemérita Universidad Autónoma de Puebla,
2Universidad Autónoma de Guerrero

In this study, we seek to answer the question: why would someone want to become a
mathematics teacher when their relationship with the discipline has been
predominantly negative? To do so, we build on the phenomenon of Mathematical
Redemption, analyzing it in depth through a qualitative methodological perspective
centered on emotions, supported by the Cognitive Structure of Emotions Theory.
Seventeen Mexican preservice teachers participated, and four participants were
subsequently interviewed through a structured interview, selected via purposive
sampling. The results indicate that Mathematical Redemption can be understood as a
specific case of the Springboard Effect. The latter is proposed as an operational
framework to identify and analyze Mathematical Redemption in future mathematics
teachers.
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INVESTIGATING HOW HIGH SCHOOL STUDENTS LEARN ML:
THE CASE OF DECISION TREES FOR CLASSIFICATION

Oguz Koklu1, Merve Dede2, Muhammet Şahal3

1Department of Mathematics and Science Education, Boğaziçi University
2Faculty of Engineering and Architecture, Department of Artificial Intelligence
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The growing application of artificial intelligence and machine learning necessitates
their integration into high school curricula, with decision trees being particularly
accessible for secondary students. This study examines the construction processes of
classification trees by thirty high school students (aged 15–18) who participated in a
summer program at a university. Data, including student worksheets, screen
recordings, and dialogues, were analyzed using a four-strand analytical framework:
conceptual, strategic, technical, and reflective. Findings show that students
demonstrated conceptual understanding and technical proficiency in constructing
decision trees for classification. Their strategies, however, were often unsystematic,
and reflective reasoning remained substantially challenging. Working on performance
metrics emerged as a key catalyst supporting the development of both strategic and
reflective reasoning. Overall, the results suggest that high school students can learn to
construct and interpret decision trees using appropriate digital data analysis software
but require additional instructional support to develop strategic and reflective
competencies.



404
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. 404. PME.

ZERO AS A SEMANTIC BOUNDARY: RETHINKING THE
MENTAL NUMBER LINE

Tali Leibovich-Raveh, Christine Mireb-Geraisy
University of Haifa

Representing zero uniquely challenges numerical theories as it denotes absence yet
functions as a fundamental symbolic component. We examined how adults compare
zero to positive single-digit numbers in symbolic (Arabic) and nonsymbolic (arrays of
items) formats. While classic effects were replicated for positive numbers, the symbolic
distance effect was driven solely by boundary values (0, 1) and vanished without them.
Conversely, nonsymbolic zero followed the standard nonlinear distance pattern of
other quantities. These findings suggest that the mental number line reflects a flexible
relational mapping shaped by contextual and semantic boundaries, rather than a
uniform spatial continuum.
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EXPERT AND NOVICE MATHEMATICS TEACHERS’ VISUAL
ATTENTION TO STUDENTS WITH DIFFERENT
CHARACTERISTICS DURING INSTRUCTION

Rangmei Li1, Yiming Cao1, Nicole B. Kersting2, and Gabriele Kaiser3

1Beijing Normal University, 2University of Arizona
3University of Hamburg

Despite growing interest in teachers’ professional noticing, research on how
mathematics teachers attend to students with varying achievements and other aspects
during instruction remains scarce. This case study employs mobile eye tracking to
compare an expert and a novice mathematics teacher’s visual attention across three
groups of students—strong, intermediate, and struggling. Results show that the expert
teacher distributed attention evenly, whereas the novice teacher focused primarily on
strong students, followed by intermediate and struggling ones. Both teachers shifted
focus within the same groups, but only the expert made significant transitions between
strong and struggling or intermediate students, while the novice often returned to
strong students after focusing on intermediate ones.
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EFFECTS OF AN INSTRUCTION ON UNDERSTANDING THE
ROLE OF VARIABLES IN PROOFS FOR GENERAL VALIDITY

Sarah Lundt, Milena Damrau, Stefan Ufer
LMU Munich, Germany

A universal statement is generally valid, i.e., it is valid for all numbers of a given set,
and no counterexamples exist. Proofs for such statements are generally valid if they
establish the validity of the statement and the inexistence of counterexamples, for
example, by using variables. We investigate the effects of an instruction about the role
of variables in proofs and the role of first-year university students’ variable
understanding on their evaluation and understanding of general validity. The
instruction has a positive effect on understanding the general validity of proofs and is
particularly supportive for students with a low understanding of variables. The results
show the potential of explicit instruction on the role of variables in proofs to reduce
systematic differences based on prior knowledge.
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FIVE PURPOSES FOR CROSSOVER MIXED ANALYSIS IN
MATHEMATICS EDUCATION RESEARCH: A CASE STUDY

Heather Lynn Johnson, Evan McClintock, Courtney Donovan
University of Colorado Denver

With Crossover Mixed Analysis (CMA), researchers use one research tradition (i.e.,
qualitative, quantitative, mixed) to transform data collected via another tradition. This
case study investigates the use of CMA to examine undergraduate students’(N=673)
graph reasoning and graph selection. Our theoretical perspective is pragmatic; we
examine the utility of CMA for mathematics education research. Results revealed five
purposes for CMA: validate a measure of students’ graph reasoning, establish that
levels in a theoretical framework form a scale, test a theoretically grounded model
relating the constructs of graph reasoning and graph selection, form associations
between constructs, and narrate significant associations. Using CMA, researchers can
advance results emerging from qualitative studies of students’ reasoning.
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MULTIPLE MOBILE EYE-TRACKING AS A REFLECTIVE-
PRACTICE RESOURCE IN EMBODIED MATHEMATICS

TEACHER EDUCATION
Alik Palatnik1, Catalina Lomos2, Dor Abrahamson3,4

1The Hebrew University of Jerusalem
2Luxembourg Institute of Socio-Economic Research

3University of California Berkeley
4Korea University

This report examines a mathematics teacher PD utilizing mobile eye‑tracking (MET)
for reflection. Five pre‑service teachers built a body‑scale icosahedron, an embodied
task requiring coordinated seeing, acting, and reasoning. They then participated in an
online stimulated‑recall session, reflecting on selected episodes from the multiple
point‑of‑view videos overlaid with gaze. Using a professional‑vision lens, we analyzed
how participants highlighted, coded, and elaborated on activity’s perceptual–
interactional features. The MET‑enhanced reflection supported noticing of attention
allocation, coordination, and learner experience, and often aligned with researchers’
microgenetic analysis. We discuss design implications for scaffolding teacher
reflection on embodied mathematical sense‑making.
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THE CAUSAL ROLE OF INHIBITION IN MIDDLE-SCHOOL
GEOMETRY

Danit Ester Rubinstein, Tali Leibovich-Raveh, Michal Ayalon
University of Haifa

While geometry is crucial for educational success, it remains challenging to teach and
learn effectively. This study examines the causal relationship between inhibition and
middle-school geometry problem-solving among typically developed adults. Two
experiments manipulated inhibition levels using Stroop tasks (color-word in Exp1;
numerical in Exp2) while solving geometry problems. Results showed that higher
inhibitory demands improved performance: faster response times (RT) without
accuracy costs in Experiment 1, and both faster and more accurate responses in
Experiment 2. Stronger effects in the numerical Stroop context suggest that domain-
specific inhibition may be particularly relevant to geometry problem-solving, with
important future implications for mathematics education.
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THE IMPACT OF CHINESE MATHEMATICS TEACHERS’
COMPETENCE ON STUDENTS’ AFFECTIVE LEARNING

OUTCOMES AND THE MEDIATING ROLE OF INSTRUCTIONAL
QUALITY

Xinrong Yang1, Xiaoshuang Li2, Xin Chen2, Johannes König3, Gabriele Kaiser4

1Faculty of Education, University of Macau
2School of Mathematical Sciences, East China Normal University

3Faculty of Human Sciences, University of Cologne
4Faculty of Education, University of Hamburg

This Publication Report presents a recent study examining the impact chain from
teacher competence to student affective outcomes, mediated by instructional quality,
in junior secondary schools within China. Analyzing data from 117 teachers and 3471
students, the study found no significant direct effects, aligning with Western research.
However, weak indirect pathways emerged: MPCK—cognitive activation/classroom
management—interest/task value. The findings challenge the cultural universality of
prevalent models, highlighting how systemic factors (e.g., exam culture and large
classes) attenuate expected relationships. The presentation will extend the published
work by offering a critical, culturally-embedded reinterpretation of the “competence-
instruction-affect” chain and its implications in a Confucian heritage context.
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WHO IS THE BEST HELPER FOR UNIVERSITY STUDENTS'
MATHEMATICAL CREATIVITY? A QUASI‐EXPERIMENTAL

STUDY OF HUMAN–CHATGPT, HUMAN–GOOGLE, AND
HUMAN–HUMAN CO‐CREATION

Zhiwei Liu, Haode Zuo, Jue Feng, Yongjing Lu, Min Xu
Yangzhou University

This study investigates the impact of different co-creation partners on mathematical
creativity. Through a quasi-experiment with 230 university students, we compared
three conditions: Human–ChatGPT, Human–Google, and Human–Human dyads.
Results indicate that the Human–ChatGPT group exhibited the highest flexibility and
fluency, whereas the Human–Human group produced the most original solutions and
demonstrated accurate self-evaluation. Conversely, the Human–Google group
struggled with task difficulty and engagement. The findings suggest that while AI
boosts idea quantity, human collaboration remains essential for originality and
metacognitive accuracy.
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