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What problem is addressed?

The crucial role of emotions in mathematical problem solving has long
been recognized (e.g., McLeod & Adams, 1989; Op’t Eynde et al., 2006;
Zan et al., 2006), and there has been growing criticism of instructional
approaches that treat students as a “non-emotional audience” (Alsina, 2002,
p. 6). Numerous studies (e.g., Goldin, 2000; Gémez-Chacén, 2017; Op't
Eynde et al., 2006) have shown that students’ emotions can fluctuate
substantially during mathematical problem solving: a student may begin a
lesson feeling interested, yet an instructional approach may quickly lead to
frustration or confusion. Conversely, another instructional approach can
transform initial feelings of frustration into joy and confidence. Goldin
(2000) conceptualizes these emotional fluctuations as an “emotional
pathway”—a sequence of emotional states that students experience while
engaging with a mathematical learning activity.

However, little is known about how to design problem-solving lessons
in which students’ emotional pathways can be predicted and intentionally
shaped. Only a few studies have illustrated this possibility. For example,
Marmur and Koichu (2016) demonstrated, in a university context, that a
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lesson that eventually evoked in students a “wow-experience” had begun
with the intentional induction of frustration and even anger. Furthermore,
Koichu et al. (2017) showed how expectations generated by solving one
problem influenced the intensity of surprise experienced when middle-
school students engaged with a subsequent problem; this study was
conducted in a laboratory setting.

Building on these findings, the present study seeks to address the
challenge of implementing at scale, and in new instructional contexts, the
design principles for problem-solving lessons that enable anticipating and
intentionally shaping students’ emotional pathways.

How is it addressed?

This research is grounded in four theoretical frameworks: Goldin’s (2000)
affective pathways, which facilitate analyzing and mapping students’
dynamic emotional responses. Variation Theory (Marton & Booth, 1997),
employed to design four problem-solving sequences that highlight critical
mathematical features through differences in form, not content. Huron’s
(2006) Contrastive Valence Theory, which leverages emotional transitions
from struggle to enjoyment, and Didactical Engineering (Artigue, 2009),
providing the methodological basis for the systematic design and analysis of
problem sequencing and delivery across multiple student groups receiving
tasks in varied orders. Each framework addresses distinct dimensions of the
emotional and cognitive learning processes.

What is implemented?

The study implemented theoretical insights from previous research on
emotions in problem solving, with a special focus on didactical strategies
for engineering of students’ emotional pathways (e.g., confusion = surprise
— enjoyment — accomplishment).

The intended participants are approximately 240 ninth-grade students
from 12 classes across schools in Israel, organized into four instructional
clusters to vary the order of problem sequencing. Four mathematical
problems will be used: two in geometry (noticing and proving in the
context of planar shapes) and two in algebra (equation solving). Within
each domain, problems will be presented consecutively to create an
intentional sequence: the first problem is expected to evoke surprise,
confusion, and frustration, while the second problem is designed to evoke
enjoyment, satisfaction, and a sense of accomplishment.

The intended teachers have participated in professional learning
communities centered on teaching mathematical problem solving during
the last two years. Students’ in-situ emotions will be measured using a
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questionnaire (Trifonov et al, 2026), in which they self-report on
emotional states and rate their intensity three to five times during the
process of solving each problem. To capture the dynamics of students’
emotions, the study applies Multilevel Vector Autoregression (mIVAR)
modeling (Epskamp et al., 2019). Data collection is planned for the 2025—
2026 academic year.

What is the potential importance and significance?

Putting descriptive conceptual apparatus on students’ emotions in design-
research perspective; testing and implementing didactical ideas from past
studies in new contexts, developing not only theoretical but pedagogical
tools (tools for working with teachers, like design principles of problem
sequencing and questionnaire for measuring emotional pathways during
problem solving); systematic characterization of implementability of
problem-solving sequences designed for different didactical purposes (e.g.,
from easy to difficult — for causing the feeling of success; from difficult to
easy — for causing the feeling of surprise, etc.).
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