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Article Info ABSTRACT
Article type: The aim of this study is to explain the role of psychological tools in teaching the concept
Research Article of equality and equation and to bridge the gap between theories of cognitive mediation

and educational practice in the classroom. The study was conducted using a qualitative
phenomenographic approach with the participation of fourteen seventh-grade
mathematics teachers in Kerman, selected through purposive sampling. Data were
collected through semi-structured interviews and analyzed using the Dahlgren and
Fallsberg method; validity was ensured through participant review and reliability was
confirmed by comparison with a phenomenography specialist. Findings showed that
teachers used four categories of mediating tools: language, bodily movements, symbols,
and educational artifacts. Language appeared in three roles: activating thinking, guiding
step by step, and stabilizing meaning through metaphors; bodily movements acted as a
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Extended Abstract

Introduction

Algebraic concepts play an essential role in the school mathematics curriculum, among which
equations and equation solving occupy a central place, as students are inevitably required to formulate
and solve equations in mathematics and other sciences. However, research indicates that many
students encounter serious difficulties in understanding and solving equations, highlighting the
necessity for further research to promote the conceptual understanding of equations. Furthermore, the
concept of equality is one of the most fundamental relationships in mathematics, representing the
equivalence of two quantities. Scholars caution that the mere repetition of the equals sign in students’
mathematical experiences does not guarantee correct comprehension, and merely stating the verbal
meaning of the equals sign to students cannot lead to deep understanding. Despite these emphases,
most existing studies have predominantly focused on diagnosing students’ conceptual errors or the
effectiveness of instructional interventions at the content level. What has received less attention is the
role of psychological tools, such as bodily gestures (or pointing actions), symbols, and educational
artifacts. Within Vygotsky’s socio-cultural framework and the sign-internalization perspective, these
tools play a central role in the learning process, the transition from concrete experience to abstract
thinking, and the development of higher mental functions. The understanding of the equals sign and
algebraic concepts is not acquired merely through numerical exercises; rather, it is progressively
constructed through social interaction, discourse, visual signs, and bodily gestures. Accordingly,
curriculum studies emphasize the importance of a socio-cultural approach in mathematics education
to comprehend the contextual and processual dimensions of learning. Nonetheless, few studies have
empirically investigated what types of psychological tools mathematics teachers use in practice and
how they employ them in teaching the concepts of equivalence and equations.

Methodology

This study was conducted using a phenomenographic approach based on Marton’s (1981) conceptual
framework to describe the qualitatively different ways teachers experience and perceive the
phenomenon of utilizing psychological tools in teaching the concepts of equality and equations.
Participants comprised 14 seventh-grade mathematics teachers with diverse teaching experience (5
to 27 years), educational degrees (Bachelor’s to Ph.D.), and genders, selected through purposeful
sampling until theoretical saturation was attained. Data were gathered through semi-structured
interviews (11 face-to-face and 3 virtual, each lasting 45 to 60 minutes) focusing on actual teaching
situations and classroom practices. Data analysis was carried out following the seven-step model of
Dahlgren and Fallsberg (1991), which entailed familiarization, condensation of meaning units,
comparison, grouping into initial categories, labeling, and contrastive comparison to establish the
outcome space. Trustworthiness was ensured through member-checking (credibility) and debriefing
with an expert in phenomenography to reach consensus on the final categories (dependability).

Results

Data analysis identified eight descriptive categories in teachers’ experiences:

1. Linguistic tools appeared in three roles: “activating thinking and introducing the concept,” “step-
by-step guiding language,” and “metaphorical and meaning-stabilizing language” (metaphors of
the balance scale, wall, or detective).

2. Bodily tools emerged under “the body as a mediating tool in meaning-making,” where deictic
gestures and hand simulations acted as the sprouting of sensorimotor signs to objectify
equivalence.
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3. Symbolic tools were identified in two categories: “objectifying visual symbols” and “stabilizing
algebraic symbols.”

4. Artifactual tools appeared in two roles: “artifacts as meaning-making tools” and “supporting
tools in deepening meaning,” although they were used less frequently. Overall, findings revealed
that teaching equations is a continuous path from sensorimotor intuition toward symbolic
formalization.

Discussion

Interpreted through Vygotsky’s socio-cultural theory and Radford’s theory of semiotic
objectification, the findings demonstrate that teaching the concepts of equality and equations is an
inherently multimodal and semiotic process mediated through language, bodily gestures, symbols,
and artifacts. Bodily gestures operated as semiotic bridges between sensorimotor experiences and
symbolic abstraction—serving as primordial signs that evolve into formal mathematical notation.
Furthermore, the instructional efficacy of metaphorical language was contingent upon preserving
structural isomorphism with mathematical concepts (e.g., the balance scale metaphor), whereas
purely verbal or non-structural analogies risked reinforcing algorithmic execution and persistent
misconceptions. Symbols successfully objectified situated relationships into stable, communicable
structures, provided teachers refrained from reifying symbols as concrete physical objects. The
contribution of this study lies in bridging phenomenography with a semiotic framework to illuminate
how psychological tools are experienced in practice, while exposing a palpable theory-practice gap
in the underutilization of manipulative artifacts. Methodologically, the study is bounded by its
specific geographical sample of seventh-grade teachers, reliance on retrospective semi-structured
interviews, and the absence of direct classroom video observations and student perspectives. Future
studies are encouraged to employ multimodal video analyses and investigate students’ experiences to
deepen empirical insights into semiotic mediation in mathematics classrooms.
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