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ABSTRACT

Background and Objectives: Angle is a multi-dimensional concept, and
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depending on the context, certain aspects of it become more prominent. To
understand this concept correctly, teachers must, as a first step, possess an
accurate and multi-dimensional understanding of it. The present study aims to

investigate the level of knowledge of teachers and student-teachers regarding
Received: 2024/09/03 the concept of angle and the sources from which this concept is formed for

Reviewed: them. Methods: The present study is descriptive in nature. A quantitative
2025/02/15 method was employed to address the first research question, and a qualitative
Accepted: method was used to address the second research question. From among the
2025/03 /d 4 definitions and interpretations presented in the scholarly literature, angle as a

; L geometric shape, rotation or turn, the magnitude of rotation or the magnitude of
Published Online: turn, intersection, corner or sharp corner, region, distance, slope, and bend were
2026/11/05 selected. In the next step, the level of awareness of teachers and student-
Pages: 313-347 teachers concerning the aforementioned definitions was identified. For this

purpose, 132 participants, including 83 teachers and 49 student-teachers, were
selected through convenience sampling as the participants of the study. They
were asked to report any definition they knew regarding the concept of angle.
Furthermore, all official sources shaping the definitions of angle—including
elementary school mathematics textbooks, the teacher's guide, and the main
references introduced in accordance with the svllabi of Farhangian
University—were collected and examined by experts. Findings: The analysis
of the responses obtained from teachers and student-teachers revealed that,

among the interpretations of angle, “intersection,

geometric shape," and

"corner" received the greatest attention, while other interpretations did not
Keywords: receive sufficient attention. Moreover, the findings indicated that teachers and

Content Knowledge

student-teachers do not possess a holistic view of the concept of angle. The
examination of the official texts used for learning the concept of angle suggests

Mathematics that the content employed in the learning resources has indirectly attended to

Education the interpretations of angle as "geometric shape,"” “corner," "region," "'rotation,"
Teachers and ‘“intersection," which may account for teachers' limited
Textbooks understanding.Conclusion: Given the undeniable influence of textbooks and
Concept of Angle teacher education programs on teachers' knowledge and professional
Elementary competence, it is recommended that the thematic scope and the content

Education understanding of the concept of angle.

presented in mathematics textbooks be revised in order to foster a holistic
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EXTENDED ABSTRACT

Introduction

Angle is a multidimensional geometric concept whose different aspects
become salient in different contexts. To develop students’ understanding of
angle, elementary school teachers need accurate and comprehensive content
knowledge. Teachers’ professional knowledge is shaped in part by formal
sources, including textbooks, teacher guides, in-service training, and teacher-
education programs. Examining both teachers’ knowledge and the official
resources through which that knowledge is formed can help identify gaps in
mathematics education. Accordingly, this study investigated elementary
school teachers’ and student-teachers’ knowledge of the concept of angle in
Tehran and examined how official educational resources present this concept.

Research Questions

This study addressed two questions: (1) Which definitions or interpretations
of angle are familiar to elementary school teachers and student-teachers? (2)
Which definitions or interpretations of angle are presented in official
educational resources intended for these groups?

Literature Review

Angle is a multidimensional geometric concept that has been described in
several ways, including as a geometric shape, rotation, magnitude of rotation,
intersection, corner or sharp corner, region, distance, slope, and bend
(Bustang et al., 2013; Henderson & Taimina, 2005; Mitchelmore & White,
1998, 2000; Davey & Pegg, 1991). Although these interpretations are
compatible, learners may find it difficult to connect them, particularly static
interpretations with dynamic ones such as rotation (Mitchelmore & White,
2000; Hajar et al., 2023; Moore-Russo et al., 2011). A sound understanding
of angle therefore requires more than recognizing its name: learners need to
consider its properties, build meaningful connections, and encounter varied
conceptual and practical experiences (Ozerem, 2012; Lindquist & Clements,
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2001; Sar et al., 2021). Teachers’ content knowledge is important to this
process. Previous studies have identified gaps in teachers’ and prospective
teachers’ understanding of angle and have highlighted the role of instructional
materials in shaping that understanding (Wu et al., 2013; Yazgan et al., 2009;
Caglayan & Caglayan, 2013). The present study addresses this issue in the
Iranian context by examining both teachers’ knowledge and the official
resources available to them.

Methodology

The study was applied in purpose and used a mixed-methods design with an
embedded approach. Quantitative data were used to address the first research
question, while qualitative analysis addressed the second. The participants
were 132 people from Tehran: 83 elementary school teachers and 49 student-
teachers, selected through convenience sampling. Because angle is introduced
in Grades 3 and 4, the teacher sample initially focused on teachers of these
grades. Participants completed an open-ended questionnaire in which they
were asked to provide the definitions of angle they knew, together with
relevant examples or explanations. Responses were analyzed using nine
interpretations derived from the literature: geometric shape, rotation,
magnitude of rotation, intersection, corner or sharp corner, region, distance,
slope, and bend. Content and face validity were reviewed by a curriculum
specialist, a mathematics education specialist, and two elementary
mathematics teachers. For interpretive validity, 26 participants (20% of the
sample) reviewed the researchers’ interpretations, and all confirmed them.
Inter-coder reliability, calculated using Holsti’s method, was 0.84; test-retest
reliability with 30 teachers after one week was 0.89. To answer the second
question, definitions and presentations of angle were collected from
elementary mathematics textbooks, teacher guides, and key resources aligned
with Farhangian University syllabi. A panel of three mathematics education
specialists and four mathematics specialists reviewed these materials. An
interpretation was accepted when at least four experts rated it positively.
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Results

Among the interpretations identified in participants’ responses, “intersection”
accounted for 38.93%, ‘“geometric shape” for 30.15%, and “corner” for
14.12%. The remaining reported categories were “region” (7.63%), no
definition provided (4.20%), “distance” (2.67%), “rotation” (1.46%), and
“magnitude of rotation” (0.76%); no participant referred to “slope.” Three
teachers and eight student-teachers did not provide a mathematical definition.
Among teachers, the most frequently reported interpretations were
intersection (81%), geometric shape (66%), and corner (33%). Among
student-teachers, the corresponding figures were 69%, 49%, and 20%.
Overall, both groups emphasized static and shape-related interpretations and
demonstrated no holistic understanding of the concept. The review of official
resources found that angle was presented—often implicitly—as a geometric
shape, intersection, rotation, region, or corner. Some materials, including
parts of the Grade 4 teacher guide and Farhangian University resources, did
not provide an explicit definition. In the Grade 3 textbook, a shaded enclosed
region was presented as an angle, potentially emphasizing the interpretation
of angle as a region without sufficient explanation. Overall, the reviewed
resources did not adequately cover all nine interpretations or provide
sufficient examples and non-examples.

Discussion

The findings indicate that teachers’ and student-teachers’ knowledge of angle
is limited and uneven. The prominence of intersection, geometric shape, and
corner is consistent with the emphasis on static representations in some
official learning materials, whereas dynamic interpretations—particularly
rotation and magnitude of rotation—and less frequently reported
interpretations received little attention. The implicit and incomplete treatment
of angle in official resources may be one factor contributing to this pattern;
however, the study does not establish a causal relationship. The findings are
consistent with previous research documenting fragmented understandings of
angle among teachers and prospective teachers. Because teachers’ content
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knowledge informs classroom instruction, textbooks and teacher guides
should present multiple interpretations explicitly and coherently. Teacher-
education and in-service programs should also support teachers in comparing
these interpretations and using appropriate examples and non-examples.

Conclusion

Elementary school teachers and student-teachers in Tehran showed limited
and uneven knowledge of angle, with a strong emphasis on intersection,
geometric shape, and corner and comparatively little attention to other
interpretations. Official educational resources also presented a limited range
of interpretations, often implicitly. The findings support reviewing the
content and scope of angle in elementary mathematics textbooks and teacher
guides to foster a more comprehensive understanding. Farhangian University
and in-service programs should explicitly address the different interpretations
of angle and help teachers connect them. Further research using larger,
randomly selected samples, qualitative interviews, and classroom
observations is needed to investigate how teachers’ knowledge of angle
develops and how it affects students’ learning.
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