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Abstract. Physicists often use mathematics to reason, while learners mostly see mathematics as a
technical tool for physics. Teacher education could bridge this gap. This study examines aspects of
the mathematics-physics interplay as perceived by instructors and teachers in an MSc program for
in-service physics teachers comprising pedagogical content courses and advanced physics courses.
Semi structured interviews served to identify central aspects the instructors wish to convey.
Currently | am interviewing graduates of the program, searching for alignment and gaps between
teachers and instructors regarding the mathematics-physics interplay. A first interview identified
the aspects of geometrical reasoning, computational modelling, and approximations.

Introduction

The interplay between mathematics and physics has technical aspects (e.g. solving equations)
and structural aspects (e.g. mathematical analogies). Learners of physics tend to perceive
mathematics as a tool for physics, while physicists also use mathematics to reason [1]. Therefore,
making the different aspects of the interplay available to learners constitutes an important goal of
physics teaching. Highly experienced teachers have been found to be aware of structural as well
as technical aspects of the interplay, while other teachers were more focused on the latter [2].
Accordingly, there is room for professional development in teachers’ perceptions of the interplay,
that can take place either in courses focused on content knowledge (CK) or on pedagogical content
knowledge (PCK) [5], in pre-service [3], or in-service frameworks [4]. This study focuses on a
unique context where physicists expressed a detailed portrayal of the interplay between
mathematics and physics in content courses intended for in-service teachers, yet extending beyond
the high-school curriculum. We are interested in how teachers integrate their advanced CK
regarding the interplay between mathematics and physics into their PCK. We ask: Which aspects
of the interplay between mathematics and physics do the teachers acknowledge, both generally
and in their graduate courses, how do they compare to what their instructors had intended to
convey, and what are the implications on teaching?

Theoretical Framework

Recent work on the interplay between mathematics and physics has gone beyond making the
distinction between its technical and structural aspects [6]. For example, mathematics provides a
syntactic structure for physics, setting the rules for how knowledge is organized. Furthermore,
mathematical representations enable both investigation and communication. Finally, mathematics
allows logical deduction and extraction of new information. We examine how these aspects were
manifested in advanced content courses for teachers, and how teachers later employ them.

Context and Methodology

The Rothschild-Weizmann program for Excellence in Science Teaching (hereafter, the
Program) at the Weizmann Institute of Science is an MSc program for excelling science and
mathematics teachers. The physics branch of the Program consists of advanced content courses



extending beyond the school curriculum, taught by physicists, and pedagogical content courses,
taught by physics education researchers. | was a teaching assistant and tutor in the Program and
have a previous acquaintance with some of the interviewees, while another member of the team is
the Program’s “homeroom teacher', who knows all of them. Previous research revealed aspects of
the interplay that the instructors of the physics courses wished to convey to teachers [7]. For
example, the universality of geometry in physics, the limitations and extension of approximations,
computational modelling as virtual experiments, or conflict between equations as a mechanism for
discovery (e.g., the Lorentz force’s dependence on velocity contradicting Galilean invariance).

Reflective Interviews are being carried out with ~10 recent graduates focusing on the interplay.
Interviewees’ ethnicity, gender, and prior education (engineering/physics BSc) data will be
considered to diversify the sample. Three interviews are planned before the summer school.
Thematic data analysis will ensue based on our previous work [7] top-down, augmented by
schoolteacher-specific themes that interviewees will raise.

Preliminary findings

Preliminary analysis of the first interview indicates changes in perceptions and in teaching of
the interplay after the program. For example, before the program, energy considerations were
depicted as a convenient tool for problem-solving, whereas now they are framed as “an approach
that stands on its own”. Definitions of forces such as tension and normal are now taught as resulting
from the four fundamental interactions, exhibiting coherence. Geometry plays a role in explaining
the difference between the dot product and the cross product, mentioning “the plane that is spanned
[by the two vectors]”. A recently enacted computational lab on free fall addressed the validity of
different approximations. While aware of conflict as a mechanism for discovery, the teacher did
not mention it as manifested in their teaching. On a more universal note, the teacher said “We have
no choice not to force students or teachers to go through quantitative aspects... [otherwise we lead
to] ignorance and mistrust in the method.”
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Current stage of the work

I have developed an interview protocol, with questions pertaining to

1. the impact of graduate courses in physics on teachers and classroom teaching,

2. teachers’ perceptions of the interplay between mathematics and physics generally and in

the program, and

3. how teachers manifest the interplay in their teaching.

I have devised a preliminary analysis scheme, consisting of categories related to the interplay
between mathematics and physics, taken from our previous work. I have conducted one interview
with a graduate of the program, leading to changes in the interview protocol. | intend to hold two
more interviews before the conference. For the summer school I will bring excerpts from
interviews to base the following discussion.

Questions for discussion

1. Categories relating to the interplay — are they comprehensive enough for analysis?
2. Categories relating to classroom teaching — how should they be constructed? For
example, should I differentiate teachers’ messages from their reported practices?



