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BACKGROUND AND AIMS

This study aims to explore mathematics and science connections in secondary science
teaching. Specifically, we investigate how prospective and practicing science teachers
(P&PST) view the role of mathematics in science learning and how they are able to
incorporate their own pedagogical content knowledge (PCK) (Shulman, 1987) in
mathematics to teach science concepts. The examination of mathematics-science
connections is especially important in physics learning (Milner-Bolotin & ZazKkis,
2021), as it explores the tension between physics concepts (Hake, 1998) and their
applications to problem solving (Deslauriers et al., 2011) . There are at least four
reasons to focus on mathematics and physics problem solving. First, physics problem
solving relies heavily on students’ ability to apply their mathematical knowledge to
physics contexts. Second, mathematics captures important conceptual ideas of physics
and allows for a deeper study of the relationships between physical quantities, which
would have been difficult otherwise. Third, scientific method is based on the ability to
predict and empirically verify the outcomes of experiments that often require extensive
mathematical knowledge (Windschitl et al., 2008). And fourth, in the age of ubiquitous
technological tools for collecting and analyzing data (Milner-Bolotin, 2012, 2016;
Stampfer et al., 2020), students’ ability to interpret experimental evidence using their
mathematical knowledge becomes paramount (Milner-Bolotin, 2020).

The three research questions we will answer in this study are:

1) How do P&PST view the role of mathematics in science learning?

2) How do P&PST identify and build on the mathematical connections in problem
solving?

3) How do P&PST navigate the tensions between conceptual understanding and
procedural mathematical knowledge in science contexts?

METHODOLOGY

The data is composed of two complementary sources: the interviews with P&PST in
the context of teaching 1-D kinematics (McDemott et al., 1987) and the analysis of
secondary physics textbooks. We chose this topic because it has strong connections
between mathematics and science, as it bridges basic calculus concepts (i.e., derivative,
integral) with the physical concepts of linear motion (speed, velocity, and acceleration).
This topic also has clear graphical representations that can be studied using widely



available tools in physics classrooms, such as Video Analysis, motion detectors and
computer simulations (Staacks et al., 2018).

Interviews: To examine P&PST pedagogical approaches and their ability to connect
mathematics and science in their lessons, we will use a “lesson play” approach
suggested by Zazkis et al. (Zazkis & Marmur, 2018; Zazkis et al., 2013). During the
interviews, P&PST will be asked to respond to a task in which they will need to suggest
potential pedagogical approaches for an imaginary dialogue between a teacher and a
group of students learning the concepts of uniformly accelerated rectilinear motion in
and provide a commentary elaborating on their instructional choices. The topics
selected for the task were chosen intentionally as they provide authentic and rich
opportunities to bridge mathematics and science concepts while challenging teachers
to consider key mathematical concepts of ratios, slope of a graph, rate of change,
derivatives, and integrals, and their role in science. The task provided the beginning of
the dialogue, that featured a hypothetical student’s confusion related to the
interpretation of the 1-D motion graph. P&PST will be asked to extend this dialogue
through describing envisioned instructional interactions that could have ensued and
justify their instructional choices.

Textbook analysis: We will also analyze secondary physics textbooks to examine how
mathematics is presented and used in teaching 1-D kinematics.

RESULTS AND CONCLUSIONS

We are collecting and analyzing the data now and will present our results during the
MACAS conference.
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