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Few studies explicitly focus on students’ understanding of differential equations for
representing real-world phenomena (Lozada et al., 2021). Rowland and Jovanoski (2004) studied
the meanings students have for the terms of an already constructed differential equation and
found that across contexts, students tend to conflate amount with rates of change of amounts.
Our goal is to document students’ reasoning while constructing differential equations that
represent real-world phenomena (called mathematization) in a way that helps instructors connect
their students’ emergent models with normatively correct models. We frame students’ reasoning
while mathematizing using theories of quantitative, co-variational, and multi-variational
reasoning (Carlson et al., 2002; Jones, 2018; Thompson, 2011). Using this lens builds on
previous findings that the operations students use on quantities reflect the quantitative
relationships perceived by the student, (Larson, 2013), and that the models that students could
potentially make depend on (and are constrained by), the quantities the student imposes onto the
situation (Czocher et al., 2022).

The purpose of this study was to (1) catalog the quantities students impute while modeling a
disease transmission scenario from first principles and (2) document students’ rationales when
combining those quantities. We wanted to know: What are participants’ existing ways of
reasoning when writing equations to model of the spread of a disease throughout a community?
To answer this question, we present work from STEM undergraduates who participated in a set
of individual cognitive task-based interviews via Zoom. Data were analyzed by first identifying
the quantities participants imposed onto the task scenario and then documenting the participants’
(inferred) reason for using specific arithmetic operations(e. g., +, —,=,X) on quantities.

Our results reveal the rationales for using arithmetic operations to depict specific aspects of
the dynamics of spread of disease throughout a community. All three participants constructed
models for the instantaneous rate of change of the sick and healthy populations, though at times
using unconventional notation. All three participants constructed a model for the change in the
healthy population by covarying healthy people and sick people. They did this by noting that the
decrease in the healthy population is equal in magnitude to the increase in sick population. Two
participants depicted this relationship using the arithmetic operation —, while one participant,
Rua, chose not to use any notation to depict this relationship. We infer that Rua was covarying
the number of sick people and the number of healthy people, but not multi-varying sick, healthy
and time. Our contribution extends what is known about students understanding of differential
equations by reporting on how covariational and multivariational reasoning played a role in
students' construction of a differential equation that models disease transmission. We infer that
covariational and multivariational reasoning were observable because our participants were
working on differential equations modeling task focused on disease transmission.
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