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Building Chemistry and Mathematics 
Understanding at the Introductory 
Level – In 2012, the President’s Coun‑

cil of Advisors on Science and Technology 
(PCAST) reported that one million additional 
college graduates with STEM degrees would 
be needed over the next 10 years to meet 
the anticipated demand for technically skilled 
workers. Unfortunately, many students inter‑
ested in pursuing STEM careers enter college 
without the background and skills required to 
succeed in general chemistry, which is often 
the first required science course. In fact, fewer 
than 40% of the students who enter college 
as STEM majors graduate with a STEM degree. 

Developmental chemistry courses to support 
underprepared students have typically 
focused on drilling algorithmic problem‑
solving rather than on helping students to 
construct an understanding of core ideas 
in chemistry and make meaning of the 
supporting mathematics. We are studying 
a new approach built around core ideas 
in chemistry: 1) bonding and electrostatic 
interactions, 2) structure and properties 
of matter, and 3) energy. Since learning is 
a developmental process, we aim to help 
students build increasingly complex and 
scientifically correct understanding of these 
core ideas, which is both transferable and 
robust, by carefully scaffolding their learning 
on existing knowledge. We blend scientific 
practices (using models, constructing scientific 
explanations, and applying mathematical 
thinking) with content in instruction to further 
support students in building and using their 
knowledge. We are studying the impact of this 
novel approach to developmental chemistry 
on student motivation, self‑efficacy, science 
identity, and success in general chemistry.

We have found that even when scientific 
practices largely replace traditional 
chemistry calculations, student success in 

our developmental chemistry course strongly 
correlates with mathematics background. 
Students in our course often struggle with 
the same mathematics that students in non‑
credit‑bearing‑remedial (NCBR) algebra 
courses find most challenging. These topics 
include: 1) proportional reasoning; 2) linear 
rates of change and interpreting the rate 
of change from a graph; 3) modeling of 
covarying relationships with functions; and 4) 
translating between multiple representations. 
In collaboration with mathematics education 
researchers, we are developing and studying 
the impact of interventions that use 
multiple representations to build student 
understanding of mathematics used in college 
chemistry courses at the introductory level.

Mathematical Knowledge for Teaching 
in Chemistry – A cross‑disciplinary team 
is undertaking a study to characterize the 
mathematical knowledge for teaching 
(MKT) needed to effectively teach the 
mathematics used in general chemistry 
courses for STEM majors. MKT is comprised 
of mathematics subject matter knowledge 
(SMK) and pedagogical content knowledge 
(PCK) unique to the work of teaching (see 
Figure below). PCK includes knowledge of 
content and students (KCS) such as how 
students learn mathematics as well as their 
understandings and misunderstandings, 
knowledge of content and teaching (KCT), 
i.e. mathematics pedagogy, and knowledge 
of content and curriculum (KCC). While 
most chemistry instructors possess strong 
SMK in mathematics, their PCK is often less 
developed. Our work will inform efforts to 
build chemistry instructors’ MKT to increase 
the effectiveness of mathematics instruction 
in support of chemistry learning. Data 
sources for this project include analysis of 
general chemistry textbooks, video‑recorded 
observations of classroom instruction, and 
instructor interviews. 
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