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Abstract

Applications of calculus to engineering, physics, and biology
are a well-known and often an important part of the under-
graduate calculus curriculum. However, little time is usually
spent discussing the many applications of calculus to other
fields of study. The American Mathematical Association of
Two-Year Colleges (AMATYC) states “mathematics that
students study should be meaningful and foster their apprecia-
tion of the discipline” (AMATYC, 2006, p. 10). Many students
in undergraduate calculus classes are not planning to pursue
careers in the few fields in which they will see an application
of calculus. Therefore, instructors need to find ways to help
students see the usefulness of mathematics for their chosen
career path.

Introduction

Some researchers have found a decrease in perceived
usefulness of mathematics among students from 9th to 12th
grade (Chouinard & Roy, 2008) while others have identified
the assignment of contrived, unrealistic examples (mathemati-
cally simplistic enough to avoid confusion) as one reason that
students may feel this way (Duan, Depaepe, & Verschaffel,
2011). More meaningful and interesting problems can some-
times require techniques that are beyond students’ understand-
ing or are computationally tedious. Therefore, the classroom
activity described in this article was designed to give students
a vision of the power of mathematics to solve problems of per-
sonal interest to them, without having to spend a great deal of
class time delving into complicated mathematics. This activity
specifically fosters an environment “that optimizes the learn-
ing of mathematics for all students” (AMATYC, 2006). In
addition, it also serves a secondary purpose: to particularly en-
courage women interested in mathematics and the mathemati-
cal sciences. Research has shown that women tend to want to
work with people not things (Lubinski & Benbow, 2006), and
that social values are important in choosing a career (Duffy
& Sedlacek, 2007). The activity was piloted in a Calculus |
class of 24 students at one of the authors’ institutions. We later
describe some results from the pilot project.
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Implementation

The activity, Calculus Everywhere, consists of two parts.
First, students are presented in class with examples of how
mathematics is applied to different fields. Examples shown to
students are from research articles and the intent is to pro-
vide students with a connection between the calculus they
are learning in the classroom and a variety of issues of social
concern. We use the presentation to highlight the mathemat-
ics used in the research and also to foster a discussion among
students about what majors or careers might make use of this
type of research.

For a recent implementation of this activity in a calculus
class at one of our institutions, we chose examples relevant to
majors many of our students have chosen. Examples on bioter-
rorism issues (Atkinson & Wein, 2008) were chosen to appeal
to the large number of criminology and forensic science
majors in the course. We also chose applications of calculus
to Africa’s economic problems (Sachs, McArthur, Schmidt-
Traub, & Kruk, 2004) because they very clearly addressed a
significant social problem. Voting applications (Gelman, Katz,
& Tuerlinckx, 2002) were particularly timely given the recent
2012 presidential election.

The second part of the activity is an out-of-class home-
work assignment. For the assignment, students were asked
to first locate a research article that applies calculus to either
their academic major or their intended career field. Once they
located an article they were to write a half-page summary,
making sure to note the use of mathematics, as well as the
kind of major or career that may be affected by the problem
addressed in the article. See Appendix A for the assignment
and grading rubric we use.

Student Difficulties

For the out-of-class assignment, we ask students to e-mail
their instructor a copy of their article and a one-sentence
description of the mathematics in it. We have found that
requiring this before they start writing the summary is help-
ful in combating student difficulties. Given that in the first
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implementation of this activity several students had difficulty
finding an appropriate article to use for this assignment on
their first try, correspondence with the instructor was helpful
for evaluating the article for relevance. Difficulties encoun-
tered by students included the assumption that summary
papers (found online) written by other students, blog posts,
or instructor-created worksheets with different application
problems (also found online) were appropriate sources for the
assignment. In addition, since many of our Calculus | students
were undergraduate freshmen with less experience navigat-
ing our library search services, it was usually a challenge

for students to find research literature. Instructors were able
to redirect these students to appropriate searches or sources.
Despite these problems most of our students have been able
to find relevant articles and write thoughtful summaries of the
mathematical applications.

Our Students’ Reactions

Our aim with this activity was to increase our students’ aware-
ness of the usefulness of mathematics in society. The follow-
ing student comments were gathered during one semester of
implementation from their summaries that describe their at-
titudes, appreciation for the value of mathematics, and some of
their choices to investigate mathematics that applies to social
problems. These sample responses represent themes that were
common in the students’ essays.

Attitude

The majority of students who made statements in their sum-
maries about the societal value of mathematics demonstrated
an increased awareness of this value. Two students’ comments
indicated dramatic shifts in perspective from believing that
calculus was pointless for their future careers to seeing directly
how it was useful to them. The first student chose an article
that discussed using technology in the biology classroom to
explore famous calculus-based mathematical models such as
Fischer’s Fundamental Theorem of Natural Selection (Jungck,
2010). This article helped the student to see why calculus was
important for her major: “I am a biochemistry major and I’ll
admit that at first | had trouble understanding why Calculus 1
and Calculus 2 were required for my major. The article | found
discussed 10 equations that have changed the way biology, as
a science, operates.”

A biology major considered a paper that described a frac-
tional-order model of neurons in the body (Debnath, 2003).
She says, “the part of the paper that actually interests me is ...
the use of calculus in biology, which | never thought was pos-
sible... .” Her essay reveals she has discovered the importance
of mathematics to furthering research in her anticipated career
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field and, more importantly, that she was unaware of this fact
before the Calculus Everywhere activity.

Appreciation

A student planning to become an oncologist stated that without
Maxwell’s equations “MRI’s wouldn’t be possible and [her]
future career would be very difficult.” Another, after reading
an article comparing the rate at which a drug left the body to
the rate that it is taken in to create a steady state (Kale, Lohiya,
Rasala, & Avari, 2010), determined that calculus is taught to
aspiring doctors and potential medical researchers because it is
“essential in understanding the line of work and to be able to
make progressive strides in the field.”

Addressing Social Problems

Some students chose topics that had direct impact on social
problems. A forensics major chose an article that discussed a
more effective way of determining the concentration of illicit
drugs seized from the streets. One general-studies major read a
paper describing applications of a spatial analysis model used
by people in geographical studies to study patterns among
humans in different environments. She added that “the model
[could] also be used by people involved in global studies
because it [allowed for] the study of the impact of possible
scenarios on the lives and economic prosperity of the people
in whatever region of the world they [were] studying.” She
also describes how this article would be useful to computer
scientists and economists.

Additional Data on Student Attitudes

In addition to essays from students that provided us with data
from their personal experiences with the Calculus Everywhere
activity, we used the Attitude Towards Mathematics Inventory
(ATMI) survey (Tapia & Marsh, 2004) to collect data on
student attitudes at the beginning and end of the semester in
which we implemented the activity. ATMI survey questions
address one of four different factors: self-confidence, value

of mathematics, enjoyment of mathematics, and motivation.
We were specifically interested in student responses to ques-
tions about the value of mathematics. Data from several value
of mathematics survey items are presented in the following
tables. The data were collected from the Calculus I class with
24 students.
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Table 1. Student Responses to ‘I think studying advanced mathematics is useful.’
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Table 2. Student Responses to ‘A strong math background could help me in my professional life.”

Overall, there was low belief at the outset of the semester
among students that mathematics is useful (Table 1) and that
studying mathematics would be useful for problem solving in
other areas (Table 3). However, the strongest negative re-
sponses from students were with respect to mathematics being
useful in their professional life (Table 2). None of the students
surveyed believed that mathematics would be useful in their
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professional life at the beginning of the semester. While the
survey data at the beginning of the semester described nega-
tive attitudes toward the usefulness of mathematics among
our students, the results from the postsemester survey indicate
a shift in student perspective with more students responding
positively about all three value of mathematics items.
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Table 3. Student Responses to ‘l believe studying math helps me with problem solving in other areas.’

Discussion
Following its implementation, this activity has evolved over
several semesters. Specifically, in the first semester, we asked
students to summarize the literature they read without much
guidance for the summary. It became clear after the first
semester that we needed to be more explicit about the content
of the essay in order to understand the perceived usefulness of
mathematics our students had before they completed the activ-
ity, and also to determine if the activity alone had an impact
on their beliefs. In addition, we decided to let this assignment
be worth twice as much as a regular homework assignment
for grading purposes. The idea was that students would take
the assignment more seriously if it had a greater effect on
their overall grade. Subsequently, in dealing with both of
these issues, we now provide students with a grading rubric
that is explicit on exactly what questions need to be answered
in an essay—in addition to describing the mathematics that
is used—and how the summary will be graded. The revised
essay directions include requiring students to answer questions
such as “What career field might make use of this applica-
tion of calculus?” and “Did you know this before reading the
article?” We continue to improve this activity based on student
feedback and results of our own analysis.

While our implementation occurred in a Calculus I class,
a similar activity can be done at any level, with modifications.
Students in classes beyond calculus should require little in the
way of modifications and will hopefully have fewer problems
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with logistics such as using library resources for literature
searches. Students in algebra and precalculus may have dif-
ficulties finding research that uses the mathematics they are
learning. However, one aspect of the Calculus Everywhere
activity that made it doable for students was that they were
not required to understand the mathematics (calculus) in their
research papers. They simply had to observe calculus being
applied to another field and summarize its use. So, a modifi-
cation for students in lower-level mathematics classes could
be as follows: (a) instructors can base their presentations off
of articles that use the appropriate level of mathematics or

(b) have students instead read articles from undergraduate
research journals that may be at a more appropriate level. For
high school students, it might be more suitable to ask students
to find a news article or other source instead of a research pa-
per. Also, incorporating more frequent in-class discussions in
lieu of out-of-class assignments would allow the instructor to
present the activity at the proper level as often as time allows.
Instructors who wish to emphasize mathematical communica-
tion through this assignment can use articles as the basis for an
in-class poster presentation (Brown & Burroughs, 2008).
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