
How can disciplines that are commonly regarded as cul-
turally neutral be taught in ways that connect technical
content with social and cultural issues?

Infusing Mathematics with Culture:
Teaching Technical Subjects for 
Social Justice

Dale Winter

Quantitative methods and logical reasoning provide tools for making
informed judgments about situations encountered in everyday life—the
arena of cultural and social phenomena. Despite this, academic encounters
with social and cultural issues are rare in the lecture halls and laboratories
of STEM (science, technology, engineering, and mathematics) disciplines
(Miller, 2005), the disciplines that traditionally emphasize training in quan-
titative analyses and logical thinking (English and Halford, 1995).

For more than twenty years the undergraduate mathematics teaching
community has conducted a deep conversation concerning the pedagogies
appropriate for introductory mathematics courses, including college alge-
bra, precalculus, and calculus (Ganter, 2000, 2001). Fueling this ongoing
discussion has been the recognition that students’ failure to “acquire a deep
understanding of the material they are supposed to learn in their [mathe-
matics] courses” (Graesser, Person, and Hu, 2002, p. 33) is still unaccept-
ably common (Bookman and Friedman, 1994; Selden, Mason, and Selden,
1989; Smith, 1998).

This conversation has produced changes in the pedagogy of many
mathematics courses (Hurley, Koehn, and Ganter, 1999; Lutzer, Maxwell,
and Rodi, 2002), including increased use of cooperative learning and tech-
nology to promote learning. Recognizing the value of student interest as a
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resource for learning (Schiefele and Csikszentmihalyi, 1995), many instruc-
tors have highlighted the applicability and usefulness of mathematical tech-
niques for solving problems in the world outside the classroom (see Alper,
Fendel, Fraser, and Resek, 1996; De Bock and others, 2003; Forman and
Steen, 2000; Pollack, 1978; Walkerdine, 1988). One rationale for integrat-
ing social and cultural learning with traditional STEM learning is to use
undergraduates’ enthusiasm for social and political issues (National Survey
of Student Engagement, 2004) as an engine to drive more abstract and con-
ceptual mathematical learning (Carter and Brickhouse, 1989; Nix, Ryan,
Manly, and Deci, 1999; Zoller, 1990).

A Model for Integrating Social and Cultural Issues
into STEM Learning

The fundamental goal of any STEM course must be to involve students in
the acquisition and mastery of the knowledge, skills, and perspectives of a
technical discipline (Hauser, 2006). My model (see Figure 12.1) intertwines
the technical learning characteristic of STEM disciplines with experiences
and information to allow students to make better sense of some of the chal-
lenges and problems faced by other peoples and other cultures. This ap-
proach presents some immediate instructional challenges. For example, the
understandable drive to emphasize STEM content in a STEM course might
lead to a trivialization of the social and cultural studies aspects of the course
(Cooper, 1992; Pollack, 1978). Wiest (2002) notes that incorporating cul-
tural and social content into mathematics instruction might well be consid-
ered “inappropriate . . . if the [cultural] content is merely grafted onto a
topic . . . or treated superficially” (p. 49). To help to avoid trivialization, 
I have followed one of the models suggested by Wiest, studying social and
cultural issues using precalculus mathematical concepts as a tool.

In practical terms, implementation of this approach involved introduc-
ing sociocultural phenomena through collections of readings (including
photographs and maps where appropriate), short video clips illustrating key
aspects of each situation, and activities or games that the students would
engage with as preparation for their mathematical work. When the students
had become acquainted with the social situation, a problem or question
would be posed to them and a structured worksheet provided to guide stu-
dents through the intellectual process of developing mathematical tools to
make better sense of the social problem (see Figure 12.1).

Students’ newly acquired knowledge of social problems and cultural
ideas was intertwined with mathematical ideas they could apply to repre-
sent salient features of the situation mathematically, reformulate the prob-
lem in mathematical terms (see Figure 12.1), and use the mathematical
ideas that they had learned to solve the problem.

Upon solving the mathematical version of the problems, students com-
pleted a cycle of learning by interpreting the meaning of their mathemati-
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Figure 12.1. Interplay Between Mathematical, Social, and 
Cultural Learning.

cal solution in the context that they had begun with, often leading to dis-
cussion of the broader implications of their solution. This was particularly
the case in controversial examples such as deciding on the best course of
action for using limited public funds in the fight against HIV/AIDS in
Uganda.

To illustrate the learning activities that were used, an example follows.
(A complete list of the topics and the mathematical concepts involved is
provided in Table 12.1.)

Native Peoples’ Rights and Fresh Water in Botswana

This learning activity used the context of water rights in Botswana as moti-
vation for the mathematical concepts of piecewise defined functions,
domain, and range.

Students began this activity with a short, informal general knowledge
quiz about countries in sub-Saharan Africa. The answers to many of these
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Table 12.1. Topics Covered Using Enhanced Learning Activities 
During the Course

Social Problem Mathematical Concepts Involved

Racial and gender imbalance in new HIV Comprehension and integration of infor-
infection rates in the United States mation presented in numerical, alge-

braic, graphical, and verbal formats

Political corruption and economic Manipulation and analysis of numerical
development in Africa, Southeast Asia, data
Europe, and South America Graphing data points

Finding patterns
Linear regression
Interpretation of the slope and inter-
cept of a linear function

Climate change in Zimbabwe and the Recognizing and creating linear functions
impact on agriculture Graphing linear functions

Finding intersection points
Interpreting the practical meaning of 
intersection points

Water security and native peoples’ rights Domain and range of a function
in Botswana Functions defined in pieces

Finding intersection points
Interpreting the practical meaning of 
intersection points

Ancestral lands and petroleum resources: Exponential functions
the Uighur minority and redheaded Half-lives and radioactive decay
mummies of western China Setting up and solving exponential func-

tions numerically and with logarithms

Estimating the impact of chemical ferti- Quadratic functions in standard and ver-
lizers in sub-Saharan Africa tex form

Quadratic regression
Completing the square
Locating the vertex of a quadratic func-
tion and interpreting its meaning

The global disease burden of malaria Power, exponential, and logarithmic 
functions

Logarithmic transformations of data
Estimating the model parameters in 
power regression

Setting up and solving power equations

The cost of providing ARV medications Power functions
in Uganda Combining functions to produce new 

functions
Laws of exponents and algebra
Setting up and solving power equations
Finding intersection points for power 
graphs

(continued)
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quiz questions painted a dim economic picture for the region and high-
lighted the day-to-day struggles of people who lived on a total income of a
few hundred dollars per year, such as obtaining adequate health care. The
one exception to this that emerged from the quiz was the nation of Botswana.

The quiz was followed by a short PowerPoint presentation on Botswana
highlighting the importance of diamonds for the country’s comparatively high
per capita gross domestic product (GDP) and the importance of diamond
mining for the provision of health care to miners and their families. Also fea-
tured, through a series of satellite photographs showing the recession of
Botswana’s river and lake systems over time, was the fact that Botswana faces
a serious shortage of fresh water.

In groups of three or four, students worked on a handout that gave data
on the likelihood of Botswana’s depleting its water supplies in the next
twenty-five years. Students graphed these data and found a linear function
to represent them. In a full-class discussion, students considered whether or
not a single linear function could accurately represent the data and whether
or not a pair of linear functions could do a better job. When students had
found a pair of linear functions that worked well, the class was again brought
together to consider the question of how to specify the years when each of
the two linear functions was appropriate to use, leading to the identification
of the mathematical concept of the domain of a function. Students were then
asked to use their linear functions to determine the year in which Botswana
will definitely run out of fresh water and to decide whether or not the behav-
ior of their linear function accurately represented the situation after that year.
Students concluded that once the likelihood reached 100 percent, it should
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Table 12.1. (continued)

Social Problem Mathematical Concepts Involved

How quickly can polio be eradicated? Formulas for polynomial functions
Medical, political, economic, and social Recognizing polynomial functions from
factors graphs

Polynomial regression
Locating the zeros of a polynomial 
function

Milestones in the HIV/AIDS pandemic Patterns in data
Recognizing linear, exponential, and 
polynomial functions

Regression
Graphing and interpreting inverses
The horizontal line test
Finding formulas for inverses of linear 
and exponential functions
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remain at that level rather than continuing to rise (as the linear function
did). With this, a third, horizontal part was added to the function defined in
pieces that the students had created, and the mathematical concept of range
(the set of meaningful values generated by a function) was identified.

When the students had finished these calculations, the PowerPoint pre-
sentation resumed with a list of historical events from Botswana. One partic-
ular point that was greeted with verbal incredulity by students was the fact
that until the middle of the twentieth century, it had been legal to hunt the
native San people and that the last official license to do so was issued in
1936. This point generated a significant class discussion on the fairness with
which the San people had been treated by European colonial powers and
continued to be treated by the government of Botswana. This discussion con-
tinued with the observation that to maintain its economy, Botswana is under
pressure to find new diamond mines but that the most promising lands are
those unsuitable for agriculture or urban development that the San have been
forced onto. The activity concluded by examining some of the evidence of
current government efforts to force the San from potential diamond mines—
ironically, by destroying the San people’s fresh water supplies (U.S. Depart-
ment of State, 2005).

Key Features of the Learning Activities

Marilyn Frankenstein (1990) pioneered the use of mathematical learning
through the study of sociocultural phenomena by undergraduates, develop-
ing a series of mathematical learning activities in which students were
encouraged to “confront various . . . issues while simultaneously learning
basic mathematics” (p. 338). Important principles derived from Franken-
stein concerning essential features of the nonmathematical learning activi-
ties in this project included the following.

Real situations and real information. Students were expected to spend a
significant amount of time and effort learning about the nonmathematical
context of the situation. Invented or contrived situations seemed to us
unlikely to capture students’ imaginations or to present them with an
authentic nonmathematical learning experience (du Feu, 2001).

Situations that students might have encountered through news or other media
sources but were unlikely to be well informed about. Students’ own knowledge
or experience was an important touchstone to help the nonmathematical
aspects of learning activities gain credibility. As the goals of this course
included stimulating both mathematical and nonmathematical learning, it was
also important to provide all students (even those who had some exposure to
a particular nonmathematical topic) an opportunity to learn something new.

Descriptions of contexts that could generate controversy. An overwhelm-
ing priority of many instructors is to eliminate conflicting views or contro-
versies from the classroom (DeCecco and Richards, 1974). However,
research in education indicates that properly managed interactions with
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controversial material can help students increase their curiosity, understand
other perspectives more accurately, solve problems more effectively, and gen-
erate creative ideas ( Johnson and Johnson, 1979). An important goal of this
instructional model was to help students engage with the material (mathe-
matics and the nonmathematical context) more deeply, and controversy
offered a means to achieve this objective.

Evaluating the Model for Integrating Social and
Cultural Issues into STEM Learning

The instructional model described here was tested with a naturalistic exper-
iment (results will be summarized shortly). Students taught with the cul-
turally infused learning activities were compared to other students in the
same course who were taught with more conventional materials. Students
in the two groups were compared on mathematical performance, general
knowledge, and overall success in the course.

Experimental Design. Five separate sections of a precalculus course 
(n = 148) were taught using a mixture of conventional methods and activi-
ties including cultural and social contexts. Twenty-three sections in the same
course (n = 593) were taught using conventional methods. Two-thirds of stu-
dents (67 percent) completed questionnaires at the beginning and end of the
semester. In addition, all students took three uniform mathematics exams
(scored using predefined grading rubrics).

Initial Assessments. Comparing the ACT math scores of the experi-
mental and control groups revealed no significant differences in initial math-
ematical ability (the mean for the experimental group was 25.17 and for the
control group 25.32). The experimental group included slightly higher per-
centages of female and minority students, although the differences were not
statistically significant.

Mathematical Performance. A major concern with this model of
STEM instruction is that the large amounts of class time that students spend
learning about other cultures could undermine their ability to master the
technical content of the course. Two effects have been suggested as impor-
tant here: the lower amount of mathematical “time on task” experienced by
students in the experimental groups (Stallings, 1980; Webb, 1991) and the
cognitive “contextual interference effect” (Van Merrienboer, De Croock, and
Jelsma, 1997). Students in the control and experimental groups completed
exactly the same mathematical exams during the semester (it did not fea-
ture any richly contextualized problems), and the exams were all graded in
the same way according to predefined rubrics. Repeated measures ANOVA
revealed no significant differences in the mean performance of students
between the control and experimental groups.

General Knowledge. At the beginning and end of the semester, stu-
dents completed multiple-choice exams on the topics that were included in
the culturally infused activities. At the beginning of the semester, the differ-
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ence in the percentage of questions answered correctly by both groups was
an insignificant 0.14 percent. By the end of the semester, the percentage of
correct responses from the experimental group exceeded that of the control
group by a significant 11.9 percent (p < .05).

Success in the Course. For the purposes of this experiment, success
in the course was defined as course completion with a grade of C minus or
higher. The final grades in the precalculus course were determined by the
students’ scores on the uniform exams and modified up or down by instruc-
tors. The percentage of unsuccessful students in the experimental group was
15.4 percent, which was significantly (p < .05) lower than the 22.9 percent
of unsuccessful students in the control group.

Impact on Students

Although the statistics indicate that the use of this instructional model
increased students’ general knowledge without sacrificing mathematical per-
formance, they do not reveal the impact of the activities on individual students.
Two anecdotes from the course may indicate some of the ways in which stu-
dents were affected by the course in less easily quantitatively measured ways.

The first is an unsolicited e-mail received by one of the instructors who
taught using these learning activities. The text of the e-mail speaks for itself:

I wanted to thank you for all your help throughout the semester. I am amazed
at how much I was able to learn despite the fact that I took precalculus in
high school. Your class was always interesting, and I am still amazed at the
things that I learned pertaining to the world at large, and not solely mathe-
matics. I never thought that I would be informed about so many significant
and often disturbing issues plaguing our world in a math class. . . . I hope that
you already were aware that your students find your teaching techniques
refreshingly innovative and helpful. If you weren’t, I hope you know now.

The second anecdote concerns the reaction of a group of students from
another class that used these learning activities. These students felt so
strongly that they wanted to do something concrete and real that they (with
the help of their instructors) created a scheme to earn money from sponsors
whenever they did well on a math quiz. The money that was collected (over
$300 by the end of the semester) was donated to a charity that worked on the
kinds of social and health care problems that the students had learned about.

Summary

This chapter described an instructional model for infusing social and cul-
tural learning into a technical course. It also included evidence to demon-
strate that STEM courses can be infused with social and cultural without
negatively affecting STEM learning. Learning mathematics with substantial
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amounts of social and cultural information did not detract from mathemat-
ical learning. Furthermore, as noted by Astin (1993), infusing courses with
social and cultural content can lead to cognitive learning gains (knowledge
of global health care issues). Students in the experimental group were more
likely to complete the course and less likely to end the semester with an
unacceptable grade than students in the control group. As the experimental
group contained a higher number of female students and students from
minority groups, one possibility is that the instructional methods and con-
tent used here made the mathematics in the class more appealing or more
accessible to students who might otherwise have disappeared from or failed
the class (Seymour and Hewitt, 2000).
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