
Integrating Sustainability into the Mathematics
Curriculum

Bree Ettinger
Department of Mathematics

Emory University

November 8, 2019



Sustainability1

Sustainability refers to a process in which human societies adapt to
live within the earth’s finite limits in ways that:

• restore healthy ecosystems and reduce harm to water, air,
forests, soils, and biodiversity;

• support secure livelihoods and vibrant local economies and
redress poverty and inequality;

• create resilient cultural and natural systems and empowered
communities;

• and meet the needs of the present without compromising the
ability of future generations to meet their own needs.

1Definition of Sustainability Created by Emory Faculty (2013). This definition of sustainability was
adopted by the Emory College Sustainability Minor Steering Committee 9-27-13
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Sustainability

Sustainability includes economic, environmental and social
dimensions, including equity and diversity goals.

environmental
economic

social
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Motivation

The [sustainability] crisis cannot be solved by
the same kind of education that helped create the problems.

-David Orr
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EDITORIAL

The ASA’s Statement on p-Values: Context, Process, and Purpose

In February 2014, George Cobb, Professor Emeritus of Math-
ematics and Statistics at Mount Holyoke College, posed these
questions to an ASA discussion forum:

Q: Why do so many colleges and grad schools teach p = 0.05?
A: Because that’s still what the scientific community and journal

editors use.
Q: Why do so many people still use p = 0.05?
A: Because that’s what they were taught in college or grad school.

Cobb’s concern was a long-worrisome circularity in the soci-
ology of science based on the use of bright lines such as p< 0.05:
“We teach it because it’s what we do; we do it because it’s what
we teach.” This concern was brought to the attention of the ASA
Board.

The ASA Board was also stimulated by highly visible dis-
cussions over the last few years. For example, ScienceNews
(Siegfried 2010) wrote: “It’s science’s dirtiest secret: The ‘scien-
tific method’ of testing hypotheses by statistical analysis stands
on a flimsy foundation.” A November 2013, article in Phys.org
Science News Wire (2013) cited “numerous deep flaws” in null
hypothesis significance testing. A ScienceNews article (Siegfried
2014) on February 7, 2014, said “statistical techniques for testing
hypotheses…havemore flaws than Facebook’s privacy policies.”
Aweek later, statistician and “Simply Statistics” blogger Jeff Leek
responded. “The problem is not that people use P-values poorly,”
Leek wrote, “it is that the vast majority of data analysis is not
performed by people properly trained to perform data analy-
sis” (Leek 2014). That same week, statistician and science writer
Regina Nuzzo published an article in Nature entitled “Scientific
Method: Statistical Errors” (Nuzzo 2014). That article is nowone
of the most highly viewedNature articles, as reported by altmet-
ric.com (http://www.altmetric.com/details/2115792#score).

Of course, it was not simply a matter of responding to some
articles in print. The statistical community has been deeply con-
cerned about issues of reproducibility and replicability of scien-
tific conclusions. Without getting into definitions and distinc-
tions of these terms, we observe that much confusion and even
doubt about the validity of science is arising. Such doubt can lead
to radical choices, such as the one taken by the editors of Basic
andApplied Social Psychology, who decided to ban p-values (null
hypothesis significance testing) (Trafimow and Marks 2015).
Misunderstanding or misuse of statistical inference is only one
cause of the “reproducibility crisis” (Peng 2015), but to our com-
munity, it is an important one.

When the ASA Board decided to take up the challenge of
developing a policy statement on p-values and statistical signif-
icance, it did so recognizing this was not a lightly taken step.
The ASA has not previously taken positions on specific mat-
ters of statistical practice. The closest the association has come
to this is a statement on the use of value-added models (VAM)
for educational assessment (Morganstein and Wasserstein

2014) and a statement on risk-limiting post-election audits
(American Statistical Association 2010). However, these were
truly policy-related statements. The VAM statement addressed
a key educational policy issue, acknowledging the complexity of
the issues involved, citing limitations of VAMs as effective per-
formance models, and urging that they be developed and inter-
preted with the involvement of statisticians. The statement on
election auditing was also in response to a major but specific
policy issue (close elections in 2008), and said that statistically
based election audits should become a routine part of election
processes.

By contrast, the Board envisioned that the ASA statement
on p-values and statistical significance would shed light on an
aspect of our field that is too often misunderstood and misused
in the broader research community, and, in the process, pro-
vides the community a service. The intended audience would be
researchers, practitioners, and science writers who are not pri-
marily statisticians. Thus, this statementwould be quite different
from anything previously attempted.

The Board tasked Wasserstein with assembling a group of
experts representing a wide variety of points of view. On behalf
of the Board, he reached out to more than two dozen such peo-
ple, all of whom said theywould be happy to be involved. Several
expressed doubt about whether agreement could be reached, but
those who did said, in effect, that if there was going to be a dis-
cussion, they wanted to be involved.

Over the course of many months, group members discussed
what format the statement should take, tried to more con-
cretely visualize the audience for the statement, and began
to find points of agreement. That turned out to be relatively
easy to do, but it was just as easy to find points of intense
disagreement.

The time came for the group to sit down together to hash
out these points, and so in October 2015, 20 members of the
group met at the ASA Office in Alexandria, Virginia. The 2-day
meeting was facilitated by Regina Nuzzo, and by the end of the
meeting, a good set of points around which the statement could
be built was developed.

The next 3 months saw multiple drafts of the statement,
reviewed by group members, by Board members (in a lengthy
discussion at the November 2015 ASA Board meeting), and
by members of the target audience. Finally, on January 29,
2016, the Executive Committee of the ASA approved the
statement.

The statement development process was lengthier and more
controversial than anticipated. For example, there was consider-
able discussion about how best to address the issue of multiple
potential comparisons (Gelman and Loken 2014). We debated
at some length the issues behind the words “a p-value near
0.05 taken by itself offers only weak evidence against the null
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The Piedmont Project

Emory’s Piedmont Project brings together faculty from across the university to
support new courses or course modules that strengthen curricular engagement
with issues of sustainability, environmental awareness, and urgent societal
challenges.

Figure: Peggy Barlett, Goodrich C.
White Professor of Anthropology

• 2 day workshop in May

• prepare course materials
over the summer

• a half-day fieldtrip in
August

• No prior experience with
sustainability or
environmental issues in
the classroom or in
research is necessary

• $1000 stipend
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Infusing existing courses with new content

Mathematical Statistics II with Writing
Fundamentals of statistical inference: estimation, properties of
estimators, methods for comparing estimators, confidence
intervals, hypothesis testing, regression, and analysis of
variance.This course is an extension of MATH 362 which
includes a writing lab. Students take a writing lab and learn
how to articulate why the statistical methods they use are
applicable, discuss what their results show and make
recommendations for future studies.
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Mathematical Statistics II with Writing

Throughout the semester students analyze Emory’s Sustainability
Literacy Survey. They will learn how to articulate why the statistical
methods they use are applicable, discuss what their results show
(and don’t show), and make recommendations for future studies
based on their findings. In addition to the analysis, students
develop an intuition on what statistics measure and understand the
difference between statistical significance and practical significance.
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Emory’s Sustainability Literacy Survey

1. Your Sustainability-Related Behaviors
2. About You
3. Knowledge of Sustainability Issues
4. Student information
5. Demographic information
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Schedule: Below is a week-by-week listing of the topics to be covered in class. Please note that
this schedule is tentative. It may be necessary to make changes to the topics and to the test
dates. The sections refer to the text An Introduction to Mathematical Statistics and Its Applica-
tions. Additional materials are may be given out in class when needed.

17 Jan: Snow Day

19 Jan: Lab 1: Sustainability and LATEX
Discussion: What is Sustainability? What are some examples of Sustainability e↵orts at
Emory? Introduction to LATEX.

22/24 Jan: Maximum Likelihood Estimation, Method of Moments, Interval Estimation,
Margin of Error & Sample Size [§5.1-5.3]

26 Jan: Lab 2: Emory’s Sustainability Literacy Survey and R-studio
Discussion: Look at the Survey. What types of answer do we expect? How much variation
do we expect? Introduction to R and R-studio. Load the data to look at it.

29/31 Jan: Properties of Estimators, Minimum Variance Estimators, Su�cient Estimation
& Consistency [§5.4-5.7]

2 Feb: Lab 3: Data Exploration in R
Discussion: Common Visualization Tools. How to visualize your proposal?

5/7 Feb: Bayesian Estimation [§5.8]

9 Feb: Lab 4: What can you conclude? Common misconceptions and overreaches.
Discussion: This lab will be a group work lab with several actives with pictures and state-
ments where the students need to judge if the statements are true based on the picture.

12/14 Feb: Hypothesis Testing, Decision Rule & Testing Binomial Data [§6.1-6.3]

16 Feb: Lab 5: Project Presentations
Discussion: Each student will prepare a brief presentation of what they would like to find
in the data. Students will give feedback and discuss. Students will form groups for a collab-
orative final paper.

19/21 Feb: Type I and Type II Errors & Generalized Likelihood Ratio Test [§6.4-6.5]

23 Feb: Lab 6: Formatting a Paper in LATEX
Discussion: During this lab students will integrate their Writing Assignments 1-3 into a
paper. Students will learn how to use BibTeX for their bibliography as well as a style file
for the appropriate formatting.

26 Feb: Review for Midterm 1

Midterm 1 : Wednesday 28 February � Chapters 5 & 6

2 Mar: Lab 7: Choosing the Correct Method
Discussion: What method should you use to test your hypothesis about the data? Are all
the assumptions of the test satisfied? Would it be okay to abuse some of the assumptions?

5/7 March: Inferences based on the normal distribution, T-Distribution & Drawing Infer-
ences About µ & � [§7.1-7.5]

9 Mar: Lab 8: Test your Hypothesis
Discussion: Use R to test your hypothesis. Is there statistical significance? Does the data
reflect what you had hoped?

Spring Break : 12 � 16 March

19/21 March: Two-Sample Inferences & Confidence Intervals [§9.1-9.5]

23 Mar: Lab 9: Conclusions
Discussion: What do your results say? How could your results be improved? What ques-
tions would you like answered?

26/28 March: The F-test & Goodness of Fit Tests [§10.1-10.2]

30 Mar: Lab 10: How to Read and Review a Scientific Article.
Discussion: Summarize the Results, Explain the Approach, Critique the Analysis, Sugges-
tions for the Author(s)

2/4 April: Goodness of Fit Tests & Contingency Tables [§10.3-10.5]

6 April: Lab 11: How to Respond to Review a Scientific Article.
Discussion: Address the readers concerns, and politely defend your approach

9 April: Review for Midterm 2

Midterm 2 : Wednesday 11 April � Chapters 7, 9, & 10

13 April: Lab 13: Proofread the paper and finalize your response
Discussion: read over the papers discuss what needs to be improved or removed

16/18 April: Regression, Linear Models, Covariance and Correlations [§11.1-11.4]

20 April: Lab 14: How to write a press release.
Discussion: Condense your result into a presentation and press release

23/25 April: The Bivariate Normal Distribution & ANOVA [§11.5-12.3]

27 April: Lab 15: Present
Discussion: Presentations of final projects

30 April: Review

Writing Portfolio Due : Thursday 3 May by 6 : 00 pm
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Sustainability at Emory: An Analysis of the Impact of Knowledge
of Social JusticeIssues on Sustainability-Related Behavior Changes

“As such, we can see in Figure 1 that the vast major-
ity of students on campus have become more aware
of social justice issues during their time at Emory.
Through Figure 2, we can see that this increase in
awareness of social justice (including sustainability-
related issues) has in fact translated to increased in-
volvement in initiatives related to those areas. This
is apparent since a larger percentage of those stu-
dents who answered 3, 4, or 5 on Q1.2 also answered
a 3, 4, or 5 on Q1.1. However, there is still a sig-
nificant number of students who have learned more
about sustainability and other social justice-related
issues without implementing this knowledge in their
own lives. This is clear in the breakdown of responses
to Q1.2; those who answered a 3 or above in Q1.2
did not all answer a 3 or above in Q1.1. As such,
we can see that while an increase in knowledge does
tend to lead to positive sustainability-related behavior
changes, there is still more that can be done in sus-
tainability education to encourage students to change
their behavior.”
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Additional Content: Statistical Analysis

1. Using R
2. Exploring Large Real Data Sets in R
3. Visual Representations of Data
4. Choosing a correct test to measure an effect (how appropriate

is it to use the method with the given data)
5. What you can and cannot conclude from your results/plot
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Writing: Learn to write a technical paper

1. Using LATEX
2. Describing Data
3. Presenting (and giving a proof) of statistical tools
4. Peer Review

4.1 Deconstructing other peoples’ arguments
4.2 Giving Constructive Criticism

5. Analyze results for both Mathematicians and
Non-Mathematicians

6. Make valid recommendations based on results
7. Propose changes to current study to improve results or explore

different questions
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Hidden curriculum

1. Learn about Sustainability and Emory
2. Connect coursework with their community
3. Give context and investment to paper
4. Experiential learning

Some Paper Titles:
• Knowledge and Behaviors: The Driving Force Toward Sustainability
• The Personalities of Sustainable Eaters
• Growing, eating, and composting at Emory
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Spring 2020

PIC Math - Preparation for Industrial Careers in Mathematical
Sciences2 A spring semester research course will assemble
teams of three to five students to work on messy real world
problems. For more:
https://www.maa.org/programs-and-communities/
professional-development/pic-math

2Support for this Mathematical Association of America (MAA) program is provided by the National
Science Foundation (NSF grant DMS-1722275) and the National Security Agency (NSA).1345499
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Choosing content

Fair Fight Georgia advocates for free and fair elections

I Students would analyze the rates of absentee ballot application requests and rejections by
county over the last 8 election cycles to determine if any patterns exist (presidential vs
non presidential/gubernatorial years, discrepancies by counties, by areas of the state, etc)
and potential reasons for those patterns.

I The Secretary of State will be removing 4% of voters from the voter rolls (i.e. cancelling
4% of voter registrations) prior to the 2020 election. Students would matched the 2019
data to the Georgia voter file to create a more robust data set. Once a full data set is
created, students would analyze the information to see if discrepancies exist in the types
of voters who are placed on the list by reason. Additional analysis could also be done on
the voters previously removed from the rolls between 2012 and 2019.

Atlanta Beltline a bike-path slash urban redevelopment program

I Students will use GIS data to identify safe routes to Atlanta Public Schools via the
Beltline.
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New assignment

Numerical Analysis Solution of

linear and nonlinear systems of equations,

interpolation, least-squares approximation,

numerical integration, and differentiation.

1. integrated 3D printing and writing

through a bottle design project
2. Topic: Univariate Minimization

Determine the minimal the amount
of material needed to create a bottle
that holds 6.5 ounces of liquid with a
wall thickness of 2 mm. Is the
optimized bottle unique? Use what
you know about the bottle that uses
the least amount of resources to
redesign your bottle to use fewer
materials than your original design.
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Student Reaction:

“I’ve been in countless classes that have involved minimization problems. The first being, of course, Calc
I, involving “Fred”and his “desire to have the largest garden possible but only 20 ft of fence,” and so on.
However, I’ve never actually calculated the minimum of something in class and actually used it for
something tangible. In fact, the only other time I used minimization techniques in the real world was
when doing research and trying to find what particular value of resistance minimized feedback in a
circuit. I think doing projects like this in class are crucial for students (at least those who want to
become experimental physicists) because there can be a disconnect between what we learn in class and
what we utilize when in the real world. Personally, I distinctly remember there being a disconnect
between what I learned in class and what I first thought to apply when finding the minimum of that
circuit mentioned above. I had never before applied my learning, so even a simple minimization problem
tripped me up. This project is great because it gives students first hand experience in applying what we
learn formally.”
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Eight Ways to Change Your Course:

Engaging Sustainability Issues in the Curriculum

1. Hidden curriculum
2. Paradigm shift; course strategy & goals
3. New content
4. New assignment
5. New unit or module
6. Guest speaker; team teaching
7. Engaged learning; community experience
8. New course
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Development of New Courses

Topics in Mathematics: Math of Fairness We will explore three topics in

mathematics related to fairness. In the first part of the course we will study the Apportionment

Problem: how to fairly allocate N equally valuable resources to M entities of varying sizes,

specifically in the context of assigning seats in a legislative body fairly among states or other

political entities. Our second topic is Fair Division: the problem of dividing resources of varying

worth among several equally deserving people so that each person believes they receive a fair

share. Our third topic concerns Gerrymandering: the drawing up of political boundaries in order

to give an unfair advantage in an election to one party or group. We will look at mathematical

and statistical methods for detecting gerrymandering and methods for fairly drawing

congressional districts.

Taught by Prof. Victoria Powers
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Opportunities

• “Mathematics and Climate”by Hans Kaper and Hans Engler
• “Mathematics for Sustainability” by John Roe, Russ deForest,
and Sara Jamshidi

• ODEs/PDEs
• Calculus (?)
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Thank you!

“All models are wrong but some are useful” - George E.P. Box


