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From the Editor

ON THE COVER
The mathwalk of Washington, D.C., includes a 
stop at the East Building of the National Gallery 
of Art. The structure features a 19-degree corner. 
Thousands of people have touched the marble, 
producing a pattern that can be construed as a 
population distribution.

This has been a hard-fought issue. As you have 
already noticed, MAA FOCUS has a new look—
one that we have been working on since early 
summer. It reminds me very much of the picture 
of me to the left, taken immediately after finish-
ing the Pittsburgh Half Marathon in 2014. After 
training long and hard, being sidelined a couple 
of years before by injuries, and feeling knee pain 
starting on the left in mile 2 and on the right after 
mile 8, I managed to finish, and felt pure joy at 
the accomplishment!

I feel like that with this issue. For the first time in five years, MAA 
FOCUS has updated our design to go with our updated content and as 
a look ahead to the next century of MAA. Jim Angelo (director of pub-
lications), Lois Baron (managing editor), Alexandra Branscombe (staff 
writer), myself, and others at MAA headquarters have been discussing, 
debating, and brainstorming about this issue for months, and so to see 
it in print is a thrill for me. I hope you enjoy as much as I do!

Inside you will find much of our traditional content, but reorganized. 
In This Issue still contains our feature stories, while Open Set contains 
the news, and Variable Data houses the departments that you will see 
in every issue. You should look for our new Toolkit column (this month 
written by Jenna Carpenter, Tim Chartier, and Andrew Rikard), with 
information that might be of use in your professional life (teaching, 
research, or service). Let us know what you think (maafocus@maa.org).

Also, look for ways you can be involved in the MAA community. In 
particular, you can share your Awkward Boarding Selfies or try to find 
Pig and Penguin at the Joint Mathematics Meetings (see page 4) for a 
chance to win an MAA FOCUS baseball cap!
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Deadline Extended  
Sign Up Students by December 31
Nearly 5,000 undergrads and graduate students are 
enjoying membership in the MAA thanks to the 164 
departments that have joined. Sign up for Departmental 
Membership by December 31 to extend MAA member-
ship benefits to all your mathematics students. Do this 
online at maa.org/membership/apply. 

pieceWISE

Share a Snap to Win a Cap
The fine print on that headline is this: Send us an image to be 
entered into a drawing to win an MAA FOCUS baseball cap. 
But that doesn’t make for a snappy headline, does it?
We’re focusing on the Joint Mathematics Meetings this time.

Send in your Awkward Boarding Selfies* headed to or from 
Seattle or a photo of Pig and Penguin** at JMM by January 31 
for a chance to win a baseball cap with the newly redesigned 
MAA FOCUS title.

*Selfies taken as you’re boarding a flight or train. In addition 
to sending the images to us at  
maafocus@maa.org, post them on 
Twitter (#JMM16).

**Pig and Penguin are tiny travel 
companions to James Tanton, MAA 
mathematician-at-large. At MAA Math-
Fest 2015, they squabbled–to the 
amusement of their audience–during 
a session they were presenting. The 
tiny pair has covered a lot of ground 

(admittedly, more in pursuit of lettuce than mathematical en-
lightenment; read their story at bit.ly/1TIeOOh). See if you can 
capture proof that they were in Seattle for the Joint Meetings 
as well. 

Send snaps (as many pixels 
as possible) to maafocus@maa 
.org by the end of January. Sub-
mitting a photo means you’re 
willing to have it and your name 
appear in MAA FOCUS and 
online. 

Jennifer Quinn, chair of the 
MAA Council on Publications 
and Communications.

found MATH
This 3D slope field was found at the Vorres Muse-
um outside Athens, Greece, by Susan Crook, assis-
tant professor of mathematics at Loras College in 
Dubuque, Iowa.

Found Math on the MAA website features a 
new math-related photo every week. Introduced 
in 2007, MAA Found Math is a member-driven 
feature. Our members submit their images taken 
all over the world continuously. The deadline for 
submission is every Friday. 

Get more.
maa.org/community/columns/maa-found-math

Pig and Penguin perched on 
top of James Tanton’s book. 

Quick Guide to JMM
The MAA program at JMM is available 
as a PDF download for your conve-
nience. Sometimes it’s easier to flip 
through a hard copy than figure out 
the right keywords. The document is 
linked from the online MAA FOCUS 
supplement page. The direct URL is  
bit.ly/1OAxteZ. 
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55 million Hispanic population 
in the United States (17 percent).1

35,360 Number of STEM doc-
toral degrees awarded in 2012.2

4% Percentage of those degrees  
awarded to Hispanic students.2

6.5% Percentage of Hispanics in 
the STEM workforce.3

1. U.S. Census Bureau. 
2. National Science Foundation.
3. U.S. Census Bureau.
Get more figures and full references at 
maa.org/maa-focus-supplements.

by the Numbers 

Get Involved
Nominations are being accepted for serving on 
MAA national committees. 
• See the options. 

http://bit.ly/1N2fTvQ 
• Nominate yourself or someone else. 

surveymonkey.com/r/L7ZTMKW

Section Meetings
Florida: February 26–27, 2016, St. Leo University
Golden: February 27, 2016, University of Califor-
nia, Davis
Louisiana-Mississippi: February 25–27, 2016, 
Louisiana State University in Shreveport

Find Richard Guy’s MAA MathFest singalong online at  
maa.org/let-s-bring-back-that-gee-om-met-tree.

Call for Proposals

DOLCIANI MATHEMATICS  
ENRICHMENT PROGRAM

The Mary P. Dolciani Halloran Foundation has pro-
vided funding for the Mathematical Association of 
America (MAA) to award grants for projects de-
signed to develop mathematical enrichment pro-
grams for talented students in middle school or high 
school. The goal of the program is to interest stu-
dents who are ready for more challenge in the study 
of mathematics and encourage them to further their 
mathematical studies. 

We invite college and university mathematical sci-
ences faculty working in partnership with middle 
and/or high school mathematics teachers to apply 
for grants. Interested middle and high school teach-
ers are strongly encouraged to seek out college and 
university mathematical sciences faculty in the for-
mulation of proposals to benefit middle and high 
school students; the Foundation is particularly in-
terested in projects originating from the middle or 
high schools. Deadline for Proposals is February 12, 
2016.

For additional information on  
Dolciani Mathematics Enrichment grants,  

please visit maa.org/dolciani. 

Did You Sing Along?

Correction: In the October/November print-
ed preview of the Joint Mathematics Meetings, 
a production error placed a photo of Kristin 
Lauter next to Daniel A. Spielman’s lecture 
information. Shown here is the correct photo. 
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Math History Site Honored for Innovation

For anyone interested in math-
ematical history, the MacTutor 

History of Mathematics website is 
the first place you should go. With 
over 30,000 pages, this website is 
one of the most widely used resourc-
es on math history, and the website 
traffic can reach more than 10 mil-
lion page hits per month during the 
academic year. 

The London Mathematical Society 
announced that the creators of the 
MacTutor History of Mathematics 
website will receive the prestigious 
Hirst Prize as recognition of original 
and innovative work in the history 
of mathematics. Edmund Robertson, 
professor emeritus of mathematics 
at the University of St. Andrews, 
and John O’Connor, honorary senior 
lecturer at the University of St. An-
drews, have cultivated their website 
for over 20 years to be a reliable 
resource for biographies of mathe-
maticians, mathematical societies, 
famous quotes, and more for a broad 
audience.

“I try to do the impossible: aim it 
at as large a range of people as I can,” 
says Robertson, who has also been 
invited to give the associated Hirst 
Lectureship. “I would like it to be ac-
cessible to high school kids, useful to 
university and college students, and 
their professors for lectures. I try to 
make something which is as widely 
available and readable as possible.”

The website origin story goes back 
to 1988, when Robertson and O’Con-
nor created an interactive teaching 
system named MacTutor (after their 
laboratory of Macintosh microcom-
puters). The program was designed 
to allow students to experiment 
on the screen, and Robertson and 

O’Connor enhanced the experience 
by adding historical biographies and 
mathematical topics into the soft-
ware.

In 1994 MacTutor won the first 
European Academic Software Award, 
and the duo decided to extract the 
historical data from their software 
and put it on its own website. Rob-
ertson researched and wrote the 
biographical essays while O’Conner 
worked on the programming side, 
building tools to organize the tens 
of thousands of pages amassed over 
the last two decades. 

The Perfect Tool
Daniel Otero, associate professor of 
mathematics at Xavier University, 
has been using MacTutor History 
of Mathematics since the website 
launched in 1994. “It was the perfect 
tool for people looking to get started 
in finding out who did what mathe-
matics when, and for learning in big 
brushstrokes the most important 
influences of these chief figures of 
mathematical history,” he says.

In the early years of the MacTutor 
History of Mathematics website, 
Robertson gleaned information from 
books, journals, printed obituaries, 
and other resources he could find 
through his campus library. Today 
Robertson can find more of these 
documents archived online, which 
often leads to finding more historical 
figures for the website.

Although there are scholastic ref-
erences that are denser to read for 
STEM history, such as the 18-volume 
Dictionary of Scientific Biography (in 
text and electronic version), MacTu-
tor remains the first go-to resource 
for professors and students. “For 

the college and university student, 
there’s nothing to parallel it,” says 
Otero.

Robertson retired from his po-
sition at St. Andrews in 2008, and 
O’Conner followed in 2010, which 
meant more time to cultivate their 
website. It changed from a hobby to 
an everyday task, with no plans to 
slow down, says Robertson.

“I am delighted to know that people 
think that what we are doing is worth-
while,” Robertson says. “It is exactly 
this reaction from people that encour-
ages me to continue working.”  

—Alexandra Branscombe

Get More.
Explore MacTutor at 
www-history.mcs.st-and.ac.uk/

open SET
Putnam Competition  
Searching for New Director 
The MAA seeks applications for director of 
the William Lowell Putnam Competition.

The Putnam Competition, offered annu-
ally, currently draws approximately 8,000 
students from 500 postsecondary institu-
tions in the United States and Canada.

The director is responsible for manage-
ment and oversight of all aspects of the 
competition. The director will work with 
at least one assistant director and the 
Committee on the Putnam Competition to 
ensure the development of the contest, 
assist MAA staff in developing announce-
ments of and instructions for registration for 
the competition, and manage the scoring 
process (typically involving approximately 
40 readers). 

Candidates for director should have a 
substantial understanding of the role of the 
Putnam Competition in the mathematical 
sciences community, as well as strong 
communications skills and administrative 
experience.

Applications and nominations should be 
submitted by March 15 to Tina Straley, chair 
of the search committee, at hr@maa.org. 
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Math Stand-Up Headlines at Science Comedy Night

Sammy Obeid paced back and 
forth on a small, spotlighted 

stage, rattling off math puns to his 
audience, then grinning devilishly 
as people laughed and groaned in 
response. Obeid has performed 
on NBC’s Last Comic Standing and 
America’s Got Talent, but this was 
his first stand-up gig for a packed 
audience of scientists, mathemati-
cians, and science writers.

Obeid, who graduated from the 
University of California, Berkeley, in 
applied mathematics and business 
administration, was the headlining 
comedian at Science Comedy Night 
in Washington, D.C., on September 
13, cosponsored by the MAA. 

“I did math jokes on TV, and a lot 
of people didn’t get them,” Obeid 
told the audience at the event. “But 
whenever someone hates on a math 
joke, I just write two more. So the 
total number of math jokes I have is 
equal to 2h, where h is the number 
of haters out there . . . If you don’t 
get that it is because you don’t 
know how to multiply,” he teased.

Although math jokes like these 
go over well for a STEM-oriented 
audience, Obeid admits in a post-
show interview that writing math 
jokes for the general public is a 
challenge. Most of the people in his 
audiences understand math at a 
high school level, if they can even 
remember it. As a result, Obeid has 
spent many years perfecting how 
to “sell” a math joke that everyone 
will get. Like a true problem solver, 
he enjoys a challenge. “If I can write 
math jokes, then I can write any-
thing,” he says.

Obeid credits his success in 
comedy to his systematic and 

mechanical approach—skills that 
also made him a high achiever in 
mathematics, a subject that he still 
values. Just after graduation from 
UC Berkeley, Obeid rejected an 
advertising job offer from Google 
because he felt that his math de-
gree was undervalued. Instead, he 
went to work as a mathematics and 
public speaking tutor in the San 
Francisco Bay Area.

Teaching and tutoring during the 
day gave Obeid the time to try out 
stand-up comedy at night, and soon 
he was winning comedy compe-
titions, he says. After winning a 
national competition, he decided 
to try performing for 30 nights 
in a row, which would eventual-
ly become his record-breaking 
1,000-day streak. He performed 
stand-up comedy every night from 
December 26, 2010, to September 
21, 2013, at venues that ranged 
from karaoke clubs to performing 
on TBS’s Conan, garnering nation-
al attention (nyti.ms/1Min06q).

“The 1,000 Days of Comedy ulti-
mately showed my liking for num-
bers and counting,” says Obeid. 
During his record-breaking run, 
Obeid took copious notes about 
his performances: spreadsheets 
and files filled with data, detailing 
how long his shows ran, how suc-
cessful each joke was, and what 
revisions he was going to make. 

“Writing for comedy is a very 
analytical process. You are trying 
to get the biggest bang with the 
least amount of words,” Obeid 
says. He still keeps records of his 
jokes, methodically honing his 
sets and working in new jokes. His 
comedic style moves between  

rapid-fire puns and short stories, 
some about his time spent teaching.

As hard as he works, Obeid 
admits that not everyone in his 
audience is going to understand 
math-themed jokes. However, if he 
can mix up different flavors of math 
jokes, he can make his sets funny 
for everyone.

After all, as he says on stage, 
“Math is all around us, and if we 
didn’t have math, then we would 
have to deal with the aftermath.” 

—Alexandra Branscombe

Get More.
Clip of Sammy’s performance.
https://youtu.be/ayHw7_C9mMQ
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Instructional Practice Guide Planned

Work has started on an instruc-
tional practices (IP) guide to 

accompany the MAA’s 2015 CUPM 
Curriculum Guide to Majors in the 
Mathematical Sciences. At a work-
shop in October, 36 mathematicians 
and math education researchers 
roughed in recommendations for 
an online, evidence-based guide 
that can be searched easily and 
updated.

The IP guide will be research- 
and evidenced-based, drawing on 
the research literature related to 
specific subjects, as well as more 
broadly for active learning. It will 
go online where it can be searched 
easily and updated.

First, What to Teach
For more than half a century, the 
MAA has provided leadership in the 
development and dissemination of 
guidelines and recommendations 
for undergraduate programs in 
the mathematical sciences. The 
2015 CUPM Curriculum Guide helps 
departments address the challeng-
es they face in educating the next 
generation of STEM professionals.

As the curriculum guide, funded 
by National Science Foundation 
DUE Grant 1541508, was under 
construction, working groups sent 

many inquiries to the leadership 
team about whether to place a topic 
under “how to teach” or “what to 
teach.” It was clear to the Commit-
tee on the Undergraduate Program 
in Mathematics (CUPM) and the 
Committee on the Teaching of Un-
dergraduate Mathematics (CTUM) 
that it would be useful to have an IP 
guide as a companion to the CUPM 
Curriculum Guide.

Now, Ways to Teach
In mid-October a two-and-a-half-
day planning workshop was held at 
the University of Colorado Denver 
to launch work on an IP guide. A 
main goal of the meeting was to 
make recommendations on the 
guide’s content and structure. Orga-

nizers and attendees acknowledged 
that this was no easy task given the 
breadth and depth of experiences 
potential readers will have.

The participants used an iterative 
approach, with ideas clearly deep-
ening and consensus emerging as 
concepts were revisited. By the end, 
group opinion largely agreed on 
broad topics for inclusion, such as 

• Course design.
• Classroom instructional  

practices.
• Institute infrastructure and 

support.
• Assessment.
• Knowledge specific to a given 

course. 

There was widespread agree-
ment that the final product should 
be online, easy to update, and 
composed of interconnected blocks 
so readers can find the sections 
they’re interested in (rather than 
having to read the whole docu-
ment). A modern shopping website 
that provides the user with the 
ability to continually refine and 
narrow the search—was suggested 
as a promising model. 

However, it was noted for some 
users printed materials are easier 
to read and cite for scholarly work.  

Attention to Active Learning
The education research community has established that effectively imple-
mented student-centered instructional practices (broadly construed) contribute 
to student success. In fact, a recent Proceedings of the National Academy of 
Sciences article reporting on more than 225 studies related to active learning 
provides an interesting observation. The study noted that the evidence is so 
strong that if this were a medical experiment, the experiment would be dis-
continued because one “treatment” is so much better than the other; it would 
be unethical to withhold treatment from all (Freeman et al., “Active Learning 
Increases Student Performance in Science, Engineering, and Mathematics,” 111, 
no. 23 [2014]). The IP guide will contain substantive support for faculty looking 
to implement or improve their use of active learning techniques.

open SET
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As such, workshop participants 
agreed to have a printable final 
version, even if just in an executive 
summary. 

The IP guide will be grounded in 
evidence, drawing on the research 
literature related to specific sub-
jects. For example, there is a signif-
icant literature base around how 
students learn concepts (such as 
functions) that transcend a single 
course, as well as in how students 
learn concepts generally taught in 
only one course (such as the con-
cept of groups).

The IP guide will contain sub-
stantive support for faculty looking 
to implement or improve their 
use of active learning techniques, 
from easy-entry techniques such 
as “think-pair-share” to more 

advanced methods such as inqui-
ry-based or project-based learn-
ing. The IP guide will attest to the 
fact that faculty teach in diverse 
settings, with varying available 
technology, and that class sizes 
may vary drastically across these 
settings.

The project team will form an 
advisory board/steering commit-
tee and working groups focused 
on writing and editing the various 
sections. Community input such 
as this is powerful and necessary. 
There will be many opportunities 
for comments and feedback from 
the larger mathematical sciences 
community and partner disciplines 
as the IP guide develops.

The first such opportunity 
will occur at a panel discussion 

sponsored by CTUM at the Joint 
Mathematics Meetings (Wednes-
day, January 6, 2:15–3:35 p.m., 
in Washington State Convention 
Center Room 609). Attendees will 
learn more about this important 
work and have a chance to provide 
feedback. 

—Lew Ludwig and Diana White

The leadership team for the workshop, as 
well as for the development of the subse-
quent IP guide, consists of Martha Abell 
from Georgia Southern University, Linda 
Braddy from the MAA, Lew Ludwig from 
Denison University, and Diana White from 
the University of Colorado Denver. They 
have secured a two-year grant from the 
NSF (DUE 1544324) to proceed with full 
development of the IP guide. 

Engaging Mathematics Releases Two Teaching Manuals

What do monarch butterflies and milkweed plants 
have to do with teaching mathematics? This 

example is just one of the modules in a newly pub-
lished teaching manual from Engaging Mathematics, 
an NSF-funded initiative aimed at helping reform 
classroom education. MAA members Cynthia Kaus 
and Rikki Wagstrom, professors at Metropolitan State 
University, have each published free manuals on the 
Engaging Mathematics website. 

Integrating Sustainability into Algebra Courses, by 
Wagstrom, gives four sustainability-themed modules 
to help educators teach students about mathematics 
in scientific challenges. Besides the monarch butter-
flies, there are modules on wind energy, automobile 
fuel emissions, and carbon footprints and population 
growth. The mathematics level ranges from interme-
diate algebra to precalculus. It could also be used in 
classes teaching mathematics for the liberal arts.

The second manual is Introductory Statistics of 
Student Designed Community-Based Projects by Kaus. It 
guides teachers in instructing students how to design 
their own semester-long project, using real statisti-
cal data from their communities. A sample project 
and data from the Minneapolis Police Department is 

included in the manual, along with grading rubrics for 
the instructors.

These two textbooks 
are the first in a series of 
curricula that Engaging 
Mathematics is publishing 
in partnership with uni-
versities around the coun-
try, including LaGuardia 
Community College, Augs-
burg College, Norman-
dale Community College, 
Oglethorpe University, and 
Roosevelt University.

The initiative aims to extend the SENCER model 
(Science Education for New Civic Engagements and 
Responsibilities), which teaches science and mathe-
matical learning by introducing students to real-life 
scientific challenges. The MAA wrote a letter support-
ing the grant for this project.

The manuals can be downloaded as an ebook, PDF 
file, or a Word document at http://engagingmathemat-
ics.ipower.com/teaching-manuals/. 

—Alexandra Branscombe
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Lynn Arthur Steen, who served 
as president of MAA in 1985–86, 
died on June 21, at age 74. He was 
professor emeritus of mathematics 
at St. Olaf College. An obituary, with 
links to others, is at maa.org/news/
steen. 

Steen had been coeditor of 
Mathematics Magazine, MAA 
president, chair of the Committee 
on the Undergraduate Program in 
Mathematics, fellow of the American 
Mathematical Society, executive di-
rector of the Mathematical Sciences 
Education Board, chair of the Council 
of Scientific Society Presidents, and 
he occupied a leadership position 
in just about every organization 
concerned with U.S. undergraduate 
mathematics education.

In preparing an interview with 
Steen for publication in the June 
issue of Mathematics Magazine, 
Deanna Haunsperger and Stephen 
Kennedy got in touch to ask him 
what he sees as the most important 
issue facing the MAA today. Here is 
his response. The entire interview 
can be read in Mathematics Maga-
zine (88, no. 3). 

Lynn Steen: The landscape of col-
legiate mathematics—the focus of 
MAA’s work—has changed enor-
mously in recent years. In many re-
spects, mathematics has prospered: 
it is relied on like never before to 
serve a whole range of careers and 
is regularly cited as one of the best 
choices of undergraduate majors. 
On the other hand, financial 
support for higher education has 
weakened; debates about school 
mathematics have become politi-
cally rancorous; and large numbers 
of voters distrust inferences based 

on data and scientific reasoning. 
Moreover, decades of effort have 
failed to reduce either the debilitat-
ing socioeconomic gaps in per-
formance or the frustrating need 
for remediation among entering 
college students.

Each of these prob-
lems affects collegiate 
mathematics and the 
members of MAA, but 
none can be addressed 
effectively within MAA. 
The association’s main 
activities—meetings, 
journals, books—
speak primarily to its 
own members and do 
not normally engage 
outsiders whose 
assumptions, agendas, 
and activities differ 
from those of most 
MAA members. 

Yet the profession-
al problems MAA 
members face derive 
significantly from 
decisions made by 
individuals who know 
little or nothing about 
the reality faced by 
mathematics faculty 
in today’s colleges and 
universities. As MAA 
begins its second century, it would 
probably be beneficial to undertake 
a sustained dialogue with other 
sectors of society with whom we 
have common interests. 

MAA is not without resources 
for such an endeavor. Some of its 
members, many former members, 
and large numbers of former un-
dergraduate mathematics majors 
are leaders in other fields—univer-

sities, technology, finance, energy, 
climate, even politics. As colleges 
and universities have discovered 
the benefits of connecting students 
with alumni to help enhance career 
preparation, perhaps MAA should 
seek, similarly, to connect with 

individuals in other fields whose 
education and early careers were 
advanced by members of MAA. I 
think we’d be pleasantly surprised 
by the many areas of common 
interest, and even where our 
agendas differ, working together to 
reduce these differences will itself 
be helpful to the association and its 
goals. 

Former MAA President Lynn Steen on MAA’s Most Important Issue

Steen was a champion of quantitative literacy.
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 COMMON Core

Ask a mathematician to glance over the Common Core’s Stan-
dards for Mathematical Practice (bit.ly/1izsZ8m) and, more 
often than not, you’ll see nods of agreement as she reads 
through the list. 

Who, after all, can object to “use appropriate tools strategi-
cally”? And doesn’t “attend to precision” make your mathemat-

ical heart absolutely sing?
Writing in the September issue of Math Horizons, Christopher Danielson (Nor-

mandale Community College) declares Mathematical Practice 3 (MP3)—“con-
struct viable arguments and critique the reasoning of others”—his favorite of 
the eight standards (bit.ly/1MT5V1N). And in a YouTube statement about the 
Common Core, MAA mathematician-at-large James Tanton argues that the first 
practice standard—“make sense of problems and persevere in solving them”—
typifies the Common Core’s ultimate goal of teaching students to think (bit.
ly/1RoEuhH). MP1 is “not only a mathematics skill,” Tanton says. “It is an essen-
tial life skill.” 

And yet . . . When the first installment of this series (August/September) 

Parsing the Standards  
for Mathematical Practice 

This is the third 
installment in a 
series about the 
Common Core 
State Standards for 
Mathematics. Read 
the first and second 
articles in the 
August/September 
(bit.ly/1NeksrJ) and 
October/November 
(bit.ly/1Mp6Gkg) 
issues.

By Katharine Merow

common CORE

Katharine Merow
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hinted that it’s the practice standards that get many 
mathematicians jazzed about the Common Core, Hung-
Hsi Wu (University of California, Berkeley) pointed out 
that the complexity of implementation might curb that 
enthusiasm. 

More on Wu’s concern in a bit, but first, some back-
ground.

The Latest Repackaging?
According to the authors of the Common Core State 
Standards for Mathematics, “the Standards for Math-
ematical Practice describe varieties of expertise that 
mathematics educators at all levels should seek to 
develop in their students.” And, in the introduction, 
the authors acknowledge that the ideas underlying the 
standards are not new: “These practices rest on im-
portant ‘processes and proficiencies’ with longstanding 
importance in mathematics education.”

Among the precursors to the Common Core’s math 
practices are the process standards articulated by the 
National Council of Teachers of Mathematics (NCTM)
(bit.ly/1jHBX7l). These standards, which “highlight 
ways of acquiring and applying content knowledge,” 
underscore the role played by (1) problem solving, (2) 
reasoning and proof, (3) communication, (4) con-

nections, and (5) representations in the learning of 
mathematics. 

In the preface to the NCTM volume Connecting the 
NCTM Process Standards & the CCSSM Practices, Barba-
ra J. Reys (University of Missouri—Columbia) char-
acterizes the Common Core’s practice standards as a 
repackaging. “While some terms may be new to teach-
ers,” Reys writes, “the central ideas have been around a 
long time and remain the same” (bit.ly/1WFYI9O).

But the present iteration of the math process/prac-
tice standards has some awfully high hopes riding on it. 

In an interview published in the spring 2013 news-
letter of the math education association NCSM, David 
Foster of the Silicon Valley Mathematics Initiative was 
asked to identify the best thing about the Common 
Core State Standards.

“That’s easy,” Foster replied. “The Standards for 
Mathematical Practice.”

Foster predicted that the practice standards would 
prove to be the most influential aspect of the Common 
Core. “If fully enacted,” he said, “the practices will have 
a dramatic impact on student learning.”

Which sets Common Core advocate Hung-Hsi Wu’s 
head a-wagging.

No Royal Road
Wu worries that the Standards for Mathematical 
Practice are too often perceived as a silver bullet, a pat 
solution to the real—and difficult—problem of faithful-
ly implementing the Common Core. 

Teachers and textbook publishers alike, Wu says, 
seem to believe that mere exposure to statements of 
the math practices will be enough to help students 
learn mathematics.

“Post the MP around the classroom,” read a slide Wu 
included in a 2014 presentation to the Alameda County 
Office of Education. “Study them. Test students on 
them. That would do it. No sweat at all.”

And how do you make a textbook aligned to the Com-
mon Core? Again, easy peasy. He suggest publishers 
might reprint the text of an old book, litter the margins 
with boxes and sidebars about the math practices, and 
slap on a flashy new cover.

This won’t work, says Wu. “The [mathematical prac-
tices] do not provide the royal road to the implementa-
tion of the CCSSM,” he cautions. 

It will take more than posters and sidebars to train 
America’s students to think like budding mathemati-
cians. Wu says that even America’s teachers, steeped 
as they are in what he calls “textbook school mathe-
matics,” may have trouble making sense of the practice 
standards. 

 Wu worries that the Standards for 
Mathematical Practice are too often 
perceived as a silver bullet, a pat solution 
to the real—and difficult—problem of 
faithfully implementing the Common Core. 

Standards for Mathematical Practice
MP1 Make sense of problems and persevere in 
solving them.
MP2 Reason abstractly and quantitatively.
MP3 Construct viable arguments and critique the 
reasoning of others.
MP4 Model with mathematics.
MP5 Use appropriate tools strategically.
MP6 Attend to precision.
MP7 Look for and make use of structure.
MP8 Look for and express regularity in repeated 
reasoning.
Read more at bit.ly/1izsZ8m.
© Copyright 2010 National Governors Association Center for 
Best Practices and Council of Chief State School Officers. All rights 
reserved.
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What Does It Mean to Model?
Or at least the sense they make may differ from that of 
the mathematicians enthusiastically singing the math 
practices’ praises.

In the summer of 2013, mathematics teacher edu-
cator Sarah Bleiler-Baxter (Middle Tennessee State 
University) was among the organizers of a two-week 
professional development workshop for teachers 
of late-elementary (grades 3-6) mathematics. As 
Bleiler-Baxter and her colleagues interacted with the 
workshop participants, they noticed sometimes stark 
differences between the teachers’ interpretations of 
the Standards for Mathematical Practice (SMP) and 
their own. 

Curiosity piqued, the team decided to study how 
members of different educational communities—
mathematicians, mathematics teacher educators, and 
K-12 teachers—interpret the SMP. 

“We believe it is important to study how these differ-
ent stakeholders interpret the SMP because students 
should experience mathematical practices in a way 
that is authentic to how mathematicians practice in the 
discipline,” says Bleiler-Baxter.

Take MP2, “reason abstractly and quantitatively.” 
Although a mathematician or mathematics teacher 
educator might read this standard as mandating ma-
nipulation of numbers without regard to referents in 
the real world, elementary teachers sometimes explain 
it using nonmathematical meanings of “abstract.” They 
mention Picasso, for instance.

Teachers also diverge from mathematicians (and the 
authors of the Common Core) in their interpretation of 
MP4, “model with mathematics.” Whereas the Com-
mon Core says that students model with mathematics 
when they “apply the mathematics they know to solve 
problems arising in everyday life, society, and the 
workplace,” teachers tend to associate modeling with 
the use of concrete materials—manipulatives, say—to 
build mathematical understanding.

The results of her team’s study, Bleiler-Baxter says, 
have prompted the researchers to produce resourc-
es to support teachers in faithfully interpreting the 
Standards for Mathematical Practice. They have, for ex-
ample, designed and offered lessons that both engage 
students in authentic modeling with mathematics and 
help teachers envision what modeling with mathemat-
ics might look like in the classroom. 

Professional Development
Like Bleiler-Baxter et al., Wu believes professional de-
velopment is crucial to the successful implementation 

of the Common Core. Indeed, Wu argued before the Al-
ameda County Office of Education that content-based 
professional development is the only way to enact the 
Standards for Mathematical Practice.

“Teachers and students may study each and every 
word of the Practice Standards, but in order to put 
them to good use,” Wu says, “they must know mathe-
matics because, when divorced from content knowl-
edge, the Practice Standards have no substance.” 

Katharine Merow is a freelance writer and editor.
 

Let ter  to  the  Ed i tor
The July 2012 report “K-8 Publishers, Criteria for 
the Common Core State Standards for Mathemat-
ics” (available at http://bit.ly/1Nd5CAr) says on page 
19: “(For paper-based materials.) A textbook that is 
focused is short. For example, by design Japanese 
textbooks have less than one page per lesson. Ele-
mentary textbooks should be less than 200 pages, 
middle and secondary less than 500 pages.”

This proposal, which in my opinion is highly unlike-
ly to be implemented, would be an excellent start 
for stemming the continuing pseudo-education of 
American students and for putting the doorstop-pub-
lishing industry out of business.

Three years ago, I had the grim experience of ex-
amining the middle-school doorstop Math Connects: 
Concepts, Skills, and Problems Solving, Course 
2, Student Edition, which had 750 pages plus an 
additional 68 pages at the end. It contained the mug 
shots of 12 coauthors, including Jack Price, a past 
president of the NCTM who was a leading promot-
er of the 1989 NCTM “Standards.” It also listed 16 
consultants and 45 reviewers—which is indicative 
of the highly irresponsible people who are writing, 
publishing, editing, promoting, and adopting these 
doorstops that are saturated with junk.

Domenico Rosa
Retired Professor
Post University
Waterbury, CT

Send Letters to the Editor to maafocus@maa.org.
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Preparing students for careers in business, industry, or government is a goal of 
a new program of the MAA and SIAM. During the program’s inaugural year of 
2014-2015, Youngstown State was one of 30 colleges and universities from 
across the United States participating in Preparation for Industrial Careers in 
Mathematical Sciences (PIC Math). The program’s goal is to expose students to 
research problems in business, industry, and government (BIG) and mathemat-

ical opportunities available outside of academia. 
PIC Math starts with a summer workshop for faculty advisers who will carry what they 

learn to their home institutions. At the workshop, participants interact with mathemati-
cians from BIG, network with other faculty members in the program, and discuss mentoring 

Teaching BIG Problems 
PIC Math Exposes Students to Research in  
Business, Government, and Industry

ABOVE: Posterized photo 
of Youngstown State 
University mathematics 
students presenting a 
plan for equalizing beat 
workload to the city police 

 PIC math

Thomas Wakefield
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students working on BIG problems. During the subse-
quent academic year, participating faculty lead a course 
exposing students to problems from BIG and requiring 
the students to work in teams of three to five to math-
ematically model a solution. These students submit a 
written report and video to be judged, then present at a 
special session at MAA MathFest. This year the confer-
ence was in Washington, D.C., and the PIC Math presen-
tations drew standing-room-only crowds.

Personally, I was excited to learn more about advis-
ing students who seek careers outside of academia and 
to work with a team of students on a mathematical 
problem from industry. During the summer workshop, 
faculty advisers were encouraged to seek their own 
problems from local industry or government contacts 
for their students to work on during the PIC Math 
course.

I left the summer workshop encouraged and moti-
vated to seek an industrial partner in the Youngstown, 

Ohio, area for our PIC Math course. As recommended 
by PIC Math grant co-PI Suzanne Weekes at the fac-
ulty workshop, I was looking for a problem that was 
not “mission-critical” to a business. After cold-calling 
several area businesses, government offices, and cor-
porations, I found a willing partner in the Youngstown 
Police Department (YPD), which had noticed an inequi-
table workload distribution among the city’s 12 police 
beats. Despite shifting demographics and crime rates, 
the beats had not been redrawn since 1998. 

The police department had commissioned its own 
study of the workload inequity, but the officers rejected 
the study’s recommendations because of the limited 
sample size and computing power of the in-house 
analysts. The issue was not pressing but something the 
YPD planned to reexamine at a later date, which made 
it the perfect problem for our students to analyze. I 
met with the captain of the YPD and the YPD’s crime 
analyst for background on the problem and to lay out 
our expectations and goals for the project. 

During spring 2015, we offered a PIC Math course in 
which students worked in teams to provide a mathe-
matical model that ultimately could be used to recom-
mend new beats to the YPD. We had two teams work-
ing separately on the project. The students analyzed 
one year of crime data from the city of Youngstown 
and proposed a realignment of the city’s beats subject 
to geographical and political constraints in an effort to 
equalize the workload for officers serving throughout 
the city. 

The YPD crime analyst and the planning and train-
ing officer served as our primary industrial liaisons 
throughout the project. They 
introduced the problem to 
the students, conducted 
monthly meetings for progress reports, and communi-
cated with the students or me via email or telephone 
when questions arose. 

The two student teams learned quickly that working 
with real data is messy and time-consuming. However, 
the potential real-world impact of their work excited 
them and motivated them to work diligently. During 

The [workload inequality] was not 
pressing but something the Youngstown 
Police Department planned to reexamine 
at a later date, which made it the perfect 
problem for our students to analyze. 

Get more. 
maa.org/pic-math

Teaching BIG Problems 
PIC Math Exposes Students to Research in  
Business, Government, and Industry
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the final presentation, the YPD captain and liaisons 
were impressed by the proposed realignment alter-
natives presented by the students and set a follow-up 
meeting with the PIC Math students and more officials 
from the police department to discuss the implemen-
tation of one of the team’s recommended realignment 
plans.

The benefits to the students and our program are 
immense. We benefit from establishing a working 
relationship with an outside agency, which may pro-
vide additional opportunities for our students in the 
future. Our students benefit from working on a project 
involving real-world data and with real-world impli-
cations. They learn the importance of communicating 
mathematical and technical ideas effectively, especial-
ly to a nontechnical audience, and also see some of the 
politics involved in the decision-making process. Fur-
ther, they gain valuable skills in teamwork and see a 
long-term project from start to successful completion. 

If you are interested in learning more about the PIC 
Math program, see maa.org/pic-math. The deadline 
for applications for the 2016-2017 academic year is 
March 31, 2016.  

Thomas Wakefield is an associate professor of mathemat-
ics and statistics at Youngstown State University. PIC Math 
is funded by NSF grant DMS-1345499 and is supported by 
the MAA and SIAM. The codirectors for PIC Math are Linda 
Braddy, Michael Dorff, Reza Malek-Madani, and Suzanne 
Weekes.

Mathematical Association of America Press • maa.org/press

MAA Panel Discussion at JMM 2016
What Belongs in a 21st-Century Geometry Course?

Wednesday, January 6, 2016 
9:30–10:50am 

Washington State Convention Center, Room 619

Any teacher of an undergraduate geometry course has to make difficult choices about what topics to include 
and exclude. She will be faced with decisions about the role of technology and newer pedagogies. The needs of 
future high-school teachers, the demands of the Common Core and the recommendations of the MAA's CUPM 
course report must be taken into account. Please join us for a discussion of balancing all these priorities led by 

textbook authors Tom Sibley, Matthew Harvey, and Gerard Venema.

Panelists: 
Matthew Harvey, The University of Virginia's College at Wise • Thomas Q. Sibley, St. John’s University 

Gerard Venema, Calvin College

Case Study Videos Highlight  
Industrial Projects 
Preparation for Industrial Careers in Mathematical 
Sciences (PIC Math) prepares students for industrial 
careers by engaging them in research problems that 
come directly from the real world. The program has 
recently released videos of four case studies involv-
ing math in very different areas (http://bit.ly/1IaUVhB). 

In each case study, one video features a profes-
sional mathematician talking about his or her work 
and research. A second video shows a faculty mem-
ber giving technical background and an approach 
that someone could apply to the work being done by 
the mathematician in the first video.

The case studies are about
• Improving marketing strategies by analyzing mes-

sages on gift cards.
• Creating more realistic animation for movies.
• Building a better filter.
• Finding the safest place to store nuclear waste.
The program teaches faculty how to support stu-

dent research projects outside of academia. Student 
teams then tackle real-world problems and present 
their work (maa.org/pic-math). 

This MAA and Society for Industrial and Applied 
Mathematics (SIAM) program is supported by the Na-
tional Science Foundation (grant DMS-1345499).
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Members of the history subcommittee of the MAA centennial committee have been interview-
ing prominent members of the mathematical community as part of that celebration. Excerpts 
from selected interviews are appearing in MAA FOCUS; the full interviews will be appearing 
on the MAA website. The excerpts here are based on an interview that Kenneth A. Ross con-
ducted in August 2010, with a final question asked in December 2015. Ken Ross is a professor 
emeritus in the mathematics department at the University of Oregon.

INTERVIEW: 
Aparna Higgins

ABOVE: Aparna 
Higgins at MAA 
MathFest 2010 in 
Pittsburgh.

Tell me about growing up in India. 
Both my parents taught in college. Later, my father worked in the private sector. My broth-
er and I were educated at two of the best schools (K-11) in Bombay. We were expected to 
continue our education. Being of different religions, my parents taught us to embrace (and 
not just tolerate) diversity. They believed in travel as a form of education, resulting in some 
memorable family train trips.

Interviewed by Kenneth A. Ross
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When did you get interested in mathematics? 
What was the special attraction?
A first important general decision had to be made in 
the ninth grade. I chose science over business or a 
program in the arts and humanities. I studied all four 
subjects in science: physics, mathematics, chemistry, 
and biology. Our school was strong in science and had 
good laboratories for biology, chemistry, and physics. 
My father, especially, encouraged me to make the more 
unusual choices, whether it was choosing essay topics 
given some options, or choosing a major. 

And then you went to the University of 
Bombay?
Yes. I went to the Institute of Science in Bombay. The 
Indian university system at the time required you to 
start off studying all four science subjects [biology, 
chemistry, mathematics, physics], and then to drop off 
one subject each year. Your major was the only subject 
you were studying in your senior year. In my junior 
year, there were only nine of us taking both mathemat-
ics and physics. In my senior year, I was the only one 
continuing with mathematics. 

Being a National Science Talent Scholarship winner 
meant that I had to commit to a month at a summer 
program at other institutions in other states for each 
of three years. These were great experiences for me, 
including excellent networking. Many other students 
from these programs also went abroad for their doc-
toral studies. Those who were a year or two senior to 
us gave us good advice on which institutions in the USA 
took students from India directly after a bachelor’s 
degree and which offered them assistantships. This 
helped us with decisions on where to apply so that we 
could spend our limited funds on application fees to 
institutions that would be more likely to accept us and 
provide us aid. 

Next you went to Notre Dame. I see that your 
PhD adviser was Abraham Goetz. 
Due to the education traditions prevalent in India at 
the time, I was only 19 when I came to Notre Dame for 
graduate school. In order to make a choice of schools, 
my father and I perused the brochures and admissions 
materials for each of the graduate schools I was accept-
ed to, but eventually we were persuaded by the fact 
that, at Notre Dame, all first-year graduate students 
were on fellowship, i.e., they had no teaching duties. I 
was concerned about teaching in a system (semesters, 
frequent testing, exams being written and graded by 
the same people who taught you in class) in which I 

had not yet been taught. I was also concerned that I 
would be overwhelmed trying to learn new mathe-
matics and adjusting to the teaching system, all in my 
first year in the USA. Notre Dame was a good choice, 
because the department provided a gradual increase in 
teaching responsibility in subsequent years. 

I had to work very hard in my first year, and I felt 
mathematically unprepared for graduate school. I soon 
realized that some others were not doing as well as 
they had hoped either. Quitting the program was not 

a viable option given the enormity of the shame that 
would be associated with failing and returning to India. 
Although I was very worried when I took the [oral] 
candidacies, I passed. I started off in differential geom-
etry, but that did not work out. 

At that point, I was engaged to be married and had 
decided that I would quit trying to get a doctorate and 
would teach high school instead. The director of gradu-
ate studies, Alan Howard, talked to me and told me that 
the department would arrange for me to switch fields 
and advisers so that I could complete a PhD degree. I 
ended up with a PhD in universal algebra, under the 
direction of Abraham Goetz, who was a very supportive 
adviser. 

My husband, Bill Higgins, who also received his PhD 
in mathematics from the University of Notre Dame, was 
hired by Lake Erie College, which is about 30 miles east 
of Cleveland. It was a very small college, and it became 
clear that the part-time employment I had would never 
progress to a career there. I taught as a substitute 
teacher at a high school, and I quickly decided that I’d 
rather not do that for a career. Bill got a job at Witten-
berg University. I applied for jobs in the general area 
of Wittenberg University. The business school at the 
University of Dayton had turned over some courses 
to the Department of Mathematics to teach, and I was 
lucky enough to contact the mathematics department 
just as it became clear that they would have a full-time 
position for the following year. 

How did you get involved in the MAA? 
Members of Bill’s department had a tradition of going 
to the meetings of the Ohio Section—often traveling 

Quitting the program was not a viable 
option given the enormity of the shame 
that would be associated with failing and 
returning to India. 
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together in a Wittenberg University van. Bill and I 
joined them. I began taking students to these meetings, 
and I also gave talks. Will Hahn and Milt Cox were key 
members of a new MAA committee to investigate the 
idea of student chapters. Milt Cox was very active in 
the Ohio Section at that time, and I suspect he recom-
mended that I be appointed to the committee. Others 
involved were Al Willcox (who was executive director 
of the MAA then), Chuck Cable, Bob Eslinger, and How-
ard Anton.

You were a great group, and MAA’s 
Committee on Student Chapters is still a 
strong group. Weren’t you chair for a time?
Yes. Howard Anton was chair when the committee was 
first formed, and we were able to do so much—create 
programming for undergraduates at the national meet-
ing, create MAA student paper sessions at MathFest (Pi 
Mu Epsilon had sessions already), create a newsletter 
for student chapters. 

After Howard Anton finished his terms as chair, I 
was appointed chair. Because of that, I was put on the 
Meetings Council. I also served on the Professional 
Development Committee. I was also made chair of the 
Membership Committee, but I had no affinity for that 
assignment. Jerry Porter [former treasurer of the MAA] 
once asked, in casual conversation, how being chair of 
the Membership Committee was going, and I said that I 
didn’t really know what I should be doing on there, and 
that this kind of assignment is really not something I 
am suited for. To which he said, “Ask to be put on some-
thing else.” 

I was shocked and said I couldn’t do that—I felt 
honor bound to do what I had been assigned. He got a 
very serious look on his face and said something along 
these lines: “Look, this is how the MAA works. When 
the MAA knows of someone who is willing to work, 
they will assign her to various jobs. The MAA doesn’t 
know what she really wants to do. The MAA just knows 
that they would like her to do some work for it. So tell 
the MAA what you really want to do. The MAA won’t 
care about switching assignments. It just doesn’t want 

to lose volunteers.” 
I was also appointed to some committees to 

recommend people for MAA invited lectures at 
the Joint Meetings and at MathFests, including 
a very memorable committee chaired by Paul 
Halmos. 

This must have been in the early 
1990s. How did you get involved with 
Project NExT?
After I gave a talk at Saint Louis University, 
Chris Stevens “interviewed” me and then in-
vited me to organize a short course on under-
graduate research for the Project NExT fellows 
who were meeting at the AMS-MAA 1995 
summer meetings in Burlington, Vermont. The 
next few summers I was invited to repeat the 
course, and I was invited to be a consultant for 

a couple of groups of Project NExT fellows. 
When I heard that Jim Leitzel was ill, I offered to 

help Chris if she thought she could use me. It turned 
out that she was happy to have my help, and soon after 
that, Chris formally brought on Joe Gallian and me as 
codirectors of Project NExT. Chris is a wonderful man-
ager of people, and we functioned very well as a team, 
along with Judith Covington and Gavin LaRose, who 
were Project NExT fellows from the very first group. 

Chris sought our opinions about most things as-
sociated with Project NExT. We worked together on 
most of the essential parts of Project NExT, including 
reading the applications, selecting the fellows, and 
finding appropriate presenters to fill a two-and-a-half-
day workshop.

Project NExT is now an established program of 
the MAA. [In 2015, Project NExT welcomed its 21st 
cohort.] Since Project NExT is a professional develop-
ment program, it has been delightful to know so many 
fellows [now over 1,500] and follow their careers. It is 
fun for me to look through a program of an upcoming 
mathematics conference or meeting and recognize 
many fellows’ names as organizers of sessions, speak-

Bob Devaney with Aparna Higgins, 2014.
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ers, officers, award winners. It is a further delight to 
hear from Project NExT fellows, who tell us that they 
feel that Project NExT was instrumental in the choices 
they made and in their successes. It is very gratifying. 

What changes have you seen in the MAA?
A question like this makes me feel old. There are 
many more activities that target undergraduates at 
the national meetings. My focus is on the summers 
since that is the time of most impact for me, given 
my work with my own undergraduates, the Student 
Chapters Committee, and Project NExT. I remember 
taking students to speak at the summer meeting when 
it was a joint meeting with the AMS, I remember a 
year when there was no MAA summer meeting (after 
the AMS pulled out of the summer meetings), and 
MAA’s challenge to organize MathFests with rather 
small attendance—about 600, I think —to the large 
1,500-registered [in 2015, MathFest hosted 2,500 at-
tendees] meetings that they are today. We rarely have 
dorm accommodations now, and MathFest has lost 
some intimacy, while gaining more sessions and more 
mathematicians participating in it. 

Have you been heavily involved in your 
section?
Yes. In fact, I was president of the Ohio Section of the 
MAA. Before that, I served on some committees, like 
one on student members. After my term as president 
of the Ohio Section, I was automatically serving on, 
and chairing, committees such as the Nominating 
Committee and the Teaching Award Committee. 

Have you been active in any other 
mathematics organizations?
Although I am a longtime member of the AMS and 
the AWM and have served on a committee or with the 
AWM Essay Contest, and I am an occasional member 
of the NCTM, my service to mathematics professional 
organizations has been essentially service to the  
MAA.

What have you been doing since your term 
as Project NExT director ended?   
I spent a year picking up on departmental duties that 
I had longed to do, but didn’t have time for previously. 
Now, my husband (Bill) and I are both on sabbatical 
for the academic year 2015-16.  We are sharing a 
teaching position at California Lutheran University, in 
southern California. I am enjoying myself and feeling 
very lucky. 

Call for Proposals 
MAA and Tensor Foundation 

Tensor Women and Mathematics 
Grants 

Tensor-SUMMA Grants 
The Tensor Foundation has provided funding for the Mathe-

matical Association of America (MAA) to award grants for proj-
ects designed to encourage the pursuit and enjoyment of math-
ematics among female and underrepresented minority middle 
school, high school, and beginning college students. College and 
university mathematics faculty and their institutions may submit 
proposals. They should collaborate with middle school and high 
school mathematics teachers as appropriate. Proposed programs 
may replicate existing successful programs, adapt components of 
such programs, or be entirely new. 

Deadline for Proposals: February 12, 2016 
For more information on grants to 

support women in math, please visit: 
www.maa.org/wam/tensor.html 

For more information on grants to support under-
represented minorities in math, please visit: 

www.maa.org/programs/tensor-summa.html

 Call for Proposals 

MAA and NSF 

National Research Experience for 
Undergraduates Program (NREUP) 
The Mathematical Association of America (MAA), through 

its National Research Experience for Undergraduates Program, 
supports the participation of mathematics undergraduates from 
underrepresented minority groups in focused and challenging re-
search experiences to increase their interest in advanced degrees 
and careers in mathematics. 

We invite mathematical sciences faculty to apply for grants to 
host an MAA student research program for underrepresented mi-
norities on their own campuses for six to eight weeks in summer 
2016. These grants will support stipends for faculty researchers 
and local undergraduates, as well as costs for student room and 
board. 

Deadline for Proposals: February 26, 2016 
For additional information on NREUP grants, 

please visit 
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Precalculus or Calculus?
Placement Matters

college CALCULUS

This article begins a series of reports on findings from MAA’s studies of college 
calculus. The first project was Characteristics of Successful Programs in College 
Calculus. We have started work on a continuation—Progress through Calcu-
lus—which broadens our study to the entire Precalculus through Calculus II 
sequence. In these projects, supported by the National Science Foundation, 
work involves cataloging current efforts to improve student success in the cal-

culus sequence and documenting what does and does not work in implementing these efforts. 
For further details, see the MAA Notes volume Insights and Recommendations from the MAA 
National Study of College Calculus (Bressoud, Mesa, and Rasmussen, 2015) or visit the website 
at maa.org/cspcc. 

David Bressoud
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We begin this series in MAA 
FOCUS with the most frequently 
identified issue of concern around 
calculus instruction: placement. It 
is evident that if students are put 
into a course for which they are not 
prepared, they are being set up for 
failure. On the other hand, requir-
ing students to retake a course they 
do not need wastes everyone’s time 
and may discourage students 
from continuing the study of 
mathematics.

One must be careful that if 
students are required to take 
precalculus, then it actually does 
some good. Multiple studies, 
especially a report by Sadler and 
Sonnert (2014), strongly suggest 
that in most cases routing a stu-
dent through precalculus confers 
no improvement in the Calculus I 
grade. This implies that often the 
placement exam’s only benefit is 
to keep certain students out of 
Calculus I. Doing so may enable 
high pass rates, but in today’s 
climate of accountability for the 
success of all students, this is not 
enough. Important as correct place-
ment may be, it must be accompa-

nied by effective programs to support those who fall 
below the cutoff for Calculus I.

Our study revealed that the existence of a mandato-
ry placement exam for precalculus/calculus is highly 
dependent on the size of the institution. Below the 
median size (5,800 FTE undergraduates), fewer than 
30 percent of colleges and universities with four-year 
undergraduate programs have a mandatory exam. 
Above the median, close to 60 percent do. 

We also found that the most common method of 
placement is an exam created in-house. In 2010, the 
year of our survey, most of the undergraduate colleges 
(offering no more than a bachelor’s degree in mathe-
matics) and research universities (defined as offering 
a PhD in mathematics) had their own placement exam 
(see table). This often appears to be a cheap and easy 
means of determining placement, but to be done well 
it carries responsibility for careful analysis of validity 
and reliability.

Compass and Accuplacer were the most popular 

options at the comprehensive universities (defined by 
master’s as the highest degree offered in mathematics) 
and were used by almost all of the two-year colleges. 
Only a few research universities were using one of 
these exams. These tests are primarily designed to 
identify students who need remedial, precollege-level 
work rather than to distinguish between those who are 
and those who are not ready to begin calculus, which 
is why these tests are less common at research univer-
sities.

MAA Maplesoft was used at one of the undergrad-
uate colleges, two of the comprehensive universities, 
and three of the research universities we surveyed. 
Appropriately, the ACT and SAT were seldom used as 
placement exams. The MAA Board of Governors has 
gone on record recommending against the use of ACT 
or SAT scores as the sole determiner of placement 
(MAA, 2010).

In 2010, ALEKS was beginning to appear at compre-
hensive and research universities. This year’s survey 
for the new MAA study of calculus instruction, Prog-
ress through Calculus, suggested that its use is spread-
ing. More than a quarter of research universities have 
now adopted ALEKS for placement into calculus. One 
of its advantages is that it identifies specific areas of 
weakness in an individual’s knowledge of precalculus 
and offers tools for remediation. 

In our recent survey, we also found that those insti-
tutions that were most satisfied with their placement 
procedures were using multiple measures, typically 
combining a placement exam with SAT or ACT scores 
and high school mathematics grades. In addition, we 
found a successful strategy at several universities of 
embedding a placement exam early in the calculus 

   Table: Source of Placement Test 
    AS  BA  MA  PhD  

                 N = 35     N = 29    N = 17    N = 58
Department creation  11% 55% 35% 64%
Systemwide creation  3% 10% 0% 9%
College Board Accuplacer 37% 21% 18% 3%
ACT Compass   49% 10% 24% 3%
McGraw Hill ALEKS  0% 0% 6% 10%
MAA Maplesoft  0% 3% 12% 5%
ACT or SAT    0% 0% 6% 5%

Note: These are only the surveyed institutions that reported having a 
placement exam. They are categorized by the highest degree offered in 
mathematics. Due to rounding, percentages may not sum to 100 percent. 
Source: maalongdatafile.
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 CREATIVE emphasis
term, with an option for students to 
drop back into precalculus if they 
struggle with this material. In gener-
al, it is a good idea to schedule pre-
calculus and Calculus I at the same 
time so that students can switch.

The future appears to lie with 
adaptive testing that can identify 

and address specific student weak-
nesses. The role of technology in 
assessment and remediation is large 
and promises to get much larger.
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A successful strategy is 
embedding a placement 
exam early in the calculus 
term, with an option for 
students to drop back into 
precalculus if they struggle 
with this material. 
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ABOVE: Jenna Carpenter 
works with two students.

 CREATIVE emphasis

Math & Engineering 
Collaborate on Curricula
Suzanne Dorée and Wade Ellis

What mathematics do engineering students need to know in the first 
two years, and what if it doesn’t start with calculus? That was the 
question posed to MAA MathFest 2015 panelists Jenna Carpenter, 
founding dean, School of Engineering, Campbell University; Susan 
Ganter, professor of mathematics and director, School of Education, 
Virginia Tech; and Nathan Klingbeil, professor and dean, College of 

Engineering and Computer Science, Wright State University. The MAA’s Curriculum Renewal 
Across the First Two Years (CRAFTY) committee sponsored the panel.

We face a shortage of engineers, panelists agreed, and improving the first-year mathemat-
ics experience for engineering students must be part of the solution. They offered creative 
options for what, when, and how we teach calculus.
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Wright State 
Engineering students at Wright State University begin 
college with Introductory Mathematics for Engineering 
Applications. Klingbeil’s team designed this lab-rich 
course taught by engineering faculty to engage stu-
dents in solving engineering problems from day one 
(see article below). 

The course introduces the salient mathematics as 

needed, helping students prepare for sophomore- 
level engineering courses and motivating the need for 
calculus and physics courses that students wait until 
second term to start. A 10-year longitudinal study con-
firms what Klingbeil observes in his classes—engineer-
ing students who see the utility of mathematics are 
more likely to graduate with an engineering degree. 

This approach has doubled the engineering grad-
uation rate for students who take the course and is 
especially promising for students from traditionally 
underrepresented groups including women. An added 
benefit of Calculus I starting in the spring term is that 
students needing precalculus first term are on track 
and have strong efficacy as engineering students. 

Louisiana Tech 
Integrating the STEM disciplines though a cohort mod-
el has been the norm for engineering students for 18 
years at Louisiana Tech, reports Carpenter who until 
recently served as professor of mathematics and asso-
ciate dean of the College of Engineering and Science. 

The school team developed Living WITH the Lab, an 
interdisciplinary first-year block that includes engi-
neering-focused calculus with just-in-time precalculus 

Overcoming Barriers for Producing Engineers
Craig Baudendistel

The traditional calculus sequence 
engineering students are required to 
complete during their freshman year 
has been a significant barrier to their 
advancement in the major. With the 
traditional curriculum, there has been 
a decrease in the number of gradu-
ating engineering students through-
out the United States. Meanwhile, 
our nation is calling for 10,000 more 
engineers per year. Identifying the 
calculus sequence as a bottleneck 
for graduating engineers served as 
a catalyst to create the Wright State 
Model for Engineering Mathematics 
Education.

This model shifts students’ focus to 
how exactly the concepts they learn 
in calculus are applied in engineer-
ing. More specifically, this focus 
is ingrained as soon as they walk 
through the doors as freshmen.

Students must still complete 
three semesters of calculus from a 
mathematics department, but the 
cornerstone course of the Wright 
State model consists of an applied 
mathematics course taught by engi-
neering faculty to incoming freshman 
engineering students. This course 
provides motivation and context for 
students who might otherwise quit 
engineering prematurely based on 
the difficulty of a calculus class.

In 2001, Nathan Klingbeil, dean 
of the College of Engineering and 
Computer Science at Wright State 
University, and Wright State Univer-
sity engineering professor emeritus 
Kuldip Rattan developed a program 
that involves the freshman course 
EGR 1010: Introductory Mathematics 
for Engineering Applications and 
coupled it with a restructuring of un-
dergraduate course requirements.

This new structure has enabled 
students to space out the calculus 
sequence and take some core engi-
neering courses earlier than tradi-
tionally possible. This has directly 
resulted in doubling graduation rates 
of engineers at Wright State Universi-
ty from 24 to 56 percent.

It simply makes sense that stu-
dents ought to base whether they 
want to be engineers on an actual 
engineering course, instead of on a 
calculus course. That is not a slight to 
the math department either. Calculus 
is difficult, but also a core component 
of being an engineer. However, stu-
dents can be successful engineers 
because of their problem-solving 
skills in an applied context rather 
than how well they understand the 
intricacies of calculus.

One will not find many x’s and y’s 
in the EGR 1010 textbook. Math top-
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ics are pulled directly from upper-lev-
el engineering courses and present-
ed in context as example problems 
for the course notes.

In many cases, students taking 
EGR 1010 have excelled when going 
on to take calculus, as they can now 
better relate the concepts to real-life 
applications. 

“EGR 1010 helps engineering stu-
dents to succeed in calculus in two 
distinct ways: by providing motivation 

based on relevance to their intended 
career and by postponing this course 
until they are better able to handle its 
challenges,” says Wright State math 
professor Richard Mercer. 

Topics range from linear algebra 
to harmonic signals to derivation, 
integration, and even basic differen-
tial equations with only a required 
prerequisite in trigonometry.

The success of EGR 1010 has be-
gun to permeate local high schools 
as a way for seniors to get a jump on 
their engineering career. EGR 1010 
provides these students with a look 
into what engineering is all about 
and earns them college credit in the 
process.

Klingbeil says it is the next big 
thing in high school opportunity and 
will likely become a national mod-
el. He says it changes the way we 
prepare kids to be engineers and fills 
the pipeline to corporate America 
with talented and diverse workers 

enthusiastic about their jobs.
Currently, the class is taught at five 

local school districts and three sep-
arate universities. Beginning in fall 
2015, Wright State will offer an online 
section complete with virtualized 
laboratories and recorded lectures. 
In addition, a co-teach model will be 
in place with local high schools that 
have teachers without an engi-
neering background facilitating the 
course at their high schools under 
the mentorship of a Wright State 
faculty member. 

Craig Baudendistel serves as the direc-
tor of Engineering Mathematics for the 
College of Engineering and Computer 
Science at Wright State University and also 
teaches for the Department of Mechanical 
and Materials Engineering. While earning 
his bachelor’s, master’s, and PhD from 
WSU, he had the unique opportunity to be 
involved with the evolution of EGR 1010.

review, chemistry, and a project-focused engineering 
lab where students program robots and design proj-
ects such as a saltwater fish tank. 

Building soft skills students need to be “The Engi-
neer in 2020” informed curriculum design, Carpenter 
said: “strong analytical skills; practical ingenuity; cre-
ativity; good communication skills; lifelong learners; 
dynamic, agile, resilient and flexible characteristics; 
high ethical standards; leadership skills; profession-
alism; business and management skills.” Results show 
students are more confident, learn the content better, 
and are retained in engineering at higher rates.

Curriculum Foundations Project 
Ganter co-led the Curriculum Foundations Project, 
which engaged mathematics and faculty from across 
the disciplines in detailed conversations about the 
mathematics curriculum. 

Reports from mechanical, electrical, civil, and 
chemical engineering in the document Voices from the 
Partner Disciplines (MAA, 2004) listed familiar nec-
essary content from precalculus, calculus, and differ-
ential equations and broader topics including vector/
matrix algebra, statistics, and discrete structures. 

Problem-solving skills, appropriate use of technology, 
programming skills, numerical methods, mathemati-
cal modeling, and recognizing mathematics in context 
emerged as common themes. 

Carpenter and Kleinbeil concur, noting that all these 
topics and skills arise naturally in solving engineering 
problems that drive their first-year courses. 

Good News 
Audience members eagerly asked questions, and al-
though changing the curriculum is never an easy task, 
there was palpable excitement. The panel reinforced 
the messsage that there’s more than one way to teach 
mathematics to engineers; there’s more to what they 
need to know than routine computation; not all the 
mathematics needs to be front-loaded before engi-
neering courses; and, most importantly, seeing math-
ematics grow out of engineering contexts engages 
students and improves persistence. 

Suzanne Dorée is professor of mathematics at Augsburg College 
in Minneapolis, Minnesota, and chairs CRAFTY. Wade Ellis, retired 
from West Valley Community College in Saratoga, California, is a 
long-time friend of CRAFTY.
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PRESIDENT’S  MESSAGE

The Secret Mathematical Menu 

—Francis Edward Su

My favorite Chinese restaurant 
serves authentic cuisine, just like 
my parents used to make. And when 
you order an entrée, they bring you 
a little appetizer and a dessert as 
well! It’s a bargain, so I don’t com-
plain that the appetizer (crunchy 
noodles) and dessert (Jell-O) are 
not themselves authentic.

But one day I went there with 
a Chinese-speaking friend. And 
when the appetizer came, it was 
not crunchies, but delectable 
pickled cucumbers. Yet my friend 
had made no special request. And 
when the dessert came, it was red 
bean soup—my favorite when I 
was a kid! Why had I not gotten this 
before?

I began to see a pattern: when 
I came with non-Asian friends, I 
would get the crunchies and Jell-O. 
But when I came with Asian friends, 
I got the good stuff without even 
asking. 

And then I noticed my Chinese 
friends were also given a com-
pletely different menu—a secret 
menu—with more authentic dishes. 
I looked around the restaurant and 
beheld a bizarre sight: people side-
by-side in the same space having 
very different experiences: non-
Asians ordering from a standard 
menu and getting Jell-O; Asians 
ordering from the secret menu, 
enjoying red bean soup.

“You won’t like the stuff on that 
menu,” I was told. Perhaps they 
thought my tastes were not that 
sophisticated, because even though 

I’m of Chinese descent, I speak 
perfect English. They treated me 
differently because I didn’t fit their 
stereotype of an American.

 This is an example of a micro-
aggression: a tiny insult that one 
repeatedly experiences as a mem-
ber of a stereotyped group. Often 
the offender is unaware. Each insult 
may seem small and harmless, but 
their repeated effects can wound. 
In my case, the waiter had no real 
power over me, so I felt only annoy-
ance. But if I were a student, and a 

teacher repeatedly slighted me, I’d 
feel greatly devalued.

My last column discussed lan-
guage we use as teachers that may 
unintentionally discourage our 
students. In this column, I want to 
highlight problematic assumptions 
and behaviors. This topic may be 
timely, for the recent spate of pro-
tests on college campuses is, in part, 
tied to the wounds some students 
have experienced from an unwel-
coming college climate.

The examples I discuss were 
contributed by friends and by the 
Project NExT community from their 
own experience as teachers and 
as students. Quotes are edited for 
clarity and anonymity.

VARIABLE data
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Assumption: Based on some 
nonacademic characteristic, I 
can prejudge your mathematical 
aptitude.

As teachers, we know not every-
one yet has a sophisticated math-
ematical palate. But whom do we 
allow a peek at the secret mathe-
matical menu? Which students do 
we shepherd toward more math 
courses, and which do we discour-
age? If I falsely assume I can judge 
promise based on nonacademic 
factors, I might behave as Pofessor 
X does in this story:

Toward the end of the term, Pro-
fessor X announced that he want-
ed to chat with each of us about 
which course we should take next. 

He asked about my major. It was 
my first term and I wasn’t sure, 
but I said maybe music. He kind 
of snapped, “Well, why would 
you take any more mathematics 
courses? You don’t need any more 
mathematics.” I was somewhat 
horrified and thought about this 
for a long time. Even still. I was 
doing very well in the course, so 
it wasn’t like I was a weak stu-
dent. Why wouldn’t you encourage 
an interested student to study 
more mathematics?

We can’t know what the profes-
sor was thinking, but any victim of 
this strange behavior will naturally 
ask herself, “What is it about me 
that caused this? He barely knows 
me, so it must be some judgment 
he’s made based on external fac-
tors.” Victims who can’t imagine a 
reason will probably chalk up the 
blame to a quirk about Professor X.

But victims who belong to a 
stereotyped group may take this 
behavior as an insult on behalf of 
their group, because it’s consistent 
with the numerous other micro-
aggressions they have faced as a 
member of this group or with other 
group members’ experiences with 
Professor X. 

I have a coworker who likes to 
“preview” the students in my 
classes for the semester to come. 
He brought up the name of a 
sophomore female mathematics 
major and said, “She’d be a really 
great elementary school teacher.” 
I met her and got to know her 
quite well; she was quite capable 
of graduate-level work in math-
ematics. She had zero interest in 
teaching at the primary level, and 
never indicated so to my coworker.

If the student never heard this 
comment, why does this example 
matter? Because there is sub-
stantial research on “expectancy 
effects” that show our expectations 
of students can greatly influence 

their learning. The most famous is 
the 1963 Rosenthal-Jacobson study 
that gave students a fake aptitude 
test and told their teachers which 
students were expected to “bloom” 
(when in reality they were ran-
domly selected). Over the next year, 
those students did significantly 
better than their classmates.

Assumption: Based on your 
grade, I can prejudge your math-
ematical promise.

This situation is unfortunately 
quite typical:

A student places into an advanced 
course. Once in the course, the 
student (who might not have been 
challenged before) gets scared 
that she is not performing well 
enough. Rather than encourag-
ing the student to stick it out, the 
instructor allows the student to 
drop to a less-challenging course, 
even though she was doing fine, 
especially for a period of adjust-
ment, earning a B. Consequently, 
this student gets a more shallow 
preparation and doesn’t develop 
some of the sophisticated skills 
needed to succeed in future  

It is easy to make assumptions 
about why students aren’t 
performing well in a class, based on 
our own experiential vantage point. 
We can’t imagine other alternatives 
we haven’t experienced. 
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advanced courses (leading to 
future Bs or worse). The experi-
ence reinforces the idea that if the 
student isn’t getting an A she don’t 
belong in mathematics.

We must remember that although 
grades are a measure of progress, 
they aren’t a measure of promise. 
Even the best assessments are just 
a snapshot in time, not a long view 
of a student’s ultimate trajectory. 

When students have trouble, 
we should bolster our support 
for these students, not lower our 
expectations.

Assumption: Low-performing 
students must be incapable or 
lazy.

It is easy to make assumptions 
about why students aren’t perform-
ing well in a class, based on our 
own experiential vantage point. We 
can’t imagine other alternatives we 
haven’t experienced. 

A student once tearfully ex-
plained to me the hours she spent 
filling out financial aid forms 
because her parents didn’t speak 
English. Her immigrant family ex-
pected her to spend every weekend 
at home in the inner city, an envi-
ronment that wasn’t conducive to 
homework. College was a culture 
shock, with many unwritten rules. 

Many of these issues dispropor-
tionately affect low-income, mi-
nority, or first-generation college 
students. So if I make faulty as-
sumptions about their motives or 

abilities, I will be disproportionate-
ly discouraging these students from 
studying mathematics. 

Assumption: Mathematical teach-
ing doesn’t involve culture.

This leads to inaccurate assess-
ments of student knowledge.

On an examination, I asked the 
classical Fermi problem: “Estimate 
how many piano tuners live in this 
city.” A student timidly raised his 
hand. He whispered to me, “Is a 
piano tuner a device or a person?” 
Other students thought good 
piano players would tune their 
own pianos, like guitar players 
do. Some students thought piano 
tuners would work in a music 
store. Few students had a sense 
of how often a piano might need 
tuning, or how long it would take 
to tune a piano. This example 
opened my eyes to how important 
background experience can be in 
dealing with questions that may 
appear to be mathematical, but 
instead bring up all sorts of cultur-
al or experiential issues.

Now imagine a student who 
didn’t have the requisite cultural 
experiences encountering obstacles 
like these constantly. Would that 
student feel as if he or she belongs?

Cultural barriers are impossible 
to avoid, but if we are aware, we 
can mitigate their effects.

Assumption: I’m doing a student 
a favor by telling him or her to 
leave math.

This is never a correct assump-
tion. 

This faculty member had one of 
those private in-the-office conver-
sations with me that begins with 

“I think it may be only a kindness 
to tell you that . . .,” followed by a 
stated concern that I was not re-
ally cut out for a career in mathe-
matics. I’ve not done all that badly 
since then, and in fairness I have 
to add that the faculty member 
sought me out in later years to 
apologize for the comment. I con-
sider the person a friend, but when 
I’m working with our graduate 
student training program, I do 
stress that any conversation that 
begins with “I think it only a kind-
ness to tell you that” will almost 
never be a kindness.

I, too, had a professor in graduate 
school once tell me he didn’t think 
I could be a successful mathema-
tician. It’s too easy for such pro-
nouncements to reflect personal bi-
ases from limited information. You 
see the snapshot, but you don’t see 
the trajectory. It’s not your place to 
tell students what they are capable 
of, since you really don’t know. In-
stead, you can counsel them about 
what skills they need to improve, so 
that they will have a stronger basis 
for deciding for themselves wheth-
er they want to continue.

In raising this discussion, I join 
with all MAA friends in hoping that 
the secret menu will one day not 
be secret; that all students will be 
encouraged to develop their math-
ematical palate; and that someday 
they can be connoisseurs, even 
chefs, of mathematical cuisine. 

Francis Su, MAA presi-
dent, is the Benedikts-
son-Karwa Professor of 
Mathematics at Harvey 
Mudd College. His email 

is su@math.hmc.edu, and he is on Twitter: 
@mathyawp.  

VARIABLE data

When students have trouble, we 
should bolster our support for 
these students, not lower our 
expectations.
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MAA BOOKS BEAT

Taking a Trip into Three-Space

—Stephen Kennedy

In some sense, Roger Nelsen and Claudi Alsina’s A 
Mathematical Space Odyssey: Solid Geometry in the 21st 
Century is a sequel to their Icons of Mathematics. The 
authors were asked why so few of their icons were 
in three-space. And, upon reflection, they realized 

that three-space is full of icons—and 
surprises and revelations and, most of 
all, fabulous aha moments of the most 
enjoyable kind. 

Here’s a small taste of the many won-
ders that await readers of this book. I 
attended the inquiry-based learning 
conference in Austin, Texas, shortly 
before I wrote this column, so, inspired 
by friends and colleagues there, I will 
pose these all as questions for your 

investigation. If you get stuck, consult the book!
Suppose you have a regular tetrahedron and a pyra-

mid with a square base and triangular faces congruent 
to the faces of the tetrahedron. If you glue one face of 
the tetrahedron to a triangular face of the pyramid, 
how many faces does the resulting object have? Hint: It 
would not be interesting if the answer turned out to be 
5 + 4 – 2. See figure 1 for a visual hint. 

Suppose you have a square of sidelength a + b divid-
ed into squares of size a2 and b2 and two rectangles of 
area ab, see figure 2. Fold as indicated and observe that 
this proves that the sum of the areas of the squares 
is greater than or equal to the sum of the areas of the 

rectangles (a2 + b2 ≧ 
2ab). What famous 
inequality does this 
yield an immediate 
proof of? (Hint: 
Both a and b are 
positive and, hence, 

square roots of something.)
Suppose you have a rectangular box of edge-lengths 

44, 117, and 240. Notice that the three face diagonals 
are all integers: 442 + 1172 = 1252, 442 + 2402 = 2442, 
and 1172 + 2402 = 2672. This is a three-dimensional 
analogue of a Pythagorean triple and is known as an 
Euler brick. Can you find a perfect Euler brick, that is, 
an Euler brick with its space diagonal also integral?

Observe that figure 3 proves that the four-color 
theorem fails in space as the five polyhedral countries 
pictured all border each other and require a five color-
ing. Is there an n-color theorem three-space analogue 
of the four-color theorem?

Suppose we have an arbitrary collection of 1 mil-

lion points in space in general position (no three on a 
line, no four on a plane). Must there exist a plane that 
bisects space in such a way that one-half of a million of 
the points are on each side?

The volume of any prism (congruent cross sections 
parallel to the base) is the area of the base times the 
height. Proposition 5 of Book XII of Euclid asserts that 

There are breathtaking insights on nearly every 
page of this delight-filled volume, the newest in 
the Dolciani Mathematical Expositions series. 
MAA Press, 288 pages, Member price $44.

Figure 1. How many faces?

Figure 2. Which famous inequality?

Figure 3. Is there a 3D analogue of the four-color theorem?

Figure 4. What is the volume of the pyramid?



two pyramids of the same height and on the same base 
have the same volume. These two facts along with 
figure 4 yield an easy formula for the volume of any 
pyramid: 1/3 × area of the base ⨯ height.

A regular tetrahedron can be imbedded in a cube 

along the face diagonals as shown in figure 5. This, 
combined with the observation in the previous para-
graph, yields a very quick formula for the volume of 
the tetrahedron in terms of its sidelength. What is it? 
What fraction of the cube is it?

Even cooler, inscribe a regular octahedron in a 
regular tetrahedron as shown in figure 6. Now derive 
the volume formula for the octahedron in terms of its 
sidelength.

I could go on all day: there are breathtaking insights 
on nearly every page of this delight-filled volume. I’ll 
leave you with one more problem: Suppose a 3⨯3⨯3 
cube is made of 27 1⨯1⨯1 cubes and consider a plane 
through the center perpendicular to one of the main 
diagonals. How many of the 27 1⨯1⨯1 cubes does it 
intersect? 

Stephen Kennedy is professor of mathematics at Carleton College 
and senior acquisitions editor for MAA Press.

 

Figure 6. What is the volume of an octahedron?

Buy now. 
maa.org/press/books

Figure 5. What is the volume of a tetrahedron?
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ARCHIVES SPOTLIGHT

Choosing What to Archive

—Carol Mead

I’m happy to announce that the 
Archives of American Mathematics 
has begun to digitize the Paul R. 
Halmos Photograph Collection. As 
of this writing, Jamie Dye, library 
and information school graduate 
student at the University of Texas 
at Austin, who is performing the 
work, has scanned more than 2,000 
photographs.

You may be wondering what steps 
we take to put a collection of pho-
tographs online. In fact, there are 
quite a few. First, we must organize 
the collection and create a finding 
aid with an inventory of the con-
tents.

Next, we review the photographs 
in each box to identify those that 
should be digitized. In this case, 
I found more than 8,300 that I 
considered relevant to the project. 
How does an archivist decide what 
is relevant? For this undertaking, 
it was surprisingly easy. I wanted 
to highlight the mathematicians 
Halmos knew over his long career, 
as well as to provide a glimpse into 

his personal life. With these criteria 
in place, I selected the snapshots 
that focused on mathematicians, 
and a number of personal pictures 
featuring Paul and Virginia Halmos, 
their life together at home and 
elsewhere, and Halmos’s youth in 
Hungary. 

Perhaps the most time-consuming 
task is identifying the people and 
circumstances in the photographs. 
This phase of the project took many 
months of research and assistance 
from the math community. I re-
corded the information about each 
image on a slip that stays with the 
picture. 

The next step is more straightfor-
ward: scan the photographs! The 
high-quality file created from the 
scan becomes our archival (master) 
file that we leave untouched, and 
from that one we save a new ver-
sion that we will adjust for display 
on the web.

After the scanning and adjust-
ing are complete, we enter the 
meta data into a spreadsheet, then 

upload it and the images to our 
webpage for public access.

I anticipate that this project will 
be finished and ready for you to 
view later in 2016. In the meantime, 
I will keep you informed periodical-
ly about our progress!

June/July Halmos Mysteries
Speaking of the Halmos Photograph 
Collection, I wish to thank all of 
you who emailed me with answers 
to the mystery photographs from 
the June/July issue. Here are the 
identities.

4320: In this picture, I wondered 
about the first name of “Jakimow-
ski.” Several of you informed me 
that he is Amnon Jakimovski. 
Professor Jakimovski is on the Ray-
mond and Beverly Sackler Faculty 
of Exact Sciences at Tel Aviv Univer-
sity.

3828: I did not receive any sug-
gestions for “Razak,” but a few of 
you reminded me that the picture 
was taken at Indiana University, not 
the University of Indiana, which 
does not exist. I apologize for the 
error.

3357: Quite a number of readers 
emailed about this photograph, 
including Jim Brennan himself. 

Paul Halmos, right, with three of his mathematical descendants. From left: Pamela 
Gorkin, Sheldon Axler, and Donald Sarason, Lancaster, England, July 1984.

Mathematician and friend Alexandra “Gugu” 
Bellow. Ann Arbor, Michigan, March 26, 1968.

VARIABLE data
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This special 13x13 Rubik’s 
cube was created by  
Ron Graham, former president 
of the MAA, in honor of the 
association’s 100th birthday.

of NOTE

From left to right are Jim Williams, 
Jim E. Brennan, and Lee A. Rubel. 
Dr. Brennan suggested the snapshot 
was taken 1973-1974 at a Wabash 
seminar.

3728: I received no suggestions 
for “Williams” in this picture. If you 
have any suggestions, please let me 
know.

Again, thank you to you all for 
your help! 

Carol Mead is the archivist for the Archives 
of American Mathematics, located in 
the Research and Collections division of 
the Dolph Briscoe Center for American 
History on the University of Texas at Austin 
campus. Contact her by email (carolmead@

austin.utexas.edu) or by phone (512-495-
4539).

4320

3828

3357

3728
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BOOK REVIEW

Loving Numbers One at a Time

—Matthew Welz

Single Digits: In Praise of Small 
Numbers is an ambitious undertak-
ing that will appeal to amateur and 
professional mathematicians alike. 
In this volume, each of the digits 
one through nine gets a chapter; 
properties of each are explored, 
along with their interesting and 
often deep connections to myriad 
areas of mathematics and science. 

Each chapter consists of vignettes 
connecting the digit to a range of 
beautiful and elegant mathematical 
problems and puzzles (technically, 
there is a 10th chapter containing 
solutions to several problems). 

The vignettes within each chap-
ter are more or less independent, 
include many well-designed and 
nicely rendered figures, and are ar-
ranged in order of increasing diffi-
culty. This structure, along with the 
vast array of topics, really allows 
the reader to pick and choose which 
sections to read without any loss of 
coherence.

The author, Marc Chamberland, is 
particularly suited to bring us such 
a text. Chamberland, a profession-
al mathematician, is well versed 
in topics across the spectrum of 
pure and applied mathematics, and 
he founded the YouTube channel 
Tipping Point Math, which is de-
signed, much as his book is, to bring 
beautiful and interesting mathe-
matics to the public. I highly recom-
mend visiting this channel, which is 
chock-full of well-produced videos 
that complement Single Digits nicely 
(and often expand on the discussion 
found in the book). 

At first glance, dedicating each 
chapter to a single digit might seem 
simplistic, but this is far from the 
truth. Chamberland 
has collected an 
impressive menag-
erie of mathematical 
problems associated 
with each number. 
Among the scores of 
puzzles and top-
ics Chamberland 
considers, you will 
find chaos, fractals, 
number theory, 
Euclidean and 
modern geometry, 
combinatorics in 
many guises, and al-
gebraic structures of 
all sorts, including 
the exceptional Lie 
group E8. The mate-
rial spans the course 
of recorded history and should give 
even an experienced mathematician 
plenty to ponder. I cannot overstate 
how many times, beginning with 
Benford’s Law in chapter 1, that I 
discovered some fascinating conjec-
ture or result I had not been aware 
of before.

Chamberland’s entry on Pythag-
oras’s famous theorem in chapter 2 
serves as a microcosm for the text. 
Its inclusion puts a mathematical 
neophyte at ease, providing some-
thing familiar to hang one’s hat 
on, but Chamberland does more 
than simply present a well-known 
result. Chamberland explores a bit 
of history, including a light-hearted 

anecdote involving Paul Erdős, and 
the many interesting proofs of the 
theorem, including an elegant tiling 
argument. Several paragraphs later, 
this is all tied in to really heady 
stuff, concluding with a discussion 
of the Congruent Number Problem 
and an allusion to the Birch and 
Swinnerton-Dyer conjecture! 

For instructors of math 
courses of all levels, the 
vignettes in Single Digits 
can provide a very readable 
introduction or jumping-off 
point for discussions and 
projects. In a seminar on 
problem-solving techniques, 
I have used the Friends and 
Strangers theorem (chap-
ter 6) to illustrate the pi-
geonhole principle and the 
benefits of graph-theoretic 
thinking. 

In an introductory group 
theory course, it would be a 
good exercise for students to 
consider perfect riffle shuffles 
in decks of size other than 52 
(chapter 8). Finally, a statis-

tics class collecting and analyzing 
real-world data sets could consider 
whether Benford’s Law applies in 
their situation (chapter 1).

At times, the link between a par-
ticular vignette and its number is a 
bit tenuous, but this is not really a 
problem. After all, the single digits 
ultimately are there to provide a 
familiar and comfortable path by 
which Chamberland ably leads the 
reader on a journey around and 
through some seriously gorgeous 
mathematics. 

Matt Welz is an assistant professor of 
mathematics at the University of Wis-
consin‒Stevens Point. His favorite digit is 
definitely eight.

Single Digits: In 
Praise of Small 
Numbers
Marc Chamberland
Princeton University 
Press, 2015 
240 pages 
$26.95
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DEAR MAA

Failure to Engage 
I feel like I’m having trouble this 
semester engaging my students 
and making them care about the 
content in my course. My colleagues, 
on the other hand, seem to have 
no problem getting their students 
involved. Or at least that’s the 
impression they give me when we 
discuss struggling students. “They’ll 
come around,” my colleagues say, 
or, “That’s funny. My students are 
all doing so well and working really 
hard.” What am I doing wrong? 
Please help!

—Concerned for My Students

Dear Concerned,
There are a few things to take note 
of here. First of all, no teacher 
engages all students in all classes 
every semester. Each of us has our 
failures—the students we wished 
we could have reached, but we 
couldn’t. One semester, I had a real-
ly bright student whom I managed 
to engage and who went from 
earning a 32 on the first exam to a 
96 on the final. The next semester, I 
had an equally bright student who 
was struggling at the beginning of 
the semester but, no matter what 
I did, just didn’t seem to put in the 
time or the energy, and he ended 
up failing. Even using tried and 
true techniques does not guarantee 
success. 

People who continue to evaluate 
their plans for classes and who 
show genuine care for their stu-
dents make a difference more often 
than not, so keep doing what you 
are doing! Remember that you are 
trying to be present and helpful for 
all your students and that by focus-

ing on those who are not engaged, 
you might be taking attention away 
from those who are engaged and 
working hard.

As a wise man (a.k.a., Thomas 
Hull, associate professor of math-
ematics at Western New England 
University) once said, 

A mantra I say myself and have 
heard many others say is, “You 
can’t save every student.” More 
specifically, whether or not you 
inspire every student in a given 
class is not up to you! You could 
be the most frickin’ inspiring 
person in the world, and there 
will still be some students who 
are not in the right mental or 
emotional place to get engaged 
with math. We all try all sorts of 
strategies to help such students, 
but if the student isn’t ready to 
receive the help, it won’t work.

Another possibility is that your 
colleagues are not necessarily bet-
ter suited for a teaching career or 
a career in academia, but that (a) 
they are having a better (luckier?) 
semester than you are, (b) they are 
inflating their own effectiveness, 
or (c) what you are hearing them 
say is that they are really good at 
something about which you have 
self-doubt. 

Feeling Like a Fake
This last is related to impostor syn-
drome and is often felt by people 
who attribute their successes to 
external reasons. For instance, a 
faculty member (especially, in my 
experience, one who is young or  

People who continue to evaluate 
their plans for classes and who 
show genuine care for their 
students make a difference more 
often than not.

Send questions to dearmaa@maa.org.

female or both) might feel as if he 
or she is lucky to engage students 
instead of skilled at doing so. 

Pauline Rose Clance and Su-
zanne Imes looked at the imposter 
syndrome in women. In a journal 
article on the subject, they found 
that “unlike men, who tend to own 
success as attributable to a quality 
inherent in themselves, women 
are more likely either to project 
the cause of success outward to an 

external cause (luck) or to a tem-
porary internal quality (effort) that 
they do not equate with inherent 
ability” (“The Imposter Phenom-
enon in High Achieving Women: 
Dynamics and Therapeutic Inter-
vention,” Psychotherapy Theory, Re-
search and Practice, 15, no. 3 [Fall 
1978]; http://bit.ly/1tu2V5g).

Impostor syndrome can be relat-
ed to teaching, research, or many 
other areas of your career. To begin 
to counteract this, make a list of the 
successes you have had, and why 
you think they were successful. 
When being honest, people have a 
much longer list of skills than they 
generally give themselves credit for, 
and paying attention to these can 
help you feel more competent and 
capable in your job. Many teachers, 
especially the most effective ones, 
have these feelings—you are not 
alone. 
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TOOLKIT

Walking Mathematically in D.C. and Beyond
—Jenna Carpenter, Tim Chartier, and Andrew Rikard

Visiting Washington, D.C., tourists 
interact with their smartphones 
as they wind through the many 
museums and sites of both histori-
cal and political significance. Now, 
your phone or tablet can guide 
you through a tour that highlights 
a variety of mathematical facts 
that thousands of tourists and D.C. 
residents pass by every day. See 
the skinny 19-degree angle on one 
corner of the East Building of the 
National Gallery of Art (shown 
on the cover). Or visit the stone 
marker between the White House 
and Jefferson Memorial on what 
was once the prime meridian of the 
United States. 

Ready to go? Even if you are not 
in D.C., you can pull up the website 
MathWalkDC (mathwalk.math365.
org) and follow the geotags that 
provide the relevant mathematical 
content and links to more in-depth 
information and historical notes 
about each stop.   

The site was developed by Jenna 
Carpenter, Tim Chartier, Ivars Pe-
terson, and Andrew Rikard, as part 
of the 100th anniversary celebra-
tion of the MAA and was debuted at 
MAA MathFest 2015. 

Starting Exercises
The project was motivated by prior 
work that both Chartier and Car-
penter have used in their mathe-
matics classes at Davidson College 
and Louisiana Tech University and 
Campell University. At Davidson, 
Chartier had Finite Math students 
partner with local K-12 teachers 

and develop a series of K-12 Math 
Map exercises. All activities ad-
hered to the Common Core stan-
dards for each grade level served 
and were designed for use by K-12 
students as homework or by class-
es on an outdoor field trip. 

The activities offer a variety of 
exercises, including telling time at a 
giant outdoor analog clock, calcu-
lating purchases at a town busi-
ness, and measuring yard lines on 
the campus football field.

As an example, one group paired 
with a local kindergarten class. 
A standard in geometry at the 
kindergarten level is “Identify 
shapes as two-dimensional (lying 
in a plane, ‘flat’) or three-dimen-

sional (‘solid’).” To encourage such 
spatial thinking, one activity asked 
the children to count the spheres 
outside the college sports complex. 
The children then identified the 
spheres as two- or three-dimen-
sional. Later in their tour, they 
visited the Soda Shop diner and 
were asked to name the shape of 
the black and white tiles on the 
floor and identify them as two- or 
three-dimensional.

Scavenger Hunts
Carpenter has used photo scav-
enger hunt–type assignments in 
multivariable calculus and trigo-
nometry classes to help students 
grasp and remember such concepts 
as quadric surfaces and isosceles 
triangles. Students locate objects 
illustrating each of the specified 
examples. They take a photo of 
each object, which is collected into 

One activity asked the children to count the spheres outside the college sports 
complex. The children then identified the spheres as two- or three-dimensional. 
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a geotagged map of campus that 
includes descriptions of the objects 
and the associated mathematics. 
Subsequent classes can then follow 
the MathWalk around campus or 
even expand on the map by adding 
other sites. Visiting student groups 
can also tour campus using one of 
the maps and their cell phones. 

Multivariable Calculus
For Carpenter’s multivariable 
calculus class, students found an 
object on campus that consisted of 
at least one quadric surface. Trigo-
nometry students found examples 
of concepts that include isosceles 
triangles, equilateral triangles, and 
obtuse angles. Note, prior to this 
assignment, Carpenter canvased 
campus to ensure ample examples 
existed; the students found numer-
ous other examples. 

What quadric surfaces might you 
find on a stroll through the Louisi-
ana Tech campus? The tank on the 
water tower consists of a cone, cyl-
inder, and hemisphere; a cylinder 
and hemisphere create the trash-
cans; and the satellite dish on top of 
the electrical engineering building 
is an example of a paraboloid. 

Interested in finding trigonome-
try on the campus? You’ll find an 

isosceles triangle on the front of the 
Campbell chapel’s roof, an equilat-
eral triangle in the of the recycling 
symbol on campus trash cans, and 
an obtuse angle in the joint on the 
stairwell into the science building. 
Of course, you’ll likely find many 
more examples as you make your 
way to and from these sites. 

How can you use this in your 
classes? To create the geotagged 
webpage for the MathWalkDC, Ri-
kard tested two tools: Google Maps 
with Fusion Tables and Mapbox. 
The Google Maps edition made it 
onto the MathWalkDC website, but 
since then Mapbox has become a 
popular and active option. 

To begin, you’ll need the location 
of each stop on your walk, which 
should include a title, longitude, 
latitude, and description (such as 
photograph[s] and links to more 
information). This is loaded into a 
spreadsheet, with columns used to 
delineate the aforementioned four 
categories. The description column, 
which includes the photographs 
and links, requires basic HTML 
coding since the photographs are 
uploaded online. The MathWalkDC 
site’s images were stored on Google 
drive. Below is an example of a row 
of a spreadsheet file.

Title Longitude Latitude Description

Davidson 
College

80.8328
 

35.4911
 

<p>Davidson College is a 
small liberal arts school 
in Davidson North Car-
olina.</p><a href=”IM-
AGE_URL_HERE”><img 
src=”IMAGE_URL_
HERE”></a><a href=”IN-
FO_LINK_HERE”>For 
more information go 
here!</a>

Once the data is ready, designing 
the map is easy. Rikard used Map-
box and its free, intuitive online 
editor at mapbox.com/editor. Once 
the data is uploaded, the map is 
ready to be shared using Mapbox’s 
handy features. 

The MAA’s website offers photo-
graphs of objects with mathemat-
ical connections in its Found Math 
Galleries. Now, your students can 
find mathematical connections of 
their own in their corner of the 
world and, through math maps, 
share their discoveries so that oth-
ers can learn about them as well. 

So the next time you are in Wash-
ington, D.C., skip the usual sightsee-
ing tours and take a fresh mathe-
matical stroll around our nation’s 
capital with MathWalkDC. Even if 
you’ve seen all these sights before 
(and here’s betting that at least a 
couple of these will be new to even 
seasoned D.C.-ers), odds are you 
will learn some new and interesting 
tidbits along the way. 

Jenna Carpenter is founding dean of 
engineering at Campbell University. Tim 
Chartier is an associate professor at David-
son College. Andrew Rikard is a junior at 
Davidson College where he studies English, 
digital culture, and computer science.
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Puzz le /Prob lems 

Five Favorite Problems

—Steven R. Dunbar 

Choosing five favorite problems is 
like choosing your favorite student. 
There are too many, each is differ-
ent, and each one has traits that 
make that one special. In the 15 
years that I have been associated 
with the MAA’s American Mathe-
matics Competitions, there have 
been more than 1,800 problems. 
The problems are at the mid-
dle-school and high-school level, so 
none requires advanced mathemat-
ics, but many are challenging and 
interesting. Here I’ve selected five 
that I find interesting for personal 
reasons. They are certainly not the 
hardest, but each has some feature 
I found appealing. 

2005 AMC 8, Problem 25 
A square with side length 2 and a 
circle share the same center. The 
total area of the regions that are 
inside the circle and outside the 
square is equal to the total area 
of the regions that are outside the 
circle and inside the square. What 
is the radius of the circle?

I always liked this problem 
because at first glance it appeared 
that there wasn’t enough informa-
tion. At second glance, it appeared 
that some com plicated area-finding 
was necessary. However a little log-

ic shows that the square and circle 
have the same area, and the solu-
tion follows. In fact, the same logic 
shows that the square and circle 
need not have the same center!

2002 AMC 10 A, Problem 19 
Spot’s doghouse has a regular 
hexagonal base that measures 
one yard on each side. He is 
tethered to a vertex with a 2-yard 
rope. What is the area, in square 
yards, of the region outside the 
doghouse that Spot can reach?
 I have used this problem in 

many problem-solving classes and 
workshops. I like it because for 
many students the initial solution is 
wrong, but a quick diagram makes 
it clear how to solve the problem 
correctly. 

2008 AMC 12 B, Problem 21 
A permutation (a1, a2, a3, a4, a5) of 
(1, 2, 3, 4, 5) is heavy-tailed if  
a1 + a2 < a4 + a5. What is the 
number of heavy-tailed permuta-
tions? 
Problems about the number of 

permutations and combinations 
with some restrictions are com-
mon on all AMC contests. I like this 
particular problem because of the 
naturalness of the restriction. I also 
like the problem because the solu-
tion is attractive, natural, and fairly 
easy using a symmetry argument. 

2010 AIME, Problem 8 
For a real number a, let ⌊a⌋ 
denote the greatest integer less 
than or equal to a. Let R denote 

A student taking an AMC test in 2014. 
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the region in the coordinate 
plane consisting of points (x, y) 
such that 

⌊x⌋2 + ⌊y⌋2 = 25. 
The region R is completely con-

tained in the interior of a circle of 
radius r. 

The minimum value of r can be 
written as ,m

n  where m and n are 
integers and m is not divisible by 
the square of any prime. Find  
m + n. 
I like this problem because it 

takes a very familiar relation in 
analytic geometry and alters it in 
a simple way, yielding a radically 
different relation in the coordinate 
plane. 

It really tests whether students 
understand the nature of a relation. 
The request for the radius /m n  

and then the sum m + n is just to 
provide an encoding of the answer 
for machine-scoring answer sheets 
from thousands of students. This 
problem was proposed by Zuming 
Feng. 

2007 USAMO, Problem 2 
A square grid on the Euclidean 
plane consists of all points (m, n), 
where m and n are integers. Is it 
possible to cover all grid points 
by an infinite family of discs with 
non-overlapping interiors if each 
disc in the family has radius at 
least 5? 
I like this problem because of the 

geometric interplay between the 
dis creteness of the grid points and 
the continuous possibilities for the 
sizes and centers of the discs. 

The answer is that no such family 
exists. The proof uses the Law of 
Cosines to show no covering family 
exists where each disc has radius 
greater than 3 2 3 / 2 4.571.+ »  

In the other direction, there ex-
ists a covering family in which each 
disc has radius 13 / 2 1.802.»  To 
the best of my knowledge at the 
time of writing, the extremal radius 
of a covering family is unknown. 
This problem and solution were 
proposed by Gregory Galperin. 

Steve Dunbar was the coordinator of the 
MAA’s American Mathematics Competi-
tions (AMC 8 and AMC 10/12) for 15 years. 
He retired in 2015, and competitions are 
now coordinated by Mark Saul (MAA 
director of competitions). 
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The Williams College Department of Mathematics and Statistics invites applications for two full-time visiting positions in math-
ematics for the 2016-2017 year. The teaching load is four courses. Preference will be given to candidates who will have a Ph.D. 
in mathematics by September 2016.

Applicants can apply electronically at http://mathjobs.org. Evaluations of applications will begin on or after November 15 and 
will continue until the position is filled.  All offers of employment are contingent upon completion of a background check http://
dean-faculty.williams.edu/prospective-faculty/background-check-policy. For more information on the Department of Mathematics 
and Statistics, visit http://math.williams.edu/.  

Williams College is a coeducational liberal arts institution located in the Berkshire Hills of western Massachusetts. The college 
has built its reputation on outstanding teaching and scholarship and on the academic excellence of its approximately 2,000 stu-
dents.  Please visit the Williams College website (http://www.williams.edu). Beyond meeting fully its legal obligations for non-dis-
crimination, Williams College is committed to building a diverse and inclusive community where members from all backgrounds 
can live, learn, and thrive.
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