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Abstract

The PIC Math program works with mathematical sciences 

faculty at US institutions to help them prepare students 

for careers in today’s workforce. PIC Math faculty engage 

their students to solve data science and other research 

problems that come directly from industry. To accomplish 

the program’s objectives, the authors conduct a three-day 

summer training workshop for faculty, provide resources 

and training so faculty can successfully teach a semester-

long course in which students are mentored in solving 

a research problem, and organize a student summer 

recognition conference. In the first three years, 107 fac-

ulty members from 101 institutions, including 16 histori-

cally black colleges and universities and Hispanic-serving 

institutions, have participated in PIC Math. Faculty men-

tored 1,397 undergraduate students in research that came 

from more than 170 business and government agencies.
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Imagine a semester course in which the faculty member 

does not lecture but instead the students work in small 

groups to solve data analytics problems that come from 

business, industry, or government (BIG). In this course, the 

students’ main assignments are to solve a semester-long 

industry problem, write a final 12-page paper about their 

research results, and give a 12-minute oral presentation. 

Also, each research problem originates from an external 

partner who provides the problem, answers questions from 

students, and receives periodic updates from students. The 

students learn how to solve data analytics problems, how 

to work in groups to solve a research problem, and how 

to communicate effectively with their peers in the group 

and with their industry contact. Such a course is the heart 

of the Preparation for Industrial Careers in Mathematical 

Sciences (PIC Math) program. PIC Math is a program 

funded by the National Science Foundation (NSF) and the 

National Security Agency (NSA) with a goal of preparing 

mathematics and statistics students for industrial careers 

by engaging them in research problems from BIG. To 

date, more than 1,300 undergraduates at more than 100 

US universities and colleges have taken PIC Math courses.

Examples of data analytics problems solved by students 

include the following:

• Although the population of Youngstown, Ohio, had 

undergone a dramatic decline and a shift in the location 

of residents over the past 40 years, the police depart-

ment was still using police beats based on a division of 

the city created decades ago. Students in the PIC Math 

course at Youngstown State University received 2014 

crime data from the police department, analyzed the 

data, and proposed several new models for more equi-

table divisions of the city into police beats (Haigler et 

al. 2016). After the students presented their results to the 

police department and the mayor, the police department 

adopted one of the models proposed. 

• The Field Museum in Chicago implemented a crowd-

sourcing project in which the public could help classify 

microscopic plants from a large sample collection. The 

museum received hundreds of thousands of pieces of 

crowdsourced data, most of which was usable. How-

ever, some was not. Students at Roosevelt University in 
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Chicago were asked to devise a criteria for determining 

which of the crowdsourced data was usable and which 

should be rejected. 

• Online players at Kongregate, a browser-based video 

game website owned by GameStop Corp, rate the video 

games on the site. However, some users were submitting 

fake ratings to improve the reputation of their game and 

obtain benefits. Equipped with a large amount of data 

from Kongregate on the users who rate games (userID, 

country, IP address, age of account, number of points, 

and so forth), a group of students at Winthrop University 

in South Carolina responded to Kongregate’s invitation 

and developed an algorithm using data-mining strategies 

to detect fraudulent ratings.

Background

There are growing opportunities for students with exper-

tise in data analytics. In 2011, the McKinsey Global Insti-

tute report on data sciences or data analytics (Manyika et 

al. 2011, 3) projected that, by 2018, “the United States 

alone faces a shortage of 140,000 to 190,000 people with 

deep analytical skills as well as 1.5 million managers and 

analysts to analyze big data and make decisions based on 

their findings.”

To help increase the number of students prepared for 

data analytics, a better connection between the work of 

government, business, industry, and nonprofits and that 

of educational institutions is needed. The National Acad-

emy of Sciences produced a report (National Research 

Council 2012) presenting 10 breakthrough actions vital 

to the prosperity and security of the United States. It rec-

ommended that businesses and universities should work 

closely together to develop new programs that “address 

strategic workforce gaps for science-based employers” 

(National Research Council 2012, 92) and that BIG should 

be involved in university programs “to provide intern-

ships, student projects, advice on curriculum design, 

and real-time information on employment opportunities” 

(National Research Council 2012, 143). Also, the Society 

for Industrial and Applied Mathematics (SIAM) released a 

report on mathematical sciences in industry (SIAM 2012) 

containing a list of suggestions and strategies based on 

surveys, interviews, and focus sessions with mathematical 

and computational scientists from industry. A major theme 

among these suggestions is to promote more interactions 

between academia and industry, and to expose students to 

the type of work done in industry. 

A successful way to prepare students for data science 

careers is to provide them with opportunities to work 

on significant, real problems from BIG. In other words, 

provide them with research opportunities consisting of 

problems from business, industry, and government instead 

of problems from academia. In addition, care must be 

taken not to simplify the problems for the students so 

much that they start to resemble standard classroom prob-

lems. In addition, the benefits of undergraduate research 

are numerous. Studies have shown that students who 

are engaged in research are more successful during and 

after college in terms of problem solving, critical think-

ing, independent thinking, creativity, intellectual curiosity, 

disciplinary excitement, and communication skills (Bauer 

and Bennett 2003; Lei and Chuang 2009; Mabrouk 2009; 

Seymour et al. 2004). Many of these are skills desired by 

employers of data scientists for their employees. Also, 

studies have shown that students from underrepresented 

groups have improvements in grades, retention rates, and 

motivation to succeed in graduate school (Barlow and Vil-

larejo 2004; Ishiyama 2001; Ishiyama and Hopkins 2002). 

Combining these two components—research problems 

coming from industry and students being mentored in 

undergraduate research—can be a successful approach to 

increase the number of students who graduate from col-

lege prepared for a career in data science.

The PIC Math Program

The PIC Math program, founded and directed by the authors, 

prepares mathematical sciences students for data science 

and other careers in industry by engaging them in research 

problems that come directly from industry. Specifically, it 

aims to increase awareness among students and faculty in 

the mathematical sciences about career options in industry, 

provide research experience working on real-world prob-

lems from BIG, and prepare students for industrial careers. 

The PIC Math program includes the following:

• a three-day faculty summer workshop that provides 

faculty with information and training to prepare students 

for industrial careers,

• a spring-semester course in which students work on a 

research problem from industry and communicate their 

work while learning skills to prepare for a career in 

industry,

• a student recognition conference.

Faculty applying to be considered for the program must 

submit a one-page statement of interest, provide a letter 

of support from their supervising chair or dean, and give 

basic information about themselves and their prospective 

PIC Math students.

Faculty Summer Training Workshop

A three-day faculty summer workshop is held on the cam-

pus of Brigham Young University to train faculty members 

to teach the course and mentor students in research. Topics 

for the workshop include the following:

• information on nonacademic careers and internships for 

undergraduate students,

• guidance on developing business and industry connec-

tions and partnerships,
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next step is for students to view the companion video that 

explains a way to approach the problem.

Faculty members usually take a few days at the start of 

the PIC Math course presenting background material that 

will be helpful for the research project. This material could 

include some background on coding and using software to 

help deal with large data sets, or a discussion on how to 

clean data (e.g., how are errors or omitted data in the data 

set handled). However, faculty members are encouraged 

to allocate most of the class time for student work in their 

groups to solve the research problem. For this, students 

could discuss potential approaches to solving the problem, 

break the problem into smaller and more manageable 

pieces, work on solving those smaller pieces of the prob-

lem, learn new concepts they might need to solve a piece 

of the problem, interact with the company liaison, present 

the current status of their solution to the class, and keep a 

written record of what they have tried so far. Each group in 

the course finishes with a solution to its research problem, 

creates a video recording of a 12-minute oral presentation 

of its solution, and writes a 12-page paper on its research 

problem and solution. These are shared with the team’s 

industrial liaison who proposed the problem and who 

worked with the students during the class.

Finding appropriate research problems is important. The 

program directors could just give the faculty members a 

research problem that they have obtained from contacts 

in industry. However, it is better to train the faculty 

members on how to develop contacts in BIG and on how 

to obtain a suitable research problem for their students 

to work on in the PIC Math course. By training faculty 

members to develop BIG contacts and supporting them 

in this progress, the likelihood is increased that faculty 

members will continue to teach a PIC Math-type course 

after the end of the NSF grant and thus sustain the overall 

effort. All PIC Math instructors make some contacts in 

industry, and a majority of the instructors have obtained 

suitable research problems from these contacts for their 

students to work on during the spring-semester course. 

The PIC Math program directors, however, also find 

industrial liaisons and research projects so that if a fac-

ulty member is unable to secure an appropriate project 

in time for a spring-semester course, they can work with 

one of these reserve problems.

About 90 percent of the problems obtained from industry 

are data science problems such as those mentioned at the 

beginning of this article. Many companies may have a 

large amount of data but may not have the time or the 

expertise to analyze it. These companies are willing to 

share this data with faculty members and students to obtain 

answers to their questions and to participate in the process 

of training and developing the future labor market. Also, 

all of the problems have a contact person from industry, 

• exposure to data science and other problems that arise 

in industry,

• training on mentoring students to work on research 

and on helping students develop skills that are valued 

by employers (e.g., speaking and writing, working in 

groups, working on open-ended unsolved research prob-

lems, and coding or programming), and

• preparation for teaching a PIC Math course.

Typically, the attendees include about 35 first-time PIC 

Math instructors, three returning PIC Math professors 

who share their experiences from participating in the 

program during a previous year, three mathematical 

scientists who work in industry, and the PIC Math co-

directors. Some self-funded, non-PIC Math faculty often 

attend because of their interest in the program. Feedback 

about the workshop from the faculty participants has 

been extremely positive.

A Spring-Semester Research Course Using 
Problems from Industry

PIC Math faculty members teach a credit-bearing course 

in the spring semester at their institution focused on solv-

ing data science or other industry problems. The course 

targets undergraduate students majoring in mathematics 

and statistics but is open to students of all majors. Class 

sizes typically range from 5 to 15 students. Teams of 3 to 

5 students are formed, and each team spends the semester 

working on a research problem received from a BIG part-

ner. This helps the students develop their problem-solving, 

teamwork, and communication skills. Occasionally, two 

teams in a class may elect to work on the same industrial 

problem, each taking a different approach or focusing on a 

different aspect of the larger problem.

The PIC Math program also has produced the PIC Math 

Industrial Case Study videos (see MAA n.d.a). These 

are four, 2-video sequences highlighting some research 

problems encountered by mathematicians and statisticians 

outside of academia. The first video in each sequence fea-

tures a mathematical scientist in industry talking about his 

or her career and the type of research problems in his or 

her workplace. The second video in the sequence features 

a faculty member presenting some technical background 

and an approach that can be used to make progress on 

the industrial research problem. For example, the video 

sequence pair “Improving Marketing Strategies” presents 

a problem in which data analytics is used to help an online 

company distinguish between its business customers and 

its private consumers from messages on gift cards. Fea-

tured on this pair of videos are Jonathan Adler Nolis, a 

consultant, and Talithia Williams, an associate professor of 

mathematics at Harvey Mudd College. At the start of the 

semester, it is a helpful activity for the students to watch 

the first of one of the video pairs in class, then discuss how 

to begin to solve the problem presented in the video. The 
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which provides the students with experience communicat-

ing and interacting with people in industry. 

Faculty members teaching the PIC Math course and oth-

ers can consult the PIC Math course resource website (see 

MAA n.d.b) for sample course syllabi and schedules, sam-

ple research problems from industry, sample video presen-

tations by students on their research, and other resources. 

The site is not limited to just PIC Math participants and 

has been used as a resource by some non-PIC Math faculty 

to teach a PIC Math-type course.

At the end of the PIC Math course, the faculty member 

selects one research group in the course as the “official 

PIC Math group.” That group submits its 12-page written 

paper and the recording of its 12-minute oral presentation 

to the PIC Math directors. Each portfolio is sent to two 

mathematical scientists from industry or university faculty 

who have extensive experience working on research prob-

lems from industry for review. Reviewer feedback is sent 

to the PIC Math faculty.

Student Recognition Event

The PIC Math program holds a student recognition session 

at a national summer mathematics conference with funding 

for students from the “official PIC Math group” to attend. 

During this session, the students present their solution to the 

research problem and attend presentations from two indus-

trial mathematicians about their professional experiences.

Results

During the first three years of the program, 107 faculty mem-

bers from 101 higher education institutions participated  

in the PIC Math program. These institutions are located 

in 32 US states and Washington, DC (see Figure 1), and 

include 10 Hispanic-serving institutions (HSIs) and six 

historically black colleges and universities (HBCUs). In the 

mathematics departments at these 101 institutions, 14 offer 

a PhD degree, 23 offer a MS/MA degree, 63 offer BS/BA 

degrees, and one offers an AS degree as its highest degree. 

In total, 1,397 undergraduate students participated in the 

PIC Math program during the first three years—40 percent 

were female students, and 21 percent were students from 

underrepresented ethnic groups. These statistics are sum-

marized in Table 1. Altogether, participating undergraduate 

students have coauthored 147 research reports and papers, 

and have delivered more than 150 conference presenta-

tions. There have been 166 industrial partners.

Findings from an October 2016 survey of PIC Math faculty 

and students indicate that the main goals of the PIC Math 

program are being met. Program faculty were asked about 

their opinions about the PIC Math summer workshop, as 

well as their experiences working with industry partners 

and in teaching the course. Students were asked for their 

opinions about the course, and how it affected their thinking 

about careers in industry and their interest in mathematics 

careers in industry. Both faculty and students reported an 

increased awareness of nonacademic career options and felt 

the real-world problems addressed in the PIC Math courses 

were challenging and led to increased understanding of the 

math involved. They also reported that the program greatly 

contributed to the outcomes for the course (see Table 2). 

Stories from students participating in the program show 

that students were offered jobs in industry as a result of 

FIGURE 1. Locations of Participating Universities/Colleges
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contains sample syllabi, course schedules, letters to 

industry partners requesting research problems, data sci-

ence problems from industry, and grading rubrics can be 

shared. Faculty interested in participating in the summer 

workshop can visit the PIC Math Workshop on Data 

Science webpage (see MAA n.d.c) for information and 

should contact the authors.
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