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A Model for an Interdisciplinary Undergraduate Research Program

Julie LEGLER, Paul ROBACK, Kathryn ZIEGLER-GRAHAM, James SCOTT,

Sharon LANE-GETAZ, and Matthew RICHEY

In the May 2009 issue of The American Statistician, Brown
and Kass (BK) offered thought-provoking answers to the ques-
tion “What is Statistics?” which have direct implications for
statistics education. For five years, St. Olaf College’s Center for
Interdisciplinary Research’s (CIR) activities have aligned with
BK in both philosophy and practice. We describe the program’s
motivation and design, how we recruit students and find faculty
collaborators with suitable projects, and how the teams of fac-
ulty and students work together. A research skills seminar series
parallels the research process and prepares students for work-
ing on teams. Inevitably, administrative issues arose which we
identify and address. Landes (2009) identified significant issues
related to recruiting. Our model of undergraduate education has
proved to be fruitful on this front. Sending nearly 50 students
to graduate school in five years from a college of fewer than
3000 speaks to the program’s efficacy. Here we present a pro-
gram based on authentic interdisciplinary research with under-
graduates which embodies many of BK’s ideas and addresses
recruiting issues. Although this experience underscores the po-
tential for new and exciting approaches to statistics education in
the liberal arts environment, the model itself can be adapted by
a variety of undergraduate programs. Supplemental materials
are available online.

KEY WORDS: Collaboration; Graduate school; Mentoring;
Nonstatistical skills.

1. INTRODUCTION AND OVERVIEW

In the May 2009 issue of The American Statistician (TAS),
Brown and Kass (BK) (2009) offered thought-provoking an-
swers to the question “What is Statistics?” which have direct
implications for statistics education. For the past five years,
St. Olaf College’s Center for Interdisciplinary Research (CIR)
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has aligned with BK in both philosophy and practice. A large
number of activities have taken place as part of the mentor-
ing grant funded by NSF (grant 0354308), but as the program
evolved it has been the Center for Interdisciplinary Research
that has become the focal point. The St. Olaf CIR exposes un-
dergraduate students to what statisticians really do. In many
ways, it is similar to models of undergraduate research in the
laboratory sciences. Students learn about statistics by doing sta-
tistics in authentic collaborations with researchers from other
disciplines such as biology, economics, linguistics, psychology,
chemistry, and political science. They work in Interdisciplinary
Research Teams consisting of three to four undergraduate sta-
tistics students and two faculty members: a “domain expert”
from another discipline and a statistician serving as a mentor
to the students. The research projects the teams tackle are both
in-depth and long-term, extending through an entire academic
year and occasionally into the following summer.

Students are guided in their research throughout the year by
attending a Research Skills Seminar Series that complements
the activities of the research process. The focus of the series is
communication skills—communicating with researchers from
other disciplines, communicating through technical and non-
technical talks, communicating via posters and scientific pa-
pers. The series also provides information and inspiration about
statistical careers with visits from practicing statisticians and
graduate students among others. In addition, weekly evening
meals preceding the seminars have been an unexpected source
of community building among the statistics students.

The purpose of this article is to describe an example of a pro-
gram based on authentic interdisciplinary research with under-
graduates which embodies many of BK’s ideas and addresses
the issue of recruiting. We maintain that the CIR is not an iso-
lated, anomalous effort. We contend that such a program, in var-
ious forms, is possible at many undergraduate institutions. It is
our hope that CIR provides some inspiration for others. Toward
that end, we describe the motivation and design of St. Olaf’s
CIR along with lessons we have learned and practical guidance
based on our experience. However, we begin at the end—by
describing the impact of the CIR at St. Olaf College, with spe-
cial emphasis on the program’s success at contributing to the
graduate school pipeline.

2. IMPACT OF CIR

Over its five-year grant period (2004-2009), the CIR has had
significant impact on what our students study as undergradu-
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ates, the kind of work they produce while in school, and what
they do after graduating. It has also invigorated interdiscipli-
nary research on campus. It is fair to say that the observed im-
pact has far exceeded our expectations.

2.1 Student Research

An immediate effect of CIR is the change in what our stu-
dents produce as undergraduates. From the 2004-2005 acad-
emic year to 2008-2009, the 116 students (several students par-
ticipated more than one year and are double counted in this to-
tal) who made up CIR teams worked on 42 projects, produc-
ing and presenting one or more posters for each project. Each
team formally presents their results in oral and written form to
their collaborators and to the St. Olaf community through the
annual St. Olaf Science Symposium. In addition, students have
presented their work in a variety of external venues including
the National Conference on Undergraduate Research, Posters
on the (Capitol) Hill, and Expert Panels at the World Health
Organization.

2.2 Postgraduation Plans

Among many others, Landes (2009) identified the recruit-
ment of students into the statistics profession as a priority. Dur-
ing the five-year NSF grant period (2005-2009), 102 students
earned statistics concentrations compared to 69 a decade ear-
lier (1995-1999). More impressively, 47 went on to statistics
or epidemiology graduate programs from the classes of 2005—
2009 while we could identify only 5 to possibly 7 students who
went to graduate school in statistics in the five-year period a
decade earlier.

Rather than go directly to graduate school, a number of stu-
dents choose to seek employment as statistical analysts at places
like the Mayo Clinic and the U.S. Census Bureau upon gradu-
ating. Others take time out after receiving prestigious awards
such as a Rhodes Scholarship or a Fulbright Scholarship, some
with intentions to go to graduate school at a later date. The CIR
program has also been popular with pre-med students, and we
are happy to send such statistically literate students to medical
schools.

2.3 Campus Research Community

CIR activities have invigorated research all over campus. Stu-
dents along with their statistics mentors provide a service to
the campus community by enriching faculty research with ap-
propriate statistical methods. Regular weekly meetings help re-
searchers continue to make progress during the busy academic
year.
The CIR has even changed the physical landscape, albeit in
a modest way. A room dedicated to the CIR was included in
the new science building at St. Olaf, conveniently and symbol-
ically located in the link between the natural sciences and the
mathematical sciences. This room is open to CIR students and
their collaborators during the day and evening. It serves as a
recruiting tool of sorts for students who might consider a sta-
tistics concentration, and it serves as a reminder to faculty that
there are resources for them when planning a study and ana-
lyzing data. Although modest in its impact, it underscores the
importance of keeping visible to potential new students, and it
is a manifestation of the college’s support.

60  General

2.4 The Statistics Curriculum

The CIR has had a significant impact on our statistics cur-
riculum. The development of the CIR has coincided with radi-
cal changes in our statistics concentration. The statistics courses
in our former concentration were probability, mathematical sta-
tistics, and linear models in that order. The overhauled concen-
tration now affords students the opportunity for a full year of
applied courses—Statistical Modeling [multiple linear and lo-
gistic regression at the level of The Statistical Sleuth by Ramsay
and Schafer (1997)] and Advanced Statistical Modeling (gener-
alized linear models and correlated data methods)—without re-
quiring probability and statistical theory. Following Statistical
Modeling, students may choose to study probability and statisti-
cal theory. Alternatively, students who are not mathematics ma-
jors may choose from discipline-specific methods courses such
as psychology methods, design of experiments, or biostatistics
in Geneva. As BK recommended, students are now poised to
begin applied research earlier in their career and are welcomed
even if they come from disciplines other than math and do not
intend to take probability and statistical theory. We have found
this to be an effective approach and have had a number of “non-
math” majors declare an interest in statistics and begin taking
mathematics courses to prepare for graduate school.

More than a reordering of courses is taking place. The con-
tent of the curriculum is changing, particularly in the Sta-
tistical Theory and the recently created Advanced Statistical
Modeling courses. Statistical modeling is now required prior
to taking Statistical Theory. (Statistical Theory also requires
probability theory.) After exposure to statistical thinking and
real data in Statistical Modeling, students in Statistical Theory
now have an applied context in which to place the theoretical
ideas they study. With the applied context, students in statis-
tical theory can tackle much more than the traditional set of
topics covered in mathematical statistics. Having delved into
applied research, they can see the value of ‘new’ statistical the-
ory topics such as MCMC and bootstrapping. According to BK,
“...courses tend to be categorized as either theoretically ori-
ented for math/statistics majors or methods oriented ‘service
courses’ for other disciplines.” Curiously, while a “theoretical”
course like Statistical Theory addresses practical tools such as
bootstrapping and MCMC, our “applied” courses introduce stu-
dents to notions such as likelihood and exponential families.

An advantage of the former course sequence (Probability,
Math Stat, Linear Models) is its ready appeal to some math-
ematics majors, but the sequence proved to be intimidating to
many interested nonmath majors and too obscure for those math
majors drawn to application. A danger of starting students in
applied courses is the potential lack of appeal to math majors.
The “applied” courses in our curriculum now include accessi-
ble theoretical concepts helping us to represent “the discipline
as being rich in profound concepts” as BK suggested. We have
not strived to offer courses to cover every possible method CIR
students may encounter. Rather, students start with a founda-
tion in regression and then learn “just in time” statistical meth-
ods needed for their projects. As BK suggested, once we un-
derstood our “...primary mission as helping students develop
an ability to think like statisticians, [we were] freed from the
constraints of excessive content—flexibility is paramount.” Our
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course content now more accurately reflects what we believe to
be the important features of the undergraduate experience in
statistics.

3. CIR MOTIVATION AND DESIGN

3.1 Pipeline: A National Need

Landes (2009) (see BK for appropriate form) called for im-
proved action tailored to recruiting students to the profession;
mentoring undergraduates in the field of statistics with the aim
of encouraging them to attend graduate school in statistics has
been the overarching goal of our program. A motivation for
the CIR program ultimately stemmed from the “unprecedented
demand for statisticians—a demand that has gone largely un-
met” (Dixon and Legler 2003). An NSF report (2003) ranked
filling the pipeline with students for graduate study in statis-
tics as a top priority to address the critical shortages of statis-
ticians in science, medicine, industry, government, and acad-
emia. The St. Olaf College program provides a model for ways
in which undergraduate statistics programs can help to fill the
pipeline by addressing two critical transition points in the career
paths of statisticians—deciding to study statistics and deciding
to pursue graduate study.

The design of the CIR program was also motivated by newly
emerging issues for educating undergraduates in statistics. At
its foundation, the CIR incorporates interdisciplinary inquiry-
based learning with explicit attention to nonmathematical skills.
Each of these crucial program tenets will be described more
fully below.

3.2 Experientiality

In 2006, the PKAL Report on Reports II (Project Kaleido-
scope 2006) recommended that each undergraduate be afforded
the opportunity for “personal experience with inquiry-based
learning that brings him or her to a deep understanding of the
nature of science, the language of mathematics, the tools of
technology.” They went on to suggest that these research oppor-
tunities take place outside the classroom and even off-campus.
Their recommendations for producing well-prepared graduates
included establishing collaborations of academe, business, and
civic groups. The Center for Interdisciplinary Research (CIR)
was conceived as an experiential component focusing on in-
depth inquiry outside the classroom.

3.3 Interdisciplinarity

Why not create an experiential program solely within the sta-
tistics program? Why have it be interdisciplinary? There are
at least two compelling reasons. First, there has been national
recognition of the value of research involving two or more dis-
ciplines. One example of this commitment to interdisciplinary
learning can be found in the Futures Initiative by the National
Academies and the Keck Foundation in May 2003. The pur-
pose of the program was to tap the full potential of interdisci-
plinary research. “Training individuals who are conversant in
ideas and languages of other fields is central to the continued
march of scientific progress. ..” (National Academies and Keck
2003, http://www.keckfutures.org/). Again in 2004, a National
Academies publication made a strong case for training work-
ers with interdisciplinary experience who work well in a team

setting. In their article, BK made a specific recommendation to
“Encourage deep cross-disciplinary knowledge.”

The second compelling reason for an interdisciplinary pro-
gram is the changing practice of statistics. There was a time
when statisticians spent very little time with researchers from
other disciplines except to “consult” on sample size or obtain-
ing a p-value. BK recognized the shortcomings of this perspec-
tive for modern educators: “Statistics departments often act as
if they are preparing short term consultants—able to answer cir-
cumscribed methodological questions based on limited contem-
plation of context. This short term model relegates the statisti-
cian to a subsidiary position.” Now it is much more common to
find a statistician participating as part of a team of scientists, as
a collaborator. BK suggested that “...in today’s dynamic and
interdisciplinary world, success in confronting new analytical
issues requires both substantial knowledge of a scientific or
technological area and highly flexible problem-solving strate-
gies.” We agree that “the discipline of statistics needs to recog-
nize our new situation and act accordingly.” Thus, participation
in CIR requires that students (and faculty) be willing to work
hard to learn about another discipline in order to be an effective
contributor.

3.4 USEI Guidelines

The changing practice of statistics has numerous implica-
tions for statistics education. Many of these recommendations
are spelled out in the American Statistical Association (ASA)’s
Undergraduate Statistics Education Initiative (USEI), which
provided much of the scaffolding for the design of the CIR.
Many readers of TAS know that the American Statistical Asso-
ciation convened experts from academia, government, and in-
dustry to make recommendations for training today’s statisti-
cians at the turn of the Millennium. These experts proposed the
Undergraduate Statistics Education Initiative which was even-
tually sponsored by the ASA as Curriculum Guidelines for Un-
dergraduate Programs in Statistical Science. The USEI recom-
mendations appear in the works by Bryce (2002), Bryce et al.
(2001), and Tarpey et al. (2002). The guidelines set forth five
sets of skills:

1. Statistical skills

2. Mathematical skills

3. Nonmathematical skills
4. Computing skills

5. Substantive area skills.

The CIR facilitates skill building in all five of these areas.

Statistical Skills

CIR students often explore statistical methods appropriate
for their data, even if they have not been exposed to the meth-
ods in a formal classroom setting. Examples have included
Bayesian inference for phylogenetic trees, random forests, or-
dinal regression, and Mantel tests for distance matrices.

Mathematical Skills

As BK stated, “...students who want to solve real problems
will be attracted to cross-disciplinary research” of the type that
occurs in the CIR. Inspired by solving real problems, many
CIR students have been motivated to increase their mathemat-
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ical skill set to better understand statistical methods they may
use, including math majors who proceed to take courses like
statistical theory and real analysis, and nonmath majors who
take courses ranging from linear algebra to probability theory.

Nonmathematical Skills

The authors (Bryce 2002) note that “Non-mathematics based
statistical skills are currently the ones most likely to be ne-
glected in a statistician’s education.” Components of the CIR,
especially the weekly research skills seminar series, are de-
signed to explicitly develop nonmathematical skills, including
the ability to write clearly, speak well, and use appropriate me-
dia in presentations. Such communications should include de-
livery to large or small audiences, both technical and nontechni-
cal in nature. Teamwork is another nonmathematical skill and is
also an integral part of what a statistician does. According to the
USEI, “opportunities to practice these skills should be included
in a variety of venues in an undergraduate program.”

Computing Skills

“In practice the statistician is also called upon to man-
age data collection processes. This requires skill at organiz-
ing and managing projects and understanding how problems
are formulated....” Among those who were a part of USEI,
there was unanimous agreement on the need for the undergrad-
uate statistics curriculum to include a heavy emphasis on data
analysis. Depending upon the project and mentor, students will
be using Stata or R extensively. This emphasis reflects mod-
ern statistical practice, and also helps position students for ca-
reers either in industry or graduate school. They should have
experience with “messy” data and with cleaning and download-
ing data; every CIR project provides such an opportunity. BK
echoed these sentiments, stating that training statisticians re-
quires “analysis of procedures for data collection, prediction,
and scientific inference.”

Substantive Area Skills

Every research team begins with a thorough literature review
of the subject area for their research question because an effec-
tive statistics collaborator must understand the science behind
the data they are analyzing. Successful research teams have of-
ten included students who have majors in the field of the domain
expert.

Participation in the CIR requires skills from every one of the
areas mentioned in the USEL In the past, training statisticians
focused on statistical and mathematical skills. Now adding em-
phasis on nonmathematical and substantive area skills prepares
students in the very skills needed for interdisciplinary research.

4. ACTIVITIES/COMPONENTS OF CIR

4.1 Recruiting and Selecting Students

At St. Olaf, we invite eligible students to apply to be CIR
Fellows. Eligible students must have an exemplary academic
record and good recommendations from other faculty. It is crit-
ical that students accepting the fellowship be hard working, re-
liable, and capable of working together in groups.

Applicants are required to have successfully completed an
applied regression course (at St. Olaf, the text used for this
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course is Statistical Sleuth by Ramsey and Schafer). This low
minimum course requirement has worked well for us. Even with
no additional courses in the curriculum, students have been able
to learn about new methods such as classification trees or sur-
vival analysis in their research teams. Repeated group presen-
tations to one another also disseminate an awareness of other
methods; not all groups will develop the same set of expertise,
and not having certain upper-level courses need not be a defi-
ciency. Our approach is consistent with BK’s recommendation
that the “. . .prerequisites to research” be minimized.

Another appealing argument made by BK that we have taken
to heart is the idea that we “. . .broaden the notion of what a sta-
tistician is.” BK asked: should students “without calculus and
strong scientific backgrounds” be considered prime candidates
for earning statistics degrees? In the past we sought statistics
concentrators mostly from among mathematics majors. While
the pool of mathematics majors remains a good source of sta-
tistics concentrators, we now look for strong students in any of
the natural or social sciences. There are times when CIR stu-
dents have an excellent preparation in science but have not yet
pursued extensive training in mathematics. Our experience has
been if these students develop a strong interest in the field of
statistics while in CIR they are more than willing to pick up the
essential mathematics. While BK argued for this approach at
the graduate level, it is worthwhile considering this approach at
the undergraduate level where students are more likely to find
the time and support to succeed in the mathematics courses.

Students’ attitudes play a critical role in a collaboration and
should be kept in mind when selecting fellows. Statistics faculty
model interactions with collaborators for the students initially,
but eventually students assume the primary statistical role in the
collaboration. This requires that students be respectful, articu-
late, patient, humble, and good listeners.

We are not shy (this was especially true during the formative
years of the CIR) about promoting the CIR to targeted students
and recruiting specific students. Statistics faculty promote the
CIR both in introductory courses to encourage students to keep
taking statistics and in core courses to encourage students to
apply. We also approach promising students individually to let
them know about opportunities in statistics at St. Olaf and be-
yond. In addition, we have two evenings of CIR presentations
to introductory statistics students (who were offered extra credit
for attending) each semester which serve very effective dual
purposes—the introductory students learn what the CIR is all
about from their peers in the program, while the CIR students
get practice giving oral presentations to a nontechnical audi-
ence, describing their research project and the statistical meth-
ods they plan to employ.

In the early years of CIR, we tried to accommodate as many
students as possible, including some who were marginally qual-
ified. St. Olaf Mathematics is known for its “Big Tent” philos-
ophy, and it is a philosophy that we in statistics take to heart.
This philosophy produced a few surprising success stories, but
also a few problems with students not carrying their weight in
their groups. We now set an upper limit on the number of stu-
dents (usually 3 times the number of projects) and make tough
choices where necessary, although we maintain enough flex-
ibility to accommodate borderline students with potential for
statistics beyond St. Olaf.
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4.2 Recruiting and Selecting Projects and Collaborators

4.2.1 Collaborators

Like many undergraduate colleges, we discovered that many
St. Olaf faculty members are performing research that could be
enhanced by statistical expertise. When we started seeking out
potential research projects and collaborators at the beginning of
the CIR, we were surprised at the number and variety of viable
research projects which existed. Many nonmathematics depart-
ments in undergraduate institutions are hiring new faculty with
research which makes use of quantitative methods. It is our be-
lief that this is not unique to St. Olaf; we are confident that
most undergraduate institutions across the country also have a
rich source of research problems that are accessible to under-
graduate statistics students.

In the spring we approach faculty from other disciplines to
solicit problems for the following CIR year. We have found
faculty members are willing and even eager to describe their
research over a cup of coffee or a face-to-face visit to their of-
fice. During this conversation, we describe the CIR structure
to our colleague, and most are very interested in becoming in-
volved with the CIR upon learning that, at no cost to them other
than an hour or so per week, they will have three capable sta-
tistics students, mentored by a statistics faculty member, work-
ing exclusively on their project over the academic year. Despite
the relatively low minimum time commitment, it is neverthe-
less important to gauge a potential collaborator’s interest level
and ability to maintain consistent engagement. In order for us
to continue to consider their research for a CIR project, we ask
that each potential collaborator write a paragraph to describe
his or her research and assemble a list of important background
papers. Faculty who are unable to take the time to fulfill this
modest request are usually no longer considered.

Although the majority of our collaborators are faculty col-
leagues, we have had very good luck with administrative staff
as well. We have gotten excellent projects and found good men-
tors in the admissions, financial aid, advancement, and evalua-
tion and assessment offices.

‘We make a concerted effort to have a large proportion of CIR
projects originate from internal (St. Olaf) sources. Not only do
St. Olaf colleagues provide a rich and deep source of poten-
tial projects, but we believe that reaching out to and working
side-by-side with colleagues from other departments and of-
fices helps create an interdisciplinary culture on campus and
increases the visibility of the statistics program to students and
faculty alike.

Of course, we have periodically undertaken projects from
external sources, primarily based on contacts of the statis-
tics faculty with researchers at other schools or organizations
such as the World Health Organization. We have even orga-
nized projects around data our students had collected while
working with nonprofit organizations during the summer (e.g.,
health care in rural Guatemala). A greater proportion of ex-
ternal projects tend to be run during the summer, but the pri-
mary emphasis of this article is on academic-year research
programs. Most of these projects from external sources have
worked smoothly; the few challenging projects we experienced

tended to be the result of collaborators who were less commit-
ted or accessible, or when the nature of a project was more con-
ducive to face-to-face interactions.

When inviting collaborators, we aim for a diverse set of
research—different disciplines and various statistical methods.
For instance, we have worked with Exercise Science, Educa-
tion, and Political Science, and we anticipate projects in litera-
ture, music, and religion based on conversations with potential
collaborators. This diversity enriches the statistics faculty ex-
perience and also that of the CIR students, who will hear about
other groups’ research throughout the year. The intent is to il-
lustrate to the students that statisticians can work in a wide va-
riety of areas. Because we always collect more potential prob-
lems than our teams can handle, the students are able to identify
problems that interest them and statistics faculty can form teams
based in part on statistical methods they would like to explore.

Characteristics of good collaborators include organization,
reliability, and dedication to their research and students. They
must be generous with their time, gracious about any findings,
and, maybe above all, exude intellectual enthusiasm. Collabo-
rators’ passion and enthusiasm is contagious to both CIR stu-
dents and faculty mentors. An unsolved research problem that a
collaborator is passionate about can generate genuine suspense
that a straightforward textbook problem cannot. What will we
find? The collaborators’ investment also provides a powerful
source of motivation for students—it is not the statistics profes-
sor cracking the whip but rather a commitment to the collabo-
rator that drives the students.

Dr. Rika Ito, a linguist at St. Olaf, is an example of an enthu-
siastic collaborator. At our very first meeting, the entire team—
students and statistics faculty alike—learned a lot about the
field of linguistics. Dr. Ito described the importance of linguis-
tics in dramatic terms, impressing us all with the way in which
linguistics could tell us about our changing society and how
people’s lives are affected by their patterns of speech. She de-
scribed the painstaking effort that goes into collecting linguis-
tics data, as well as the critical questions she hoped to answer
with the data. As the project progressed, CIR students would
eventually find themselves explaining the statistical methods
they were using to address these questions. In this case, CIR
teams worked on research problems Dr. Ito brought to us for
three years.

4.2.2 Research Projects

Our requirements for projects are simple. The project must
be a real-life, unsolved problem of interest to the researcher and
his/her colleagues. This is in line with BK’s recommendations
that training statisticians involve “real-world problem solving,”’
and that “project courses especially at the undergraduate level
can be helpful” [emphasis the authors’]. The research project
itself must be rich enough to provide a year’s worth of work
by three or four students. It should be an unsolved, but solv-
able problem (at least in pieces). Problems are typically com-
plex, often requiring a large amount of disciplinary background
knowledge. The data are often messy, and at the start the ques-
tions may not be well-posed. Time is explicitly designated in
the CIR schedule to learn about the subject area and manage
the data.
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It is incumbent upon the statistics faculty to ascertain whether
a problem is viable or not. It should involve data that can be
cleaned in a reasonable amount of time. It should have some
depth but not be so complex that it cannot be tackled in an aca-
demic year. Most real projects provide a good experience, even
if many of the statistical methods used are from an introduc-
tory course. Student researchers should always be encouraged
to investigate basic descriptive statistics with their data. Some-
times that is all the domain expert needs. There is almost always
a chance to investigate more complex statistical methods once
the researcher’s questions have been answered. A good project
will often have several possible stages/levels to complete, so
success can be achieved even without doing “everything on the
list.” For briefer research questions, CIR fellows hold weekly
office hours available to faculty, staff, and students doing in-
dependent research projects. The CIR Team Project provides
depth and the office hours provide breadth.

Although less typical, we have started projects where data
collection is planned but no data are in hand. These projects
can work fine (and actually allow students input into data col-
lection planning) as long as there is reasonable confidence that
the students will have sufficient time to analyze the data. For
example, we recently developed a successful partnership with
one group of three CIR students and an upper-level research
methods class in sociology. The class consisted of a large data
collection and analysis project designed to investigate open so-
ciological research questions with a campus survey. The CIR
students were each assigned to research groups within the class
and collaborated with them throughout the process of forming
research questions, designing a survey, collecting the data, or-
ganizing and analyzing the data, and presenting final results.

While it is desirable to obtain some results by the end of the
academic year, it is okay to have work remaining. If other re-
search questions arise during the course of the year or if cer-
tain analytical approaches remain unexplored, a team may con-
tinue its work into the summer. Seeing how research generates
as many questions as it answers is a valuable lesson.

The nature of real research introduces the danger of a team
not finding anything ‘significant.” While statisticians find this to
be a natural part of the scientific process and not a major con-
cern, it seems as if most of the examples in the students’ texts
discover some statistically significant relationship. No signifi-
cant results, however, can be a teachable moment, introducing
students to real-life research.

A list of project descriptions from past years is included
among the supplemental materials online.

4.3 Research Team Activities

A typical overview of research team activities over the course
of an academic year follows. We will discuss each phase in
more detail below:

September: teams form; opening banquet
September—October: literature review; data cleaning; inter-
personal communication

November: research plans talk; submit abstract
November—March: data analysis; investigate new methods
April: poster presentations

May: write manuscript; finalize research log; end-of-year

party.
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September: Teams Form; Opening Banquet

In many settings, statisticians work in diverse teams with
colleagues from other disciplines. This team-based model was
adopted for the CIR not only to provide students exposure to
the way in which so many statisticians work today but to also
provide collegial assistance and support to one another. While
most projects are not overwhelming, nearly all of them require
“many hands” for data collection or management, for subject
area expertise, for statistical analyses, and for communicating
results in talks, posters, and scientific papers.

In our experience, two is the minimum for a team and five has
felt like too many. In general, three seems to be the ideal num-
ber for balancing student engagement, having sufficient peer
support to get the work done, and efficiently using faculty time.
In fact, one of the secondary motivations for setting up a struc-
tured program like the CIR is to allow faculty to mentor more
students more thoroughly than one could as an advisor to indi-
vidual research projects.

Student teams work during the academic year, usually meet-
ing weekly with both the statistics mentor and the collaborating
researcher. Teams also meet on their own to discuss ideas, per-
form analyses, and plan ahead. Some research also takes place
during the summer, for which students and faculty receive a
stipend, but this article focuses on our academic-year under-
graduate research program.

A compelling motivation for students is that they have an
obligation to the collaborator and statistics program. They must
have things done on time, assure accuracy, and use appropri-
ate methodology. To make sure that these obligations are un-
derstood by students, it is necessary to explicitly address this
with students at the outset and throughout the year. We lay out
complete expectations for CIR Fellows at an Opening Banquet
attended by all students, statistics faculty, and domain expert
collaborators.

September—October: Literature Review; Data Cleaning; Inter-
personal Communication

BK’s concern that statistician training focuses on being
“...able to answer circumscribed methodological questions
based on limited contemplation of context. .. relegat[ing] the
statistician to a subsidiary position” struck a chord with us. We
heartily agree that “A statistician will have more impact gen-
erating ideas for scientific investigations if they understand the
context” (BK). We are adamant that research team members
learn as much as they can about the research area subject at the
outset. It is our belief, and our experience as collaborators in
a number of different settings, that acquiring in-depth subject
area knowledge as it relates to the research question at hand dis-
tinguishes statisticians as real collaborators and in no way sub-
sidiary. Domain experts pass along references which provide
subject area background and potentially show other analytical
approaches taken by other researchers.

Early on, we focus heavily on developing interpersonal com-
munication skills that will allow students to function well in a
team environment and communicate well with their collabora-
tors. Statisticians must be able to offer careful, straightforward
explanations to collaborators. Students can easily fall into using

This content downloaded from 71.232.212.173 on Sun, 06 Jan 2019 16:23:55 UTC
All use subject to https://about.jstor.org/terms



jargon, partially because of a lack of confidence in their under-
standing and partially because of an inability to gauge the un-
derstanding of their collaborators. This awareness of potential
communication issues and knowing how to handle them aligns
nicely with the USEI guidelines promoting nonmathematical
skills.

Teaching students to run efficient and productive meetings
takes time at the beginning of the year. We have found it es-
sential to specify deliverables for each team meeting and begin
each meeting discussing and evaluating the deliverables. Ini-
tially, the statistics mentor can model interactions between the
collaborator and the team, but the students should eventually
assume more responsibility. In the case of conference calls (or
even face-to-face meetings), it can be a little nerve-wracking
for students to speak on a call with so many people listening.
It may be helpful to have each student select a topic and have
a report and/or questions ready on that topic. In addition, the
designated student should be very familiar with any results sent
to collaborators prior to the call and be able to explain how they
were obtained and what they might imply. It would be a good
idea to go over each student’s material in some detail before a
call—at least before the first few calls.

It is important students understand the value of being sensi-
tive and responsive to collaborator concerns. The questions the
analyses address should be driven by the collaborator. There is
areal danger of answering the wrong question if the statistician
does not listen carefully to the collaborator. On the flip side,
sometimes the experiment, study, or the data do not really al-
low the research question of interest to be addressed directly. It
is important before going too far for the collaborator to under-
stand what kind of conclusions can be drawn when the analy-
sis is complete. It is often helpful for faculty mentors to meet
without the students every week or every other week to sort out
issues related to analyses or work-related issues.

November: Research Plans Talk; Submit Abstract

Early in the process, research teams should be able to artic-
ulate the research questions they hope to answer and conclu-
sion statements they hope to be able to make by the end of the
study. In this way, the important questions can guide the entire
research process. To reinforce this orientation, each research
group presents a research plan talk to a group of introductory
statistics students, complete with background information and
planned statistical approaches. In addition, each group writes
and hopefully submits an abstract containing anticipated con-
clusions, paving the way for possible presentation of their re-
sults in the spring.

November-March: Data Analysis; Investigate New Methods

Each group begins with exploratory graphics and summary
statistics; often they must be reminded not to skip this impor-
tant step and jump into the latest complex model they just saw
in class. In fact, we now make an effort to reinforce the im-
portance of beginning with simple descriptive statistics when
beginning an analysis. If it becomes clear that the important re-
search questions cannot be adequately answered with methods
known to the students, they begin to learn new methodologies
with guidance from the statistics mentor.

As time progresses, you will (or should) witness a buy-in,
that is, commitment on the part of the students. Students be-
come the owners of the analysis. They begin to see that the re-
sults of the analysis are very important to the collaborator, who
may have publications or even tenure depending on the results.
They realize that their CIR work is much more than a class as-
signment, which implies more responsibility but also makes it
more rewarding. A favorite (yet typical) quote from a CIR Fel-
low following a presentation to domain experts at the end of the
term was: “They were so interested in our results.”

April: Poster Presentations

Nothing provides motivation like a deadline, especially one
involving a public display of your work. With that in mind, we
require every CIR group, at a minimum, to present their work
in a poster at the annual St. Olaf Science Symposium. Many
groups will, in fact, also present their work externally at venues
such as the National Conference on Undergraduate Research,
Posters on the Hill, and the Pew Midstates Consortium for Math
and Science. CIR students have also presented at regional and
national discipline-specific conferences in Des Moines, Seattle,
and Detroit, and at invited workshops at the World Health Or-
ganization in Geneva.

Frequent and (reasonably) firm deadlines are absolutely nec-
essary. Students greatly underestimate the number of drafts and
extent of edits it takes to get a poster or paper ready for public
presentation. They also underestimate the number of dry runs
(with constructive feedback) it takes to produce a quality oral
presentation.

May: Write Manuscript; Finalize Research Log; End-of-Year
Party

At the end of the year, each group is required to submit to
their collaborator a draft manuscript and a research log. The re-
search log should detail the group’s activity on a weekly ba-
sis, summarize key decisions and analysis steps, and provide
a guide to any electronic files. A thorough research log is es-
sential for anybody (the collaborator or future students) who
desires to pick up the research where the CIR team left off.
The manuscript is written in scientific paper format, but due
to time constraints, it is rarely polished enough for immediate
submission. But it provides the domain expert with a coherent
summary and a starting point for any future paper.

Two issues related to publication of CIR research are worth
noting. First, it is very difficult to complete a paper with under-
graduates who seem to graduate much faster than their gradu-
ate school counterparts. With this in mind, we have proposed
a Summer Writing Fellows pilot program, in which worthy
groups would receive summer funding to spend time writing up
their CIR work into a submission-ready manuscript. The sec-
ond challenge is authorship. When the research emanates from
another discipline, there is sometimes a reluctance to include
and acknowledge CIR fellows on posters and papers. This is-
sue is best handled with early, private discussions between the
statistics mentor and the domain expert.

Finally, the end-of-year party may seem superfluous or ex-
travagant, but we have found that a vitally important element to
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the long-term success of the CIR is creating a sense of com-
munity among the statistics students. Thus, we try to build
in several events which celebrate and embrace being together.
The end-of-the-year party allows us to acknowledge the hard
work of all the students throughout the year, and to enjoy each
other’s company is a decidedly nonacademic setting.

4.4 Weekly Seminar Series

Students attend a weekly research skills seminar series where
they learn, among other things, supportive skills to facili-
tate their success in research. Not surprisingly, communica-
tion skills rank high on the agenda. As the USEI Guidelines
acknowledge, the proliferation of team-based working envi-
ronments in graduate school and beyond calls for increasing
emphasis on communication skills: written, oral, and interper-
sonal. In fact, the topics of our roughly 25 meetings over the
course of the year could be broken down as:

interpersonal communication (5)

oral presentations (5)

poster presentations (4)

manuscript preparation (4)

graduate school and statistics careers (3)
ethics (1)

miscellaneous (3).

In each seminar meeting, our philosophy is to engage the CIR
students in active learning which builds and reinforces skills ap-
propriate for the current stage of their projects. Secondarily, we
hope to use the seminar meetings to build a sense of community
among the CIR fellows and to promote statistics as an excit-
ing and advantageous choice for careers and graduate school.
A complete syllabus from our most recent year-long seminar
series is provided in the supplemental materials online; this sec-
tion offers highlights from each of the topic areas listed above.

Interpersonal Communication

Early in fall semester, as the CIR groups are getting up and
running, we assign readings (Boroto, Zahn, and Short 2000;
Derr 2000; Spurrier 2000) to get students thinking about ef-
fective consulting and effective consulting sessions. Then we
get students to put ideas into practice through mock consulting
sessions. During these mock consulting sessions, students must
work with a guest researcher (often a statistics faculty member
role-playing a challenging client) to extract research questions,
learn about the subject area and relevant data, and later explain
statistical methods. The mock consulting sessions work best
when students get a mock email beforehand describing in a few
paragraphs the purpose of the meeting. The students quickly re-
alize what sounded so easy and common-sense in their readings
can be quite challenging to implement in reality without prac-
tice and focus. After these mock consulting sessions and a few
meetings with their CIR project group, we often bring in a prac-
ticing statistical consultant from a company in Minneapolis or
St. Paul to offer insight and practical advice.

During spring semester, in an effort to give students more
experience with considering statistical approaches to different
problems, we designed two sessions called “Case Studies in

66  General

Statistical Consulting.” In the first session, students read short
scenarios associated with small datasets from Problem Solving:
A Statistician’s Guide by Chatfield (1995) and discuss in small
groups how to approach each problem. The moral of most sto-
ries is that thoughtful graphics and summary statistics can often
be all that is necessary. We have found that our students need
a strong reminder like this as they begin their data analysis in
earnest, since their tendency is to dive straight into the deep end
of complex and sophisticated analyses. In the second session,
students examine draft posters prepared by other St. Olaf stu-
dents (for instance, student groups from a sociological research
methods class) and are asked to comment on the graphs shown,
the summary statistics displayed, and the statistical analyses
employed. Once again, most methods required are fairly basic,
but the CIR students get practice connecting research questions
to data displays and analysis.

Oral Presentations

During fall semester, each research group presents a research
plans talk to a group of introductory statistics students, com-
plete with background information and planned statistical ap-
proaches. Giving a research plans talk early forces the research
groups to master the background literature, enunciate research
questions, and consider potential statistical approaches. Not by
happenstance, the introductory statistics students who attend
these talks consistently emerge intrigued about both the field
of statistics and the CIR; these talks are an excellent recruiting
tool!

During spring semester, each research group presents a
“technical talk to a non-technical audience.” Their charge is to
explain a new statistical concept to an audience of introductory
statistics students; the concept should be one the CIR students
are using in their research project so that it can be discussed
in the context of the problem. Once again, these talks serve as
excellent practice for our CIR students and a recruiting tool
for future CIR students. However, some recent talks have pro-
duced mixed results—students sometimes tackle too much or
lack confidence to expound on complex methods. Mentor input
and frequent practice are both crucial to helping the students
produce a good talk.

We intend to take greater advantage of videotape in the fu-
ture, both for the mock consulting sessions and the oral presen-
tations. Sometimes that detail (setting up video equipment) gets
lost in the shuffle, but in the process we lose out on teachable
moments.

Poster Presentations

All research groups are required to create a scientific poster
to present internally at the St. Olaf Science Symposium; many
students also present their work at local and national confer-
ences. Students read about characteristics of good posters and
even create their own scoring rubric which we use to score
posters hanging throughout our science building. Through mul-
tiple drafts, peer review, and mentor input, we emphasize both a
quality poster and students’ ability to orally present the results
in the poster.
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Manuscript Preparation

Each research group is expected to produce a draft scien-
tific manuscript to deliver to their collaborator by the end of
spring semester. During fall semester, we “warm-up” to writ-
ing by requiring each group to write an abstract, which many
groups will submit to a conference of interest. Toward the end
of spring semester, students write their manuscript in pieces—
first the introduction and methods, and later the results and
discussion sections. All manuscripts are subject to extensive
peer review, where student reviewers apply standards we have
read about (Spurrier 2000), which focuses their efforts at three
levels: global issues (themes, etc.), paragraph issues (structure
and clarity), and sentence/word issues (transitions, word choice,
spelling, and grammar).

Students can feel swamped at the end of spring semester,
when they are trying to finish analyses, write posters and pa-
pers, and keep up with their other classes. Spreading deadlines
out (e.g., writing the introduction and methods early) is very
helpful. In addition, we are considering a Summer Writing Pro-
gram to allow students with potentially publishable work to re-
fine their manuscripts while things are still fresh.

Graduate School and Statistics Careers

Select evenings of the seminar were used to expose stu-
dents to careers in statistics through visiting statisticians and
grad school panels. These are quite effective and reinforce
BK’s recommendation that “Training programs at every level
should include many opportunities for trainees to interact with
experienced statisticians.” In fact, we have had good luck
with invitations to statisticians from academics, industry, and
government—they often give both a general department semi-
nar and then a more informal discussion with the CIR fellows.
Also inspiring was the return of CIR alumni who currently are
in graduate school. Without any coaching from us, these grad-
uate students provided convincing testimonials to the current
fellows about the value of CIR. We have also received similar
messages through emails. These unsolicited missives are both
compelling for the current students and gratifying for the statis-
tics mentors.

Ethics

Each year we devote at least one session exclusively to a dis-
cussion of ethics. Students read documents such as the ASA
Ethical Guidelines, St. Olaf’s Code of Ethics for Projects with
Human Subjects, and the Belmont Report. We discuss these
guidelines, and then ask small groups of students to consider
ethical case studies based on the authors’ experiences. Some
years we have been fortunate to have guest speakers talk about
ethics from their personal perspective. For instance, David
Banks gave one particularly memorable presentation placing
statistical ethics in a historical context.

Miscellaneous

In the past, we have also devoted sessions to developing ref-
erence and literature review skills, maintaining useful research
logs, and occasional playful sessions to build community (e.g.,
competing to give the worst oral presentation, making stat-
themed gingerbread houses). An unanticipated benefit of CIR

was the camaraderie and community created at the Monday
evening dinners that preceded each research skills seminar ses-
sion. The meal helped to create a highly visible and cohesive
statistics community which was especially helpful for recruit-
ment and retention.

For a sample syllabus, see the supplemental materials online.

4.5 Administration

A number of administrative issues have been encountered
throughout the CIR’s five-year history. A primary goal has been
to demonstrate to the administration that the CIR is a valuable
resource for the students and faculty alike. At the outset, there
was no course into which CIR activity fit neatly. As time pro-
gresses, we remain optimistic that our academic structure will
accommodate CIR. As a first step, faculty voted to award stu-
dents credit for their participation in CIR. However, the statis-
tics faculty are also in need of credit. No faculty credit has been
awarded for mentoring CIR teams. The statistics mentors have
put in many pro bono hours to make the program a success. An
administrative structure to recognize and reward faculty partic-
ipation in this effort is sorely needed. It is encouraging that the
administration granted one course release for CIR faculty for
administrative activity, but it is not enough. The recently termi-
nated grant allowed two course releases for administration.

We continue to ‘stay on the radar screen’ of administrators
and faculty to maintain recognition and support for CIR. It
is not difficult to sustain awareness for a program like CIR.
The intentional diversity of disciplines involved, the fascinat-
ing kinds of problems, the exceptional work and recognition
the students receive make it easy to foster awareness and gar-
ner support for the program. Due to the wide variety of faculty
involved, faculty hear about, request to participate in, and sup-
port CIR. Parents and alumni read about CIR activities in the
college magazines. Furthermore, by now nearly 100 alumni are
former CIR fellows. Students in introductory statistics courses
become aware of the diverse nature of the field of statistics and
its possibilities as audience members for technical and non-
technical talks about CIR projects. Prospective students receive
materials in which undergraduate research including CIR fig-
ures prominently, and they get a glimpse of the CIR room when
touring campus. The college commitment to undergraduate re-
search extends even to our hiring when we ask applicants to
demonstrate how they might involve undergraduates in research
in their field. This awareness of and enthusiasm for undergrad-
uate research, the CIR in particular, is likely to generate the
support CIR needs in the coming years.

5. FUTURE OF CIR AT ST. OLAF AND ITS
TRANSPORTABILITY

If you are curious about establishing an undergraduate in-
terdisciplinary research program at your institution, you may
wonder how the program we describe will translate to other
institutions. Is St. Olaf a unique setting better suited to these
programs than others? Is NSF support necessary to get such a
program going? We address the portability of CIR and the chal-
lenges we anticipate facing in the coming years.
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St. Olaf College is an undergraduate liberal arts institu-
tion with approximately 3000 students located midway be-
tween Minneapolis—St. Paul and Rochester, Minnesota (home
to Mayo Clinic). The mathematics program is well known for
its Big Tent philosophy graduating 60—80 math majors annu-
ally. In 1978, many years before other comparable institutions,
Professor Richard Kleber started and nurtured the statistics
program. Not surprisingly, the healthy mathematics program
proved to be beneficial to the statistics program. The statis-
tics program began as and remains a four-course concentration
(similar to a minor). A student earning a mathematics degree
with a statistics concentration will complete a program very
similar to statistics majors in other institutions with possibly
more mathematics than some programs. Although we value our
ready supply of mathematics majors, the new structure of the
concentration admits a much larger number of students who are
not majoring in mathematics. This change is consistent with
BK’s suggestions, and it holds the key to translating this kind
of undergraduate research program to other institutions. It does
not require the 70 math majors that St. Olaf graduates annu-
ally; many of our students combining the study of statistics with
other majors are quite effective in the interdisciplinary under-
graduate research setting.

Those considering starting an interdisciplinary undergradu-
ate research program may be concerned that a large seed grant
is needed. We would encourage such proposals, but we do not
feel they are essential to get such a program up and running.
Our grant primarily supported students with stipends and travel
to present their work. With the termination of our NSF grant,
we will have the opportunity to see in the coming years how
critical the stipends are, but early signs (18 students accepting
fellowships with no guarantee of a stipend for 2009-2010) are
promising. If students are motivated more by the experience of
research for graduate school applications, intellectual curiosity,
or other reasons, there is hope that the program will thrive. We
will need to seek out potential sources of funding for student
travel. Travel proves to be a valuable experience for many stu-
dents, particularly those attending meetings such as JSM. How-
ever, it is not our belief that stipends or travel are primary mo-
tivations for student involvement in CIR.

Initially students’ CIR work was not part of their normal
course load. The stipend helped reduce the need for an outside
job. In a sense, the CIR could be that job and the stipend its pay.
With the end of the stipend, it may be more challenging for stu-
dents who need to work and want to participate in the CIR. We
are considering requiring all CIR fellows to sign up for credit,
so that it should be no more challenging for them to work than
if they had taken any other class.

Scheduling is also a challenge with all of the busy people—
students and faculty—involved in the CIR. Obligations to
music, sports, and other extracurricular activities necessitated
scheduling the Seminar Series on Monday evenings. Although
convenient for most (but not all) students, this presented a hard-
ship for faculty. In addition, even scheduling individual team
meetings with all the parties involved can be nearly impossible.
These considerations are leading us to propose that the CIR be
scheduled during a regular class time slot such as a MWF or
TTh noontime gathering.
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The critical question for St. Olaf College and a question that
potential adopters are likely to encounter is faculty support. Our
grant did not extend to support for faculty to mentor the re-
search teams. Over the course of the grant, we sought to demon-
strate proof-of-concept—that is, the value of CIR as pedagogy
and the value of CIR to the campus-wide research community.
A course release for CIR administration and an impressive fa-
cility for CIR activities provide initial evidence of CIR support.
We still need to assure statistics faculty contributing to the CIR
that they will be fairly compensated. This is likely to come from
either administration granting an additional course credit for
CIR or from rearranging existing courses to allow for such a
credit. These challenges will also need to be addressed on cam-
puses considering establishing a CIR.

6. CONCLUSIONS

The philosophy and practice of the CIR is consistent with
BK’s four recommendations. We minimize prerequisites to
research, identify ways of fostering statistical thinking, re-
quire real-world problem solving, and encourage deep cross-
disciplinary knowledge. The seminal features of the CIR are
not necessarily place- or funding-dependent. While there are a
number of challenges to work out over the coming years, the
prospect holds a great deal of promise.

Afterward Attendees at a CIR Dissemination Workshop prior
to JSM 2009 in Washington, DC expressed interest and enthu-
siasm for undergraduate interdisciplinary programming. Five
alumni of St. Olaf’s program were on hand to describe their
own experience and its effect on their career trajectories. With
funding, we would be very interested in working with other in-
stitutions to begin programs of their own via similar workshops
and campus visits.

SUPPLEMENTAL MATERIALS

o Project Titles and Selected Descriptions and Summary of
WSS: Names and brief descriptions of titles of projects.
A calendar of seminar topics along with brief descriptions
and sample assignments. (supplemental materials_11_09.
doc)
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