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From CUR President
Knowledge is cumulative—within individuals and in
communities and societies. Cumulative advancement
of knowledge and social change require collaboration.
Thus, the collaborative nature of undergraduate research
and creative activity (just as in the larger scholarly and
creative enterprise) is critical to developing future generations of knowledge, intelligent communities, and
eclectic partnerships for innovation.
Thinking of undergraduate research in terms of collaborative learning—as a community working together to advance
knowledge—causes one to question definitions of learner
and facilitator of learning, and researcher and research apprentice, as well as the dynamics between these roles.

In collaborative learning, more traditional hierarchical
models of teaching and learning yield to lateral or sideby-side models of learning wherein faculty and students,
and students and students, become co-learners, learning
together to advance knowledge now and in the future.
The authors in this issue of the CUR Quarterly recognize,
define, and assert the role of peers in undergraduate
research communities. They provide models for peer mentoring, arguing both for the role of these models in augmenting learning outcomes and also in realizing greater
efficiencies in undergraduate research programs. Herein
lies an exciting advancement in undergraduate research
and, more broadly, in the scholarly and creative enterprise.
We have a significant literature to draw upon to understand the benefits of, and best practices in, peer mentoring as they apply to undergraduate research communities.
This literature establishes that as undergraduate research
mentors, peers take on greater agency in their own and
others’ learning. Peer mentors enhance their own and
others’ developing identity as scholars or as contributors
to the advancement of knowledge. Peer mentors help
shift learning from one-way acquisition of learning to
interactions that facilitate understanding, thereby deepening learning of important concepts and methods.
Perhaps even more importantly, peer mentors provide care
and comfort to students new to the experience of undergraduate research, and new to the higher orders of learning such experiences offer. Peers can disarm the newness
and challenge of these novel learning experiences, while
also modeling effective coping and learning mechanisms.

2

In these interactions, both mentor and mentee can develop a new sense of efficacy in stepping up to challenge.
We also know that peer mentors can be helpful in facilitating cognitive development. One of the most significant
cognitive challenges posed by inquiry, research, and creative activity is transitioning from locating knowledge in
an all-knowing authority to discovering uncertainty and
realizing one’s own role in creating knowledge (BaxterMagolda, 2004). Working side-by-side in a community
of different levels of learners (including peers, near-peers,
faculty, and even scholar-peers in the wider field) is a ripe
context for introducing, modeling, and prompting more
advanced critical thinking and cognitive development.
Undergraduate education and scholarly progress can be
advanced by the creation of undergraduate research communities or by scholarly/creative communities that incorporate
individuals at different phases of learning. In such diverse
inquiry communities, we will realize in our students—and
in all collaborators—collaborative learning skills, the excitement of learning together, generative attitudes toward
sharing knowledge and lessons learned, expanded learning
and discovery catalyzed by work with diverse others, and
the transformative magic of being part of a dynamic community that contributes to the advancement of knowledge.
“Good learning, like good work, is collaborative and
social, not competitive and isolated” as Arthur Chickering
and Zelda Gamson have noted. The power of undergraduate research communities is that they realize a whole
host of learning and scholarly outcomes and virtues that
will contribute in substance and process to the cumulative development of knowledge for generations to come.
Baxter-Magolda, Marcia B. 2004. Making their own way:
Narratives for transforming higher education to promote selfdevelopment. Sterling, VA: Stylus Publishers, LLC.
Chickering, Arthur W., and Zelda F. Gamson. 1987. Seven
principles for good practice in undergraduate education.
AAHE Bulletin 39:3-7.

Beth Paul
Stetson University
CUR President
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From CUR Executive Officer
This has been an extraordinary fall for the Council on
Undergraduate Research. In October CUR hosted three
major events: a release of two new books at the National
Press Club, a congressional briefing, and a celebration at
the Library of Congress of the joining of CUR and NCUR.
On October 6th CUR held a media event to recognize
CUR’s most recent publications: Reading, Writing and
Research: Undergraduate Students as Scholars in Literary
Studies, edited by Laura Behling, and Science in Solution:
The Impact of Undergraduate Research on Student Learning,
by David Lopatto and co-published with Research
Corporation for Science Advancement (RCSA). James
Gentile, president of RCSA, moderated a discussion of
the two books with Laura Behling and David Lopatto.
The Behling book brings together the insights of thoughtful faculty practitioners who have created undergraduate
research activities that can lead to a fundamental shift in
how we imagine and structure the complete undergraduate experience—approaches that challenge traditional
ways of doing research in humanities disciplines.
For many years David Lopatto has documented the
impact and benefits of undergraduate research for student learning. In this book, Lopatto suggests that
the promise of faculty/student collaborative research,
“anchored in the process of discovery,” challenges the
convenient categories of teaching versus research and
learning versus doing. He further suggests that “taken
as a strategy for programmatic reform, undergraduate
research may offer a solution to the challenges of producing the next generation of scientists, entrepreneurs,
and the science-literate society that our leaders claim is
essential for the future of our nation.”
On October 26th, CUR hosted a briefing on undergraduate research and American innovation in conjunction
with the United States House of Representatives’ Caucus
on Science, Technology, Engineering and Mathematics
Education. Robert Full, professor of biology at the
University of California Berkeley and his former student Tonia Hsieh, now a faculty member at Temple
University, spoke about their research collaboration
and the interdisciplinary centers Full has developed at
Berkeley. Paul Edmiston, professor of chemistry at The
College of Wooster, and former student Deanna Pickett
spoke about the products that had developed from their
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collaborative research and the entrepreneurial possibilities of undergraduate research. The room was packed
with many congressional staff members from the House
and Senate, as well as representatives from federal agencies. Several CUR members who were in town for the
celebration of the joining of CUR and NCUR were also
able to attend, including students from Laura Guertin’s
class at Penn State, Brandywine.
And on the following evening came the Library of
Congress celebration. Subra Suresh, newly appointed
director of the National Science Foundation, spoke to
the gathering of over 200 people, as did Brian Andreen,
founder of CUR, and Michael Doyle, the first president
of CUR and NCUR. Three students were selected from a
competitive process to speak about their research experiences in science (Katrina Shughrue, Juniata College),
the arts/humanities (Katie Brookins, Georgia Southern
University), and the social sciences (Cynthia Bedrosian,
Eastern Michigan University).
In October CUR also became an international organization by co-hosting a seminar in Liverpool, England.
Thomas Wenzel, a CUR past president, was the opening
speaker and set the stage for a thoughtful discussion of
approaches to undergraduate research. Nearly 20 CUR
members attended the one-day meeting, including CUR
past president Mitchell Malachowski and presidentelect William Campbell. Other participants came from
Great Britain, Australia, New Zealand, Ireland, Norway,
Portugul, Germany and Nigeria.
In addition to these events, CUR was co-host, with the
College of William and Mary and the Council of Colleges
of Arts and Sciences, of a conference on Creating a
Culture of Research on Campus. The opening address
was given by CUR member Jennifer Blackmer. Held at
William and Mary, the conference’s attendance exceeded
the planners’ projections. And in mid-November,
CUR was an academic partner at the Association of
American Colleges and Universities’ networking conference on undergraduate research. Held in Durham,
North Carolina, this conference also exceeded registration expectations and featured several CUR members’
presentations.
CUR also continued its normal flow of activities this
fall with three community-college institutes at Malcolm
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X Community College, Southern Maine Community
College and Austin Community College sponsored under
the auspices of CUR’s National Science Foundation grant,
as well as one institute at Calvin College for beginning
faculty in the natural sciences. All of these institutes
were full to capacity, as well.

CUR Dialogues
February 24-26, 2011
Hamilton Crowne Plaza
Washington, DC

All these events, and the interest shown in them, clearly
indicate that undergraduate research is increasingly recognized as an important part of undergraduate education
and a significant, perhaps essential, high-impact learning
experience for students. The founding faculty of CUR
and NCUR should be gratified by the movement they
have set in motion. All faculty who engage in research
with their students should be commended for the mentoring and support they provide to students.

CUR Dialogues is designed to bring faculty and administrators to Washington, DC, to interact with program officers of federal agencies and other grant funders.

CUR members are truly an exceptional group of faculty.

Participants will:

Workshops and plenary sessions will:
• t ell participants about new and ongoing grant
opportunities in research and education;
•h
 elp faculty learn how to find new funding opportunities;
•h
 elp faculty develop skills for writing grant proposals.
•m
 eet in small groups and talk with program officers
and grants-management officers from federal agencies, including the National Science Foundation,
the National Institutes of Health, the National
Endowment for the Humanities, the National
Endowment for the Arts, and the Department of
Energy;
• share ideas with colleagues.
In addition, CUR Dialogues provides a setting for funders
to learn about the interests, needs, and concerns of
researchers and educators regarding funding. Past CUR
Dialogues have spawned many ideas for grant programs
and have helped agencies to refine their program guidelines.
Who should attend: Faculty at all career stages; undergraduate research directors; grants administrators; development officers.

Register Online!
www.cur.org

Nancy Hensel
Executive Officer
Council on Undergraduate Research
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From CUR Issue Editor

Peer Mentoring in Undergraduate Research

For many years the CUR Quarterly has highlighted innovative undergraduate research endeavors at all types of
institutions of higher education. The addition of new
divisions to the Council on Undergraduate Research
within the last decade reminds us that undergraduate
research occurs in all of our disciplines. Despite this
expanding view of undergraduate research, we tend to
narrowly view the undergraduate research enterprise
as a faculty member mentoring a student. While this
is undeniably the heart and soul of the undergraduate
research experience, the theme for our Winter 2010 issue
of the CUR Quarterly explores the various models for peer
mentoring in undergraduate research.
The authors of our CUR Focus articles demonstrate that
peer mentoring of undergraduate research can be successful at a variety of institutions and across multiple
disciplines, with important benefits to students, faculty, and the campus culture of undergraduate research.
Successful models of peer mentoring exist for students as
well as faculty. We hope the articles in this issue provide
useful strategies for incorporating peer mentoring on
your campus.
Undergraduate peer-mentoring experiences may be built
into a specific course or an entire program. Minna
Mahlab describes a student-run, peer-mentoring program at Grinnell College that aids students’ learning in
introductory courses in physics, chemistry, and biology.
Peer mentors attend class along with the students, and
the mentors offer two discussion sections every week.
Mahlab describes the training of the undergraduate peer
mentors, and she analyzes the themes that appear in the
statement of teaching philosophy written by the mentors.
Amy Sloane outlines the intriguing peer-mentoring
program at the University of Wisconsin-Madison. There
the Undergraduate Research Scholars (URS) course offers
research and mentoring experiences for approximately
150 students. The course serves primarily freshmen, and
the students engage in research with faculty from the
humanities to the sciences. Each student participates
in a weekly hour-long seminar led by Undergraduate
Research Fellows who are upper-level undergraduate
peers. Sloane describes the training of the fellows, the
weekly seminars, and a course taken by new fellows each
fall in which students read across disciplines.
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Michelle Edgcomb and colleagues note the exciting
undergraduate peer and near-peer mentoring opportunities in summer-research programs at Bradley University.
The authors describe the dynamic of high school students, pK-12 educators, and undergraduate peer mentors in a variety of summer-research opportunities. The
article notes the powerful learning community that can
be constructed in STEM fields.
The articles on peer mentoring in community colleges
and horizontal mentoring for senior women scientists
reveal the diversity of peer-mentoring experiences across
the academic landscape. Howard Thorsheim, Heather
LaCost, and Jeanne Narum describe a national workshop model for introducing new research knowledge
and skills to students in the area of psychophysiology,
although the authors note the model could be applied
to any discipline. Faculty from 52 community colleges
across 27 states participated in the initiative. Based upon
a rigorous assessment of the workshop group in comparison to a control group, the authors detail the benefits to
faculty and students. Most significantly, the workshop
model provided opportunities for faculty to mentor one
another, as well as for students to mentor each other.
Kerry Karukstis expands upon the theme of faculty peer
mentoring with an analysis of peer-mentoring alliances
of senior women faculty across eight liberal arts colleges.
Three of the alliances are comprised of full professors of
chemistry, and the fourth alliance involved full professors of physics. These horizontal mentoring networks
became a valuable resource for the career and leadership
development of participating faculty. Karukstis notes
the profound impact on the undergraduate research
programs of the participants, as well as the institutional
research culture. The lesson is that our vision of peer
mentoring should not be limited to undergraduates
mentoring each other. The benefits can be quite dramatic when faculty members mentor one another.
Beyond our CUR Focus articles, insightful models for
peer mentoring in undergraduate research can be found
across the five vignettes in this issue. At Lewis and Clark
College, peer mentoring is the cornerstone of a teambased approach to faculty-student research. The Student
Undergraduate Research Council at the University of
Central Florida includes 10 members who serve as
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ambassadors, mentors, and advocates for undergraduate research. Teacher candidates at Cameron University
conduct applied research on the effects that interventions have on young children with autism by working
with a faculty mentor and tutoring the children in direct
instructional interventions. The “iScience” program utilizes peer mentoring to enhance the undergraduate
experience in learning science. Formal mentoring groups
include seniors, juniors, sophomores, and even first-year
students. Our last vignette details undergraduate peer
mentoring as students work as a team in an Architecture
Foundations course at the University of Pittsburgh.
Finally, I encourage you to explore the articles in the
CURQ on the Web (http://www.cur.org/quarterly/webedition.html). Melinda Harrison and colleagues describe the
role of undergraduate peer mentors in the execution and
success of a phage genomics course. Given how labor
intensive the course is for faculty, a talented peer mentor can be a key factor in the success of the course. The
authors remind us that at institutions with no graduate
teaching assistants or dedicated laboratory technicians,
these peer mentors are vital for the success of sciencebased laboratory courses.
CURQ on the Web also highlights the peer-mentoring
program at the Morehead State University Space Science
Center. Wilson Gonzalez-Espada notes that undergraduate students are integrated early on into faculty research
projects, and he describes the peer mentoring experience
of four junior and senior students. As the author eloquently concludes, “faculty members can create a learning environment where students can teach each other,
learn from each other, build from each other’s strengths,
and make mistakes that can lead to teachable moments.”
A lovely summary of why we focus on peer mentoring in
this issue.

In this issue of CURQ on the Web
CURQ on the Web, Winter 2010 edition
www.cur.org/quarterly/
webedition.html
Peer Mentoring at a Space Science Undergraduate
Research Program: Students’ Voices and Lessons Learned
Wilson J. González-Espada
Peer Mentoring in an Introductory Biology Laboratory
Melinda Harrison, David Dunbar, Catherine Mageeney,
and David Lopatto
CUR Fellows Address: Remembering to Perform Actions in
the Future: Can Intentions Pop Into Mind?
Gilles O. Einstein
CUR Fellows Address: Green Chemistry and
Chemical Ecology
Tom Goodwin

James T. LaPlant
Valdosta State University
CURQ Issue Editor

6

Council on Undergraduate Research • www.cur.org

Quarterly

CUR Focus

Minna Mahlab
Grinnell College

Who Benefits? Peer Mentors at Grinnell College

Teaching introductory science courses has its own set
of challenges. Science is often regarded as harder than
other disciplines, and students bring this misconception to their classes. Students come from a diverse set of
backgrounds, setting a high bar for instruction that can
effectively bridge these differences. Finally, enrollment
in introductory courses is higher than at the upper level,
making individualized instruction difficult, if not impossible. We are interested in exploring means of effectively
helping students in these introductory courses and helping to develop a community of learners that mimics the
community of scientists working together. At Grinnell
College, we have a student-run, peer-mentoring program
that successfully aids student learning and builds student
collaboration in introductory courses in physics, chemistry, and biology.

Research in the Curriculum
Since the early 1990’s at Grinnell College, the science
faculty has strived to include active learning and research
modules in even the introductory curriculum. In physics, the model derived by Priscilla Laws (Laws 2004) for
a workshop curriculum has been followed for nearly 20
years. And in the “lecture based” format of the introductory class, faculty members have experimented with the
Eric Mazur model of personal-response systems (Mazur
1997). In the introductory chemistry curriculum, a workshop model was similarly introduced, and research modules exploring relevant topics such as greenhouse gases
and the ion content of water lend a “real-life” aspect to
the courses. A workshop-format, organic-chemistry section has been in place for two years, and has successfully
incorporated the workshop model at the 200-level. In
biology, the curriculum introduces students to research
from the very beginning, delaying the traditional structure-and-function course so that students first take a
course centered on the scientific literature and a studentdirected research project (Lindgren 2010).

Peer Mentoring
Our peer-mentoring model differs from many others in
that the peer mentors attend class along with the stu-
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dents. The mentors can effectively address problems from
the inside, as they are sitting alongside the students in
the course. Providing the faculty with feedback on “how
the course is going” is one of the most important roles
the mentor fills. In addition to sitting in on the course,
the mentors offer two discussion sections every week, to
which students can bring their questions and have them
answered by the mentors or by their peers. The mentors
are integral to the research components of the courses,
providing hands-on assistance as the students are conducting the research, reviewing the data, and assessing
the final posters, presentations, and papers.
Mentors are solicited from all majors in the respective
department and asked to submit short answers to a small
number of questions about why they want to be a mentor
and what the role of the mentor ought to be. Applicants
are then asked to do a 5-to-10 minute presentation on
a pre-selected topic from their course (e.g., Chemistry
129: Trends in the Periodic Table; Physics 131: Torque).
The current mentors and I, as the director of the Science
Learning Center, attend these presentations. Mentors
are selected on the basis of their ability to present material and field questions, their written applications, and
recommendations from faculty. Mentors are required
to attend an orientation session that addresses the following: understanding learning styles, using Bloom’s
Taxonomy (Anderson 1994), answering questions effectively, considering ethical dilemmas, and practicing for
group work and presentations.
Mentors can choose to have midterm assessments of
their work by their students and a peer assessment that
involves attending each other’s sessions and giving feedback. Most choose to participate in one of these. Finally,
mentors write a statement of teaching philosophy.
Mentors are paid for time spent attending class, meeting with their faculty (which they are encouraged to do
weekly), and time spent in mentoring sessions.

A Classroom Community
The mentors play many roles in their classrooms, mentor sessions, and beyond. Though mentors were initially
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thought of primarily as a means for students to get help,
it has become apparent that one of their primary roles
is to build a community within the class. They are role
models for younger students, demonstrating in and out
of class how to work with others and how to be a good
citizen in their respective department, through such
things as attending colloquia and seeking out faculty
members to discuss their academic progress. The mentors
provide a “normative” way to get help. Students in introductory courses often are wary of their professor’s office
hours, afraid of appearing stupid. In addition to encouraging students to take advantage of their faculty’s office
hours, mentors provide context and motivation. They
do not present new material, but rather, they synthesize
material and show how the pieces fit together. Finally,
the mentors provide feedback to faculty members, in the
form of a written summary after each mentoring session,
as well as informally during weekly meetings.
Because the mentor fulfills so many important roles,
it is necessary to attract the best possible students to
these positions. We offer several benefits to the mentors.
Mastery of course material is an attraction to potential
mentors, many of whom will go on to take the subject
GRE or MCAT in preparation for graduate or professional school. Since many of the mentors will assist a
professor other than the one from whom they took the
course, they learn a different perspective on the material.
Experience as a teacher is also of interest to these potential mentors, many of whom are considering teaching
as a career and would like to try it out. Mentors have
an opportunity to practice public-speaking skills and
time management, build confidence and maturity, and
develop patience. They learn to create a comfortable,
engaging, and intellectually challenging space. Finally,
mentors are paid an hourly wage for their time in and out
of class; many of them view mentoring as “the best job
on campus.” In chemistry and biology, we have a surfeit
of candidates, and choose fewer than half of the applicants as mentors. Since the mentoring program is newer
in physics, we have had a harder time thus far building
the necessary community that makes older students feel
responsible for the younger ones and thus willing to take
on this challenging role.
Students in the introductory classes can decide whether
or not to attend the mentoring sessions. We have judged
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the success of the mentoring sessions in part by the high
attendance we record at the sessions (60 percent of students in introductory chemistry, 95 percent in organic
chemistry, and 50 percent in 200-level biology courses
such as Cells, Molecules, and Organisms, and Evolution
and Ecology). Students fill out evaluations of their mentoring sessions at mid-semester, when there is still time
to make changes, if necessary, and these evaluations are
nearly uniformly positive.
Among students who participated in the mentoring
discussion sessions during the last two years, 97 percent
reported that the sessions were helpful. Students report
that having a strong background in the subject matter,
dislike of group study, and lack of time (or a time conflict) are the primary reasons they do not attend mentoring sessions. Other forms of assistance—faculty office
hours and individual tutoring—are still available to all
students.

In Their Own Words
In the spring of 2007, our Office of Institutional Research
completed an alumni survey of the mentors. Nearly 60
former mentors responded. We found that 86.3 percent
of former mentors had gone on to graduate school in
the sciences, whereas two thirds of science majors over
all do so. Whether there is a predisposition on the part
of the mentors to attend graduate school or whether the
program has an influence on their decisions is unclear,
but we see this service role as fitting in quite well with
the overall mission of the institution. To date, two former
mentors have returned to Grinnell and taught in term
positions in the biology department.
In this 2007 survey, we asked former mentors to tell us
about the skills learned or developed as a mentor, asking
them if they still drew on or referred to those skills or
traits. Selected responses are summarized below:
• “The mentoring program at Grinnell was my first
experience with teaching college level content in
biology and certainly whetted my appetite for more!”
• “I am planning on becoming a teacher or professor, a
decision I would not have made if I had not mentored
a class.”
• “Being prepared and being professional. And yes, I
still draw on these traits.”
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• “Mentoring helped my public speaking skills immensely and I continue to use those skills in my career.”
• “I definitely feel … more confident talking to others,
especially in a teaching setting. I use this new confidence in everything I do. … I am now much better in
chemistry than I used to be.”
• “I had to think of many different ways to explain a
concept and not just the concept itself. It made me
think more critically about why and not just the
how.”
• “Patience was a trait I definitely developed as a mentor. Remembering that not everyone has the same
learning style … was quite important. I also learned to
articulate material/ideas in a variety of ways.”
• “Communication. Organization and presentation.”
• “I became a mentor to get some teaching experience,
and I got it, and a lot more in addition. Mentoring
definitely raised my GRE scores at least 100 points.”
As is evident from these responses, mentors made all of
the gains previously described.
We also asked the former mentors to describe the mentor-professor relationship. A selection of those responses
follows:

• “I met with the professor for 1 hour each week at a set
time in his office. This was very helpful! We discussed
how students were doing with the material, and I
let him know what specific challenges the students
seemed to be having. In exchange, he explained concepts I was confused about, and made suggestions for
topics to be covered at mentor session.”
• “We met with the professor once a week for 30 or
so minutes and talked about what the students were
struggling with and what we thought they should be
tested over. Yes it was useful because he really took
what we said and ran with it and the students were
able to work out their problem areas through review
sessions in and out of lecture.”
• “I was able to tell him about specific topics students
were having problems on. … I think it was good to
be in touch with the professor since it at least made
it feel like we were on the same page and working
together on things.”
The faculty report, as well, that the feedback is extremely
useful, helping them to decide what topics and concepts
to emphasize or review in class.
Each semester, the mentors are asked to write a statement
of teaching philosophy at approximately three quarters
of the way through the semester. Their prompt is quite

Table 1. Themes Appearing in Statements of Teaching Philosophy

Table 1. Themes Appearing in Statements of Teaching Philosophy
Themes
Instances of themes appearing in essays
Use active learning (cater to different learning 68.2%
styles)
Create comfortable learning environment
56.8%
(encourage participation)
Help developing critical thinking/problem
52.3%
solving skills
Appreciation, enthusiasm for subject matter/
50.0%
real world examples
Help students become better learners
47.7%
Preparation (for mentor)/mastery of content
43.2%
Instill confidence
40.9%
Availability/friendliness/approachability
38.6%
Give feedback to professor
6.8%
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general (i.e., write a statement of teaching philosophy),
and they are directed to several Web sites that provide
examples of, and rubrics for, producing such a statement.
As mentors often serve for several semesters, they are
likely to write two or even three of these over the course
of their academic careers. We are interested in the themes
that emerge from a close reading of these statements,
which demonstrate a new skill learned, an acknowledgement and application of basic pedagogical tools, and an
appreciation of the complexity of teaching well.
A team of three faculty members independently analyzed
three years worth of the statements (a total of 44) to
establish the themes they contained, and a second team
of three independently coded the statements accordingly. Nine themes emerged, listed in Table 1. The results
of the coding were averaged over the readers and are also
listed in Table 1.

Lindgren, Clark. 2010. Teaching matters: Turning science
education upside down. The Chronicle of Higher Education
April 18, A27.
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As is evident from these data, the self-reporting by the
mentors overlaps quite nicely with what we expect of
them.

Summary
We have supported a program of peer mentoring in the
sciences for more than 20 years and have found that the
benefits to the mentors are at least as extensive as the
benefits to the students. The model has been replicated
around the institution, in the psychology, economics,
statistics, and neuroscience departments. A new Data
Analysis and Social Inquiry Lab at the college plans to
use peer mentors as well. The job of being a mentor supports the deepening of mentors’ own education, as well
as providing them with a financial incentive. We have
found that the skills imparted to mentors are life skills,
preparing them for effective lives in roles serving their
community.
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CUR Focus

Amy Sloane

University of Wisconsin-Madison

Peer Teaching and Mentoring: The Case of Undergraduate Research Fellows
In this article I describe a successful peer-mentoring
program in undergraduate research that is part of
Undergraduate Research Scholars (URS), a course at the
University of Wisconsin-Madison (UW-Madison). I have
two goals, the first of which is to trace the history of
the program to show how the philosophy of teaching
and learning underlying the peer-mentoring program
shifted over time, key elements of this shift, and why it
occurred. My second goal is to discuss how this shift constitutes an alternative approach to teaching-learning in
undergraduate research experiences and offer evidence
of how peer mentors and their students have responded.
This alternative approach is grounded in, among other
contexts, the spirit of the Boyer Commission’s 1998
report on reinventing undergraduate education.

The Context
Peer mentoring is a key dimension of the URS program,
which is a year-long academic course offering research
and mentoring experiences for about 150 students. It
serves primarily freshmen, but some sophomores and
transfer students in their first year at UW-Madison
also participate. URS has two components. First, every
student works on a faculty member’s research in a discipline of the student’s choosing. Second, each student
participates in a weekly, hour-long seminar course led
by upper-level undergraduate peers who are known as
Undergraduate Research Fellows.
In the seminar students—who are engaged in research
with faculty members on topics ranging from dance to
engineering to stem cells—come together and interrogate
their own and others’ research experiences. In a given
year, there are nine sections of the seminar with 15 to
20 students in each. Students are intentionally placed so
that each section reflects disparate disciplines. A pair of
fellows leads each section, based on a yearly URS theme
that provides an organizing idea. Intentionally broad
and open-ended, the theme emphasizes critical questioning in areas in which research and social problems
intersect (e.g., “research and social justice,” “research
and global perspectives”). The culminating event of URS
is the campus-wide undergraduate symposium at which
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all URS students present their work to faculty, staff, and
students through either a talk or a poster.
Initiated within the UW-Madison Office of the Provost,
URS is now in its 12th year. Fellows have been part
of URS from the beginning because peer mentoring
was written into its mission. The mission continues
unchanged: to create a diverse scholarly community that
includes students from historically underrepresented
groups; enhances the link between research and teaching; and develops leadership through peer mentoring.
Grounding the rationale for peer mentoring was research,
including Tinto, Goodsell-Love and Russo (1993) and
Tinto (1987), which argued that peer mentoring can
provide effective support and guidance for undergraduates entering new intellectual and social terrain. Thus,
the fellows were envisioned as upper-level undergraduate role models who had successfully navigated research,
adjusted to college, and understood the isolation and
alienation that underrepresented students can face.

Initial Philosophy of Teaching,
Learning
In the first years of URS, the fellows were directed to foster
a learning community of students who could share the
successes and difficulties of their research experience and
other aspects of campus life. The URS director and the
fellows’ supervisor—the core staff of URS—prepared and
supported fellows in this role in several ways. The fellows
participated in training before the fall semester in which
they worked on team building and were exposed to the
idea of teaching-learning styles. They did role-playing
to practice likely classroom situations and get a feel for
their own style and that of the other fellow assigned to
the section. Staff gave them the curricular material for
URS, including readings, films, etc. This always included
readings on research methodologies, and also on controversial issues in which research was implicated in
social problems. The fellows analyzed the readings and
developed ideas for how to engage students. At the end
of training, the fellows were given a template syllabus
constructed by the director and supervisor that included
a description of the seminar, required assignments, and
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a schedule listing the seminar’s meeting dates. Using the
curricular material, each pair of fellows planned weekly
readings and activities. Staff commented on their drafts,
and the fellows revised them as necessary.
To support and monitor the fellows throughout the academic year, staff held a weekly meeting. It was primarily
logistical, but staff did encourage fellows to engage their
section’s students in contested topics pertaining to the
year’s theme, such as minority access to education. Staff
also asked the fellows to engage students in thinking
about students’ own and others’ research by reflecting on
their experiences, and bringing the theme-based discussions to bear on these experiences.
Fellows found that during the seminar, participatorylearning activities helped students engage. They experimented with participatory formats and activities to
generate discussion, such as icebreakers and debates.
Fellows also monitored and gave feedback on assignments, including a research journal, short critical-analysis
papers, research presentations, and a year-end write-up of
the research. Finally, they made themselves available
to their students to discuss courses, majors, and other
aspects of student life.
Over time it became apparent, however, that the original vision of the fellows put them at a disadvantage in
important ways. In assessments, students wrote positively about the community “feel” of the seminar course.
Yet students also reported a lack of substantive academic
engagement, feeling they were “just discussing opinions.”
A significant number viewed it as a “waste of time.” This
undermined the fellows’ efforts in the classroom. Fellows
tended to struggle with diminishing attendance, student
engagement, and quality of submitted assignments.

A Philosophical Shift
These evaluations threw light on the fellows’ situation.
Staff realized that while peer mentoring may positively
influence a student’s college experience, mentoring alone
was not commensurate with the critical academic focus
expected of fellows. For example, staff mandated readings in research methodology, but the fellows could not
teach the readings as experts on the content. And fellows
commented on students’ writing assignments but the
comments were of variable quality, and students knew
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the fellows could not grade them anyway. In short, the
fellows could not lead in traditional ways: They were
not content experts, had no teaching authority, and no
ability to use grading as an incentive. Moreover, the fellows themselves did not think it appropriate to actually
teach. In their words, their role was “friend,” “mentor,”
or “guide,” but not “teacher.”
Looking back, this clarification of the fellows’ situation
allowed the staff to rethink its vision of this mentoring
role. Staff identified a contradiction between a common
model of how teaching happens in college and what they
were asking of the fellows. Specifically, a common model
of college teaching is normative, that is, a practice that
attempts to prescribe or transmit something—whether content, conduct, community, or something else—and this
entails an expert-novice approach. As such it contradicts
the fellows’ role since its legitimacy depends on a kind of
expertise and authority fellows do not have.
Thus, staff agreed that fellows cannot teach according to
this common model. Yet instead of accepting this as a
limit on fellows’ capacity to teach and adjusting expectations accordingly, staff reconceived the notion of what it
is to teach and learn that grounds the fellows’ role. Staff
saw an opening for everyone—staff, fellows, and the
other students—to critically inquire into how research
and education happen. Rather than attempting to set
aside a normative model, which would be unrealistic,
they made this model itself an object of critical thought.
Making this shift took place slowly. In hindsight, one
could identify three ways staff enacted it. The first was a
move away from prescribing or transmitting what teaching-learning and researching are and how these activities
should be done, coupled with a move toward bringing
to light each person’s assumptions about them and the
effects of these assumptions—without asserting new
assumptions in their place. For instance, early in the year
fellows often raise the question of when and how much
to direct a discussion. Rather than trying to provide an
answer, staff members ask the fellows to articulate their
thoughts on the question. A fellow might say “guide”
and not “direct.” Staff members ask them to clarify the
difference. This might lead to further questions such as
whether and where authority lies in the seminar, effects
of drawing lines that separate teacher and participants,
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and where different fellows try to draw such lines or
avoid them. The focus stays on clarifying why fellows
think what they think, where that thought is coming
from, how they enact it in class, and recognizing how
students respond. The second move was to encourage
everyone to test and develop his or her own thinking
and practice in a scholarly way, doing so with each other.
This shifted the focus of teaching-learning toward philosophical inquiry into one’s own and others’ thought, in
order to push, express, lead to realizations, and bring
out thought. The third was to leave unspecified what is
pushed, developed, and brought out. In other words, no
end goal would be prescribed in advance.

Current Practices
Based on this rethinking, the philosophy currently animating the fellows program reflects a shift from transmission of content by expert to novice, to one that strives to
do what I call the “work of thought.” Three key programmatic features exemplify this approach: training, fellows’
conduct of the seminar, and a course that the fellows take
in the fall.
Training. Fellows still participate in training before the
fall semester. Whereas in the past staff chose the curricular material, however, now fellows create it. Each
contributes at least one scholarly article, activity, film,
etc. The first day of training is devoted to team building
through a ropes course. Day two focuses on logistical
nuts-and-bolts and the idea of learning styles. Fellows
take a learning-style assessment, using the experience to
critically consider an area of education/psychology with
its theoretical assumptions. They might discuss what that
assessment claims to measure, whether such things can
be measured, whether they actually exist, and/or other
related theories. The purpose is neither to create awareness of self or other, nor to provide a tool for teachinglearning (though this may happen). Rather, it is for the
fellows to make such instruments the object of thought,
calling into question their assumptions and effects of
those assumptions, and doing so without asserting new
assumptions in their place.
During the third and fourth days of training, the pairs
of fellows practice role playing and teaching activities.
In role playing, the pairs of fellows lead a seminar of
students (played by other fellows) in types of challenging
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situations they will almost certainly face at some point
(e.g., one student offends another in an argument). The
role plays provide situations for all fellows (not just those
leading the role play) to consider the assumptions they
make about students. In teaching activities, the pairs
plan and lead the group using the curricular contributions. They practice how they might tie activities and
discussions back to the year’s theme, and to the research
experiences of students in multiple disciplines. They
also practice asking questions that probe the thinking of
students.
In debriefings that follow these activities, fellows can
learn from each other, explore the possibilities and limits
of different approaches, and express their excitement
and apprehension. On the fourth and final day of training, fellows develop their syllabus schedule. Each pair
of fellows articulates goals for the seminar and creates
their schedule and assignments from the curriculum (and
beyond it, if desired).
Staff’s role is to maintain focus on this critical exploration of thought and encourage participation by turning
fellows’ questions toward the group. They focus discussions toward philosophical consideration of how fellows
understand themselves in the classroom; how they think
teaching and learning happen; ideas of truth and knowing; tone; and other topics. Staff members share their
own teaching-learning experiences as participants in the
same way they ask fellows to do.
Fellows’ Conduct of the Seminar. The range of activities
that fellows lead during the seminars vary widely, but
generally involve a wide array of experiential-learning
formats and dynamics such as debates, fishbowl discussions, town hall meetings, and small- and large-group
discussions. Topics range from immigration, to healthcare policy, education reform, disability studies, genetic
manipulation, sexuality, and much more. Fellows use
scholarly writing, fiction, poetry, music and other media.
They dissolve the walls of the classroom by, for instance,
taking students to contemplate research and art at a local
museum or attending a graduate-student panel. Fellows
spend a portion of most seminars having students practice speaking, writing, and/or presenting their research
to an interdisciplinary academic audience. Several assignments are devoted to this, especially to prepare for the
undergraduate symposium.

13

winter 2010 • Volume 31, Number 2

In themselves these activities demonstrate little in the
way of a philosophical shift. To further characterize
this shift from a normative model of teaching-learning
toward “the work of thought,” I cite several verbatim
descriptions by fellows:
• “What we do is directed confusion. It is the understanding that you don’t understand, that comes
before further understanding. … It is dropping students into the deep end without being able to help
them, and without being experts.”
• “I can’t say we got students to think about what
research is and enjoy it, but they did by the end of
the Spring semester. They had it, we helped bring it
out, and they took it and made it their own. And the
group became a lot more connected, a community
with a sense of purpose.”
• “Moderating and fostering discussion where you have
no idea what will be brought up. I love that, because
when a little awkward silence happens that’s where
real learning happens. It’s the pause, where people
realize they hadn’t thought before … to recognize
boundaries and respond somehow. That’s where your
character and your self develops and matters.”
• “A crash course in ‘what do you do to be a teacher?’
You’re in a room with your peers … you need to figure
out in what ways you have authority and not. Figure
out does that authority matter? And if so how? Over
time [students] started discussing with each other and
not looking to us to grant power. … This goes beyond
giving you content. It is really lacking content that
creates this void—and the void creates the opportunity to go inside your own head to figure out what
is there.”
Fellows also describe a reciprocity, on multiple levels:
• “I could see the thought processes of students grow.
... I had to keep on my toes and always think of how
to ask questions, establish continuity of the conversation.”
• “… working to help [students] realize their potential.
You get to see and be blown away by students … and
what they do in research and how they understand it.”
• “You need to work on your awareness skills, like the
stress on someone’s face, and connecting with that
person. Undergraduates are fully capable of this and
many professors are not. … [B]eing available, offering
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time to talk about making decisions in one’s path,
taking each other seriously with respect to potential
paths. ...”
The key gesture of fellows revealed in these quotes is
what I have been calling the work of thought. It moves
toward “confusion” and what one doesn’t understand,
without offering an answer or even knowing if there is
one. It does not presume one can “get students to” think
or do anything, but holds that a person has within them
something that can be brought out. It relishes “awkward
silence” and learning as realization and the unmaking—
and-making—of oneself. It sees the “void” of content not
as a lack of expertise, but as a moment of inquiry turning
inward. It is grounded in reciprocal engagement among
peers that is both personal and academically rigorous.
One could argue these quotes express a sensitivity and
intuition regarding teaching and academic knowledge
recognized by certain much more experienced teachers.
Fellows Course. The third programmatic feature is a
two-credit course taken by new fellows each fall, called
Paradigms and Process in Academic Inquiry. Taught by
the fellows’ supervisor, it is structured much like a graduate seminar and the seminars that the fellows lead. In
this course the fellows inquire into philosophical and
methodological conceptions of research and teachinglearning. Fellows read across philosophical commitments
ranging from poststructural to constructivist, narrative,
critical theory, and postpositivist. They also read across
disciplines, from economics to education, anthropology,
linguistics, biology, law, and other areas. This broad reading serves several functions. It expands their conceptions
of research, unsettling the common assumption that the
scientific method is the “best” research. It shows how
methodology is itself contested and changing. It also
offers a platform to examine how different methodologies of research and teaching-learning allow one to recognize and distinguish—for instance, the great student
from the slacker, or what gets counted as research and
what doesn’t. It helps fellows think through how these
distinctions simultaneously create real possibilities for
and also limit human choice and action.
The breadth of reading serves another crucial function. It
asks fellows to practice identifying and critically engaging
arguments without being content experts. In line with
the fellows’ role, the “what” of the readings is not the
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content but the reasoning: how the argument is made,
evidence presented, and so forth. Reading is a practice in
tracing reasoning in different fields and commitments.
As such, fellows are not asked to merely receive and
absorb any particular content of the readings, and the
readings are not presented as true or false. The primary
material for the course is the discussions that ensue, in
which fellows’ thinking is inseparable, yet distinct, from
analysis of the reading. This course emphasizes experimenting with this immaterial material—fellows’ own
arguments, experience, and gut feelings—by presenting
their thoughts and allowing them to be engaged by the
critical thought of others.
For staff, supporting fellows in training, during the fellows course, and throughout the year entails opening up
for critique what all of us assume in our own thinking
about teaching and research, while encouraging the work
of thought. Foucault (1997) has called this “reciprocal
elucidation.” In my reading, reciprocal elucidation challenges each person to articulate their thought so that it
may be critiqued by others. It is “serious play” that does
not end in “lessons learned” (though this might happen)
but is valuable primarily in realization and understanding and sometimes in newfound capacities.
This is not to say there are no normative goals or expectations of fellows. Staff set parameters for the seminars
that the fellows lead, such as insisting that fellows tie
every seminar activity back to the theme and to students’
research experiences. The point is to help fellows avoid
mistakes that would jeopardize the functioning of the
Undergraduate Research Scholars course as a whole. Staff
also do not claim there is no right or wrong research,
or no good or bad teaching. The aim is to make strange
what one generally assumes and takes for granted, leading to an “awkward silence” (as one fellow termed it) in
which one can reach realization and understanding.

Evidence of Success
Responses to this approach by students and fellows have
been positive. In five years of student evaluations of the
mentored seminars, a large majority of students reported
reflecting on and discussing current social problems over
a range of disciplines; listening to different viewpoints
and arguments; developing better argumentation for the
stances they hold; developing skills for critiquing argu-
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ments; and being encouraged to persist in their research
even if it wasn’t going well. Students cited the seminar
as unique in that they could articulate their own thought
and consider that of others without having to show content mastery tied to a grade. (A student’s seminar grade is
determined by the URS director.) Additionally, students
indicate they appreciate exposure to research topics and
processes across disciplines as an important learning
opportunity. And students report that fellows are positive role models for academic success. This evidence can
inform future research into such areas as student engagement (e.g. Kuh 2009), critical thinking (e.g. den Heyer
2008; Apple 2003; Tsui 2003), and learning communities
(e.g. Smith and Bath 2006; Evenbeck and Borden 2001).
Moreover, the students’ responses attest to their potential for engaging in substantive philosophical analysis
without a faculty member, and quite possibly in ways
that faculty presence in a traditional classroom situation
might hinder. This could be an interesting direction for
study.
According to fellows, they feel successful when students
respond by lingering after the seminar to continue the
discussion, pursuing their learning independent of the
class, when they raise and relate matter from a previous
seminar session to the current class, or when they ask a
fellow for advice on academic or personal matters. They
recognize growth in students’ analytical thought and
academic interests.
Staff’s role in fostering these positive responses is to help
fellows think through and articulate their strengths. For
example, the interdisciplinary nature of the seminar need
not pressure fellows unrealistically to know about every
discipline. It is an opportunity for students and fellows to
explore together how they understand research, to realize limits of their understanding, and to find encouragement to push further. The range of students involved in
the URS course, from academically at-risk to high achievers, need not lead to hierarchies and exclusions since the
approach does not rank students. And while the notion
of diversity is constantly present, if not explicit, in many
dimensions of the seminar—from students and fellows
themselves to topics and activities—the teaching-learning approach does not objectify diversity by reducing it
to a quality, value, or set of assumptions.
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Advancing the Work of Thought
In explaining why he wrote Why School? Mike Rose
(2010) stated, “If we abstract out of education policy
a profile of the American student in our time it would
be this: a young person being prepared for the world of
work, measured regularly, trained to demonstrate on a
particular kind of test a particular kind of knowledge.”
Rose described a process that fits the teaching-learning
approach I have been calling normative. The Boyer
Commission’s 1998 report, a touchstone for undergraduate research programs in the last decade, has targeted
this approach as limited and problematic. It argues that,
“The experience of most undergraduates at most research
universities is that of receiving what is served out to
them. In one course after another they listen, transcribe,
absorb, and repeat …”
The Boyer report attempts to define a different “ideal”
of teaching-learning. “The ideal embodied in this report
would turn the prevailing undergraduate culture of
receivers into a culture of inquirers, a culture in which
faculty, graduate students, and undergraduates share
an adventure of discovery” (1998, 24). Peer mentoring,
conceived as the work of thought, moves toward this
ideal in a way normative teaching-learning tends not
to. For instance, it shifts understanding of the scientific
method from an ironclad process independent of the
investigator, to an emphasis on the investigator as a decision maker who participates in a research community
with agreed-upon standards and conventions. Showing
examples of different research communities allows one
to expand one’s academic possibilities.
Moreover, the relation between the seminar and students’ research experiences is not one of reception or
application. Perhaps it is not really a relation at all, but a
“void” as one fellow put it, in which students can learn
to recognize and critique academic work by challenging
their own thoughts through the thoughts of others. This
in turn encourages students to forge their own intellectual paths.
The approach also indirectly calls into question current educational reform that emphasizes measurement,
monitoring, and accounting. For example, in literature
on undergraduate research one finds claims to measure
outcomes such as “liberal learning,” “empowerment,”
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“identity,” and “high impact,” among others. However,
some scholars, including Seymour et al. (2004) and
Lopatto (2006), have acknowledged the dearth of studies demonstrating such claims and also attempted to
remedy them. The work of thought illuminates how
these outcomes slip from measurable constructs to being
treated as real and taken as ends, despite their being
fundamentally intangible and contingent. Even “critical
thinking,” a core element of any research experience, is
used as though everyone agrees on what it is and how it
happens. It is often taught normatively as content, reinforcing the scientific method as the holy grail of research
and thus producing a bias that favors research processes
in the sciences and disfavors those of the social sciences
and humanities.
Rose and the Boyer Commission urge us to critique the
“prevailing culture” of education, not to devalue or
exclude normative teaching-learning but rather to raise
questions regarding what education is, what its purposes
are, and how it occurs. How programs and institutions
answer such questions defines both teaching-learning
and inquiry in undergraduate research. The fellows
program affirms this critique and ideal. It suggests an
approach in which one can realize newfound capacities
and understanding, which is also one of the most exciting experiences of doing research.
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Announcing Two New CUR
Publications
Reading, Writing, and Research: Undergraduate
Students as Scholars in Literary Studies
Edited by Laura L. Behling
Colleges and universities have long
recognized student scholarship as the
culmination of an engaged and successful
academic career. In recent years,
opportunities for undergraduate students
to engage in research, scholarship, and
creative acts have expanded significantly as
colleges and universities nationwide have
moved to provide greater numbers of students with more intensive and intentional places and times
for engagement in such learning. The call has been for faculty
to view undergraduate students as their research collaborators,
both at research universities where graduate students typically
have enjoyed this relationship, and at primarily undergraduate
institutions.
Reading, Writing, Research: Undergraduate Students as Scholars
in Literary Studies is a collection of essays focused on understanding what constitutes ”undergraduate research” in literary studies, coupled with faculty best practices for engaging
undergraduates in the research process. The volume highlights
undergraduate research practices occurring within programs,
entire departments, and specific courses, as well as facultystudent collaborative research that increasingly occurs one-onone or with small research teams during the summer.

Science in Solution: The Impact of
Undergraduate Research on Student Learning
By David Lopatto

Amy Sloane
PhD Candidate
Departments of Curriculum and Instruction,
and Forest and Wildlife Ecology
University of Wisconsin-Madison
Room 1, Ingraham Hall
1155 Observatory Drive
Madison, WI
53706-1319
alsloane@wisc.edu
Amy Sloane is a faculty associate in the Undergraduate
Research Scholars (URS) program at the University of
Wisconsin-Madison. She has served as program coordinator and has supervised the program’s peer mentors—called
Fellows—for the last six years. She also created and currently
teaches the Fellows course. She is currently pursuing her PhD
in curriculum and instruction.

Science in Solution: The Impact of 		
Undergraduate Research on Student Learning
shifts the focus of science education from
alarms about the shortage of workers in STEM
(science, technology, engineering, and math
ematics) fields to the professional and
personal benefits to undergraduates
engaging in research. The shift suggests that
undergraduate research may generate
scientists from across diverse groups of students. Personal development is the deep outcome of a research
experience from which career choices grow. These undergraduate research experiences benefit students across the science disciplines, having characteristic features that enable success. These
features include good mentoring, student input, working in
teams, optimal structuring, and opportunities for communication. Research presented in the book documents the connection
of these features to the benefits of undergraduate research.

To order your copy online, please visit
www.cur.org/publications.html
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Michelle R. Edgcomb, Heljä Antola Crowe,
Jeffrey D. Rice, Sherri J. Morris,
Robert J. Wolffe, Kelly D. McConnaughay
Bradley University

Peer and Near-Peer Mentoring: Enhancing Learning in Summer Research Programs
Immersive research experiences in science, technology,
engineering, and math (STEM) have long been a mainstay
in the preparation of students pursuing careers in STEM
fields. A broad range of benefits for such experiences has
been demonstrated (Sadler et al. 2009). Whether research
training occurs in graduate school, in the form of a thesis
or dissertation, or in a high school internship, the goals
are often similar: to allow budding STEM professionals
to develop the research and analytical skills necessary to
successfully engage in a STEM career through the process
of experiential learning (Kolb 1983).
The question remains how to optimize research-immersion programs for the benefit of both student participants and the principal investigators (PIs) with whom
they work. As important as these internships are to the
development of young researchers, the management of
large numbers of students is not easy. Further, providing
a meaningful research experience requires a significant
investment of time on the part of the research mentor in
providing training and oversight, which can detract from
time spent on activities that might lead more quickly to
the development of a publication or another measure of
success in a faculty member’s field.
As a result, the role of peer mentors and near-peer mentors is receiving attention as a strategy to provide more
high-quality research experiences. This strategy extends
an individual’s group of potential mentors to include, as
part of a mentoring network, other students with various
levels of research experience (e.g., from novice to expert).
Peer mentoring and near-peer mentoring show potential benefits for both PIs and research students. Peer
mentoring includes the collaboration of students who
have backgrounds similar to those of the undergraduate
researchers, for example, similarity in age, educational
background, and/or laboratory experience, whereas nearpeer mentors may differ in some of these parameters, but
be very similar in others, for example, an undergraduate
mentoring a high school student.
The increased use of near-peer mentors may free up the
time of more-senior lab members (Ramani, Gruppen, and
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Krajic Kachur 2006), and may provide a larger network of
collaborators when novice researchers need immediate
feedback or direction, eliminating costly “down-time”
on their research projects. Peer and near-peer mentors
also may be more accessible and approachable than the
PIs. This is particularly true when the novice researcher
does not identify yet with a PhD-level scientist. Thus,
near-peer mentoring has also been suggested as a way
to help students otherwise unlikely to remain in STEM
fields (Dannelly and Steidley 2002). Near-peer mentoring can be an effective way to manage labs that include
both high school and undergraduate students (Hanauer
et al. 2006). This approach allows for the students with
more experience, regardless of age, to serve as a peer or
near-peer mentor on a research project, which can also
enrich the experience of the student mentors and result
in a number of learning gains for the peer-mentors themselves (Sales et al. 2006).

Mentored Research Programs
at Bradley University
Summer research opportunities at Bradley University
are offered through a variety of parallel programs.
High school students, educators from pre-kindergarten
through the 12th grade (pK-12), and undergraduates
all can take part in the Building Excellent Scientists for
Tomorrow program (BEST). Undergraduates also can
participate in a Research Experience for Undergraduates
(REU) program through our NSF funding, and two professional master-of-arts programs in Math, Science and
Technology Education (MST) are available for elementary
and secondary educators. All programs include a mentored, 150-to-400 hour research-immersion experience
in a STEM field. Mentors include scientists and engineers
at the university and at a variety of research institutions
in the area, including hospitals, an environmental-planning group, a medical school, and a U.S. Department
of Agriculture laboratory. The culminating event for
all summer programs is a research symposium held in
August that includes both oral presentations and a poster
session.
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Table 1: An Overview of the Participants in Bradley University’s Summer Research Immersion Programs.*
PhDUndergraduate Undergraduate Undergraduate
pK-12
High School
level
Peer-Mentor
Mentors
Researchers
Teacher
Student
Mentor
Coordinator
Researchers
Researchers
BEST
X
X
X
X
X
X
REU
X
X
X
MST
X
X*
X
* Not all teachers are placed in research labs with undergraduate peer mentors, but all are integrated into
the larger research community and interact with learners at all levels.
The nature of these summer programs means that
research teams are diverse. A given lab may include
participants from BEST, REU, MST, or any combination,
as well as other undergraduate and graduate students in
STEM fields. The educational backgrounds of the novice
researchers can range from a high school course or two
to an undergraduate degree in a STEM field. Laboratory
experience likewise is varied. These differences provide
opportunities to explore STEM from multiple perspectives, but also represent challenges for the primary
investigators, who have the responsibility to be productive researchers in addition to being research mentors.
In order to maximize productivity without losing the
benefits of mentorship, we determined that our diverse
research teams needed diverse leadership as well. The
result was our program of peer and near-peer mentoring.
In 2008, the directors of the BEST program, in cooperation with undergraduate and graduate students,
developed a peer and near-peer mentoring system
anchored by undergraduate research students (Morris,
McConnaughay, and Wolffe 2008). This change formalized the interactions already occurring in the labs, where
inexperienced researchers, be they high school students
or pK-12 educators, would seek the help of undergraduates who had spent more time in research settings.
The position of undergraduate peer-mentor coordinator
(UPC) also was created to help train the undergraduate
peer mentors, organize social events, and handle other
logistical concerns, including seminar scheduling and
poster printing for the annual research symposium. A
comparable position was added to the REU program as
well (Table 1).
Summer research programs at Bradley, particularly the
BEST program, were designed to increase pK-12 educa-
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tors’ preparation in STEM areas and to engender interest in STEM careers among high school students, particularly those from underrepresented groups (Morris,
McConnaughay, and Wolffe 2008). Bradley University
is located in the heart of a large, urban school district in
which almost 70 percent of the student population consists of African-American children from very low-income,
often single-parent households.
The development of undergraduate near-peer mentors
included the goal of developing the collaborative skills,
including communication skills, that undergraduates
need for a productive career in a STEM field. Early development of these communication skills potentially can
add value to the experience of not only the undergraduate researchers, but also of the pK-12 educators, high
school students, graduate students, and PIs, because
these near-peer mentors help bridge the sometimes-wide
communication gap between new student researchers
and senior faculty (Figure 1).

Undergraduate Mentors’ Training
and Responsibilities
In our program, both PIs and undergraduate near-peer
mentors participate in a variety of workshops and other
events designed to enable effective mentoring. These can
be broadly described as seminars, workshops, and social
events. Some are focused on the development of specific
skills, such as oral communication, while others provide
opportunities for socializing across research groups and
research programs (Table 2). Undergraduate near-peer
mentors take a role in these seminars as presenters,
organizers, active research participants with high school
students, or some combination of these.
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Figure 1: Flow of information within mentored
research programs. Undergraduate near-peer mentors bridge a potentially large gulf between novice
researchers and primary investigators.

At the outset of the summer programs, the UPCs run
a workshop for the undergraduate near-peer mentors.
Later in the summer, another mentoring workshop is
conducted that includes all of the mentors, including PIs.
Participants work in groups with several levels of mentors (i.e., PIs with undergraduate near-peer mentors, but
from different labs) on selected case studies that outline
typical difficult situations that arise in mentor-mentee
relationships. Both workshops include formal and informal discussions on effective mentoring. Informally, the
workshops allow leaders from throughout the program
to interact and see the full scope of the summer research.
Throughout the summer, group cohesion and a sense
of community are developed through instructional
workshops that bring together undergraduate nearpeer mentors, REU students, and high school students.
These joint workshops serve to reinforce the students’
interaction with their undergraduate mentors; these
shared experiences provide easy topics for socializing
among the high school students, pK-12 educators, and
undergraduate near-peer mentors, while simultaneously
providing important training. Seminars and workshops
cover topics including scientific design, lab safety (such
as materials handling, protective equipment, and interpretation of material safety data sheets (MSDS), and the
National Fire Protection Association (NFPA 704) system
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for identification of hazardous materials); ethics (such as
proper citation formats, avoiding plagiarism, and maintaining a lab journal); and statistical analysis (including
standard deviation and standard error, as well as a brief
discussion of more complicated analytical constructs).
These workshops not only introduce or refresh proper
lab protocols and tools for participants, but also convey
the expectation of at least a minimal level of expertise in
these topics for everyone involved.
Workshops range from one-hour introductions to a topic
to all-day events. The all-day workshop on scientific
design, for example, allows participants to develop and
implement a mini-experiment. Undergraduate near-peer
mentors are grouped with the high school students with
whom they will work during the summer. During the
morning session, these groups develop testable questions
(e.g., on cardiovascular function) and hypotheses before
designing protocols. In the afternoon the groups collect
and analyze data and then share their results. While
faculty members lead the workshop, undergraduates
provide iterative feedback to the high school students,
sharing their experience without dictating the course of
the experiments. In this way, undergraduate near-peer
mentors and high school students begin to collaborate
in a low-key environment, and common vocabulary is
developed.
In addition to faculty-led workshops, UPCs lead seminars
on how to give poster and oral presentations, offering the students a perspective on the challenges facing
inexperienced scientific presenters. The undergraduates
share their presentations with program coordinators in
advance of the workshops, and incorporate suggestions
or modifications as needed. This format frees the high
school students to ask honest questions that they may
not feel comfortable asking PIs or more-senior mentors,
such as graduate students (Ramani Gruppen, and Krajic
Kachur 2006), and challenges the undergraduate nearpeer mentors to communicate their ideas clearly and
effectively. One week after the workshops, high school
and undergraduate students give practice presentations
to the rest of the department and receive discreet comments from the coordinators, mentors, program directors, and other faculty members. This provides the
opportunity to become familiar with answering ques-
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Table 2: An overview of development workshops and events for undergraduate near-peer
Table
2: An Overview of Development Workshops and Events for Undergraduate Near-Peer Mentors.*
mentors.*
Workshop/Event
Peer mentoring
Scientific design
Safety
Statistics
Ethics
Mentoring
Oral presentation/poster
design
Research seminars
Presentation practice
(group)
Presentation practice
(individual)
Breakfast meetings

Organizer
UPC
Faculty
Faculty
Faculty
Faculty
Program director
Faculty, UPC

Participants
BEST
BEST
BEST, REU, MST
BEST, REU
BEST, REU
BEST, PI
BEST, REU, MST

Time (hours)
2
7
1.5
2
2
2.5
1

PI, UPC
BEST, REU, MST, PI
10
Faculty, UG peer
BEST, REU, MST
2
mentors, PIs
UG peer mentors,
BEST, REU, MST
varied
PIs
Program director,
BEST, REU, MST, PI
varied
UPC
Informal peer mentoring
UPC
BEST
varied
Social events
UPC
BEST, REU, MST, PI
varied
*While total time may vary, all near-peer mentors receive more than 20 hours of professional development.
tions in a live setting and to prepare for some questions
that may be asked during the symposium.
The UPCs are in charge of maintaining group dynamics,
and serve as a direct line of communication for participants regarding personal needs and social problems. For
REU participants, the UPC also provides logistical help
with lab work, ensuring students have access to the
facilities, equipment, and consumable supplies necessary
for their research. To develop a learning community with
participants from multiple programs, UPCs organize
social events and field trips, such as group breakfasts,
cookouts, trips to local festivals, and outings to local
minor-league baseball games. UPCs also aid in background logistics, ensuring equipment, food, and notifications are ready for seminars and departmental events.

Evaluating the Program
Since its inception, the BEST program has been the subject of robust external evaluation. Prior to 2008, the REU
program directors administered surveys to evaluate the

Council on Undergraduate Research • www.cur.org

experience of the REU participants. However, in 2008,
when we formally and thoughtfully merged the REU and
BEST programs and developed the peer-mentoring component, we revised and combined the evaluation plans
for both programs, and then contracted with an external
evaluator to carry out the evaluation plan.
The new program evaluation plan used a mixed-methods
approach. Surveys were administered to students at the
mid-point of the program and after the culminating
symposium. The midterm surveys consisted of openended questions asking respondents to assess their gains
in knowledge of scientific concepts, science processes,
and understanding of teamwork; to outline the challenges of the program; and to make suggestions for programmatic improvements. The final surveys were similar to
the midterm evaluations, but added an evaluation of the
PI and an eight-item, Likert-scale questionnaire focused
on gains in knowledge and understanding in specific
research-related areas (scientific process, data collection,
how to be a productive team member, ways to present
information and data, how to work in a lab safely, future
career plans, and work ethic).
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In 2009, 11 undergraduates, representing 76 percent of
the undergraduates in the BEST and REU programs, completed the final survey in its entirety; two more undergraduates completed all but the Likert-scale question.
The composite score for all eight items was 3.2 on a fourpoint scale. In 2010, 10 undergraduates, representing 91
percent of the undergraduates in the program completed
the final survey in its entirety, with a composite score
for all eight items of 3.6. This indicated that students
on average felt they learned between “a good bit” and
“a great deal” about both hard scientific skills (e.g., data
collection) and soft skills (e.g., teamwork, work ethic).
Responses to questions suggested that students felt they
learned the most about the scientific process, how to
present, how to gather data, and work ethic; this was
followed by gains in knowledge about what scientists do,
how to work in a lab, how to work in a team, and what
to do for a career.
A survey was administered to PIs at the conclusion of the
summer program that paralleled the structure to the form
administered to students. Open-ended items elicited the
PIs’ opinion of gains in the student researchers’ conceptual understanding; lab culture (e.g., teamwork, tasks,
and interactions); suggestions for the future of the program; challenges as a mentor; personal and professional
benefits of the program; and suggestions for support for
the mentors. An eight-item, Likert-scale questionnaire
asked for the PIs’ perspectives on students’ gains in the
same research-related areas that students were asked to
evaluate.
In 2009, three PIs completed the final survey. The composite score for all eight items on the Likert-scale questionnaire was a 3.4 on a four-point scale. In 2010, three
PIs completed the final survey with a composite score of
3.3. This indicated that the mentors rated their students’
learning on both hard and soft scientific skills between “a
good bit” and “a great deal.” While the overall response
rate was low, these results indicate that PIs saw the same
degree of growth in their research students as the students saw in themselves. Also similar to the students’
assessment, PIs felt students made the greatest gains in
understanding of the scientific process, how to gather
data, and how scientists do their work.
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Additional qualitative methods used for data collection
included interviews with students and focus-group discussions. The external evaluator also visited workshops,
research laboratories, and the culminating research symposium. Field notes from these events were then analyzed for common themes and experiences.

Additional Benefits
Evaluation of surveys from participants in the 2009 BEST
program noted the value of teamwork at all levels of the
program. Responses from surveys mentioned the importance of using the talents of partners in the lab and being
considerate of others in shared workspaces. Perhaps
most importantly, students learned to view STEM work
as collaborative and teamwork as essential. They discussed how the team approach allowed participants to
learn more and to work more efficiently and effectively.
Students learned how to adapt to a foreign scientific
environment, as well as how to effectively communicate
with multiple people in the different roles (including
both task-oriented and leadership-oriented) found in a
research environment. Coordination between different
labs on use of equipment, resources, and projects was
seen as vital to the success of experiments, in addition
to coordination within a lab. High school students noted
that personal sacrifice was necessary when working on a
team and that while work in science can often be frustrating, repetitious, and tedious, it can also be rewarding.
BEST and REU participants noted the importance of
mentoring. In response to a prompt asking students to
“list the qualities of your mentor you have learned from
and enjoyed this summer,” participants listed a variety of
traits, including patience, willingness to help, informative, laid back, knowledgeable, approachable, and enthusiastic. They noted that mentors specifically helped them
to learn on their own, use their brains, and taught them
“how to be nice when you don’t want to be.” In 2009
the prompt did not ask participants to specify whether
they were talking about a PI or an undergraduate nearpeer mentor, but the value of mentors was recognized.
In 2010, questions specifically relating to undergraduate
near-peer mentors were included in the survey.
This past summer we surveyed the undergraduate nearpeer mentors and the high school students regarding
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working together. Qualitative analysis of the openended responses demonstrated two parallel themes. In
response to the prompt, “Write a list of qualities of your
undergraduate mentor you have especially learned from
and enjoyed this summer,” the high school students’
responses centered on work ethic and aspects of creating a supportive work environment. Regarding work
ethic, they noted that their near-peer mentors were
determined, responsible, hard workers who never gave
up. Comments about the relationship they had working together included mention that mentors explained
things well, were willing to help, and demonstrated
patience. One high school student wrote that her nearpeer mentor never got impatient and as a result they
“worked in harmony even when we disagreed.”
The undergraduates’ responses to being asked the qualities they think are important to have as a peer mentor
were consistent with the qualities noted by the high
school students. They wrote about work ethic in relationship to needing to be reliable, the importance of following through on things, and demonstrating a positive
attitude. Comments about work environment included
being empathetic, approachable, enthusiastic, and willing to speak their minds, having a positive attitude, and
above all, being patient. They also noted the need for
good communication skills and having a strong knowledge base.
Through mentoring less-experienced students, undergraduate mentors found new ways to articulate the
nature of their research projects, as well as the purpose
of each step in the process. The end result was a richer
experience and deeper level of understanding and learning for the undergraduate mentors, as well as for the
high school students and pK-12 educators working in
the lab. As one peer mentor stated, “I was surprised at
how I didn’t know as much as I thought regarding reasons we do different things—needing to explain things
to someone else has helped me better understand certain
details.” These gains in understanding and communication skills were noted by the PIs as well. From their point
of view, both mentors and high school increased their
understanding of the nature of academic STEM careers.
Undergraduates saw increases in communication skills
not only as they came to understand the terminology
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used in their laboratories, but also during presentations.
Field notes from the evaluator noted increased fluency of
the undergraduate and high school students between the
practice session and the final symposium. Undergraduate
presentations allowed for detailed communication of
procedures, but also idiosyncratic approaches to presentations, which included humor. As one undergraduate was
comfortable enough to indicate, “Extracting liver from
the rat is very tricky and challenging, it looks like a big
snot clot.” In addition to the increase in oral communication skills, PIs noted increases in program participants’
written communication skills, analytical skills, and ability to modify lab apparatus to meet the requirements of
the current experiment.
The increased focus on mentoring provided benefits to
the PIs, as well as to the undergraduate near-peer mentors. PIs noted the advantage of having undergraduate
near-peer mentors who could help oversee the lab work
of a team comprised of individuals with diverse expertise
and backgrounds. The PIs also appreciated the mentoring workshops in which they had a chance to see the
scope of the entire project and interact with researchers
in other locations and other fields. One faculty mentor
noted it was a “good experience interacting with other
mentors. We are from much different environments.”
This diversity of environments enriched the mentors’
experience of researchers’ interactions. The mentoring
workshop received an average rating of 4.6 out of five
from PIs responding to the 2009 final survey of mentors.
This question was not included in the 2010 survey.
Participants did note some limitations of the program.
Despite the gains from having the efforts of undergraduate near-peer mentors, PIs noted some challenges they
still faced. These included lack of time, difficulty in getting students started in the lab due to institutional logistics, finding adequate work for program participants at
all times, their ability to adapt methods and procedures
to accomplish stated objectives, and the effort needed to
stop micromanaging.
Evaluations yielded specific suggestions for actions that
would improve the program. Suggestions included spending more time connecting daily lab work to the larger
goals of the research lab; this is a place where future PIs
and undergraduate near-peer mentors can work together
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sibility as the summer progressed. The end result was a
well-established and dynamic learning culture within the
community. Such a learning culture can be a powerful
vehicle for underrepresented individuals and researchers
alike, strengthening their sense of scientific inquiry and
community. A learning community helps break the isolation of scientific discovery, or in the case of high school
and undergraduate researchers, allows them to see their
part within the scientific community as an important
steppingstone into their future.

Dr. Sherri Morris collects soil samples with the help of Bradley junior
Joseph Taura, Bradley senior Jenny Mullikin, Jimmie Parker, a high
school student participating in Bradley’s BEST (Building Excellent
Scientists for Tomorrow) summer research program, and Vanessa Toro,
an intern.

to make improvements. Participants also noted that the
workshop on how to give a presentation was too close
to when presentations were due, a problem that was
addressed for the 2010 program. Other suggestions were
more practical than programmatic, including a need
to share keys with interns, adjust temperature in some
rooms, and provide more monetary support for lab supplies.

Conclusions/Future Direction
As participants engaged in the summer immersion experience, they came to appreciate the true nature of STEM
studies. They moved beyond thinking of STEM knowledge as “cut and dried” and saw the team interactions
behind the development of ideas. They gained a more
sophisticated understanding of the process of scientific
discovery through multilayered experiences, including
the repetition and the tedium. Participants learned
through cross-laboratory interactions and the public
sharing of results. They also learned terminology and
the conventions of the laboratory, while recognizing the
contribution of previous research and funding sources.
Through all these processes, participants joined what
Wenger (1998) referred to as a community of practice,
in this case a community in which novice and experienced researchers worked together toward enhanced
understanding in STEM fields. The undergraduate nearpeer mentors, in particular, were able to engage in this
community at multiple levels, accepting more respon-
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Michelle Edgcomb is a lecturer in biology at Bradley University
focused on developing and implementing interdisciplinary,
inquiry-based STEM content courses for in-service and preservice educators. She serves on the planning and evaluation
committees for two professional master-of-arts programs in
Math, Science Technology Education. Her current research
interests focus on effective STEM programs for educators,
especially the impact of research-immersion experiences on
in-service educators.
Heljä Antola Crowe is a professor of teacher education at
Bradley University and the William T. Kemper Teaching
Excellence Fellow overseeing its Professional Development
School Project. She has been an evaluator in several STEMrelated projects. With three decades of teaching experience in
Finland and the U.S., she is the author of research and pedagogical publications on empowerment, curriculum, well-being
and the workplace, including a book, The Ethnography of
Empowerment.

Sherri Morris is an associate professor of biology. She studies
carbon cycling in terrestrial systems. Her research currently
examines alterations to carbon and nitrogen dynamics as a
consequence of land-use change. Her research program has
involved more than 35 undergraduates, plus numerous high
school students and pK-12 educators, as research interns, providing them opportunities to experience a breadth of scientific
approaches and to connect with a diversity of researchers. She
serves on the editorial board for two journals and is pastpresident of the Soil Ecology Society.
Robert Wolffe is a professor of education in Bradley University’s
Department of Teacher Education. Besides teaching a variety
of teacher preparation courses, he is a site coordinator for a
professional development school and is actively involved in
teacher education accreditation. His current research interests
focus primarily on factors that enhance the effectiveness of
STEM education programs. He co-directs two STEM education
programs and is the outside evaluator for two other projects
in this field.
Kelly McConnaughay, professor of biology and associate dean
of liberal arts and sciences, a plant ecologist, has collaborated
with more than 65 undergraduate student researchers. She has
served on numerous NSF panels, including those that focus on
research and education. She has developed several extramurally funded, research-training programs for undergraduates, high
school students, and pK-12 educators, developing partnerships
among a private, master’s-level university, a medical school, a
federal research lab, a fortune-500 research-and-development
corporation, a community college, and a large, urban school
district. She has served as a Biology Division Councilor,
Biology Division Chair, and Secretary for the Council on
Undergraduate Research (CUR), and is currently the CUR
Quarterly Editor-in-Chief.

Jeffrey Rice is a senior undergraduate researcher at Bradley
University and was the undergraduate peer mentor coordinator for the 2009 REU program. He is completing a bachelor of
science in cell and molecular biology and a bachelor of music
in vocal music performance; he plans to enter a PhD program
after graduation. He won first place in the natural sciences
section of the 2010 Bradley Research Expo and has traveled
to local, regional, and national meetings to present his work
on the formaldehyde detoxification pathway in ciliated protozoa and their relatives. He has been a teaching assistant
for an upper-level cell biology lab, as well as for a freshman
biology lab.
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Peer Mentoring of Undergraduate Research in Community Colleges: A “Transplantable” Model for
Workshops
This is the story of the challenges, development, evaluation, lessons, and working examples of a three-year
project sponsored by the National Science Foundation to
engage and prepare students for undergraduate research
at two-year community colleges (CCs) across America.
Peer mentoring was a hallmark of the project.
Community colleges (CCs) face many unique challenges:
They enroll almost half of all college students (American
Association of Community Colleges, 2010), and their
enrollment numbers are growing rapidly. Returning
veterans find CCs attractive because they provide accessible education that is helpful for their career plans. CC
faculty members strive to engage more students in active
inquiry even though their teaching responsibilities are
demanding, equipment is expensive, budgets are tight,
and space for dedicated labs may be rare or absent. Many
CC students are working, attending part-time, and perhaps also raising families. Access to research experiences
is often less than what faculty would like for their students, and the classroom may be the only place available
where students can be engaged in inquiry. CC students
may move on to four-year colleges just when they are
ready to engage in full-scale undergraduate research.

Project Overview
Project Goal. The goal of the NSF project was to promote
undergraduate research during the first course in psychology and evaluate ways to promote such research,
with CC faculty members as partners in the project
(Kincaid et al. 2007). The approach included what
Jenkins and Healey (2010) in a recent issue of the CUR
Quarterly described as important research-oriented ways

that develop research skills and techniques and methods
that introduce students to inquiry and engage students in
research discussion.
Project Structure in a Nutshell. The project’s structure had
five stages, as shown in Figure 1.
First, participating faculty were pre-tested on the same
measures they would be post-tested on at the conclusion of the study in order to have a baseline for later
evaluation of the project. Second, faculty members participating in a national workshop were provided with (a)
equipment to train with and take back to campus and (b)
experience with peer mentoring of one another to convey new research knowledge and skills. In the third stage,
faculty returned to campus where they implemented in
their classes the new technical research knowledge and
skills they learned at the workshop from presenters and
through peer mentoring. In the fourth stage, students
engaged in investigative activities in class. In the fifth
stage, participating faculty and students were post-tested
to learn what worked and were compared with control
groups.
Control-comparison groups consisted of wait-listed faculty members who did not participate in the workshops,
along with their students. Faculty members in the control groups received all the workshop information at the
conclusion of the project in appreciation for their help.
An important research step would be longitudinal follow-up of the students involved in the project, with the
hope that these students engaged in additional research
activity as they moved into their majors and on to fouryear colleges.

Figure 1. Project Structure
Pre-test  Workshop  Faculty implement in classes  Students engage  Post-test
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The goal of the project was to increase faculty comfort in
introducing new research knowledge and skills to their
students, and to increase student sense of competency in
the knowledge and skills. The project was conducted in
collaboration with Project Kaleidoscope (http://www.
pkal.org/documents/TriedTrueSplash.cfm) and enriched
by the participation of five consultants known for their
expertise in ways to promote undergraduate research:
Diane Halpern (Halpern 2009), Chandra Mehrotra (Dunn,
Mehrotra and Halonen 2004), Jeanne Narum (Narum
2006), Louis Tassinary (Cacioppo, Tassinary and Berntson
2007), and Carole Wade (Wade and Tavris 2010).

Project Hypotheses
• Hypothesis 1. The workshop model would effectively
address needs identified by national standards for
research training in science, technology, engineering
and mathematics (STEM) fields, illustrated by burning
questions identified in advance by workshop participants.
• Hypothesis 2. The workshop model would increase faculty members’ sense of comfort in introducing investigative laboratory experiences in psychophysiology in
their classes, in order to help their students (a) think
of psychology as a science, (b) take psychophysiological recordings, (c) see the role of science in all areas
of psychology, and (d) learn and use the scientific
method.
• Hypothesis 3. Students whose faculty members attended the workshops would increase their sense of competence in the basic principles of psychophysiology,
and their skills in thinking as scientists think, more
than control groups of students whose faculty were
wait-listed for the project and did not participate in
the workshops.
The Workshop Model. “Burning questions” were solicited
from CC faculty before the workshops, which were used
to make sure the workshops were in tune with faculty
members’ priorities. The questions fell into four clusters:
(a) how to engage students by having them conduct
investigative psychology as a science in the classroom;
(b) how to help students build on their investigative
work to see the role of science in all areas of psychology
(c) how to use investigative psychophysiological activi-

Council on Undergraduate Research • www.cur.org

Workshop faculty share ideas for hands-on activities in their classes (left to
right, Jennifer Nepper-Fiebig, Emmanuel CC, Boston, MA; Julie Penley, El
Paso CC, El Paso TX; and Dana Leighton, Portland CC, Portland OR—now
at the University of Arkansas.)

ties to support any topic in the introductory psychology
textbook; and (d) how to decide which investigative
activities to include in one or two class meetings in the
psychology course.
A detailed National Workshop Manual developed for the
project (available from the authors) includes ideas that
can be easily transplanted to other institutions and
adapted across disciplines. A seven-minute streamed
video is available at the following URL that shows the
workshop model in action and parallels the National
Workshop Manual (requires QuickTime 7 for Mac or PC;
http://xstream.stolaf.edu/psych/NSF-CC-Part-2-264B.
mov)
Workshop Content. Psychophysiology was chosen as the
exciting content and methodology for the workshops,
although the discipline and content could conceivably be anything. Psychophysiology is the study of the
mutual influence of mental activity and physiology
(Cacioppo, Tassinary and Berntson 2007). A prior proofof-concept NSF project on which the current project
was built showed that psychophysiology was a powerful
approach for engaging students (Hébert 2002 11-15),
although, again, any content could be used for which
future workshop planners have a passion. In the enthusiastic words of one CC faculty participant, “Students
think psychophysiology is cool. … It generates all kinds
of buzz, interest, excitement, questions—even from other
faculty and administrators—and physiology appeals to
many students in related disciplines, creating opportuni-
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included: (a) eye movements while reading text (measured using electrooculography, (b) visual attention and
brain activity (brain-wave desynchronization measured
using electroencephalography), (c) muscle-performance
strength and brain control (muscle motor-unit recruitment measured using electromyography), and (d) stress
and the autonomic nervous system (sympathetic and
parasympathetic nervous system influence on heart-rate
variability measured using electrocardiography).

Faculty workshop participant Robin Musselman at Lehigh Carbon Community
College (Schnecksville, PA) introducing some of her students to hands-on investigation.

ties for cross-disciplinary collaboration among faculty
and student.”
The workshops engaged faculty in hands-on training with state-of-the-art equipment during which they
learned basic principles, research techniques and methodology for psychophysiological mind-body interactions, each involving reciprocal psychological and physiological influences. Faculty were encouraged to circulate,
share ideas, and learn basic principles from project team
members, including student assistants with extensive
experience in psychophysiology.
Four physiological systems were selected as platforms to
help faculty stimulate their students to think about the
science of psychology using psychophysiological skills
and techniques. These were sensory systems, the central
and autonomic nervous system, the cardiovascular system, and the skeletal-muscular system. In psychological
scientific research, the four systems are involved either
alone or in combination in such psychological processes
as cognition, arousal, emotion, eye tracking, attention,
and stress/relaxation (Cacioppo, Tassinary, and Berntson
2007; Hugdahl 1995; Stern, Ray, and Quigley 2001).
In addition to faculty recording their own physiological responses to cognitive and emotional stimuli, the
workshops’ investigative psychophysiological activities
opened up powerful ways for faculty to examine, think
critically about, and understand human thought, emotions, and behavior. Examples of investigative activities
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Peer Mentoring. Faculty members worked together at the
workshops as peers to discuss why engaging undergraduates in classroom investigative activities matters. For
example, students learn research skills best when they
have choice in what they are investigating, work collaboratively in peer-mentored settings, and are challenged
to connect to and beyond what they already know.
Faculty also worked together as peer mentors to practice
how to engage students actively in inquiry, using their
new research knowledge, skills, and techniques.
At the workshops, presenters at plenary sessions and
panels provided tips on how to promote a passion for the
science of psychology using materials and processes that
promote undergraduate research. Active listening skills
are important among peers conducting research, and
those skills were emphasized throughout the workshop
as important for faculty to demonstrate and encourage
their students to use. Active listening was emphasized
when faculty partnered with other faculty with similar
interests in birds-of-a-feather conversations about ideas
for integrating psychophysiology into classroom activities in order to build research skills and engage students.
Time was provided for faculty at the workshop to collaborate on revising their individual syllabi so that when
they returned to their campuses they knew what, when,
where and how they would implement their new ideas for
engaging students in investigative research in one or two
class meetings.
Following the workshops, the faculty participants
returned to their CCs to implement the workshop materials and processes in their own classes.
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Project Assessment
Participants. Figure 2 shows the geographic distribution
of faculty from the 52 CCs in 27 states who participated
in the workshops or served as comparison-controls,
including faculty from two of the 36 Tribal Colleges (U.S.
Department of Education 2010). The project included a
student assessment sample (n = 1745) with 30 percent
from underrepresented groups. The students’ ages ranged
from 16 to 51 years (mean = 21.7 years of age, SD = 6.7
years).
Control groups provided baseline data to determine
if this approach to promoting undergraduate research
made a statistically significant difference. At the same
time that workshop participants were including psychophysiological activities in their classes, comparisoncontrol faculty members at other colleges continued to
teach their courses in the same way they had been doing.
During the course of the project, faculty from both
the workshop and control groups, and their respective
students, provided feedback on surveys distributed via
an Internet Web form (used to streamline and increase
accuracy of data collection). After mailing in signed
informed-consent forms, faculty and students proceeded
to send in quantitative and qualitative responses about
their experiences via the Internet. (SPSS was the statistical software used in all analyses.)
Results of Workshop Assessment. Results showed that faculty participants (a) would recommend the workshop to
other faculty ~89 percent, (b) thought the psychophysiological activities would be useful to helping them teach
their students research skills, ~98 percent, and (c) stated
the workshop was applicable to their interests,100 percent.
Results of Faculty Assessment. In the year following
their attendance at a workshop, faculty were surveyed
concerning the ways they changed and engaged in the
psychophysiological investigative activities, compared
to the wait-listed control faculty who did not attend a
workshop. An a priori cluster of questions we named the
Comfort Factor included questions using a 6-point Likert
scale (1 = Not at All Comfortable to 6 = Very Comfortable)
about how comfortable the faculty were with: (a) helping
students to think of psychology as a science, (b) helping
students take psychophysiological recordings, (c) helping

students see the role of science in all areas of psychology,
(d) teaching the scientific method, and (e) conducting
science activities in their classes. The Cronbach Alpha
was .643.
The faculty-survey data were analyzed as a simple
Interrupted Time Series Design (Cook and Campbell
1979). Gain scores provided information about the
amount of change from the pre-test administered before
the workshops, to post-tests after the workshops during
Year 2 (post-test minus pre-test score). Pre-test scores
were taken from the pre-workshop data for the faculty
in the workshop group, and from the Year 2 fall pre-test
scores for faculty in the control group. Post-test scores
were taken from whichever was the last post-test that a
particular faculty member returned.
Nonparametric Mann-Whitney U tests were used in order
to determine whether or not groups differed at pre-test
and at post-test because of unequal sample sizes between
workshop and control groups due to missing data from
faculty, resulting in a final sample of participating and
wait-listed institutions (had workshop, n= 24 institutions; had no workshop, n = 9 institutions).
As predicted, at pre-test there were no statistically significant mean differences between the workshop group and
the control group. At post-test a statistically significant
mean increase of 16.9 percent was observed between
these groups on the Comfort factor (U = 59.00, p = .049).
On a six-point Likert scale (1 = Not at All Comfortable,
to 6 = Very Comfortable), the control group registered a
post-test mean = 4.356, SD = .963, and the group mean
rank = 11.56. The workshop group registered a post-test
mean = 5.092, SD = .581, and the group mean rank =
19.04. The effect size via Cohen’s d = .420.
Results of CC Student Assessment. Prior to their participation, a sample of students was sent a letter explaining
the project and seeking their voluntary participation.
Students were asked to consider signing a consent form
and photo release. Ultimately, 1,745 signed consent
forms were received. Those who signed the consent form
agreed to send in periodic quantitative and qualitative
reports via Internet Web forms about their experiences
during the project.
A Solomon Four-Group Design (e.g., Cook and Campbell
1979) was used to contrast results of students whose
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faculty attended the workshops to the same measures
of control students of wait-listed faculty who had not
attended the workshops.
Sense of Competence was an a priori factor, constituted by
four variables, in the measurements of students’ sense
of competency in basic principles of psychophysiology.
On a 6-point Likert scale (1 = Not At All Competent, to
6 = Very Competent) each variable was preceded by the
following question stem: “Please rate how competent
you feel in your understanding of the basic principles of
….,” followed by either the term (a) electrocardiogram,
(b) electromyogram, (c) electroencephalogram, or (d)
electrooculogram. These were the four specific psychophysiological methodologies selected and presented to
their teachers at the workshop. The Cronbach alpha was
.935. We are aware that an alpha of .935 is very high and
could indicate excessive redundancy among factor items,
except for the fact that, indeed, each variable relates to
a unique and non-redundant psychophysiological interacting system.
A General Linear Model was used with the 2 x 2 Groups
x Pre-/Post-test design to analyze the mean difference between students whose faculty were selected and
attended a workshop (mean = 4.044, SD= 1.37, n= 301),
and students whose faculty were wait-listed (mean =
3.19, SD = 1.57, n =175). The mean difference was statistically significant (F = 38.582, df = 1, 474, p < .001,
eta-squared = .08), and represented a gain of about 27
percent over controls.

Discussion
Benefits for Faculty. The workshop provided a socially supportive and peer-mentoring milieu for faculty to develop
skills and knowledge of new psychophysiological content, research skills, and techniques for use in supporting undergraduate research. It also provided participants
with time to help one another learn the psychophysiological technology. It was very important that time was
provided for faculty to integrate what they learned about
the foci of the workshop into their own classes.
Some specific published examples follow of how students were engaged in CCs across the country after the
workshops:
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• John Rutledge and John Hardin, students of faculty
participant Mark Coe, Lancaster University of South
Carolina, Lancaster Campus, co-authored with others a presentation at the 50th Annual Meeting of the
Society for Psychophysiological Research (SPR). It was
titled Physiological correlates of hostility: Changes in
regulation of sympathetic tone after exposure to light in a
right-lateralized motor stressor.
• Faculty member Jason Kaufman of Inver Hills CC in
Minneapolis took his experience at the workshop,
created new partnerships at Inver Hills CC, and
developed a psychology lab, found space for it, and
received support from his institution. For details about
what Kaufman has done with his students see http://
www.psychologicalscience.org/observer/getArticle.
cfm?id=2683
• Students of Dana Leighton at Portland Community
College measured differences in the brain’s electrical activity between individuals in relaxed states
and when individuals were engaged in a problemsolving task. They built on the research literature and
developed a hypothesis. In the community college’s
newsletter, Leighton says, “I immediately recognized
the potential value of creating activities using psychophysiology experiments to develop just these skills. ...
The benefit to the students is that they get to directly
experience the research process, which is rare at community colleges.” See http://news.pcc.edu/2008/04/
faculty-innovation-dana-leightons-psyche-out/
• Robin Musselman of Lehigh Carbon Community
College in Pennsylvania reported developing a handson, active-learning laboratory experience for her students that would “incorporate aspects of the first three
chapters of our textbook (science of psychology and
research methods, brain and behavior, sensation and
perception). Every small group collected data on reaction time using the BIOPAC equipment to measure
muscle activity using electromyography. As a followup to this activity, I asked students to use our library
databases to find an article about psychophysiology.
In class, the small groups first discussed what they
thought we meant by the term psychophysiology.
Then each member of the group shared something
about the article they had found. Students brought
copies of the article abstract for the other group
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Figure 2. Geographic Distribution of the 52
Participating CCs in National NSF Project.

Conclusion
Peer mentoring played a key role at three levels. First,
the workshops provided a socially supportive milieu for
faculty members to peer mentor one another. Second,
faculty participants increased their comfort in transferring the psychophysiological research knowledge and
skills they developed together at the workshop to their
students. Third, students peer-mentored one another in
ways that increased their sense of competence in basic psychophysiological principles learned from their faculty.

Acknowledgments

members. As a group, I wanted them to decide on a
question that was of interest to them. This question
then became the basis of their project.” See http://
resources4psych.wikispaces.com/Psychophysiology
• Ly Tran Nguyen of Mesa Community College in
Arizona has been incorporating psychophysiological
techniques in all her courses since her involvement in
the NSF workshop, including Introductory Psychology,
Statistics, Research Methods, and Biopsychology. See
http://tinyurl.com/2c3pn3m
Benefits to CC Students. Students whose faculty members
had attended a workshop grew in their self-reported
sense of research competence more than did controlgroup students whose faculty had not attended a workshop. Metacognitive growth—knowing that they have
grown in competence—is an important outcome of
the knowledge and techniques their faculty members
learned at the workshops. Specifically, the students grew
in terms of understanding basic principles of psychophysiology, research content, and skills that were at
the heart of the workshops: electrocardiogram, electromyogram, electroencephalogram, and electrooculogram.
Benefits of the approach for students included hands-on
engagement with the scientific method—thus increasing
their opportunities to discuss practical issues and understand challenges in data collection in science.
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A Horizontal Mentoring Initiative for Senior Women Scientists at Liberal Arts Colleges
Interest in undergraduate research continues to grow as
faculty members and institutions recognize the powerful
impact a rich and vibrant faculty-student collaborative
environment brings to a campus. Less attention is often
paid to the need for assistance to the faculty’s needs in
developing and sustaining this enterprise. This is of particular importance to new faculty members at primarily
undergraduate institutions who may need guidance on
how to establish and manage a research program with
undergraduates while also managing sometimes-quitedemanding teaching assignments and expectations for
service. But support is also important for well-established
faculty members as the demands on the professoriate
change over time.
Fortunately for new faculty, established faculty members with successful undergraduate research programs
often are available to share practical and strategic
advice on how to integrate teaching and research and
thus help enhance the research productivity of their
new colleagues. For new faculty at institutions with
emerging research cultures, CUR provides an array of
resources, including presentations at the CUR National
Conference and CUR Dialogues, mentoring networks
established by many CUR divisions, and an institute,
Beginning a Research Program in the Natural Sciences at
a Predominantly Undergraduate Institution—commonly
referred to as the “New Faculty Institute.”
Yet for mid-career and senior faculty members, mentoring relationships could also be important sources of
support over the course of their academic careers. This is
often overlooked, but an initiative of the Andrew Mellon
Foundation, its Faculty Career Enhancement Awards, has
demonstrated a way to pay broader attention to faculty
members’ needs at various points in their professional
development. This includes a focus on mentoring to help
senior female faculty remain energized and up-to-date as
their careers progress and demands on their time expand.
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The Importance of Mentoring for
Senior Faculty
While mentoring is traditionally viewed as essential early
in one’s career, the changing responsibilities of faculty
members as they advance in the professoriate suggest
that mentoring relationships would also invigorate senior
faculty. In an essay, “Faculty: Our Greatest Investment”
(Gentile 2001), James Gentile, then dean of natural sciences at Hope College and now president of the Research
Corporation for Science Advancement, stated: “Resources
need to be provided on a continual basis throughout the
career cycle of faculty members so as to sustain vitality.
...While it is important to recruit the best individuals
possible to join the faculty ranks at an institution, it is
perhaps even more important to implement and develop
programs targeted towards retraining these faculty and
sustaining the professional energies and expertise that
caused them to be identified as key individuals to bring
into our institutional communities.”
In its 2001 report Investment in Faculty: Ways and Means,
Project Kaleidoscope advocates the same commitment:
“Colleges and universities must develop policies and
practices that recognize the long-term contribution that
each individual faculty member makes to the education
of students and the service of the institution.” The needs
of a new faculty member initiating a research program at
a PUI are addressed in a number of initiatives at foundations and funding agencies, but institutions also must
recognize the imperative to support mid-career and senior
faculty.
The Andrew W. Mellon Foundation’s Faculty Career
Enhancement Awards program is one example of broader
attention to faculty development. Since 2000 this initiative has enabled small clusters of liberal arts colleges to
take a multi-institutional approach to addressing concerns about time, intellectual growth, and professional
development among faculty members at different stages
of their careers. Why would senior faculty members, especially those at the pinnacle of their academic careers having attained the rank of full professor, face such concerns?
Several broad reasons come to mind:
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• Both the professional challenges that senior faculty
face, as well as their career aspirations, can change
over time.
• New personal challenges might surface that impact
their professional lives.
• A support structure that might have existed earlier in
their career may no longer be available or effective.
• Faculty at all career stages benefit from the exchange
of ideas and interactions with colleagues.
• To best serve as a role model for students and as a
mentor for new faculty, established faculty must
remain engaged as educators and contributors to the
scholarship of their discipline.
• Established faculty members may neglect their own
continued professional development in deference to
the service needs of their department or institution.
The latter situation, in particular, is likely to be a widespread occurrence across many campuses.
One area in which professional-development resources
are likely to be needed by senior faculty is organizing
undergraduate research endeavors. Maintaining a thriving undergraduate research program is a daunting task
even for experienced faculty members. It may be especially problematic for senior faculty to remain engaged in
undergraduate research for several reasons:
• The added pressures of administrative responsibilities,
university governance, and advising duties often pull
faculty members in multiple directions and away from
scholarly pursuits.
• The lack of clear institutional rewards for continued
research activities following tenure and promotion is
often a source of research stagnation. Tenured faculty
members may not have the incentive, receive the
encouragement, or perceive the necessity of maintaining a thriving research program.
• Generating new research ideas to sustain a research
program requires substantial time.
• The increasingly interdisciplinary nature of research
questions might require some retraining or assistance
in establishing connections to new collaborators in
order to pursue the most significant research questions.
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The members of the inaugural mentoring alliance for senior women chemists at
liberal arts colleges: (left to right) Bridget Gourley (DePauw University), Laura
Wright (Furman University), Kerry Karukstis (Harvey Mudd College), Sunhee Choi
(Middlebury College), and Miriam Rossi (Vassar College).

• New investigations may require establishing new
collaborations at a time in a faculty member’s career
when the connections to graduate school and postdoctoral laboratories have ended.
• The rapid pace of technical discoveries, while challenging to all scientists, might be more acutely felt by
senior faculty members at PUIs because professional
responsibilities limit the time devoted to staying
abreast of scientific advances. Research programs must
be redesigned to remain commensurate with evolving
institutional missions and the changing skills and
interests of students.
• Grantsmanship skills related to gaining external and
institutional research support must be continually
refined in light of the changing economic climate
and the continued focus on funding sources for new
faculty.
• Substantial institutional focus and resources directed
to junior faculty can be discouraging to those who did
not have similar support structures at the start of their
academic careers.

Devising Professional-Development
Strategies
Sustaining vitality in terms of professional expertise,
enthusiasm, and engagement is primarily the responsibil-
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ity of the individual faculty member. When institutions
do not provide the resources for professional development throughout the whole of a faculty member’s career,
how might faculty members address the situation?
Just as formal and informal mentoring programs provide
access to information and resources that assist junior faculty in their career advancement, it would be reasonable
to imagine that the coaching and advice of experienced
mentors would also be valued resources for senior faculty members facing professional challenges. Mentoring
early in a faculty career is a practical possibility due to
the general availability of faculty with seniority to serve
as mentors. But where can senior faculty members find
suitable mentors? Peer mentoring is one particular form
of mentoring that would seem ideally suited to senior
faculty. The more egalitarian atmosphere of a mentoring group consisting of members of similar professional
rank can be a welcoming venue in which to share career
information and provide support and feedback. Studies
have shown that peer-mentor groups can be particularly
empowering because each member is serving as both a
giver and receiver of information (Shapiro et al. 1978;
Clark and Corcoran 1986; Johnsrud 1990; Chesler, Single
and Mikic 2003).
For senior female faculty, the choice of peer mentors is
more complicated. Senior women faculty, like female
students, often prefer mentors who are like themselves
because they perceive such female role models to have
experienced professional and personal difficulties and
challenges similar to their own (Simeone 1987; Packard
1999; Chesler and Chesler 2002). Yet, since there are few
women faculty in high-ranking positions, cross-gender
mentoring is likely to be the only traditional mentoring
option available for senior women faculty in science and
engineering at a given institution. To remedy the lack of
access to experienced female mentors, alternative modes
of mentoring must be found.

Establishing a Horizontal Mentoring
Alliance
With support from an Andrew W. Mellon Foundation
Grant for Faculty Career Enhancement in 2004, the
author explored the effectiveness of peer mentoring for
a group of senior women chemists at liberal arts institutions. Funding for inter-institutional initiatives focused
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on faculty development was provided by the Mellon
Foundation to an eight-institution cluster consisting
of Denison University, DePauw University, Furman
University, Harvey Mudd College, Middlebury College,
Rhodes College, Scripps College, and Vassar College. The
author proposed the project, in which five female full
professors of chemistry at these institutions (see photo
on previous page) established a networking peer-support
group for the purpose of exploring and defining future
career aspirations.
By meeting to discuss career goals and establish steps
for achieving these aims, the group’s members sought
to provide each other with support, advice, ideas, and
contacts. These faculty members represented the only
senior women chemists at their institutions and, in
some cases, the only female chemists at any rank in their
departments. In most cases they were the first women
faculty hired in their departments so they had few, if any,
female role models in their institution as they progressed
through tenure and promotion to full professor. Thus
peer mentoring involving external mentors was a logical
approach for this group of women faculty. The varied
career experiences and achievements of this cohort of
women faculty provided a rich resource of guidance and
recommendations.

Expanding the Network of Horizontal
Mentoring Alliances
The horizontal mentoring strategy was judged to be a
resounding success as evidenced by both the personal
statements of the Mellon project’s participants and the
ensuing professional accomplishments achieved by this
peer-mentored group. Funding from the National Science
Foundation (NSF) ADVANCE program was sought to
sustain and expand the initiative. A collaborative NSFADVANCE Partnerships for Adaptation, Implementation,
and Dissemination (PAID) award was received in 2006
by the author, a professor of chemistry at Harvey Mudd
College; and chemistry professors Miriam Rossi, Vassar
College; Laura Wright, Furman University; and Bridget
Gourley, DePauw University. The project, Collaborative
Research for Horizontal Mentoring Alliances, focuses
on the distinctive environments of undergraduate liberal arts institutions and the challenges faced by senior
women faculty on these campuses in attaining leadership roles and professional recognition.
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Table 1. Horizontal Mentoring Alliance Participants
Alliance #1
Sunhee Choi
Bridget Gourley
Kerry Karukstis
Miriam Rossi
Laura Wright

Chemistry
Middlebury College
DePauw University
Harvey Mudd College
Vassar College
Furman University

Alliance #2
Janis Lochner
Julie Millard
Nancy Mills
Joanne Stewart
Melissa Strait

Chemistry
Lewis and Clark College
Colby College
Trinity University
Hope College
Alma College

Alliance #3
Ruth Beeston
Jill Granger
Darlene Loprete
Leslie Lyons
Carol Ann Miderski

Chemistry
Davidson College
Sweet Briar College
Rhodes College
Grinnell College
Catawba College

Alliance #4
Cindy Blaha
Amy Bug
Anne Cox
Linda Fritz
Barbara Whitten

Physics
Carleton College
Swarthmore College
Eckerd College
Franklin and Marshall College
Colorado College

Four five-member alliances of senior women faculty
members at different institutions were formed with support from the NSF grant to enhance the leadership, visibility, and recognition of participating faculty members.
Three of the alliances are comprised of full professors
of chemistry, and the fourth involves full professors of
physics (Table 1). The members of the alliances were
selected on the basis of their being the lone senior female
faculty member in their department and often for their
presence as the sole female faculty member in their
department. Geographical diversity was a key objective
in three of the alliances; a more regional association of
alliance members was sought in one alliance. No effort
was made to match women in similar subdisciplines of
chemistry or physics. In one alliance the selection of
women who had fairly recently attained full-professor
status was the aim.
Alliance members participated in discussions, workshops, and activities focused on career and leadership
development through periodic gatherings of alliance
members at various locations across the country and
through electronic communication via online collaboration tools. Two or three in-person gatherings were held
during the initial year of the alliance. In subsequent
years, each alliance met from one to three times. Meeting
frequency was only limited by the difficulties of coordi-
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nating schedules, particularly when an alliance member
was on sabbatical at an international location. Some alliances met during professional conferences; others selected their home institutions as meeting points to enable
tours of facilities and introductions to departmental colleagues. Still other alliance gatherings were held in airline hub cities, often at airport hotels, to minimize travel
time and maximize time for interactions. The alliances
are networked through both electronic communications
and in-person gatherings to augment the peer-support
structure with a larger cohort of senior women scientists.
Up to 80% of the chemists in the project gathered at the
three spring American Chemical Society meetings from
2008-2010; 100% of the physicists met at selected March
and April American Physical Society meetings. Outreach
activities on home campuses extended the impact of the
career development expertise attained by project participants.
We have explored how our institutional structure and
culture can profoundly influence the career challenges of
academic women and how our mentoring strategy can
operate particularly effectively for women from liberalarts colleges. A summit was held in Washington, D.C., in
June 2010 for all project participants and more than 30
additional senior women faculty in chemistry and phys-
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ics at liberal arts colleges. The goals were to identify and
create resources that address career-development issues
for such senior women and to disseminate best practices
on horizontal mentoring strategies.

Horizontal Mentoring Outcomes
Results of an ethnographic study using qualitative
research methods show this form of peer mentoring to be
particularly effective. Participants overwhelmingly agreed
that the alliances promoted the sharing of ideas, experiences, and expertise. Furthermore, the composition of
the alliances, with members from different institutions,
was valued because it expanded participants’ perspectives. The career-development focus of alliance meetings,
network gatherings, and horizontal mentoring activities
has contributed to major professional advancements for
the project participants. A key aspect of the initiative is
the articulation of short- and long-range career goals by
each participant and the formulation of action plans to
attain the stated professional goals. An extensive array
of enhanced leadership and career opportunities has
resulted, including endowed professorships, institutional
awards for teaching and service, invited lectureships, and
offices in professional organizations.
In addition, the horizontal mentoring strategy has
impacted the undergraduate research programs of the
participants, as well as their institutional research cultures. For example, several project participants report that
their alliance gatherings and discussions have provided
information that encouraged them to seek changes on
their campuses. Some specific changes that have impacted undergraduate research opportunities and infrastructure include:
• Creating time for research. One of the project participants opened a discussion in her chemistry department about teaching loads and contact hours after
learning of lower teaching demands on the campuses
of her fellow alliance members. Working with the
biology department, the two departments approached
the institution’s dean of faculty with a proposal that
ultimately resulted in a 20-percent reduction in teaching loads (from 15 contact hours to 12 per semester).
As a consequence of the increased time for research
with students, the project participant completed an
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extensive set of investigations that led to her first
research presentation with students at a national conference since joining the institution.
• Generating new research ideas. One of the ADVANCE
project’s goals is to broaden its impact by asking each
participant in an alliance to conduct an appropriate
“follow-up” faculty-development activity on her own
campus. For example, one of the participants led a
discussion meeting of the science faculty (a significant number whom are senior women) to brainstorm
possibilities for faculty development, curriculum revisions, and student research in the life sciences. A
concern was expressed that campus programs and
senior faculty were not keeping up with the growing interdisciplinary nature of science. This led to a
decision to invite an external speaker to campus to
provide professional development for faculty in the
form of information about significant contemporary
interdisciplinary research questions, and also to highlight career paths and internship opportunities for
students. A subsequent meeting of the science faculty
was held to discuss topics that included opportunities
for interdisciplinary collaboration between departments for faculty research and student mentoring;
further increasing the visibility of the sciences at the
institution; and curriculum changes to include mathematics modules in biology and psychology courses
that would introduce students to the mathematics
necessary for these disciplines.
• Providing infrastructure to support undergraduate research.
One alliance member succeeded in convincing her
administration that the chemistry department’s laboratory manager should be given financial support to
obtain a master’s degree, to be better positioned for
her duties and responsibilities at the institution. As
a consequence, this staff member now provides additional support to the faculty engaged in undergraduate research at the institution, drawing on her greater
experience with instrumentation and analytical methods, as well as enhanced expertise in research design.

Individual Professional Gains
Many project participants reported that being part of
a horizontal mentoring alliance had given them more
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professional confidence to seek needed resources, as well
as to accept due recognition for their professional work
and contributions. Project participation also gave these
women faculty “permission” to focus more time and
attention on their professional goals. As a consequence of
this increased self-assurance and dedication to personal
career aspirations, a short list of some of the numerous
achievements related to undergraduate research that
have been realized include:
• encouragement to seek and receive research funding
from the National Science Foundation;
• confidence to apply for and earn a Fulbright Scholars
award;
• confidence to arrange an industrial sabbatical with
appropriate compensation;
• introduction to a research colleague that led to a sabbatical at a national laboratory;
• realization of the need to change research directions,
with the confidence to do so;
• recognition of the significant reputation of a participant’s research program sufficient to justify seeking
funding for a postdoctoral scientist; and
• enhanced visibility for one’s research program through
invitations to give keynote addresses at institutional
undergraduate research symposia and invited research
talks at professional meetings.
The financial support from the NSF-ADVANCE program
was a vital component of the alliance project because it
provided important travel funding. The geographically
remote locations of many PUIs exacerbate the professional isolation of senior women scientists. Linking women in
dispersed parts of the country also maximized the likelihood of meeting new colleagues beyond regional consortia and enhanced the sharing of academic models and
professional strategies that individuals might not have
encountered through probable encounters with local
campuses. Alliance leaders are also currently pursuing
alternative models for formation of alliances that would
not require sizable travel funds. For example, one of our
project participants has established a regional network of
female chemists at institutions within 200 miles of each
other, as the region is a particularly “PUI-dense” area with
25 neighboring institutions.

38

Our physics alliance has laid the groundwork for the
American Association of Physics Teachers (AAPT)
Committee on Women to create a clearinghouse for
women who typically attend AAPT meetings and who
might want to form their own alliances and schedule
gatherings at AAPT meetings. Establishing this initiative was facilitated by the fact that one of our project
participants is an officer of this committee. We suggest
that CUR could also serve as a catalyst to connect those
interested in participating in alliances that would meet
at CUR conferences. Institutions that belong to various
consortia might also devote time at consortial workshops
and conferences to allow faculty members to make connections and establish horizontal mentoring groups
along particular disciplinary lines or focused on a particular professional issue.

Conclusions
The formation of these horizontal mentoring alliances
has directly impacted the career development of 20
senior women scientists. Additionally, the project has
developed a cohort of leaders of institutional change at
their liberal arts institutions. The initiative has provided
participants with benefits including opportunities to
network with senior women science faculty in liberal arts
institutions; to engage in career-development discussions
aimed at enhancing leadership, visibility, and recognition
on their campuses and in the broader academic community; and to develop mentoring paradigms that can be
used on their own campuses with students, junior female
faculty colleagues, and other senior female faculty colleagues. This horizontal mentoring strategy has impacted
numerous aspects of the professional and personal lives
of participants, providing a viable approach for senior
faculty seeking new avenues of career development to
enhance their undergraduate research programs.
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CURQ Vignettes:
Additional Examples of Peer Mentoring in Undergraduate Research
Well-Structured Teams Enhance Peer Mentoring
Jerusha Detweiler-Bedell, Brian Detweiler-Bedell
Lewis & Clark College, jerusha@lclark.edu
Systematic peer mentoring is the cornerstone of our hierarchical, team-based approach to faculty-student research. Each
undergraduate fills a specific role within a three-student project team. Team leaders (typically seniors) receive leadership
training each year and then mentor and coordinate the efforts
of a team associate and a younger assistant. Our lab’s three to
five team leaders also mentor one another. This system makes
the most of our students’ efforts, ladders their abilities, and
builds a strong community of researchers. This mentoring
model is supported by an NSF-CCLI grant and will be featured
in a book forthcoming from SAGE.

The Student Undergraduate Research Council
Kimberly Schneider, University of Central Florida
schneid@mail.ucf.edu
The Student Undergraduate Research Council (SURC) at the
University of Central Florida strengthens the visibility of
undergraduate research campus-wide and supports the Office
of Undergraduate Research. Each year SURC accepts 10 members to the team to serve as ambassadors, mentors, and advocates for undergraduate research. The group meets bi-weekly
to discuss upcoming events and advise the undergraduate
research office. In a given year, the council’s members promote
research for approximately 300 hours in informational settings
(e.g., orientations, campus events), class and club meetings,
and other activities on and off campus. For details, see http://
our.ucf.edu/about/surc.php

Cameron University Undergraduate Research
Project
Sue E. Hoppe, Cameron University
shoppe@cameron.edu
Undergraduates at Cameron University conduct action
research using applied behavioral-analysis strategies to evaluate the effects various interventions have on young children
with autism. Teacher candidates enrolled in a behavioralmanagement course participate in the project and complete a
research project based on one of the children. Teacher candidates participate in a mentor-mentee relationship with a qualified professor, tutor the children two times a week in direct
instructional interventions, and collect data on the children’s
correct responses to a discriminative stimulus. They graph the
data and analyze it to determine the effects of the interventions. The mentor, mentees, and young children with autism
gain from the project because it provides a field-based setting
in which to observe research theory in practical educational
applications; the project also enables the teacher candidates to
develop ownership of their research.
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iScience: Supporting Students’ Interests in
Science with Peer Mentoring and Undergraduate
Research
Lauren A. Denofrio, Yi Lu, University of Illinois at
Urbana
Brandy S. Russell, Gustavus Adolphus College
denofrio@illinois.edu
We have developed “iScience,” a program of peer mentoring
and research, to enhance undergraduates’ experiences in learning science. Formal mentoring groups include juniors and
seniors with experience in iScience who have received mentoring training, sophomores who are past iScience participants,
and first-year students. Groups are organized around shared
scientific topics of interest. These experience-stratified groups
replicate the structure of a research group: students with common interests and diverse experiences educate each other. The
goal is longitudinal investment in research throughout undergraduates’ careers as peer mentors participating in a “pipeline”
that begins early and reaches towards professional/graduate
school. (For more information, see http://butane.chem.illinois.
edu/chem199l/ and http://butane.chem.uiuc.edu/denofrio/
cepsp10/ ).

Undergraduate Research in a Foundations of
Architecture Course
Gretchen Holtzapple Bender, University of
Pittsburgh
ghb1@pitt.edu
Students in Approaches to the Built Environment, a required
foundation course for architectural-studies majors, engage in
an undergraduate research project that requires them to apply
ideas about urban space in assigned critical readings to their
own local environment. Research enables them to test hypotheses and concepts gleaned through seminar discussions about
the streets and neighborhoods of South Oakland. On-site
research requires extensive site analysis and data collection as
students attempt to ascertain the “effectiveness” of their urban
location and propose design solutions. For example, students
document use patterns and analyze settings to answer many
questions, such as: Who occupies the streets? How do use patterns change with different times of day and days of the week?
What are the purposes of the buildings in this urban sector?
How does vehicular and pedestrian traffic navigate this area?
What accommodations are provided by public infrastructure?
What is the architectural history of significant structures at
this location? Students then derive a thesis on their assigned
region that they present in class, a thesis informed in equal
measure by the theoretical material introduced in the texts
and classroom, and the data collected through patient observation and careful study “on the ground.” Students are required
to conduct this research in designated groups to learn to work
as a team, a fundamental feature of professional architectural
practice. Groups are expected, through organizational skills
and planning, to prioritize tasks, rely on the strengths and
abilities of each individual member, and develop a unified and
coherent creative product.
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From the International Desk

Susan Vajoczki

McMaster University

A Canadian Perspective on Undergraduate Research
This article will describe one university’s approach to
provide inquiry-learning opportunities to first-year students.

Defining the Scope of Undergraduate
Research
Boyer’s (1990) model of scholarship has been fairly widely adopted in Canada. As most readers are aware, Boyer
identified four types of scholarship: 1) discovery, which
is defined as developing new knowledge through traditional research; 2) integration, which involves the transfer of knowledge across the disciplines; 3) application,
which serves to aid society and professions in addressing
problems; and 4) teaching, which involves the study of
teaching models and practices to achieve optimal learning. Undergraduate research experiences exist across and
within this broad spectrum of scholarship.
In many disciplines within Canada and abroad, the
scholarship of discovery is given greater emphasis than
other areas of scholarship, although the scholarship of
teaching is emerging as an area of focus for some members of the academic community. Students, however,
may engage in all four types of scholarship. For example,
a student may engage in preparation of an undergraduate thesis that builds on knowledge within a discipline,
thus fitting within Boyer’s scholarship of discovery. An
example that would align with Boyer’s definition of
the scholarship of application would be a student participating in an experiential-learning opportunity with
a volunteer organization developing a tutoring program
for at-risk students. A student who examines the effectiveness of problem-based learning within his or her
own discipline would be engaging in the scholarship
of teaching. A group thesis that involves students from
a variety of disciplines integrating their knowledge and
applying it to a social issue would reflect the scholarship
of integration.
Undergraduate research can be understood within Boyer’s
model of scholarship—as well as within the undergraduate research-and-inquiry model proposed by Healey
(2005) and adapted by Healey and Jenkins (2009)—as a
framework for categorizing and interpreting undergraduates’ experiences with research and inquiry. Healey and
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Jenkin’s (2009) work identifies two continuums, the first
being the level of student involvement, both as audience
members and as active participants. The second continuum extends from a focus on the content of the research
to a focus on the processes and problems inherent within
research. These two continuums are perpendicular to one
another (Figure 1), allowing for the emergence of four
zones: 1) research-led with an emphasis on research content and with students as audience; 2) research-tutored
with an emphasis on research content and with students
as participants; 3) research-oriented with an emphasis
on research processes and problems with students as an
audience; and 4) research-based with an emphasis on
research processes and problems with students as participants.
In the following section, a snapshot of Canadian undergraduate research will help to develop this context, as
each type of opportunity will be considered in light of
Boyer’s (1990) work on the forms of scholarship and
Healey and Jenkin’s (2009) model of undergraduate
research and inquiry.

Canadian Context
Much of what is known about undergraduate research
in Canada is anecdotal, unstandardized, and uneven.
Published or other readily accessible information and
evidence is relatively scarce. Part of the reason for this
lack of national-level data is that education is under
provincial jurisdiction, and therefore, the responsibility
of the 10 provinces and three territories. Canada, as a
federal state, is different than its nearest neighbor, the
United States, because it does not have a federal office or
department of education. Canada does have a Council
of Ministers of Education (CMEC), an intergovernmental
body founded in 1967 by provincial ministers of education, with the stated goals of providing a forum for
discussion of policy issues; mechanisms to undertake
activities in areas of mutual interest; a means through
which collaboration between education organizations
and the federal government can occur; and a group to
represent the interests of provinces and territories on the
international stage (CMEC 2010).
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Figure 1. The Nature of Undergraduate Research and Inquiry (from Healey 2005; adopted in Healey and
Jenkins 2009).

Given the lack of federal jurisdiction over education in
Canada, there is no single standard or stated objective for
undergraduate research, leading to wide provincial and
institutional variation in the opportunities available for
undergraduate research.

In addition to these university-based awards, NSERC also
funds Industrial Undergraduate Student Research Awards.
These support a partnering organization in hiring an
undergraduate to undertake research for 12 to 16 weeks
on a project of importance to the organization (NSERC
2010b).

A National Opportunity

The corresponding federal grant-making agency, the Social
Science and Humanities Research Council of Canada
(SSHRC), does not fund research awards for undergraduates. Some institutions, however, have created awards
similar to the NSERC awards in both status and funding
level. For example, McMaster University, with an undergraduate student population of nearly 24,000 (85 percent
full-time), had 114 NSERC award winners in 2009-2010
and provided institutional awards to 10 students in the
humanities, 12 in the social sciences, and four in the arts
and science program. These small numbers clearly illustrate the level of prestige associated with these awards,
acknowledging that only a select group of students experience this research opportunity (< 1% of the student
population). It remains true that, proportionately, more
students in science and engineering have the opportunity

A flagship Canadian program, the Undergraduate Student
Research Awards (USRA), is federally funded through the
Natural Sciences and Engineering Research Council of
Canada (NSERC). The awards are intended to stimulate
student interest in research in the natural sciences and
engineering, while encouraging high-performing undergraduates to undertake graduate studies and/or pursue
a research career in these fields (NSERC 2010a). These
awards, valued at a minimum of $4,500 + 25 percent
contributed by the host institution, provide students in
science and engineering fields the opportunity to work
with NSERC-funded faculty on research projects for 16
weeks, normally during the summer terms (May-August).
Many students are hired to work on part of a larger
NSERC-funded project, although some students do work
on an independent piece of research.
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to apply for federally supported grants than students in
other faculties.
In order to translate these experiences more broadly, a
number of initiatives have been instituted across Canada
to call attention to undergraduate research. For example,
several universities hold an annual USRA poster session
in a highly visible location on campus to celebrate and
share this student research work. At the University of
British Columbia, the Rising Stars of Research Annual
Conference has been held each year since 2007 and
takes a cross-disciplinary approach, focusing exclusively
on research conducted by undergraduates (UBC 2010).
These research opportunities at a national level provide
a very deep and meaningful experience for the students
involved, but they impact a very elite group of students.
Additional opportunities that impact a great number of
students need to be explored.
The majority of Canadian undergraduates complete
four-year honor’s degrees that often include a thesis as
part of their final year of study. The thesis, which runs
to 10,000 words, is typically based on an independent
research project, overseen by a faculty supervisor. In
some institutions, in part due to enrollment growth
and in part due to an emphasis on group work, there is
movement towards a group thesis, usually of somewhat
greater magnitude both in length and depth of project.
The thesis is a capstone experience (Boyer 1990) and for
many students is a transformative learning opportunity
that occurs late in their undergraduate experience.
Using Healey and Jenkin’s (2009) concepts of research
and inquiry, the thesis tends to focus on the student as
a participant in the research, with an emphasis on the
research process and resolution of a research problem.
As part of the preparation for the thesis, the student
will have engaged in extensive background work, either
through independent review of the literature or through
prior coursework. This background work tends to be
research-led or research-tutored. In this way, the thesis
experience moves the student through the four quadrants identified in Healey and Jenkin’s (2009) work.
Undergraduate research awards, publishing opportunities, and conference participation tend to focus on
Boyer’s scholarship of discovery and Healey and Jenkin’s
(2009) research-based approach with students as participants and an emphasis on the research process and
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problem. These experiences are deep learning opportunities for students, with students engaged as active participants, focusing on the skills and the processes of research.
Although these are high-quality learning opportunities
for students, there are two notable disadvantages. First,
they tend to impact elite students who are already more
likely to continue on to graduate school, where they will
be exposed to research in a deep and meaningful way.
Second, these opportunities and undergraduate thesis
opportunities tend to target seniors and thus do not
impact students in earlier stages of their undergraduate
programs (e.g., first- or second-year students).
Greater numbers of students are exposed to research
through a variety of other experiential education programs, including formal co-operative education (e.g.,
at the University of Waterloo); internship opportunities
offered at nearly all institutions (e.g., in Experiential
Education for Social Sciences students at McMaster
University); and work experience (e.g., the Work Study
Program offered by the Ontario government). These
research experiences can occur across the entire breadth
of Boyer’s areas of scholarship and Healey and Jenkin’s
framework of undergraduate research and inquiry and
may impact more than 50% of the student population.
Turner et al. (2008) examined students’ awareness of
research at two institutions within the United Kingdom
and one within Canada. They determined that Canadian
students were much more aware than their UK counterparts that faculty (i.e., staff in the UK) were undertaking
funded research (77 percent of the students surveyed in
Canada were aware of this versus an average of 38 percent
of students surveyed in the UK). This awareness, however,
did not necessarily translate into a positive perception
of research by the Canadian students since significantly
more of these students complained about faculty members’ inability to explain material, lack of interest in the
academic welfare of their students, and faculty research
interests distorting what they teach (Turner 2008). It
must be recognized that this data represents information
from only three institutions and is a snapshot in time; it
does not necessarily represent national differences, but
it does allow one to ask interesting questions about different levels of appreciation of the research process. This
work demonstrates that simple awareness of faculty’s
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research activities does not necessarily translate in to a
positive mindset about research. This leads to the question does participation in research result in positive
learning outcomes?
Russell and colleagues (2007) found that 68 percent of
students reported that an opportunity to conduct undergraduate research increased their interest in STEM careers
(science, technology, engineering, and mathematics). In
a U.S. study, Lopatto (2004) examined the experiences
of 1,135 undergraduates and determined that a research
experience enhanced the students’ undergraduate experience both in terms of general satisfaction, and in terms
of learning gains on 20 specific items. If the premise
that research increases student engagement and student
learning is both recognized and accepted, how can more
students be exposed to the research experience? The following discusses one institution’s attempts to address
this question through the introduction of inquiry learning.

Defining Inquiry
Inquiry is both a process and a set of skills. The inquiry
process is about exploring, discovering, and, ultimately,
reaching a higher level of understanding. This process
has several steps, including actively identifying a topic
or issue; generating a researchable question; investigating the problem by undertaking relevant research; critically thinking about the issue; answering the question(s);
drawing conclusions; and reflecting on the inquiry
process. Ultimately, inquiry is a form of research. It promotes student-directed learning and helps students to
develop the skills necessary to acquire and reflect on new
knowledge and understanding. Lee and others (2004)
suggest that “inquiry-guided learning refers to a range
of strategies used to promote learning through students’
active, and increasingly independent, investigation of
questions, problems, and issues—for which there often is
no single answer. A range of teaching strategies is consistent with inquiry-guided learning, including interactive
lecture, discussion, problem-based learning, case studies,
simulations, and independent study.”
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Inquiry as a Form of Research:
A Case Study from McMaster
University
Inquiry is an innovative, award-winning teaching development at McMaster University, as evidenced by the Alan
Blizzard Award—a national teaching award won by the
original team of instructors in a first-year inquiry course
taught by social science faculty at McMaster (Justice et
al. 2002). Inquiry provides an opportunity for undergraduates to work in an inclusive, team environment to
enhance their critical thinking skills and to develop the
attitudes and approaches necessary for lifelong learning.
In an inquiry course students develop a research question; gather evidence necessary to answer the question
(at the first-year level this often involves an extensive
literature search); critically assess the evidence; communicate a response to the original question; and critically
reflect on the learning process.
Inquiry-based learning was first formally used as a pedagogical approach at McMaster in the Arts and Science
program in the early 1980s (Jenkins 2007). The pedagogical approach is extensively used at McMaster University
in the Bachelor of Health Sciences from first year through
final year. During the 1998-99 academic year, the
Faculties of Social Sciences, Science, and Humanities at
McMaster introduced small, stand-alone inquiry courses
for first-year students. Instructors on each faculty worked
as a team to deliver the course; each small class was facilitated by one faculty member.
The broad, process-based, learning-outcomes goals for
these courses are to enhance ability and proclivity to
learn deeply, think critically, take active control of learning,
be precise, accurate and clear in communicating, learn in
a participatory fashion and be open and enjoy the pursuit of understanding (Justice et al. 2002). Thus inquiry
learning as a pedagogical approach provides students the
opportunity to develop critical research skills and the
opportunity to engage in actual research. Spronken-Smith
and Walker (2010) have demonstrated that if faculty members (staff in the UK) adopt an open, discovery-oriented,
inquiry-learning approach, including having the student
develop a research question and complete the entire
inquiry cycle, they will strengthen the ties between teaching and research.
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Utilizing an earlier framework by Pettigrew (1985) on
contextualist research that links theory and practice,
Justice et al. (2007) demonstrated that inquiry learning
is associated with statistically significant, positive differences in the rate of students’ earning passing grades,
achieving honors standing, achieving and staying on
the dean’s honor list, and remaining in the university.
Research has demonstrated that the positive learning
outcomes of this inquiry experience include: the development of critical thinking skills; the ability to undertake independent inquiry; and the ability to become
responsible for one’s own learning, intellectual growth,
and maturity (Kuhn et al. 2000, Kinkead 2003, Kirschner
et al. 2006). Skills developed in inquiry learning prepare
students to become both researchers and lifelong learners
(Justice et al. 2006). These first-year inquiry experiences
exemplify students engaged in the process of research as
active participants, as Healey and Jenkins frame it in the
upper-right quadrant in Figure 1.
In a recent study that I and associates conducted, building on the work of Justice et al. (2006 & 2007), we
examined the extent to which inquiry learning had
filtered throughout the Social Sciences curriculum at
McMaster by examining 545 course outlines. We found
that the amount of inquiry varies greatly by student
level, department, and class size. All departments within
Social Sciences exhibited some level of inquiry learning,
with the greatest amounts in the departments of Social
Work, Labor Studies, and Political Science. In comparison, Gerontology, Anthropology and Geography exhibited the least amount of inquiry learning. In general,
such learning was more prevalent in small, upper-level
courses, although there were examples of large classes
(>200 students) of first and second year students (i.e.,
freshmen and sophomores) being taught using an inquiry
approach.
Although the positive outcomes of inquiry learning are
widely accepted, only the Social Sciences Faculty from
among the original three Faculties involved at McMaster
(i.e., Humanities, Science, and Social Sciences) continue to operate small, first-year courses in inquiry. There
appears to be no single reason for the demise of inquiry
learning in the other Faculties, but there are a number of
contributing factors, as described by Justice et al. (2009).
For example, tension exists regarding whether inquiry
should be a stand-alone course or a pedagogical approach
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integrated across a curriculum. This tension leads to varying levels of support by disciplines for a stand-alone course.
Although inquiry learning has been practiced at McMaster
for more than 25 years, there is modest understanding
within the university about what is meant by inquiry
as a pedagogical approach (Justice et al. 2009; Vajoczki
et al., forthcoming). Teaching large numbers of inquiry
classes requires a large number of inquiry instructors.
Justice et al. (2009) found that some faculty members
resisted teaching inquiry because they saw the approach
as a threat to their role and responsibilities. Sometimes
instructors perceived inquiry teaching as additional work
or as a threat to their performance reviews. Justice et
al. 2009 report that the effectiveness ratings of inquiry
instructors typically dropped during the first two or three
years they taught using this pedagogical approach. Finally,
Justice et al. (2009) report that structural barriers, including Faculties’ departmental funding structures, placed
additional financial barriers on the success of inquiry in a
climate already impacted by budget shortfalls.
Ultimately, although the data show that inquiry is an
effective pedagogical approach based on learning outcomes, long-term sustainability is complicated. There
are a number of questions that remain to be answered,
including whether a stand-alone, entry-level inquiry
course should be replaced with inquiry integrated into
disciplinary courses now that sufficient instructors have
developed their skills in this pedagogical approach.
This case study at McMaster demonstrates that inquiry
learning is a pedagogical approach that can permit a wide
number of undergraduate students, at an early point in
their undergraduate careers, exposure to a student-centered, research-based experience according to the model
proposed by Healey & Jenkins (2009). The case study
also aligns with Australian (Brew 2010) and New Zealand
(Spronken-Smith 2010) perspectives on the use of inquiry
learning as an effective pedagogical approach to enhancing the research-teaching nexus.

Conclusion
There are a number of opportunities for students in
Canada to engage in research although many of them—
such as research awards, publishing opportunities, and
formal conference presentations—are limited to elite
students. A larger number of undergraduates do have the
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opportunity to engage in research as part of their undergraduate thesis, although this typically occurs during
their final year of study. Additional experiential-learning
opportunities, including co-ops, internships, and sponsored work programs, exist in Canada and provide students
the opportunity to engage in research. While evidence
shows that inquiry learning could engage many more students early in their academic careers, numerous barriers to
this expansion exist. In the McMaster case, two of the three
original Faculties providing stand-alone, first-year inquiry
courses no longer do so, although inquiry learning continues to exist in these Faculties as part of other courses. The
third, the Social Sciences Faculty, remains committed to
inquiry teaching and learning within both existing courses
and a stand-alone, first-year course.
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Recent Peer-Reviewed Publications by CUR Members with Undergraduate Coauthors
Klauber EG, De CK, Shah T, Seidel D. Merging nucleophilic and hydrogen bonding catalysis: an anion binding
approach to the kinetic resolution of propargylic amines.
J Am Chem Soc. 2010;132:39:13624–13626. (Rutgers, The
State University of New Jersey)

Gourley JJ, Hong Y, Flamig ZL, Li L, Wang J. Intercomparison of rainfall estimates from radar, satellite,
gauge, and combinations for a season of record rainfall. J.
Appl. Meteor. Climatol. 2010;49:3:437-452. (University of
Oklahoma National Severe Storms Laboratory)

The present study examined an efficient kinetic resolution of
primary propargylic amines with s-factors of up to 56 reported.
The strategy is based on a dual catalytic approach, namely the
use of a newly developed and easy-to-make thiourea-amide
anion binding catalyst in combination with 4-(dimethylamino)
pyridine (DMAP), both employed at a 5 mol % catalyst loading. Benzylic amines are also resolved with s-factors of up to
38. This research is a key to resolving future amine based drugs
and biological products. Daniel Seidel is an assistant professor of chemistry and chemical biology. Tejas Shah is senior
currently finishing his honors senior thesis for a bachelor’s
degree in chemistry and molecular biology & biochemistry. The
research was supported by Rutgers University and the Aresty
Undergraduate Research Center.

Rainfall products from radar, satellite, rain gauges, and combinations have been evaluated for a season of record rainfall in a
heavily instrumented study domain in Oklahoma. Algorithm
performance was evaluated in terms of spatial scale, temporal
scale, and rainfall intensity. Results from this study will help
users of rainfall products to understand their errors. Moreover,
it is intended that developers of rainfall algorithms will use
the results presented herein to optimize the contribution from
available sensors to yield the most skillful multisensor rainfall
products. Jonathan Gourley is an affiliate associate professor of
meteorology. Zac Flamig is currently enrolled in the School of
Meteorology graduate program at the University of Oklahoma.
He was employed as an undergraduate research assistant with
the Cooperative Institute for Mesoscale Meteorological Studies
at the time of the study. Funding was provided by NOAA/
Office of Oceanic and Atmospheric Research under NOAA/
University of Oklahoma Cooperative Agreement NA17RJ1227,
U.S. Department of Commerce.

Fouhey DF, Scharstein D, Briggs AJ. Multiple plane detection in image pairs with J-linkage. In 20th International
Conference on Pattern Recognition 2010. 2010;1:336339. (Middlebury College)
This work introduces a novel approach for the detection of
planar surfaces in pairs of images for the purpose of visual
navigation by humans or robots. Initial planar hypotheses are
estimated from noisy and outlier-contaminated correspondences with the J-Linkage technique, and several steps ensure
the stability and accurate localization of the planes. Tests on a
challenging real-world data set, which has been released, demonstrate its effectiveness. Daniel Scharstein and Amy Briggs are
Professors of Computer Science at Middlebury College. David
Fouhey performed the work the summer after his sophomore
year; he is presently a senior and applying to graduate programs. Support for the work was provided by the National
Science Foundation under RUI grant IIS-0713442.
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Toma M, Saadatmand Y, Brewer A. An analysis of
pull factors and local sales taxation in Georgia counties. International Journal of Business and Economics
Perspectives. 2010;5:1:113-126. (Armstrong Atlantic State
University)
This study seeks to explain variations in pull factors for retail
sales and provide a framework in which to examine the influence of sales tax rate differentials on retail sales activity in
Georgia counties. Michael Toma is a professor of economics.
Yassaman Saadatmand is a professor of economics and department head. Alexis Brewer is currently working in Norfolk, VA
as a senior consultant at Booz Allen Hamilton in the Business
Analytics Team. She contributed to the research project while
serving as a research assistant in the university ‘s Center for
Regional Analysis concurrent with completion of a BA in economics in 2008.
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Compatible Electronic Formats —
Generally, all text file formats are acceptable; Microsoft Word is preferred.
Image file formats (EPS, TIF, JPG, GIF) can be submitted. Resolution must be
300 dpi or greater at the size the image is to be used. You may also submit
original color or black and white photographs, or line art. Art generated in
drawing programs (Illustrator, Freehand, CorelDraw) and exported in any of
formats mentioned above is acceptable. Please note that images obtained
with many digital cameras do not have sufficient resolution for use in the
Quarterly.

Letters to the Editor Policy —
The CUR Quarterly will consider letters from readers for publication. We are
especially interested in your responses to “CUR Comment” pieces.
Letters to the Editor should be limited to 250 words, and must be on topics
relevant to CUR’s mission. They must be signed (electronic versions must be
followed by hardcopy). Letters will be edited if necessary and the writer will
be shown the edited version for her/his approval. Letters will be published
at the sole discretion of the Editors.

Contact Information for Submissions and
Other Correspondence —
All materials should be submitted electronically via email to the CUR
Quarterly Editor-in-Chief:
Kelly McConnaughay
Associate Dean of Liberal Arts and Sciences
Bradley University
1501 West Bradley Ave.
Peoria, IL 61625
kdm@bradley.edu

Council on Undergraduate Research
734 15th Street NW, Suite 550
Washington, DC 20005-1013
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