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From the Executive Officer
When I was a college president, our annual budget discussions with

Business Roundtable, 2006); Rising Above the Gathering Storm:

the legislature and the governor almost always involved the question

Energizing and Employing America for a Brighter Economic Future (The

“How does the work of the University contribute to the economic

National Academy of Science, 2005); and Going Global: The New

development of the state?” Even a small public liberal arts college

Shape of American Innovation (The Council on Competitiveness,

was expected to have an answer to this question. I suspect that

2005)) generally agree that the United States may not be able to retain

legislatures and governors across the country are asking the same

its leadership role in scientific and technological discoveries and

question about the work of the colleges and universities in their

innovations if we continue at our current levels of degree attainment

states.

Many in the academy, especially those at baccalaureate

and research funding. The reports suggest that the United States must

colleges, are reluctant to engage in a discussion about the

invest more in research and development (R&D) funding; increase the

relationship of academic endeavors to economic development. This

number of students majoring in STEM fields; provide scholarship aid

has become a hot topic, however, among several organizations in

for undergraduate and graduate students majoring in STEM fields; and

Washington, D.C.

revitalize STEM curriculum to include rigorous, hands-on experiences

This past year saw the release of several reports from scientific and

100

in the classroom.

business organizations that addressed the shortage of students

Congress is paying attention to these reports. Senators Lieberman

selecting science, technology, engineering and mathematics (STEM)

(D-CT) and Ensign (R-NV) have introduced legislation that incorporates

for their majors and the subsequent impact on innovation and

recommendations from the Council on Competitiveness report, Going

competitiveness in the global economy. These reports called for a

Global. The proposed National Innovation Act of 2005 increases the

reinvigoration of the science curriculum and the infusion of more

funding for the National Science Foundation, establishes an Innovation

hands-on, real life activities in college-level courses. Undergraduate

Acceleration Grants Program that encourages federal agencies in

research (UR) is not specifically mentioned in these reports though I

science and technology to allocate 3% of their R&D budgets to grants

think most would agree the UR is one of the most effective ways to

in high-risk research areas (Coalition of National Science Funding,

provide hands-on activities and excite students about study in STEM

2005).

fields. The authors of the articles included in this issue of the CUR

educational programs in the physical sciences and engineering by

Quarterly provide examples of the ways in which UR enhances

increasing the NSF graduate research fellowship programs; authorizes

student learning, increases critical thinking skills, and effectively

the Defense Department to create a competitive traineeship program

prepares students for graduate school and careers in STEM

for undergraduate and graduate students in defense science and

professions. That UR might also contribute to the economic vitality

engineering with a focus on multidisciplinary learning and innovation-

of our communities and states is further justification for the

oriented studies; and authorizes funding for new and existing

development of UR programs on campuses across the country. The

Professional Science Master’s Degrees.

knowledge and skills students gain from their UR experiences are

In November, Congresswoman Nancy Pelosi (D-CA) presented an

critical if our country is to continue to be a leader in innovation

innovation agenda that includes calls for establishing research “centers

and discovery.

of excellence” across the country; educating 100,000 new scientists,

The proposed legislation would also expand existing

In the last issue of CUR E-News*, I listed several of these recent

engineers and mathematicians in the next four years by providing

reports and how to access them on the web. The reports (Tapping

scholarships for students in these areas; and doubling the overall

America’s Potential: The Education for Innovation Initiative (The

funding for the National Science Foundation (Pelosi, 2005).

Council on Undergraduate Research • www.cur.org
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CUR members recognize the importance of integrating high quality
research experiences into the curriculum.

Increased funding for

student scholarships and research will support the efforts of CUR
members to provide rigorous, hands-on undergraduate research
experiences for their students. Such activities will enable college
presidents to answer the question, “How does the work of the
university support the economic development of our state?” with
many examples of ways communities and states benefit from
undergraduate research.

References
The Business Roundtable. Tapping America’s potential: The education
for innovation initiative; 2006.
Coalition of National Science Funding. Summary of the “National
Innovation Act of 2005”; 2005.
The Council on Competitiveness. Going global: The new shape of
American innovation; 2005.
The National Academy of Science. Rising above the gathering storm:
Energizing and employing America for a brighter economic future.
Executive Summary, Prepublication Copy; 2005.
Pelosi N. Unveils innovation agenda, part of vision for a stronger
America, Press Release, November 15, 2005.

ANNOUNCING
WebGURU
CUR would like to announce a new web-based resource
in support of undergraduate research.

* If you are not receiving the CUR E-News it
may because spam-blocking is preventing delivery.
Since we include important CUR information in
the E-News, we would appreciate it if you
would notify your system administrator that you
wish to receive CUR E-News.

It is called

WebGURU, short for web-based Guide to Research for
Undergraduates.

WebGURU provides information

on everything relevant to undergraduate research
including laboratory safety, scientific ethics, and
intellectual property and provides links to reliable
web-based resources on these topics. In addition, the
website provides a listing of undergraduate research
opportunities, fellowships/scholarships in support of
undergraduate research experiences, and technical
meetings and journals in which undergraduate students
can publish the results of their UR experiences.
WebGURU was developed by Pam Mabrouk, a Professor
of Chemistry at Northeastern University. You can visit
WebGURU at www.webguru.neu.edu

Nancy Hensel
CUR National Office
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From the President
Research and the Curriculum
Winter break provides most academicians a welcome opportunity to

Council report, call for the inclusion of credit-bearing UR in biology

reflect upon the recently completed semester and plan for the

curricula as a mechanism for “students to gain real-world experience,

remainder of the academic year. For me, it’s also a time to focus on

as well as a deeper appreciation for how biology is applied to

the annual January meeting of CUR’s Executive Board, which this year

everyday problems” (National Research Council, 2003). I presume that

will meet in conjunction with the Association of American Colleges &

other disciplinary societies express similar views and provide access to

Universities (AAC&U) in Washington, DC. The Board rarely discusses

resources to help with their implementation.

topics as specific as this Quarterly theme, “Integrating Research into
the Curriculum,” but the theme’s coincidence with our involvement
with AAC&U brings to mind a range of ideas, practices, questions,
issues, and debates to which I have been exposed throughout my
academic career. I will share some of these thoughts at the risk of
their being out of context, as I have not seen the articles comprising
this issue.

how do we do so – and how quickly can we do so, given the costs in
resources (funds, space, time, personnel, etc.) involved? Some may ask
“what do we mean by integrating research into the curriculum?” At
some institutions (College of Wooster, among others), all students are
required to complete a multiple-semester Independent Study
experience culminating in a formal thesis-like written report

First, I strongly encourage all those involved in the undergraduate

(Bettison-Varga, 2006).

research (UR) enterprise to obtain and read a copy of the Winter 2006

students in some departments, but not all, are required to complete

issue of Peer Review, an AAC&U publication. That issue not only

an independent research project, typically during senior year. The

highlights research as a key component of the undergraduate

number of credits or units earned by students, as well as how such

experience, but also includes articles authored by many of CUR’s

teaching is factored into faculty load, varies substantially among

leaders. The lead article clarifies three objectives of UR, one of which,

institutions. So does the extent to which students are prepared for

student learning outcomes, is directly related to curricular goals

these experiences as they progress through earlier parts of the

(Elgren & Hensel, 2006). Back issues of the Quarterly, the Journal

curriculum. Are such upper-level, required independent experiences

of College Science Teaching, and other scholarly outlets provide

the most effective mechanism for integrating UR into the curriculum?

abundant examples of how to integrate research experiences –

If so, then how can programs with large enrollments of majors manage

mostly in the natural sciences – into existing courses. From an

(or afford) to engage every student in a meaningful and productive

assessment perspective (remember, this is a Dean at the

UR experience?

keyboard!), the critical thing to remember when doing so to align
these activities with your programmatic mission and goals.

In

that light, I also encourage you to read the AAC&U’s new
statement of Academic Freedom and Faculty Responsibility
(http://www.aacu.org/about/statements/academic_freedom.cfm).

At many others (my own, for example),

One way to do so may be to integrate 'research across the curriculum'
within a program, as we have done with writing (or quantitative
reasoning) across the entire curriculum. As I wrote in the Quarterly in
1998, this approach involves embedding open-ended, investigative
projects into most or all of those courses required for the major

Research as a key element of the explicit undergraduate curriculum is

(Tannenbaum & Janik, 1998). At what point in the curriculum should

not a new idea. For many years, organizations such as the American

we introduce research? Are first-year students capable of conducting

Chemical Society have “strongly endorsed research as one of the

research? Must students be upper-level to do research? With NSF

potentially most rewarding aspects of the undergraduate experience.”

support, the Biology Department at James Madison University

The ACS guidelines stop short of requiring UR for ACS-approved

recently transformed its curriculum so that students in introductory

programs, but emphasize how UR “integrates the components of the

labs work in small groups, learning science by doing science. The four

core chemistry curriculum into a unified picture” (American Chemical

course introductory lab sequence exposes students to research using

Society, 2003). Likewise, the authors of BIO 2010, a National Research

a series of investigative lab and field experiences. The model systems

3
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Once we accept that UR should be integrated into the curriculum,
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studied in these four courses are derived from the research interests
of the faculty, so that by the time students reach the junior year they
are prepared to participate in more extensive, independent projects
under the direction of faculty mentors.

Other institutions have

adopted similar strategies, and time will tell if this approach leads to
'better' outcomes compared to the practice of waiting until students
have completed more coursework before starting their UR experience.
The answers to the questions I pose about integrating UR into the
curriculum certainly vary among disciplines, across institutional
traditions and cultures, and from one student to another. I like to
think, however, that some common ground exists. I believe that CUR,
through the work of its members and our spectrum of programs and
services, is well poised to help develop consensus about such

References
American Chemical Society. Undergraduate professional education in
chemistry: guidelines and evaluation procedures. American Chemical
Society Committee on Professional Training; 2003.
Bettison-Varga L. Creative activity and undergraduate research across
the disciplines. Peer Review. 2006;8:19-21.
Elgren T, Hensel N. 2006. Undergraduate research experiences:
Synergies between scholarship and teaching. Peer Review. 2006;8: 4-7.
National Research Council, BIO2010: Transforming undergraduate
education for future research biologists. Committee on
Undergraduate Biology Education to Prepare Research Scientists for
the 21st Century, National Research Council; 2003.
Tannenbaum MG, Janik D. Investigative research experiences for all:
The role of physiology laboratory. CUR Quarterly 1998;18:183-188.

best practices.

Mike Tannenbaum
CUR President
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David W. Seybert, Jeffrey D. Evanseck, and John S. Doctor (deceased)
Departments of Biological Sciences and Chemistry and Biochemistry,
Bayer School of Natural and Environmental Sciences, Duquesne University

Integrated Biological and Chemical Laboratory Experiences for
Enhanced Education, Research Opportunities, and Career Development
Ten years ago, we realized that the traditional model of a laboratory

(a) Organelle and Cytoskeletal Structure in Cultured Mammalian Cells.

course associated with a lecture series did not serve our students well,

(Experimental Biology II). This three-week module was divided among

because this model does not accurately reflect the increasingly

six lab sessions and three recitation sessions. The first two lab sessions

integrated nature of various disciplines in the sciences. To convey

were devoted to the techniques of mammalian cell culture and the

this more accurately to students, and to educate them more

use of fluorescent dyes to identify organelles. The final four were

appropriately in the multi-disciplinary nature of scientific research,

used to test the effects of a number of inhibitors and activators of

faculty from our Departments of Biological Sciences, and Chemistry

signal transduction on cell morphology in melatonin-treated cells.

and Biochemistry, have designed and implemented novel, innovative

Students in this lab module not only learned some important

laboratory experiences for our undergraduate science majors that lead

techniques in cellular biology, they also performed hypothesis-driven

to an integrated laboratory experience.

experiments and analyzed and communicated their results.

The

research was focused on Chinese hamster ovary (CHO) cell lines
transformed to express human melatonin receptors as a system to

SuperLabs (Biology)
Beginning in the fall of 1995 in the Department of Biological Sciences,
labs were separated from all courses, except freshman year. We began
offering a two course sequence formally named “Experimental
Biology”, but referred to by our students and faculty as “SuperLabs”.
This junior level course sequence is designed to provide our
undergraduate majors with a multidisciplinary lab that reflects the
integration among different disciplines in the broad areas of biology.
The first course in this rigorous sequence, Experimental Biology I, is
required of all junior Biology majors; it emphasizes techniques and
approaches in the molecular, biochemical, and cellular biology of
organisms from bacteria to vertebrates. This 3-credit course meets in

lines show dramatic changes in response to melatonin: melatonintreated cells detach from their culture dishes and display radically
different cell shapes compared to untreated controls. Our SuperLab
students built on these preliminary results to examine the effects of
a number of inhibitors and activators of cell signaling on the morphology of these cells. Their results comprised a set of pilot experiments
for a member of our faculty's research. Thus, our students not only
learned some important cellular biological techniques (cell culture,
fluorescent staining, fluorescent microscopy, image analysis), but also
engaged in the process of scientific discovery.

the lab twice a week for a total of six hours with a weekly hour of

(b) Evaluation of novel media for culture of human osteoblasts and

recitation as well.

adult stem cells. The excitement of stem cell research and cell culture

Our students then must select an additional
Experimental Biology II,

was brought directly into a SuperLab course in Cellular and Molecular

Cellular and Molecular Biology; Experimental Biology III, Physiology;

Biology during the spring semesters of 2004 and 2005. Commercially

and Experimental Biology III, Microbiology. These courses are similar

available human adult mesenchymal stem cells (hAMSC) and

in rigor and scope to Experimental Biology I, but have a focus in a

osteoblast cells (line MG-63) were the focus of a five-week long

broad area of biology.

module. Students learned the basics of cell culture and aseptic

SuperLab course from three offerings:

Each SuperLab section typically enrolls 16 students, with 4 students
per group. SuperLab courses are divided into two to four modules,
each under the direction of a member of our faculty. Modules are
designed to engage students in the process of science at an advanced
level and to introduce important techniques in modern biology. To
provide an idea of the scope of a SuperLab module, as well as an
indicator of how it combines process and technique, two modules
are instructive:

104

evaluate the effects of melatonin. Receptor-transfected CHO cell

technique and set up experiments to examine the proliferative and
differentiative capacities of hAMSC and MG-63 cells in a variety of
novel cell culture media from commercial sources and made by the
students. Experiments by small teams evaluated hAMSC and MG-63
cell morphology, proliferation, and osteogenic differentiation via
fluorescent microscopy, cell counting, MTT vital dye staining/
colorimetric quantification, alkaline phosphatase histochemistry, and
measurement of calcium deposition. Portions of several sessions were
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devoted to journal club discussions and oral presentations.

The

II. Each 3-credit course meets for six hours of scheduled lab per week

students analyzed and presented their research results in written

in addition to a 1-hour recitation/discussion section. Students often

papers (prepared, reviewed, and resubmitted as if for publication)

spend additional independent time in these laboratories. Students are

and at a poster session. Understanding and technical facility were

introduced to modern techniques and instrumentation that are com-

measured to assess student learning through written and practical

monly used in research applications that span the traditional

examinations, as well as student surveys.

disciplinary boundaries. Integrated Laboratory involves two complete

Over the years, some SuperLabs have included a research project
under the direction of faculty members who teach in the course, as
well as colleagues in the Biology Department. In semesters in which
the research projects are offered, students take the first two modules
of the course and then are asked to conduct a short research project,
in consultation with a faculty mentor. Student teams meet with a
mentor to identify a research question or topic and design an
experimental protocol to address that question. The project design
incorporates methods or approaches developed during the first two
modules. Several research project examples provide an indication of
the scope of the student designed and executed research:
• The Inhibitory Effect of Curcumin on Estrogen-Induced Growth
and Mitosis of MCF-7 Human Breast Carcinoma Cells;
• Evaluation of Heat Shock Protein 70 Expression in Artemia
franciscana;
• Analysis of Benthic Meiofauna by Denaturing Gradient Gel
Electrophoresis;
• Comparison of R-Mb (Scm) and R (teosinte) with known Sc:124
Sequence of the Zea mays mexicana;
• Creation of a Recombinant Expression Vector Utilizing the
Plasmids pRMHA3 and pGFP10.1;
• Sequencing of the Adonocholaimus Nematode 18S rRNA to
Determine Fast or Slow Evolutionary Patterns.

semesters of inquiry-based laboratory work. Both semesters consist of
research-project laboratories, some derived from research projects of
faculty, though we strive to have them more self-contained and with
a quantifiable outcome. The disciplines of physical, organic,
inorganic and biochemistry are brought together to address
important scientific issues, project design, synthesis and characterization of research projects. During the first semester of Integrated Lab,
students are transitioned gradually from moderately controlled
structured labs to open-ended, inquiry-based interdisciplinary
projects. For some students this has been a struggle, but this successful transition is at least as important as learning laboratory techniques.
The ability to transition quickly into intensive experimental work has
been aided considerably by the concurrent introduction of
one-semester, one-credit lab in the spring of the sophomore sequence
called Research Laboratory Techniques.

This course introduces

students to many of the basic analytical and physical techniques that
they will use later in their integrated lab course, thus alleviating the
necessity of teaching these fundamental skills in the integrated lab.
This course also prepares students to engage in more meaningful
research experiences earlier in their baccalaureate program. The addition of this class has allowed for a more focused laboratory experience on research problems.
As in the SuperLab sequence, laboratory modules for Integrated
Laboratory are selected to incorporate a broad array of disciplinary,

At the conclusion of the research, each team of four students

technical, and instrumental approaches. Some representative current

prepares and presents a poster at a departmental poster session.

and recent modules include:

This poster is also posted by the students to a SuperLab miniproject
web archive.

• Measurement and Prediction of Cysteine pKa Values in Proteins;
• Mechanistic Studies of Oxygen Atom Transfer Reactions in
Oxo-Sulfido Complexes of Molybdenum and Tungsten;

Integrated Laboratory (Chemistry)
A parallel approach to that of the SuperLabs was developed in the
Department of Chemistry and Biochemistry where, in 1997, the
faculty decided to replace the traditional disciplinary upper-level lab
components (physical, analytical, inorganic, and biochemistry) with a
two-semester sequence designated as Advanced Integrated Lab I and

• The Kinetics of Unfolding of Myoglobin Using UV-Visible and
Fluorescence Techniques;
• Purification

and

Mechanistic

Characterization

of

ß-Galactosidase Using Kinetics and Site-directed Mutagenesis;
• Synthesis of Solid State Materials and Characterization by
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Thermal Analysis (TGA and DSC) and Structural Analysis (x-Ray

that faculty and administrators must work together to provide

Powder Diffraction);

reasonable release time for those individuals who are designing and

• Measurement of the Binding of Small Molecules to Trypsin and
Lysozyme Using Isothermal Titration Calorimetry (ITC).

implementing the course. An ideal scenario would involve administrative support that provides additional faculty resources on an interim
basis. Alternatively, the faculty must collectively re-allocate their
energies to assume some of the teaching responsibilities of the

Common Features
In both departments, faculty decided that the traditional model of a
laboratory course associated with a lecture series did not serve our
students well. Separate labs for each course did not accurately reflect

designer/implementer faculty.

At Duquesne, we employed a

combination of the above approaches, but ultimate success requires
full faculty discussion and complete faculty agreement for the change.

the increasingly integrated nature of various disciplines in the sciences.

A second barrier we encountered was the need for resources to

The two departmental models developed in parallel and share

procure the necessary small equipment and major instrumentation to

common properties and philosophies. Each lab involves either a small

provide students with a state-of-the-art experience. Our administra-

team working on a complete problem, or all of the student teams work

tion provided modest increases in operating budgets to provide the

together to solve a single problem. Laboratories are self-contained, in

requisite small equipment purchases. Major instrumentation has been

that projects are not linked to content of a lecture course, but rather

obtained through collaborative grant proposals to programs such as

follow a sequence of investigation. Both departmental sequences

the

involve concentrated and intensive laboratory experiences, where

acquisitions have included a single-crystal x-ray diffractometer, a mass

students meet a minimum of 7 hours per week. And finally, these

spectrometer with nanospray and MALDI-TOF platforms, a confocal

laboratory experiences emphasize technique, process and communica-

microscope, an x-ray powder diffractometer, and enhanced supercom-

tion. Students are exposed to modern techniques and methods,

puting facilities. In these grant efforts, instrument choice and justifica-

and they apply these in authentic research experiences. Laboratories

tion was predicated upon a dualistic use. Faculty prepared proposals

are open-ended inquiry-based experiments, and students follow the

for major instruments that were required for departmental research

scientific method to solve these problems without known answers. In

initiatives but which also were justified by incorporation into the

some cases, modules are developed that are derived from a faculty

laboratory curricula.

member's research program. During and at the conclusion of each

leverage matching funds from the University administration, and the

semester, students communicate their results in the form of written

resultant equipment has seen consistent and almost constant

communications, as well as poster and/or PowerPoint presentations,

utilization in both research and teaching. We have also used this

the current modes of scientific presentation. We have found that

strategy in leveraging faculty research start-up needs. An example was

students engaged in these integrated multidisciplinary teaching labs

our ability to justify the acquisition of an ABI-3100 DNA sequencer on

are better prepared and more likely to engage in undergraduate

the basis of both the research need of a new faculty member in

research as a result of their positive experience.

biology as well as the educational need for this capability in one of our

NSF-MRI,

NSF-CRIF,

and

NSF-CCLI

programs.

Recent

Using this approach, we have been able to

new forensic DNA methods lab.
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Barriers

This approach has become a hallmark of instrument use at Duquesne,

In designing and implementing these lab experiences, we encountered

where instruments receive maximum use through teaching and

several barriers, which can be broadly characterized as intellectual and

research. This also enables maintenance and repair to become more

financial. The initial intellectual barrier relates to having students (and

cost-effective, as most instrument maintenance is conducted with an

faculty) learn to think along multidisciplinary lines. Initially, faculty

in-house facility.

members brought a disciplinary approach to the project, resulting in

partner with us in providing matching funds for grants, and new

lab offerings that were a mosaic of components of pre-existing labs.

instrument acquisitions through programs such as the NSF CCLI and

This difficulty was resolved with time, as small groups of faculty

MRI programs consistently stress the dual use of new instruments in

collaborated to refine and adjust the course design. We have found

teaching and in research.

The University Administration has been willing to
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biology and chemistry labs and as hands-on components of

The advantage of providing students a real-world multi-disciplinary

our 'core” science courses for non-science majors. Modules can

research experience was the primary driver behind this lab innovation,

also be modified components of outreach service by faculty

but additional ancillary advantages accrued in incorporating

and students.
We feel that by applying the goals of our SuperLab classes (process,

this approach:
• Consolidation of labs has led to a more realistic awareness of
the centrality of the lab experience in science curricula
education.

technique, and communication) to other areas of teaching and
outreach, we can improve science education for a broader audience.

Students now view these lab experiences as

independent 3-credit courses rather than appendages onto

Assessment

lecture courses, where correlation with lecture content and

Although more rigorous assessment of the SuperLab and Integrated

pace may or may not be apparent. Students feel that the credit

Lab experiences will be administered in the future, several indicators

recognition is more appropriate for the amount of time and

point to our initial success:

effort they are expected to invest.

• Many of our baccalaureate graduates have obtained immediate

• This approach addresses the perennial problem of recognition
of faculty effort in teaching labs.

In conversations with

colleagues from other institutions as well as from our own
experiences, in some cases laboratory components may not
even be counted in a credit load analysis, since they usually are
part of the credit load of the course.
• These courses give research-like experience to students not
planning on undergraduate research or who don't have time
for research (e.g., professional programs like physical therapy
and forensic science).
• These provide a broader research exposure to students who

employment as technicians based on the strength of their lab
experiences.
• More undergraduates seek undergraduate research experiences
because of the positive effect of the SuperLab and Integrated
Lab experiences; faculty report that students entering research
labs are better prepared.
• Increasing numbers of our baccalaureate graduates are gaining
admission to first tier graduate programs.
• In exit surveys, 63% of graduating seniors rated SuperLab or
Integrated Lab as one of the most valuable experiences in their
education.

have already engaged in research at the freshman and
sophomore years, giving exposure to a greater diversity of
techniques and approaches.
• These lab courses invite faculty to bring forth and integrate their
individual research interests into the curriculum.

The Future
The demonstrated success of the SuperLab and Integrated Lab models
has encouraged us to begin the design of laboratory courses that
will bridge departmental boundaries.

We propose to build upon

• These courses recruit juniors into research based on their

strong disciplinary training from the individual departments where

positive experiences, and these courses also provide

students have developed a culture of working in teams that span the

excellent preparation for summer undergraduate research

traditional sub-disciplinary boundaries into a research-rich course that

programs, including those hosted at Duquesne (http://www.

would enable them to bring individual skills and approaches to

science.duq.edu/opportunities/urpSummer.html) and elsewhere.

multi-disciplinary problems at the chemistry-biology interface. We

• These lab experiences provide a scalable model that can be

have given these new initiatives the preliminary designation of

readily adapted by both smaller and larger institutions based on

SuperIntegrated Labs.

a variety of institutional variables, including enrollment, levels of

experiences across the breadth of chemistry and biology, and will yield

instrumentation and research infrastructure available, etc.

new and relevant data for ongoing collaborative faculty research

• Other areas of the curriculum may also benefit. For example,
modules can be focused in scope for use in the freshman

These open-ended projects will provide

projects, as outlined below. The following examples are illustrative of
our future approaches:
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• Chemical/biological analysis and imaging of novel biomaterials.

academic and summer programs.

Our implementation and

This SuperIntegratedLab will focus on the application of imaging

continuous sculpting of the Integrated Lab/SuperLab approach

techniques to investigate biomaterial properties and cell adhe-

directly integrates research into our curricula, where students

sion. Students will investigate a number of promising biomate-

experience the process of science by doing science. We anticipate

rials currently under investigation by scientists at Duquesne. For

future innovations that will bridge departmental boundaries and

example, students will determine the surface properties of self-

further reinforce in our students the multidisciplinary team approach-

assembled monolayer coatings on stainless steel for possible use

es that the next generation of scientific researchers must embrace.

as stents in cardiovascular repair. The project will entail the
chemical preparation of the monolayers on stainless steel, and

David W. Seybert

the evaluation of the coating by infrared spectroscopy to study

Bayer School of Natural and Environmental Sciences
Duquesne University
600 Forbes Avenue
Pittsburgh, PA 15282
EM: seybert@duq.edu

tail group orientation at the interface, alkyl chain packing, and
head group bonding to the surface. Atomic force microscopy
will be used to obtain a visual picture of the modified surface.
Cells (endothelial, smooth muscle) cultured by students will be
used to assess cell adhesion by scanning electron microscopy
and by fluorescent microscopy. Cell attachment and viability
will be quantified and evaluated for statistical significance, relative to uncoated control stainless steel. The cytoskeleton of
attached cells will be evaluated for indicators of adhesion such
as adhesion plaques.
• Genomic/proteomic/lipidomic analysis of human adult stem
responses to melatonin. This SuperIntegratedLab will focus on
genomic and proteomic analyses of cells in response to a
hormonal stimulus. Scientists in the Bayer School of Science
and Mylan School of Pharmacy are currently investigating the
action of melatonin on adult stem cell differentiation into
osteoblasts. Students will assess the transcription of osteoblast
marker genes by quantitative PCR (qPCR) and will also engage in
a proteomic analysis of adult stem cells in response to
melatonin. Human adult stem cells cultured by students in
control or melatonin-containing media will be subjected to
qPCR to assess melatonin effects on osteoblast marker genes
(Runx, osteocalcin, alkaline phosphatase, collagen type I, etc.).
Cells will also be subjected to proteomic analysis by 2-D gel
electrophoresis and LC/MALDI/TOF/MS, as well as lipidomics
analysis by capillary LC.

David W. Seybert is the dean of the Bayer School of Natural and
Environmental Sciences and professor of chemistry and biochemistry. He
received his B.A. degree from Bloomsburg State College with majors in
chemistry and biology, and a Ph.D. in biochemistry from Cornell University.
Upon the completion of a postdoctoral research appointment at Duke
University Medical Center, he joined the faculty at Duquesne, where his
research interests have centered on structural and functional modification
of biomolecules by lipid peroxidation byproducts, as well as mechanistic
studies of cytochrome P450 catalyzed oxidations.
Jeffrey D. Evanseck is the Fr. Joseph Lauritis Endowed chair of teaching and
technology, director of the Center for Computational Sciences, and
professor of chemistry and biochemistry. Dr. Evanseck earned B.S. degrees in
chemistry and computer science from Purdue University, and a Ph.D. in
physical chemistry from the University of California at Los Angeles. He
completed his academic training at Harvard University as a postdoctoral
fellow in theoretical chemistry. Dr. Evanseck and his research group of
graduate and undergraduate researchers are currently engaged in understanding the dynamic and stereoelectronic effects in enzymatic reactions
and catalyzed organic reactions using high performance computing and
advanced computational techniques. E-mail: evanseck@duq.edu
John S. Doctor (deceased) was interim chair and associate professor of
biological sciences. Dr. Doctor earned his A.B. degree in biology from
College of the Holy Cross and his Ph.D. in genetics from the University of
California-Berkeley. He subsequently completed a postdoctoral fellowship
at the University of Wisconsin at Madison before joining the faculty of
Duquesne University. Dr. Doctor was one of the driving forces in the design
and implementation of the SuperLab approach in biology as it is currently
offered at Duquesne. He passed awayunexpectedly on 25 October 2005,
and his vision, leadership, and friendship continue to serve as inspiration to
all of his colleagues.

The Department of Chemistry and Biochemistry and Department of
Biological Sciences at Duquesne share a similar philosophy and
approach to science education. We want our students to do what
scientists do, not only learn what scientists know, as evidenced by our
emphasis on undergraduate research opportunities through both
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Linda Reinen, Eric Grosfils,
Robert Gaines, and Richard Hazlett
Geology Department, Pomona College

Integrating Research into a Small Geology Department’s Curriculum
Involving undergraduate students in research has clearly demonstrated

benefits.

Seeking

to

increase

the

opportunities

for

student-conducted research within our curriculum, and thus the
associated benefits to our students' education, we initiated changes
to place student-conducted research at the core of our departmental
curriculum. These changes – development of a course in Research
Methods and incorporating research experiences in existing courses –
The Research
Methods class
discussing possible
research projects
during the first
visit to the site.

have doubled the number of students performing research of a caliber
suitable for conference presentation, including a more than threefold
increase in those students who do so prior to their senior year. Here
we describe the challenges we faced and the changes we made, the
outcomes, and future directions our efforts must take to sustain
student-conducted research within our evolving curricular program.

2. Help students realize that conducting research is both exciting
and an integral part of their scientific education.

During the past several decades there has been a growing awareness

In this paper we describe how we integrated research experiences

of the educational benefits to students who participate in undergrad-

throughout our curriculum to address these goals. We also discuss

uate research experiences (e.g., National Science Foundation, 1996;

how we met the challenges we faced, and that others will likely face,

Boyer Commission on Educating Undergraduates in the Research

given limited faculty and curricular resources.

University, 1998). These benefits include, among others, increased
communication skills, ability to work as part of a research team, and
enhanced self-confidence in individual problem-solving skills (e.g.,
Kardash, 2000; Seymour, Hunter, Laursen, & Deantoni, 2004). Ten years
ago, however, many Pomona College geology students felt they could
not get involved in research until a required thesis exercise in their
final year. Department faculty recalled that few students conducted
research outside of the thesis, and many students at the start of their
senior year had little idea how to perform research. Given the bene-

Background
Pomona College is a highly selective, private liberal arts college in
southern California with an enrollment of 1,400 students and a
student-faculty ratio of 9:1. Currently, the Geology Department has
three fulltime faculty members and one affiliated faculty member; we
typically graduate 5-10 students a year, each of whom conducts a
year-long senior thesis project.

fits that can accrue when students conduct research, having them

Despite our students' talents and motivation, ten years ago aspects of

involved only during the senior year is detrimental to student learning

the senior thesis experience were surprisingly frustrating. Faculty

and growth. Furthermore, students lacking involvement in research

discussions identified several common problems. Specifically, our

early on risk making decisions about their future without knowing

students often:

what scientists actually do, and without experiencing the considerable joys associated with making an original scientific discovery.
To overcome the paucity of pre-thesis, student-conducted research,
the Geology faculty created a “Community of Research” within the
department. Our two main goals were to:

• did not know how to define a research project, and lacked the
confidence and experience to approach complex problems
creatively and effectively,
• underestimated the time and effort required to conduct
research, and

1. Change the student-held perception that only seniors and a

• felt frustrated and lost when, faced with a suite of complicated

few talented juniors have the ability to conduct meaningful,

data and no black and white answers, they needed to derive

independent research, and

meaningful insight into their research question.
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It had become clear that our students' education would benefit from

sedimentary formations, active landslides and coastal processes. A

a carefully framed introduction to the research process. Students

half-day field trip introduced students to the site and to several

needed to build upon more controlled (yet still original) research

potential topics. Based on students' interests, two topical subgroups

experiences, leading into more independent and in-depth projects,

arose. Group 1 students were interested in coastal processes requiring

culminating with the senior thesis. The question became how to build

on-site monitoring throughout the semester. Group 2 students, inter-

these research experiences into the curriculum.

ested in the deformation of rocks exposed in the cliffs, initially gathered data on-site then worked with samples returned to campus to
study:

Research Methods Course
To start, we wanted to introduce something designed specifically to
anchor the students' sense of research as a core part of the curriculum.
The pre-thesis Research Methods course was designed by two faculty
members who translated their experiences conducting summer
research projects with groups of students into a semester-compatible
format (Grosfils & Reinen, 1999). The research focus for the course
varies annually, promoting fresh intellectual challenges and the
involvement of different faculty members.

• The relationship between deformation band (small-scale fault)
density and host rock mechanical properties,
• The relationship between deformation band density and host
rock composition, and
• The style and distribution of deformation in the rocks adjacent
to the main fault.
All students in Group 2 needed information about how deformation
band concentration varied with distance from the main fault. They

Research Methods teaches students how to formulate, execute, and

worked together to gather these data, and then each collected the

present the results from an original research endeavor. Each year the

additional measurements and/or samples needed for their individual

course is designed around a central theme or location, facilitating indi-

projects.

vidual student projects and group collaboration. Formulation (~2-3
weeks) includes learning to delve into literature effectively, framing a
research question of personal interest and broad significance, identify-

Did this class meet our goals for the Research Methods course?
1. Formulate a research project:

ing the data required to address the question, and realistic planning of

• Students read relevant literature, visited the field site, and

the research effort and data acquisition schedule given existing time

• Building on their own interests, proposed plans of study

constraints. This stage culminates with a written project proposal.

complete with an indication of the broader impact and a

Execution (~8 weeks) includes data collection and systematic recording

proposed timetable for completion.

of information, performing rigorous/critical data analysis, and collab-

2. Execute a research project:

orative discussion of research progress. It also emphasizes the importance of keeping an open, inquisitive mind. Presenting research results
(all semester) includes both written and oral presentations, with an
iteratively-revised, journal-style manuscript as the final product.
The course is loosely structured, allowing for changes as needs arise
(e.g., group meetings to discuss particular findings/challenges, one-onone mentoring with specific students). Multiple deadlines throughout
the semester help keep students moving forward with their projects.

• Working individually and together, students collected
field measurements and samples needed to address their
research questions, and
• Reduced and analyzed their complex data.
3. Present research results:
• Students completed multiple written drafts of their final
research reports, and
• Each gave multiple oral presentations of his/her work-in-

Example - the 2002 Research Methods Class
In 2002, the central theme for the course was field-based research at
San Onofre State Beach, California.

The field site has abundant

research possibilities: sea cliffs exposing a major fault and multiple
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progress and a final, conference-style presentation to the
department. Ultimately the two Groups also presented
their results at a regional Geological Society of America
meeting.
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While learning about other students' watersheds, students begin to
identify regional variations in hydrology and hypothesize why the
observed differences occur. This assignment and other examples
designed for introductory-level geoscience courses can be found
online (http://serc.carleton.edu/introgeo/).
In an introductory environmental course, student teams perform a
semester-long, research-like groundwater contamination investigation (modified from a design by Olson (1989)). Student teams ”buy”
data (e.g., contaminant types and potential sources, local depths to
bedrock or water table) incrementally from the instructor using a limited “budget,” with budget levels equivalent for all teams. Each team
The location of the 2002 Research Methods class.

prepares a final poster including maps, a description of methods,
investigative philosophy, and expenses. After the posters are com-

Thus the 2002 Research Methods class met, and in some ways exceed-

pared in class, students are asked to identify the significant differ-

ed, our expectations for the course.

ences among conclusions, evaluate why those differences appear, and

According to pre- and post-course surveys from the 2002 Research

consider what the exercise suggests about real-world geotechnical

Methods class, students increased their comfort when conducting

investigations.

original independent research, presenting their own original ideas, and

In an intermediate-level remote sensing course, lecture- and

using professional rather than informal language. Responses to the

lab-based learning evolves midway through the semester into a

question “What was the biggest benefit you got from the class?”

team-based research project. Students are initially tasked with

include:

characterizing the vegetation, hydrology or geology of the Mono

• “Public speaking skills and a ‘blueprint’ for the research process
in geology.”
• “It forced me to learn how to gather my own ideas and present
them and has thus given me more confidence for my senior thesis.”
These results, consistent with student-perceived benefits of summer
research experiences reported elsewhere (e.g., Seymour et al., 2004),
suggest that the semester-long Research Methods course provides
similar benefits.

Basin in California. They are given access to abundant data from inhouse and Internet sources, but must choose which datasets to use
and how to analyze them. The students then organize into teams that
each have “biologist,” “hydrologist” and “geologist” members who
work together to decide what factors control the vegetation cycle
within the basin. A detailed description of the project, and examples
of team results, is online at http://www.geology.pomona.edu/
Classes/Geo110/Geo110.html.
Geology students at Pomona College now participate in research

Propagating research experiences into the curriculum

experiences during introductory-level courses up through their senior

With the Research Methods course in place, we propagated research

thesis. The experiences vary widely, but all share two elements we

experiences into other courses, specifically targeting introductory-

find to be key to success. First, the research results are unknown by

level courses to expose students at earlier stages in their education to

both the student and (almost always) the professor at the start of the

the benefits and fun of conducting research. Several examples are

project; the investigative nature of research is highlighted when

described below.

students and professors are learning new results together. Second,

In an introductory geologic hazards class, students investigate the

each student determines at least one important aspect of the project

annual hydrologic cycle in their hometown watershed. In this two-

(e.g., defining the question to be addressed, the methods to be used,

week assignment, students use Internet data to investigate the effects

or the area to be studied). This ownership helps students remain

of climate, geology, topography, and human use on water availability.

engaged in projects through difficult times and over long durations,
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and they thus become vested in the research process
and results.

Informal Assessment
Our goal was to create a community of research in the
Geology department in which both students and
faculty are active in research. Our combined approach
of the focused Research Methods course and research
experiences in other courses seems to be working, as
indicated by both the number of students now active
in research and by faculty perceptions of the increase
in quality of senior theses.
In addition to performing research in many specific
courses, students are more engaged in research outside
the classroom. One measure of this, and of the caliber
of the research being performed, is the number of
student authored or co-authored abstracts presented
at research conferences (Geological Society of
America, American Geophysical Union, Lunar and
Planetary Science Conference). Conference presentations are an independent indicator of student-driven

Students in the Sedimentology class in Utah collecting samples for their research projects.

research participation. Professional presentations reflect student
engagement beyond course requirements, and most are derived from
independent research conducted with faculty either during the
academic year or summer. Of our students who never participated in
Keck Geology Consortium projects1, 30% conducted research

data indicate that our curricular changes coincide with a doubling in
the number of research-active students and a more than threefold
increase in the percentage of students conducting significant research
prior to their senior year.

culminating in a conference abstract since the advent of Research
Methods in the fall of 1997 – almost double the 17% who did so

How We Did This: Challenges

during the seven years prior to the fall of 1997. More importantly,

To create a “Community of Research” while offering a robust

looking at the same periods, many more students are participating in

curriculum with only 3 full time faculty, we had to overcome several

non-Keck-related research prior to their senior year – 28% of our

challenges that will be faced by many programs seeking to insert

students compared with only 8% prior to the initiation of Research

research more centrally into their students' learning experience. The

Methods. Indirect yet powerful benefits accrue when these younger

first is developing a consensus. Given the small size of our program, we

researchers bring their excitement about the scientific process into

felt that successful integration of research into the curriculum required

the classroom, where they often become leaders who infect their

a commitment from all departmental faculty members to a common

peers with a similar enthusiasm for learning and exploring science.

vision. The second is careful, proactive design. Achieving a consensus

This is in sharp contrast to the case 8-10 years ago when students who

required clear communication - including group discussions of

became excited about science through research participation, mostly

educational goals, possible implementation plans, and estimated

seniors working on their theses, promptly graduated and departed.

timetables for implementation. The third is balancing research

The percentages above represent a minimum of research activity, as
some projects do not culminate in conference presentations. The
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implementation with other curricular objectives. All faculty members
need not contribute at the same level, not every course needs to have
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a research experience, and not all experiences need to be the same.

samples collected. The final outcome of each project is an extensive

Ultimately, however, students should have a sense that conducting

paper synthesizing background information, presenting new data, and

research is a core component of science education, not just the “pet

drawing interpretations. Students also share their research with one

project” of a subset of the faculty. Finally, to provide sufficient topical

another during a final “symposium” via a formal, conference-style

diversity, we determined that the Research Methods course would be

presentation. To fit a research project into the course, a number of

taught by all interested faculty members on a rotating basis. By facing

accommodations are necessary, including substitution of the final

these challenges, all members of the department become vested in

paper for a final exam, reduction in the total number of lab exercises

the “Community of Research” at whatever level they wish.

to provide designated research time, and the continual redesign
of many remaining lab exercises to focus on topically relevant

Future Steps

individual projects.

Two years ago we encountered an unanticipated challenge – a

The intermediate level Surface Processes course currently under

college-wide reduction in faculty teaching load. While this change was

development seeks to explore two to three topics rather than provide

beneficial for us in many ways, it affected the number of courses we

a comprehensive overview of the subject. By selecting processes

could teach, making it difficult to sustain the stability, depth and

suitable for local, field-based research investigation (e.g., coastal,

breadth of our curricular program. We are currently revising our course

aeolian), small, collaborative, student-designed research projects will

offerings in response to this college-wide change, but have not

define the framework within which students explore each topic in

allowed it to compromise our vision for how to create the best

detail. As the projects increase in sophistication and independence

learning experiences for our students.

during the semester, students will also develop basic GPS and GIS

The reduced teaching load means we no longer have the curricular
flexibility required to offer the Research Methods course. Enough

skills, plugging a gap in our current training of students and thereby
enhancing their subsequent research experiences.

threads of research-rich experience have now propagated into our
curriculum that we feel the weave may hold together even with

Conclusions

Research Methods removed, but to be certain we will preserve the

The Pomona College Geology department has successfully integrated

core elements and benefits of the Research Methods course for our

research-based learning experiences for students into all levels of its

students.

To do this, we have elected to build strong research

curriculum. We feel we have achieved our original goals of (1)

underpinnings into two other courses-Sedimentology and Surface

changing the student-held perception that only seniors (plus a few

Processes-required for the Geology degree.

unusually talented individuals) have the ability to conduct meaningful,

An intensive, semester-long research project now forms the core of
our upper-level Sedimentology course. This experience encourages
students to develop their own understanding of key elements of the
subject through independently driven, original research. In the first
two iterations of this model, run in 2004 and 2005, the field-based
projects focused on deposits of Pleistocene Lake Bonneville, Utah.
Under the new model, students are first introduced to the area, its
background, and the array of problems that may be addressed. Each

independent research, and (2) helping students realize that conducting
research-exploring original questions-is an integral part of their
scientific education. While we continue to modify our curriculum to
face new challenges, the changes made to date also coincide with a
doubling in the percentage of students conducting independent
research projects that culminate in research conference presentations,
and a more than threefold increase in the percentage of students
participating in research projects prior to their senior year.

student then chooses an original project, devises a research plan,

Footnote1

and conducts background literature research prior to fieldwork

As a member of the Keck Geology Consortium, Pomona College is

executed during a five-day trip. In the field, each student presents an

fortunate to have had about 40% of its geology majors each year over

introduction to the problem at his or her field site, and utilizes other

the past 15 years conduct Keck summer research projects. The percent-

students in conducting fieldwork. Since the field area is visited only

age of our students who participate in Keck Geology Consortium

once, projects are geared towards extensive laboratory analysis of

projects was unaffected by the advent of the curricular changes
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discussed here, and is limited principally by external, Consortium-

Linda Reinen

controlled factors. It is thus reasonable to exclude these students from
participates in Keck projects regardless of our curricular plan.

Pomona College Geology Dept.
609 N. College Ave.
Claremont, CA 91711
EM: lreinen@pomona.edu
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Engineering Clinics: An Integration of Research into the Undergraduate
Engineering Curriculum
The College of Engineering at Rowan University had its origins in 1992

workplace. Finally, the capstone project occurs at the end of a

because a local industrialist, Henry M. Rowan, made a generous gift of

student's undergraduate career, minimizing opportunities for students

100 million dollars to then Glassboro State College (Chandrupatla,

to continuously apply skills learned in the supporting coursework.

Dusseau, Schmalzel, & Slater, 1996). As a result of the donation, the

Engineering Clinics allows students to practice a wide range of

Rowan Engineering program was started in 1996 with the primary

engineering skills in a multidisciplinary environment while honing

mission of developing an innovative engineering curriculum that will

their design skills throughout their four-year career.

produce engineers suited to meet the needs of a challenging
workplace in the 21st century.

The Rowan engineering program

The overall learning objectives of the Engineering Clinics are for the
students to

implements the use of innovative methods of teaching and learning to
prepare students for entry into a rapidly changing and highly competitive marketplace (Marchese, Hesketh, & Jahan, 1997; Newell,
Marchese, Ramachandran, Sukumaran, & Harvey, 1999; Dahm & Newell,
2001). The hallmark of the Rowan engineering program is a unique
common set of classes known as the Engineering Clinics.
The Engineering Clinics are an eight-semester course sequence from
the freshman to the senior year. The Clinics are designed to address
the challenges arising from changes in engineering education requiring

• demonstrate an expanded knowledge of the general practices
and the profession of engineering through immersion in an
engineering project environment of moderate complexity.
• demonstrate an ability to work effectively in a multidisciplinary
team.
• demonstrate acquisition of new technology skills through use
or development of appropriate computer hardware, software,
and/or instrumentation.

incorporation of more design into the curriculum. Design represents

• demonstrate understanding of business and entrepreneurial

the solution of open-ended problems that challenge students to

skills by developing business, marketing, and venture plans, or

apply higher-level skills such as analysis, synthesis and evaluation.

other approved instrument.

Many engineering programs
currently include a capstone
design course to meet the
design

needs,

but

this

approach has some shortcomings.

In a one- or two-

semester course, the need to
include such varied skills as
communications,

project

management and teamwork
necessarily takes away from
the focus on design skills
development.
the

Furthermore,

traditional

capstone

design course often is not
multidisciplinary, which is a
valuable

experience

for

preparing students for the

Students visiting a green building to better understand Sustainable Design Principles.
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• demonstrate effective use of project and personnel management techniques.
• integrate engineering professionalism and ethics in their work
and as it relates to the context of engineering technology in
society.
• demonstrate improved communication skills including written,
oral, and multimedia.
• conduct a patent search and write a patent disclosure for novel
work.
• utilize information obtained from sources that cross geopolitical
and language barriers.
Table 1 shows an overview of the clinic content in the eight-semester
Engineering Clinic sequence.

Students earn a total of 24 credits

through the Engineering Clinics.

Students coat Oreo cookies with chocolate, measure and record mass,
recalculate a nutritional label and perform a simple statistical analysis as an
introduction to quality control.

Freshman Clinics

As shown in the table, each

The Freshman Engineering Clinic is a multidisciplinary “Introduction to

clinic course has a specific theme although the theme of engineering

Engineering” course, consisting of one hour of classroom time and

design pervades throughout and is incrementally introduced.

three hours of laboratory time each week. This course serves as an

This incremental approach to teaching design and research has been

introduction to the practice and profession of engineering through a

shown to be beneficial (Wood, Jensen, Bezdek, & Otto, 2001). The

project involving teamwork and cooperative learning, problem solving,

table further shows the innovative infusion of formal technical

the design process, safety, professionalism and ethics. Secondary ben-

writing and public presentation in the Sophomore Clinics. Faculty

efits of the course include development of technical communication

members from the College of Communications team-teach these

skills in graphical, written, and oral formats; a survey of fundamental

components with engineering faculty.

Thus, students acquire

concepts from the four engineering disciplines (Chemical, Civil &

important communication skills that are necessary for their Junior

Environmental, Electrical & Computer, and Mechanical) as well as col-

and Senior engineering courses and clinics and for success in the

lege survival skills such as time management, studying and test taking.

marketplace.

Examples of the fall and spring semester projects are described below.

Table 1
Overview of course content in the 8-semester Engineering Clinic sequence
Year

Engineering Clinic Theme
(Fall)

Engineering Clinic Theme
(Spring)

Freshman

Engineering Measurements

Competitive Assessment
Laboratory

ry module each week, totaling three from each of the four disciplines,

Sophomore

16-Week Multidisciplinary
Design Project/Composition
& Rhetoric

6-Week Multidisciplinary
Design Project/
Public Speaking

dents “tracked” through the four disciplines and were often taught by

Junior &
Senior

116

Fall Semester Projects
From the inception of the Freshman Engineering Clinic I until the fall
of 2004, the laboratory part of the course consisted of one laboratowith engineering measurements as the central course theme. The studifferent faculty each week doing lab experiments. In the fall of 2005,
the course was changed to keep students with one faculty member on

Multidisciplinary Capstone Design/Research Project

one project, but the faculty emphasized the multidisciplinary nature of

In the following sections, the Engineering Clinics will be described in

his/her project. Projects included food processing, carbon nanotubes,

more detail to explain the gradual progression from the freshman to

fluidized beds, Lego™ robots, sustainability, and electrical circuits, and

the senior year, with examples of projects from recent years.

all were based on engineering measurements.
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Fall Semester Project
The “Hoistinator” is a Sophomore Clinic crane design project conducted in Fall 2003, 2004 and 2005. Students worked in teams of four to
five to design and build a crane that can lift at least 400 pounds to a
height of 36 inches, using, at maximum, 150 in3 of aluminum and 50 in3
of plastic as construction materials. In addition, teams were rewarded
Students determine the optimum
temperature, dipping time and
fluidization regime to obtain a
specified average coating.

Spring Semester Projects
Freshman Clinics for the spring semester are focused mainly on engineering design through reverse engineering and competitive assess-

for designing cranes that were economic and environmentally
friendly, which meant that the teams also conducted lifecycle and
present-worth analyses. Finally, the teams were required to design and
build a digital timer circuit that would determine the exact time
required for the crane to lift the weight to a height of 36 inches. All
the cranes were tested with weights up to 1200 lb. The project drew
upon meaningful concepts from all four engineering disciplines.

ment of a consumer product (Farrell, 1999; Jahan, 1999). The underlying learning objective behind reverse engineering is explained by
Sheppard (1992). Competitive assessment is the systematic testing of

Spring Semester Project

existing products for the purpose of improvement and comparison.

The engineering design project for Spring 2002 and 2003 was

Comparable products are reverse engineered to understand the mech-

developed to assist the University in fulfilling its commitment to

anism(s) by which they work, as well as instrumented to comparative-

reducing greenhouse gas emissions by 3.5% below 1990 levels by 2005.

ly assess their performance and effectiveness from both technical and

Sophomore engineering teams worked closely with faculty, university

economic viewpoints. Past projects included studies of the following

facilities engineers, and representatives from the New Jersey Higher

products or processes: electric toothbrushes, soccer helmets, living

Education Partnership for Sustainability (NJHEPS) to devise an action

aquariums, portable water filters, beer brewing, thermoelectric cool-

plan for reducing the University’s CO2 load on the environment (Hollar

ers, blood pressure cuffs, carbon monoxide detectors and engineering

& Sukumaran, 2002; Sukumaran, Chen, Mehta, Mirchandani, & Hollar,

principles related to the human body.

2004). Student teams:
• Calculated greenhouse gas emissions for the university from

Sophomore Clinics

1990 to present according to the NJHEPS format.

Sophomore Engineering Clinic is focused on introducing students to

• Investigated low-cost solutions to improve energy efficiency.

open-ended design problems. Fall semester of the Sophomore Clinic

• Investigated alternative energy sources such as fuel cells, solar

is focused on a single, semester-long project, culminating in construc-

panels, and geothermal units that can be incorporated into the

tion and testing. In the spring semester, the students are typically sep-

future growth of the university.

arated into two groups, each completing a separate project. One proj-

• Performed an economic analysis and reported any short-term

ect culminates in construction and testing. The other typically results

and long-term costs or savings associated with implementing

in a paper design or evaluation. By integrating the Sophomore Clinics

low-cost solutions and/or alternative energy sources.

engineering experience with writing and speaking classes taught by
faculty from the College of Communications, the importance of communication skills are reinforced. Two examples, one each from Fall and
Spring, are described below.

• Formulated a well-supported, articulate oral argument for using
alternative energy sources at Rowan University.
Deliverables for the course included a report detailing Rowan's estimated greenhouse gas emissions from 1990 to the present, a midterm
presentation that discussed low-cost energy saving solutions, progress
reports (both oral and written), and a final presentation and report to
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Exxon-Mobil) and research foundations (e.g. Engineering Information
Foundation, Water Environment Research Foundation). The clinics at
this stage also allow students to work on projects that are linked to
professional organization sponsored competitions. In addition, students can even propose their own ideas and be funded through the
National Collegiate Inventors and Innovators Alliance (NCIIA) Venture
Capital Fund, specifically ear-marked for the development of original
inventions by multidisciplinary student teams within the Junior and
Senior Engineering Clinics (Marchese, Schmalzel, & Weaver, 2004). Two
Junior/Senior Engineering Clinic experiences are described below.
Students measuring temperature and power for competitive assessment of thermoelectric coolers.

Examples from the Various Disciplines
the Facilities personnel and faculty that included an in-depth economic analysis of the various energy savings solutions. As a result of their
analyses, the campus is in the process of implementing some of their
suggestions including installation of photo voltaic panels, design of a
new co-generation plant and testing and use of biodiesel fuel tractors.

Since Spring 1999, the U.S. Air Force has funded Rowan University and
Dr. Everett as Principal Investigator to conduct technology demonstrations at four different Air Force Bases. More than 20 different undergraduate students and two Master's students have worked on this project. A technology demonstration project was recently completed at
Dover AFB, Delaware, of Biogeochemical Reductive Dechlorination

Junior/Senior Clinics

(BiRD). BiRD is a process in which bacteria are stimulated to create FeS

Rowan Engineering Clinics in the junior and senior years change signif-

in-situ. FeS is a reduced mineral that abiotically reacts with certain

icantly because students are now prepared for more rigorous research

chlorinated solvents, including Trichloroethene, destroying them by

as a result of their experience in the freshman and sophomore clinics

reductive dechlorination. Undergraduates helped conduct baseline

and classes. The projects are also highly diverse in terms of their deliv-

analyses of water and sediment from the site, injected over 50,000

erables, collaborations and nature of work performed. The Clinics in

liters of sodium lactate and magnesium sulfate (to stimulate FeS gen-

the Junior/Senior year offer the faculty and students venues to con-

eration), and monitored post-injection results. In Fall 2005, a clinic

duct applied and fundamental research. The research is mostly fund-

team is working with sediment from Lipari Landfill, a Superfund site.

ed, but some projects are voluntary in nature or supported by the

The students are conducting microcosm studies to determine if the

College of Engineering. The literature contains many examples of the

BiRD process can be used to remediate the site. Teams of Civil and

benefits of undergraduate research experiences (Kardash, 2000;

Environmental, Chemical, and Mechanical Engineering undergraduates

Mabrouk & Peters, 2000; Zydney, Bennett, Shahid, & Bauer, 2002).

have obtained real world experience through this project in site

Collaborations and industrial partnerships range from projects with
regional industry to international projects with universities and

118

characterization and remediation, chemical analysis, data manipulation, and presentation.

businesses. The research has been funded by various federal

Dr. Gephardt in Chemical Engineering heads one of the international

agencies (National Science Foundation, U.S. Environmental Protection

clinic projects. The project involves working with universities and

Agency, US Navy, National Institutes of Health, Federal Aviation

small businesses in Chile to develop and optimize aquaculture

Administration, U.S. Department of Transportation, NASA), state

processes.

and county agencies (New Jersey Department of Transportation,

manufacture natural nutrients and pigments for farmed salmon using

N.J. Division of Environmental Protection, Gloucester County Utilities

supercritical fluid technology. Most recently, it has involved optimiza-

Authority), foreign government agencies (Centro de Tecnología in

tion of the aquaculture of abalone, a high-value culinary delicacy. The

Chile) as well as private companies (e.g. Biothane, US Filter, Lockheed

project has been instrumental in designing and implementing a

Martin, Johnson Matthey, General Mills, K-Tron Electronics, Dura-Bar,

monitoring and control strategy for the bath components in the

The work has involved developing processes to
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aquaculture tanks and optimization of the filtration and
circulation in the process. The project requires travel to Chile
in 2006 to implement the process scheme developed at Rowan
University. An important aspect of the Clinic involves exposing
students to Chilean culture and to Spanish, so students will
study the country and learn conversational Spanish prior to
their travel. During their stay in Chile, students will visit local
industries and centers of cultural significance. They will live on
campus and have opportunities to work and socialize with

Assembling the “Hoistinator”.

Chilean students.

Benefits of the Engineering Clinics
Students measuring blood pressure for various arm
elevations (study of engineering principles related to
the human body).

Assessment and Retention Data
In 2004, Dr. Harriet Hartman completed an NSF study assessing the

college than their male counterparts but they had several advantages

institutional environment in the College of Engineering. A goal of this

over the male students in terms of participation in extra curricular

analysis was to determine whether the Engineering Clinics are

math- or science-related activities, participation in honors math and

favorable to women's retention, self-confidence, satisfaction and

science classes, and higher grades in high school science classes. They

commitment to engineering. Many features of the Engineering Clinics

also noted that females enter Rowan with less self-confidence that

have the characteristics of being “female-friendly (e.g. interdisciplinary

they belong in engineering and with less self-confidence in their

teamwork, hands-on experience, integration of communication skills,

engineering abilities. This is not a generalized lack of self-confidence:

entrepreneurial opportunities, industry partnerships, nurturing climate,
personal faculty-student relationships, and the relatively high proportion of female role models). Because these features of the engineering
program overlapped with curricular and climate reform advocated by
those trying to help more women succeed in engineering, they were
expected to help women (and all other students) feel that they belong
and can develop as engineers, and to encourage their persistence in
the program to its end.

the female students do not have less confidence in their overall
academic abilities or communication skills.

This entering gap in

self-confidence is reduced after as little as one year and participation
in extracurricular activities makes a particularly important
contribution as compared to males. At this point, Rowan females have
higher engineering self-confidence than female engineering students
in other programs as shown by the WEPAN Pilot Climate Survey
(Brainard, Metz, & Gillmore, 1998), and the gender gap in self-

All undergraduate female engineering students participated in the
study and the male students were studied as a comparison group.
Students were surveyed during required courses, which ensured a high
response rate that was less biased toward those particularly
committed to engineering. Official transcripts provided records of
academic achievement and focus group interviews were held with
female students.

confidence at Rowan is smaller.
When Hartman and Hartman (2004) compared retention and
graduation rates, it was apparent that engineering students dropped
out of their majors at lower rates than the entire campus. Most
notable however, is the data on retention of female engineering
students shown by 6-year graduation rates. Table 2 shows increased
retention through graduation reflected by significantly higher

Hartman and Hartman (2004) reported that overall, the gender

graduation rates than historical comparisons.

differences in background characteristics like family income and

(Strenta, Rogers, Russell, Matier, & Scott, 1994) that the persistence

parental education levels and pre-college preparation seem balanced,

rates of women in science, math and engineering majors

without one gender having much advantage or disadvantage when

varies between 30 to 46 percent, depending upon the type of

compared with the other. In terms of pre-college math and science

institution. Graduation rates for Rowan's women engineering students

background, females had fewer computer science courses before

average 69%.
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Table 2 Graduation rates for cohorts 1996-2001: Females
Freshman
Cohort

Graduated from an
Engineering Major

N Females

4 yr

5 yr

6 yr

Graduation Rate
(Percent)
4 yr

5 yr 6 yr

1996

15

12

0

0

80% 80% 80%

1997

16

7

2

0

44% 56% 56%

1998

17

9

1

0

53% 59% 59%

1999

19

14

1

0

74% 79% 79%

2000

24

17

1

.

71%

2001

14

13

.

.

93%

75% .

Source: Rowan University Institutional Research and Planning (10/28/05)

Collection of soil samples for the BiRD
Demonstration Project.

Students Pursuing Graduate Degrees

Conclusions

The Engineering Clinics at Rowan University have also fostered a strong

The Rowan Engineering curriculum is innovative and effective in

research environment, especially as evidenced by the percentage of

providing students meaningful design and research experiences as early

students pursuing graduate degrees. Figure 1 shows the percentage of

as their freshman years. The Engineering Clinics have proven to be a

students pursuing graduate studies from each cohort class starting

critical component in our ability to accomplish multidisciplinary

with our first graduating class in 2000. The total percentage over the

design and implement meaningful research experiences. Similarly, the

five years for both males and females ranges anywhere between 15

use of project-based instruction has led to the development of a cadre

and 35%. The percentage of women pursuing graduate studies ranges

of students who are design-ready. Communication skills, both oral and

between 13 and 33%, compared to a national average of 17% (Reynolds

written, are also strengthened through numerous writing and

& Tietjen, 2001). The percentage male students pursuing graduate

presentation activities. Student retention, especially for women, is

studies is also very high and though it fluctuates from year to year,

significantly improved due to the close faculty-student interaction, a

it ranges between 12% and 40%.

This has been a very positive

facet of the Engineering Clinic experience. The percentage of students

impact of the Engineering Clinics in fostering a spirit of enquiry and

pursuing graduate studies is also significantly improved. The clinics are

therefore research.

a successful tool for conducting and disseminating research results that
are publishable in educational and technical conference proceedings

Figure 1

and peer reviewed journals. A survey of faculty publications in past
years indicates that the faculty and students publish over 200
articles annually on average (files kept by College of Engineering Clinic
Committee).

The Clinic experiences result in numerous faculty/

student awards and entrepreneurial achievements, including one
patent with three more patents pending approval.
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has served as director of engineering and assistant dean. She is a registered
professional engineer. Her major areas of interest are experimental design
and engineering data analysis. Her experimental interests are in the area
of supercritical fluid extraction of nutrichemicals and pharmaceuticals.
She and her students are working on processes to extract nutrients from
microalgae and are presently developing joint projects in this technology
with universities in Chile. E-mail: gephardtzo@rowan.edu
Steven Chin is associate professor and associate dean of the College of
Engineering. He is a licensed professional engineer, and senior member of
the Institute of Electrical and Electronic Engineers (IEEE). Dr. Chin specializes in signal processing, communication theory, and computer network
design. E-mail: chin@rowan.edu
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Kathleen A. Tweeten, Marcella J. Myers, Cynthia G.
Norton, Lynne H. Gildensoph, Martha M. Phillips, Deborah
D. Wygal, John J. Pellegrini, and Jill R. Welter
Department of Biology, College of St. Catherine

Animating a Biology Curriculum With Research
As faculty in the biology department at The College of St. Catherine,

students initiate and design semester-long research projects.

a private liberal arts college for women, we are committed to

variety of research organisms and basic lab equipment is

graduating students well prepared in the practice as well as in the

available to students so they can be creative in developing a project.

theory of biology. We are continuously evaluating our strategies for

Students are asked to find primary articles from the scientific

the teaching of scientific thinking and bench skills. We seek creative

literature and begin their maturation of skills in accessing, critically

ways for students to construct their own understanding of the

reading, and synthesizing scientific information from a variety of

research process. With these goals in mind, we are moving from

sources. Hypothesis generation supported by rationale gleaned from

teacher-centered lectures to problem-based learning and are

the literature is stressed. Beginning students also receive exposure to

providing laboratory experiences that immerse

scientific writing.

students in the process by which scientific

ideas with faculty mentors through preparation

knowledge is acquired. To provide context for

of research proposals that describe their

the value of science and research in daily life,

question, hypothesis and associated rationale,

we expect students in both our major and

and specific experiments. Also included in the

non-major courses to increase their awareness

proposal are descriptions (via data sheets) of

of the intersections of biology, ethics, and

what data will be collected and preliminary

policy development. Because we work in an

thoughts (via graphs or tables) on how data will

environment that explicitly supports women's

be analyzed and presented. These projects are

pedagogy, curriculum transformation, and
research, we are uniquely positioned to
encourage active involvement of women in
science and technology. However, because the
methods we have implemented are the very

General biology research team members Dawn
Valverde, Miranda Biegon, and Maria Robles
collaborate on preparation of a paper describing
the results of their student-designed project
studying effects of nutrient deficiency on
reproduction in Drosophila melanogaster.

Research teams share their

simple and investigate biological problems for
which “right” answers may not be known. During
the process, students pursue a question of
interest to them while learning to collect data,
graph and describe experimental results, apply

methods that are most effective for adult learners in general (Knowles,

introductory statistical methods, increase computer proficiency, and

1998; Rogers, 1969), they should be readily applicable to coeducation-

present experimental results through poster or oral formats.

al undergraduate colleges and universities given adequate

Throughout this first year experience, faculty members serve as

institutional support. We hope you find encouragement and insights

mentors.

in this article for your own efforts to enhance opportunities for

agencies” allocating funding for the projects, assist with experimental

students to experience the research process first-hand.

trouble-shooting, and act as facilitators for issues related to

We encourage students to become immersed in research activities so
they can gain understanding of the methods of scientific inquiry,
explore their interests in and aptitude for research, and evaluate if
graduate study is a good fit for them. In order to engage students in
research early in their undergraduate education, we reinvigorated our
introductory general biology courses over ten years ago, implementing a theme-based, investigative approach (Norton, et al, 1997). With
support from an NSF Undergraduate Course and Curriculum
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A

made

They review research proposals, function as “grant

teamwork. Each laboratory section has two faculty mentors who
extensively interact with students in small groups. The mentors also
model the value of “putting heads together,” demonstrate effective
strategies for conflict resolution when they disagree, and share their
own experiences and difficulties with the research process. These
interactions set the stage for collaborative relationships between
students and faculty (Rogers, 1969) as students move into the remaining courses of the biology curriculum.

Development Grant, we developed an experiential, hands-on

While providing grounding in basic biological concepts, the general

approach to science for our beginning students. Working in the first

biology experience stimulates and reinforces student interest in

semester with the theme of reproduction and in the second semester

research. During the second year of the biology curriculum, students

with plant interactions with the environment, teams of three to four

learn several techniques in the laboratory component of the cell biol-
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St. Kate's ecology students Miranda Johnson, Carrie Booth, and Lorie Xiong collect stream macroinvertebrates to be identified as part of a comprehensive
research project exploring how physical variables shape biotic communities in stream ecosystems. The investigation was driven by students' observations and
ideas.

ogy and genetics courses. This fills a void students feel during the first

also acquire a sense of how the techniques they are learning are

year experience, where they have many ideas for projects but little skill

applied to research questions through weekly in-class analysis of

at the bench or awareness of appropriate methodology.

In cell

faculty-selected scientific articles. To increase their competency in

biology and genetics, students are provided with lab exercises

reading the scientific literature, they are taught approaches to

designed by faculty mentors and emphasis is placed on hands-on

deciphering methods sections, analyzing figures, and making their

learning of techniques and on understanding why a protocol is used

own interpretations of results.

for a specific problem. Methods taught in the lab are tied as closely

conduct a recombinant DNA project through which they learn

as possible to course topics. For example in cell biology, learning of

techniques in analysis of DNA such as karyotyping, plasmid isolation,

membrane structure is accompanied by laboratory extraction of mem-

use of restriction enzymes, cell transformation, and gel electrophore-

brane lipids and analysis by thin layer chromatography. Understanding

sis. In the labs associated with both courses, students gain further

of protein structure is enhanced by SDS gel electrophoresis of proteins

experience with scientific writing as they prepare lab papers

isolated by affinity chromatography. Concepts such as facilitation of

describing experiments and analyzing their results in the context of

protein folding by molecular chaperones are made more concrete by

published research.

In the genetics course, students

analysis of protein denaturation using spectrophotometry. Students
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Students move into upper level courses selected from animal-,

guided by research contracts that identify student learning objectives

plant-, ecology and evolutionary-, and cellular and molecular-based

and learning strategies. Student and faculty stipends, together with

options.

In addition to becoming familiar with concepts and

supply dollars, are available for these projects through Small Scale 3M

experimental methods characteristic of these biological sub-

Student/Faculty Collaborative Research Grants. These internal funds,

disciplines, students hone skills in quantitative reasoning, analysis and

from an endowment developed in 1988 with support from 3M

interpretation of data, consideration of contemporary world

Corporation, require submission of a grant proposal jointly prepared by

problems, and analysis of scientific articles. Laboratory formats are as

the student and faculty mentor to the college’s Center of Excellence

diverse as the faculty teaching them—some consist primarily of

for Women, Science, and Technology. The Center, established in 2000

pre-designed lab exercises. Others are a combination of structured lab

as part of a strategic initiative at the college to collaborate with

exercises, computer simulations, and independent research projects

community partners, promotes women-centered, innovative teaching

where teams of students select a research question related to course

and learning in math, science and technology, develops strategies that

concepts. Some of these projects require approval by the college’s

enable girls' and women’s pursuit of science and technology fields, and

Institutional Review Board so students directly experience the

supports student-faculty collaborative research. A recent grant pro-

importance of preparing thoughtful, detailed research proposals. In

cured by the Center from 3M has quadrupled the level of support for

our majors' microbiology course, discussion topics and hands-on

each student/faculty project and covers student and research mentor

application of relevant laboratory techniques are integrated into the

participation in scientific conferences. With this increased funding, we

same, extended class period.

Other courses focus on student-

anticipate that more students will opt for on-campus research

designed, original research projects that are directly related to the

experiences. Through these Large Scale Grants, the Center provides

research interests of the faculty facilitating the course. In all of these

meaningful support to current research efforts and stimulates new

formats, observational, methods development, and data analysis skills

research activities that will serve, it is hoped, as precursors to external

are refined. These teaching/learning activities have been backed by

funding opportunities. To give faculty comprehensive information and

the college through hiring of a lab coordinator and additional faculty

assistance in the grant-seeking process, an Office of Sponsored

(with both teaching and postdoctoral experience and ability to estab-

Research was established at the college in 2002. Made possible by an

lish viable undergraduate research programs), an increased supply

Extramural Associates Research Development Award from the National

budget, renovation of teaching and lab facilities, and by

Institutes of Health, this office oversees both the pre- and post-award

Instrumentation and Laboratory Improvement/Course and Curriculum

process such as budget development and facilitates grants workshops,

Laboratory Improvement Grants from the National Science

grant preparation mentoring, and proposal review. Marking the impact

Foundation. These grants, matched by college funds, were used to

of such institutional support are accomplishments of students

equip a tissue culture facility, purchase basic equipment for the

involved in collaborative research projects. High wages alleviate stu-

investigative general biology labs, and provide instrumentation for

dents' need to supplement their income with outside jobs and they are

cellular and molecular analysis. Faculty interest and persistence in

able to focus on research activities. They have presented their work in

improving learning and research opportunities spur the grant writing-

our weekly Biology Seminar Series, at regional and national meetings,

most of our state-of-the art equipment has been procured in this way.

and have contributed to manuscripts being prepared for submission to

Students can also acquire research experience through one-on-one
work with faculty on original projects. In fact, a biology degree

Many of the students who are particularly interested in graduate

requirement is completion of either an internship or a research

studies also take advantage of the numerous summer undergraduate

project.

While about 80% pursue off-campus internships, other

research programs sponsored by colleges and universities throughout

students talk to faculty to determine availability of research positions

the United States. Following their work at St. Kate's on projects with

in faculty labs and fit of research interests. Students can choose from

faculty, they use participation in these summer programs to get

a range of research areas that currently include field biology investiga-

exposure to the environment of a major research institution, to inter-

tions, behavioral and molecular approaches to studying invertebrates,

act with graduate students, and to explore potential areas of study.

and human-based research on handedness and the mechanics of limb
movement. Along with specific research objectives, the projects are
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peer-reviewed scientific journals.

A concern we have with these research options is the small number of
students served by them. Individual faculty members have, at most,
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the time and resources to work on projects with one to two students

To extend this andragogical approach (Knowles, 1998) into the labora-

each year. For a variety of reasons that we intend to investigate and

tory portion of these courses, a progression from learning advanced

address, very few of our majors apply to the external summer research

techniques to student-designed research projects is used. The first few

programs. Using the cellular and molecular-based courses as proto-

weeks of the semester are spent learning relevant techniques, along

types, we considered other means by which more students could be

with theory and history behind the technique.

exposed to original research. Another motivating factor was feedback

molecular biology students receive hands-on experience with PCR,

from students who have participated in summer undergraduate

DNA sequencing, informatics, and proteomics.

research programs at other institutions. Students were asked to eval-

students do Western blotting, ELISA, immunofluorescence, and

uate these experiences in terms of their sense of preparedness and in

immunohistochemistry. The remainder of the semester is spent apply-

comparison to their exposure to research at The College of St.

ing these techniques to research projects. What is unique compared to

Catherine. While they felt competent with the bench and literature

other courses is that the projects are directly related to the research

analysis skills they brought to their summer programs, they came away

interests of the course mentor. Working in teams, students read

with a sense of accomplishment for being involved in “real world

relevant scientific literature and generate a research question that

research” that they had not gotten from their courses. Compared to

addresses a small piece of an on-going faculty research project. Given

the labs associated with their upper level biology courses, they found

student ownership of the research question, hypothesis, and

great satisfaction in working on projects that had meaning and purpose

experimental protocol, the role of the faculty mentor is to work with

beyond the confines of their own learning. They seemed to convey

students to refine the projects so that they are doable and result in

that they learned more about experimental methods and design and

sufficient data that can be interpreted given the timeline of the

thought more deeply about the meaning of experimental results when

semester and available equipment. To expose students to an emerging

the goal of the project was relevant to a “real scientific laboratory” and

practice in scientific research where sophisticated and expensive

contributed to the field. We felt challenged by this input. Our hold

equipment is required, some data collection using core facilities (such

on a philosophy that our reasons for doing research at the college are

as the Imaging Center at the University of MN) is suggested. Rather

different from those of major research institutions started to feel ten-

than determining the week-to-week content of laboratory exercises,

uous. Is it enough for our students that we view research as a form of

faculty mentors focus on student competencies and become familiar

teaching---that we maintain research programs so that they can learn

with students' approaches to thinking and can then facilitate improve-

the research process and explore their scientific potentials and inter-

ment of critical thinking, support development of collaborative work,

ests in doing research (Hakim, 2000)? Might we better facilitate their

and encourage refined bench skills. For example, we have found that

learning by linking the curriculum more directly with lab activities that

oral presentations are especially challenging for students. We need to

are pursued because they are original and have potential to benefit the

help them become more proficient at synthesizing information and

scientific community?

clearly conveying their learning to their colleagues. The format also

Intrigued by these questions, innovations were made in the laboratory
components of molecular biology and immunology. These courses
were a natural fit as their in-class formats had recently been converted from faculty-centered lectures to student-centered learning
initiated and stimulated through clinical scenarios, research problems,
and case studies. Key features of this approach include group work,

For example, in
In immunology,

provides for closer relationships with students than a cookbook
approach. Student inquiries are more diverse and creative and this
stimulates much more critical thinking and discussion during lab
sessions. To further enhance the “real life” environment for these
projects, students disseminate the results of their original research
through poster presentations at the annual “Science at St. Kate's Day.”

application of previously acquired knowledge, and students' identifica-

The impact of these changes in the molecular biology and immunolo-

tion of what they need to learn followed by out-of class learning. The

gy courses include:

goal is for students to construct their own understanding of concepts,
with much teaching and learning from each other. The role of the
faculty mentor is to provide resources (texts, websites, occasional
mini-lectures giving context for cases), monitor group progress, ask
questions, and direct groups towards key learning issues as necessary.

• Increased integration across our biology curriculum; students
build on their general biology exposure to the research process
and apply bench skills learned during the second year courses.
• Enhanced student confidence in their abilities to use scientific
articles as tools. Rather than passively receiving protocols, stu-
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Immunology students Jaci
Tews, Pam Strobel, and
Christine Michels review their
experimental design as they
use Western blotting to
identify heat shock proteins in
halophilic archaea. After
completion of the course,
Michels expanded the study
into a research project where
she has found expression
of heat shock proteins
homologous to TCP proteins.

begun in the 2004 Immunology course on use of Western blotting for identification of heat shock proteins in a halophilic
archaeon is preparing a manuscript describing her results for
submission to a peer-reviewed journal.
• Professional value to the students with the research experiences
and poster presentations strengthening their resumes and
applications to professional and graduate programs.
Our view that research is integral to undergraduate education in
biology is key to on-going changes in our biology classrooms and labs.

dents access literature pertinent to their project and gradually
make sense of it.

Doing their lab work in the context of

published information, they gain appreciation for the
complexities of experimental design, develop critical modes of
questioning, and take a more cautious approach to interpretation of experimental results.
appreciation of their importance for refinement of experimental approaches and dissemination of results.
• Significant payoff in student learning and vitalization of faculty
research for a monetary investment similar to that needed for
traditional laboratory exercises.

Students come up with

questions and approaches that enrich faculty thinking and work
enthusiastically on the projects. They see the projects as “real
life research” and are excited by the potential of making original
contributions to the scientific community. Progress is made on
research questions during “teaching” hours, making it easier for
faculty to sustain a year-round research program. This fosters a
stronger research environment in the biology department while
research skills and aptitudes are being developed in more
students (Doyle, 2000).
• More student involvement in original projects with perked
interest of some in further research. To date, both of the
projects from these courses have evolved into follow-up collaborative work where a student brings her training and preliminary
data from the course experience into faculty research labs.
Here the potential for refinement of the projects into results
that can be disseminated is being realized. A presentation on
the molecular characterization of the extracellular hemoglobin
from an aquatic oligochaete, begun in the 2005 molecular
biology course and carried over to the research lab, will be
made at the 2006 Annual Meeting of the Society for Integrative
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and discuss issues related to teaching, learning, and research. We
encourage each other to try new pedagogical and learner-centered
approaches, talk through and evaluate ideas for case studies and
research problems, and share successes as we observe enhanced student learning. Of critical importance is the support we give each other

• Learning of good practices in keeping lab notebooks and

and Comparative Biology.

As faculty, we are a cohesive team---we extensively share resources

A student who continued work

in the difficult task of stepping back to let students think through concepts and problems for themselves (Rosenblatt, 1995). We are finding
that self-directed learning and original research experiences generate
a learning environment where students see themselves as active,
responsible collaborators with faculty mentors. The skills our students
develop in critical thinking, learning to learn, communication, and
collaboration will carry-over to their graduate studies and professional careers. Because of the challenging and satisfying experiences they
have had as undergraduate biology majors, they will be well prepared
to pursue careers in science or science-related fields.
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Including Undergraduate Research in the Mathematics Curriculum
St. Edward's University is a liberal arts university with an undergraduate enrollment of about 4600 students. The university is organized by
Schools, with mathematics being in the School of Natural Sciences,
along with chemistry, biology, bioinformatics, and computer science.
St. Edward's University has offered undergraduate research in the areas
of mathematics, chemistry, biology and computer science for many
years, with bioinformatics just beginning. Undergraduate research is
required in chemistry, mathematics, and in the new bioinformatics.
This article will discuss the way that research is incorporated into the
mathematics curriculum via a required four semester sequence and
how the sequence evolved to its present form. The evolution spans
the time period from 1988 to present. Throughout that period, the
number of math majors has ranged non-monotonically from 20 to 35
students. The number of full-time math faculty has increased from
four to six.

St. Edwards math faculty and students at the Spring 2005 Texas MAA meeting.

it two weeks later. The article is chosen to lead into a longer article

Current Program

involving a potential research question. It is harder to choose articles

We incorporate research into the curriculum through a four-semester
sequence of one credit hour courses: Research Methods,
Undergraduate Research (taken twice), and Senior Seminar. The
sequence typically begins in the fall semester of the junior year and
ends in the spring semester of the senior year. Each of the three
courses is offered in multiple sections, with a section size limited to
two to four students. We agree on common grading weights and formats, and there is a course coordinator for each course. Students work
with one faculty member (called “faculty mentor” for the rest of this
article) throughout the entire sequence, and we believe that is a key
feature for maximum student gain. There is now some faculty load
compensation, and that helps keep the load evenly spread among
math faculty.

for those students who have not yet had a theory course. The second
article is either from a journal or is a preprint style paper written by
the mentor. Students read this article at a more surface level initially,
to learn results and what related questions are still open to
investigation. Students are guided towards an open question related
to the article. This allows the faculty mentor to choose topics in
which they have expertise and interest. Most of us have a couple of
ideas for each student, so they can choose from those two ideas.
The topics suggested also depend on the student's background.
Students then do a literature search on the topic, using MathSciNet,
and other electronic databases. This is done in September, as we do
not subscribe to a large number of mathematics journals and students
may need to use interlibrary loan. Each week the mentor meets
one-on-one with each student to help the student choose articles

Research Methods

to request and develop an outline for the proposal. Students work on

Students in Research Methods are given a short mathematics article

the proposal for 4 weeks. The written proposal is about 5-8 pages

to read, usually chosen from one of three Mathematical Association

long. The oral presentation is 10 minutes long and occurs in November.

of America journal series. Students are asked to read and understand

The presentations are graded using a short form:

the article, summarize the main findings, and give a 5-7 minute talk on
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Mark each grade category (4= characteristic is strongly evident, 3=clearly

question. Students give a 5-10 minute oral presentation during the

present, 2= somewhat present, 1=almost absent, 0 =completely missing).

start and end of each term. A common time ensures that the Research

Give holistic summary grade (do not average categories)

Methods students can attend these talks and that faculty can attend

1. Research question is clear.
2. Speaker understands research question and background enough to begin research.
3. Speaker speaks clearly, with natural tone.
4. Slides are clear, with text large enough to read.
5. Speaker understood and responded well to questions.

all talks. Students get written feedback but are not actually graded on
the talks. Each student has a different research question and each
meets weekly with the faculty mentor. Depending on faculty availability, some students also do research here in the summer, sometimes
with research stipends made possible by various internal or external

Summary grade

grants. Students who do an external REU in the summer can choose

Comments:

which project to continue in the fall. Students keep a journal in which

The math faculty meets as a group to assign grades to the
presentation. Students may use transparencies, hand written or word
processed, or PowerPoint. The focus is on the content, not the style
of the presentation, so the authors actually discourage PowerPoint.
The faculty is split between those who use PowerPoint and those who
prefer other software such as LaTeX for math presentations. This has

they document 60 hours of work during the term because that was the
standard required for internship or independent study credit.
Meetings with the mentor and attendance at the talks count towards
this total. This documentation and the student's regular attendance
are what determine the course grade, not so much whether the
student makes a certain amount of progress on the topic.

not been a problem as the mentor specifies if any particular format
must be used. The written proposal is due the last week of class. The

Senior Seminar

faculty mentor grades the written proposal. The different sections

After two Undergraduate Research classes, students take Senior

meet jointly during all the presentations, and the weekly meetings

Seminar. In Senior Seminar students make an oral research presenta-

with each student are arranged individually. It is desirable that

tion of about 30 minutes. The Seminar includes all Natural Science

students in Research Methods be enrolled in a proof -based course,

majors and is organized in a conference setting, with faculty, students,

but we have dropped this as a formal prerequisite. Occasionally

and outside visitors invited. Talks are in parallel sessions by discipline.

students who are juniors but enrolled in Calculus III still start the

Students are expected to present written papers summarizing their

research sequence.

research. Ideally, no research needs to be done during this semester. In
practice, some things come up at the end and so students often work

Undergraduate Research
The next two semesters students take Undergraduate Research.
Ideally, the student actually researches the proposed question, but
sometimes by the end of the Research Methods term the student has
decided that s/he is not particularly interested in that question and
asks if something else is available. It is for this potential continuity that
we have moved to having one faculty mentor guide the entire
sequence. However, the authors feel that the time lost in starting
again with a new topic is made up by the student wanting to work on
the question. We think it is more important that the student finds the
question interesting than that s/he has the ideal background for the
question. Often something the mentor finds interesting but outside
the mentor's research area is chosen if the student likes that topic. In
the first semester quite a bit of time is spent doing a more in depth
reading of the generating article as well as starting work on the open

on the presentation while trying to fill in a few last results. Generally
students will concentrate on the talk, without worrying about the
paper until after the presentation is over. We try to encourage
'parallel' preparation. Weekly meetings of mentor and each student
occur, and practice talks also occur. Students are expected to have
visual aids for their talk. This usually takes the form of traditional
overhead transparencies/slides or a PowerPoint presentation. The
grade in senior seminar is based mostly on the presentation. Students
already write a capstone research paper as a university general
education requirement, so the seminar papers are not heavily
weighted and sometimes are somewhat hastily written. The math
faculty meets jointly to decide the grades of the presentation. The
faculty mentor grades the paper and then determines the final course
grade. Students are strongly encouraged to present at other conferences as well. Many of our students present at the annual conference
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Methods contained majors from all science disciplines. At appropriate
times students met with mentors from their own discipline. Generally,
students selected an initial topic based on journal readings before
meeting with a mentor in their own discipline. This course was
awkward for several reasons: it was hard for the course to address
differences in mathematical research as compared to experimental
science, the students had to deal with two faculty people for this one
hour course, the topics the students brought to the mentor were often
not feasible and rarely contributed to the mentor's research, and the
students often ended up with a different mentor and a different topic
The St. Edwards University team headed for a meeting.

of the Texas Section of the MAA, and a joint faculty and student trip
by van is a regular event of the spring semester.

in the next course, Undergraduate Research. A single term of
Undergraduate Research was required initially. Students rarely made a
significant amount of progress during a single term of research,
particularly if they changed topics. Senior Seminar was taught in the
same manner as Research Methods, i.e., all disciplines in a single

Faculty Load

section, and yet another mentor change or topic change could occur

Our standard teaching load is 12 hours each term, almost always

here. This lack of continuity was sometimes problematic.

comprised of four 3 credit hour courses. We began with no faculty
load credit for any of these one-hour research courses, and often had
the load carried primarily by one or two faculty members. We have
evolved to a method of giving some load credit to faculty mentors.
Typically, each faculty member will have three or four students per
semester: on average two in Research Methods and two in
Undergraduate Research in fall, with two in Senior Seminar and two in
Undergraduate Research in the spring. Currently, having three to five
students in both fall and spring allows the faculty member to teach
one less class during the spring of that year. This works well for us

The evolution of the sequence occurred naturally, and the first change
was discipline specific Research Methods, followed by discipline
specific Senior Seminar. Those changes helped with the discipline
specific differences, but courses were still taught with no load credit.
Eventually a one course load credit was given to whichever math
instructor was teaching that pair of courses; that person also served as
mentor to all the students in those classes. A difficulty with this model
was that most of the research-mentoring load then fell on one or two
faculty people.

because our department primarily teaches service level courses to

The change to require two semesters of Undergraduate Research

other majors, and more students take math courses in fall than in

occurred after voluntary supplemental semesters of research by

spring. This system of multi-section courses and faculty credit is

students showed an improvement in student progress. There was still

recent, beginning in fall 2004 with Research Methods and spring 2005

no load credit for Undergraduate Research, and there was still a

for Senior Seminar. We feel that the current system of matching

continuity problem sometimes within the sequence, particularly as the

students early with mentors, and only having two or three students

number of majors increased. The last stage of the evolution dealt with

per section, allows for much smoother progress for students, and a

the continuity issue, and made an attempt to both even the load

better experience for faculty. Giving some faculty load credit has

among faculty and give some load credit for working with students.

helped to spread out the load among faculty. Ideally, we would like to

Currently a mathematics student signs up for Research Methods with

see teaching 9 credit hours plus guiding research students as a full load

a mathematics faculty person, and that mentor - student pair stay

in each term.

together for the entire program. The student has to deal only with his
or her mentor, and the mentor has control over the course. In Research
Methods the student can be taught how to read journal articles and at

Evolution
Initially, only the Undergraduate Research course was taught totally
within the mathematics department. The single section of Research
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the same time learn about the mentor's mathematical interests. This
helps the student select an Undergraduate Research project for the
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their student session at these MAA meetings for the last three years,
and we have also had students present and one win an award at the
Texas Academy of Science. Not many of our students have published
their work. One faculty - student pair published joint results, and one
student continued his work after he graduated and eventually
published it. Students have presented posters at national meetings.
More students have had confidence to apply and have been accepted
into REU programs off site: we had one REU student between 1988 and
1998, and we have had four students in the last three years.
Students at the Calculus Bowl at the Spring 2005 Texas MAA meeting.

From 1992-2002 we had two students go into PhD programs and nine
following two semesters. It is more likely that a topic which at least

into master's degree programs. In the classes of 2003-2005 we had

complements the mentor's research can be considered, although the

three accepted into PhD programs and three into master's programs;

focus is more on the student experience than on contributing to the

the rest sought industry jobs or public school teaching. The master's

mentor's research.

degrees programs were diverse: architecture, business, and math. The

During the Senior Seminar phase of the program, the student has an

PhD programs included two in math and one in computational

easier time putting together the work of the past two semesters into

biology. One of the PhD math students received a National Physical

a reasonable talk and paper since s/he is still with the same mentor. If

Science Consortium Scholarship for graduate school and was the first

necessary, any loose ends in research can be cleaned up easily.

student at St. Ed's to receive this award.

Finally, the current policy to give the mentor a yearly one course

In summary, the system will likely continue to evolve, but we think the

load reduction for mentoring multiple students in two of the research

current four-semester research sequence is one effective way to

courses each term has helped to spread the load more evenly

incorporate research into the curriculum. Pairing student and faculty

among faculty.

throughout the entire sequence helps maximize student progress and
often lets faculty suggest topics that complement their own research.

Conclusions
The current four-semester sequence works well to introduce students
to research, to help students mature mathematically, and definitely

All students participate in research in a manner that can be somewhat
tailored to their interests and background, and students learn that
research in mathematics is an on-going and vibrant activity.

has improved their ability to communicate mathematics. We feel that
this is a very effective experience for students. We have made a start
on some load credit, which is encouraging to new faculty. Whether
students go on to graduate school or begin work in industry, they have
reported this sequence has been valuable preparation. The level of
student work and presentation has substantially improved. During the
evolution, we had the occasional really poor talk and several talks
where it was clear the student did not fully understand what they
were presenting- these talks were graded as C- or D. In the past few
years, none of the students has given a poor seminar talk and none are
based solely on research literature. We are successfully meeting our
goal in assessment of having all math majors score in the top 50% of
the Major Field Test, one of our assessment tools.
Every year some students choose to present their results at the MAA
Texas Section meeting. Our students have won awards for best talk in
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APPENDIX: EVALUATION OF SENIOR SEMINAR PRESENTATION
SPEAKER ______________________________________________SUPERVISOR ________________________________________________________________
SEMINAR TITLE ____________________________________________________________________________________________________________________
EVALUATOR'S NAME ____________________________________PRESENTATION LENGTH (not including questions) __________________________________
For statements 1-15, rate each of the specified characteristics of the seminar using the following 0 to 4 rating scale: (4= characteristic is strongly
evident, 3=clearly present, 2= somewhat present, 1=almost absent, 0 =completely missing).
These ratings are primarily to provide feedback to the seminar student. They should also help you in determining the overall grade you
recommend for the presentation. These numerical ratings and your written comments, but not your recommended grade on the last page, will be shown to the student.
PRESENTATION CONTENT
________
1.
The presentation considered original research results, either from the research literature or based on the student's own work, instead of only
summarizing information that can be found in textbooks or magazines.
________
2.
The speaker adequately reviewed related prior research results.
________
3.
The research problem(s) considered were clearly and concisely stated early in the presentation.
________
4.
The experimental and computational methods or proofs used in the research were adequately described.
________
5.
The speaker explained how the experimental and computational methods or proofs were used to answer the question(s) posed by the research problem(s).
________
6.
The speaker examined whether the conclusions were fully justified by the data obtained in the research.
________
7.
Near the end of the presentation, the speaker offered valid suggestions for further research.
PRESENTATION STYLE AND ORGANIZATION
________
8.
The presentation began with an introduction that stimulated the audience's interest and gave an overview of the
material to be discussed.
________
9.
The presentation was logically organized into clearly discernible sections with smooth transitions between sections.
________
10.
Prior to beginning the question and answer period, the formal presentation ended with a conclusion that communicated a clear sense of closure to
the audience.
________
11.
The speaker talked in clearly intelligible manner (even if s/he spoke with an accent).
________
12.
The speaker made effective use of a power-point presentation, or easily understandable transparencies, slides, or other audiovisual material.
________
13.
The speaker used technically precise language appropriate for the discipline involved, and demonstrated an
understanding of the terminology being used.
________
14.
The speaker was able to effectively respond to questions asked by the audience.
COMMENTS YOU WOULD LIKE TO SHARE WITH STUDENT:
GRADE: based on your assessment of the overall quality of the student's presentation including the student’s effectiveness in
answering questions.
A
 A B+
B
 B C+
C
 COther : ____________________________________________________________________________________________________________________________________

The Council on Undergraduate Research
Congratulates
Nancy Mills
Trinity University

&

John Mateja
Murray State University

2006 CUR Fellow Award Recipients
We look forward to their CUR Fellow Addresses at the
2006 National Conference
at
DePauw University
June 24-27, 2006
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Multi-level Integration of Student Research in a
Psychology/Neuroscience Curriculum
Students learn science best by doing science. The faculty members

to a level of meaning that cannot be achieved easily in a traditional

in our department stress the value of research by creating a curricu-

lecture. Through research students personally experience the very

lum that involves students at all levels. The curriculum is composed

concepts they are learning in class, rather than merely learning about

of a set of sequenced “core” courses that feature student research. In

them in passive ways.

addition, students propose, conduct and report their own research
projects in a number of the elective courses. Specific examples of

Research Methods and Statistics

both core and elective courses will be described in this paper. Then

This sophomore level required laboratory course is foundational to

a “case” that shows the benefit of the set of research experiences

the integration of student research in our curriculum. Students in this

over time for neuroscience students will be presented. Outcomes

course begin the semester as participants in a new experiment and

assessment and faculty engagement issues will follow.

complete it by making formal presentations of individual “mini”
experiments.

Repeating a proven experiment would be a more

Curriculum Description

predictable way to begin the course, but conducting a new experiment

Introductory psychology is the first level of research involvement. At

more accurately models the scientific process. Last semester the

the second level are the required research-based courses in which

experiment tested the effect of induced emotion on creativity.

the students must participate, or design and conduct small

Students learn to code and analyze the data gathered in the

experiments of their own. These courses include research methods

experiment. The beginning experiment is discussed throughout the

and statistics (a one-semester laboratory course), learning and

remainder of the semester as it relates to ethical, design, statistical and

cognition. Research projects are also encouraged in elective courses

other methodological issues. At the end of the term the instructor

such as child development, and organizational psychology. The third

makes a formal presentation of the results which both completes the

level of research experience is the required junior level lab course in

students' “debriefing” and serves as an example for their presentations

social psychology or psychological assessment.

in the final laboratory session.

These courses

combine content study with advanced research methods and

Before the midterm, during labs student teams solve particular

statistics and have the sophomore level research methods and

research design problems (e.g., use the hypothetico-deductive method

statistics course as a prerequisite. The final level is the two semester

to derive and verify the rules of color addition). After the midterm

senior research capstone.

students have learned enough about research design to write a
research proposal. The instructor imposes firm limits on the number

Sample Research Experiences for
Undergraduates

of participants (all human adults) and the amount of time for data collection. Proposals are peer reviewed by panels of their classmates for
both ethical and technical merit. Occasionally proposals are rejected

Introduction to Psychology

and must be revised and submitted again the following week or

Beginning in the introductory courses, students are encouraged to

undergo full institutional review (IRB). Because of Westminster's small

participate in psychological research, both as a way to help senior

population, there are fewer research proposals to review in a semester

students collect data for their thesis work and as a way to learn more

than at a larger institution. Therefore, the interdisciplinary body of

about how psychologists study human behavior. Although most

faculty and students who evaluate the ethical merit of research

participation is as subjects of the experiments, some introductory

proposals can do so in a timely manner. Generally, the ethics board

psychology students are able to act as research assistants to the

reviews proposals and meets with student researchers to discuss any

upper level students. The advantage of encouraging students to

concerns within a week of receiving proposals. The efficiency of

participate in research is that these experiences bring course content

reviewing psychology proposals is enhanced by the fact that students
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have undergone peer-reviews of their research before submitting a
proposal to the ethics board.
Once the proposal is approved all students must practice their
procedures through pilot testing their instructor. This ensures that the
instructor and student both understand the procedures described in
the proposal and that those procedures involve minimal risk for the
research participants.

Students collect and analyze data, make a

formal presentation to their classmates and write an APA style paper.
By the time the course is completed they have learned research
methods and statistics at a deeper level because they have applied
them in their own projects and in their peer reviews.

Child Development
The child development course is an example of an elective course that
incorporates student initiated empirical research. The only prerequisite
for this and other psychology elective courses is introductory psychology. Hence, many of the students, especially non-majors who take the
class, have limited research background. The research goal for the
course is to increase students' understanding of developmental
research and the scientific method of inquiry. Therefore, all students
conduct research 'mini-projects' with a partner from the class. Students
are provided with descriptions of possible classroom projects that
correspond to topics from the textbook, such as Piagetian conservation tasks, friendship understanding from childhood through
adolescence, preschool play behavior, and moral development.
Sources for each project are also provided, and students must use one
research article in addition to their textbook. Students choose their
top three projects, and are then assigned a project according to
project interest. Some projects replicate published research studies,
while others are new research based on the topic. All partnerships
must submit a project proposal that includes a rationale, hypothesis,
method section, and expected finding and discussion. Only approved
projects may proceed. Both majors and non-majors gain in their under-

Student team manipulating color samples with the color wheel in research methods
lab. (Foreground, left to right: Brett Turk, Desiree Sterling, and April Redmond).

Social Psychology
Students who enroll in social psychology have already completed the
research design and statistics course and are therefore prepared to
complete a more advanced research project. These projects are central to this intermediate level course, and they provide students with
an opportunity to explore further their interests related to the course.
Students also learn to use the tools used by social psychologists. For
example, students in a recent social psychology course first learned
how to use E-Prime software (Psychology Software Tools) to complete
a modified replication of a study on anti-fat prejudice (Teachman &
Brownell, 2001). They collected data from other college students and
then reported their work in an APA-style paper. By learning how social
psychologists use reaction times to study implicit attitudes, students
then were able to use E-Prime software to create their own projects
that measured other implicit attitudes. Such research experiences
allowed students to see how they can extend the field of knowledge
using technology that was new to them.

standing of the research process as they develop their proposals. The
projects typically use two to six participants recruited from their local
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communities, our laboratory preschool students or siblings, and

Capstone: Senior Thesis

children of faculty and staff. Data are represented in a tabular or

Recognizing an emphasis on a “hands on” research experience for all

summary form, and compared to the initial hypotheses. Students are

students, the department requires the completion of an original,

graded on a research presentation and a handout. Exceptional projects

empirical, senior thesis project. To date well over 220 capstone

may develop into poster presentations for the regional undergraduate

projects have been completed. This two-semester sequence of cours-

research conferences.

es begins in the spring of the junior year. Students enter one of six
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advanced research labs that reflect primary areas within psychology

research methods course, learned to handle and test rats as a require-

(two semester hours) and they attend a weekly capstone seminar (two

ment in the principles of learning class and assisted senior students in

semester hours). The advanced research “labs” involve collaboration

their thesis projects. The reward for such research assistance is either

among a psychology faculty advisor and all the students in the lab. In

independent study credit or, more frequently, the social benefit - by

some cases, student projects may extend their advisor's research

the way the two alumni in Denmark alluded to above, married.

program, and in other cases the projects may reflect the students'
research interests in the advisor's area.

Simultaneously students

receive additional instruction on research design and data analysis in
the capstone seminar. Over two semesters students meet with members of their lab weekly to discuss current, relevant research papers in
their area. Each student is responsible for the design and execution of
his/her project. The final product is a written thesis and two formal
talks: one at a departmental symposium at the end of Fall Semester,
and the other at a local or regional conference for psychologists
during the Spring Semester of the senior year.

A mutually beneficial research relationship between the faculty
research supervisor and undergraduate is based on their willingness to
find a middle ground. The faculty member must respect a student's
germinal idea, but must help shape the idea into a project based on
contemporary literature and proper design. In this case, the student
was interested in memory enhancing drugs, which, in her limited shelf
of resources, meant Ginkgo biloba. Her instructor pointed out that
research on memory enhancing drugs was a great idea for both reasons
of research design and practical applications, but it might be more
beneficial to identify a drug with a better empirical track record. Their

The Capstone experience reinforces the value of scientific research in

task was to develop a new design, applying lessons from her research

asking and answering questions, highlights the analytical skills that are

methods course and the learning and memory course, to produce a

central to our curriculum, provides students with a tangible product

superior procedure than that used by formulaic pharmacologists. The

and skill-set they can refer to during job or graduate school interviews

instructor recommended a search in the previous Society for

and connects students to the larger community of psychology

Neuroscience conference abstracts to find such a drug, ordered it,

researchers. The following example shows how the capstone was

worked on a more insightful design, and with the student's sense of

supported by the previous research intensive courses.

ownership intact and her labor, they had a very nice set of results to
present at the next conference (Gittis & Campe, 1998).

One Case: Neuroscience Drug Experiment Series

In the next iteration, a student who served as an assistant on the

This case illustrates a distinctive outcome of the Westminster psychol-

project wanted to take the next step for her honors thesis. The

ogy program in our success in enabling students to produce empirical

faculty research advisor sent her back to the conference abstracts; she

observations that are of some interest to the scientific community. For

found another memory enhancing drug and new opportunities began

virtually each of the last ten years, a neuroscience major has

to sprout- well, like synapses. This time the drug she identified was

co-authored a poster at the Society for Neuroscience conference.

not commercially available but was a proprietary compound under

How students who begin with no understanding of research present

development by a pharmaceutical company.

scientific discoveries before a professional audience by the age of 21 is

encouraged her to e-mail them and ask, in the interest of undergradu-

an interesting and often entertainingly serendipitous process.

ate education, if she could use the drug for her research projects,

In evidence is a series of research projects that shared the theme of

emphasizing that the paradigm our lab had developed was a

the investigation of the anti-amnestic properties of pharmaceutical

wonderful assay. They sent the drug with the interesting condition

drugs. The projects evolved from a student's idea and ultimately

that she would submit her proposal to the company's scientific review

shaped four senior theses, including two college honors projects, a

board. They were very interested in what we could find. Once again

research grant from a pharmaceutical company, and indirectly, two

our results proved promising (Gittis & Puzausky, 1999). Good things

alumni enrolling in graduate neuroscience programs in Denmark.

started happening. As a reward we were given a small research grant

Neuroscience students, like psychology students, begin their thesis
projects in the second semester of their third year. By that time they
have designed and conducted a research project in the sophomore

Her instructor

that supported two other thesis projects as well as a summer activity
for five students and faculty professional opportunities including an
invitation to a California mini-conference.
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Serendipity continued to operate. On the way out the door to the

Departmental Outcomes

conference, a graduating senior, who worked on another line of
research, asked to have his resume circulated at the meeting. The
resume, coupled with the productivity of undergraduates in our lab,
garnered an invitation for this student to work as an assistant in an Ivy
League laboratory. He worked out well, a request for another assistant
born in our lab was made- this time a student who had assisted on the
memory enhancement project was hired. These are now the couple
working towards Ph. D.'s in Denmark.

Capstone Projects
The capstone provides a direct and pragmatic qualitative evaluation of
departmental statistics, design, and research methods courses. Direct
experiences in research with a faculty research supervisor reveal areas
of relative strength or weakness in the existing curriculum. Each year
faculty members discuss the results of individual capstone projects for
the curriculum. Student participation in the undergraduate research

Outcomes such as these can emerge when you provide a training envi-

conferences allows for some degree of qualitative comparison with

ronment that systematically shapes research skills in undergraduates,

projects from other regional institutions. Over the past ten years over

respects them as nascent professionals, but sufficiently governs them

40 capstone projects have been presented at professional conferences

so that their efforts are scientifically productive. Mercifully, science

and/or published in professional journals. Several of these presenta-

and education often do not lead down anticipated paths.

tions have been awarded special recognition.

Behavioral neuroscience student Kayla Pasquale testing a preschool student on an eye-tracking task.
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A laboratory in the behavioral neuroscience class in which undergraduates test preschool students on a variety of neuropsychological developmental assessment tasks.

Standardized Testing
In addition to the more qualitative outcome strategies described

our curricular design which requires each student to take research

above, we wanted to incorporate more quantitative analyses. In the

based courses in learning and/or cognition.

past we had our seniors take the GRE Psychology Subject test.

Table 1.

Unfortunately, while the results were informative, they were fairly gen-

Content Area

eral in nature (e.g. simple aggregate scores) and did not provide
specifics on different aspects of the curriculum. Consequently, in the

Experimental Design Standard Score*

2002
(n=18)

2003
(n=19)

2004
(n=11)

Total
(n=48)

557

530

563

548

%'ile

72

62

74

68

Statistics

Standard Score

585

504

581

552

%'ile

80

52

79

70

selected content area, and overall departmental performance scores.

Human

Standard Score

578

555

533

555

The standard scores are based on all the students completing the

Learning/Cognition

%'ile

78

71

63

71

ACAT during a given year. Table 1 summarizes ACAT results for our

Combined Areas

Standard Score

492

501

546

508

department over a three year period for the experimental design and

*Standard scores on the ACAT have an average of 500 and standard

statistics content areas. For the experimental design and statistics

deviation of 100 for the population of undergraduates assessed in a

areas of the ACAT the comparison group sizes ranged from 8904 to

specific year.

Fall Semester of 2002 the department began administering the Area
Concentration Achievement Test (ACAT®).

The ACAT provides

discipline-specific program analyses, individualized scores for each

12078 of other undergraduate psychology students. Over three years
our students performed at the 68th and 70th percentile of the
national samples on the experimental design and statistics areas,
respectively. In addition, our students perform well on the human
learning/cognition area test. (71st percentile). This is consistent with

We have used these scores to (1) gauge how well we are training our
students in research methods and (2) suggest ways to improve our
curriculum. Typically the best predictors of standardized test scores
are previous scores.
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pre-college predictors (SAT verbal and quantitative scores and high

given teaching credit for advising student research. This enables new

school GPA) were able to account for 64% of the variance in final

hires to devote the time needed to maintain their research program

college GPA. There are modest correlations between SAT scores and

without being overwhelmed by other coursework. This also signals to

ACAT Experimental Design scores (r = .36, p < .027) and Statistics scores

potential hires that research is both valued and supported by the

(r = .37, p < .023). However, multiple regression models did not predict

department.

the ACAT subscale scores for design or statistics. Furthermore, the

research experience is a minimum of two semesters in length. This

mean scores on the research design and statistics subtests were

enables faculty members to develop in-depth student understanding

higher for our students than any of the other seven areas tested. Table

and skills related to their area of research while building on the more

1 shows a composite score of the average of the other seven area tests.

general knowledge base already acquired during previous semesters.

Those areas include abnormal, animal learning/motivation,

This timeframe also ensures that students have the opportunity to

clinical/counseling, developmental, personality, physiological and

carefully consider their research design and methodology before

social. The scores for research design, statistics and human

collecting data.

learning/cognition are all significantly higher than the composite
content scores (F (3,141) = 4.12, p<.01). Our students performed above the
national averages (about half a standard deviation) only on those areas
that are required in our curriculum. We take this to indicate that the
research opportunities in our curriculum, rather than students'
initial aptitudes, lead to their success in research, at least as measured
by their ACAT research design and statistics scores.

The second essential feature is that the capstone

Research involvement with undergraduates at every level of the
curriculum is also beneficial to senior faculty members. It allows them
ways to keep their courses fresh and engaging for both students and
professor. It also provides for the ongoing advanced seminar in the
faculty members' research area that may not fit a typical undergraduate curriculum, but here fills the advanced research seminar curriculum
niche.

Students benefit from the faculty member's depth of

knowledge in the research field, while the faculty member can meet

Faculty Recruitment and Retention

two birds with one stone; keeping up with the research is also prepar-

The integration of research into the curriculum can be very attractive

ing for class. As with new faculty members, it is essential that research

for new faculty coming from large research institutions. Many new

supervision is recognized and appropriately included in the faculty

faculty members begin their teaching careers with considerable

member’s teaching load in order to avoid long-term issues related to

research experience as graduate students or as post-doctoral fellows.

overload and burn out.

When student research is an integral component of the undergraduate
program new faculty members are assured that they will have the
opportunity to continue an active research program at their new
institution.

This enables new faculty members to continue to

collaborate with researchers at their previous institution, as well as to
contribute valuable resources to the collaborative process including
new participant populations and student researchers. In doing so,
faculty members are more likely to integrate their previous research
experience with their new position and to maintain their ties to the
larger research community.

This benefits not only the faculty

members' research programs, but also their students. Ideally, this
collaboration may open the door to new opportunities for students
who are interested in either graduate school or employment in

Summary Conclusions/Recommendations
• Sequential research preparation is essential for students to
understand the content and application of psychology and
neuroscience.
• Student initiated research increases long-term retention of
information, depth of understanding and ability to apply
psychological concepts.
• Supervision of undergraduate research in class projects,
individual research projects or capstone theses is active
teaching and requires time and talent deserving of teaching
credit and recognition.
• Research benefits everyone. It's an expectation for all students

research positions following graduation.
There are two essential features of the undergraduate program that are

and all faculty members.

critical for this process to occur effectively. Initially, faculty must be
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Recent peer-reviewed publications by CUR members with undergraduate coauthors
Koza BJ, Cilmi A, Dolese M, Zellner DA. Color enhances orthonasal
olfactory intensity and reduces retronasal olfactory intensity. Chemical
Senses. 2005;30:643-649. (Montclair State University)

When odorants are smelled orthonasally (i.e., through the nostrils),
color enhances perceived odor intensity. However, when odorants are
smelled retronasally (i.e., when the odorous solution is in the mouth),
color reduces perceived odor intensity. The findings support previous
findings that retronasal and orthonasal odors are perceived differently. Debra Zellner is a professor of psychology. Brian Koza conducted
one of the studies in the paper as his undergraduate honors thesis at
Montclair State University and is currently working for a consulting
company. Anna Cilmi participated in this research as part of an
independent study. Melissa Dolese participated in this research as
part of her graduate research assistantship.

relaxation, the alternatively-deflected structure of ß-PVDF attains a
structure very similar to the planar-zigzag structure. In order to better
understand the atomic origin of the ferroelectricity in ß-PVDF, we
have for the first time determined the dynamic Born effective charges
for the planar-zigzag structure using a Berry-phase approach. Our
effective charges are different to previously-determined Mulliken
charges, due to the inherent differences between static and dynamic
charges. Nicholas Ramer is an assistant professor of chemistry.
Kimberly Stiso has recently completed her undergraduate studies in
adolescent chemistry education and is currently pursuing her masters
in chemistry at St. John's University. This research was supported by a
grant from the Research Committee of C. W. Post along with
institutional funds.

Hunnicutt DW, Cingolani J, Voss MA Use of mtDNA to identify genetic
introgression among related species of catfish. Journal of Great Lakes
Research. 2005;31:482-491. (Penn State Erie, The Behrend College)

The brown bullhead (Ameiurus nebulosus) is a common bioindicator
species known to hybridize naturally with closely related bullhead
species. Morphological characteristics were used to identify
individuals from each of three bullhead species (A. nebulosus, A.
melas, and A. natalis); the identifications were subsequently compared
with molecular characters from a 431 bp of mtDNA control region
sequences. A single A. melas x A. nebulosus hybrid was identified out
of 11 fish having A. nebulosus morphology from Presque Isle Bay, Erie
PA. Four additional fish revealed possible gene introgression from A.
melas to A. nebulosus. The work suggests future studies making
toxicological and ecological comparisons examine possible introgression within bioindicator populations. David Hunnicutt and Margaret
Voss are assistant professors of biology. John Cingolani participated in
this research during his junior and senior years at Behrend. John is
currently enrolled in the graduate program of the School of Forest
Resources at the Pennsylvania State University. This research was
supported by a grant from the Pennsylvania Sea Grant Program.
Ramer NJ, Stiso KA. Structure and born effective charge determination for
planar-zigzag ß-poly(vinylidene fluoride) using density-functional theory.
Polymer. 2005;46:10431-10436. (Long Island University-C. W. Post)
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fluoride) (ß-PVDF) is preferred energetically and upon atomic

Chapman ST, McClain BA. Irreducible polynomials and full elasticity in
rings of integer-valued polynomials. Journal of Algebra. 2005;293:595-610.
(Trinity University)

Let D be a unique factorization domain and S an infinite subset of D. If
f(X) is an element in the ring of integer-valued polynomials over S with
respect to D (denoted Int(S, D)), then we characterize the irreducible
elements of Int(S, D) in terms of the fixed-divisor of f(X). The characterization allows us to show that every nonzero rational number n/m
is the leading coefficient of infinitely many irreducible polynomials in
the ring Int(Z) = Int(Z, Z). Further use of the characterization leads to an
analysis of the particular factorization properties of such integer-valued polynomial rings. In the case where D = Z, we are able to show
that every rational number greater than 1 serves as the elasticity of
some polynomial in Int(S, Z) (i.e., Int(S, Z) is fully elastic). Scott
Chapman is a professor of mathematics. Barbara McClain is employed
by the National Security Agency. Part of this work is contained in her
Senior Honors Thesis at Trinity University.
Trotter PJ, Adamson AL, Ghrist AC, Rowe L, Scott LR, Sherman MP, Stites
NC, Sun Y, MA Tawiah-Boateng, AS Tibbetts, Wadington MC, West AC.
Mitochondrial transporters involved in oleic acid utilization and glutamate
metabolism in yeast. Archives of Biochemistry and Biophysics. 2005;442:2132. (Augustana College)

The cellular function of four inner mitochondrial membrane oxodicar-

Using density-functional theory, we have found the planar-zigzag

boxylate transporters, Odc1p, Odc2p, Ymc1p and Ymc2p, in yeast was

structure for the ß-phase of the ferroelectric polymer, poly(vinylidene

examined. Deletion of all four transporters (quad mutant) prevents
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growth on oleic acid as sole carbon source, while growth on acetate is
retained. It is known that the glutamate-sensitive retrograde signaling
pathway is important for upregulation of peroxisomal function in
response to oleic acid and the oxodicarboxylate alpha-ketoglutarate is
transported out of the mitochondria for synthesis of glutamate. So,
citric acid cycle function and glutamate synthesis was examined in
transporter mutants. The quad mutant has significantly decreased
citrate synthase activity and whole cell alpha-ketoglutarate levels,
while isocitrate dehydrogenase activity is unaffected and glutamate
dehydrogenase activity is increased 10-fold. Strains carrying only two
or three transporter deletions exhibit intermediate affects. 13C-NMR
metabolic enrichment experiments confirm a defect in glutamate
biosynthesis in the quad mutant and, in double and triple mutants,
suggest increased cycling of the glutamate backbone in the mitochondria before export. Taken together these studies indicate that these
four transporters have overlapping activity, and are important not only
for utilization of oleic acid, but also for glutamate biosynthesis. Trotter
is assistant professor of chemistry (biochemistry). Scott is associate
professor of biology. Ghrist is an instructor in biology at Scott
Community College. Sun, Tawiah-Boateng and Tibbetts were technical
personnel. Adamson, Rowe, Stites, Wadington and West worked on
the project during the summer before their senior years, while
Sherman worked during the summer before his junior year. Adamson
and Wadington continued the project as a senior thesis. Stites and
Wadington attended graduate school. Adamson, Rowe and West are
presently employed and Sherman is still enrolled. This work was
supported by NIH Grants (to PJ Trotter) DK55525 and GM069372.
Derting TL, Virk M. Positive effects of testosterone and immunochallenge
on energy allocation to reproductive organs. Journal of Comparative
Physiology B: Biochemical, Systemic, and Environmental Physiology.
2005;17:543-556. (Murray State University)

We tested whether energy allocation to reproductive and other organ
systems is affected by testosterone level and energy expenditure on
immune functions. Immunochallenge was associated with positive
effects on components of the reproductive system. Simultaneous
increases in energy allocation to immune and reproductive structures
may be an adaptive response that would enhance survival and current
prospects for reproduction. Terry Derting is a professor of biology.
Maninder Virk participated in the research in 2003 as an HHMI
Undergraduate Summer Research Scholar. She is currently a graduate
student in the Department of Cell Biology at the University of Alberta.
The research was supported through an HHMI grant.

Timberlake TK, Petruzielo FR, Reichl LE. Localization of Floquet states
along a continuous line of periodic orbits. Physical Review E. 2005;016208.
(Berry College)

A periodically driven particle in an infinite square well is shown to
exhibit quantum localization due to a continuous line of periodic
orbits in the classical system. Individual Floquet eigenstates localized
along this line of periodic orbits are identified. The enhanced
localization persists for field strengths beyond that at which the
continuous line of orbits is destroyed in the classical dynamics. These
results may be relevant to experiments involving trapping potentials
with flat regions. Todd K. Timberlake is an assistant professor of
physics at Berry College. Linda E. Reichl is a professor of physics at the
University of Texas at Austin. Frank R. Petruzielo participated in this
research as part of the Summer Work Program at Berry College during
the summer after his sophomore year, and continued his work during
the Fall of his junior year. Frank will graduate from Berry in 2006 and
plans to begin graduate work in physics that Fall. This work was
supported by the Berry College Office of Student Work.
Miller ME, Cross FR, Groeger AL, Jameson KL. Identification of novel and
conserved functional and structural elements of the G1 cyclin Cln3 important for interactions with the CDK Cdc28 in Saccharomyces cerevisia.
Yeast. 2005;22:1021-1036. (Rhodes College)

The G1 cyclin Cln3 functions to initiate a transcriptional program that
supports entry into the cell division cycle. Cln3 functions in complex
with the Cdc28 protein kinase, and is thought to regulate transcription through inactivation of the functional homolog of the Rb
oncogene. Targeted and clustered-charge-to-alanine mutagenesis was
used to identify functional regions of the G1 cyclin Cln3. Studies
establish regions of Cln3 important for functional interaction with the
Cdc28 kinase using viability assays and physical interaction with the
Cdc28 kinase using co-immunoprecipitation assays. Mary Miller is an
assistant professor of biology. Fredrick Cross is a professor at the
Rockefeller University. Alison Groeger and Katherine Jameson carried
out research in the Miller lab during and after their sophomore years
and continued in the lab until they graduated as independent study
projects. Alison’s summer work was supported by the Council on
Undergraduate Research Summer Fellowship in Science and
Mathematics; she is currently pursuing her PhD at the University of
Pittsburgh. Katherine's summer work was supported by the American
Society of Microbiology Summer Undergraduate Research Fellowship;
she is currently pursuing her PhD at Stanford University. This research
was supported through the National Cancer Institute of the National
Institutes of Health.
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Musgraves JD, Close BT, Tanenbaum DM. A maskless photolithographic
prototyping system using a low-cost consumer projector and a microscope. American Journal of Physics. 2005;73:980-984. (Pomona College)

Lithographic processing has been the key technology responsible for
the rapid advances in microelectronics, but is typically not accessible
to undergraduates. We have developed a maskless photolithographic
system that can be assembled from a consumer projector and a
trinocular microscope. This system allows students to design and print
custom patterns into photoresist in less than 30 min, without using a
clean room, a mask facility, or a chrome-etch bath. The entire system
can be assembled for less than $5000. David M. Tanenbaum is an
associate professor of physics and astronomy. J. David Musgraves
worked on this project during the summer following his junior year as
well as for his senior thesis at Pomona College, and is now a graduate
student in Materials Science at the University of Arizona. Brett Close
('07) worked on the project as an undergraduate during the summer
following his freshman year. The work was supported by both an
external NSF grant and Pomona College.

(trajectories), and these display a surprisingly wide range of patterns.
Figures showing 11 distinct families are in the paper, while more than 20
are available online. One of the programs used for the calculations is
also available for download so that other undergraduate and high
school research groups can extend the studies. Their results will be
posted on the website as well, once they are confirmed.
http://physics.indstate.edu/west/zoorings/indexnewOrbits.htm. Joe
West is currently the Interim Chair of the department of physics, and
R Wesley Tobin is currently in his first year of graduate studies in
physics at Iowa State University. Tobin started this project in the spring
of his third year at Indiana State, and continued to work on it for a year
and a half, some of the time for academic credit, some of the time for
pay, and some of the time for the sheer joy of working on an interesting problem. This work was supported by the Department of Physics,
and by the John C. Cook Memorial Observatory, Department of
Geography, Geology and Anthropology, of Indiana State University.

McKay SE, Lashlee III RW, Marshall TP, Kopitzke RW. Synthesis of a new
sulfonated monomer for poly(aryl ether)s. Heteroatom Chemistry.
2005;16:553-556. (Central Missouri State University)

Seckute J, Menke JL, Emnett RJ, Patterson EV, Cramer CJ. Ab initio
molecular orbital and density functional studies on the solvolysis of sarin
and O,S-dimethyl methylphosphonothiolate, a VX-like compound. Journal
of Organic Chemistry. 2005;70:8649-8660. (Truman State University and
University of Minnesota)

A new sulfonated monomer suitable for polyarylether synthesis was

It is well known that simple phosphonofluoridate compounds such as

made. 1,1'-(p-Phenylenedioxy)bis[4-(4-fluorobenzoyl)]benzene was

sarin react quickly with aqueous sodium hydroxide while more

prepared from phosphorus pentoxide/methanesulfonic acid (PPMA),

complex phosphonothiolate species such as VX react much more

1,4-diphenoxybenzene, and p-fluorobenzoic acid in good yield. This

slowly. Furthermore, the reaction of VX and other phosphonothiolates

compound was selectively monosulfonated on the most activated ring

may yield two products, one of which retains neurotoxicity. Quantum

with fuming sulfuric acid and isolated as the sodium salt. Poly (aryl

chemical studies were undertaken on sarin and a VX simulant in an

ethers) made from this monomer may find use as proton exchange

effort to understand the differences in their nucleophilic chemistry.

membranes. Scott McKay is an associate professor of chemistry at

These studies reveal that intricacies in pseudorotational processes

Central Missouri State University. Robert Kopitzke is an associate

following initial nucleophilic attack account for the observed product

professor of Winona State University. Robert Lashlee III and Tadd

distributions. Eric Patterson is an associate professor of chemistry at

Marshall were both undergraduate students at CMSU. Both students

Truman State University. Chris Cramer is a professor of chemistry at the

worked on this project as a senior research project. Tadd worked on

University of Minnesota. Jolita Seckute, Jessica Menke, and Ryan

the project from 2003-2004 and Robert worked on the project

Emnett are all graduates of Truman State University who worked on

between 2003-2005. Robert is currently a graduate student in the

this project for several semesters and at least one summer each

Department of Physics at The University of Georgia and Tadd is

as independent research. Jolita and Jessica are currently pursuing

currently a graduate student in the Department of Chemistry at the

doctorate work in chemistry and Ryan is employed in an academic

University of Missouri-Kansas City. Funds were provided by the

research lab. This work was supported by the Office of the Vice

Petroleum Research Corporation.

President of Academic Affairs and the Science Division of Truman State
University and by funding from the National Science Foundation and

Tobin RW, West J. Closed orbits about a massive thin ring. European Journal
of Physics. 2006;27:215-223. (Indiana State University)

the Army Research Office.

A study of the gravitational interaction of a unit point mass and a very
thin ring was conducted. The work focused on finding closed orbits
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CUR's 2006 The Biennial CUR Conference
Learning through Research:
Dynamic Faculty, Students, and Institutions

Kerry K. Karukstis
Department of Chemistry, Harvey Mudd College, Claremont, CA

Michael P. Castellani
Department of Chemistry, Marshall University, Huntington, WV
The Council on Undergraduate Research’s 11th National Conference (CUR 2006) will be hosted by DePauw University in
Greencastle, IN from June 24-27, 2006. This year's theme addresses lifelong faculty development from a variety of perspectives.
Attendees will find programming that focuses on several key themes including Innovative Strategies for Professional
Development, Faculty-Student Collaboration Across the Curriculum, Overcoming Challenges and Barriers to Undergraduate
Research, Successful Programs and Innovative Directions for Designing a Research-Supportive Curriculum, Institutional Support
Structures for Undergraduate Research, Assessment of Undergraduate Research, Civic Engagement and Undergraduate Research,
and Showcasing CUR Institute Success Stories. This conference will bring together faculty, administrators, policy makers,
representatives of funding agencies and other stakeholders with an interest in doing and promoting undergraduate research. With
over 200 workshops, presentations by representatives of funding agencies, divisional sessions, and social interactions, this
promises to be an outstanding conference.
The conference will enable participants, through interactive sessions, workshops, poster sessions, discussion groups, and informal
gatherings, to explore best practices for conducting undergraduate research and designing research-supportive curricula, meet
new collaborators, and learn about various mechanisms for funding research programs. For example, for new faculty, the
challenge of establishing an undergraduate research program can be a daunting task. Sessions at CUR 2006 will provide
innovative strategies and successful practices for the new faculty member in launching a viable research program for your
campus. As faculty members progress through their careers their interests and emphases frequently change. Likewise, institutions
can change focus over time. Presentations at CUR 2006 will describe ways that faculty members can maintain active research
programs, even as other responsibilities increase. We will examine how to change research direction or reactivate research
programs that have become dormant. Sessions will be devoted to developing a research supportive curriculum, thereby
enhancing students' research skills and increasing research productivity without sacrificing quality teaching and without major
time sacrifices. With the introduction of our newest division, Undergraduate Research Program Directors, more programming
than ever will be devoted to how successful colleges and universities institutionalize research. Many institutions have internal
barriers to research, fiscal, procedural, or both; and methods of overcoming these challenges will be discussed. A collection of
presentations will address novel ways of engaging in professional development from the research perspective. Assessment of
research has become increasingly important for both granting and accrediting agencies; several workshops and interactive
sessions will explore this topic.
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NEWS
news item
Charles F. Beam, Jr., Professor of Chemistry at the
College of Charleston, was completely surprised to
learn he had received the 2006 ACS Award for
Research at an Undergraduate Institution.

He

shouldn't have been; the award simply extends to the
national scene the regional recognition he has
received multiple times over his 34 years in South
Carolina. The South Carolina section of the ACS
named him outstanding Carolina chemist in 2000; the
South Carolina Academy of Sciences gave him the
Governor's Award for Excellence in 2003; and his
home institution has honored his research mentoring
repeatedly.
Charles did not do undergraduate research himself
when he was at CCNY. After graduate school and
postdoctoral experience, however, he began an
academic career at Newberry College, moving to
College of Charleston ten years later.

When he

arrived there, undergraduate research was not
widespread in the sciences. He, along with others,
worked to modify this situation, and all science
and math departments now require continual
professional development. For about a third of the
science faculty this means a basic research program
that actively includes undergraduates.

Others

concentrate more on science education and some do
both. The most intense research comes during the
summer, funded largely externally and involving
students at all levels.

During the academic year,

students can get course credit for research.

As

College of Charleston is on a credit-hour system, the
number of hours can vary widely, but for all his students Charles makes clear his expectations that they will accomplish something
meaningful. The results can be seen both in the number of papers with student co-authors and in the number of his students who have
gone on to graduate programs, sometimes MD/PhD programs, in addition to other professional school programs. Several of his students
have become secondary school science teachers, a position in which they can start even earlier transmitting the same enthusiasm that
they learned from him.
A member of CUR for some time (and, he says ruefully, an unsuccessful candidate for Councilor), Charles regards it as a forceful
institution that has clearly gained clout for undergraduate research in the broader science community. We are fortunate to have such an
excellent representative for the ACS award, sponsored by Research Corporation, to gain proper recognition for the good work being done
in PUIs.
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