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Contained within the Council on Undergraduate Research’s
definition of undergraduate research is the phrase “original
intellectual or creative contribution.” Conducting original research in undergraduate institutions, particularly in
community colleges, is challenging, however. To achieve
original research, many undergraduate research models
seek to mimic graduate programs in which small groups of
students work under a faculty member who is exploring his
or her own research (Lopatto 2010, 21). This article makes
a case for a different approach to undergraduate research:
engaging large groups of students in the open-ended, active
process of undergraduate research.
One key to this approach is building a community of learners through relationship-rich opportunities and the utilization of student cohorts. A second key is the intentional integration of active learning and a focus on evidence to support
one’s ideas in all courses taken by the cohort of students.
A third key is field-based research in the local watershed’s
drainage basin. The work is relevant to students and the
local community, enabling students to share their findings
at community events as well as at scientific conferences.
From the beginning, these keys have guided faculty at the
Ocean Research College Academy.
Now in year nine, Everett Community College’s Ocean
Research College Academy (ORCA) has firmly established an
interdisciplinary, two-year, cohort-based learning community with original, student-led research as its focus. Recognized
in 2012 as a finalist for a Bellwether Award for innovation in
community-college instructional programs, ORCA’s experience parallels key components of undergraduate research
experiences that other institutions have developed over the
last ten years.
Recommendations by the Boyer Commission Report (Kenny
1998) and work by George Kuh (2008) suggest that undergraduate research through inquiry, investigation, and dis-

covery is a high-impact educational practice. Additional
recommendations by Kuh highlight the importance of
common, collaborative, and cumulative intellectual experiences through the use of learning communities, as part
of a first-year experience, as pivotal practices for degree
attainment. More recently, a focus on writing-intensive,
community-based learning has been highlighted in recommendations from Liberal Education and America’s Promise
(LEAP) (Association of American Colleges and Universities
2012). Each of these practices is found in ORCA’s cohortbased model.
Educational innovators who share similar convictions that
students learn best when actively involved in constructing
their own understanding are finding success applying these
principles with their own undergraduate researchers. We are
encouraged by the parallel work of James Hewlett at Finger
Lakes Community College (2009) and Kalyn Owens and
Ann Murkowski at North Seattle Community College (2009).
Their experiences illustrate transformative work that engages community-college students in undergraduate research
linked directly with academic coursework. Perhaps more
important, this work illustrates a crucial paradigm shift: the
recognition that research and teaching are not exclusive
activities. Done deliberately, the process of conducting
research becomes the foundation for learning. As Hewlett
states, “research is teaching” (2009, 12).
ORCA embraces the same paradigm shift and core goals
through a unique approach and design. ORCA was established by educators convinced that students learn best when
they are actively involved in the learning process, building
more complex understanding through scaffolded experiences that include failure and consistent student reflection
on what and how they learn. The ORCA student experience
is enhanced by interdisciplinary learning, an emphasis that
has evolved over time.
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Most interdisciplinary models come from K-12 settings and
involve thematic approaches to blend core content. While
the founders of ORCA tried some of these models, the
process felt contrived at times, and traditional instructors
struggled to make connections. Ultimately, we have instead
focused on how the process and nature of learning in all
courses is analogous to the process and nature of science. By
sharing a language and defining what it means to summarize, analyze, and interpret in history, English, mathematics,
and science, ORCA instructors and students are able to have
a dialog with each other across disciplines and experiences.
In addition, because cohorts of students work so closely with
each other and with the same core group of faculty over two
years, subject and thematic overlaps among courses and disciplines often emerge.
Another benefit of the ORCA cohort model is the ability
to build an ethos of inquiry across disciplines, which we
call the “ORCA way of questioning.” Deliberate efforts by
faculty to develop in students clear understanding of core
terms such as analysis and interpretation have created rich
discussions among faculty and greater potential for students
to transfer skills from one class to another as well as to
research in the field. In addition, evidence is central to work
in history, humanities, English, oceanography, and marine
biology (all are courses taken by students in their first year
in the ORCA program. The focus on verifiable evidence and
the various ways people interpret that evidence is central to
rational intellectual debate and discussion, and it is key to
the scientific process.

Program Description
ORCA is a two-year, dual enrollment, early-college program
that meets most requirements for high-school graduation
and associate of arts and sciences degrees. Most students at
ORCA begin their freshman year in college while still in the
eleventh grade. Students stay together in seminar-style classes for two years and take a prescribed sequence of particular
courses. Instructors use similar approaches to assessment
and focus on a common language to describe inquiry in each
discipline. For example, for each cohort of students the first
quarter sets the stage for the introduction to inquiry through
the use of analysis and interpretation. History utilizes primary documents and transitions students from summarizing to
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analyzing and interpreting. Mathematics instruction focuses
on visual data analysis and linear regression graphs and
formulas. Ocean technology introduces students to using
oceanographic tools to measure data and then asks them to
analyze and interpret their own graphs of temperature and
salinity profiles. Humanities coursework explores the role
of perspective and value in human conceptions of nature
through analysis and interpretation of American nature writing. Table 1 shows the two-year sequence of required ORCA
courses.
Table 1. ORCA Course Sequence
Year 1

Year 2

Fall Quarter

Winter Quarter

Humanities: Negotiating Nature
History: US History 2
Mathematics:
Precalculus 1
Ocean Technology:
Tools for Estuarine
Sampling

English: Composition 1
History: US History 3
Oceanography: Intro
to Ocean
Mathematics: Finish
Precalculus 1, start
Statistics

English: 20th Century
American Literature
Biology: Marine
Biology of the Pacific
Northwest
Mathematics: Statistics

Spring Quarter

Political Science:
American Politics
Mathematics:
Precalculus 2
Elective

Geography: Cultural
Geography
Mathematics:
Calculus
Elective

English: Composition 2
Biology: Topics in
Ecology
Elective

Encouraging students to sign up for a two-year program
requires a hook of some kind, and for many students ORCA’s
hook is the relevant field work. A “real world” research
project that contributes baseline data of an understudied
estuary has become the thread engaging students in active
inquiry and construction of their own understanding, blending core content with classes in oceanography, mathematics,
and English. (For more on this process, see Kveven 2009).
The research is the central experience for ORCA students,
and it allows for guided research practice, reliable long-term
data gathering, and significant opportunities for students to
develop an original research focus related to the local estuary.
Over the last nine years, this approach to undergraduate
research has enhanced the undergraduate experience. High
student graduation rates, significant numbers of students
continuing in the STEM (science, technology, engineering,
and mathematics) fields, and students’ reflections about
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personal growth all point to a powerful experience, with
original research at its core.

In addition to humanities, math, and history classes, the first
quarter at ORCA begins with a two-credit Ocean Technology

Methodology
Students’ undergraduate research experience begins during quarter one at ORCA and is centered on a long-term
environmental monitoring project in Possession Sound (the
northeastern arm of Puget Sound), located 30 miles north
of Seattle. Designed by faculty along with an early cohort
of students, the State of Possession Sound (SOPS) project
has been revised and improved by each new cohort. While
SOPS was originally modeled after research conducted by a
variety of Washington State agencies that were focused on
restoring the health of Puget Sound by 2020, the field work
is now fully integrated into the design of the ORCA program. At the heart of this research is blending oceanography
course content with field work centered on students asking
questions. Faculty reflection and student feedback continue

Josh Searle and students deploying equipment.

(Photo credit: Ardi Kveven)

to guide the evolution of this nine-year project, which has
thus far produced an expansive data set; some of the data
make an original contribution to oceanographic monitoring
(see SOPS Updates at www.everettcc.edu/orca).
To introduce the 50 first-year students to the project, students read the excerpts of the latest Puget Sound Partnership
publication (2009) on water-quality monitoring in the area.

Ardi Kveven captaining the small boat for river sampling. (Photo credit: Josh Searle)

course focused on use of oceanographic tools in a field-based
setting. Students learn the use of oceanographic instruments
(such as multi-parameter sondes (YSI 85 and 650)) in the
classroom and then deploy these instruments from a dock.
The first quarter emphasizes three types of water measurements—of dissolved oxygen, temperature, and salinity,
which we call DOTS data. Starting on a dock at the mouth
of the estuary, students can observe evidence of tidal influences before they even begin sampling. Tides and freshwater inputs create density gradients that are modeled in lab
(Karp-Boss et al. 2009) before students conduct field testing.
Students are asked to hypothesize what they will encounter
regarding temperature and salinity in the field. Any incongruities measured in the field (e.g., when cold fresh water
layers on top of warmer salt water) are then reviewed and
modeled back in the lab.
After the dock-based sampling, students prepare to take
measurements from a boat. Students spend the day before
the outing prepping and calibrating instruments, increasing
familiarity and building confidence. On each trip, a local
passenger ferry provides the platform for a suite of oceanographic sampling. Divided into seven groups situated in
different sections of the boat, students collect DOTS data, as
well as data on ocean acidity, relative chlorophyll concentration, nutrients, fecal coliform, heavy metals in sediments,
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plankton, marine birds and mammals, weather, visibility
and organisms on the seafloor. On the first two cruises of the
year, second-year students mentor the first-year students on
deployment and recovery of the instruments.
After the cruise, students enter and graph their data in an
Excel spreadsheet. Two days later the instructor leads small

Ardi Kveven teaching “dock” oceanography: how to deploy sampling instruments.
(Photo credit: Josh Searle)

groups through a seminar to discuss their findings. Written
data analysis will be submitted and revisions will be made
for each successive SOPS cruise as students develop their
skills at analysis of spatial and temporal data. Students will
stay in the same group and at the same SOPS station for
three cruises and will present their findings to their peers
at the end of the term. The next quarter they will rotate to
a new station and become the experts in that subject area
(again, they have a peer mentor at the station to guide them
through the protocols), repeating the process and building a
more complex understanding of estuarine dynamics through
the lens of core oceanography content in the winter quarter
and marine biology content in the spring.
From a programmatic perspective, the involvement of all
ORCA instructors on the vessel to help students solve problems, as well as on the Fridays after a cruise, helps build the
ethos of inquiry and culture of collaboration across disciplines.
Past cohorts of ORCA students have contributed to a nowimpressive database; students collect, store, and analyze data
according to a suite of oceanographic parameters. As stu-
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dents progress through their first year of classes, and as they
gain more content knowledge in algebra and statistics, they
are expected to increase their ability to analyze their own
data and the data collected by previous cohorts. Instruction
and expectations are deliberately scaffolded to support students in the process of conducting undergraduate research.
Some cohorts, more than previous cohorts, embrace greater
responsibility for refining procedures and analyzing and
comparing data. The strength of SOPS is that it allows for
flexible instruction without endangering the key components of the long-term data set. In other words, research in
this case is teaching at the same time.
The ORCA context extends well beyond this first-year experience into a more independent second year of opportunities.
After students’ foundational experience in nine day-long
cruises, they have the opportunity to continue SOPS-related
research with an original question of their own design. In
the second year, students use the skills they have developed
for asking testable questions, designing sampling methodologies, and interpreting data, but have more freedom to
explore topics of personal interest. Some examples of previous student research include sampling for heavy metals
near storm drains (with the samples analyzed at a laboratory
approved by the Environmental Protection Agency), measuring zooplankton response to changes in salinity, detection of
heavy metals in harbor seal scat, and study of osprey density
and nesting sites along the Snohomish River. Students take a
research seminar in the winter of the second year to support
the development of the research projects, and they receive
credit for composing a formal research paper, which they
write in their final quarter’s Composition 2 class.
Recent National Science Foundation (NSF) funding for a
research training laboratory and equipment, as well as support for professional development from the Community
College Undergraduate Research Initiative (CCURI), have
increased the opportunities for second-year students to
probe more deeply into an original research question
inspired by the first-year experience. This research is typically in a STEM field (although some students do choose
topics in other disciplines). Many of these students present
posters at scientific conferences and undergraduate research
symposia. At the heart of their research, however, is the central notion of asking questions, designing a method to test
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those questions, careful collection and analysis of data, and
finding ways to effectively communicate results to others. It
is the process of science.
It is clear from our ongoing assessment of this cohort-based
approach to research that students are energized, excited,
and engaged in field research that is relevant, purposeful,
and real. Thus far, ORCA graduation rates are unparalleled in
community colleges: after the two-year program, an average
of more than 80 percent of ORCA students earn the associate
of arts and sciences degree, with focus on a STEM field. After
graduation from ORCA, 95 percent of students matriculate
at a baccalaureate institution, and 66 percent pursue a STEM
field. All annual and alumni survey data point to the SOPS
work as pivotal for the ORCA participants’ development as
scholars, but responses also point to increased higher-order
thinking about students’ own learning (see free responses
below).

Student Survey Responses to ORCA
Each quarter, students fill out a survey anonymously reporting on their academic development, using a Likert scale,
and also fill out a free-response section. Below are some freeresponse highlights.
Prompt: Most important thing you learned from this science
course:
• The idea of asking questions and the fact that it’s okay to say
we don’t really know, but we have more questions and ideas
for improvement.
• How to do research.

Prompt: What did you like best about ORCA this year?
• I liked the strong sense of community that ORCA develops.
There is a feeling of team work and camaraderie which makes
the challenging tasks not as difficult.
• I liked how personalized the teachers were and how I felt they
wanted me to be successful.
• ORCA pushed me to that limit when I questioned myself and
my abilities. I became much more involved with my work and
became a better student.
• What I liked best about this quarter at ORCA was the opportunity to build relationships with my instructors; the room to
question is appreciated.
• I like that I have begun to look at science more analytically,
rather than just as facts. I think more deeply about things
inside and outside of school.
• The people: students and faculty. Also the trips plus the whole
learning community.

Prompt: What suggestions do you have for improvement?
• A night for parents to come and have us present SOPS work to
them so they can get a better idea of what we are doing.
• More time with pods (name for smaller cohort groups) together
for SOPS.
• I would suggest more cross-pod interactions, more subgroup
meetings and more cruises.

• How to problem solve along the way.
• How to improve my science writing.

• There isn’t much I could improve, maybe have SOPS trips more
often than once a month?

• How to set up and answer a field research question.
• The most important thing I learned was how to analyze and
interpret data.
• Doing what we wanted to do for our experiment even if it
failed.
• How to work with team members, and how to try and be as
random as possible in data collection.
• How challenging research is.

• How difficult it is to get good data to form conclusions.

• I suggest having more seminars, as we did at the beginning
of fall. I believe that they would really help, especially with
English, history and SOPS.
Asking students to reflect on their learning is standard practice at ORCA. It is indicative of the culture at ORCA, which
is designed around experimentation and learning by asking
questions. The efficacy of our approach to teaching and
learning resulted in local, state, and federal support for a new
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building designed around supporting students and faculty
engaged in undergraduate research. The new facility’s location on the waterfront and innovative use of classroom, lab,
and office space have enhanced efforts to create a collaborative, effective undergraduate research experience.

Lessons, Challenges
The ORCA model of undergraduate research offers a number
of obvious advantages. Student cohorts have common experiences from the beginning. Faculty members have greater
control over class schedules, emphases in course content,
and learning over time. Faculty can get to know students
better over two years, which allows them to more deliberately work with students to identify academic strengths, weaknesses, and interests. From the beginning, ORCA faculty
have been inspired by the pioneering work compiled in the
National Research Council’s How People Learn (2000) and
by the Committee on Facilitating Interdisciplinary Research
(2004), which points to rethinking traditional disciplinary
boundaries since most real-world environmental issues are
interdisciplinary and require multifaceted solutions.
In practice, ORCA’s interdisciplinary, two-year program
allows faculty and students to share a common purpose and
work toward a clear set of outcomes. The cohort model may
appear daunting because essentially it requires students to
commit to a specific set of courses over two years in order to
gain an associate’s degree. Although students can opt out of
the program at any time, the carefully scaffolded experience
does not allow students to enter the program at any point
other than the beginning of each cohort’s experience. These
are clear trade-offs, especially in community-college environments focused on providing maximum flexibility for people
with busy lives beyond the campus. However, our two-year
graduation rate (>80 percent), matriculation rate to universities (95 percent) and the number of students reporting they
are continuing in STEM fields (66 percent) suggest these
trade-offs are worth the effort.
Within the program, ORCA faculty made a number of
adjustments to respond to student and faculty frustrations
and concerns. Primarily, the program became more deliberate in its structural scaffolding of coursework for students.
This meant two specific course changes for students in their
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first quarter at ORCA. To allow for more development in
critical thinking and composition, ORCA faculty created a
new humanities course focused on the study of nature in
America. This course has become an important precursor
to English 101, but it has also reinforced the interdisciplinarity of the program overall. Equally important, students
begin their science with a two-credit ocean technology class
prior to taking Oceanography 101. As noted above, the
ocean technology course develops students’ familiarity with
the tools for research in our estuary, as well as introducing
students to the process of scientific research. Whereas the
State of Possession Sound (SOPS) project began as an addition to regular course work, it is now integral to students’
coursework.
Another challenge to the cohort model focused on undergraduate research is the reality of coursework expectations
in higher education in general. ORCA has navigated the
associate-degree requirements, but students must still navigate a maze of prerequisites for entry into a major at their
universities. The ORCA design allows some flexibility for
students in the second year of the program so they can begin
or finish the initial chemistry series and calculus series, but
these requirements reduce the time available for independent research. Often these students won’t have the opportunity to conduct independent research again unless or until
they enter a graduate program. Adding additional pressure
is the financial reality: As states continue to reduce funding
for their colleges, tuition rises, making it more difficult for
students to pay for an extra one or two research-course credits they don’t necessarily need to attain an associate’s degree.
ORCA has attempted to ameliorate this issue through raising
funds for private scholarships and other creative approaches,
but it remains a challenge to the cohort-based model.
A final challenge is the inherent tension between ensuring
reliable data collection from cohort to cohort and allowing students greater autonomy in experimenting with their
own methods and ideas. Early data from the SOPS project
are largely unreliable for this reason. Though students collect and identify plankton samples each month, these data
provide information only on the relative abundance and
distribution of plankton rather than providing specific and
reliable counts of each individual type of plankton, making it difficult to compare year to year. ORCA faculty have
essentially settled on a compromise: Protect the viability of
a small but important set of data that can be reliably used
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from cohort to cohort and that can be used as a model for
data collection, and allow students to experiment, fail, and
succeed on their own with the rest of the data collected.
This last challenge brings our discussion back to the question
of original research. The drive to ensure original undergraduate research poses a number of challenges for undergraduate research programs, and although such contributions are
worth aiming for, the mission of the undergraduate institution is to teach, and in our case to inspire students to view
the world as researchers. Like the scientific process itself,
the outcome of an original contribution to science is never
assured but is a necessary and worthy goal. In the meantime,
the undergraduate research experience must provide multiple opportunities for original research while maintaining
a clear focus on the process of transforming students into
inspired, careful, and thoughtful researchers.
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z Intellectual Development among Participants in Faculty-Led Research
Lauren Griffith, Tolga Kaya
Central Michigan University

A successful undergraduate program will be characterized
by significant intellectual development among its students.
William Perry’s study of Harvard students in the 1950’s and
60’s represents a watershed moment in the study of intellectual development at the post-secondary level (Perry 1970,
ix). Several models have been developed and investigated
since then (Felder 2004, 271-275; Huntzinger et al. 2007,
220-225; Pike and Kuh 2005, 276-278). Although there are
many components of students’ developmental processes,
research experiences during the college years have a significant impact on this development, particularly in science and
engineering. This article heeds Sims’ call to CUR Quarterly
authors to progress “beyond counting the quantitative
impact … to capturing the qualitative impact of undergraduate research” (Sims et al. 2012, 23-25). Our presentation of
ethnographic data adds to current quantitative studies of
how participation in research projects enhances engineering
students’ intellectual development.
National bodies that have a vested interest in the training
of future engineers have been strong advocates for offering
research experiences to undergraduates. A primary goal of
research experiences for STEM (science, technology, engineering, mathematics) students is to help them cultivate the
disciplinary habits of thought that will be essential in their
future careers (Edgcomb et al. 2010, 20-22). Engineering
education has long been a focus of the National Science
Foundation’s education division. The agency solicits funding proposals periodically for several relevant programs,
including Research Experience for Undergraduates (REU),
Research in Engineering Education, and Research Initiation
Grants in Engineering Education. The programs supported
by the NSF grants actively involve undergraduate students
in faculty research projects to promote “research based
learning.” Assessment of student gains in REU-financed
research showed that participation in research produced
improvements in areas including student retention and
graduation rates (Seymour et al. 2004, 500-510). Research
experiences help students develop the ability to apply content knowledge, which is a learning objective identified by
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the Accreditation Board for Engineering and Technology
(Commission 2011, 3).
Some studies in the literature specifically focused on practical issues and solutions for recruiting students into STEM
fields (Bott 2003; Burrell & Colton 1999; Kaya 2012). One
of the most effective means of recruiting, retaining, and
engaging students is to involve them in research projects.
According to a study conducted at a similar institution
within our geographic region, offering research opportunities to undergraduates can be significant both in attracting
high-performing candidates to the university and in retaining them once they have enrolled (Wonziak 2011, 10-12).
Another comprehensive study supported the conclusion
that retention rates increased for undergraduates who were
involved in research programs (Swan, Cooper and Stockwell
2007). The same study revealed that sophomore students
benefit the most from such research opportunities (Nagda
et al. 1998, 65-68). On the other hand, another study
showed that even first-year engineering students can benefit
from participation in research projects (Deek, et al. 2003).
Students show improvements in motivation and academic
performance as they gain active research experience (Zydney
et al. 2002, 293). When student researchers work on a project for longer than one year, the perceived benefits increase
accordingly (Zydney et al. 2002, 295). Graduate students also
benefit from more thorough examination of academic material through their mentoring of undergraduate researchers
(Zydney et al. 2002, 296).
In light of this research literature, Central Michigan
University’s (CMU) young School of Engineering and
Technology (established in 2004) has been increasingly focusing on undergraduate research (DeJong and Langerderfer
2012, 534-535). Students are encouraged to attend regional conferences of the American Society of Engineering
Education (ASEE) and have recently been receiving awards
at these gatherings. Although our population of engineering students is relatively small, retention and job placement
rates are significantly high, thanks to faculty members’
involvement in research with undergraduate students.
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Ethnographic Data on Student
Development
This paper uses ethnographic data to describe how participating in an undergraduate research program influences students’ intellectual development and their trajectory within
the field of engineering. In the spring of 2012, we conducted
six interviews loosely based on the framework used by Perry
and Belenky (Perry 1970, 7, Belenky, et al. 1986, 11) in their
studies of intellectual development. Invitations to participate in this study were extended to students known to be
engaged in a faculty-led research project within engineering. Five of the six were involved participants worked in
Kaya’s research lab while the other worked in one of Kaya’s
colleagues’ labs. Students in Kaya’s lab were involved in a
variety of tasks related to their overarching interest in sensor
technology such as design and implementation of motion
and relative humidity sensors. That participation was ultimately voluntary may help explain why our sample is so
small. The six students interviewed had been involved in
the research project during the previous semester, and most
were traditional college-aged students (18 to 25), although
one was in his 30s. All of the students were male, four of the
five domestic students were Caucasian, with the fifth being
an American of Asian descent. The sixth participant was an
international student from China. While we would have
appreciated a more ethnically diverse sample, approximately
90 percent of the students at our institution are Caucasian.
One author, Tolga Kaya, announced the research project
to his students, but the formal invitation came from the
second author, Lauren Griffith, an instructional designer
who had no official relationship with the students. Griffith
had sole responsibility for interviewing the students and
transcribing these sessions. The interviews took place at the
campus teaching center to avoid any potential pressure that
a student might feel if interviews were to take place in the
laboratory setting. After transcribing the interviews, Griffith
analyzed the texts to determine the extent of students’ intellectual development and the degree to which research participation affected their college experience.
Interviews were coded using the NVivo software in order
to compare the frequency of different themes across the
six transcribed interviews. The most striking evidence of
students’ intellectual development was apparent in their

comments regarding the importance of synthesizing material from various sources and their gradual realization that
there are multiple ways one can solve a problem. We also
identified a theme of interpersonal development, which was
manifested in comments regarding autonomy and collegiality. A final pattern noted was students’ realization that they
needed to “buckle down” and get serious about college. The
students joined the research team at different times, but each
one had this realization just prior to pursuing involvement
in the faculty-led research project.

Choosing Engineering
Although all of the students in our sample had a father or a
grandfather who was an engineer, they did not necessarily
understand very well what the daily life of an engineer was
like or what would be demanded of them in an engineering
program. During the course of the interviews, we discovered
that students came to engineering for a variety of reasons,
but that their positive experiences on a research team reinforced their interest in and commitment to the discipline.
This finding supports the work of Hammond and Lalor, who
found in their review of students who completed an interdisciplinary, STEM-focused, undergraduate research experience, that students reported greater interest in pursuing a
STEM career than they had previously expressed and also felt
more confident in their ability to succeed within STEM fields
(Hammond and Lalor 2009, 29-30).
Some of the students interviewed had a natural inclination
towards STEM disciplines. Student C chose engineering as a
major because he thought it would be fun and interesting.
Student F traced his interest in engineering back to his childhood when he was “taking things apart, never really putting
them back together, causing headaches for [his] parents.”
For these students, their intrinsic interest in the subject of
engineering was what typically motivated them to participate in faculty-led research projects. Student A said that if
the research “were something boring and monotonous we
probably wouldn’t be nearly as productive, but since it is so
interesting, we can keep going.” This is not a credit-bearing
activity and the students could quit at any time but they
continue working on the project because it is personally
fulfilling.
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Other students’ engagement in the discipline was motivated
by the promise of a secure financial future. Student B said
that “engineering seemed to have a better opportunity for
making the income level that [he] was looking for,” compared to his prior career in massage therapy. This student
had considered a number of different career options after
deciding to return to college, but knew he “didn’t want to
be working in a career where [he’d be] having to struggle.”
The combination of an engineer’s lucrative salary with the
student’s interest in the topic motivated his selection of a
major. Nonetheless, the choice was grounded in his belief
that “beginning this training is a good opportunity to get
in at the ground floor level” in a rapidly changing field.
Student D professed an affinity for some of the humanities
courses he had taken, but “didn’t really see a use for it outside of the classes.” Because he also did well in math and
sciences, he chose engineering as a more practical, and still
interesting, field of study.
In addition to strengthening their resumes, participation in
the faculty-led research reinforced a constructivist approach
to learning. Student A realized that graduating with a degree
in engineering was about more than gaining keys to his chosen profession. He indicated he realized the schooling was
about developing the metacognitive skills that will help him
to become a lifelong learner, an essential skill in the rapidly
changing field of technology. He said that “when you walk
out with your bachelors of science in … mechanical or electrical [engineering] or some sort of technological major for
sure, you’ve demonstrated that you have the capability to
learn. … Education is developing that capacity to learn and
see things in a new light.” He felt that this would appeal to
employers and give them confidence in his ability to tackle
new challenges. Student F likewise put the onus of responsibility for achievement on himself, consciously rejecting the
notion that knowledge can be passed on from one person to
the next without the student’s deliberate engagement. He
said, “If you go to class and you don’t do anything, you sit
in the back, after school you’re going to be the person that
can’t find a job.”

Getting Serious about College
Many of the students interviewed had had an experience
that marked a significant transition for them in terms of
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how seriously they took their studies. During his sophomore
year, Student A performed poorly on the first two exams in
one of his core engineering courses. He recognized that he
would have to work harder than he ever had to pass the
course. His hard work paid off both in terms of the class
and in terms of his self-efficacy. He reports thinking to
himself, “That was the hardest thing I’ve ever done, ever.
If I can get through that, there’s probably not much I can’t
get through.” Student C also recognized that he needed to
refocus his energy on studying. His high school prepared
him so well for science and math courses that he did not
feel much need to study. However, when he received some
grades that were “not perfect,” he recognized that he was
spending too much time hanging out with friends and playing video games.
Sometimes buckling down required sacrifices. Said Student
F, “I don’t … hang out or go to the bars or do dumb things
with [my friends] anymore.” The tradeoff was worth it for
him because of the academic and entrepreneurial achievements he had been able to attain as a result. He too had
experienced a semester in which he earned a low gradepoint average, which he attributed to being “still in the high
school mode,” and he recognized that college was “a slap in
the back of the head” that forced him to change his habits.
These crises preceded students’ involvement in research, but
they suggest that it might be fruitful to explore how pursuing research experiences fits into some students’ determination to take control of their own learning

Thinking Like an Engineer
The realization that through their participation in faculty research they were contributing to a growing corpus
of knowledge was highly motivating for these students and
reinforced their interest in engineering. Student B said he
“never figured [he] would be doing that” and that “it feels
like really positive doors are opening.” Student F was also
motivated by “making a significant scientific improvement
… and educating other people about it … so they don’t have
to repeat the same thing themselves.” Recognizing that they
are producers of knowledge, not just consumers of it, and
that they engage in the same processes as professionals in
the field when they participate in research is an important
step forward in students’ intellectual development.
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All of the students in our sample showed evidence of understanding the processes professional engineers use to conduct
their work. They often discussed this in conjunction with
their reflections on their own work in the laboratory. For
example, Student A said that his experiences on the research
team have led him to see problems differently than he did in
the past. He said, “I can see, especially with this research …
now it’s not so much, ‘Here’s a problem, now solve it.’ Now
it’s, ‘We have a whole system, what can we do to manipulate
that in our favor?’” In the past he looked for a direct path
to get the right answer, which is indicative of a dualistic
approach to learning. Now he recognizes that he is an active
agent in the discovery of new knowledge.
In a study of engineering students’ intellectual development within the context of a first-year course in research
design, Rose Marra and colleagues at Penn State found that
the multiplicity of designs developed by the teams in the
class challenged students’ notions of a single answer being
correct (Marra, Palmer and Litzinger 2000, 41-43). This
was important in the intellectual development of three of
our own students (C, E, & F). The semester after he began
working as part of the research team, Student C noticed
that he started “to have [his] own way to learn, to do different things … how to approach class, how to approach the
research problem, the project.” Not only did his approach
become more systematic, but he also felt a greater degree of
ease when approaching problems. He attributes this, in part,
not only to designing his own portion of the research project
on which his team was working, but also to his engagement
with a network of peers who each approached their work in
different ways. Whereas Student E used to be “eager for a
solution,” he now realizes “it takes more time and research
… to figure it out.” Student F was perhaps the most relativistic thinker of the sample saying, “There’s definitely multiple
ways you can solve any problem … just like there’s no real
one solution to what’s the answer of the world.”
Two of the students (C and F) described synthesis as an
important aspect of their work on their research team, a
trait far less frequently required in their regular coursework.
Student C said that when working in the lab, he had the
opportunity to “use [his] knowledge and combine multiple
disciplines together. It’s not just like this class, teaching
this area; that class, that area. They need to be combined.”

Similarly, Student F said that in “the classroom you only
look at a certain part of the project … so [research is] unique
in its own aspect of looking at the whole entire project on
a large scale.”

Balancing Autonomy and Teamwork
Having autonomy was an important feature of these students’ experience with the research projects in which they
were engaged. All six of the students in our sample referred
to this, although having autonomy did not necessarily mean
that the students were not being held accountable for contributing to the main goals of the project. Student F corrected himself when he began talking about having “free will”
in the laboratory. Rather, he said, it is “not the free will,
but having the ability to go your own way with it, throw
your own spice on it.” Because these students were working
on small parts of a larger project, they were all accountable
to one another and to the faculty member directing the
research. However, they had considerable latitude in terms
of how they approached their work and when they completed it. Student A repeatedly remarked on his appreciation
for his professor’s flexibility in this regard.
Students may feel a degree of uncertainty about their ability
to undertake and successfully complete research tasks, particularly at the beginning of their involvement with a research
project (Bruno et al. 2011, 38). Several of the students developed confidence as a direct result of their professors’ trust
in their abilities to perform at a high level. Student E used
to frequently ask his professor questions that were either
directly or tangentially related to the topic being researched,
but eventually he gained the confidence to talk to his professor about various ideas of this own. The professor would
comment on the feasibility of his proposal and ultimately
suggested that the student apply for a grant so he could conduct his own study. This relationship has changed from one
in which Student E “didn’t know what to do so [he] talked to
[the professor] about everything,” to a relationship in which
the professor provides more guidance than instruction.
Similarly, early on in his experience on the research team,
Student A said that his professor would either walk him
through various processes “step-by-step” or would use
Socratic techniques to draw answers out of the students. The
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professor, he said, “already knew the answer; he just wanted
us to get there. But now, since we’ve got all that experience,
we kind of know where things are going, so we have the
freedom to choose what path we want to get to that end
goal.” In the beginning, the professor would monitor students’ progress on an hourly basis. As their knowledge and
skills grew over time, this interval was gradually lengthened,
and students now report their achievements and goals on a
weekly or monthly basis. When someone does get off track,
the professor steps in to redirect his efforts in a gentle and
supportive manner.
Two of the students in our sample construed their positions
within the research lab as being more dependent upon others —such as the faculty member in charge or even more
senior students who had been involved with the project for
some time. Student B, who was relatively new to the lab
and more extrinsically motivated to be an engineer, did not
consider himself to have a great deal of autonomy in the
lab because he said that he “kind of came into the process
not really knowing that much about this so [he] figured the
best thing [he] can do is follow the instructions [he’s] been
given.” Whether his level of intellectual development predicts his preference for receiving specific instructions or the
lower level of autonomy he perceives restricts his intellectual
development is unclear, yet there seems to be a correlation
between autonomy and intellectual development.
Student D, who exhibited similar characteristics to Student
B, was actually motivated to participate in the research
because he was impressed that other students on the team
already had “much leeway in making something that [they]
want to work on.” This student recognized that he was “still
on the lower rungs with a lot of people above [him],” but he
could envision his future work on the project as being more
self-directed. In this sense, working with more advanced
peers on a research project might provide students at a lower
stage of intellectual development with models of autonomous learning that they can emulate as they become more
involved with the research.
The research environment also reinforced to students that
their unique skills were valued by other members of the
team. Student F said he valued not only being able to call
upon others’ expertise, but also “helping other people.”
Student A was able to conceptualize a continuum of devel-
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opment upon which he and his fellow researchers could
be positioned. For example, he said that sometimes he
observed newer members of the research team and thought,
“After they take next year’s class, they’ll be like, ‘Oh, that’s
simple.’” Whereas in the past he needed the faculty member
to guide his actions “step-by-step,” he now sees how far he
has come and how much further his junior colleagues have
yet to progress.

Conclusion
This study began with a general desire to understand how
students’ intellectual development was influenced by their
participation in faculty-led research projects. We used ethnographic methods as part of an exploratory phase in which
we queried students regarding the major turning points they
had experienced in their college careers. Not surprisingly,
this general prompt resulted in detailed discussions of their
research experiences, although they also spoke freely about
the development of their identities as future engineers and
how this affected their personal lives.
While most students participated in research because of an
innate fascination with the discipline of engineering, even
those who had chosen the discipline—and the participation
in research—for more pragmatic reasons found the research
topic to be important and worthy of study. Having successfully navigated prior challenges in their education, these students were attuned to how important research was to their
educational development. Their experiences helped them to
see that there is more than one way to approach a particular problem, which is a key marker of intellectual maturity.
They often recognized shades of their former selves in their
less-advanced colleagues. They commented upon this in
supportive terms, recognizing that the peer relationships
built into the lab, as well as the autonomy they are given by
their faculty mentors, will help these novices advance along
the same path they themselves have.
Based on the data gathered in this phase of a larger project,
we conclude that working on a faculty-led research project
does promote intellectual development among students, particularly in terms of developing disciplinary habits of mind
and the ability to work autonomously within a collaborative
environment. However, it also affects other aspects of the

Council on Undergraduate Research

development of students’ identities. The results of this study
will inform the second phase of our research, in which we
will investigate first-year college students’ intellectual development and motivations to become engineers. We believe
that including a sample of students who have not participated in faculty-led research projects will lend a comparative perspective to our work and will ultimately result in a
better understanding of students’ intellectual development.
We will also seek information that could help us develop
pathways to participation in research projects for underrepresented populations such as women and engineers of color.

DeJong, Brian P., and Joseph E. Langerderfer. 2012. “First-Year Engineering
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z Introducing Primary Scientific Literature To First-year Undergraduate Researchers
Susan Carson, Eric S. Miller
North Carolina State University

In the past decade, recommendations for reforming the
way we teach science to undergraduate students have
surged. In particular, emerging research suggests that students benefit from self-guided learning practices that are
focused on core concepts and competencies rather than on
content coverage. (National Research Council 2003, 2007,
2009; American Advancement for the Advancement of
Science 2011)
It is well-established that performing undergraduate research
greatly enhances the educational experience (Lopatto 2004;
Seymour et al. 2004). The process of researching a topic in
the primary literature, designing experiments, implementing those experiments, and analyzing the results is critical
for developing the analytical skills necessary to become a
scientist. Furthermore, students benefit from undergraduate research experiences through increased graduation rates
(Nagda et al. 1998), increased pursuit of graduate education
(Kreme et al. 1990; Hathaway et al. 2002), and increased
interest in science careers (Fitzsimmons et al. 1990).
Our institution, North Carolina State University, has a strong
culture of mentoring upper-level undergraduates in research
projects within investigator-funded research labs. First-year
undergraduates, however, can find it difficult to secure positions in research laboratories for varying reasons (e.g., lack
of personal confidence, labs being filled before students
arrive on campus, reluctance of faculty mentors to take
on “unproven” students). Therefore, some students with
great potential withdraw from STEM (science, technology,
engineering, and mathematics) disciplines before they have
a real chance to become engaged in the discipline beyond
simple coursework.
To provide some of our first-year students with an authentic
research experience, we participated in a program funded
by the Howard Hughes Medical Institute, the Science
Education Alliance-Phage Hunters Advancing Genomics and
Evolutionary Science (SEA-PHAGES) program (http://www.
hhmi.org/grants/sea/index.html). In this program, students
each isolated and characterized a novel mycobacteriophage
in the first semester, and then annotated the genome of one

of the phages in the second semester. The student experience
at our institution incorporated critical aspects of undergraduate research, including: project ownership; keeping a
detailed laboratory notebook; disseminating research findings in both oral and written forms; and— the focus of this
article—reading and discussing relevant primary scientific
literature.
Other papers have been published on introducing undergraduates to the scientific literature. Notably, the C.R.E.A.T.E.
approach (consider, read, elucidate hypotheses, analyze and
interpret data, think of the next experiment) has been shown
to enhance upper-level undergraduates’ analytic abilities,
positively affect students’ confidence in understanding the
literature, and provide insight into the scientific process in
an intensive course focusing on primary literature (Hoskins
et al. 2011). Another study showed that weekly journal
clubs, in conjunction with independent undergraduate
research and opportunities to present the research, increased
student confidence and scientific literacy and facilitated the
transition to graduate school for students in their final three
undergraduate semesters (Kozeracki et al. 2006).
Not surprisingly, most studies investigating the benefits of
introducing undergraduates to the scientific literature have
focused on upperclassmen. One study that did center on
first-year students examined the integration of information and science literacy. However, students only read one
“model” journal article and selected one journal article to
read on their own in a general biology course. The authors of
the paper state that while this was a start in introducing the
students to the literature, it was not sufficiently intensive to
produce literate graduates (Porter et al. 2010).
The unique aspect of our research is that it focuses on firstyear students in the context of an original research experience, in which students read literature relevant to their own
work. In our courses, reading of primary scientific literature
was introduced early, in a low‐stakes manner that then
required written summaries, classroom discussion, and,
gradually, full student responsibility for guiding classroom
discussion of the assigned research articles. At the completion of the second semester, students reported a high degree
of exposure to and confidence in reading the scientific litera-
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ture. They also reported that reading the literature increased
their depth of understanding of their own research and their
ability to communicate their research to others.

Project Outline
All participants were first-year students at North Carolina
State University (NCSU), although many had sophomore
standing due to either Advance Placement credit or participation in an “early college” high-school curriculum in which
they earned college credits. All students were enrolled in a
two-semester, first-year laboratory research course (described
below). Students chose the course on their own and since it
did not fulfill requirements toward any major, the students
were for the most part, high achieving students who were
self-motivated to conduct research; ~75 percent were in the
university’s honors program.
As noted, this two-semester course was part of the SEAPHAGES program. The following discussion focuses on the
third year we offered this program. At NCSU, we refer to
the fall semester as Phage Hunters and the spring semester
as Phage Genomics. The course is primarily an experiential-learning environment, with minimal time devoted to
lectures. In Phage Hunters, students individually isolated
a novel bacteriophage (phage) that infects Mycobacterium
smegmatis from the environment, purified it, observed its
plaque morphology, characterized its structural morphology by electron microscopy, isolated its genomic DNA, and
performed restriction analysis of the DNA. Toward the end
of the semester, students voted on and selected the “most
interesting” phage; its genomic DNA then was submitted for
sequencing over the winter break.
In the spring semester’s Phage Genomics, we divided the students into four teams of four students. Once we received the
finished genome, we divided the sequence into four parts
and each team of students worked on annotating a different
section of the genome.
During the course of the two semesters, students were given
multiple opportunities to communicate their own research,
as outlined below. Assignments were graded and students
were provided with detailed, written constructive feedback.
Because of the nature of the projects, students presented
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their work individually in Phage Hunters, and then in groups
in Phage Genomics.
During the first semester (Phage Hunters), each student
made a three-minute oral presentation early in the semester.
The students also each made an oral mid-term presentation
on their research, followed by a mid-term lab report on their
research in the format of a standard biology journal article.
Students also submitted final written lab reports and gave
final oral research presentations to the class.
During the second semester (Phage Genomics), each team of
students made three group presentations regarding the work
they were doing in annotating their portions of the bacteriophage’s genome. These were followed by a capstone poster
presentation at the university-wide undergraduate research
symposium (“teams” were shuffled based on students’ interests in three topics chosen for posters). The grading rubric is
included in Appendix 2.
Students also read six papers over the course of the two
semesters. In the first semester, they read one essay and two
primary journal articles. In the second semester, they read
three primary journal articles. The papers that were read
and discussed in the course are listed in Table 1. Over the
course of the two semesters, students were provided with
an increasingly challenging format for discussions of these
essays and journal articles; thus, they became increasingly
more responsible for dissecting the procedures used and
results of the research described in the written material.
Regarding the essay students read during the first semester,
each student read the paper prior to the discussion and came
to class prepared with three interesting points presented in
the article and one question they had about the paper. The
discussion was instructor-led, with students contributing
from their written summaries.
Students wrote more detailed analyses of the second and
third papers read during the first semester. These written discussions (rubric provided in Appendix 1) required students
to give an overview of the purpose of the work, describe two
of the experiments or figures in the paper, and then summarize the conclusions of the paper. The discussion of the
second paper read was instructor-led, but required active
student participation in describing the goals of the paper,
the individual figures/results, and the conclusions. The dis-
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cussion of third paper was primarily student-led. Individual
students volunteered in advance to present one figure in the
article, and an instructor guided the class in tying all of the
pieces of the paper together. During the first semester, we did
not issue grades for the oral discussions of the three journal
articles. Grades associated with those articles were based on
written assignments and class participation.

Table 1. Papers Read and Discussed by Students
Semester 1, Phage Hunters, wet lab portion
1

Villarreal, L. P. Dec. 2004. Are Viruses Alive? Scientific

2

Debarbioeux, L, D. Ledu, D. Maura, E. Morello, A. Criscuolo,
O. Grossi, V. Balloy, and L. Touqui. 2010. Bacteriophages Can
Treat and Prevent Pseudomonas aeruginosa Lung Infections.
JID. 201:1096-1104

3

optional, anonymous survey we prepared using the Qualtrics
survey tool (www.qualtrics.com).

Table 2. Student Survey Questions
1

Prior to this course series, I had considerable exposure to
reading primary scientific literature (journal articles).

2

At the conclusion of this course series, I had considerable
exposure to reading primary scientific literature (journal
articles).

3

Prior to this course series, I was confident in reading and
understanding primary scientific literature (journal articles)..

4

At the conclusion of this course series, I was confident
in reading and understanding primary scientific literature
(journal articles).

5

Reading and discussing primary scientific literature gave me
a deeper understanding of my own research

6

Reading and discussing primary scientific literature
increased my ability to present my work to others

7

Reading and discussing primary scientific literature
improved the quality of my poster presentation at the
campus-wide undergraduate research symposium

American

Belle, A., M. Landthaler and D. A. Shub. 2002. Intronless
homing: site-specific endonuclease SegF of bacteriophage
T4 mediates localized marker exclusion analogous to homing endonucleases of group I introns. Genes Dev. 16:351-362.
Semester 2, Phage Genomics, computer lab portion

4

Abuladze, N. M. Gingery, J. Tsai, and F. Eiserling. 1994.
Tail Length Determination in Bacteriophage T4. Virology.
199:301-310.

5

Xu, J., R.W. Hendrix, and R. L. Duda. 2004. Conserved
Translational Frameshift in dsDNA Bacteriophage Tail
Assembly Genes. Molecular Cell. 16:11-21.

6

Malys, N. and R. Nivinskas. 2009. Non-canonical RNA
arrangement in T4-even phages: accommodated ribosome
binding site at the gene 26-25 intercistronic junction.
Molecular Microbiology. 73:1115-1127.

In the second semester, students were split into three groups
for the reading assignments. Each team was assigned one
journal article and was entirely responsible for the in-class
presentation of that article. An additional rubric (see
Appendix 2) was employed for these presentations of journal articles. Students also were required to turn in a written
report as described above (Appendix 1) for the two papers
their group was not responsible for presenting.
Students’ Assessment of Their Learning
At the end of the second semester, students were asked to
answer questions about their gains in learning using an

Survey questions are shown in Table 2. All questions in the
survey used a Likert scale with 1 = strongly disagree and 5
= strongly agree. The questionnaire asked students to assess
both their exposure to and confidence in reading primary
scientific literature at the conclusion of both semesters.
They were also asked to reflect on their exposure to research
literature and their confidence level regarding their ability
to read it and understand it at the start of the course. We
did not survey the students at the start of the course because
we assumed that it was likely that first-year students did not
truly understand what it meant to “read the literature” at
that time and might over-estimate their skills. Permission
was obtained from the North Carolina State University
Institutional Review Board to perform the survey. Although
we have completed three years of teaching this course in a
similar manner, with similar outcomes, this article focuses
only on students’ assessments collected after the third year.
On the whole, the 16 students surveyed in the third year
reported little exposure to and little confidence in their
ability to read primary scientific literature prior to the start
of the course. However, they reported that they had a great
deal of exposure to primary scientific literature by the end
of the two-semester course, as well as a high level of confi-
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dence in reading and understanding the research articles On
a 5-point Likert scale, the mean student rating for exposure
to the literature increased from 2.44 to 4.44 over the twosemester course. Confidence in reading and understanding
the literature increased from a mean score of 2.06 to 4.25 at
the end of the course.
Students all either agreed or strongly agreed that reading
and discussing related primary literature provided a deeper
understanding of their own research. The mean score on the
5-point Likert scale was 4.44. Furthermore, students reported
that reading and discussing the primary literature helped
them communicate their own research to others (mean
Likert score of 4.19). And more specifically, students felt that
their experience dissecting the literature improved the quality of their poster presentations at the campus-wide undergraduate research symposium (mean Likert score of 4.06).
Faculty observed that the students clearly demonstrated the
ability to translate what they read in the literature to their
own work. The students’ improved ability in communicating effectively, not only in their journal article presentations, but about their own research also was apparent to the
instructors of the course. It was further validated when one
student group’s poster won an award at the campus-wide
undergraduate research and teaching symposium, where
they were competing primarily against upperclassmen in
faculty research labs.

oral presentation of their research, which was validated by
positive feedback from other faculty, judges, and students at
the campus-wide undergraduate research symposium. This
improvement was likely the result of the multiple opportunities provided throughout both semesters of the course to
present their research and also to present their conclusions
about the research literature they had read.
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Decide in advance what experiments are best to 		
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read the Results section of the paper, referring to 		
the Materials and Methods for details and clarifica		
tion as you go along.
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Appendix 2. Oral presentation rubric.
Group presentations should each last approximately 15
minutes (questions/discussion not included in time-limit).
Depending on the group, there will be 4-5 students per
group. Each student needs to participate in the presentation
of each assignment.
Grading Rubric:

Evaluation Method
2 pts. - Overview
6 pts. - Results
2 pts. - Summary

Development 43:614-31.

We describe a successful method for introducing firstyear undergraduates to primary scientific literature using
an incrementally challenging format that starts with faculty guiding the students through discussion of academic
research papers, then gradually giving more responsibility
for leading the discussions to the students. Students reported
a dramatic increase in their confidence regarding their ability to read the literature, as well as greater insight into their
own research. This experience enhanced their ability to
discuss their own work with others, both casually and in
a formal presentation environment. Students also demonstrated the ability, in multiple cases, to incorporate the findings and approaches taken in the literature into their own
research. Instructors found that students improved in the

20

Results

Eva Agbada, Alison M. Mostrum. 2010. “Integration of Information and

Washington, DC: National Academies Press.

“The relationship of undergraduate research participation to graduate and

Conclusion

Porter, Jason A., Kevin C. Wolbach, Catherine B. Purzycki, Leslie A. Bowman,

The write-up should be one page or less, 10 or 12 pt (preferred) font, single spaced.
When evaluating journal articles, look for and address the
following:

Remember, you are being graded on all presenters’ style,
not just your own. This means you should help the other
presenters practice! You must present the background
information, the question(s) posed in the work, describe the
outcome and meaning of each experiment, and discuss the
relevance of the work, overall.

Content (40 points)
Provides pertinent information
Sound, rational data analysis

Overview
-Provide title, authors, and journal reference.
-An explicit statement of the purpose and focus of the current work.
In other words, put the work in context and state 		
what the authors are trying to prove, disprove, or 		
find out.

Organization (20 points)
Information logically introduced, arranged, and explained

Presentation (10 points)
Speaks clearly and loudly
Uses appropriate language/terminology
Slides are visually appealing
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Group Peer Evaluation (30 points)
For each presentation, each member of the group will
anonymously grade the other group-members’ participation
in the analysis phase and presentation preparation. Up to 30
points can be assigned. We will add the average peer score
for each student to his or her overall grade rubric to come
up with the individual scores. This means that 70 percent of
the grade is shared among group members, and 30 percent of
the student’s grade is based on his or her peer participation
assessment.
For each peer evaluation, we request submission of both the
number score and a short statement with your reasoning for
the score. Peer evaluations are confidential.
The instructors reserve the right to take off additional points
(up to full credit for the presentation) if any student shirks
the group responsibility.
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a PhD in microbiology. Her area of scientific expertise is molecular mechanisms of bacterial pathogenesis, although her current
work focuses on college-level science education. She has received
multiple awards for teaching excellence and innovation and is
a member of the Howard Hughes Medical Institute’s Science
Education Alliance, promoting inquiry-guided learning in the college classroom laboratory. She co-authored the molecular biology
lab manuals Manipulation and Expression of Recombinant
DNA: A Laboratory Manual 2e (Academic Press, 2006), and
Molecular Biology Techniques: A Classroom Laboratory
Manual (Academic Press, 2012), and has published numerous
peer-reviewed papers in the area of course and curriculum development.
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CURQ Vignettes Summer 2013
Introductory Biology Course Involves Every
Student in Authentic Research

include bits of research-like activities; rather, the course was
designed to fully immerse students in biological research.

Clark A. Lindgren, David Lopatto, Grinnell College
Lindgren@grinnell.edu
For many years our general approach to building research
experiences into the biology curriculum involved sprinkling
pieces of the scientific process throughout our courses. For
example, we added exercises that exposed students to the
scientific literature and mini-research projects that taught
students some of the rudiments of scientific inquiry.
Although we were generally pleased with the value of
these activities, several factors led us to consider a more
radical approach. First, since most of these activities were
only feasible in the laboratory sections of our courses,
because labs hold fewer students and are scheduled for
longer blocks of time, students often failed to connect
their inquiry-based activities with the other pedagogical
goals of the course. Second, the time required to include
these inquiry-based elements crowded out a curriculum
already packed with mountains of facts and concepts.
The resulting need to expand our core introductory
sequence to four courses created scheduling challenges for
our students, especially students who did not intend to
major in biology but needed or wanted a biology course
for other academic goals, such as a biological chemistry major, a neuroscience concentration, or general education requirements. Finally, the introduction of more
research activities into our curriculum, where our students experienced the thrill of authentic research, whetted our appetites to do more. We became intrigued with
the prospect of taking this approach to the next level.
Thus, after running some pilot courses, we introduced an
entirely new biology curriculum in the fall of 2000, which
began with a course called Bio 150: Introduction to Biology
Inquiry. Unlike our previous efforts, Bio 150 did not simply

Following the ancient Chinese proverb, “Tell me and I will
forget, show me and I will remember, involve me and I will
understand,” we tell our students very little in this first course
in biology. Instead, we show them the scientific literature, an
organism or groups of organisms, some experimental techniques and methods for analyzing and presenting scientific
data, and then, most importantly, we involve each student
in a novel research project for the duration of the semester.
All students who wish to study biology at Grinnell College,
both prospective majors and non-majors, must first take
Bio 150. To meet the demands of approximately 200
students, we offer eight or nine sections of Bio 150 each
year, with enrollment limited to 24 students per section.
Each section is taught by a member of the biology department who has created a unique course centered on a topic
that is typically related to the faculty member’s primary
research interest. This leads to a rich and diverse selection
of courses from which students may choose, including
“Animal Locomotion,” “Prairie Restoration,” “Biological
Responses to Stress,” “The Effects of Climate Change on
Organisms,” “Survivor,” “Sexy Beast,” “The Language of
Neurons,” “The Sex Life of Plants,” “Plant Genetics and
the Environment,” and “Cell Fate: Calvin or Hobbes.”
By limiting student enrollment to 24, each section can fit
into one of our teaching laboratories, which allows considerable flexibility in scheduling class times. Sections are usually
offered in either two three-hour or three two-hour blocks of
time per week. This permits laboratory work to be seamlessly
mixed with more formal didactic methods, hopefully mitigating the disconnect students often experience between
lab and lecture. In every section of Bio 150, students spend
most of the class time at the lab bench or field station trying to answer a “real” question (that is, a question to which
no one, not even the instructor, knows the answer). Each
semester culminates with a joint poster session in which
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students present their research findings to the entire college
community.
The initial years of the course were accompanied by an
assessment plan that included both diagnostic quizzes and
student surveys. The diagnostic quizzes assessed students’
proficiency with factual information, data interpretation,
and research design. Pre- to post-test comparisons showed
reliable gains on all three proficiencies across course sections. The student surveys characterized student learning
styles and their relation to learning gains. The results indicated that learning gains occurred across a variety of learning styles. Students who had indicated an interest in biology
at the beginning of their college career did not fare better
in learning gains than other students. In addition, a followup study showed that a sizeable proportion (21 percent)
of students who had not initially indicated an interest in
biology went on to enroll for a second-level biology course.
In recent years, the department has participated in the
Classroom Undergraduate Research Experience (CURE) survey, which was developed by one of the authors for
assessing the impact of authentic research experiences embedded in coursework. When compared with a
national database across a spectrum of courses, the sections of Bio 150 yielded student data indicating learning
gains consistent with an authentic research experience.
More than 2,500 students have now been “introduced” to
biology in this brazen manner. Has it been worth it? We
have certainly observed many positive changes over the
years, including increasing enrollment in our courses and a
large growth in the number of students desiring advanced
research experiences. Some of these advances might have
occurred despite our curricular changes, since we had a
strong undergraduate research program and were quite successful in launching our students into research careers even
before implementing Bio 150. However, there is one benefit
that is not in dispute. We, the faculty who teach Bio 150,
love the course! It continues to be one of our most challenging and also our most rewarding class to teach. We all
chose to become scientists because we were drawn to the
mysteries of the natural world. Teaching a course that simi-
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larly celebrates the unknown more than established facts has
rekindled our excitement in teaching biology. Hopefully, this
excitement is contagious.

Engaging First-Year Students in the Earth
Sciences Through Dune Research: The FYRES
Experience
Deanna van Dijk, Crystal Bruxvoort, Calvin College
dvandijk@calvin.edu
Students who participate in the First-Year Research
in Earth Sciences (FYRES) course at Calvin College in
Grand Rapids, Michigan, gain both an undergraduate research experience and core-curriculum science credit by the end of their first college semester.
A research focus on the nearby Lake Michigan coastal dunes provides the setting, purpose, and motivation
for students’ learning. Students begin by learning skills
in research, field methods, and the practices of science
through semi-guided, inquiry-based experiences at dune
sites. Students finish the semester with a substantive team
research project focused on an original research question
of interest to local dune managers or to the scientific community. Each research team presents its research results in
two formats: a conference-style research poster presented
at a campus poster session and a conference-style oral presentation to an audience that includes classmates, as well
as local dune managers and other faculty and students.
Throughout the course, laboratory experiences provide the
foundation for students to learn about coastal dunes and the
practices of science. The weekly five-hour lab period creates
a block of research time that can be used for travel to dune
sites and data collection or for deep, on-campus engagement
in research design, data analysis, or scientific communication. In addition, three regular class periods each week
engage students in acquiring knowledge about dunes, the
nature of science, and the practices of research.
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The first-year student experience is supported by a team
of faculty and upper-level students who model and teach
the practices of science and dune research. The FYRES
project is led by a physical geographer (Deanna van Dijk)
who has experience in teaching Earth science core courses,
expertise in dune research, and experience working with
undergraduate researchers. The first-year students are mentored throughout their experiences by upper-level geoscience majors who hold paid positions as FYRES Research
Mentors. The mentors work with students during the skillbuilding activities early in the semester and lead research
teams later in the semester. Mentors are critical to successfully building community and providing technical assistance when student teams are at various coastal locations.
After the semester ends, the FYRES mentors continue each
research project in order to complete a presentation at a
regional conference, as well as completing a written report.
The first-year students have co-authorship on these results
of their team research, and they are invited to attend the
regional conference to see their results presented. By the
end of the academic year, both the first-year and upper-level
research students have several research accomplishments to
list on their resumés, along with the benefits, knowledge,
and skills gained through the research experience.
The FYRES project was first implemented in fall 2011 with
13 first-year students and five upper-level mentors participating. By the second year (fall 2012), participation was
near capacity with 23 first-year students and six upper-level
mentors. The project evaluator (Crystal Bruxvoort) assessed
the program’s effectiveness at the beginning and end of each
semester using a pre/post-test design. Research questions
guiding the evaluation process focus on examining students’
and mentors’ views of the FYRES program, and specifically
target participants’ opinions of the gains made and challenges faced during their involvement in the program. Data
collection consisted of semi-structured interviews (30 to 45
minutes per interview) and administration of the Classroom
Undergraduate Research Experience (CURE) survey (www.
grinnell.edu/academic/csla/assessment/cure). Students also
completed weekly journal entries as a course assignment in
which they reflected on their understanding of and reac-

tions toward the investigative activities assigned during the
lab periods.
One might think that the type of students drawn to participate in the FYRES course would be mainly freshmen who are
science-focused upon entry into college and perhaps already
involved in geo-related activities (e.g., rock collecting, environmental stewardship). However, student feedback during
evaluation revealed that science and non-science students
alike were attracted to the course. Students who intended
to be Earth science majors were present, but the course
also attracted students who were exploring the possibility of majoring in a science-related discipline, and students
who intended to major in non-science areas of study (e.g.,
Spanish, business, English) and sought the course to fulfill a
general education requirement.
Regardless of students’ professed interest in science at the
onset, FYRES students reported similar reasons for choosing to enroll in the course. First, students reported a general
enjoyment of the outdoors and looked forward to experiencing Lake Michigan’s coastal dune system. Second, they
expressed a keen interest in a science class that they felt
was quite unlike any other. Students deemed other science
courses as involving “mostly lecture and taking notes” with
“very little hands-on” and “you always knew the answer
going in.” They were drawn to participate in FYRES because
of its instructional approach allowing them to do authentic
research in the field. Consider the following representative
comments:
“I am exploring science options as a major of study and I felt
like this course was a great way to explore being a scientist”
(Kate, pseudonym, 9/2011).
“I am a science major and so doing what scientists do and
being in the natural world and doing hands-on work is what
it should be” (Lew 9/2011).
“I am taking this course to fulfill a gen[eral] ed[ucation]
requirement. I struggled to ‘get it’ in previous science courses
in high school. I’m excited though that this course involves
being outside of a regular classroom where I feel I am more
likely to be at ease and be myself and ask questions and so
forth” (Hope 9/2011).
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Those quotations illustrate how students of all types were
drawn to the course because of its instructional approach,
which they deemed as atypical and inviting. In post-course
interviews, students were asked to describe the extent to
which FYRES met their early expectations, and they resoundingly reported that it did. Even better, when asked if they
would recommend this course to other students, they
responded affirmatively.
For more information on the FYRES project,
visit www.calvin.edu/go/fyres. Funding was provided by
National Science Foundation grant #0942344.

Undergraduate Research in a Japanese
Culture Class: A Pedagogical Narrative
Sufumi So, George Mason University
sso2@gmu.edu
In the spring of 2010, I introduced a 300-level course
called Japanese Culture in a Global World at George Mason
University, and it has since become a course regularly
offered every spring semester. It is one of the university’s
general education courses that fulfill the global understanding requirement, one of the six core requirements that help
students become better able to synthesize new knowledge,
respond to various challenges, and meet the demands of
a complex world. The course has been a popular choice,
reaching the enrollment capacity of 25 as soon as the spring
semester’s course registration begins in November.
Most present-day undergraduates in the U.S. have grown
up exposed to Japanese popular culture via anime, manga,
video games, J-pop, Hello Kitty, and so on. They constitute
a majority of the course enrollees. The coursework includes
collaborative narrative inquiry, which entails the students’
constructing, sharing, analyzing, interpreting, and reflecting
on their personal experiences with Japanese culture. Their
childhood experiences make this inquiry process personally
meaningful. The inquiry activity is linked to an empirical
research project, which the students are to carry out individ-
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ually, about any globalizing or globalized aspect of Japanese
culture.
Through engaging in research, the students learn to make
sense of what they have found about their chosen topic by
reviewing relevant literature and collecting empirical data
through surveys and interviews. In the process, they learn to
make an argument by pulling everything together into a selfsupporting whole or a thesis that has meaning and coherence. Research work is an important component, enabling
the course to address the university’s general education
requirements for global understanding—that is, students’
acquisition of cognitive and intellectual skills and knowledge
needed for success in an increasingly globalized world.
All other aspects of the coursework are designed to facilitate
the students’ research work, which begins with the students’
small-group discussions in English with Japanese students
who are visiting from Japan to learn English and experience
American culture. In this discussion my students test their
preliminary ideas for their research projects by asking questions of the visiting Japanese students and observing their
reactions. The finished products of their research—typically
an academic paper but occasionally a short documentary
film or other creative work—are evaluated for such aspects as
quality of argument, depth of analysis, integration of sources
and data, organization, mechanics, and style. Some of these
products can go beyond a classroom milieu because they can
be included in an application package for the Japan Studies
Award contest, sponsored by a nonprofit organization near
the university, or they can be submitted for publication in
the university’s undergraduate journal.
Megan Pfeifle took this class when she was a junior in the
spring of 2011. She decided to conduct research on visual
kei [visual style], “a brand of Japanese rock music characterized by bands performing in intricately designed costumes
with strong androgynous flair” (cited from her forthcoming
article, “Exposing the Underground: The Japanese Subculture
of Visual Kei” in The George Mason Review, Volume 21).
Pfeifle had been a big fan of visual kei for many years when
people outside Japan were just beginning to get to know
about this Japanese musical style. She was enthusiastic and
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very knowledgeable about it, but she had been puzzled by
one thing. She writes, “When I visited Japan for the first
time eight years ago, I was like many jaded fans and believed
visual kei to be mainstream and beloved by all Japanese
people. I was very surprised to find the reality of visual kei:
tiny venues, the same fans at a variety of shows, and very
few true resources to purchase the music. Over time, both
within Japan and in the United States, I saw the scene grow,
but it never made it to the mainstream music market; the
scene stalled out and while it has fluctuated in public interest, visual kei has remained an underground scene” (ibid.).
Pfeifle wanted to know why visual kei had never achieved
the status of mainstream music. She titled her course
project “Visual kei: Universal subculture” and carried
out an extensive study to gather information from fans,
media, event organizers, and the general public concerning what they thought about the present and future
of visual kei. Analyzing the responses to the surveys
and interviews, Pfeifle came to the following conclusion:
As a part of Japan’s post-war modern pop culture, visual kei’s
future depends on its ability to survive in competition not
only with other music styles of Japan, but in its marketability to worldwide music fans. Despite its future challenges and
consistent small stature, it remains beloved by its
fans and still today maintains its Western roots
while keeping its succinct Japanese style. (ibid.)
Pfeifle submitted the course paper to the Japan Studies
Award contest and won the award, giving her an internship
in Tokyo in the summer of 2011. She then revised the paper
extensively to submit it to The George Mason Review, a
cross-disciplinary undergraduate journal, which accepted it.
Very few students in the class have trouble coming up with
a research topic. In other words, most of the students are
already content experts in one way or another. Having had
personal and intimate experiences with their topics since
childhood, they typically are enthusiastic about turning
their interest into empirical research and taking an objective
or analytical look at the familiar topic.

First-Year Experience: Think Like a Nurse
Marie Graf and Kathryn H. Anderson, Georgia
Southern
University
annennis@georgiasouthern.edu
To integrate evidence-based research into clinical practice,
baccalaureate students must attain the knowledge and
skills necessary to assess, participate in, and communicate
research (Taylor 1999, 35). Although students preparing to
become registered nurses learn research skills during their
introductory research course, students benefit most when
they enter a nursing program already armed with information literacy, critical thinking capability, and writing skills.
However, students do not always possess these foundational skills when they enter college (Troxler, Jacobson, and
Oermann 2011, 280; Van de Vord 2010, 170). Consequently,
we pursued methods for assisting students in attaining these
skills prior to their acceptance into the baccalaureate nursing program, and we developed a unique approach using the
First-Year Experience (FYE) at Georgia Southern University.
The FYE program facilitates first-year students’ acclimatization into university life through purposeful initiatives
designed to encourage academic engagement and to assist
students in developing the academic and life skills crucial for success (Georgia Southern University 2012). FYE
Think Like a Nurse is a first semester, two-credit hybrid
(classroom and online) course that utilizes evidencedbased methodologies to introduce pre-nursing students to
information literacy, critical thinking, and writing skills.
This model is well suited for educators seeking to help
baccalaureate students succeed in evaluating research
information and clearly communicating their findings.
The hallmark of this model is its incorporation of evidencebased pedagogical strategies to introduce freshmen to the
concept of research. For example, the pedagogy of peerto-peer learning (Hussain, Anwar, and Majoka 2011, 940)
typically is employed to “(bring) researchers and students
together in new forms of engagement” (Boud and Lee 2005,
515). In the course, peer-to-peer learning pairs freshmen
with upper-level nursing students who serve as mentors to
the freshmen. The senior nursing students attend course ses-
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sions, engage the freshmen personally, and answer their questions about college, the research process, and the nursing program. Additionally, the freshmen attend the Minority Health
International Research Training (MHIRT) Research Day, funded by the National Institutes of Health, at Georgia Southern
University. There, undergraduate nursing students present
the results of their research conducted with research mentors
abroad. The freshmen attendees have the opportunity to ask
questions about the seniors’ research experiences abroad.
Providing the opportunity for freshmen pre-nursing students
to network with senior nursing students at the MHIRT event
is an effective peer role-modeling approach (Christenson
and Bell 2010, 804; Fried and MacCleave 2009, 482; SimsGiddens, Helton, and Hope 2010, 24). It not only provides
for early student engagement with research, but also impacts
freshmen’s understanding of the role that nurses can play as
researchers (Hentz and Gilmore 2008, 28). When freshmen
meet upper-level nursing students who have participated
in research and used research to inform their nursing practice, a generative phenomenon occurs. The senior nursing
students make lasting impressions that positively impact
first-semester students and their attitudes toward future
engagement with nursing research. A third strategy, to
help students develop their writing skills, becomes tangible
when freshmen introduce their own research-based course
projects near the end of the semester. Freshmen participants report a positive change in attitudes toward research.
Students require critical thinking skills to appropriately critique and utilize research (Wangensteen, Johansson,
Björkström, and Nordström 2011, 2436). Since first-semester
students often lack confidence in their ability to be successful
at the college level and are outspoken regarding their need to
understand the rationale for curriculum approaches (van der
Meer 2012, 83; Goldfinch and Moira 2007, 262; Kuh 2008,
28), pedagogical efforts that encourage students to make
connections between required core and discipline-specific
coursework help promote students’ critical thinking skills
(Coker, Scott, and Johnson, 2008, 13).
One example occurs when students are provided with core
nursing knowledge about diabetes through an interac-

tive lecture format that includes the basic pathophysiology of diabetes, the concepts of hypoglycemia (low blood
glucose levels) and hyperglycemia (high blood glucose
levels), the use of glucose monitoring equipment, and consideration of hospital policy and procedure. With guided
learning, students are encouraged to connect the nursing
knowledge about diabetes with appropriate choices for
patient care in case study examples. After studying scenarios of diabetic patient dilemmas, students are asked to
discover scholarly literature that will support potential nursing actions based on the information provided. Students
access scholarly databases and utilize evaluation methods
previously introduced in the course to choose literature
to support possible solutions to the scenarios presented.

skills. Students’ evaluations of the three components of the
model will be sought.

Mann, Jeanne. 2012. “Critical Thinking and Clinical Judgment Skill
Development in Baccalaureate Nursing Students.” Kansas Nurse 87(1): 26-31.
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The Practical Value of Undergraduate
Participation in Descriptive Science
Research
Susan J. Rehorek, Timothy D. Smith, Slippery Rock University
susan.rehorek@sru.edu
Although there is much published literature detailing the
exposure of students to science, most of it pertains to experimental, rather than descriptive, science. Descriptive science
focuses more on producing a detailed narrative with highly
specialized terminology, unlike experimental science, which
is more process-oriented. Exposure to descriptive science,
however, allows students to develop organizational, analytical, and technical skills that will be useful for future graduate
careers. The following discusses how students can be guided
through the descriptive science process, what they learn, and
how they benefit throughout the process.
Initial exposure to descriptive science occurs in the core
(freshman/sophomore) biology curriculum, where students
are exposed to dissections, whole mounted specimens, and
live specimens for examination. At this stage students learn
the importance of a detailed narrative, a literature review,
and consistency in both nomenclature and well-drawn and
labeled figures (Rehorek 2004). As they proceed through the
biology major, they have the option of conducting research
with faculty. By continuing the research process in an upperdivision course, students are exposed to more rigorous expectations and results.
In a descriptive project, there are numerous parallels to an
experimental project. At the start of both types of projects,
project preparation and proposal requires students to write
a proposal and conduct a literature review. And after the
completion of the laboratory phase, students must interpret
data, determine the significance of this data, and, finally,
explain the data.
The laboratory phase of descriptive science is different from
that of experimental science, however, in that students
are involved in preparing specimens for examination, not
conducting experiments. Below we refer to specific faculty-

30

student research projects involving three-dimensional imaging in the laboratory phase of examining a specimen from
a primate. There are three steps in this phase: the first two
steps are purely structural in nature (procedural), with little
room for student-faculty mentoring. The third step provides
an opportunity for the faculty mentor to work with the
student and show how the images may be interpreted, how
to best show features of interest, and how both the content
and orientation of the three-dimensional image can alter
the ultimate understanding of the features being examined.
In the following, we describe one descriptive science project
involving a tissue specimen from the facial region of a nonhuman primate.
Step 1: Serial paraffin sectioning. In this step, the paraffinembedded specimen must be sectioned at specified increments and all sections must be accounted for (though sections may be occasionally lost, their absence needs to precisely noted). In this process, students have to learn to stay
organized and understand the importance of consistency
(in this case, consistent arrangement of sections on a slide).
Sections are stained using appropriate protocols to identify
structures of interest.
Step 2: Data collection and analysis. Digital micrographs
of serial sections of the specimen are taken. These are
then aligned into image stacks and prepared for a threedimensional reconstruction (see Rehorek and Smith 2007 for
technique details). In this step, students learn how an old
technique (paraffin histology) can be combined with newer
techniques (digital image manipulation) and the importance
of fidelity of the digital image (as a unit of data).
Step 3: Image construction for publication (see Figure 1). In
this step, the three-dimensional reconstruction is used as a
template for an anatomical figure. First, several 3-D stacked
images (each showing different components) are prepared
by the students (figure 1A). Second, features of interest are
identified (by both the student and the faculty member), and
the faculty member trains the student to digitally dissect the
combined images (figure 1B) and produces an outline (figure
1C). Third, the illustration is produced (by a faculty member:
figures 1D and 1E). Undergraduate science students may not
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have the artistic training to prepare the final illustration;
their contribution lies in the production of the 3-D images
and identification of the appropriate features. Thus, students
learn how accurate anatomical diagrams are prepared and
gain an appreciation for the effort and talent involved in
their production. Their efforts can culminate in a professional experience, such as a poster presentation at national
science societies (Bruening et al. 2010) or a peer-reviewed
publication (e.g.: Rehorek et al. 2011)
Figure 1: An overview image showing serial digital images
of histological sections of the facial region of a non-human
primate, which have been aligned (A), digitally dissected (B),
and then reconstructed as a “stacked” 3-D image, which can
be rotated along X or Y axes (C). Selected views are redrawn
by hand (D), and then color-coded to highlight salient
anatomy. This resulting illustration (D) shows the soft tissue structure in an inferior view (E). The “digital dissection”
removed the bones and other connective tissues, allowing
major structures to be seen in their spatial relationship to
each other (teeth in blue, nasal mucosa in orange, a major
facial nerve in brown, and the eye ghosted).
Exposing students to research, whether experimental or
descriptive, must begin in the core biology curriculum, with
subsequent student projects following a distinct series of
steps with clearly outlined actions and outcomes.

Figure 1.
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An Integrated Research and Writing
Experience for Freshman Biology Students
Christopher J. Grant, Jill B. Keeney, Norris Z. Muth, Juniata College
keeney@juniata.edu
Juniata College has developed a year-long freshman experience in which incoming biology students conduct field
research and laboratory analysis in the fall semester, and
in the following spring semester analyze a compiled data
set and prepare a scientific manuscript based on their fall
research.
The fall ecology laboratory is an intensive field and lab
research experience for freshmen interested in biology or
other natural science degrees. The broad goal of the ecology
module is to introduce students to the scientific research
process through the following specific activities:
1. Students will participate in hypothesis generation and
prepare equipment for field research.
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2. Students will conduct terrestrial and aquatic field surveys, collect samples, and record observations.
3. Students will analyze and identify field-collected samples.
4. Students will conduct a preliminary analysis of the data
and compare the results to their hypotheses.
The specific case study used for this module is an examination of the effects of acid mine drainage (AMD) on biodiversity. The field research component focuses on two adjacent
streams, one greatly impacted by AMD and one seemingly
unaffected by it. Students are given the freedom to form
their own hypotheses, but are guided toward formulating
the following questions:
• Do the streams have different underlying abiotic conditions reflective of AMD contamination?

more familiar and comfortable with how to approach each
All freshman biology majors subsequently enroll in a onecredit biology seminar in the spring semester. Its main focus
is to guide students through the writing of a scientific paper
that is based on their fall research. The objectives of this writing course are that the freshmen:
1. Will read and discuss the philosophical and quantitative
underpinnings of scientific inquiry.

section. Learning activities used for teaching each section
are shared and discussed in departmental meetings. Using
this collaborative model allows us to combine our teaching
experience and creativity.

The syllabus lists the due dates for each section of the paper.

2. Will apply writing skills acquired in their first-semester,
general education College Writing Seminar to communicate
scientific ideas in the form of a scientific paper.

When students hand in the draft of a section, faculty mem-

3. Will receive instruction from their faculty advisor and
receive faculty and peer feedback in a small-seminar format.

complete paper, which is then commented on and revised

This seminar meets one hour per week, with each weekly session focusing on a different aspect of preparing a scientific

• Does the AMD-impacted stream have lower biodiversity
of aquatic macroinvertebrates?

manuscript, using as a guide Writing Papers in the Biological

• Does the AMD-impacted stream have lower biodiversity
of terrestrial bryophytes in the riparian corridor?

Bedford/St. Martin’s Boston, New York).

• Does the presence/absence of any species help to elucidate the impact of AMD (that is, did students observe any
bioindicator species)?

For the first session of the seminar, we meet as a large course-

Sciences, 5th edition, by Victoria E. McMillan (published by

bers have one week to comment on and grade the draft.
Students revise each section before compiling a draft of the
for the final version. Original drafts of each section count for
a small percentage of the grade so that emphasis is placed on
revising and rewriting.
This first-year experience reaches approximately 200 freshmen and, by virtue of having students work with their
advisors in the spring writing seminar, involves the entire
biology faculty in a collaborative teaching effort.

wide group to review the hypotheses and methods covered
in the fall semester’s laboratory work. Students are also
introduced to the Minitab® Statistical Software v. 16 (www.

To try to answer these questions, students meet in the lab or
the field twice a week for three weeks. In addition to preparing for the fieldwork, and executing terrestrial and aquatic
ecological sampling protocols, students also get quantitative
experience through calculating diversity indices and simple
statistics (e.g., arithmetic means). Students summarize their
findings in a final report that requires students to:

minitab.com), which they use to conduct several t-tests and
regression analyses on a combined data set. Finally, students
are assigned to conduct a literature search and compile an
annotated bibliography of three sources that they will use in
writing their paper. In subsequent weeks, students meet in
smaller sections of 12 to15 students with a faculty member,
often their freshman advisor. Each section follows the same
syllabus, so that faculty can discuss the progress of the stu-

• Draft a methods section as it would appear in a scientific
peer- reviewed journal.

dent manuscripts between sessions.

• Create two figures and one table that best summarize
important results.

Writing a scientific paper for the first time is a daunting task,

• Find a relevant source and create an annotated bibliography for this source.

each section. Even with a detailed structural guide, however,

• Answer several short-answer questions that help to guide
students’ thinking about interpreting their results.

rubric outlining appropriate content and style, as well as in-
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and we have found it helpful to provide structured details for
many students struggle to generate a quality first draft. A
class peer-review of their written work, helps them become
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Washington Partners - CUR’s Partner in Advocacy

It’s All About Relationships
In a recent issue of the CUR Quarterly, Washington Partners—a
full- service, government-relations firm in Washington, D.C.,
that works with CUR to promote the interests of undergraduate research with legislators and other key policy leaders—
discussed the importance of CUR’s members staying up to
date on current developments in their states and on Capitol
Hill. As a result, perhaps some of you have been reading
the monthly Washington Updates that arrive in your email
inbox and are generally staying abreast of happenings in
Washington. “Knowledge is power” may sound trite, but
indeed educating yourself is the first step to becoming an
effective advocate for undergraduate research. And after
knowledge comes the importance of developing helpful
relationships.
President Lyndon B. Johnson said it best: “The time to make
friends is before you need them.” That adage clearly applies
to advocating for support from federal research programs.
If you don’t feel that you have the time or access to make
friends with your local Representative or your two Senators,
no worries. It’s their staffs who counsel lawmakers on policy
issues, and thus establishing a solid relationship with those
staff members—nurtured before any crisis—can sometimes
be more helpful than a short meeting with the elected official. The first step in building such a relationship is scheduling a meeting in the lawmaker’s district office. Using the
CUR Advocacy Toolkit, posted on CUR’s website under the
“Advocacy” tab, you can find out how to identify who represents you in the House and Senate, what Congressional
committees they sit on, and see possible talking points to use
during meetings with staff.
It is important during these meetings to explain what undergraduate research is, the federal funding streams that support
such opportunities, and the local impact such support can
have on the undergraduate researcher, the faculty mentor,
the host college or university, and the country’s innovation
pipeline, both in the short and long term. If you are able to
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take an undergraduate researcher with you to the meeting
who can attest to the benefits of such an opportunity, that
will make an even more powerful and lasting impression
about the issue on the staff.
Setting up and attending a meeting is valuable to the cause
of undergraduate research, but one meeting does not create a relationship—and, it’s all about relationships. Please
do not let this meeting be the last time you speak with the
staff. Invite staff members to campus to see undergraduate
research in action. Or invite staff members to attend your
state’s “undergraduate research day” at the state capitol or
encourage them to urge their colleagues in Washington,
D.C., to attend CUR’s Posters on the Hill event. Need more
ideas? Send staff members success stories, articles that highlight undergraduate research on your campus, or other key
pieces of new information that support your case for public
support for undergraduate research. While a daily note is not
a good idea, staff members do appreciate periodic “checkins” and updates about what is happening and good news
about campus developments in the district and state.
Also, if you’re ever in Washington, D.C., schedule a meeting
with the staff of your Representative or one of your Senators
and follow the same outline for meeting with district staff.
When budgetary issues, such as the current sequestration of
federal funds, become reality, it is far easier to reach out to a
well-versed staffer who knows what undergraduate research
is, who has met you, and who understands how your concerns affect the district and state. This is far more effective
than trying to introduce yourself for the first time during a
crisis. It is all about relationships, and the time to build them
is now.
Washington Partners, LLC
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RESEARCH Highlights
Carson, J Carson, Thalmann, C, Janson, M, Kozakis,
T, Bonnefoy, M., Biller, B, Schlieder, J, Currie, T,
McElwain, M, Goto, M, Henning, T, Brandner,
W, Feldt, M, Kandori, R, Kuzuhara, M, Stevens,
L, Wong, P, Gainey, K, + 38 authors. Direct Imaging
Discovery of a “Super-Jupiter” Around the Late B-Type Star
Kappa Andromedae. Astrophysical Journal Letters. 2013;
763: 32. (College of Charleston, Max Planck Institute for
Astronomy, + 12 institutions)
This manuscript describes the direct imaging discovery of
a ‘Super-Jupiter’ around the nearby, high mass star Kappa
Andromedae. With an orbital semimajor axis about twice
that of Neptune, and a mass about 12.8 Jupiter masses, the
discovery represents one of only a handful of extrasolar planets ever directly imaged, and the only such case around a star
so massive. The discovery suggests that stars as massive as
2.5 solar masses are still fully capable of producing planets
within their primordial circumstellar disks. Joe Carson is an
assistant professor of physics & astronomy at the College
of Charleston. Undergraduate authors Thea Kozakis, Laura
Stevens, Palmer Wong, and Kevin Gainey, all astrophysics majors, participated in the investigation for summer
research, senior thesis research, and independent study,
from 2011 to 2012. The research was supported by a grant
from the National Science Foundation (awarded to Carson)
and the College of Charleston SURF program (awarded to
Kozakis).

Retzler A, Wilson MA, Avni Y. Chondrichthyans
from the Menuha Formation (Late Cretaceous: Santonian–
Early Campanian) of the Makhtesh Ramon region, southern
Israel. Cretaceous Research. 2013; 40:1: 81–89. (The College
of Wooster)
This study examined chondrichthyan teeth from exposures
of the Menuha Formation (Santonian-Early Campanian,
Mount Scopus Group) in the Makhtesh Ramon region of
the southern Negev. The isolated teeth represent at least
ten different species: eight sharks and two other fish. This
assemblage has important implications for Late Cretaceous
chondrichthyan palaeobiogeography and the structural origin of the Ramon region. The majority of teeth were contained within a glauconite-rich, yellow-brown, soft chalk
that included oysters, trace fossils, phosphatic peloids, and

foraminiferans. The Menuha Formation probably represents
a temperate to subtropical, shallow, open-shelf environment
deposited during the formation of the Ramon anticline.
Mark A. Wilson is a professor of Geology at The College of
Wooster; Yoav Avni is a geologist with the Geological Survey
of Israel. Andrew Retzler completed this work in 2011 as his
Independent Study project at The College of Wooster. He is
currently a graduate student at Idaho State University. The
fieldwork was supported through the Wengerd and Luce
Funds of The College of Wooster. The Geological Survey of
Israel also contributed field vehicles and library resources.

Marunde MA, Samarajeewa DA, Anderson JA, Li S,
Hand SC, Menze MA Improved tolerance to salt and water
stress in Drosophila melanogaster cells conferred by late
embryogenesis abundant protein. Journal of Insect Physiology.
2013; 59: 377-386. (Eastern Illinois University)
Some animals in nature possess a mechanism to survive
severe water loss through the expression of highly hydrophilic proteins. These proteins are named LEA proteins
and are thought to interact with membranes and proteins
in order to protect and maintain cellular functions during
drying and rehydration. Cells from the fruit fly Drosophila
melanogaster cells were genetically engineered to express
a specific mitochondrial targeted LEA protein from the
brine shrimp Artemia franciscana (AfLEA1.3). Expression of
AfLEA1.3 significantly reduced the negative effects of freezing and osmotic stress on fly cells and mitochondria. Our
study demonstrates that AfLEA1.3 exerts a protective influence on mitochondrial functions and increased the viability of D. melanogaster cells in several water stress models.
Dr. Michael Menze is an Assistant Professor of Biology at
Eastern Illinois University. Matthew Marunde is an undergraduate student at Eastern Illinois University majoring in
Biology with a minor in chemistry. He conducted most of
his research in 2011 and 2012, especially in the summers of
2011 and 2012. Matthew’s future goal is continue his education at medical school. Eastern Illinois University Honors
College URSCA grants, Eastern Illinois University Council
on Faculty Research grants, National Science Foundation
IOS-0920254.
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Klosterboer B, Hartmann-Mahmud L. ‘Difficult to
Repair’: Applying African Models of Transitional Justice to
Peace and Restoration Prospects in the Democratic Republic
of the Congo. African Conflict and Peacebuilding Review. 2013;
1:3: 56-82. (Centre College )
This paper highlights the limits of applying macro-level
peace and reconciliation strategies to the Congolese situation and asserts that political, economic, and social cleavages
at the local level continue to fuel national instability. The
study draws on African experiences of transitional justice in
Sierra Leone and Rwanda to offer specific lessons on how
institutions at multiple levels of analysis can work together
to foster peace and accountability. Lori Hartmann-Mahmud
is the Hower associate professor of international studies
Brian Klosterboer is the primary author of this article. He
conducted the research throughout the year 2011-12 for his
senior thesis project with support from the John C. Young
scholars program at Centre College. Brian is currently in
Uganda on a Fulbright Research Grant, studying the relationship between the media and peace-building. The John C.
Young program supports senior research for a small number
of highly qualified students (usually 6-10 per year), of which
Brian was one in 2011-12.

Lin X, Brooks J, Bronson M, Ngu-Schwemlein M.
Evaluation of the association of mercury(II) with some
dicysteinyl tripeptides. Bioorganic Chemistry. 2012; 44: 8-18.
(Winston-Salem State University)
The present study was undertaken to gain insight into the
associations of mercury(II) with dicysteinyl tripeptides. We
investigated the effects of increasing the distance between
cysteinyl residues on mercury(II) associations and complex
formations. The results from this study show that dicysteinyl
tripeptides are effective in binding mercury(II) and theyare
promising motifs for the design of multi-cysteinyl peptides
for binding more than one mercury(II) ion per peptide.
Maria Ngu-Schwemlein is a professor of chemsitry. Jeremy
Brooks is currently working as a chemistry at Kelly Scientific
Resources. Matthew Bronson is a graduating senior. This
research was supported by the NSF RUI Grant CHE 1011859,
and the NIH NIGMS SC3 Grant SC3GM088134. J.B. and M.B.
acknowledge support from the NSF HBCU-Undergraduate
Program.
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Galván VV, Vessal RS, Golley MT. The Effects of Cell
Byrne DP, Donner MJ, Sibley TQ. Groups of Graphs of
Groups. Contributions to Algebra and Geometry. 2013; 54:1:
323-332. (St. John’s University)
This paper completely classifies the group of color preserving automorphisms for the graph of any finite group. These
complete edge colored graphs, related to Cayley digraphs,
generalize to algebraic structures besides groups. Tom Sibley
is a professor of mathematics. David Byrne and Matt Donner
did their research for their honors theses their senior year
(2010-2011). David is in a doctoral program in mathematics at Bowling Green State University. After volunteering
abroad, Matt is applying to doctoral programs in mathematics. We received an NSF grant through CURM, the Center for
Undergraduate Research in Mathematics.

Chartas, G, Kochanek, C S, Dai, X, Moore, D,
Mosquera, A M, and Blackburned, J A Revealing the
Structure of an Accretion Disk through Energy-dependent
X-Ray Microlensing. Astrophysical Journal. 2012; 757:137.
(College of Charleston)
We presented results from monitoring observations of the
gravitationally lensed quasar RX J1131-1231 performed with
the Chandra X-Ray Observatory. We detected significant
microlensing in the X-ray light curves of the lensed images
of the quasar. Our microlensing results place constraints
on the sizes of the black holes accretion disk and the hot
corona. We also reported the detection of evolution of the
fluorescent Fe line that originates from the accretion disk
during the microlensing event. This evolution is consistent
with the line distortion expected when a caustic passes over
the inner disk where the shape of the fluorescent Fe line is
distorted by general relativistic and Doppler effects. George
Chartas is an assistant professor of physics and astronomy
at the College of Charleston. Drew Moore, an astrophysics
major, participated in the research for independent study
credit during his sophomore and junior years. Drew Moore
is currently a senior astrophysics major at the College of
Charleston. The research was supported by NASA via the
Smithsonian Institution Grants SAO GO0-11121A/B/C/D,
SAO GO1-12139A/B/C, and GO2-13132A/B/C.
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Phone Conversations on the Attention and Memory of
Bystanders. PLOS ONE. 2013; 8:3. (University of San Diego)
In this study, participants either overheard a one-sided (cell
phone) conversation or a typical (two-sided) conversation.
Participants only overheard the conversation one time and
were unaware that the conversation was part of the study.
Results revealed that participants who overheard the onesided conversation found the conversation more distracting
and annoying. They also remembered more words from
the conversation and were more confident in some of their
answers on a surprise memory test. This is the first study
to use a ‘naturalistic’ situation to show that overhearing a
cell phone conversation is a uniquely intrusive and memorable event. Veronica V. Galván is an assistant professor in
the department of Psychological Sciences. Rosa S. Vessal is
a senior psychology major and volunteered as a research
assistant. Matthew T. Golley conducted this study as a senior
psychology student for credit through his home university,
D’Youville College. Mat is currently a graduate student in
clinical psychology at Palo Alto University. This research was
funded by a Faculty Research Grant.

Nanotechnology Infrastructure Network (NNIN) REU that
was awarded to Lauren.

Flowers PA, Blake DA. Submicroliter Electrochemistry
and Spectroelectrochemistry Using Standard Electrodes and
a Polymer Electrolyte Salt Bridge. Analytical Chemistry. 2013;
85:6: 3059–3063. (University of North Carolina at Pembroke )
The development of spectroscopic and electrochemical
devices that can accommodate very small samples is of
considerable importance to many areas of science and
technology. This article describes the design and characteristics of a simple apparatus for the electrochemical and
spectroelectrochemical analysis of submicroliter aqueous
samples. Excellent performance has been demonstrated
via measurements on aqueouss ferricyanide solutions using
sample volumes as low as 20 nL. Paul Flowers is a professor of chemistry. David Blake is an undergraduate student
majoring in chemistry. He assisted Flowers in conducting
the published work during the summer of 2012 with support from an Undergraduate Scholar Assistantship provided
by the Pembroke Undergraduate Research and Creativity
Center. Blake is currently applying to graduate programs.

Lindquist NC, Johnson TW, Jose J, Otto LM, and
Oh S-H. Ultrasmooth metallic films with buried nanostructures for reflection-mode plasmonic biosensing. Annalen der
Physik. 2012; 524: 687-696. (University of Minnesota )
A new sensor with gold nano-structures buried underneath
ultrasmooth gold surfaces was developed for surface plasmon resonance (SPR) biosensing. Unlike other SPR biosensors, this device allowed the use of opaque or highly scattering liquids as well as spectral tunability and wide-field imaging. Beyond biosensing, these buried nanostructures with
ultrasmooth surfaces can benefit nano-photonic waveguides,
surface-enhanced spectroscopy, nano-lithography, and optical trapping for biological research. The work was featured
as a backside cover article. Nathan Lindquist is an assistant
professor of physics at Bethel University and Sang-Hyun
Oh is an associate professor of Electrical Engineering at the
University of Minnesota. Lauren Otto begun work on this
project during the summer of 2011 as an REU student and
is currently supported by a PhD fellowship at the University
of Minnesota. The research was supported by a National
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