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below two water reservoirs and an automatic data
acquisition system. (Photo credit: David Bonnell,
University of Evansville)
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Douglas W. Stamps, University of Evansville

Vertical Integration of the Capstone Experience
to Facilitate Undergraduate Research

A

two-semester capstone in mechanical engineering
was transformed through the vertical integration
of topical themes and multi-year teams into an
integrated series of courses in engineering design. The
integrated sequence is composed of five courses, one each
in the spring of the freshman, sophomore, and junior years,
followed by the two-semester capstone in the fall and spring
of majors’ senior year. In addition, a freshman engineering
course offered in the fall semester has evolved into an
informal sixth course in the integrated sequence.

use of such teams in the Vertically-Integrated Projects (VIP)
Program originally at Purdue and currently at Georgia Tech.
In that model, teams composed of sophomores through
seniors, masters students, and PhD students work on a
faculty member’s research program. The VIP program differs
from the current University of Evansville program in three
ways: freshmen are not included in the teams, students
may apply the courses within the program for credit toward
unrestricted electives instead of the capstone experience,
and the program is optional and not a degree requirement.

Project-based learning (defined here as learning related to
both research and engineering design), a common software
package, and professional skills are emphasized throughout
the sequence of courses. Teams are vertically integrated with
seniors leading teams composed of undergraduates at all levels
working on common projects. Courses within the integrated
course sequence provide scaffolding for the development of
skills that all mechanical-engineering students need to be
productive members of the vertically integrated teams. The
course sequence facilitates the effective conduct of projects
in undergraduate research or engineering design by allowing
students to develop technical and professional skills through
multiple opportunities to learn. Students have six sequential
opportunities to develop their writing skills though the
preparation of proposals and reports, six opportunities to
develop their oral-presentation skills through the defense
of their work, six opportunities to perfect their professional
skills (such as effective teaming, project management, and
leadership) through their experiences both good and bad,
and six opportunities to develop expertise in their technical
field through the application of project-based learning.

Undergraduate research has also been conducted in twosemester senior capstone courses at other institutions (e.g.,
Schneider 2002; Ford, Bracken, and Wilson 2009). While
these courses are required of all students within the
programs, they differ from ours since they do not include
undergraduates other than seniors on the research teams.
Our integrated model appears unique in its ability to offer
to all students a project-based or research-based learning
experience using vertically integrated teams as part of a
degree requirement.

Because students can work on the same project over
multiple years, a real strength of the integrated sequence
is that students can work on more complex research and
design projects and can be more productive than is possible
for students in a typical two-semester capstone, because
experience with the project is retained in the team even
after the seniors graduate.
The integrated course sequence is unusual in that all courses
within it are degree requirements, two of the courses satisfy
the senior capstone requirement, and the sequence is
required for all students in the program. Examples of this
type of vertically integrated teams approach to research are
limited. Coyle, Allebach, and Krueger (2006) describe the
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Vertical Integration of the Capstone
In the first semester of their freshman year, mechanicalengineering students take the three-credit cornerstone
course, Introduction to Engineering (ENGR 101), which
meets for one hour three days a week. Student teams learn
the engineering-design process through designing, building,
and testing a pneumatically powered ball launcher. Lectures
provide the theoretical material allowing students to
mathematically model a team’s unique design for the ball
launcher, introduce the students to professional skills—for
example, managing their project, forming effective teams,
and understanding professional ethics—and introduce
students to NX, a solid-modeling software program
developed by ANSYS, Inc.
The actual first course in the integrated course sequence,
Integrated Design I, is a two-credit class offered in the spring
semester of the freshman year. Lectures focus on the design
process and workshops teach students manual machine-shop
fabrications skills that will be useful for senior-led projects.
Students continue to develop their solid-modeling skills
using the NX software for graphical communications. The
sophomore course, Integrated Design II, is a two-credit class
that teaches students about computer-aided manufacturing
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and expands their understanding of the ANSYS suite of
software for rapid prototyping and numerically controlled
milling and lathing. In the three-credit, junior-year course,
Integrated Design III, lectures cover the design of experiments
and instrumentation and measurement techniques. They
also introduce the students to LabVIEW, software developed
by National Instruments Corporation for automatic data
acquisition. The course’s labs reinforce the lecture material
through progressively more complex measurement projects,
and students may then apply their data-acquisition skills to
senior-led projects.
The last two courses of the integrated engineering-design
sequence make up the actual senior capstone, Professional
Practice I and II. The centerpiece of the capstone is a
two-semester project that focuses on research for students
interested in pursuing graduate school or an engineeringdesign project for students who intend to seek employment
directly after graduation. Professional Practice I is a threecredit class in which lectures focus on professional skills,
such as project and time management, effective teaming,
professional ethics, and leadership skills, to help seniors
lead non-seniors in successful projects. Workshops reinforce
the lectures. Professional Practice II is a three-credit class
that allows students to implement their recently acquired
professional skills.

Freshman cornerstone course. However, freshmen may
participate voluntarily in team meetings in the fall, which
encourages their buy-in for the project.
Freshman and sophomore team members are expected to
put 60 hours into the senior-led projects, while juniors
and seniors are expected to put in 45 and 250 hours,
respectively. In any given year, not all of the non-seniors
participate in senior-led projects. Due to attrition within
the engineering program, there are significantly more
underclassmen available for teams than there are seniors to
manage them. Early in the program, an attempt was made
to place all non-seniors on senior-led teams, but this was
generally counterproductive. Throughout the life of the
program, non-seniors not placed on senior-led teams have
worked on projects of equivalent length and effort, either
with teams composed of students within their own course or
of students drawn from two courses, notably sophomore-led
teams composed of freshmen and sophomores.
The types of senior-led projects in the integrated course
sequence are the same as were performed in the capstone

All the courses in the engineering-design sequence teach
engineering through project-based learning. In addition to
the lectures and labs, students work on one large project and
sometimes smaller projects each semester. Communication
is a focus that is integrated into all courses through the
students’ writing of proposals, design reports, and final
reports, as well as students’ defenses of their work through
oral presentations. The use of common software packages is
consistent throughout many of the courses and provides a
skill set for non-seniors. Finally, professional skills are taught
in the cornerstone and capstone courses and practiced in the
remaining courses.
Seniors are required to form vertically integrated teams,
although there is no specific requirement that every
undergraduate level be represented. Seniors informally
begin to identify projects and form teams near the end
of their junior year. Seniors may add non-seniors during
the beginning of the fall or spring semesters. Seniors
are encouraged to add sophomores and juniors to their
teams in the fall since this promotes buy-in during the
formative stages of the project and yields more-motivated
team members. Since the non-seniors are not enrolled in
the integrated design course in the fall, their efforts are
documented in weekly progress reports and hours applied
to their spring course. Seniors must wait until spring to
formally add freshmen to their team since first-year students
are already performing a project for their fall semester’s
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Vertical Integration continued

to simulate a perfectly stratified reservoir that supplies a flow
of water at a constant inlet temperature.

courses in the past. Since the majority of seniors plan to
go to work directly after graduation, most of the projects
focus on engineering design, such as industrially sponsored
projects, service-learning projects, or regional or national
competition projects. However, students who are interested
in pursuing graduate school often work on research-based
projects, which made up one-third of all of the projects
during the 2013-14 academic year. Students working on these
projects perform academically oriented research activities that
are somewhat different from the typical engineering-design
projects. The students are expected to perform a comprehensive
literature review, identify an appropriate research topic and
scope of research in conjunction with their faculty advisor, and
develop a test matrix to achieve their research goals. They are
encouraged to publicly disseminate their work at a conference.

In 2012-13, a team was formed to investigate the effect of
attachments to the collector to reduce heat loss due to wind,
which would improve the efficiency of the thermosiphon.
The team was composed of one senior, four juniors, and
four sophomores, all of whom were mechanical-engineering
students. Besides leading the team, the senior designed the
thermosiphon and a simple wind tunnel to control the
airflow over the collector; the sophomores used their shopfabrication skills to construct the thermosiphon and wind
tunnel; and the juniors used their data-acquisition skills to
help run the experiments and collect data. The senior then
analyzed the data and presented the results at a regional
conference (Omere 2013).

A current research project to study the efficiency of
thermosiphons illustrates how the vertical integration of
the capstone course can be used to facilitate undergraduate
research. A thermosiphon can be used to convert solar
energy into useful thermal energy, which is typically used
to assist in residential or commercial hot water heating. A
typical thermosiphon consists of a collector composed of
thermally conducting pipes attached to an absorber plate
and contained in an insulated box with a glass cover, a
reservoir situated above the collector, and interconnecting
pipes similar to that shown in Figure 1. The thermosiphon
used in the current research project and shown in Figure 1
differs from a typical thermosiphon in two ways. As shown
in the photo (cover), electrical tapes are wrapped around the
collector’s vertical pipes to provide a controlled input of heat
for testing purposes, as compared to the heat input from
solar energy, and an open system with two reservoirs is used

One of the juniors and one of the sophomores from
this team wrote a proposal in the spring semester for
further research during the summer and received a stipend
and hardware budget from the university’s undergraduateresearch committee. Because of the research they had done
the previous academic year, the sophomore and junior were
able to modify the equipment and obtain meaningful results
in only 10 weeks.
Although last year’s senior graduated and is pursuing
graduate studies, the collective knowledge of the research
project is not gone. Many students from last year’s team
were interested in conducting additional research this year,
demonstrating one real strength of the vertically integrated
capstone. The 2013-14 team consists of three seniors,
all returning from last year’s team and two of whom are
planning to pursue graduate studies; and four juniors, two
of whom were on the team last year. With their experience
from last year, the team completed a more in-depth study
and their work was more complex than last year’s team.

Table 1. Student Evaluations of Integrated Engineering-Design Courses

Useful for Design Work
in Other Courses (%)

Developed
Appreciation for Other Courses
in Discipline (%)

Positive Impact on Resolve
to Continue Engineering (%)

Promoted Further
Interest in Discipline
(%)

Freshmen

55

76

90

93

Sophomores

55

85

100

100

Juniors

75

79

86

96

Seniors

74

74

81

77

Aggregate

65

77

85

90

The results show the percentage of students who responded with an “agree” or “strongly agree” to each of the four questions listed in the column headings.
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Evaluation of the Integrated Engineering-Design
Sequence
The revamped course sequence was evaluated in a survey
using a five-point Likert-item questionnaire. Responses were
obtained from 110 freshman through senior mechanicalengineering students in 2013. The students were asked to
evaluate the impact that the integrated-design courses had
in four areas using the following scale: 1-strongly disagree,
2-disagree, 3-neutral, 4-agree, and 5-strongly agree.
The results show that a large majority of students found
that the integrated course sequence was beneficial to them.
The results in Table 1 show the percentage of students who
responded with an “agree” or “strongly agree” to each of
the four questions listed in the column headings. As noted
in the last line of the table, the aggregate results from all
respondents showed that 65 percent of the students felt that
the sequence was useful to design work they had performed
in other courses, 77 percent said that the sequence developed
further appreciation for other courses in their discipline, 85
percent said that the sequence had a positive impact on their
resolve to continue in engineering, and 90 percent said it
promoted further interest in their discipline.
Students were also asked to describe how the project-based
course sequence aided in improving their understanding and
application of the design process. It is apparent from the
comments from students in each of the four undergraduate
years that the course sequence is instrumental in helping
them learn course material. For example:
■■ “It showed how the process worked, instead of telling us
how.” (freshman comment)
■■ “Has allowed me to understand the information learned
in other classes better by application and testing.”
(sophomore comment)
■■ “It has been essential in learning to apply class material
in a real-world scenario.” (junior comment)
■■ “It showed me how to use the tools I learn in the typical
courses. This sequence of classes, including Engr 101,
has also shown me what this line of work is like in the
real world.” (senior comment)

Discussion
Although I have been discussing a mechanical-engineering
program, no obstacles have been identified that would
preclude the vertical integration of capstone courses in other
disciplines. No internal or external funds were required to
modify the curriculum in order to integrate the capstone

courses. Of course, funds are required to support the projects,
but a solution to this problem presumably already exists in
any current capstone course. No new courses were developed
(although existing ones were modified), and no additional
credit hours were added to the major. No additional faculty
or staff members were required.
The simplest approach to vertically integrating the capstone
courses is to select existing courses, one each from the
freshman through junior levels, that already teach skills
that can be used as the scaffolding that allows non-seniors
to offer needed skills to senior-led teams. Each course of
the vertically integrated sequence must provide a skill
that will be generally beneficial to all senior-led teams. For
example, in our sequence, students learn solid-modeling
software, shop-fabrication techniques, computerized
numerically controlled processes, rapid prototyping, and
data-acquisition techniques and software—all skills that
find general applications in all projects. Students requiring
skills that are more project-specific often develop those skills
through a senior mentor. A research-based project must be
introduced as a component of the selected courses. The only
modification to the capstone courses would be to require
vertically integrated research teams, if research projects were
already a component of the courses.
A vertically integrated capstone sequence is scalable with
appropriate sizing of teams and course sections. Teams within
the integrated engineering-design sequence typically contain
between five and 20 students, and course sections usually
have between 15 and 30 students. Vertically integrated
teams are typically larger than senior-only teams because the
non-seniors are not expected to work as many hours as the
seniors. Detailed breakdowns of necessary tasks are done for
every project. Each member of a team selects tasks from the
list and works with the student project leader to establish
how long it will take to complete the task. Team members
report the time spent on each task every week in a progress
report. The quality and quantity of a team member’s work is
compared to the estimated and actual time taken to perform
the work. Team members assess every other team member’s
performance at the end of the semester, and the assessments
are factored into the students’ course grades.
Teams require faculty advisors, who are typically the
instructors teaching the integrated-design sequence. This
usually results in approximately two senior-led teams
per faculty instructor, which is a scalable model for any
size program. There are approximately 140 students in
the mechanical-engineering program at the University of
Evansville. Faculty members teaching the integrated courses
select projects that are most closely aligned with their

www.cur.org
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Vertical Integration continued
technical expertise and work as faculty advisors to the teams
throughout the year. Students may ask other faculty for help
if the issues are outside the faculty advisor’s area of expertise.
The capstone course’s instructor reviews the work of all
senior-led teams and is responsible for working with other
faculty advisors who have reviewed the work of their
individual teams to establish grades for senior-led teams.
The grades are then shared with the instructors from all of
the vertically integrated courses and used as components of
the non-seniors’ course grades.
During the 14 years following the implementation of our
integrated course sequence, we have identified several best
practices based on the following lessons learned:
■■ It is beneficial for all of the courses in the integrated
sequence to meet at a common time to facilitate
presentations or coordinate activities,
■■ Course sections must be sized so that there are
approximately two teams per section on average. If
course instructors are used as faculty advisors, it is
difficult for them to provide adequate oversight to
three or more student projects,
■■ Teams should submit weekly progress reports to the
faculty advisor that document each student member’s
progress compared to the established timeframe and
hours expended on the project,
■■ Each team member should evaluate all other team
members in a confidential performance assessment
based on what was expected of each member. The
assessments are used by the course instructor for
assigning a portion of the student’s grade,
■■ Teams should have the ability to fire a significantly
underperforming team member based on appropriate
documentation and after consultation by the course
instructor with all team members,
■■ Team size should be based on the complexity of
the project and not some predetermined number of
students at each undergraduate level. This ensures that
the teams are right-sized and that seniors can manage
the non-seniors,
■■ Non-seniors are most productive and have a more
meaningful experience when assigned a willing senior
mentor from the team,
■■ Non-seniors are most productive when they can work
on a project in the same location as senior team

8

members, even if they are not working on the same
topical area, so that they can get guidance when
needed,
■■ Selecting the right number of seniors on a team is an
art that, if mastered, allows the seniors to accomplish
the required technically intensive tasks while still
forcing them to rely on the non-seniors for meaningful
work to complete the project, and
■■ Non-seniors are encouraged, although not required, to
join senior-led teams in the fall semester to help them
develop ownership in the project, thus becoming more
motivated and productive members of the team. Some
teams offer probationary team membership to nonseniors to evaluate their performance and determine if
they will offer full team membership in the spring.

Conclusion
The integrated engineering-design sequence, coupled with
our freshman engineering cornerstone course, offers all
students communication-intensive, project-based learning
in a collaborative environment in their freshman year. This
experience is then extended through the sophomore and
junior years until it culminates with the capstone experience
in which seniors lead multi-year teams that focus on a major
engineering-design project. This sequence is consistent with
four of the ten recommendations from the Boyer report
(Kenny 1998), which was originally written with research
universities in mind. However, Hu, Kuh, and Gayles (2007)
determined that students share the same frequency of
inquiry-based learning across all institutional types, and
Healey (2009) argued that recommendations from the Boyer
report apply to all universities. Recommendations in the
original Boyer report were acknowledged to be useful to all
universities in a follow-up study by the same commission
(Kenny et al. 2001).
The five-course design sequence and the freshman cornerstone
course offer students six sequential opportunities for projectbased learning, intensive writing and oral presentations
to defend their work, and the acquisition of technical and
professional skills that provide scaffolding for non-seniors
to become productive members of senior-led projects.
The vertically integrated teams also retain their collective
knowledge from one year to the next, thus allowing for
more complex topics and productive teams to facilitate
undergraduate research.
A large majority of students indicated in a recent survey that
the integrated course sequence was useful to the design work
they had performed in other courses, helped them to further
appreciate other courses in their discipline, promoted a
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further interest in their discipline, and had a positive impact
on their resolve to continue in engineering.

Omere, Emmanuel. 2013. “Reducing Convective Heat Loss in a Thermosiphon.”
Proceedings of the 2013 Math Engineering and Science Conference, Evansville, IN.
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E. Lee Coates, Aimee Knupsky, and M. Soledad Caballero, Allegheny College

Charting a Required Senior Capstone:
Diverse Scaffolding for Transformative Experiences

S

ince its founding in 1815, Allegheny College has had
a senior-year capstone requirement for graduation.
Over the past 70 years, this capstone has taken the
form of a senior project—independent research that all
students complete in their major fields of study. Here we
summarize this capstone experience, examine the curricular
and non-curricular structures in place to prepare students
for it, and present three case studies reflecting the diversity
of scaffolding provided in different disciplines. While
we focus on a close examination of our own selected
scaffolding strategies, many resources are available that
highlight other models for scaffolding research skills in the
arts and humanities (Klos et al. 2011) and for the integrating
of research into social (Larson 2012) and natural-sciences
curricula (Karukstis and Elgren 2007; Grabowski et al. 2008).
We also briefly summarize results from an assessment of
our students’ senior projects (Schermer and Gray 2012)
funded by the Teagle Foundation. We focus on the reported
strengths and challenges of our scaffolding practices and
discuss potential improvements.

Description, Logistics of the Senior Project
Allegheny does not have an honors thesis so our students’
senior capstone projects differ from honors projects or theses
at other institutions in that all students, regardless of their
academic performance, have the opportunity to conduct
original research, scholarship, or creative activities.
While each department has developed its own approach to
administering the senior projects, some key commonalities
unite the process. For example, all students work with an
advisor or “first reader”—a faculty member serving as the
primary mentor for the project. The first reader helps to
guide the student through the capstone process, provides
feedback on drafts of the project’s final paper, serves as a
consultant for design and analysis, and submits the final
grade. In addition, students have a second reader whose
primary responsibilities include evaluating the preliminary
proposal for the project and assessing the finished product
at a final meeting during which the student presents his/her
work and then answers questions raised by the two readers.
In some departments, the presentation of the student’s
senior project occurs in a public forum. Depending upon
the practices of the department, students may complete the
project in one or two semesters.
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From the time prospective students begin to consider
Allegheny, they learn about the required senior project
from admissions representatives, faculty, and students.
Although honors theses are quite common at liberal-arts
institutions, required senior projects are still relatively rare.
Therefore, students who decide to attend Allegheny may do
so, in part, for the opportunity to participate in the capstone
experience. As we describe below, curricular requirements
provide the scaffolding students need to complete their
projects, and students are exposed to these requirements in
the very first semester of their undergraduate careers.
As a result, conversations among students, staff, and faculty
often revolve around identifying ideas for the senior projects,
developing the skills to complete them, and sharing tips for
“surviving” the experience. The college culture supporting
the capstone project is quite strong, shaping the offerings of
departments, influencing student and faculty scholarship,
and anchoring the liberal-arts outcomes we hope to help
our students achieve. Although perceptions of the required
project vary across departments, the majority of faculty
members indicate a strong commitment to the value of this
transformative educational experience (Schermer and Gray
2012).

Curricular Structures Supporting Senior Projects
One of the most successful ways in which Allegheny
integrates scaffolding for research across all disciplines and
throughout students’ time at the institution is through our
curricular program called the FS sequence—with FS standing
for First-Year/Sophomore seminar. As the catalogue notes,
“taken together, the FS program, Junior Seminar, and Senior
Project ensure that Allegheny graduates are equipped to
think critically and creatively, to communicate clearly
and persuasively, and to meet challenges in a diverse,
interconnected world” (Allegheny Catalogue 2013-2014,
6). Five required classes tie the FS sequence together, and
they move in progression from a general focus on oral and
written communication in the first year, to more focused
disciplinary expectations within a given field, and finally to
the capstone experience of the senior project.
The goals of FS 101 are to familiarize first-year students
with the conventions of description and summarization in
writing and speaking. By the end of FS 101 (at the end of
the first semester), students are ready to analyze research and
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argument in writing and speaking and progress to FS 102.
In FS 102, learning rhetorical strategies of argument in oral
and written communication are key elements. In addition,
students learn basic research techniques and are expected
to use secondary sources to support their ideas in speeches
and writing assignments. At the end of their first year, all
students will have written at least one formal research paper,
having had the opportunity to assess sources, use library
references and databases, and integrate these materials into
their chosen topic and analysis.
In their sophomore year, students take FS 201, a class that
emphasizes writing and oral communication within a
specific discipline. This class may or may not be in their
chosen major, although many majors do require a specific
departmental FS 201 because it provides students’ first
opportunity to learn the conventions of research and writing
in a specific discipline. In addition, assignments in FS 201
courses are designed to familiarize students with databases
and citation styles in their chosen field. By their junior
year, all students must have declared a major and must take
a junior seminar in that major.
This junior seminar is a continuation of FS 201 and is the
place where students delve more seriously into a topic that
often produces an idea for their senior project. Usually
in the natural and social sciences, the junior seminar is
the launching pad for students’ proposed senior projects,
but even in majors such as English, where the topic of the
seminar and students’ senior projects are not necessarily
the same, all students practice the writing, speaking, and
research conventions of their field and apply them in longer,
more-complicated writing assignments. Thus, while the
senior project is the capstone experience, students begin the
process of acquiring the tools to complete it from their first
day at Allegheny, regardless of their major or minor.
In addition to the preparation provided by completing the
FS sequence, students can elect to complete independentstudy courses and internships for academic credit; these
activities also provide students with the opportunity to
develop the skills needed to complete their senior projects.
Internships with community partners provide students
valuable hands-on experiences that may shape the focus and
direction of their eventual capstone projects. Independent
studies may include conducting original research projects
and may help contribute to the research program of the
faculty mentor. While departmental practices vary, and
the skill set necessary to complete an independent study
depends upon the field of interest, students may begin
to participate in such experiences as early as their first or
second year at Allegheny.

Non-Curricular Support Structures
Beyond curricular structures, Allegheny provides competitive
summer research experiences for students enrolled in all
divisions of the institution, and several opportunities
for students to present their work have been developed.
Administrative support for these initiatives is provided
by the provost’s office and the Undergraduate Research,
Scholarship, and Creative Activities Office (URSCA). The
numbers of students participating in summer research
projects (that generally last six to 10 weeks) has increased
over the last 10 years, from 28 students in 2004 to 89
students in 2013. Funding, which comes from a variety
of sources (endowed funds and external grants), has also
increased, from $57,500 in 2004 to $247,700 in 2013.
One challenge, if these numbers continue to increase, will
be to accommodate all students wishing to participate in
summer research with Allegheny faculty. Because expanding
summer research is a strategic priority for the college, it is
likely that the limit will be the number of faculty members
available to mentor students during the summer, rather
than the funding available for student stipends and project
supplies.
Although summer research opportunities have been more
common in the natural and social sciences, Allegheny has
recently broadened opportunities, through an Andrew W.
Mellon Foundation grant, for faculty-student research in the
humanities. Compared to the natural and social sciences,
there are few models (Klos et al. 2011) for collaborative
research in the humanities between faculty members,
and even fewer models to guide collaborations between
undergraduates and humanities faculty. However, after
the Mellon funds became available in the summer of
2013, 15 humanities faculty members and 22 students
worked together on collaborative research projects. In
addition to summer funding, the grant allows for yearlong
programming, professional development, and workshops
to help faculty conceive humanities research projects with
undergraduates.
Contributing to the research culture at Allegheny are several
campus-wide events that have been developed to support and
share student-faculty collaborative projects. In addition to a
fall poster symposium for students to present their summer
research projects, and a spring-semester poster symposium
that celebrates the completion of the senior projects, we
developed the Allegheny College Research Seminar Series
(ACRoSS). This is a series of weekly summer lunch meetings
at which students present their projects to an audience
of administrators, faculty, and other student researchers
and receive feedback. ACRoSS started in the summer
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Charting a Required Senior Capstone continued
of 2008 and has grown each year. In 2013, 58 students
from 16 departments and programs (art, biochemistry,
biology, chemistry, communication arts, economics, English,
environmental science, history, international studies,
mathematics, neuroscience, philosophy and religious
studies, physics, political science, and psychology) presented
their projects to an audience that averaged 120 attendees
(ACRoSS 2013).
Because students present their work to students and faculty
from many disciplines, they gain experience in developing
a presentation suitable for a general academic audience,
which reinforces the Allegheny curricular emphasis on oral
communications. Moreover, ACRoSS also contributes to the
visibility of our research culture since audience members
usually include staff from the alumni, development, and
admission offices, as well as prospective students and their
parents.

Case Studies Across Divisions
In the examples below, we highlight three case studies
of how departments or faculty use scaffolding to prepare
students for their senior projects.
Scaffolding in the Natural Sciences: E. Lee Coates, Biology
Department
The curriculum for biology majors is structured to
provide students with the research, communication,
and laboratory skills needed to succeed in their senior
projects. After taking FS 101 and FS 102 (emphasizing oral
and written communication) and introductory biology
courses, sophomores enroll in “Investigative Approaches in
Biology” (FS Bio 201), a laboratory course that emphasizes
experimental design, laboratory techniques, analysis and
interpretation of data, and written and oral presentation.
The course consists of three four-week laboratory modules
that use research approaches at different levels of biological
organization—molecular/cellular, organismal/physiological,
and population/ecosystem. There are no lectures or exams;
students are evaluated on the written and oral presentations
of their research projects, as well as their ability to work in a team.
Because students rotate through three different research
modules in one semester, and prepare and present their
findings as a laboratory report and oral presentation, they
gain valuable laboratory research experience and begin to
develop the skills needed to communicate as scientists. For
most students this is their first exposure to investigative
or “open-ended” experiments, so in addition to learning
specific research techniques, students learn protocol design,
use of proper controls, data analysis, and in many cases,
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learn to troubleshoot problems encountered during the
experiments.
After completing the FS Bio 201 laboratory course, students
enroll in a biology junior seminar (Bio 580), which is
taught in a small seminar format (maximum of 10 students)
and introduces students to the primary literature and the
methodology used to address specific questions in biological
research. The seminar gives students the skills they need
to develop a critical review of the literature and a research
proposal. The research proposal is often used as the basis
for a student’s senior project. Like the FS Bio 201 course, the
junior seminars include independent laboratory research
projects, but in this case, projects are more in-depth,
extensive, and are usually related to the research conducted
by faculty members teaching the courses.
Students are evaluated on their written research proposal
and their report on their laboratory project, as well as
on their oral presentation of the proposal and laboratory
project. In addition, throughout the semester students are
assessed on their presentation and facilitation of a discussion
of several primary research articles. The junior-year biology
seminars are a logical continuation of the focus on speaking
and writing that begins in the FS 101, 102, and 201 courses,
thus providing the scaffolding that ensures students are
prepared for the senior project, graduate school, and their
careers after Allegheny.
Scaffolding in the Social Sciences: Aimee Knupsky, Psychology
Department
Through my experience mentoring seniors’ capstone
projects, I have found that students’ early exposure to a
research community and peer-to-peer mentoring help them
succeed in the capstone project. Students who have those
experiences report feeling more prepared for their senior
projects and are able to pose more creative and relevant
research questions. However, the students who select such
experiences or who are approached by faculty to participate
are typically among our higher-performing students as
measured by classroom accomplishments, limiting the
opportunities for other students who may benefit more
from these hands-on experiences. Therefore, I developed
practices to broaden opportunities for all students to engage
with research, beyond what they might encounter during an
FS201 course.
During my second year at Allegheny, I established a group
(now called the Psychological Science Brown Bag series) that
meets bi-weekly to model the conversations faculty members
have with research assistants. For example, sometimes
the group critically analyzes recently published articles,
paying attention to methodological choices and considering
possible fruitful extensions of the work. At other meetings,

Council on Undergraduate Research

ON THE WEB
COUNCIL ON UNDERGRADUATE RESEARCH

students completing their senior projects present their
methods, pilot materials, or share their preliminary results.
Thus the meetings allow students not currently conducting
research to engage in the process by asking questions and
providing feedback to those who present their work.
Attendance at the lunch-time sessions is not required, and
it is open to all students who want to learn about research.
The meetings are advertised in introductory-level courses
and participating faculty members encourage their research
students to attend. The result is a community that varies in
its research experiences and provides opportunities for peerto-peer collaboration. The sessions are also an approachable,
low-stakes entry into research for students who might not
otherwise seek out more formal opportunities.
I also have constructed a peer-to-peer mentoring process that
matches current research students with those who have not
yet had the opportunity to participate. Specifically, students
who are conducting senior projects with me can apply to
have an assistant, who is generally a first- or second-year
student, help them create test materials, test participants, or
code data. Because the seniors are responsible for training
these students and setting goals, my role as the faculty
member is limited to ensuring that the seniors are working
appropriately with their assistants and that the assistants are
completing their tasks in a timely manner. I also make a point
of inviting sophomores to join ongoing research projects.
These students are trained by returning lab students (usually
juniors) using a syllabus that details the expectations and
goals for the semester. For new student researchers, peer-topeer mentoring has been perceived as less intimidating than
working directly with a faculty member, and it can inspire
ideas for the newcomers’ own research projects.
In addition to receiving help with their current projects, the
student mentors also obtain valuable leadership experience
and achieve a deeper understanding of their work. Finally,
although this process requires faculty oversight, a key
advantage has been a reduction in overall workload for the
faculty member without significantly reducing the number
of research opportunities available for students.
Scaffolding in the Humanities: M. Soledad Caballero, English
Department
After a recent departmental self-study, the English department
decided to more consciously scaffold research, critical
methodologies, and literary theory into its curriculum. I
reconceived my mid-level English classes to incorporate
research opportunities.

Students take more seriously the practice and skill of
researching if it is incorporated throughout the semester. My
recent practices are to:
1.

require a Modern Languages Association tutorial
session with a reference librarian,

2.

require students to produce an annotated
bibliography and research proposal before writing
final essays,

3.

model students’ production of proposals and
annotated bibliographies using examples from
former students, and

4.

read articles from the secondary literature as a class.

Regarding the library tutorial, students, especially in midlevel classes, have varying degrees of comfort with scholarly
databases and, at times, with the library system. Students
realize from these sessions that research is trial and error.
Often, the best searches for information are the ones that
are creative and try multiple phrases rather than simply
look for material on a specific author or work of literature.
Because students need to see the multiple webs of scholarly
conversations that develop around a topic or theme in
a literary period, I assign students in mid-level classes to
research topics within a specific literary period.
The English department expects its students to write both
an annotated bibliography and a research proposal prior to
embarking on their senior projects. To facilitate disciplinespecific writing on a particular literary genre in mid-level
classes, I provide students with my own model for writing
both the bibliography and proposal, using examples from
former students so that mid-level students see that writing
in these forms in not beyond their abilities. I provide
explanation sheets for both.
Reading articles from the secondary literature as a class
demystifies the practice of scholarly writing and its important
techniques and strategies, allowing students to recognize the
conventions of writing in English studies. In my classes,
my students discuss how the writer incorporates secondary
sources, uses primary texts to support arguments, and makes
stylistic choices. Learning that disciplinary conventions
exist and what they are creates a platform for students’ own
writing.
Comfort with research expectations, with the genres of
research, and with the practice of research during all
four years of students’ academic careers is key to helping
students understand the value, expectations, and pleasures
of research. Demystifying the research process in mid-level
classes is a tangible, viable way to prepare students for the

www.cur.org

13

SUMMER 2014 • Volume 34, Number 4

Charting a Required Senior Capstone continued
work and intellectual rigor required of them in the junior
seminar and, ultimately, in their senior projects.

Outcomes, Challenges, and Future Directions

academic, financial, or personal reasons, requiring a senioryear research project ensures that all students, regardless of
discipline or academic ability, can gain the transformative
experiences that result from participation in a capstone
project.

Beginning in the spring of 2009, Allegheny was one of four
institutions that participated in an intensive three-and-ahalf year examination of undergraduate research capstones
funded by a Teagle Foundation grant (The Senior Capstone:
Transformative Experiences in the Liberal Arts, Schermer
and Gray 2012). Students, faculty, and staff participated
in a series of focus groups, and both students and their
faculty mentors completed assessments of individual senior
projects. The goal was to gather best practices from a number
of campuses, identify benefits and challenges to students and
faculty, and to suggest future directions for these capstone
experiences. While a comprehensive summary of the Teagle
report is beyond our scope here, the grant has highlighted
some positive results, challenges, and recommendations for
the future.

While the Teagle study conclusively showed the
transformative outcomes resulting from the capstone
experience, some important challenges remain, especially
in regard to structural support for both students and faculty.
One of the challenges is the inconsistencies that can occur
across student-faculty mentor relationships. Although the
Teagle report indicated that most students developed strong
relationships with their faculty mentors, a few students
reported dissatisfaction with the feedback they received or
they reported that their advisor was not engaged with their
projects. While differences in departmental cultures and
sizes of classes are relevant factors, an obvious contributor
to this problem is the lack of faculty-development programs
designed to help faculty learn how to mentor students
working on the senior projects.

The main findings of the Teagle study were that doing
the capstone project increased students’ critical-thinking,
communications, and research skills, in addition to
improving their academic ability, intellectual engagement,
and ability to manage projects (Schermer and Gray 2012;
Table 1).

Some faculty described learning to mentor research students
through trial and error or by having informal conversations
with departmental colleagues. A second challenge is the
different levels of preparedness students bring with them
to the senior-project experience. For example, while the
curricular scaffolding we have described provides a good
foundation, students who come late to a major may not
benefit equally from this scaffolding. Moreover, not all
students have the opportunity to complete summer research
or an independent study or internship for course credit prior
to beginning their capstone research. While Allegheny has
worked to increase such opportunities, there are limitations
for both students and faculty, due mostly to time.

Table 1. Benefits of Capstone Projects
Academic self-confidence and achievement
Critical thinking
Development of speaking and writing skills
Intellectual engagement
Project management skills
Research skills
Further, students representing all disciplines, grade-pointaverages, and genders exhibited significant gains in the
outcomes shown in Table 1, indicating that all students
benefit from the capstone experience (Schermer and Gray
2012). In addition, Allegheny alumni reported being
better prepared for a job or graduate school compared to
their peers who did not have such a capstone experience.
Alumni also reported that the senior project had a positive
influence on their intellectual growth and on their personal
growth, attitudes, and values. Some of these gains have
also been reported for students who participate in summer
science research internships (Laursen et al. 2010; Lopatto
2010). While some students may not be able to participate
in a research internship or independent study due to
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From a faculty perspective, the mandated senior projects
require a large investment of faculty time and college
resources. Allegheny faculty members do receive teaching
“points” for each student they mentor. The primary research
mentor generally receives three points; the second reader
receives one point. Once the faculty member accumulates 44
points, he or she is eligible for a course release. The number
of senior projects a faculty member supervises depends upon
the number of majors and faculty in a department. In larger
departments, it is not uncommon for faculty to mentor an
average of eight senior projects in a given year, making the
supervision of students conducting capstones a significant
portion of some faculty members’ workloads.
Moreover, as more students become engaged in faculty
scholarship either prior to or as a part of the senior
project, issues regarding the pace and productivity of
faculty members’ research programs arise. Although
these collaborative opportunities provide students with
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rich research experiences, they inevitably slow the faculty
member’s timeline for completing projects and can limit the
opportunities for publication and presentation. While many
faculty members are committed to student-faculty research,
the value of this work has not yet been made explicit in the
language of our tenure and promotion guidelines.

Karukstis, Kerry K., and Timothy E. Elgren, eds. 2007. Developing &
Sustaining a Research-Supportive Curriculum: A Compendium of Successful
Practices. Washington, DC: Council on Undergraduate Research.

Moving forward, several current or proposed initiatives may
improve the quality of the senior-project experiences for
both students and faculty. For example, recommendations
from the Teagle study included developing annual workshops
focused on advising students doing senior projects, as well
as creating a handbook for Allegheny senior projects.
While many departments have manuals for completing
the capstones, these are discipline-specific and thus are not
helpful for all students. Workshops and an overall handbook
could help address the inconsistencies in faculty mentoring
and the differences in preparedness of our students. In
addition, the faculty body that advises the provost and
president on college policies and practices is considering
a proposal for inclusion of language in our tenure and
promotion guidelines regarding student-faculty work.

Larson, Susan. 2012. “Using CUR’s Characteristics of Excellence to Improve
Undergraduate Research: Considerations for Integrating Research into the
Curriculum.” Amercian Psychological Society - Newsletter Article. 23(3).

Finally, Allegheny recently developed a college-wide
assessment of the learning outcomes from senior projects
that could help inform our future considerations of curricular
scaffolding (SPA 2012). This assessment was designed
to be broad enough to be relevant for all disciplines. For
example, faculty are asked to consider students’ disciplinary
proficiency, skills in planning and developing projects
independently, ability to evaluate and use information
effectively, ability to think in an integrative way, written and
oral communication skills, and intellectual development.
We expect that the results of the assessment will be used
by departments and programs during self-studies to assess
whether the desired student-learning outcomes for the
senior project are being met and also to track changes in
results when departments initiate any modifications, such
as scaffolding strategies, for students doing senior projects.
Because the assessment is completed independently by the
first and second readers, we may eventually be able to assess
the reliability of our measure and discuss which learning
outcomes we most value.
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Designing the Campus Environmental Audit as a Senior
Capstone Course: Achieving the Triple Bottom Line

T

he senior capstone seminar is an essential curricular
component of many degree programs. For a new
interdisciplinary B.S. degree in environmental science
and policy (ES&P) at Chapman University, a four-year
comprehensive master’s university located in Orange
County, California, the capstone serves two vital purposes
from an undergraduate research perspective. First, it serves
as a forum for committed students of environmental science
and policy to apply their knowledge and begin to address
real-world problems in the community. In doing so it allows
students to actively promote environmental sustainability,
which is increasingly seen as a legitimate and important
mission of the academy (Hales 2008). “Institutions of
higher education,” according to an essay in the Worldwatch
Institute’s annual publication State of the World, “must aim
to create an ecologically literate and ecologically competent
citizenry, one that knows how Earth works as a physical
system and why that knowledge is vitally important to them
personally and to the larger human prospect” (Orr 2010).
A second purpose of the capstone seminar is unifying
and reinforcing the undergraduate curriculum. This is a
particularly critical function for interdisciplinary programs.
A comprehensive assessment of degree programs in
environmental science and environmental studies concluded
that many of these programs lack clarity of purpose,
“suffer from muddled goals,” and represent “an educational
smorgasbord of course offerings” (Clark et al. 2011a). As a
remedy for this interdisciplinary malaise, Susan Clark and
her co-authors recommend a cohesive core curriculum to
integrate knowledge, culminating with an applied senior
capstone (Clark et al. 2011b). As such, the capstone seminar
also has to satisfy the needs of an outcomes-oriented
assessment process.
Key elements of the environmental capstone at Chapman
are independent research, a written report, and presentations
(in both oral and poster form). These elements are intended
to serve both as assessment tools and as opportunities for
students to demonstrate the critical thinking and researchbased skills developed throughout the ES&P curriculum.
From a broader perspective, the ES&P capstone provides a
potent example of embedding research into the curriculum,
a goal of many high-quality undergraduate programs (CUR
2012; Karukstis and Elgren 2007). Accordingly, the capstone
experience was structured to develop and assess mastery of
the ES&P program’s four desired learning outcomes:
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1.

Students will be able to apply critical thinking and
analytical skills to design and interpret scientific
experiments, results, and data.

2.

Students will be able to analyze and critically
evaluate the political, economic, and ethical aspects
of environmental policies.

3.

Students will be able to identify interfaces between
science and policy to assess complex environmental
challenges from an interdisciplinary perspective.

4.

Students will be able to communicate effectively
through written, visual, and oral presentations.

Expectations were especially high in the spring of 2013 when
the first graduates of the new degree program fulfilled the
capstone requirement by conducting Chapman University’s
first campus-wide environmental audit. The capstone was
designed to be a collaborative course, with students working
individually, in pairs, and as a team to complete the project.
This article details the design, execution, and assessment of
this unique, yet readily transferable, undergraduate research
project that served the needs of students, provided the
final building block in a new undergraduate program, and
will ultimately further the goal of campus environmental
sustainability at Chapman.

The Environmental Science and Policy degree
program
The bachelor-of-science degree in environmental science
and policy was launched in the 2009-2010 academic year
as an interdisciplinary collaboration between the Schmid
College of Science and Technology and the Wilkinson
College of Humanities and Social Sciences at Chapman
University. By leveraging existing faculty strengths in several
environmentally related fields—including earth-system
science, ecology, environmental chemistry, environmental
policy, and geochemistry—the degree was proposed in order
to offer a formal way in which students could pursue both
a strong scientific grounding in environmental issues and a
deeper understanding of the ways in which environmental
policies regarding these issues are developed, implemented,
and enforced. In simpler terms, the ES&P degree program
was designed to train environmental scientists who can
communicate effectively with policy-makers, and to produce
policy-makers who are scientifically literate in a range of
environmental topics.
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Figure 1. Schematic Outline of Curriculum for the
Environmental Science and Policy Degree

Core Compentency Courses

Major Required Courses

Ecology

Earth Systems

Policy

Senior Capstone

The structure of the ES&P degree is shown schematically
in Figure 1. In the first two years, majors complete
core competency requirements in mathematics (calculus,
statistics), general chemistry, biology, physics, and geology.
They also complete separate introductory courses in
environmental science and environmental policy, as well
as courses in environmental politics and the public-policy
process. Additional required courses designed specifically
for the major include an environmental seminar featuring

weekly guest speakers from various environmentally related
professions; introduction to Geographic Information Systems
(GIS); and an upper-level course on environmental problemsolving that helps prepare students for their capstone
experience by using case studies and basic mathematical
methods to understand the influence of human and
environmental factors on the flux of energy and matter.
Majors must also select one of three focused academic areas
of study (ecology, earth systems, or policy) and complete
three upper-level courses of their choice in their selected
area, along with one upper-level course in each of the other
two areas, thus ensuring a degree of breadth and depth
in students’ knowledge across all relevant areas of study.
These components of the curriculum were used to produce
a curricular map for assessment purposes. This map, which
appears in Table 1, indicates which courses introduce,
develop, and lead to mastery of each of the specific desired
learning outcomes.
The culmination of the ES&P curriculum is the capstone
seminar, in which all seniors design and conduct a group
research project during the spring semester prior to
graduation. Structured as a formal course with regular
class times and faculty instructors, the concept of the
capstone was to have seniors work collaboratively on a
single independent research project that resulted in a

Table 1. Environmental Science and Policy Curriculum Map and Desired Program Learning Outcomes (PLOs)
PLO 1
Apply critical thinking
and analytical skills to
design and interpret
scientific experiments,
results, and data

Course
ENV 101 Intro. to Env. Science

I

ENV 102 Intro. to Env. Policy
ENV 111 (L) Physical Geol. (+Lab)

PLO 2
Analyze and critically
evaluate political,
economic, and
ethical aspects of
environmental policies

I

PLO 3
Identify interfaces between
science and policy to assess
complex environmental
challenges from an
interdisciplinary perspective

PLO 4
Communicate
effectively through
written, visual, and oral
presentations

I

I

I

I

D

D

ENV 205 Env. Seminar

D

ENV 310 Geographic
Information Systems

D

ENV 330 Env. Problem Solving:
Energy/Matter Flow

M

D

POSC 374 Env. Politics + Policy

D

D

POSC 375
Public Policy Process

D

D

ENV 498 Senior Capstone
Seminar

M

M

M

M

Note: I=PLO is introduced in this course. D=PLO is developed in the course. M=course is designed for mastery of the PLO.
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clear, deliverable product and that demonstrated their
mastery of the program’s desired learning outcomes. One
advantage of group work is that students are able to produce
a substantive and comprehensive report with the potential
to impact the community, as the campus environmental
audit demonstrated. Further, the collaborative approach
has been embraced as a method to prepare students for
an increasingly complex and decentralized workplace
(Robins and Greenwood 2000). There should be greater
demand for employees who can participate in collaborative
decisonmaking in the future as government and nonprofit
organizations move toward the team model (Donovan 1998).

audits and capstone courses to foster student engagement
and integrated thinking (Calder and Clugston 2003).

Several possible capstone projects were considered by the
degree’s faculty curriculum committee prior to the first
offering of the senior capstone in spring 2013. These included
partnerships with local nonprofits, on-campus initiatives,
and research collaborations with non-governmental
organizations. Eventually the committee decided to conduct
a campus-wide environmental audit of Chapman. This
allowed maximum control over the execution of the planned
project while providing a clear deliverable of direct use to the
campus community.

Organizing students to conduct a campus environmental
audit readily satisfies the definition of undergraduate
research as “an inquiry or investigation conducted by an
undergraduate student that makes an original intellectual
or creative contribution to the discipline” (CUR 2012).
It also fulfills many of the goals for the conduct of
undergraduate research including the hands-on application
of knowledge, the development of interdisciplinary skills,
the public dissemination of research findings, and “the
ability to capture student interest and create enthusiasm
for and engagement in an area of study” (CUR 2012). The
concept of a campus environmental audit is also easily
transferable to any physical campus as a means to engage
undergraduates majoring in environmental sciences/studies
in conducting significant independent research “in their own
backyard.” At Chapman, we wanted to design the first ES&P
senior capstone to be an immersive undergraduate research
experience that would benefit the university community
and the environment, while also allowing considerable
cost savings for the institution—the “people, planet, profit”
model that is commonly referred to as the triple bottom line
in sustainability strategies (Elkington 1998).

History of Campus Environmental Audits

Structuring the Senior Capstone

A small number of colleges began conducting environmental
audits in the 1990s, inspired by the “Rio Declaration on
Environment and Development” resulting from a United
Nations Conference on Environment and Development in
1992. A key component of the Rio Declaration was Agenda
21, a comprehensive public policy strategy for communities
to achieve sustainability by integrating environment and
development decisions in an open and democratic way. A
campus-wide environmental audit first attempted in 1993 at
Bishop’s University in Lennoxville, Quebec, was eventually
institutionalized and became a planning and management
tool, as well as an instrument of pedagogy (Bardati 2006).
The impetus for campus environmental sustainability in the
U.S. originated with the 1994 Campus Earth Summit at Yale
University. That event produced the “Blueprint for a Green
Campus,” one of the first documents to provide a template
by which colleges and universities could set an example
for sustainability in their communities, including the
implementation of campus environmental audits (Campus
Earth Summit 1995). On the tenth anniversary of the Rio
Declaration, Wynn Calder and Richard M. Clugston reflected
on the near-invisibility of Agenda 21 in the U.S. and the
slow rate of progress toward adopting sustainability policies
at American institutions of higher education. Among their
recommendations was the use of campus sustainability

Preparatory readings were provided to ENV 498 students
during the “interterm” period in January prior to the start of
the spring semester. A survey also was distributed asking the
students to list and rank the areas they were most interested
in focusing on during the audit. The responses were used
to assign students as authors and co-authors of chapters
covering the 10 subject areas addressed by the audit, which
were (1) building construction, (2) curriculum, (3) dining
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Course framework. The spring 2013 ES&P capstone enrolled 10
seniors, and the authors served as co-instructors—Kim from
environmental sciences and Shafie from political science. A
university co-teaching grant awarded for the initial offering
of the capstone allowed each faculty member to receive
teaching credit for a full course, meaning that both faculty
members were present at all class meetings. They alternated
or shared instructional duties during classes and provided
extensive individual feedback on every student assignment.
An additional university grant of $1,500 awarded to facilitate
the teaching of sustainability across the curriculum was
applied to costs associated with the publication of the
completed audit, class travel to other campuses, and a public
event to publicize the final audit. The course, designated
ENV498, met twice per week for an hour and 15 minutes,
fulfilling the requirements for a three-credit lecture course
at Chapman.

Council on Undergraduate Research

ON THE WEB
COUNCIL ON UNDERGRADUATE RESEARCH

services, (4) energy, (5) landscaping, (6) procurement, (7)
recycling, (8) transportation, (9) waste management, and
(10) water. Each student served as the primary author of
one chapter and the co-author of a second chapter. This
degree of engagement before the course formally began
helped to establish the expectation that students would have
considerable autonomy in defining and developing their
portion of the capstone experience.
Syllabus. The course syllabus was structured so that the coinstructors would provide relevant instruction in their areas of
expertise while also allowing students multiple opportunities
to present their work and receive feedback on their progress
throughout the semester. For example, the class reviewed
case studies and research methods early in the course,
with instruction in and discussion of the more practical
components of an environmental audit scheduled later in
the semester. Outside speakers from Chapman University’s
offices of institutional research, strategic marketing and
communication, and academic technology were invited
Table 2. Summary Course Syllabus for ENV 498:
Environmental Science and Policy Senior Capstone Seminar
Week

Class topics

Interterm

Audit topic prioritization, preparatory reading

1

Course goals, timeline, introduction to conducting
environmental audits

2

Discussion of audit topic considerations and goals, case
studies

3

Proposal presentations

4

Research methods: surveys, writing

5

Research methods: quantitative analysis, data analysis

6

Campus visit: Santiago Canyon College, methods of
communication

7

Policy implementation at Chapman University

8

Life cycle analysis

9

Spring break

10

Update presentations

11

Campus visit: UC Irvine, considering
cost-neutral sustainability

12

Presenting data, crafting
recommendations: variables to consider

13

Campus visit: Orange Coast College, crafting an executive
summary and introduction

14

Final presentations

15

Chapman University Student Research Day (poster
presentations)

Final

Public release of 2013 Chapman University Environmental
Audit

to present talks on statistics, webpage design, and survey
administration and analysis. Three class field trips hosted
by facilities directors at nearby campuses provided the
students with examples of how other institutions address
sustainability issues. A summarized version of the course
syllabus is shown in Table 2.
Written assignments. Specific written submissions were due
at multiple points throughout the semester in accordance
with detailed templates provided to students in advance.
This allowed consistency in content and ensured that each
student was thinking critically about the variables, data,
and analytic methods most relevant to their topics. These
assignments and deadlines were essential because the ten
students were not only responsible for their own chapters
of the audit, but they were also responsible for collaborating
on a second chapter and the overall document. For example,
the initial proposal for a student chapter on a particular topic
asked students to provide:
■■ A brief history/background of your chapter topic as it
relates to Chapman University,
■■ The goals of your chapter—broadly, what information
do you hope to obtain and what analyses do you hope
to be able to conduct?,
■■ The data you anticipate you will need, over what timeframe, and from what departments and/or individuals it
will come,
■■ The types of survey questions you can envision (and
what population you will target) that will help you gain
insight into environmental practices and preferences
related to your chapter topic, and
■■ The kinds of recommendations you expect to be able to
make after conducting your analysis.
At each stage of the writing process, students were challenged
to identify and refine the key concerns and questions, the
types of data needed and how they would acquire it, which
methods of analysis would best answer their questions, and
what reasonable conclusions or recommendations they
could make based on their findings. Students were also
asked to determine what data were lacking or unobtainable
and to recommend additional studies to be conducted in the
future.
Additional written assignments included a chapter outline, a
draft of the chapter, a second draft of the chapter, the final
formatted chapter, and an academic poster presentation.
After uploading each assignment, students were then required
to provide detailed edits of their co-author’s chapter drafts
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and brief written feedback for four additional chapters (both
the first and second drafts). This ensured that at some point
each student had reviewed each chapter of the audit. Each
of the two co-instructors also provided written comments
and grades for every written assignment based on established
grading rubrics for the written work. These thorough peer
and faculty reviews provided an abundance of both detailed
and general comments at multiple stages of the writing
process, enabling students to readily identify areas needing
improvement, incorporate suggestions, and in some cases
conduct additional data analyses or investigations.
Sustainability survey. Even as the ten student authors worked
to collect specialized data for their individual chapters,
they also collaborated on a campus-wide survey that
served as a common data source. The Chapman Campus
Figure 2. Cover of the Chapman University Campus
Environmental Audit

Sustainability Audit Survey actually consisted of two separate
data collections: a student survey (n=977) and a survey of
faculty and staff (n=344). It gauged respondents’ knowledge,
attitudes, and behaviors on topics ranging from energy
use and recycling to commuting and purchasing patterns.
Each student in the seminar developed from three to seven
questions related to the subjects of their chapters for the
campus-wide survey, thus ensuring that the social and
behavioral side of sustainability would be incorporated into
each of the audit’s themes. The survey served as a valuable
source of original data and also as a useful pedagogical
exercise in survey design and analysis.
Oral presentations. The capstone course involved multiple
class presentations, scheduled to slightly precede the
submission of written assignments to allow students to
incorporate feedback on their presentations into the written
assignment. Each student gave three individual 15-minute
presentations over the course of the semester: (1) a proposed
plan of work for researching the topic at hand, (2) an update
of initial results and work yet to be completed, and (3) a final
complete overview of the background, results, conclusions,
and recommendations to the university. In addition, each
student participated in the Chapman University Student
Research Day, a campus-wide poster event showcasing
independent student research. Finally, at a campus reception
at which the audit findings were released, each student gave a
two-minute “elevator pitch” summarizing his or her findings
and held another formal poster session for a broad audience
of attendees. In-class feedback, written and scored peer
evaluations, and instructor-graded evaluations were provided
each time a student orally presented his or her work, allowing
progressive improvement in presentation skills throughout
the semester. Chapman’s manager of energy conservation
and sustainability also attended all presentations and offered
useful suggestions and clarifications to the students on their
findings.
Finished audit and dissemination. The final version of the first
Chapman University campus environmental audit (Figure 2)
begins with an executive summary that concisely presents
the findings of each of the 10 chapters, along with one or
two key recommendations by each chapter’s author. The
individual chapters each contain (1) an introduction to
the chapter’s specific subject; (2) a historical overview of
the subject at Chapman; (3) a detailed accounting of the
subject’s current status at Chapman (containing most of the
data, survey results, and other content collected throughout
the semester); (4) a concluding assessment (identifying
areas of progress, areas needing improvement, and existing
gaps in knowledge); (5) recommendations (grouped into
low-, moderate-, and high-cost or high-effort categories);
(6) university and off-campus contacts; (7) references; and
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(8) appendices. This structure intentionally mirrors that of
independent research studies and professional consulting reports.
The audit findings were officially released in May 2013 at
a public on-campus reception organized by the class to
which all university contributors, top administrators, and
ES&P majors were invited. Copies of the complete audit (a
limited edition of 75 were printed) were offered to selected
key contributors and administrators, and the online version
of the audit (available at www.chapman.edu/sustainability)
went live shortly after the event. Chapman University’s
president, James Doti, was sufficiently impressed by the
presentations that he requested a copy to be delivered to
every member of his senior staff.
Students further presented results from the finished audit at
the Metropolitan Water District of Southern California’s 2013
Spring Green Expo in May 2013 and also at the California
Higher Education Sustainability Conference in Santa Barbara
in June 2013. Perhaps most importantly, the standing
Chapman University Faculty Sustainability Committee is
currently using the audit and its chapters’ recommendations
as a governing document for the committee’s future efforts.

within the past five years, in some cases corresponding to
Chapman’s hiring of a manager of energy conservation and
sustainability in 2011. Another consistent finding was that
the decentralized, non-digital format used to store most
university data related to sustainability (e.g., utility bills,
purchasing data, photocopy-center requests, and waste
disposal costs) poses a considerable obstacle to meaningful
analysis and assessment of areas needing improvement.
Students identified potential substantial cost savings in
several areas, a result that was personally empowering and that
financially validated the importance of conducting a campus
environmental audit. For example, after requesting and
receiving estimates from multiple artificial turf companies,
the authors of the landscaping chapter calculated that
replacing the campus’ central Memorial Lawn with artificial
turf would result in savings of more than $400,000 in periodic
turf replacement, fertilizer, and herbicide costs over a 15-year
timeframe. In another example, the student researching
waste management found that the waste-disposal provider
had overcharged the university for waste pickup over the
past year and a half by $9,300, which the provider upon

Table 3. ENV 498 Form for In-class Peer Evaluation and Feedback for Oral Presentations

I. Preparation & Contents
Poorly prepared

1

2

3

4

5

Well-prepared

Missed important concepts

1

2

3

4

5

Comprehensive coverage

Poor voice quality/eye contact

1

2

3

4

5

Excellent voice/eye contact

Irregular pace

1

2

3

4

5

Even Pace

III. Overall presentation rating

1

2

3

4

5

II. Presentation

IV. Comments/Questions:
Key findings. The vast majority of findings produced by the
audit were identified for the first time by the students during
the research on their individual topics. For example, students
compiled years of utility bills and invoices; conducted a
Geographic Information System investigation of the locations
of outdoor trash and recycling containers; tracked usage of
refillable water stations; quantified the increasing occurrence
of terms such as “environment” and “sustainability” in
course-catalogue descriptions over time; and calculated the
relative proportions of university purchasing orders that
requested recycled versus non-recycled products.
Nearly all of the students reached a similar conclusion: that
after relatively minimal or modest activity at Chapman
on measures of environmental sustainability over previous
decades, substantial improvements had taken place

notification agreed to credit back to the university.
Assessment. When the capstone seminar was offered in
spring 2013, it represented the first opportunity to gauge
the effectiveness of the new four-year curriculum in
environmental science and policy. Therefore, assessment of
the program’s desired student-learning outcomes was also a
goal when evaluating the capstone.
As the members of the senior class researched their topics
and made progress on their individual chapters, the regular
assignments and deadlines produced valuable feedback from
peers as well as the instructors. Students gave substantive
comments to one another and used a common rubric (See
Table 3). For oral presentations, students evaluated one
another on the basis of (1) preparation, (2) the inclusion
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and presentation of relevant concepts, (3) voice quality
and eye contact, (4) pacing, and (5) overall quality of the
presentation. Written assignments were evaluated using a
grading rubric that included the chapter proposals, drafts,
and the final chapters.
To help assess students’ learning outcomes, the audit project
was structured to include skills ranging from interpreting
data to analyzing policies to communicating results. These
goals of the capstone were achieved, and in many respects,
faculty expectations were exceeded. Similarly, the course
evaluations were highly positive. Students expressed pride
in the final audit as well as appreciation for the collaborative
process involved in producing it. A typical student comment
listed valuable aspects of the capstone experience:
“[I] liked that it helped prepare us for the work field and
the ‘real’ world in that it forced us to work with other
professionals in the field. Liked that we were all able to give
each other feedback and get comments on our work.”
Numerical course evaluation results also reinforced the
finding that students were satisfied with the course. For
example, the statement “The instructor encouraged me to
think critically about the subject matter” received a score of
4.9 out of a possible 5.0 scale (n=9).
Based on student feedback and the campus community’s
response to the audit, we concluded that the audit format
could effectively serve as a template for future capstone
projects. The initial costs of the course that were covered
by an external grant will be incorporated into the ES&P
program’s budget, which due to a 2013 external review
has been increased to include these and other program
costs. Going forward, the ES&P program is scheduled to
offer the capstone seminar every spring semester, revisiting
two or three of the ten sections of the audit in greater
depth each year and conducting the full audit again about
every five years. This may necessitate the development of
additional sections of the capstone class (and additional
faculty, as the co-teaching grant was only for the inaugural
course) in order to accommodate all seniors enrolled in the
program, with separate topics investigated by each section.
However, these additional sections are expected to be readily
approved because of rapid increases in enrollment in the
ES&P program since its launch in the 2009-2010 academic
year. The scalability of the capstone experience as the major
expands is therefore viable but will depend on a continued
and proportional growth of instructional and financial
resources for the program.
In assessing the capstone seminar, we identified several areas
for improvement. The most prominent theme in student
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comments was the amount of work required within the
afforded time frame. Most considered the project to be
too ambitious to undertake during a single fourteen-week
semester. The following student comment was representative:
“…this is a course that should last a full academic year. The
work that we produced was great but a more relaxed pace
would have allowed us to produce a more thorough and
comprehensive audit. I feel that a whole semester could
have been dedicated to gathering data, analyzing, and
re-organizing our data and collective information before
compiling it into a report.”
In response, the spring 2014 iteration of the ES&P capstone
(which focused specifically on water and landscaping issues)
scheduled pre-semester informational meetings, assigned
additional targeted readings during the interterm period,
and conducted an online survey of capstone students to
determine what topics to focus on in this year’s audit. In
addition, lessons learned by the co-instructors during the
inaugural version of the course were incorporated into
the 2014 version to adjust the pacing of the course, the
deadlines for various deliverables, and the structure of the
instructional content offered throughout the semester. The
inaugural 2013 audit, which provided recommendations
and pinpointed gaps in data for selected topics, also served
as a strong foundation upon which the following year’s class
could build more efficiently. A more permanent curriculum
revision under consideration involves the addition of a
one-credit weekly seminar during the fall semester for
senior capstone students to further spread out the workload
expected in such a research-intensive project.
One common source of frustration for the student authors
was the resistance or unresponsiveness they sometimes
experienced from administrators, staff, and contractors
when seeking data. As a result, future projects will require
better planning and arrangements in order to secure buy-in
from these gatekeepers as early as possible. As instructors,
we consciously want to limit our participation in the
data gathering and analysis. However, our first cohort’s
experience demonstrates the need to pay more attention to
clearing bureaucratic obstacles ahead of time. Severe delays
could undermine the timeliness of the research process and
final report, impacting the students’ learning experience and
increasing the stress for the students involved. An additional
area with significant potential for improvement is the
quality of assessment, which could benefit from conducting
pre-capstone and post-capstone surveys to measure students’
perceptions of their capabilities and educational advances in
the course. Finally, there are issues frequently associated with
group work, such as differences in student effort and “free-
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rider” problems. These are likely to remain challenges for
instructors and students as they undertake future capstone
projects.

University Environmental Programs as a Policy Problem (Part 1): Integrating

Conclusion

Richard L. Wallace, David J. Mattson, Douglas A. Clark, Lee Foote, Naomi

The successful completion of Chapman University’s first
campus-wide environmental audit provided a rigorous,
applied undergraduate research experience for graduating
seniors majoring in environmental science and policy.
Establishing a standardized structure for the senior capstone
seminar that can be readily repeated in upcoming years, yet
provide unique results each time, should pay substantial
dividends to both the ES&P major and the university as
a whole. Envisioning the senior capstone as a series of
annual environmental audits on specific topics is also a way
of consistently ensuring that all ES&P majors experience
directed undergraduate research at least once during their
college careers, addressing both the goals of the senior capstone
seminar and the learning objectives of the ES&P major.

University Environmental Programs as a Policy Problem (Part 2): Strategies

Further, annual environmental audits will serve as a positive,
constructive, persistent force in maintaining Chapman’s
progress toward more environmentally sustainable practices.
In addition to being programmatically sustainable, the ES&P
capstone effectively achieves the “triple bottom line” goal
of environmental sustainability: benefiting people (ES&P
majors, faculty, and university staff), the planet (through
recommendations for reducing resource use and increasing
energy efficiency), and profit (through cost-savings achieved
by carrying out the recommendations).
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Secondary Analysis of Existing Data in Social Science Capstone Research

S

econdary analysis of existing data is an important
model for capstone research in social science
because it allows students to integrate and apply
the knowledge gained through coursework in their majors
or minors. Students identify connections among concepts
learned through coursework, identify appropriate data and
statistical methods to answer relevant research questions,
and use statistical modeling to demonstrate and interpret
relationships among concepts. Through activities that
include a research proposal, a proposal to the campus
institutional review board (IRB), an annotated bibliography,
data analyses, and a final public presentation, students
gain applied analytical skills and make progress toward
mastering the undergraduate learning goals of self-directed
learning, critical thinking, scientific reasoning, ability to
conduct statistical analysis, and effective oral and written
communication.
The advantages of using the secondary-analysis model in
capstone classes include efficiency, publishable outcomes,
transferrable skills, and student-faculty collaboration. This
model is especially effective for students pursuing careers
in the health sciences because it provides a complementary
approach to understanding health problems and develops
skills and content knowledge necessary for success in
medical or professional school or in analytical careers.
Specifically, secondary analysis of existing data involves
obtaining datasets from studies that have already been
completed and using the data to answer new questions (Smith
et al. 2011; Trzesniewski et al. 2010). The major advantage
of this research model is that it eliminates the time and
expense of gathering data and relies on high-quality, reliable
data collected by experts. The major disadvantage is that the
undergraduate researcher has no control over the contents
of the data, so she or he must search for datasets appropriate
to answer particular research questions. Secondary data can
be physical (e.g., lab specimens), qualitative (e.g., in-depth
interview transcripts), or archival (e.g., newspaper contents).
Most secondary datasets are based on large-scale surveys,
are intended to be nationally representative, and utilize
quantitative self-reported data. These data can cover the
social, demographic, economic, and other characteristics of
individuals; behaviors, attitudes, preferences, and beliefs;
and, sometimes, administrative, physical, and genetic data.
Two examples of general social science datasets that are
often used for secondary analysis are the U.S. General Social
Survey and the global World Values Survey.
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The secondary-analysis model fits all of the essential features
of good undergraduate research, educating students in
reading scientific literature, developing research questions,
designing studies, working independently and collaboratively
with faculty, mastering research techniques, improving oral
and written communication, and providing opportunities
for course credit, presentation, and publication (Lopatto
2003). This model of undergraduate research is based in
student-centered, active-learning methods (Blumberg 2005).
As a form of inquiry-based learning, it can increase students’
science-literacy skills and self-efficacy (Brickman et al. 2009),
which are essential for the growing number of employment
opportunities that require quantitative analysis. Although
the outcomes are clear, the process can be difficult for both
students and faculty. The model, methods, advantages,
challenges, and applications presented in this article will
provide a template for students and faculty to use to
successfully navigate the intricacies of secondary analysis
and maximize learning outcomes.

Model and Procedures
One option for the capstone required for a social science
minor at the University of the Sciences in Philadelphia
is a course titled Directed Research in Social Science.
This particular course requires students to have completed
an introductory social science course and a biostatistics
course and is recommended as a capstone after they have
completed a series of other social science courses. This
three-credit course operates on a 15-week semester. Table 1
presents an overview of assignments, learning objectives,
and assessments described in more detail below.
Research proposal. Students who elect to pursue directed
research typically have a broad idea of topics that they
are interested in studying. The first four weeks of the
semester involve intensive work identifying specific research
questions related to those broad topics. Although this
capstone’s model focuses on secondary analysis of existing
data, this step in the research process also includes analysis
of other research methods (e.g., interviews, focus groups,
clinical trials), what methods are best suited to answer
certain types of research questions, and the advantages and
disadvantages of various approaches to the topic of interest.
This exercise highlights how different methodologies offer
different perspectives on particular topics.
The first step in this process utilizes a concept map to
identify broad areas of interest (often the social science
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Table 1. Overview of Procedures in the Directed Research in Social Science Course.
Assignment/
Procedure

Learning objectives

Basis of Assessment

Research
proposal

Develop informed and feasible research questions and
hypotheses based on concept map, literature review,
and available data

Institutional Review
Board (IRB) proposal

Design a practical and ethical research project

•
•
•
•
•

Annotated bibliography

Summarize, assess, and reflect on scientific literature
relevant to the chosen topic

Data analysis

Acquire and analyze appropriate data

Presentation of results Interpret results and present conclusions

•
•
•
•
•
•
•
•
•
•
•

courses that the student has taken), to identify sub-topics
within those broad areas, and to make connections among
sub-topics. The end result is from one to three research
questions that are narrow enough to guide the development
of one journal article but broad enough to allow for the
revision and adjustment in focus that may become necessary
in later steps.
In the second step, students and faculty explore the scientific
value of proposed research questions. A brief literature search
is conducted to outline what is known about a student’s
suggested topic, why more research is needed in this area,
and what the student’s contemplated study can contribute
to the knowledge base.
In the third step of this process, a search of available datasets
is conducted to assess whether the research questions
can be addressed with publicly available datasets. Some
common sources of data relevant for social science research
include data gathered by the Inter-University Consortium
for Political and Social Research, the Pew Research Center,
and the federal Centers for Disease Control and Prevention.
If no datasets with appropriate variables and research designs
are found, then the proposed project is not feasible and
students’ research questions must be adjusted to reflect the
realities of available data.
The students will cycle through the three steps outlined
above, with each step improving the feasibility and scientific
value of the students’ proposed studies. The end result is a
three- to five-page research proposal that identifies research
questions, justifies the need for the research, and describes
the data source(s) appropriate for addressing the research
question. Assessment of the students’ work is based on their
justification for the research topics, the clarity and relevance

Justification of research topic
Clarity and relevance of research questions and hypotheses
Consideration of research designs and available data
Justification of research topic
Accurate description of data source, risk to participants, and protection of
personal information
Attention to required details
Thorough literature search technique
Proper citation formatting
Critical review of the literature
Demonstrated understanding of the dataset structure and contents
Accurate and appropriate statistical analysis
Organized structure and presentation
Persuasive background and rationale
Clear presentation of data source, measures, and analytic methods
Graphical and textual presentation of results with clear and accurate interpretation
Informative and persuasive discussion

of research questions, thorough consideration of research
designs, evaluation of data sources, and the clarity and
organization of the writing in the final research proposal.
Institutional Review Board (IRB) proposal. Protection of human
subjects is essential to any research project that analyzes
data based on interviews, surveys, or clinical encounters
with people. Thus, training in ethical requirements for using
human subjects in research and approval of the research
proposal by the campus institutional review board (IRB) are
important elements of the secondary data-analysis model.
Students should complete any institutionally required
training in the ethical conduct of research and protection
of human subjects (e.g., National Institutes of Health
training on Protecting Human Research Participants). In
most cases, students will analyze publicly available data that
cannot be linked to specific individuals, and they will not
directly interact with study participants, so there is no risk
of violating privacy protections. Such secondary analysis of
publicly available data is likely to be judged as exempt from
full IRB review (Puglisi 2001). This is important given that
the IRB-approval process can deter faculty from encouraging
students’ collection of data due to the risk of delays and
restrictions (Bledsoe et al. 2007).
The IRB proposal is important for three reasons, however.
First, it teaches students about the preparatory work necessary
for ethical research. Second, most university IRBs mandate
that even research that is likely to be exempt still must
be submitted for review, approval, and oversight. Third,
formulating the IRB proposal requires students to explain
their research goals and methods in a clear and concise
manner understandable by outside reviewers. The transition
from research proposal to IRB proposal takes approximately
two weeks. Assessment of this step is external, based on
whether the student explained the project sufficiently well
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to gain approval from the IRB. Approval is often based on
submission of a brief literature review and a justification
and rationale for the research project; accurate description
of data to be used, risk to participants, and protection of
personal information; and attention to required details.
Annotated bibliography. Analysis of secondary data cannot
proceed without IRB approval. Therefore, weeks seven
through nine can be devoted to further literature review,
resulting in an annotated bibliography. Many students
reaching the capstone stage were not properly trained or
do not remember how to search for scientific literature.
Thus, guidance by a librarian well-versed in social science
resources would be especially useful at this stage and would
lessen the burden on faculty members to mentor students in
the search process. This exercise is intended to supplement
the original literature review and focus on issues related to
selection and analysis of variables. For example, what factors
have been demonstrated to be important to the selected
research questions? How have previous studies measured
those factors? What limitations of previous research should
be overcome? What are the limitations of the chosen dataset
and measures? Thus, the annotated bibliography includes
references that will be cited in the introduction, explanation
of data and measurement, and analysis sections of the final
research presentation.
Assessment of this procedure focuses on literature-search
techniques, citation formatting, and critical review of the
literature. The latter should include a summary of each
source, assessment of limitations in the reported research
and the resulting implications for the proposed research,
and reflection on how each source may inform the students’
research project (see Purdue Online Writing Lab for more
detail: owl.english.purdue.edu/owl/resource/614/01). It is
important to emphasize at this point that the literature
review phase continues in cycles; after a full draft of the
research report is completed, it will be necessary for the
student to again search the literature to frame his or her
discussion of important findings.
Data analysis. Statistical analysis is at the heart of capstone
research modeled on secondary analysis of data. Although a
substantial amount of preparation is necessary, this model
allows for six weeks of data analysis during a typical 15week semester. It is crucial that faculty provide adequate
guidance on the conceptual, methodological, and applied
aspects of statistical analysis, even if the student has
recently completed a statistics course. This guidance can
take the form of instructional packages covering major
areas of analysis, including: (1) creating an analytic sample,
(2) inspecting and cleaning data, (3) testing assumptions,
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(4) descriptive statistics, (5) bivariate analysis, and (6)
multivariate analysis. Each instructional package should
contain the rationale behind each procedure and a simplyworded guide to conducting analyses and interpreting
output for the chosen statistical package. The package also
should pose key questions to help the student write about
the statistical tests and results.
Several data-analysis packages may be appropriate for student
research, depending on institutional resources and faculty
and student preferences. SPSS from IBM is one popular
package that has a user-friendly point-and-click interface.
For students who are more inclined to coding, SAS or
STATA is appropriate, especially for weighting with complex
sample designs. An open-access option that requires coding
knowledge is R. Regardless of the package, students need
explicit guides to help them focus on applying their
knowledge and answering their research questions. Written
guides by the software company and faculty also provide a
reference manual to help students apply their analytic skills
in later graduate work or employment.
Assessment of the data-analysis component of students’
work is based on students’ answers to research questions
at the end of each written guide. Table 2 demonstrates
some typical questions for each step of statistical analysis.
Successful completion of this step will lead the student to
write most of the measures, analysis, and results sections of
a paper or poster.
Presentation of results. Students who complete a research
capstone should be required to present their findings,
whether through a written term paper, poster presentation,
or oral presentation. This final step integrates all of the
students’ previous work in the semester to produce a final
analysis of their social science hypotheses. Assessment is
based on how well the student has organized and presented
the research report; whether he or she has provided a
persuasive statement of the background and rationale for
the research; whether the student has clearly presented data
sources, measures, and analytic methods; whether graphical
and textual presentation of results is clear and the research
results are correctly interpreted; and whether the student
has provided an informative discussion that persuades the
reader that the research was important. The presentation
completes the requirements for a capstone course, but
students should be encouraged to present their results
externally when feasible opportunities arise.

After the Capstone
Students who complete a secondary analysis of existing
data should present a poster or oral presentation of their
findings at a local, regional, or national scientific meeting,
either in social science disciplines or in the student’s major
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Table 2. A Step-by-Step Guide to Statistical Analysis
Research step
Creating an
analytic
sample

Inspecting and
cleaning data

Questions to answer
• What is the target population of the study sample?
• Is the sample representative of the population?
• How will you further restrict the sample to match your
population of interest?
• How many participants have data missing on important
variables?
• How can you adjust for complex sampling designs?
• What outcome, explanatory, and contextual variables
are important?
• How are variables coded in the data?
• At what level of measurement?
• Are the ranges and distributions of variables reasonable
and error-free?
• What references are needed to determine how to
describe and use each variable?
• Should you recode variables to facilitate interpretation,
fit the study population, or fit established metrics?

Testing
assumptions

• What type of statistical models will answer your
research questions?
• Depending on the nature of the outcomes and statistical design:
• Are the data normally distributed?
• Are observations independent or linked?
• Are between-group variances homogeneous?
• Are outcome variables modeled by additive
and linear combinations of covariates?
• Do data need to be recoded or restructured to avoid
violating assumptions?

Descriptive
statistics

• For continuous variables, what is the mean/median and
standard deviation/interquartile range?
• For categorical variables, what is the percentage and
number for each category?

Bivariate
analysis

• Are there significant differences in outcome variables by
value of explanatory variables?
• Do unadjusted regression models show a significant
association between each explanatory variable and the
outcome variable?
• Which variables should be included in multivariate
analysis?

Multivariate
analysis

•

•
•

Taken together, which explanatory variables are
significantly associated with your outcome variable(s)
and how?
How much variation in the outcome does your model
explain?
Do the results support or refute your hypotheses?

discipline. This opportunity provides meaningful feedback
from new perspectives, adds to the student’s experience
and resume, and advertises the institution’s dedication to
training undergraduate researchers. Students should make
a serious attempt to publish their work in a peer-reviewed
journal, again gaining valuable feedback and experience
with the research process while bringing recognition to the
student, department, and institution.
Undergraduate research journals are excellent outlets for
this work, but ambitious students may wish to submit to a
professional journal first. In all forms of presentation, the
student(s) should be listed as first author with the faculty
advisor as last author. The project is ultimately the student’s
idea; the faculty advisor’s role is to teach students how to
properly research that idea and ensure that the final product
is of publishable quality.

Learning Goals
Secondary analysis of existing datasets supports the goals for
undergraduate learning of critical thinking, scientific reasoning, statistical analysis, and oral and written communication. In one study, while almost all students reported gaining
knowledge about a specific topic as a result of their research,
social science students particularly valued the learning outcomes of improved communication skills, better problemsolving skills, ability to formulate research questions, ability
to contribute new knowledge to society, and opportunity to
publish (Craney et al. 2011). Other studies have identified
similar learning objectives, including integrating and extending disciplinary content and developing analytical skills
and understanding of research (Hauhart and Grahe 2010;
McKinney and Busher 2011).
Thus, while learning specific content is important, especially
when based on the student’s interests, the development of
research skills and systematic procedures is also important.
Throughout the research process, students must justify their
decisions, overcome obstacles, use data to reach conclusions,
and effectively communicate their ideas to others. Through
this model, students learn a framework to develop methods
of inquiry that can be applied to any field or topic in
later life. The one-on-one nature of the research capstone
provides a safe, guided environment for students to learn
valuable job skills.
The secondary-analysis model is rather fixed regarding some
definitions of undergraduate research: it is student-initiated,
process-centered, and multi- or interdisciplinary; other
aspects of the research process, such as level of collaboration

www.cur.org

27

SUMMER 2014 • Volume 34, Number 4

Secondary Analysis of Existing Data continued
and presentation, will vary along a continuum depending on
the student’s skills and interests (Beckman and Hensel 2009).
The model thus allows all students to gain rigorous research
experience in a topic that interests them, while allowing
flexibility in other areas.

Advantages of the Secondary-analysis Model
One advantage of the secondary-analysis model is that it is
efficient. Students can identify a topic, conduct a literature
review, analyze data, and prepare a final presentation all
within one semester. As long as the dataset is publicly
available and does not contain information that may
identify respondents, the project should be granted exempt
status by the campus institutional review board (IRB).
Because the data are already collected, students can move
right into developing a research question and conducting
statistical analyses without the time-consuming and oftenthwarted efforts of gaining project approval and recruiting
study participants.
Data collection is an important skill worth practicing in
many contexts, especially for students with plans for graduate
school. However, efficiency in gaining data is a crucial
criterion if students are to complete a research experience
in the context of a one-semester research capstone course.
The secondary-analysis model overcomes major limitations
noted in studies of sociology and psychology capstone
research—specifically, challenges related to the time needed
to collect data and obtain IRB approval (Hauhart and Grahe
2012).
Another advantage of the secondary-analysis model is
that it produces publishable research. Large, nationally
representative datasets, often produced by major universities
and government agencies, are viewed as credible sources of
data appropriate for publication in well-respected journals.
Small datasets designed and collected by students, a common
model in undergraduate social science research, are not
viewed as having the same quality and rigor and their use
may lead to difficulty in publishing the resulting research in
peer-reviewed journals. With proper guidance and diligence,
it is possible for students and their faculty mentors to
submit a manuscript for publication based on as little as one
semester’s work in a capstone; in most cases, some additional
revisions will be necessary after the capstone but before
submission.
A third advantage of the secondary-analysis model is that it
provides transferable skills relevant to many types of research,
including clinical medicine, public health, business, and
more. This is directly related to secondary analysis as an
active and self-directed learning method. Allowing students
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to guide the content and goals of the research project
teaches self-directed learning, which is important to enable
students to later engage in lifelong learning (Blumberg 2005).
In particular, inquiry-based learning increases students’
scientific literacy and self-efficacy (Brickman et al. 2009).
Once students learn the methods and procedures of
scientific inquiry, they will feel confident in applying this
knowledge to later ventures. Students engaged in secondary
analysis learn how to summarize data, make comparisons,
test assumptions, and model factors associated with any
number of outcomes. Most importantly, students learn
how to identify and resolve problems within secondary
datasets—skills that are incredibly valuable for future work as
independent investigators or as members of a research team
in any data-based profession.
A fourth advantage of the secondary analysis model is close
student-faculty collaboration, which is associated with student
satisfaction and retention (Nagda et al. 1998; Shellito et al.
2001). The research topic is initiated by students’ interests,
not faculty interests, although faculty advisors need to have
adequate knowledge of the topics. Meetings typically take
place in the faculty advisor’s office, allowing the student
and faculty member to work together through drafts of
the research proposal, process feedback, and develop the
products resulting at each step in the process. This close
collaboration encourages student motivation and ownership
of the research agenda, improving the likelihood of future
publication.

Challenges of the Secondary-analysis Model
The secondary-analysis model will not always be effective.
It requires dedication from both the student and faculty
advisor. Students may become frustrated by the limitations
of existing data and decide to frame a research question
around available data instead of first developing the research
question they want to answer (Smith et al. 2011). They may
become frustrated by the many rules and regulations of
statistical analysis, or have difficulty working with statistical
programs on their own. If proper statistical software is not
available through the institution, or if relevant data are not
available free of charge, obtaining funding for these essential
research components may be a challenge.
Faculty workloads may become burdensome if advisors
mentor too many students or if one (or more) of their
mentees requires extensive guidance. Departments may
find that they do not have enough faculty members with
appropriate experience and analytic skills (Hauhart and
Grahe 2012). That is why it is important for the students
and faculty advisors to meet before the semester begins to
discuss student motivations, expectations, skill levels, and
mutual interests.
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Application to Health Sciences
The secondary analysis of an existing data model is especially
effective in social science capstones for undergraduates
pursuing careers in the health sciences. In addition to the
general social science datasets mentioned above, several
other publicly available health-related datasets are presented
in Table 3. These datasets allow students to explore a health
outcome that is important to their future professions
using different disciplinary perspectives, including
sociology, psychology, and anthropology. Some datasets
contain additional health-relevant data on genetics, health
assessments, laboratory values, and healthcare utilization.
The types of research produced by secondary analysis that
are relevant to the health sciences can be classified as social
epidemiology (e.g., why are certain groups of children more
prone to obesity than others?) or health-services research
(e.g., how is health literacy associated with treatment
adherence among adults with chronic illness?). For example,
a pharmacy student interested in the expansion of flu
vaccination to pharmacy and other non-traditional settings

analyzed the National H1N1 Flu Survey to identify patterns
in vaccination settings based on socio-demographic factors
(age, race, gender, income, etc.), insurance coverage, and
beliefs about vaccinations. In another example, a pre-med
student also interested in flu vaccination analyzed the same
dataset to identify social patterns in parents’ reasons for
not vaccinating their children, again focusing on sociodemographic factors, health-care factors, and health beliefs.
Both students have presented their research within the
university and are preparing manuscripts for submission to
peer-reviewed journals. A third student was less successful
and decided not to pursue dissemination of the research after
the capstone. These students’ preliminary work with the
secondary-research model informed expansion and revision
of the model, which can now be assessed using rates of
students’ publication success, as well as the results of beforecapstone and after-capstone testing of students’ scientific
literacy and research self-efficacy (Brickman et al. 2009).
Research experience is an important supplement to traditional
clinical and scientific training for students interested in the

Table 3. Key Datasets for Social Science Research, By Disciplines
Dataset

Content

Relevant disciplines

General Social Survey1

Self-reported socio-demographics, behaviors, and attitudes of adults in the U.S.

Economics, political science, psychology, sociology

World Values Survey

Self-reported socio-demographics, social and political values, and well-being of
adults in more than 80 countries

Anthropology, economics, political science, psychology, sociology

National Flu Survey2,3

Self-reported socio-demographics and beliefs, attitudes, and behaviors related to flu Health-services research, medicine, pharmacy,
vaccination, data from adults and parents of children in the U.S.
public health

National Health Interview Survey2

Self-reported socio-demographics and health (status, care utilization, and behaviors), data from adults and parents of children in the U.S.

Health-services research, medicine, public health

National Health and
Nutrition Examination
Survey2

Self-reported socio-demographics, diet, health (status, behaviors, care utilization),
and medication usage, data from adults and parents of children in the U.S.; data
from physical examinations, including body measurement, blood tests, and dental
screening.

Health-services research, medicine, nutrition,
public health, pharmacy, psychiatry

Behavioral Risk Factor
Surveillance System2

Self-reported socio-demographics and health (status and risk behaviors), data from
adults and parents of children in each state in the U.S.

Medicine, public health, psychology

Chinese Longitudinal
Healthy Longevity
Survey4

Self-reported socio-demographics, attitudes, and health (status and behaviors) of
centenarians, older adults, and middle-aged adults in China; DNA samples

Anthropology, demography, genetics, medicine,
public health, sociology

Health and Retirement
Survey5

Self-reported socio-demographics, labor-force participation, and health data from
adults aged 50 and older in the U.S.; DNA samples

Economics, genetics, medicine, public health,
sociology

National Survey of
Children’s Health6

Self-reported socio-demographics, health status, access to care, and social context
for families of children in the U.S.

Medicine, pharmacy, psychology, public health

1

Administered by National Opinion Research Center (NORC) at the University of Chicago
Administered by the Centers for Disease Control and Prevention (CDC)
The National H1N1 Flu Survey is an alternate dataset that is more easily available; it contains data relevant to both H1N1 and seasonal flu illness and vaccination
4
Administered by Duke University, Peking University, and China Mainland Information Group
5
Administered by the University of Michigan
6
Administered by the Data Resource Center for Child and Adolescent Health. The related National Survey of Children with Special Health Care Needs focuses on households with children with special
needs and is particularly relevant for occupational therapy.
2
3
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health professions. Secondary analysis of large national
surveys allows students to examine health outcomes,
risk factors, and the health-care system as experienced
by thousands of people. This research model encourages
students to think beyond clinical elements to understand
how individual, interpersonal, and community-level factors
all interact to affect the health of individuals and populations
(Bronfenbrenner 1977).
Finally, social science research is a useful training experience
for students who will take a revised version of the Medical
College Admission Test in 2015 (https://www.aamc.org/
students/download/266006/data/2015previewguide.pdf).
Secondary analysis will teach skills in scientific inquiry
and reasoning, including data-based statistical reasoning
and reasoning about the design and execution of research.
Content of the research projects will also reinforce new
foundational concepts tested in the 2015 MCAT, including
culture, inequality, population processes, and health
disparities. Students who engage in secondary analysis of
existing data early in their careers will receive this additional
preparation for graduate-level entrance exams, and they
also will have the opportunity to add a first-authored, peerreviewed journal article to their resumes when they apply to
professional schools or for employment.
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From Washington Partners
Undergraduate Research Advocates Should Visit Capitol Hill

T

he most visible advocacy event that CUR hosts in
Washington, D.C., every year is Posters on the Hill (http://
www.cur.org/conferences_and_events/student_events/
posters_on_the_hill/). This event brings student researchers
and their faculty mentors to Capitol Hill each spring, and it is
generally the hallmark of CUR’s advocacy efforts. This year,
however, the spring event will be quickly followed by another
opportunity to send hundreds of advocates to the Hill. From June
28 to July 1 CUR will be hosting its 16th National Conference,
titled, “Creating the Citizens of Tomorrow: Undergraduate
Research for All,” in the nation’s capital. As an organization that
encourages its members to actively advocate for undergraduate
research, CUR urges its members to take advantage of proximity
to their Senators and Representatives whenever possible.
The location is a fitting one for the National Conference’s
theme of democratizing undergraduate research. The gathering
will highlight cross-disciplinary connections and collaborations
among higher education, government agencies, and non-profit
organizations. It will also give attendees the opportunity to
drop by the offices of their elected representatives.
Members planning to attend can avail themselves of various
resources to support their advocacy on the website (http://www.
cur.org/advocacy/), including an Advocacy Toolkit and tips for
setting up meetings with their Senators and Representatives.
There are also talking points on undergraduate research and
its place in federal policy debates that members can use
while on the Hill. These tools will give advocates the basics
regarding setting up a meeting and the mechanics of a wouldbe conversation with a Senator, Representative, or staff member.
While this information is crucial to a successful meeting, it
is the stories of discovery and innovation that resonate with
policymakers. One saying in advocacy circles regarding elected
officials is, basically, “Data makes you credible, stories make you
memorable.” Members of Congress want to hear how young
people unsure of their educational aspirations discovered a
passion for science through conducting undergraduate research.
They want to hear how a persistent young artist discovered
something new about his or her favorite painter. Or they are
interested in how a faculty mentor rediscovered his or her talent
for teaching by guiding young people through their research
efforts. It is the stories and faces that connect policymakers to
an issue. Then it is the policymakers’ job to connect that issue
to an initiative or program.

In case anyone hasn’t been subjected to endless campaign
commercials so far this year, here’s a reminder—CUR’s members
will be in Washington for their conference during an election
year. Every member of the House is up for reelection in 2014, as
is a third of the Senate. In addition, there are 36 gubernatorial
races this year. That’s a lot of people running for office.
Visitors to the Hill who come from Congressional districts with
contentious campaign battles under way may get some extra
attention from their elected officials this year, even though
lawmakers may put off making any difficult choices until after
voters render their verdicts.
Even so, many incumbents will be reelected, so Hill visits
before the election still have an impact. And regardless of the
timing, lawmakers—both incumbents and newcomers—will
eventually have to deal with a number of policy issues that will
affect undergraduate researchers, faculty, institutions of higher
education, and the overall research enterprise. The America
COMPETES Act, which invests in federal STEM (science,
technology, engineering and mathematics) education programs
and research agencies, will be a timely topic of debate on the
Hill. The same is true for the Higher Education Act, which
includes countless provisions and programs important to
colleges of every shape and size.
Even if the summer of 2014 marks the first conversation between
an undergraduate research advocate and a Congressional office,
there will likely be many additional opportunities to share
stories and expertise that could affect policy debates before
new laws are signed. If CUR members have attended any
advocacy workshops or presentations, they know that effective
advocacy is based on relationships. They have the opportunity
to establish one or make one stronger each time they visit D.C.
The overall goals of CUR’s National Conference always are to
encourage broad participation in undergraduate research and to
make visible the benefits it affords to students, faculty, colleges
and universities, and communities. A trip up to Capitol Hill
certainly supports that aspiration.
Washington Partners, LLC
Washington Partners is 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.
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CURQ Web Vignettes
Students Undertake Assessment in Capstone
Experiences
Sheryl B. Goodman, Ursinus College, sgoodman@ursinus.edu

A

s the culture of assessment in higher education
has developed, it has been noted that students,
the largest stakeholders, have been for the most
part left out of the process of convincing others of the
value of assessment practices (Rodgers 2011). The capstone
course, however, provides a place for students to develop
their research skills by conducting actual research and an
opportunity for them to become involved in the assessment
process as researchers. The benefits of undergraduate research
have been demonstrated (Brakke, Crowe, and Karukstis 2009;
Kuh 2008), particularly in the areas of student learning and
student engagement. The benefits of involving students as
researchers in the assessment of college programs have not yet
been explored. Yet students conducting assessment research
can provide insider knowledge of student perspectives and,
because of their relationship to their peers, have access to
student viewpoints and activities that other professionals
may not. When doing assessment research in a Media and
Communication Studies capstone, students take on the role
of professional consultants “hired” by an office or program,
and they are able to see how classroom work can be applied
to their own campus community. The research done in the
social sciences is particularly useful for assessment work, and
the results of the assessments can benefit their institutions
more broadly.
I teach a senior seminar on communication and culture that
focuses on ethnographic research. Students each conduct
a mini-ethnography of a group or organization in order to
understand the members’ perspectives, norms, and cultural
patterns. I also have the students in the seminar work as a
group on an assessment project for an office or committee
at the college in addition to their individual projects. They
learn additional information about the research process
through the group project, develop their skills in working
collaboratively, and learn to adapt the presentation of their
findings to particular campus audiences.
Students in the course have worked on assessment projects
involving such topics as how students experience the
campus’s courses on diversity, diversity in the formal and
informal curriculum, the campus climate as it relates to
diversity, the discussion component of our first-year seminar,
The Common Intellectual Experience (CIE), the summer
fellows program, and student experiences and attitudes
related to a particular residential area and a new policy
instituted there. They have done work for the dean’s office,
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the Office of Student Affairs, a faculty committee, and a team
of faculty, students, and staff working on a grant from the
Teagle Foundation to assess diversity on multiple campuses.
For these projects, the students met with the office or
group that “hired” them in order to understand their
“client’s” needs. They then designed the projects—from
determining the sample, to the recruitment of participants,
to the development of interview or survey questions. They
conducted in-depth interviews, focus groups and/or other
observations, transcribed or took field notes, analyzed the
data in small groups, and gave a formal presentation and a
written report of their findings. In addition to the benefits
students gain from doing this kind of independent research,
these projects gave students a voice in the work of the
college. They came to see themselves as change agents.
The projects also fostered collaborative reflection among
students, faculty, staff, and administrators, and because they
were accountable to an office or committee on the campus,
the students rose to the challenge, especially at the formal
presentations. They were well-prepared and polished. The
students learned how to frame their claims to get a hearing
from an audience that included people in positions of power
and people, including classmates, with very different views.
For example, they presented criticisms of a program with
the director of that program in the audience, and they did
this without alienating her. Students’ course evaluations
suggested that they appreciated seeing how this sort of
research could be applied to the real world; they conducted
research for real people that would have an impact and lead
to change.
Of course there are challenges to be considered. This work
is labor-intensive, and students are often uncertain and
anxious about data collection and analysis, but this is true
of researchers in general. Projects must be sought in advance
from across the campus, and faculty, staff, and administrators
have to be willing to respect students enough to allow them
to take on the role of an assessment researcher or consultant.
Inviting students into our conversations about assessment as
researchers, however, can benefit everyone.
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Undergraduate Research in Sociology-Anthropology
Capstone Courses at Linfield College
Amy J. Orr, Linfield College, aorr@linfield.edu
Majors in sociology and anthropology at Linfield College are
required to take a 400-level capstone seminar during their
senior year. These seminars require that majors build on their
four-year course sequence by producing original research on
a topic of sociological and/or anthropological significance.
It is here that students are required to demonstrate that they
are not only consumers of knowledge, but also producers
of knowledge. Capstone courses require that students make
a conscious connection between theory and methods;
therefore at Linfield students are required to complete both
a course on social theory and a course on methods of social
research before enrolling in the 400-level seminars.

example, first evaluates the work as a component of the final
course grade. In addition, departmental faculty members
assess the work, via established rubrics, as part of the
department’s annual program assessment. The departmental
assessment of the projects serves as a means of evaluating the
degree to which each student has met the first four goals of
the major, which are:
■■ the ability to see how individual lives are connected
with wider social and cultural processes and forces;
■■ fundamental understanding of the relationship between
theory and method in the historical context of their
discipline;
■■ the ability to access, organize, critically analyze, and
produce knowledge about humans as social and cultural
beings; and
■■ oral and written skills for effective communication in a
variety of contexts.

Currently, the department offers five courses that meet the
capstone requirement, each of which serves both sociology
and anthropology majors. Two of these courses are offered
each year. Each course has its own substantive focus, based
on an area of special interest to the professor.

Finally, the manuscripts are evaluated from the standpoint
of the learning objectives of MWI courses.

Every departmental capstone course is designated as a
“major writing intensive (MWI)” course in Linfield College’s
core curriculum. This designation indicates that the
course enhances “students’ understanding of the formats,
conventions, and habits of mind appropriate to the major’s
disciplinary investigations.” According to the college
catalogue, in MWI courses:

A capstone sociology/anthropology course entitled Self
and Society “examines the concept and notion of the self
and identity through a symbolic interaction perspective,
particularly on how the self is affected in a given social
context.” Students in the course are required to write a 20to 25-page research paper on a topic of their choice. Various
components of the paper are due throughout the semester.
The project requires students to conduct original research
(data collection and analysis), and participate in peer review.
Three drafts of each section of the paper are written. At the
end of the semester, students are required to give a formal
oral presentation to the class.

■■ Students frame key questions important to the understanding of their discipline.
■■ Students answer such questions in writing appropriate
to the conventions of their discipline and compelling to
an intended audience.
■■ Students develop or further refine an iterative writing
process that includes prewriting activities (e.g. discussion, research, literature review), drafting, revising and
editing, and writing that is appropriate for their chosen
discipline.
■■ Students receive significant instruction and feedback
helping them in the various steps of this process.
The final original research paper that is required in each
course is assessed in a number of ways. The instructor, for

Example of a Capstone Course

The first several weeks of the course are devoted to ensuring
that students have an in-depth understanding of the main
theoretical focus of the course. By week three, students must
identify the topic of their original research project. Once the
topic is approved, students begin to work through the stages
of the research process. They first write an introduction
and literature review, followed by a theory and methods
section. Once the research plan is approved, students begin
data collection and analysis. At each juncture, students first
submit their work to their peers for review, spend a week
making revisions, and then submit the work to the professor
for further comment. By the end of the semester, the
students have completed all stages of the research process.
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Conducting original research in the span of one semester
is difficult and extremely time consuming. Therefore, a
significant amount of course time is devoted to ongoing
discussions regarding the progress of their work, conversations
about the ways in which their work is connected to the
substantive content of the course, and data collection
(during the final weeks of the semester, students are given
class time to collect and analyze data). While the course is
rigorous, assessments of their projects indicate that students
rise to the faculty’s high level of expectations.
(Further information about sociology/anthropology capstone
courses at Linfield College, including copies of syllabi,
assignments, and assessment rubrics, contact aorr@linfield.
edu.)
Undergraduate Research and the Chemistry Capstone
at Willamette University
Todd P. Silverstein, Karen L. McFarlane Holman, J. Charles Williamson,
Willamette University, tsilvers@willamette.edu

equations, and compare fits to experimental results using
both linear and nonlinear regression analyses.
Advanced training starts in the spring of the junior year, when
chemistry majors begin a writing-centered two-semester
sequence of integrated laboratory, courses (Silverstein et
al. 1997; Silverstein and Hudak 1994; Goodney et al. 1986;
Silverstein and Kirk 2011) in one of two tracks, either
chemistry or biochemistry. In Experimental Chemistry I
and II, students apply instrumental analysis to physical
or inorganic chemical systems. Biochemical systems are
characterized in Experimental Biochemistry I and II. All four
of these laboratory courses include student-devised subprojects that last four to eight laboratory periods. By the end
of these two courses, students in each track have engaged
in several different approaches to experimental design and
have worked with all of the major instruments (Duncan,
Kirk and Williamson 2008; Goodney and Williamson 2002)
in our department. (for a complete list of our departmental
instrumentation, see http://www.willamette.edu/cla/chem/
instruments/index.html).

In the early 2000s, our chemistry department at Willamette
University restructured the curriculum and expanded the
senior capstone experience from one semester to a full
academic year. As students transitioned into more in-depth
research proposals and projects, we recognized weaknesses in
their preparation. We observed that most students were illprepared in experimental design, that their scientific-writing
skills were weak, and that they were unable to effectively
search and read the scientific literature.

Combining their basic skills and advanced training, students
are ready to plan independent research. In the spring of their
junior year, they meet with at least two chemistry professors
to discuss potential research projects for their senior thesis.
Majors are matched with faculty mentors by the end of
the spring semester so that students can begin reading
background literature and planning their senior research
project during the summer.

To address those weaknesses, we enhanced the major
by introducing a tiered structure: chemistry majors now
engage in a four-year chemistry laboratory curriculum that
progressively prepares them for their independent research
capstone as seniors. Basic skills such as understanding the
literature, scientific communication, experimental design/
hypothesis testing, and data analysis are taught in two
stages—first through initial introductions to the topics in
lower-division laboratories and then through advanced
training in upper-division laboratories.

All chemistry majors carry out their capstone experience as
part of our writing-centered Senior Research Projects I and
II courses. In the fall of their senior year, students draft,
edit, and submit a formal research proposal in the style
of a Research Corporation grant proposal. Immediately
following faculty approval approximately halfway through
the fall semester (when the proposals are “funded”), students
begin experimental work on the project. Lab work and data
analysis continue into the spring semester, culminating in
a written thesis and oral presentation at an end-of-the-year
symposium. Our grading rubric for the senior presentations
considers prose, scientific content, and critical thinking.

Students in both Introductory Chemistry and Organic
Chemistry laboratories learn literature and communication
skills by selecting a chemistry topic or compound of societal
importance, exploring the relevant literature, and presenting
a poster at a campus-wide scholarship conference. Students
in these two lower-division laboratories also propose and test
predictions or hypotheses, and in the Organic Chemistry
laboratory, they carry out a five-week, multi-step synthesis
working from literature sources (as opposed to the lab
manual). In the Physical Chemistry laboratory, students use
Excel and PeakFit to plot data, fit the data to theoretical
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In order to assess students’ development over the course
of the major, we have modified a critical-thinking rubric
that we plan to use for assessment at four different points
in the students’ development: two formal reports in the
Experimental Chemistry or Biochemistry courses I and II, the
senior symposium oral presentation, and the written senior
thesis. Comparing the assessments at these four junctures
will give us a sense of how students progress in their criticalthinking skills over the final year and a half of their major.
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In summary, the chemistry department at Willamette
University has carefully crafted a four-year curriculum (Kirk,
Silverstein, and Willemsen 2006) that prepares all chemistry
majors for their required capstone research experience.
Laboratories (and courses) in the first two years emphasize
basic skills such as understanding the literature, scientific
communication, experimental design/hypothesis testing,
and data analysis. Third-year laboratories deepen training
in all of the above-mentioned skills, with special emphasis
on experimental design, data analysis, and scientific
communication. Fourth-year students are then prepared
for their capstone experience, the full-year senior research
courses; here they prepare a formal research proposal and
carry out and report on chemical research that is potentially
publishable.
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RESEARCH Highlights
Helms CC, Marvel M, Zhao W, Stahle M, Vest R, Kato GJ,
Lee JS, Christ G, Gladwin MT, Hantgan RR, Kim-Shapiro DB.
Mechanisms of Hemolysis-associated Platelet Activation.
Journal of Thrombosis and Haemostasis 2013;11: 2148-2154.
(Wake Forest University)
Red-blood-cell hemolysis occurs in many pathological
conditions, including in hemolytic anemias such as sickle
cell disease and in transfusion of older stored. In this work,
we determined that hemolysis leads to platelet activation
via release of ADP and nitric-oxide-scavenging, cell-free
hemoglobin. Platelet activation in hemolysis contributes to
pathology through thrombotic and inflammatory pathways.
Daniel Kim-Shapiro is a professor of physics and holds
the Harbert Family Distinguished Chair at Wake Forest
University. Madison Marvel worked on this project during
her sophomore and junior years at Wake Forest. She was
scheduled to graduate in May and then attend medical school
at Southern Illinois University. This work was supported by
the National Institutes of Health (grant HL058091).

2010 through November 2010 in his junior year, and he
prepared the manuscript in his final year in 2013. He has
now graduated and is pursuing a PhD in neurotoxicology at
Purdue University. James Wise aided in sample collection
and constructed the GIS images within the manuscript
in his senior year in 2012; he is now pursuing an MS in
aquatic toxicology at the University of Southern Mississippi.
Catherine Wise aided in sample collection and provided
essential intellectual input while preparing the manuscript
in her senior year in 2013; she is currently finishing her BS
in biology at USM and intends to enroll in a PhD program
in toxicology this coming fall semester. This work was
funded by the University of Southern Maine, the Maine
Center for Toxicology and Environmental Health, The
Albemarle Corporation, the Campbell Foundation, the
Ocean Foundation, Quiznos, NIEHS grant ES016893 (J. Wise,
Sr., PI), ARO grant no. W911NF-09-1-0296 (J. Wise, Sr., PI),
Ocean Alliance, and many individual and anonymous Wise
Laboratory donors.

Stout D, Apel J, Commander J, Roberts M. Late Acheulean

Wise Jr., JP, Wise JTF, Wise CF, Wise SS, Gianio, J C,
Xie H, Thompson WD, Perkins C, Falank C, Wise Sr., JP.

Technology and Cognition at Boxgrove, UK. Journal of
Archaeological Science 2014;41: 576-590. (Emory University)

Concentrations of the Genotoxic Metals, Chromium and
Nickel, in Whales, Tar Balls, Oil Slicks, and Released Oil
from the Gulf of Mexico in the Immediate Aftermath of
the Deepwater Horizon Oil Crisis. Environmental Science &
Technology. 2014;48:5: 2997-3006. (University of Southern
Maine)

This study examined ancient (500,000-year-old) stone tools
from the site of Boxgrove in order to draw inferences about
the skill, understanding, and cognitive capacities of premodern (Homo heidelbergensis) tool-makers. Qualitative
and quantitative (size and shape) attributes of the Boxgrove
artifacts were compared to the experimental products of
modern inexperienced, novice, and expert stone toolmakers. Results demonstrate the expert application of
relatively complex tool-making techniques at Boxgrove and
have implications for understanding the neurocognitive
substrates, social transmission, and spatiotemporal
distribution in this pre-human technology. Dietrich Stout
is an assistant professor of anthropology. Julia Commander
participated in this research as a volunteer for several years
in Stout’s lab, including academic 2011-12 as a Scholarly
Inquiry and Research at Emory (SIRE) Research Partner. An
anthropology major, she graduated in 2013 and is currently
applying to graduate programs in museum conservation.
This research was funded by the European Union project
HANDTOMOUTH and by research grants from the WennerGren and Leakey Foundations awarded to Stout.

This publication is the first in an ongoing research project
in our laboratory investigating the toxicological impact
of the Deepwater Horizon oil crisis on the environment.
Here we present the levels of chromium and nickel in oil
collected from the oil well’s riser, oil slicks collected from
the ocean surface, and tar balls collected from the beach.
We also present information on the signficiantly higher
levels of both metals in the skin of sperm whales resident in
the Gulf of Mexico when compared to the global average.
Within the Gulf of Mexico, those whales sampled closest to
the epicenter of the oil crisis typically had the highest levels
of the metals. We discuss our concerns about the long-term
impact of this exposure to heavy metals.
John Pierce Wise, Sr., is a full professor of toxicology
and molecular epidemiology. The student who was first
author on this paper, John Wise, Jr., led student efforts to
collect environmental and biological samples from July
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Smith AL, Roobol MJ, Mattioli GS, Fryxell JE, Daly GE,
Fernandez LA. The Volcanic Geology of the Mid-Arc Island of
Dominica, Lesser Antilles—The Surface Expression of an Island-
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Arc Batholith. Boulder CO: Geological Society of America,
2013: 1-249. (California State University, San Bernardino)
This study of the geology of the island of Dominica in the
Lesser Antilles was a combination of extensive field and
extensive laboratory work that resulted in the generation of a
new geological map of the island; an extensive revision of the
volcanic hazards on this island of more than 75,000 people;
and the geochemical and mineralogical analysis of more than
300 rock samples. This combination of field and laboratory
work resulted in a new approach to the interpretation of
the geological and petrological evolution of a complex
volcanologic and plutonic magmatic system over time. Alan
Smith is with the Department of Geological Sciences at Cal
State San Bernardino. George Daly participated in the field
work as part of a Research Experiences for Undergraduates
(REU) program and also undertook this research (field and
lab) as his senior research project. He is currently in a
doctoral program at Miami University of Ohio. The research
was supported by an NSF REU grant (Smith), McNair grants
(Daly), and a Summer Research grant from Cal State San
Bernardino (Smith and Daly).

Rosenbaum AR, Juers DH, Juhasz MA. Copper-Promoted
Cyanation of a Boron Cluster: Synthesis, X-ray Structure, and
Reactivity of 12-CN-closo-CHB11H10-. Inorganic Chemistry.
2013; 52(19):10717-10719 (Whitman College)
The study explored carboranes, molecules that have potential
uses as pharmaceuticals, advanced materials, and catalysts
for industrial-scale chemical reactions. A copper catalyst
combined with microwave heating was found to efficiently
attach cyano (CN) groups to carboranes. The reaction
method allowed three new carborane compounds to be
prepared and characterized. Marcus Juhasz is an assistant
professor of chemistry and Douglas Juers is an associate
professor of physics. Aaron Rosenbaum, a senior chemistry
major, carried out this research as part of a senior honors
thesis. The research was supported by a Whitman College
Louis B. Perry Research Award to Rosenbaum and Juhasz;
a New Faculty Start-Up Award from the M. J. Murdock
Charitable Trust; and funds from the National Science
Foundation (Grant CHE-0922775). Rosenbaum is currently
employed as a science teacher and is applying to graduate
programs.

Uphouse L, Hiegel C, Adams S, Murillo V, Martinez M. Prior
Hormonal Treatment, but Not Sexual Experience, Reduces
the Negative Effect of Restraint on Female Sexual Behavior.
Behavioural Brain Research. 2014;259: 35-40. (Texas Woman’s
University)

The effects of prior sexual experience or prior hormonal
priming, without sexual experience, were compared in their
ability to reduce the negative effects of restraint on female
rat sexual behavior. Prior hormonal treatment reduced
the impact of the stressor but prior sexual experience did
not. Lynda Uphouse is a professor of biology. Sarah Adams,
currently in the doctoral program at the University of North
Carolina, contributed to this project in 2011. Vanessa
Murillo worked on the project in 2011 and 2012 and is
entering medical school. Monique Martinez contributed to
the project in 2011 and is currently employed. The research
was supported by NIH HD28419.

Fredman LA, Prohaska V. The Terror of Pregnancy: The
Origin of Ambivalent Attitudes. Psi Chi Journal of Psychological
Research. 2013;18:4: 176-183. (City University of New York
- Lehman College)
Both terror management theory (TMT) and ambivalent sexism
theory (AST) offer explanations of people’s ambivalence and
prejudice toward pregnant women. Extensions of each
theory were examined. Negative attitudes toward menstrual
blood were found to be similar to attitudes toward semen.
But priming the similarities of humans and animals did not
produce the expected increased offensiveness and lower
competence evaluations of a pregnant woman. Overall,
AST may provide a stronger conceptual framework for the
explanation of ambivalent attitudes toward pregnant women
than TMT. Vincent Prohaska is an associate professor of
psychology. This project was Leah Fredman’s undergraduate
honors project in sychology. Fredman is currently enrolled in
the doctoral program in social psychology at the University
of Texas at Austin. This project was supported by a Psi Chi
Association for Psychological Science Summer Research
Grant awarded to Fredman.

Barnes T, Shulman A, Farone A, Farone M, Erenso D.
Assessment of the Elasticity of Erythrocytes in Different
Physiological Fluids by Laser Traps. Optics and Photonics Journal
2013;3:2: 211-216. (Middle Tennessee State University)
This article presents a study of the effects of physiological
fluids commonly used to suspend red blood cells (RBCs) on
the cells’ elasticity. By suspending the RBCs in fetal bovine
serum (FBS), newborn bovine serum (NBBS), and phosphate
buffer saline (PBS) solution, and deforming the cells using
two laser traps, we have studied the elasticity of cells in each
of these fluids. The result for the NBBS is not statistically
different from the PBS solution; however for FBS the
elasticity is significantly higher. Daniel Erenso is a professor
of physics, and Anthony Farone and Mary Farone are
professors of biology at Middle Tennessee State University.
Two undergraduate students participated in the research in
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2006 and 2012: Taylor Barnes is currently a graduate student
at the California Institute of Technology, and Adam Shulman
is a medical physicist at Overlook Hospital in Jersey City,
New Jersey. The research was supported by Middle Tennessee
State University Undergraduate Research Experience and
Creative Activity Grants, which provided summer stipends
to the students.

Cunningham CN, Schmidt CA, Schramm NJ, Gaylord MR,
Resendes KK. Human TREX2 Components PCID2 and
Centrin 2, but not ENY2, Have Distinct Functions in Protein
Export and Co-localize to the Centrosome. Experimental Cell
Research. 2014;320:2: 209-18. (Westminster College)
Regulation of nuclear entry and exit via the various
mechanisms of nuclear transport is critical for a plethora
of cellular functions, including regulated gene expression
and cell cycle progression. Alterations of nuclear transport
pathways have been linked to various genetic diseases, and
deregulation of nuclear transport factors can contribute
to the progression of cancer. This research characterized
the role of the protein PCID2 in the nucleus and beyond.
Specifically, our results represented the first discovery of
specific novel functions for PCID2 other than its known
function in mRNA export and suggested that PCID2 along
with another mRNA export factor, centrin 2, serve alternative
shared roles in the regulation of nuclear protein transport
and cell cycle progression. Karen Resendes is an assistant
professor of biology. Corey Cunningham, now a first-year
graduate student at the University of Michigan, worked on
this project to fulfill his capstone research requirement in
biology and continued on the project as an independent
study. Casey Schmidt, now a second-year graduate student at
the University of North Carolina Chapel Hill, and Nathaniel
Schramm, a junior at Westminster, both contributed work
from their honors research projects to this publication. The
research was support in part by the Westminster College
Drinko Center.

Camenga K, Rault PX, Rossi D, Sendova T, Spitkovsky I.
Numerical Range of Some Doubly Stochastic Matrices.
Applied Mathematics and Computation. 2013;221: 40-47.
(State University of New York, College at Geneseo)
A classification of all possible shapes is given for numerical
ranges of 4-by-4 doubly stochastic matrices. The tests
determining the shape are also provided, along with
illustrative examples. Kristin A. Camenga is an associate
professor of mathematics at Houghton College; Patrick X.
Rault is an assistant professor of athematics at the SUNY
College at Geneseo; and Tsvetanka Sendova is an assistant
professor of mathematics at Bennett College. Daniel Rossi
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completed an honors thesis in mathematics in 2012. Work
on this paper began during the REUF workshop at the
American Institute of Mathematics in July 2011, supported
by the National Science Foundation.

Banait A, Vishwakarma V, Choobineh L, Jain A.
Thermally-assisted Spatially-directed Pore Formation
in Polydimethylsiloxane (PDMS). Applied Physics Letters.
2013;103: 1-5. (The University of Texas at Arlington)
This research presents a means to achieve spatially
controlled self-assembly of micropores in the soft polymer
Polydimethylsiloxane (PDMS). The proposed method utilizes
thermocapillary effect, which causes bubbles in uncured
PDMS to migrate toward a hot region created by a microscale heating device on a micro-fabricated chip. As a result,
pores can be formed in different patterns by controlling
the shape of the microheater. Linear and C-shaped pore
formation was demonstrated, and it was observed that
pore formation mechanism is governed by microheater
temperature. Ankur Jain is an assistant professor in the
Department of Mechanical and Aerospace Engineering at
UT Arlington. This research was undertaken during Arya
Banait’s junior year and is now the topic of her senior
honors thesis. Banait is a senior in mechanical engineering
at UT Arlington and will be attending graduate school at
Stanford University in fall 2014. Jain is currently mentoring
Vivek Vishwakarma and Leila Choobineh on their doctoral
degrees at the Microscale Thermophysics Laboratory, part of
the Department of Mechanical and Aerospace Engineering,
at UT Arlington. A part of this research was funded by the
UT Arlington Honors College through an Undergraduate
Research Assistantship awarded to Banait in Summer 2013.

Arena, CM, Galebach, JL, Engle, JM, Anderson, MG. Impact
of Acid Mine Drainage (AMD) on Diatom Populations in a
Pennsylvania Stream. Microbe Library Digital Gallery. 2013;12.
http://microbelibrary.org/library/microscopy/3813-impactof-acid-mine-drainage-amd-on-diatom-populations-in-apennsylvania-stream. (Mount Aloysius College)
The study was undertaken to collect water-quality and
diatom samples from one healthy stream site and three sites
affected by drainage from abandoned mines. Permanent
diatom mounts were created to form slide sets for use
in introductory microbiology and water-ecology courses.
Diatoms were identified, counted, and documented using
the SPOT software system. The micrographs were submitted
to the Microbe Library for use by educators at other
institutions to enhance lecture or laboratory courses.
Analysis of differences in diatom populations at the four
sites, and seasonal population changes, are ongoing and
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involve several more undergraduate students. Michael Engle
is an associate professor of science and mathematics, and
Merrilee Anderson is professor of science and mathematics
and department chair. Two undergraduates, Chris Arena
and John Galebach, are both biology majors who undertook
the research during summer 2013 and independent study
during regular semesters. Arena is now a junior student and
Galebach, who graduated in December 2013, is currently
applying to graduate school. The research was supported by
NSF grant 1226175, Expanding and Refining the ApplicationBased Service-Learning Pedagogy, with principal investigator
Nancy Trun from Duquesne University.

Solomon R, Cooper J, Aguilar E, Welker J, Pennycuff C,
Scott D, Flanagan B, Erenso D. Physical and Mechanical
Properties of the Human Red Blood Cells with Different
Hemoglobin Types. Proceedings of the National Conference
on Undergraduate Research (NCUR). 2013. http://www.
ncurproceedings.org/ojs/index.php/NCUR2013/article/
view/459/387. (Middle Tennessee State University)
This article reports an experimental study conducted
on the response of the human red blood cells (RBCs)

from blood samples with different types of Hemoglobin
(HbAS), (HbSS), (HbAA), and (HbFF) to direct laser trap.
The hemoglobin quantitation study was conducted using
Ultra2-High Performance Liquid Chromatography. The
response was analyzed using size changes of the trapped
cells relative to the corresponding free size in relation
to the hemoglobin quantitation for each blood sample.
Daniel Erenso is a professor of physics. Anthony Farone
and Mary Farone are professors of biology. Robert Mushi
is the director of the laboratory and Maria del Pilar
Aguinaga is the associate director and a professor at the
Sickle Cell Center. Seven undergraduates participated in the
research over the summer of 2012: Rance Solomon, James
Cooper, Gabriel Welker, Elaura Aguilar, Brooke Flanagan,
Chelsey Pennycuff, and David Scott. Solomon, Cooper, and
Welker are currently seniors majoring in physics. Aguilar,
Flanagan, Pennycuff, and Scott are seniors currently
majoring, respectively, in nursing, biology, mathematics,
and English. The research was supported by grants from the
National Science Foundation and by Middle Tennessee State
University Undergraduate Research Experience and Creative
Activity Grants, which provided some student summer
stipends.
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