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ABSTRACT: During the past three years, seven undergraduate students have worked as assistants on four
large-scale geotechnical centrifuge experiments. The research investigation focuses on soil-structure interaction
during earthquakes and includes an extensive experimental component. Given the project scope, the undergrad-
uate participants, who were advised primarily by graduate student mentors, served as essential team members
during each centrifuge test. During eight- to ten-week appointments, the students contributed to experiment
design, model construction, equipment design, instrumentation calibration, data collection and analysis, exper-
iment documentation, and data reporting. Assessment results show that the student experiences translated into
increased understanding of important engineering concepts and greater interest in continued education. In this
paper, the authors discuss the process of recruiting and preparing undergraduates for their appointments, the
learning outcomes defined for the undergraduate participants, the methods used to assess the learning outcomes,
assessment results, and recommendations for working with future undergraduates.

1 INTRODUCTION

1.1 Project background

During the past three years, seven undergraduate engi-
neering students from California Polytechnic State
University, San Luis Obispo (Cal Poly) have worked
as research assistants (undergraduate researchers) on
a project sponsored by the National Science Founda-
tion (NSF). The research project, titled “NEESR-SG:
Seismic Performance Assessment in Dense Urban
Environments” and sometimes referred to as the
City Block project, is an ongoing experimental study
into the influence of soil-foundation-structure (SFSI)
and structure-soil-structure (SSSI) interaction on the
seismic performance of urban building-foundation
systems. The project team is a collaboration between
six universities and organizations, and has included:
six co-principal investigators, a post-doctoral scholar,
seven graduate students, and the staff of the Net-
work for Earthquake Engineering Simulation (NEES)
equipment site at the University of California, Davis.
In addition to time spent at U.C. Davis, the undergradu-
ates have participated in research activities at U.C. San
Diego and U.C. Berkeley. Undergraduate researchers
and graduate students from the most recent test are
pictured in Figure 1.

Figure 1. Graduate and undergraduate team members
standing with a completed model before moving it to the
centrifuge.

1.2 Motivation

The goals for recruiting undergraduate researchers for
this project were three-fold. First, due to the complex-
ity of the experimental test series, it was desirable
to recruit additional team members to contribute to
model construction, experiment documentation, and
data collection/analysis. Second, several graduate stu-
dents participating on the project team had expressed
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interest in pursuing academic careers. Therefore, men-
toring undergraduate researchers provided excellent
opportunities for these graduate students to gain valu-
able mentoring, teaching, and advising experience.
Third, the project team wanted to provide undergrad-
uates with the opportunity to learn via a meaningful
research experience. The hands-on nature of the cen-
trifuge model experiments provided many new learn-
ing opportunities for the undergraduates. In helping
to plan and execute the research experiments, the
undergraduates were also able to apply and practice
skills learned in the classroom. The nature of the
research activities and opportunities for collabora-
tion with graduate students and faculty researchers
provided an ideal setting for the undergraduates to
learn about graduate school and the skills necessary
to succeed as independent-minded researchers.

The first two goals noted above were covered in
some detail in a recent conference paper, along with
conclusions regarding the overall success of the grad-
uate student mentoring program (Fiegel et al. 2011).
In this paper, we focus on the third goal: using
a geotechnical engineering research project to pre-
pare undergraduate students for future research and
graduate school.

1.3 Learning objectives

The undergraduates were not recruited to simply work
as project technicians. Creating a structured learning
experience for the participants represented a criti-
cal project objective. The undergraduate researcher
experience was specifically designed to help the under-
graduates learn and practice skills important for per-
forming successful independent research. An equally
important goal was to help these same undergraduates
understand what it takes to be a successful graduate
student.

The three key learning objectives associated with
the research experience were: (1) learn to conduct and
document an experiment; (2) learn to function effec-
tively within a large research team; and (3) learn to

Table 1. Learning Outcomes and Performances Metrics.

Learning Outcomes Performance Metrics

Conduct and document
a research experiment

1) Calibrate, install, and troubleshoot instrumentation
2) Construct soil and structural models for the centrifuge
3) Collect and analyze experimental test data
4) Document and report experimental test results

Function effectively on a
multi-disciplinary research
team

1) Behave in a professional and respectful manner
2) Accept and analyze feedback on work performance
3) Articulate critical path issues associated with the centrifuge test
4) Evaluate different communication styles
5) Apply active listening technique

Summarize both the
technical and experiential
aspects of the research
experience

1) List the primary objectives of the research project
2) Describe the principal findings of the research project
3) List the attributes of a successful graduate student
4) Describe a typical work day for a graduate student
5) Write an effective technical paper or report
6) Compose and deliver an effective oral presentation

summarize and present the technical and experiential
aspects of the research. These objectives were articu-
lated to all of the project team members, including the
undergraduates. Specific performance metrics used
in the assessment of the undergraduate researchers’
progress are summarized in Table 1. Performance
metrics were defined as specific skills and abilities
the students were expected to demonstrate by the end
of the research appointments.

1.4 Focus of this study

In this paper, we present: (1) an overview of the
undergraduate researcher program, from recruitment
to post-appointment assessment activities; (2) evi-
dence of activities that increased the undergraduate
researchers’ abilities to conduct independent research;
(3) post-appointment survey results indicating the suc-
cess and shortcomings of the undergraduate researcher
program; and (4) recommendations for facilitating
improved research experiences in the future.

Either one or two undergraduate researchers have
worked on-site at U.C. Davis for each of the four cen-
trifuge tests completed to date. Two of the tests took
place during the summer. The other two tests occurred
during the school year, requiring the undergraduates
to take a quarter-long (10 week) leave of absence from
school. Table 2 summarizes the completed centrifuge
tests and appointments.

Assessment data was collected from six of the
seven undergraduates who participated in the project.
As noted later in this paper, these assessment results
indicate that the undergraduates valued their research
experiences.

2 PROGRAM DEVELOPMENT

2.1 Undergraduate research experiences

Well-designed and carefully mentored undergraduate
research experiences involving unique and meaningful
laboratory, field, and/or analytical based projects have
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been shown to provide significant benefit to the partic-
ipants. Such experiences provide undergraduates with
opportunities to acquire, practice, and refine numer-
ous skills. These skills include: formulating a research
hypothesis; investigating the current scientific litera-
ture; designing an experiment; designing or modifying
equipment; calibrating and troubleshooting instru-
mentation; interpreting data and results; modelling test
data; and communicating research findings (Kardash
2000). Success in helping to produce research break-
throughs has been shown to lead to increases in
self-confidence and independence in undergraduate
researchers (Seymour et al. 2004). In addition, under-
graduate research participants are more likely to
pursue graduate school and research opportunities
(Hathaway et al. 2002). Comprehensive studies have
been conducted to assess specific outcomes related
to undergraduate research experiences in science and
engineering (e.g. Kardash 2000; Seymour et al. 2004;
Zydney et al. 2002). Evaluations of assessment results
show that undergraduates with research experience
report greater enhancement of important cognitive and
personal skills and are more likely to pursue continued
education. These benefits were envisioned as desir-
able and achievable for undergraduate researchers on
the City Block project. Therefore, the undergraduate
research program was developed accordingly.

2.2 Developing program structure

Past experiences and observations of the authors
showed clearly that successful undergraduate research
experiences are tied to careful planning, mentoring,
and assessment (Fiegel et al. 2011). Sutterer et al.
(2005) discuss the design of appropriate and valuable
undergraduate student research experiences based on
their efforts in establishing an NSF Research Expe-
riences for Undergraduates (REU) site at their own
institution. They conclude that successful undergrad-
uate research programs should focus on relationships,
meaningful research, planned learning, and creation
of a community of learner/researchers. Such elements
were incorporated into this program.

The undergraduate research experiences for this
project incorporated several unique features, including
a structured learning environment with well-defined
and assessable objectives. Undergraduate research
was not a primary focus of this project in the original

Table 2. City Block Test and Student Appointment Descriptions

Test ID Appointment Description Goals of Experimental Work

HBM02
(Mason et al., 2011a)

Two students, summer appointment
(July–Aug 2009)

Baseline seismic response of two frame structures

HBM03
(Mason et al., 2011b)

One student, school year appointment
(Nov–Dec 2009)

SSSI response of two adjacent frame structures

HBM04
(Mason et al., 2011c)

Two students, summer appointment
(June–July 2010)

SSSI response of a transmitter-receiver pair

NWT01
(Trombetta et al, 2011)

Two students, school year appointment
(April–June 2011)

Superposition of in-plane and anti-plane SSSI effects

proposal, yet considerable time was devoted toward
the development of the learning outcomes and per-
formance metrics presented in Table 1. It was rea-
soned that a structured learning environment would
benefit both the undergraduate researchers and the
project team.

Another unique aspect of the research program is
the fact that graduate students were asked to serve
as the primary mentors to the undergraduates as they
completed their research appointments. In assisting the
graduate students with their mentoring responsibili-
ties, the principal investigators took time to articulate
learning outcomes, provide teacher training, provide
leadership training, and provide regular feedback on
performance. The approach taken to “mentor the
mentors,” as described in some detail in Fiegel et al.
(2011), helped the graduate students to develop good
interpersonal rapport and meaningful relationships
with the undergraduate researchers.

For a focused research study like the City Block
project, the definition of undergraduate student learn-
ing outcomes and performance metrics is not common.
However, this upfront work helped the graduate stu-
dents to better understand their roles as research
mentors and made assessment of the mentoring pro-
gram much easier. Assessment efforts considered:
(1) undergraduate student qualifications and career
goals, (2) undergraduate student survey results (prior
to and after the research appointment); and (3) student
work products. In reference to these work products,
undergraduate researchers were given a number of
options for updating their progress and demonstrating
their achievement of learning outcomes. Traditional
reporting methods included report preparation, con-
tributions to paper preparation, oral presentations,
journal entries, and research poster development.

Based on work by Hanson et al. (2010; 2011),
undergraduates were also given the opportunity to
report on their progress using contemporary meth-
ods. Technology-enriched approaches used in the
City Block to date include: a photo essay describing
research progress; a graphical timeline of research
activities with critical paths identified; a digital
video production summarizing research progress; and
three-dimensional renderings and computer animation
to describe model test configurations. Providing the
students with the option of using alternative report-
ing methods allows for the incorporation of various
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learning styles (Felder & Silverman 1988) into the
undergraduate research program. More recently, the
undergraduate researchers have completed learning
styles surveys before beginning their appointments.
Results have been shared with the graduate student
mentors and principal investigators to help better
understand the undergraduates and the fact that they
have different and predictable ways of communicating,
behaving, and learning.

3 PROGRAM OVERVIEW

3.1 Undergraduate researcher recruitment and
preparation

Due to the complicated nature of the experimental test
series, it was ideal that the program applicants demon-
strated as least a junior-level knowledge of geotech-
nical engineering and structural design principles,
above-average academic performance, and previous
laboratory experience (expected to be from course-
work). Different marketing approaches were utilized
to advertise the undergraduate research positions,
such as: presentations by a principal investigator dur-
ing meetings of student professional organizations
(e.g. ASCE, SWE, and SHPE), e-mail announcements
to upper division students, and technical/experiential
presentations by former undergraduate researchers to
their peers. Details regarding the recruitment process,
the candidate assessment rubric, and the qualifica-
tions of the candidates are included in Fiegel et al.
(2011). Table 3 summarizes the educational goals and
current education status of undergraduate researchers
who participated on this research project to date. Based
on these results, the undergraduate research appoint-
ments appear to have stimulated interest in continued
education and research.

To acquaint the undergraduate students with the
research project, a ‘reader’ was developed, which
included publications on centrifuge modelling princi-
ples, soil-foundation-structure interaction, and effec-
tive communication (Fiegel et al. 2011). Specific
examples included City Block conference publications
(e.g. Mason et al. 2010; Chen et al. 2010), centrifuge
modelling publications (e.g. Kutter 1995), introduc-
tory earthquake engineering references (e.g. Kramer
1996), and internal documents such as previous test
plans, literature summaries, and data reports.

Before arrival on site, the undergraduates were
also required to make contact with their graduate

Table 3. Summary of Educational Goals and Current Education Status for the Undergraduate Researchers (UGRs).

UGR No. Pre-Appoint. Education Goal Post-Appoint. Education Goal Current Education Status

1 B.S. M.S. (Coursework) In graduate school
2 B.S. M.S. (Thesis) Planning to apply to graduate schools
3 M.S. (Coursework) M.S. (Thesis) Currently applying to graduate schools
4 M.S. (Thesis) Ph.D. Planning to apply to graduate schools
5 M.S. (Coursework) Ph.D. In graduate school
6 B.S. M.S. (Thesis) In graduate school

student mentors to begin building a rapport. Dur-
ing the later tests, the graduate student mentors also
presented short geotechnical engineering and SFSI
‘lessons’ to the incoming undergraduate researchers.
These pre-appointment activities resulted in under-
graduate researchers who were excited about being
involved in the experimental component of the work
and knowledgeable in the research topics they were to
address. The pre-appointment activities also allowed
the graduate student mentors to practice their teaching
skills, which was especially valuable to those planning
to work in academia.

3.2 Research activities

The specific on-site research activities performed by
the undergraduate researchers varied from test-to-test.
There was generally a correlation between the increas-
ing complexity of the test series (from Test #1 to Test
#4) and the complexity of the tasks given to the individ-
ual students. In addition, the graduate student mentors
became less reluctant to cede control of individual
details of model construction and instrumentation dur-
ing later tests, due to the satisfactory performance
of the early program participants. This allowed the
undergraduates to perform tasks that are more com-
plex. Figure 2 shows an undergraduate researcher as
she works on instrumenting a model after it has been
placed on the centrifuge arm.

In general, each student was given the chance to be
involved in four phases of each test: (1) construction
of the centrifuge model (e.g. assembling the struc-
tural models, placing the foundation soil, recording

Figure 2. An undergraduate researcher working on instru-
mentation in the tight confines of the centrifuge arm.
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important measurements, etc.); (2) instrumentation of
the model (e.g. calibrating transducers, applying strain
gages to structural components, etc.); (3) data acqui-
sition (e.g. troubleshooting instrumentation, perform-
ing preliminary data analyses using pre-programmed
Mathcad sheets, etc.); and (4) project documenta-
tion (e.g. capturing and organizing digital photographs
and videos, preparing CAD drawings, contributing to
research notebooks, etc.). In addition, undergraduate
researchers that participated during Test-3 and Test-4
contributed to the authorship of the data reports, which
included preliminary data reduction and analyses.

The undergraduate researchers were also given
tasks that allowed them to utilize their specific skill
sets. One undergraduate researcher, an architectural
engineering student, was proficient in developing
three-dimensional models usingAutoCAD.As a result,
he was tasked with developing detailed models of the
completed centrifuge models, including instrumenta-
tion and displacement reference frames, as shown in
Figure 3.

In addition to on-site tasks, the undergraduate
researchers also participated in post-experiment activ-
ities. These activities included post-appointment pre-
sentations to their peers at Cal Poly during student
organization meetings, poster presentations at techni-
cal conferences, and participation in special events/
contests at technical conferences. For example, under-
graduate researchers won awards for their submissions
to the media competitions at the 2010 NEES/PEER
(see Figure 3) and 2011 NEES/MCEER “Quake Sum-
mit” annual meetings.

4 REALISATION OF LEARNING GOALS

4.1 Geotechnical engineering concepts

The undergraduate researchers reviewed, learned,
and practiced important geotechnical engineering
concepts and skills through a variety of methods,

Figure 3. Three-Dimensional rendering developed by an
undergraduate researcher that won the award for ‘Photo
Favourite’ at the 2010 NEES/PEER Quake Summit.

including (1) reading papers and other assigned refer-
ences, (2) solving practice problems, (3) participating
in mini-workshops taught by the graduate student
mentors, and (4) building the centrifuge model and
interpreting test results. The assignment of reading
materials before arrival at U.C. Davis allowed the
undergraduates to study the principles of centrifuge
modelling and important concepts related to soil-
foundation-structure interaction. The students were
then encouraged to discuss these readings with their
graduate student mentors. These discussions led to a
number of opportunities for one-on-one interaction
and teaching. Typically, the undergraduate researchers
had a number of questions regarding the stress-
dependent nature of soil behaviour, which is partic-
ularly important for the understanding of centrifuge
modelling principles.

Other important geotechnical engineering concepts
addressed during the project included mass-volume
relationships, contact pressures beneath footings, fail-
ure modes for shallow foundations, shear strength
theory, foundation settlement, and cone penetration
testing. For example, during model construction, the
undergraduates applied their knowledge of mass-
volume relationships as they helped pluviate the model
sand. The models were each pluviated to a relative
density of 80 percent, which required mass-volume
calculations based on the experimentally-determined
minimum and maximum dry densities before pre-
cisely calibrating the pluviator. During testing, the
undergraduate researchers also helped to pre-process
the recorded data, and were exposed to a number of
geotechnical earthquake engineering concepts, such
as the development of response spectra from recorded
ground motions, determining the natural period of the
soil model, and the extraction of key ground motion
intensity measures.

4.2 Graduate school skills and lessons

In addition to specific geotechnical skills and con-
cepts, the students learned a number of skills applica-
ble to future research and graduate school endeavours.
In anonymous exit surveys completed by the under-
graduate researchers, each identified a number of
skills that they developed during their appointments.
One student, who is currently a M.S. student, noted that
he (or she) learned a great deal about “documentation
of the process, and the expectations of quality therein.”
A second student, who is currently planning to apply
to Ph.D. programs, noted a new appreciation for the
level of organization required during experimental
research, saying:

“One of the many great research skills I learned
during my undergraduate experience during the City
Block Project was organization. With the application
of hundreds of accelerometers, displacements gauges,
strain gauges, and so on, it became apparent that a
great deal of organization was going to be needed to
keep track of each of the hundreds of instruments.”
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Finally, a student who is currently planning to
apply to M.S. programs recalled the experience of
developing a poster presentation saying:

“[My] mentors graced me with a great deal of feed-
back on summarizing key data/photos/text to use on the
poster ... Feedback on the presentation poster included
creating a hierarchy of topics, arranging the display of
photos, and writing a clear/concise introduction and
conclusion.”

The undergraduate researchers also noted examples
of how the appointment prepared them for graduate
student life. One student noted that he learned more
about the time commitment and dedication required of
successful graduate students, saying:

“I realized, through my undergraduate researcher
experience, that graduate school is like a job and
should be treated with the same dedication.”

A second student made comments about the time
management skills required of graduate students,
saying:

“I [received] some really good advice, such as the
importance of balancing a difficult workload with a
hobby or something you enjoy.”

5 EVALUATING PROGRAM SUCCESS

5.1 Exit survey results – performance metrics

During the anonymous surveys, students were asked
to rate their ability to complete various research tasks
both before and after their appointment (using a scale
of 0 to 5, defined as 0 = not able to complete the tasks
and 5 = able to complete the tasks independently).
These tasks are similar to the performance metrics pre-
sented in Table 1. The results of these self-assessment
surveys are presented in Figures 4, 5 and 6. In these fig-
ures, the average self-assessment score is presented for
each question. Grey columns report the average under-
graduate researcher self-assessment of their skills
before their appointments. Black columns report the
average undergraduate researcher self-assessment of
their skills after completing their appointments. Note
that there was no pre-appointment survey of these spe-
cific skills. Both the ‘before appointment’ and ‘after
appointment’self-assessment surveys were completed
by the students after completing their appointments.

There was marked improvement in the average
response to each skill question in all three categories:
technical summarization skills, multi-disciplinary
teamwork skills (for a team composed of geotechnical,
structural, and architectural engineers), and research
skills. The smallest gains in self-assessment scores
came in the multi-disciplinary teamwork category,
where the students initially assessed their skill at a level
of 4.0 and assessed their final skill level at 4.3. The
greatest gains came in the category of research skills,
where the overall self-assessment increased from 2.5

Figure 4. Undergraduate researcher Self-Assessment:
Technical Summarization.

Figure 5. Undergraduate researcher Self-Assessment:
Multi-disciplinary Teamwork.

Figure 6. Undergraduate researcher Self-Assessment:
Research Skills.

to 4.2 when asked to rate their ability to “conduct and
document a research experiment.”

Overall, the highest average scores were in cate-
gories of ‘experiment construction and documenta-
tion’, such as: instrument calibration and installation,
documenting experimental results, and listing the pri-
mary objectives of the research project. As can be seen
from the figures, the lowest average scores were in
categories of ‘post-experiment skills’, such as: writ-
ing an effective report, analyzing experimental data,
and composing an effective presentation. Although,
the undergraduate researchers did feel that they gained
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competency in these critical skill sets as well. During
future appointments, it will be a primary goal of the
mentoring team to provide the students with more (and
varied) opportunities to sharpen their data analysis
and presentation skills.

5.2 Exit survey results – graduate school
motivation and preparedness

The undergraduate researchers were also asked to
provide information regarding their motivation and
preparedness for graduate school. As can be seen in
Table 2, there was an increase in the overall desire
of the students to pursue research-based graduated
degrees, post-appointment. Five of the six students
who responded to the exit survey indicated that they
were planning to pursue either a thesis-based M.S.
or a Ph.D. after completing their appointment. Only
one of these students indicated that they desired a
research-based advanced degree before enrolment in
the undergraduate researcher program. One current
M.S. student noted in the exit survey:

“The value of me having such a direct and up close
look at grad school simply can’t be overstated. It
was pretty much my sole inspiration for an advanced
degree.”

In addition to the specific skill questions discussed
in Section 5.1, those undergraduate researchers cur-
rently enrolled in graduate school were asked to rate
(on a scale of 0 to 5) their preparedness for grad-
uate school. When asked if the skills they learned
as an undergraduate researcher translated to suc-
cess in their graduate school careers, the average
rating was 4.8. When asked if their undergraduate
researcher experience prepared them for a typical
graduate school workload, the average rating was 4.5.
When asked if the undergraduate researcher expe-
rience motivated a desire to pursue future research
appointments, the average score was 4.7. Although
the sample size is small, these results appear to indi-
cate that the program was successful in motivating and
preparing the undergraduate researchers for graduate
student life.

The current graduate students also provided feed-
back regarding how the undergraduate researcher
experience could be re-tooled to better prepare future
students for graduate student life. One current M.S.
student suggested that,

“Perhaps the delegation of a more structured task,
seen through from beginning to end, may be more grad-
school like than jumping around from one odd task to
another.”

This sentiment is similar to the results of the self-
assessment surveys, where students felt that their
‘deliverable skills’ were underdeveloped, when com-
pared to their ‘model construction and documentation
skills.’

6 CONCLUSIONS

Each student provided a unique skill set to the team,
as well as unique challenges for their graduate student
mentors.Although the undergraduate researchers have
generally reflected positively about their experiences
and the survey results have shown that the students
are more confident in their skills post-appointment,
a number of lessons have been learned by the grad-
uate student mentors. These lessons include the
following:

– Providing the undergraduate researchers with read-
ing assignments and practice problems before
beginning their appointments prompted them to
seek out their mentors for clarification of complex
concepts. This accelerated the development of the
mentor-mentee relationship.

– Each undergraduate researcher lived at U.C. Davis
for an extended period alongside, and in some
cases in the same apartment as, their mentors. This
allowed them to observe and experience first-hand
the graduate students’ workload. Graduate student
role-modelling was an important aspect of this
project.

– The undergraduate researchers who were able
to participate in the authorship of data reports
and/or present their experience at conferences
and/or meetings generally reflected more positively
on their appointment. Non-traditional reporting
methods have been well received.

– Undergraduate researchers who were able to partic-
ipate in a variety of tasks generally reflected pos-
itively on their experience. Although a ‘capstone’
experience, such as an oral or poster presentation,
is recommended in this case.

– While the self-assessment surveys provided valu-
able insight into the success of the program in
developing independent researchers, little tangible
data was gained as to the effectiveness of stu-
dent learning in relation to specific structural and
geotechnical theories and concepts. This will be
considered in future project assessments.

The increased interest in experimental research and
graduate school displayed by the undergraduates are
a result of the close mentor-mentee relationship. The
authors provide the following suggestions for those
interested in developing similar programs:

– If possible, recruit multiple undergraduate
researchers to work together. The camaraderie
developed between students in similar ‘out of com-
fort zone’ positions increases enjoyment of the
appointment and mimics the rapport developed
between lab-mates in graduate school.

– Preparation of the graduate student mentors is key
to the success of the program. Providing readings
on teaching pedagogy, leadership, project manage-
ment, interpersonal communication, and learning
styles is key to this preparation.
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