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ABSTRACT

The devel opment and training of competitive Science, M ath, Engineering, and Technology (SM ET) studentsin the new
millennium must focus on an undergraduate curriculum that can provide a strong balance of technical background, profes-
sional development, and research experience. An undergraduate curriculum that is geared towards a balanced science and
engineering education and research is becoming increasingly difficult to establish due to the dynamic changesin technol ogy.
In this paper, we postulate that the development of successful science, math, and engineering research professionals is
dependent on the influence of severa variables, which include: career orientation, technical background, academic and
social support, and research experience. The proposed model is based on the ongoing SMET undergraduate research expe-
rience at The University of Akron. The proposed model is not intended to serve as an elaborate theory, but asageneral guide
in training undergraduate studentsin SMET research.

INTRODUCTION

Science, Math, Engineering, and
Technology (SMET) research at the un-
dergraduate level can be effectively uti-
lized to both foster and promote the de-
velopment and training of competitive
scientists and engineers. Further, expe-
riencein research enables studentsto: (a)
attain a higher level of competence in
SMET education, (b) understand research
and process methods, (¢) make good
judgements regarding technical matters,
and (d) work side by sidewith faculty and
graduate students to form collaborative
research groups and work effectively in
ateam (Gates et. a., 1999; NSF, 1998).
A recent survey has revealed the exist-
ence of a strong movement to include
participation of all undergraduate students
inresearch (National Science Foundation,
1998; U.S. Department of Education,
1986). Training undergraduate students
iscrucial because attrition from research
related disciplines starts during their ex-
perience as undergraduates (Tinto et. al.,
1997). Participation of the undergradu-
ate studentsin research has been cited as
an effective aid to those individuals who
are uncertain about going to graduate
school, while concurrently clarifying their
intent to pursue graduate research career
goals (May, 1991). It has also been re-

corded that students who participate in
undergraduate research programs are
more likely than non-participantsto con-
tinue on with the engineering program to
obtain graduate degrees (George, 1996).
For students who have no intention of
going to graduate school, the team re-
search environment helps them to form
their own network, boost their self-es-
teem, and develop the critical thinking
skills that are necessary for success in
their chosen professional career. In ad-
dition, it allows students to take advan-
tage of open communications with fac-
ulty, graduate students and peers.

While a substantial body of literature
exists concerning undergraduate research
programs, educators must also pay atten-
tion to strategiesfor developing and train-
ing future engineering researchers (Na-
tional Science Foundation, 1998; Bentley,
1994; Nayaranan, 1999). Strategies that
have been previously adopted by educa-
tors in undergraduate research training
and that help students prepare better ap-
plicationsfor graduate school include: (a)
the affinity group model (Gates et. a.,
1999), (b) graduate mentoring (Bentley,
1994), (c) hands-on activities experience
(Nayaranan, 1999), (d) Graduate Record
Examination (GRE) preparation (Oakes
et. al., 1999), (e) academic advising
(Morley et. al., 1998), and (f) motivation

(Orthlieb et. al., 1994).

Some undergraduate research initia-
tives focusing on SMET education are
already underway at different institutions
globally (Stadler & St. Omer, 1999;
Mellikov, 1999; Wahby, 1999). Based on
available documentation on undergradu-
ate research programs, we postul ate that
the development of a successful under-
graduate research programin SMET must
focuson interactiveinfluences of severa
variables, to include: (a) career orienta-
tion, (b) knowledge of science, math, en-
gineering, and technology (SMET), (c)
academic and social support, and (d) per-
ception of student.

The purpose of this paper is to de-
scribe the undergraduate research expe-
riencein SMET at The University of Ak-
ron. The objectives of the undergraduate
research initiative in SMET are to en-
hance academic performance and in-
crease recruitment and retention of stu-
dents in SMET education; to promote
academic excellence and preparation of
students entering research in the engineer-
ing fields; and to emphasize the value of
contributing to scholarly research in
SMET education and to the community
at large. The study will also emphasize
success by removing artificial barriers,
rewarding performance, and providing an
environment of support that fosters posi-
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tive attitudes in undergraduate students
committed to SMET research (Turner &
Pratkanis, 1994).

PROGRAM DESCRIPTION

The undergraduate research program
in SMET wasinitiated in 1995 by the Col-
lege of Engineering faculty in collabora-
tion with the Women in Engineering Pro-
gram (WIEP) and the I ncreasing Diver-
sity in Engineering Academics (IDEAS)
Program at The University of Akron. Co-
sponsorsinclude the U.S. Department of
Education’sMcNair’s Scholars Post Bac-
calaureate Program and the Ohio Space
Grant Consortium Fellowship (OSGC),
and the research programs encourage a
large number of undergraduate students
to pursue graduate research opportunities
in SMET education. Of the twenty-three
students participating in the program, sev-
enty-five percent of these are majoring
in engineering. Of the engineering ma-
jors around fifty percent of these opt to
major in Mechanical Engineering with a
specialization or interest in the subject
area of materials science and engineer-
ing.

In order to gain entry into the under-
graduate SMET research program, stu-
dents must be entering their sophomore,
junior, or senior year in the College of
Engineering. Also, students must have
demonstrated either aninterest in or have
the potential to enjoy and succeed in the
SMET area. The Director of the IDEAS
program, the Associate Dean of Engineer-
ing for Undergraduate Programs, and fac-
ulty of the College of Engineering at The
University of Akron select students that
exemplify the potential to succeed in the
SMET research discipline.

A candidate who wishesto participate
inthe undergraduate SMET research pro-
gram must demonstrate self-confidence,
enthusiasm, and good problem solving
skills. Furthermore, the student must
demonstrate knowledge and completion
of relevant basic coursesin SMET. Suc-
cess in SMET areas must be distinctly
reveal ed both through grades and an over-
all participation in academic activities.
While these indicators may not be suffi-
cient to provide the depth and capabili-
ties of an individual student, they cer-
tainly serve as indicators that a student
participant is likely to succeed.

Table 1: Linkages Between Model Constructs and Program Components

Constructs

Related Program Variables

A. Career Orientation

. Commitment to SMET research as a career
. Opportunity to pursue research career in SMET
. Reasons to pursue research in SMET education

B. Technical Background

. Achievement in SMET competency
. Self-efficacy in SMET disciplines
. Growth in SMET courses completed

C. Academic and Social
Support

. Role models — peers and graduate students
. Counseling and tutoring

. Faculty mentors

. Cooperative learning community

D. Research Experience

NFE|IPPRWONRP|WNEP|WNPF

w

. Research in SMET

. Ability to read and write research manuscripts
and technical reports

. Prepare grant writing and present technical work

4. Attending technical conference

Most of the recruits for the SMET pro-
gram are junior and senior level college
students and they are matched with fac-
ulty mentorsto participatein the research
projects during their undergraduate ca-
reer. The students must sign a contract,
which from a psychological perspective
hasthe effect of formalizing the students’
commitment to SMET asaprofession and
to the ideals and goals of the program
(Rousseau, 1995). The contract also has
aperformance clause that allows the stu-
dent to earn an incentive tuition scholar-
ship of up to $3,000 per academic year.
The four primary components of the
model, which are identified as workshop
factors for success, are discussed in
greater detail in the following section.
The components and related program
variables are summarized in Table 1.

PROGRAM COMPONENTS

Orientation

Someform of orientation isnecessary
to facilitate the assimilation of new stu-
dents in a research group (Gates et. al.,
1999; Oakeset. al., 1999). Orientation is
an effective cooperative model for build-
ing affinity groupsto enable and encour-
age student successin learning (Orthlieb
et. al., 1994). Thefirst week of the orien-
tation period allows them to explore op-
portunities that are available in the pro-
fession of SMET research. In addition,
the orientation period allows them to go
through a self-assessment period that fa-
cilitates determining their commitment to
pursuing education, training and research
in SMET.

Upon orientation and meeting with the

Table 2: Career Workshops

Workshops Adjoined Topics
A. Career in Research | 1. Identify high tech. careers
2. Awareness of wage equity
3. Familiarity with work environment
4. Sensitivity to diversity
B. Graduate School 1. Graduate entrance requirements (GRE preparation)
Preparation 2. How to apply to a university or college
3. Visit to university and department of interest
4. Meeting with current graduate students, alumni and
faculty of the university of interest
C. Financial Aid and 1. Identifying assistantships and fellowships
Scholarship 2. Understanding the differences between research
and teaching assistantships
3. Learning about summer research opportunities
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faculty members, each student will
choose aresearch project. Details of the
research project will beclearly spelled out
by the faculty mentor, and the student
must agreeto work with graduate research
associates and the faculty mentors. To
address issues pertaining to a lack of
knowledge in SMET research, the stu-
dents will be required to participate in a
career workshop (Table 2) that would fea-
ture topics that focus on: (a) careersin
research, (b) preparation for graduate
school, and (c) financial aid and scholar-
ship opportunities.

Research Activities
After the students have chosen the re-

search projects, each student is required
to define and propose the activities and
associated time scheduleto compl ete their
tasks. The appropriate time schedule
coupled with well-defined goals would
motivate students to focus and maintain
balance between research and
coursework. Theresearchin SMET will
focus on topics such as:

a) Thermal behavior of cross-flow heat
exchangers during transients.

b) Study of fatigue deformation charac-
teristics of high strength aluminum
aloys.

¢) Dynamic model and analysis of a
centrifugal blood pump and induction
motor.

d) Understanding the stress, strain, and
mechanical response of automotive
suspension system.

€) Transient behavior of seated human
body during input from caudophalad
acceleration.

f) Anexamination of microstructure and
hardness of nanostructured cemented
carbides: influence of processing
parameters.

g) Anexamination of microstructure and
hardnessof nanostructured materials:
Boron Carbide and Cobalt

h) Anexamination of microstructureand
hardness of fine-grained and
nanostructured materials: Copper and
Molybdenum.

i) The microstructure and hardness of
Silicon Carbide synthesized by plasma
pressure compaction.

j) Phytoremediation: Sunflowers and
non-eatable lifesavers.

k) An exploration of Wavelet theory in
image processing.

I) Understanding Peizo smart materials.

Faculty mentors expect studentsto de-
liver concrete results in their research
projects. Deliverablesmay beintheform
of oral presentationsin technical confer-
ences, abstracts, posters, literature re-
views, or participation in writing archi-
val journal papers. For example, a re-
cently concluded undergraduate research
“On the microstructure and hardness of
silicon carbide synthesized by plasma
pressure compaction” (Ravi, et. a., 2000)
resulted in apublication in the Journal of
Alloys and Compounds with student as
the co-author. Another paper, with stu-
dent as the first author, titled “ Design of
aRobotic Fish Using Shape Memory Al-
loy (SMA) Wires,” (Penney, et. al., 2001)
was published in the American Society
of Mechanical Engineersdesign proceed-
ing. Other papers have been presented
aspostersor orally at various student con-
ferences, including The American Soci-
ety of Mechanical Engineers OLD Guard
competition and Ohio Space Grant Con-
sortium Student Research Symposium
sponsored by the Ohio Aerospace Insti-
tute.

Academic and Social Support
Students participating in the SMET
program work side by side with the fac-
ulty and graduate students, and they meet
every week with program coordinatorsto
(a) discusstheir research projects, (b) dis-
cusstheir social and academic problems,
and (c) augment the focus of their goals.
The support structure for student partici-
pants includes the: (1) IDEASs Director,
(2) WIEP Director, (3) College of Engi-
neering faculty and administrators, (4)
graduate assi stants and peers, and (5) fac-
ulty mentors. Therole of program coor-
dinators (Associate Dean of Undergradu-
ate Studies, Assistant to the Dean of Di-
versity Programs, McNair coordinator,
Director of Women in Engineering, and
selected faculty members) iscomplicated
and multidimensional in nature. The key
responsibilities of the coordinators in-
volve overall administration of the pro-
gram coupled with supervision and man-
agement of the individual research
projects. The program coordinators are
expected to offer aset of skillsand abili-
ties including valuing diversity, so as to
serve as “champions of change”, while
concurrently promoting a broad knowl-

edge pertaining to research in SMET. To
be effective, the coordinators must also
show well-developed skills in
multicultural career and personal coun-
seling. The coordinators who need to
develop particular mentoring and diver-
sity expertise, specifically faculty mem-
bers, will be asked to participatein work-
shops offered to develop these skills.
Experts from outside professional estab-
lishmentsareinvited to run the workshop.
All the SMET scholars are expected to
attend all professional academic work-
shops and all GRE preparation classes,
and meet with faculty mentors and Pro-
gram Director on aweekly base.

By working together, the coordinators
with the recommendation of the board of
directors arrange: (a) all the research ac-
tivities for the participants, (b) academic
workshopsto reinforce excellencein stu-
dents' academic progress, and (c) tutor-
ing to help the students in those areas
where they reveal deficiencies. Also, the
coordinators develop an overall assess-
ment and evaluation procedure for the
program, while concurrently maintaining
a database that includes individual
records of the participating students. The
coordinators also play acritical role both
as a liaison and as an advocate to pro-
gram sponsors.

Effectiveness of the Program

In designing the undergraduate re-
search program in SMET, emphasis was
placed on the effectiveness of the program
ininvolving undergraduate studentsin re-
search. The program contributes to the
goal of involving undergraduate students
in careersleading to research disciplines,
and it serves as a recruitment base for
graduate programsand expertsin research
and development for industry. Also, the
program is an outreach program to edu-
cate the engineering community on ma-
terials science and engineering.

During hands-on research activitiesin
SMET, students gained academic expe-
rience by working side by side with
graduate students and mentors. They
formed collaborative research groups and
learned the value of working in teams, and
research survival skills.  Working in
teams was a common theme across al of
the variousresearch activitiesand helped
the students to help themselves through
the development of peer support and
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study networks (Wahby, 2000). Study
groups offer many benefitsincluding: (1)
an emphasison self-support and self-help,
(2) networking, and (3) the development
of communication links (Sessa, 1992,
Walker et. al., 1992). It has also been
suggested that the creation of a coopera-
tive environment and concurrent use of
group-centered approaches may be more
compatible with existing value systems
of learning (Bowman, 1993; Sue et. .,
1990).

PROGRAM EVALUATION

The University of Akron’s under-
graduate research program in SMET has
increased the retention of those students
intending to pursue a career in research.
Students have accepted the research
learning experience with positive atti-
tudes. The program objectives have re-
sulted in significant student outcomesin
the form of: (&) oral technical presenta-
tions, (b) abstracts, (c) posters, and (d)
archival journal papers.

Many of the student participants de-
veloped a positive attitude towards re-
search, a can-do attitude, and personal
self-esteem. For the senior students, the
program prepares them for pursuing re-
search in graduate school or a career in
research and development. The program
has an immediate impact on students as
they enter the upper class academic year.
The program’s orientation workshop aids
in re-engineering the academic environ-
ment to create learning situationsthat em-
power studentsand concurrently enhance
their opportunities for success in a re-
search environment. The program pro-
vides academic advising to select students
so asto ensure that they will beinvolved
inaresearch project that conformsto their
interests. In addition, the program creates
a partnership with the College of Engi-
neering, industry, and technical commu-
nity inajoint effort to increase participa-
tion in research activities. The program
servesto cultivate well-prepared students
that can succeed in their research activi-
ties, while also addressing other profes-
sional issues that will be very much
needed during their career in the engineer-
ing community.

Based on the data (23 students) ob-
tained for the past five years, 100% of
the participantsfrom our program gradu-
ated from college, 70% of the participants

Table 3: Status of SMET students

Student Undergraduate Major Status
S1 Mechanical Engineering Medical School?
S2 Chemical Engineering MS-Chemical Engineering?
S3 Mechanical Engineering MS — Biomedical Engineering*
S4 Mechanical Engineering MS — Biomedical Engineering?*
S5 Mechanical Engineering MS — Mechanical Engineering*
S6 Mechanical Engineering MS — Mechanical Engineering?
S7 Mechanical Engineering MBA?24
S8 Engineering MS — Mechanical*
S9 Civil Engineering MS — Civil Engineering*
S10 Mechanical Engineering Mechanical Engineering*
Si11 Mechanical Engineering MBA?2#
S12 Mechanical Engineering Law School®*®
S13 Biology Medical School®*®
S14 Chemistry Chemistry/Medical School®®
S15 Biology Biology®
S16 Exercise Physiology Exercise Physiology®*
S17 Mechanical Engineering Mechanical Engineering*
S18 Electrical Engineering Electrical Engineering*
S19 Mechanical Engineering Mechanical Engineering*®
S20 Mechanical Engineering Mechanical Engineering®®
S21 Biology Biology®®
S22 Mechanical-Polymer Mechanical-Polymer*
S23 Anthropology Sociology 3#

! Graduated

4 Industry
entered or applied to graduate school, and
39% are pursuing careers in industry.
Table 3 summarizes the status of SMET
students after graduation. 73 % of the
SMET students majored in engineering
and 27 % of the students are in the areas
of applied or life science. As indicated
from Table 3, six SMET students have
received the master degree in engineer-
ing, two are pursuing the master degree
in engineering, and one student isin medi-
cal school. Of the nine SMET students
entered intheworkforce, two studentsare
pursuing the Master in Business Admin-
istration degree, one applied for gradu-
ate school in Sociology, and another stu-
dent applied for graduate school in physi-
cal therapy. For the six graduating se-
niors, four of the students have applied
for graduate, medical and law schools.
Comparing to The University of Akron
data of 608 studentswith similar profiles,
the graduation rate was 93%, less than
50% of the students attended graduate
school, and over 60% of the students en-
tered in the workforce.

Based on these observations and judg-
ments, and the comments (Examples: “I
find the intent of the program to be very
helpful for reinforcing my career goal and

> Graduating Senior

2 Attending graduate school 2 Applied to graduate school

influence me to apply for graduate
school.” “It gives me some valuable in-
formation concerning graduate research
projects.” “Interacting with students one-
on-oneinthelab isavery rewarding ex-
perience, and it helps to illustrate diffi-
cult concepts.”) provided by the partici-
pating students and mentors regarding
their experiences in the field of research
and training, it appears that the overall
program had an effect of: (1) improving
theresearch skillsof students; (2) enhanc-
ing and promoting teamwork, cooperative
learning, positive competition, and peer
support; and (3) creating alearning envi-
ronment and community committed to
striving for excellence in scientific en-
deavors. The authors are in the process
of collecting additional data to replicate
this program with broader and larger
samples.

DISCUSSION

From the students’ exit interviewsand
mentors' comments, aspects of the pro-
gram that need improvement have been
identified. The first problem identified
relates to scheduling and maintenance of
peer networks. Networking among the
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participants was stressed during the ori-
entation workshops. Optimally, one
would like to have groups of peers net-
working throughout their research pro-
gram so as to ease the anxieties through
college. Thisis difficult to accomplish
primarily because of the following rea-
sons: (a) the students come from differ-
ent backgrounds, (b) they take different
colleges courses athough academic ad-
visors were notified to do their best to
cluster studentsinto the same classes, and
(c) they may have time conflicts that re-
quirealternative schedules. Thus, itisnot
always possible to maintain a continual
network of the program participants.

The second problem involved defi-
ciencies in the educational backgrounds
of afew of the students. Thus, a future
goal is to develop early intervention
workshops and programs that reach out
to students as soon as they enter college
in an attempt to increase their interest in
SMET and to improve their academic
background. A program that has been
used to increase interest in engineering
is The University of Akron's Pre-Engi-
neering Program. The Pre-Engineering
Program is aimed at students in high
school and is a partnership among pro-
fessional engineers, high schools, and the
engineering faculty. Its objectives in-
clude: (a) to promote engineering and
science literacy, (b) to emphasize coop-
erativelearning, (c) tofoster curiosity and
creativity, and (d) to provide opportunities
to develop problem-solving skills and to
practice measuring skills. This is
achieved through the implementation of
design teams, which simulate engineer-
ing rolesinread life.

A third and more difficult problemin-
volves studentswho have significant life
problems. The problems may be emo-
tional, social or economic in nature, and
may present obstacles to the success of
the student. For example, a student may
lack social or familial support, or his’her
current living arrangement may be one
in which the family or community envi-
ronment is a negative factor. In such
cases, either auniversity counselor or one
of the mentors associated with the pro-
gram may have to spend a significant
portion of his’her time offering nonaca-
demic counseling in terms of offering a
sympathetic ear and a comforting voice.

CONCLUSIONS

The undergraduate research program
in SMET providesundergraduate students
with apeer support network, acollabora-
tive learning environment, hands-on re-
search activities, and a model to inspire
and maintain their commitment to high
academic and career standards in re-
search. Overall, the program appears to
have been successful in meeting itsgoals
of motivating, increasing awareness, pro-
viding a positive attitude, increasing stu-
dent participation in research disciplines,
and improving the performance and re-
tention of undergraduate students in en-
gineering. Datafrom this study indicated
that student participants’ graduation rate
and percentage of students applying to
graduate schools are slightly higher than
other University of Akron students with
similar profiles.

The undergraduate research program
in SMET can be used as a model for de-
veloping activitiesfor research programs
and for developing career interventions
in other areas where researchers have
been traditionally underrepresented. It is
anticipated that with the availability of
funds coupled with the enthusiasm shown
by administration, atwo to threefold in-
crease in current enrollment is expected
in the next four to five years. The
program’s progress and impact should be
asufficient incentivefor other ingtitutions
to build such a support, research, and
counseling program for undergraduate
students.
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