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This paper studies the differences between student experiences in domestic and international capstone design offerings for
mechanical engineering students at Clemson University. For this, we conducted surveys and interviews of students
participating in both the traditional domestic version of a capstone course at Clemson University and a group of students
that participated in an international, study abroad version of a capstone course jointly administered by Clemson
University and West Virginia University. The surveys were given to students before and after the program to assess
whether the international component had an impact on their global awareness when compared to their peers in the
traditional domestic program. The surveys, due to the low sample size available from only a dozen participating students,
are augmented with interviews conducted at the end of the international program. The findings suggest that there is not a
significant change in recognized attributes of global awareness for the population, but there was some movement within
individuals. It is also seen that the reasons for participation in the international version of the course varied widely from a
desire for international experience to the desire to graduate during the summer sessions when the only capstone option was
the international version. The findings begin to provide justification for the international option based on some
improvements with global awareness, but additional investigation is warranted as existing programs are continued and
new programs introduced.
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1. Motivation: Global competency e be a participant in the community from the local
enhancement through the global level,

e assume responsibility for their own actions.
It is generally recognized that engineers educated
today will need to achieve higher levels of global
competency than those educated in the recent
past. These future engineers will travel interna-
tionally as part of their work, interact with profes-
sionals from different countries with different
cultures and languages, and perhaps even reside
in these other countries. The social and cultural

There are other goals suggested, such as social
justice and sustainability, but these are more mor-
ality based rather than pure competencies and are
not explored here. Others, based on surveys of
international programs, have developed a list of
knowledge concepts that are central to defining a
student’s global competency [6]:

convergence of today’s people and product have e Understand the student’s own culture (norms and
led to a more globalized economy [1]. Companies expectations).

are becoming more decentralized, forcing engi- e Understand other’s culture (norms and expecta-
neering education to adapt to this new paradigm tions).

[2, 3]. International capstone design programs are e Understand ‘“‘globalization” from multiple
one approach to support the development of the points of view.

global competencies within students that are being e Awareness of current events.

deployed [4]. From the perspective of developing e Awareness of world history.

curricula to develop global competencies, the

student should [3]; The role of culture is integral in developing a

successful globalization awareness program as the

e be aware of their role within the wider world as a growth of globalization is dependent on culture
citizen, rather than technical factors [7, 8]. Recognizing
e respect and appreciate diversity of many kinds, that developing these global competencies in
e understand global interactions from multiple future engineers is important, several engineering
points of view (economic, political, social, envir- programs have introduced international options to
onmental, and technological) their capstone design experiences [3, 9-12]. Many
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engineering design capstone programs use industry
or externally sponsored projects to provide students
with challenging self-directed team design experi-
ences [13-18]. Moreover, these capstone design
courses may involve professional engineers as
sources for projects who, in turn, are a resource
for evaluating student performance from a profes-
sional practice context [19-21]. Adding to these
team and industry oriented experiences by integrat-
ing the program into an international program adds
a new dimension for the students. However, there is
a question about whether these new experience
opportunities actually have a measureable impact
on these students’ global competencies. This paper
begins to explore this question through a survey that
was deployed to participating students in both
domestic and international options in the capstone
program at a domestic university, both before and
after the course.

Multiple modes of international experiences cur-
rently exist for students, including those outside of
engineering. There are efforts throughout the
United States to support globalization of student
education through opportunities such as student
and faculty exchanges, overseas development, and
international professional training [22]. Business
Schools have recognized the need for education
globalization to ensure the United States will suc-
ceed when many infrastructures continue to move
overseas [23]. In 2008, nearly 300,000 students
across multiple majors studied abroad for course
credit [24].

Data collected within the last decade indicate less
than 10% of engineering students participate in
study abroad programs [25]. This number will
continue to grow as schools have set goals to
increase the number of study abroad opportunities.
Well known engineering schools such as Georgia
Tech, Purdue, and Virginia Tech have goals of 50%,
20%, and 15%, respectively, for student body parti-
cipation in international experiences [26].

2. Background literature review on global
awareness

The primary motive for incorporating an interna-
tional component in Senior Capstone Design is to
promote global awareness. Within the last two
decades, there has been an increase demand in
internationalizing education from the government,
academia, and industry [27]. It has also become a
focal point for the Accreditation Board for Engi-
neering and Technology (ABET) as it sets guidelines
for preparing the next generation of engineers. The
current ABET program outcomes are as follows
[28]:

(a) an ability to apply knowledge of mathematics,
science, and engineering,

(b) an ability to design and conduct experiments, as
well as to analyze and interpret data,

(c) an ability to design a system, component, or
process to meet desired needs within realistic
constraints such as economic, environmental,
social, political, ethical, health and safety, man-
ufacturability, and sustainability,

(d) an ability to function on multi-disciplinary
teams,

(e) an ability to identify, formulate, and solve
engineering problems,

(f) an understanding of professional and ethical
responsibility,

(g) an ability to communicate effectively,

(h) the broad education necessary to understand
the impact of engineering solutions in a global,
economic, environmental, and societal context,

(i) a recognition of the need for, and an ability to
engage in life-long learning,

(j) a knowledge of contemporary issues,

(k) an ability to use the techniques, skills, and
modern engineering tools necessary for engi-
neering practice.

Six of the eleven ABET program outcomes are
nontechnical, broad education outcomes [29].
Unfortunately, many of these nontechnical out-
comes are perceived as soft skills [30], however this
has changed in recent times due to the growth of
globalization and are often considered to be profes-
sional skills [31]. A popular strategy for addressing
many of these outcomes is through international
capstone project experiences [29, 32-34]. Outside of
ABET, many engineering departments also review
feedback from industry to assist in determining the
outline of capstone design. For instance, the forma-
tion of group projects in nearly all capstone design
projects across the United States was due to indus-
try’s acknowledgment of its importance [32, 35].
The focus of this study, however, is the impact of
globalization on the education of the future engi-
neer. Must capstone design courses change to
accommodate the need for a global component in
student education?

Many programs within the United States have
recognized the need for an international component
within capstone engineering courses. As a result,
programs have incorporated an international ver-
sion of capstone to their course offerings. In a report
by National Academy of Engineers (NAE) [36], the
significance of globalization on the next generation
of engineers is recognized and stresses the necessity
for engineers to grow their capabilities to fit a global
need [37]. The goals for the next generation are
engineers who are able to function within any
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global setting, speaking and adapting to the lan-
guage of the country. Further, it is essential that
engineers can readjust themselves to such an envir-
onment so they may professionally complete their
international assignment [38]. However, in order to
ensure engineers are capable of such adaptation to
international settings, they must first be exposed to
such. As a result, one of the newer roles that
educators are responsible for is exposing students
to work in an increasingly global economy where
young engineers could be expected to work outside
of their native country [39]. The purpose of an
international capstone program is to afford students
an opportunity to gain experience in working in an
unfamiliar, foreign environment. Other schools,
such as Worcester Polytechnic Institute (WPI)
have successfully performed international capstone
projects for over 30 years [40, 41].

Though the technical aspects of engineering are
of prime importance, the significance of globaliza-
tion and functioning in a global environment is
recognized. Engineers must now be capable of
adapting to global settings where they must over-
come the difference in rules and regulations. For
instance, an engineer must be concerned with global
sustainability, and such capabilities may eventually
prevail an engineer’s technical capability [42].

Many engineers are required to travel to interna-
tional sites to execute assignments. The world of
engineering has formed into a decentralized infra-
structure where multiple design teams are working
in sync on specific challenges. As a result, manage-
ment skills are also an important consideration
when pertaining to global engineering [38]. Man-
agement skills have become an important compo-
nent for engineers, and learning such a skill in an
international setting has become a growing need
[43]. Studies have indicated engineers are not pre-
pared for the cultural challenges they will face in the
future [44]. This is primarily due to the inexperience
engineers have in multicultural settings during their
studies [38].

3. Description of the capstone program at
Clemson

At Clemson University, capstone students are
expected to have completed their introductory and
secondary technical engineering courses. The cap-
stone course provides students an opportunity to
apply the knowledge gained from their previous
courses while adapting design techniques to execute
technical tasks. Capstone is a three credit hour
course given during a single semester. Each student
is grouped into a team of three to four students. This
encourages the student to work on his or her own
social skills alongside their technical knowledge.

The student teams are assigned an industry spon-
sored design project. Teams must apply their knowl-
edge of the design process to complete the project
successfully.

3.1 Domestic version

The capstone design program in the Department of
Mechanical Engineering at Clemson University has
been a critical part of the curriculum for over forty
years. Industry partners sponsors all projects and
three to five teams of four to five students are
assigned to each project. The expectation of each
student is ten to fifteen hours of work per week so
that for a team of five, the final deliverable is well
over 600 man-hours throughout the semester.

The domestic version of capstone takes place
during a normal fifteen week Fall or Spring seme-
ster. In this time frame, students are expected to
work in their assigned teams to design, build and
test a solution to their design problem. A summary
of available projects is distributed amongst the
capstone students and each student must submit a
resume form to ascertain each student’s experience
level in design and fields of interest. The form also
requires students to choose two positive and one
negative choice for their preferences of projects or
teammates. These forms are then used to assign
students to teams.

Each design problem is assigned to three teams of
four to five students each. The teams work indepen-
dently to solve the same industry problem. Each
student team is presented with the problem simulta-
neously by the sponsor on the Clemson campus and
provided the same information regarding the pro-
ject. Each team is expected to design, prototype and
test their proposed solutions. They are also required
to document their solutions and any findings from
testing. Assigning multiple teams to the same pro-
blem allows for three to four distinct developed,
prototyped, and tested solutions.

Industry sponsors provide the teams with a pre-
sentation of the problem to be solved. This pre-
sentation is succeeded by a plant tour and student
verification and clarification of the proposed pro-
blem. Student teams give the sponsor an official
progress report in their midterm presentation. The
students are required to present their understanding
of the problem during the midterm presentation.
The sponsor is expected to be available to answer
questions periodically throughout the semester. At
the conclusion of the semester, teams present their
final design and recommendations to the sponsor.

On campus, students have access to multiple
forms of technical aide. The student machine shop
is available to students during normal business
hours where students can use machining tools
such as mills, lathes, and other power and hand
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tools to prototype their designs. They also have
access to a computational lab for creation of com-
puter models and analysis as well as a meeting and
discussion room reserved solely for the capstone
design teams. Student teams are encouraged to have
a short weekly internal meeting to collaborate on
their design within the team in this room.

Two faculty members and a graduate coach are
assigned to each project as an advisory committee.
Weekly design reviews are conducted to provide
feedback to the student design teams. Teams pre-
pare a fifteen minute presentation to summarize the
work completed over the past week and to propose a
schedule of tasks for the upcoming week. Approxi-
mately eight weeks into the semester, teams are
required to give a midterm presentation to the
sponsor, including the understanding of the pro-
blem and their proposed solution ideas. During the
second half of the semester, the teams must choose a
solution, build a prototype, and test it. The results of
the testing must be included in their final presenta-
tion and design report. Final deliverables include a
prototype, fully detailed solution, and final design
report complete with any necessary drawings and
information for implementing the chosen solution.

3.2 International version

The international capstone program replaced the
existing semester long capstone design course with a
six week design course taking place in Querétaro,
Mexico. In collaboration with one other domestic
university and six Mexican universities, the pro-
gram accommodates approximately 50 students.
These students are working on their degrees in
Mechanical or Mechatronic Engineering (Clemson
University does not offer a Mechatronic Engineer-
ing degree). Each team will have a minimum of two
students from each country and all student will
originate from a different university. Domestic
students are also asked to submit a résumé so
teams are created to best accommodate the industry
sponsor, project needs, and student interests. The
program is supported with assistance from the
Mexican Council for Science and Technology, a
governing body equivalent to the National Science
Foundation (NSF) in the United States. The council
collaborates with the two domestic schools to help
students learn how to work in a diverse team where
they must overcome cultural and language barriers
while successfully completing a project.

Before students arrive in Mexico, faculty advisors
identify projects with local Mexican industry part-
ners and prepare the project. This includes identify-
ing the number of teams needed, skill set required,
and scope of the project. Industry projects are
assigned within the first week of the semester and
ateam is assigned by faculty to each project. In most

instances, each project is only assigned one team.
Each team visits their assigned industry sponsor to
learn about the problem and the deliverable
expected. Teams are encouraged to conceptually
design, build, and test their solutions. Students
then return to their sponsor the following day to
begin working on the design problem. Students
work on the project with their teammates at the
industry sponsor site for eight hours a day, five days
a week. The advantage of this, unlike its domestic
counterpart, is students are in constant contact with
the sponsor.

Students have access to their school’s programs
and technology remotely through the internet but
are not given a centrally located machine shop. The
students have access to computer programs from
their home university through use of their personal
laptops. Student teams often work in the same room
for the duration of the program but are still encour-
aged to have short team meetings each week.

Guidance for the project is provided in the form
of two faculty members visiting each team twice
weekly. On Fridays, students take a half-day from
work so all the teams could meet in a central
location to present their project and its current
status. Each team presents their progress to all
involved faculty, other students, and industry liai-
son to receive design feedback and constructive
criticism. In these cases, teams are expected to
fully design and perform as much analysis on the
recommended design as possible without testing.
All teams are required to supply the faculty with a
written final design report discussing the problem,
recommended solution, and validation for choosing
the suggested solution. The final report must be
produced in both English and Spanish.

4. Survey items

Based on a successfully deployed survey found in the
literature [45], pre and post course surveys were
developed to target information about student moti-
vation and expectations of the course as well as their
reflections on the program and how the experience
influenced them. The sample size for the survey is
determined by the enrollment of the capstone course
versions. Each survey consisted of the following
sections: participant demographics information,
survey questions and instructions for survey comple-
tion. The survey questions were answered usinga 1 to
5 Likert scale. For instance, a question regarding
significance may have the following scale: (1)
Strongly Insignificant, (2) Insignificant, (3) neutral,
(4) Significant, and (5) Strongly Significant.

The sample sizes for each category of students
surveyed are shown in Table 1. The Fall 2011 sample
size of students from Clemson was twenty-four (24).
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Table 1. Sample Size per Category

Domestic Mexican

Fall 2011 (Domestic Program) 24 NA
Summer 2011 (International Program) 17 11

The Summer 2011 students who participated in the
programs consisted of seventeen (17) domestic and
eleven (11) Mexican students. Of the seventeen
domestic students, six were from West Virginia
University students and the remaining eleven from
Clemson University. Three students were females
and the remainder males. Of the seventeen students,
twelve had professional internship or cooperative
education experience at an engineering site.

The pre-course survey asked students about their
future plans, past experience, the importance of
various factors in choosing the program they
selected, their level of preparation for the upcoming
semester, their expectations about the course, and
what they expected to gain from it. Two versions of
the pre-course survey were distributed. The domes-
tic version survey excluded some of the seemingly
irrelevant questions from the international version
such as, “What did you do to prepare for the
challenge of living in a country that does not
universally speak (English)?”

After completion of the course, students com-
pleted another survey which focused on how pre-
pared they felt they were, if the experience caused
them to change their future plans, and the impor-
tance of factors in their progress throughout the
program. To capture more information about their
experience and how it influenced/affected them,
post-course interviews were conducted.

The survey was segmented into a quantitative
portion, where students responded based on a
Likert scale and other questions where students
could comment or select one (or several) answers.
The non-quantitative portion inquired about intro-
ductory student information such as how many
technical elective courses they have completed,
how often they had traveled, and their background
in Spanish. Further, additional questions on how
students prepared for the challenge of working in a
foreign environment were included. Students were
also asked about their goals for participating in the
program. Students were given twelve answers to
choose from and they were to select all that applied.
They were also given the option to state a response
outside of the given choices. This was the most
critical question in the non-quantitative portion as
it identified the motivation of students for partici-
pating in the program.

The quantitative portion of the survey makes use
of a Likert scale to measure student response. It
focused on the aspects of the program students felt

were important in their decision to participate, the
relevance of each survey item to their participation
in the program, their expectations of the program,
and how prepared they were for the challenges they
experienced. The forty-four (44) quantitative ques-
tions given to the students are shown in Table 2.

The first two questions refer to the students’
interest in taking formal instruction in the foreign
language. The second question grouped influence of
the experience on the student. The remaining quan-
titative survey items are segmented under five ques-
tion groups. The first question group measures how
important specific factors (survey item 3—11) were in
their decision to participate in the program. The
second question group measures the relevance of
specific factors (survey items 12-17) to student
participation in the program. The third question
group investigates how specific aspects of the pro-
gram (survey items 18-22) have helped develop the
student. The fourth and fifth question groups
inquire about the perceived importance and student
preparedness, respectively, of key abilities (survey
items 23-33) needed within the program.

5. Analysis of survey results

The analysis of the survey revealed two important
findings regarding student’s reasons for participat-
ing in capstone and the influence of the program on
the students. Most of the remaining questions did
not result in significantly different responses
between summer, fall, or domestic or Mexican
students’ samples.

5.1 Domestic vs. international participation

Figure 1 contains responses between the pre course
survey questions for domestic (Fall 2011) and inter-
national (Summer 2011) capstone students. Stu-
dents who participated in capstone design were
asked to complete a survey before the start of the
course. This was performed to measure the differ-
ence in initial perception between both course ver-
sions. The responses shown in Figure 1 pertain to
the question of student motivation for participating
in the program. Since students were allowed to
select more than one response, the percentage of
students who selected each of the response choices
from the domestic and international schools is
shown. The three most popular responses from
students are (1) resume enhancement, (2) growth
of interpersonal skills, and (3) growth of maturity
and self-confidence. These three responses were
equally popular amongst students regardless of
the course version they chose to participate in. The
greatest difference identified was in the survey ques-
tion relating to “Greater understanding of the U.S.
and world affairs and history”. Students electing to
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Table 2. Quantitative Survey Questions

Item # Survey Question
1 Are you interested in taking formal instruction in Spanish upon returning to the US?
2 How influential do you believe this experience will be to your future?
How important were the considerations listed below in your decision to participate in this program?
3 Information/encouragement from previous program students
4 Information/encouragement from program faculty/TAs
5 Applicability to future career/education goals
6 To learn/improve a language or language skills
7 The opportunities for programs such as this
8 The availability of an adequate program financial package
9 School/program requirements
10 Desire to travel
11 I want to experience going to another country
Rate each statement below on its relevance to your participation in this program
12 I want to learn Spanish in a technical context
13 I want to apply my engineering knowledge to real life problems
14 I wanted to be with my friends in a foreign country
15 The program related to my area of study within engineering
16 I want to get experience working on a multicultural team
17 I want to use my knowledge to serve others
Do you expect this program to help you develop your:
18 Leadership skills?
19 Do you expect this program to help you develop your Cultural Awareness skills?
20 Do you expect this program to help you develop your Team Working skills?
21 Do you expect this program to help you develop your Technical Competence skills?
22 Do you expect this program to help you develop your Language skills?
Indicate how important the ability below is to you
23 Communicate in your host country’s language in a social setting (conversational fluency)
24 Communicate in your host country’s language in a social setting (professional/technical fluency)
25 Exercise leadership skills
26 Function on multidisciplinary or cross functional teams
27 Resolve interpersonal conflict within a group or team
28 Indicate how important the ability above is to you
29 Carry out projects independently
30 Practice engineering in different cultural settings
31 Work in a cross-cultural environment
32 Professionally collaborate with persons in your host country’s workplace environment
33 Approach problems from different perspectives
Rate how prepared you feel you are in the ability
34 Communicate in your host country’s language in a social setting (conversational fluency)
35 Communicate in your host country’s language in a social setting (professional/technical fluency)
36 Exercise leadership skills
37 Function on multidisciplinary or cross functional teams
38 Resolve interpersonal conflict within a group or team
39 Indicate how important the ability above is to you
40 Carry out projects independently
41 Practice engineering in different cultural settings
42 Work in a cross-cultural environment
43 Professionally collaborate with persons in your host country’s workplace environment
44 Approach problems from different perspectives

take the international version are slightly more
interested in the U.S. and world affairs and history
than students participating in the domestic version.

The influence of the program on the students
yielded a large disparity between sample groups.
Students were asked about the influence they felt the
program would have on their future. Comparisons
of responses were made between domestic students
before and after course responses as well as between
domestic and Mexican student responses. The
greatest disparity was identified between students
who participated in the international and domestic
version of the program. Figure 2 shows the percen-

tage of students who give this response a 1, 2, 3, 4 or
a 5 (from strongly insignificant to strongly influen-
tial) on the Likert scale. For instance, 67% of the
international students and 39% of the domestic
students felt this program would have an influence
(Likert score of 4) on their career.

Survey questions asked students how important
certain factors were in their choice to participate in
their version of capstone. They were also asked how
relevant some factors were in their decision making
process. The responses to the questions were ana-
lyzed using the corresponding Likert scale value. A
t-test was performed to test for significant difference
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of the means of their responses. Although students
have various motivations and goals for the pro-
gram, relevance of factors to their course selection
and importance of influences on their decision are
not significantly different between the domestic and
international students. Students were also asked
before and after the course what they expected
from the course in terms of personal development
and what they gained. Again the responses showed
no significant difference between before and after.
Students participating in the international ver-
sion of the program indicated their desired to take
advantage of the experience. This included: travel-

ing to a foreign country, being abroad with friends,
learning to speak a new language, or improving
their current foreign language skills. These motiva-
tions for participation in this program are not seen
amongst students electing to take the domestic
version. It is also noted that students with more
than average amounts of foreign language instruc-
tion or experience are more likely to choose the
international version than the domestic.

5.2 International student responses

Over 50% of Mexican students were influenced
enough by this experience that they had changed
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their future plans. Less than 20% of domestic
students indicated a change of future plans after
the experience. This may be indicative of the oppor-
tunities realized through the program as Mexican
students seemed to be influenced by the program
more than their American counterparts.

5.3 Change in domestic students’ global awareness

While there is no statistical significance between the
pre and post questionnaire responses, it is interest-
ing to examine the individual level of responses. For
instance, how many students increased in their
desire to learn Spanish? This question could lead
to insight regarding the student’s appreciation for
global awareness. If the program is successful in
improving global awareness, it would be expected
that students participating would show an increase
in their responses, even if at a nominal level. If,
however, it is seen that there is a decrease in their
responses to this question, then it is possible that the
program actually dissuades them from further stu-
dies of the language. Table 3 illustrates the changes
between the pre-program and post-program ques-
tionnaires, tying the responses to individual stu-
dents. The items numbers shown in the table
correlate to the same item number shown in Table
2. Additionally, some non-global awareness ques-
tions are examined here as they relate to the general
course objectives, such as team work and leadership
impact. If it is found that there is a negative impact
on the student’s learning from this perspective, then
a tradeoff examination is needed to determine
whether the students increase in global awareness
warrants the sacrifice on other course dimensions.
The global awareness related questions are
shaded in Table 3 (No. 13, 16, 19, and 22). While
each of these questions addresses global awareness,
the question most closely related to global aware-
ness is Question 19. This question, which deals with
the impact of cultural awareness, resulted in more
positive than negative changes for individual
students. Five students responded positively and

Table 3. Student Response Change

four students responded negatively to Question 19,
however those who responded negatively experi-
enced a greater overall change than those who
responded positively causing an overall negative
change in the average (-0.1875). For questions
related to global awareness that saw a negative
impact, it is unknown at this time what may cause
this negative impact.

For the other questions, it appears that there was
positive impact on team working skills, but not on
leadership and technical competence development.
This could possibly suggest that students were not
growing or did not recognize this growth within
themselves, with respect to the general course objec-
tives. Team work skills and recognition that the
projects within the program were related to their
area of study saw positive improvement.

Ultimately, the changes in the students are gen-
erally found to be negative for those questions
related to global awareness and were neutral for
those questions related to traditional course objec-
tives. This possibly suggests that there is a gap
between the intent of international study abroad
programs such as this and the actual outcomes of
the programs. Again, the statistical findings are not
sufficient to warrant the abandonment of the pro-
grams, but it does suggest that a deeper study and
investigation is needed, rather than a proliferation
of these programs based on the faith and belief that
they have a positive impact on students’ global
awareness. If this gap is present, one possible
corrective action might be for the involved faculty
to more explicitly discuss these objectives and to
encourage more systematic student reflection
through the program [46].

6. Interview discussion

Alongside the survey, students were also inter-
viewed for their feedback on the program. The
interviews were performed after the students com-
pleted their final presentation to their advisors and
peers. Students were given the opportunity to pro-

Average Positive Negative Individual

Item#  Questions Change Change Change Shift

12 I wanted to learn Spanish in a technical context. 0.1250 3 2 Positive
13 I wanted to apply my engineering knowledge to real life problems. -0.0625 2 3 Negative
14 I wanted to be with my friends in a foreign country. 0.3125 8 5 Positive
15 The program related to my area of study within engineering. 0.1250 4 5 Negative
16 I wanted to get experience working on a multicultural team. -0.1250 4 6 Negative
17 I wanted to use my knowledge to serve others. -0.1250 2 4 Negative
18 Did this program help you develop your Leadership skills? —0.1250 3 5 Negative
19 Did this program help you develop your Cultural Awareness skills? -0.1875 5 4 Positive
20 Did this program help you develop your Team Working skills? 0.1875 2 5 Negative
21 Did this program help you develop your Technical Competence skills? ~ —-0.1875 3 5 Negative
22 Did this program help you develop your Language skills? -0.4375 3 7 Negative
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vide open ended feedback on the program, its
benefits, and how it impacted them. Most students
had positive feedback toward the program as it
provided them with exposure to working in an
international setting within a diverse team. Students
also stated they felt better equipped to work within
the engineering workforce due to their experience in
the program. Students felt this program had an
influence on them more than any other course in
their engineering curriculum as they had to deal
with challenges they never experienced. Further,
students stated they felt this program would assist
them in finding jobs as the experience made them
more attractive candidates.

The negative comments received were primarily
due to the initial learning curve students had to
experience and overcome. Students expressed frus-
tration in learning how to work with foreign team
mates and communicating with their partners like
they traditionally did with their domestic peers back
home. Due to the language barrier, it was difficult
communicating technical terms (words not often
learned in basic Spanish courses) with their Mexican
team mates. The initial struggle was eventually
overcome, but it resulted in much time wasted and
challenges in the beginning of the program. Further,
engineering education in Mexico varied greatly
compared to that of the United States and this was
felt by the students. Students had to quickly adapt to
their teammates’ strengths and weaknesses. One of
the greatest challenges experienced by students was
the lack of availability of resources such as data,
tools, or materials. Whereas in the United States
most students have quick access to a machine shop
or a local home improvement store to purchase
material, this is not the case in Mexico.

Overall the feedback from the interview was
positive toward the program. All students, with
the exception of one, stated they would recommend
the program to their peers. The students stated they
felt this program was their premier experience in
their undergraduate education and it has helped
them understand the importance of global engineer-
ing.

7. Concluding observations and
recommendations

While analyzing the survey results, one would
determine alignment of the responses with findings
of other researchers. Unfortunately, while strides
have been made in developing assessment tools and
performing outcome studies, the literature is thin in
proposing an effective method for measuring such
outcomes [30]. Generally, students expressed an
overall positive feedback on their open ended inter-
view questions. However, the survey questions

indicated some negative change occurred in some
areas of global awareness, which is needed to justify
program offering. Though the negative change was
not found to be statistically significant, these con-
flicts in responses warrant further investigation.

Through the positive survey responses and inter-
view feedback, we conclude that the program likely
adds value to students by providing them with an
international offering of the capstone course. The
cultural component of the course enhanced their
understanding and appreciation of global engineer-
ing with both positive average changes and an
increase in number of positive responses for two
questions relating to personal relationships and to
language. Students also gained exposure to students
from other engineering departments both domes-
tically and internationally. The program challenged
students to overcome cultural and language barriers
by strengthening their communication and inter-
personal skills. These challenges were evidenced
from some of the perceived frustrations found in
the survey responses and the declines on questions
such as gaining multicultural team experience and
improving general teamwork skills. It is possible
that the students do not immediately recognize the
lessons that they learned from these challenges and
associate a challenging experience with not learning.
For many students, this was their first exposure to
students outside of their home institution. This was
a valuable experience as students will interface with
engineers from various universities with various
backgrounds in the workplace. Through this, stu-
dents are able to effectively collaborate in a foreign
setting where traditional, easy to attain resources
were not easily accessible.

A key observation noted was the allocation of
tasks by domestic and Mexican students. In all
cases, domestic students assumed leadership posi-
tions and delegated tasks to their team members.
Mexican students, on the other hand, openly
volunteered to complete specific tasks before
they were assigned. This was of a surprise as the
greatest challenge was identified to be the lan-
guage barrier and, as a result, one would expect
the leader on the team to be a Mexican native so
they could efficiently communicate with the spon-
sor. However, this was not the case. Alongside
this, domestic students experienced greater diffi-
culty in communicating in Spanish than Mexican
students did in English. Mexican students, many
of whom were educated in English, possessed
sufficient communication skills in both languages.
Nonetheless, the students readily recognized the
leadership tools to reside primarily within the
domestically trained students. This raises ques-
tions of training or cultural prejudices that needs
to be explored further.
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Though the study did not result in any statisti-
cally significant results, the findings of this study
may suggest that the hopes and leaps of faith
associated with developing new international
study abroad programs to have positive impacts
on students’ global competencies are only partially
supported by reality. These results align with the
findings of others who have attempted to evaluate
the merit of study abroad programs [47-56]. Ulti-
mately, similar to the findings of other researchers,
there is limited empirical support to either support
or oppose such a study abroad program. More
detailed evaluations are needed.

Evaluation of these programs should be estab-
lished to help ensure that the programs have value in
creating positive impacts on global competencies
while not unnecessarily degrading or devaluing the
traditional core objectives of these courses that they
are replacing. This critical element of evaluation
and continuous improvement is one that is not
common in university programs which are faculty
developed and implemented. The effort associated
with these evaluations might be considered onerous
to the faculty and outside of their areas of expertise.
However, with training and a refinement of the
survey instruments, it is possible to begin to develop
a clearer understanding of the international pro-
grams landscape as it relates to the impact on global
awareness.

Further, it is recognized that the post-program
questionnaires were administered on the last day of
the formal program. The true lasting impacts of
these programs are more clearly seen from alumni
surveys and comparisons after a number of years.
Perhaps the state of mind of the students responding
to the surveys was not positive as they had just
completed six weeks of intensive engineering effort.
These considerations and others might temper the
conclusions on the impacts that the program had on
the students. Therefore, it is recommended that
subsequent, longitudinal studies of students’
global awareness be explored.

References

1. H. Jackson, K. Tarhini, A. Zapalska and S. Zelmanowitz,
Strategies to infuse global perspectives and industrial colla-
boration in engineering education, In 2010 IEEE Frontiers in
Education Conference (FIE), 2010, pp. S1J-1-5.

2. J. R. Lohmann, H. A. Rollins and J. J. Hoey, Defining,
developing and assessing global competence in engineers,
European Journal of Engineering Education, 31(1), 2006, pp.
119-131.

3. B. Morkos, S. Joshi, J. D. Summers and V. Mucino, Inter-
national Capstone Immersion Experience: A Preliminary
Evaluation of Senior Design in Mexico, In Harvey Mudd
Design Workshop, Claremont, CA. 2011.

4. M. N. Grudzinski-Hall, How do college and university under-
graduate level global citizenship programs advance the devel-
opment and experiences of global competencies? Drexel
University, 2007.

20.

21.

22.

23.

24.

25.

26.

. A. Oxfam, A curriculum for global citizenship, Oxford, UK,
1997.

. W. D. Hunter, Got Global Competency? International
Educator, 13(2), 2004, pp. 6-12.

. W. Toombs, J. M. Amey and A. Chen, General education:
An analysis of contemporary practice, Journal of General
Education, 40, 1991, pp. 102-118.

. D. Lawson, D. S. White and S. Dimitriadis, International
business education and technology-based active learning:
Student reported benefit evaluations, Journal of Marketing
Education, 20(2), 1998, pp. 141-148.

. S. Thoe and J. D. Summers, Survey Comparison of National
and International Capstone at Clemson University, In
National Capstone Conference 2012, Champaign-Urbana,
IL, 2012, p. 50.

. J.Ordonez,J. V. C. Vargas, A. Morega, C. A. Luongo and C.
Shih, An International Component to Capstone Senior
Design Projects, Proceedings. Frontiers in Education. 36th
Annual Conference, 2006, pp. 9-13.

. F. J. Looft, The WPI Capstone Project: Evolving Off-
Campus and International Experiences, In Capstone Design
Conference, 2010.

. J. H. Hanson, R. J. Houghtalen, J. Houghtalen, Z. Johnson,
M. Lovell and M. Van Houten, Our first experience with
international senior design projects—lessons learned, in 2006
American Society for Engineering Education Annual Confer-
ence & Exposition, 2006.

. H. Al-Rizzo, S. Mohan, M. Reed, D. Kinley, Z. Hemphill, C.
Finley, A. Pope, D. Osborn and W. Crolley, Directional-
Based Cellular e-Commerce: Undergraduate Systems Engi-
neering Capstone Design Project, International Journal of
Engineering Education, 6(5), 2010, pp. 1-20.

. R. H. Todd, C. D. Sorensen and S. P. Magleby,
Designing a Senior Capstone Course to Satisfy Industrial
Customers, Journal of Engineering Education, 82(2), 1993,
pp- 92-100.

. S. P. Magelby, R. H. Todd, L. Pugh and C. D. Sorenson,
Selecting Appropriate Industrial Projects for Capstone
Design Programs, International Journal of Engineering Edu-
cation, 17(4), 2001, pp. 400—405.

. J. Gibson and M. Brackin, Capstone design Projects with
industry: Emphasizing teaming and management tools, In
Proceedings of the 2005 American Society for Engineering
Education Annual Conference and exposition, 2005.

. N. Gnanapragasam, Industrially sponsored senior capstone
experience: Program implementation and assessment, Jour-
nal of Professional Issues in Engineering education and
Practice, 134(3), 2008, pp. 257-262.

. J. E. Jorgensen, A. M. Mescher and J. L. Fridley, Industry
Collaborative Capstone Design Course, In International
conference on Engineering Education, 2001.

. B. I. Hyman, From capstone to cornerstone: A new para-

digm for design education, International Journal of Engineer-

ing Education, 17(4/5), 2001, pp. 416-420.

S. Howe and J. Wilbarger, 2005 National Survey of Engi-

neering Capstone Design Courses, in ASEE Annual Meeting,

Chicago, 2006.

A.J.Dutson, R. H. Todd, S. P. Magleby and C. D. Sorensen,

A Review of Literature on Teaching Engineering Design

through Project-Oriented Capstone Courses, Journal of

Engineering Education, 86(1), pp. 17-28, 1997.

D. S. White and D. A. Griffith, Graduate international

business education in the United States: Comparisons and

suggestions, Journal of Education for Business, 74(2), pp.

103-115, 1998.

N. Tichy, The global challenge for business schools, Human

Resource Management, 29(1), 1990, pp. 1-4.

B. Y. L. Martinez, The Study Abroad Advantage, Diverse

Issues in Higher Education, 28(21), 2011, p. 25.

A. Parkinson and B. Practices, Engineering Study Abroad

Programs: Formats, Challenges, Best Practices Engineering

Study Abroad Programs, 2(2), 2007.

J. H. Bohn and M. Hampe, Study Abroad Programs in

Mechanical Engineering, In Proceedings of the ASEE

Annual Conference, 2006.

. N. A. Mello, How one institution provides a global perspec-



A Comparative Survey of Domestic and International Experiences in Capstone Design 89

tive for engineers, in Frontiers in Education Conference, 2001. 44. R.Caspersen, Encouraging Engineers to Learn Cross-cultural
31st Annual, 2001, 3, p. S1ID-1. Skills, 6(2), 2002.

28. Criteria for Accrediting Programs in Engineering in the US: 45. B. Draper, Joshua, Mexico Engineering Study Abroad:
Effective for evaluation during the 2012-13 accreditation Assessing The Effectiveness of International Experiences
cycle. Accreditation Board for Engineering and Technology, on Teaching Global Engineering Skills, Brigham Young
2012. University, 2007.

29. R. F. Vaz and P. C. Pedersen, Experiential learning with a 46. S. L. Ash, P. H. Clayton and M. P. Atkinson, Integrating
global perspective: overseas senior design projects, in Fron- reflection and assessment to capture and improve student
tiers in Education, 2002. FIE 2002. 32nd Annual, 2002, 3, p. learning, Michigan Journal of Community Service Learning,
S3B-1. 11(2), 2005, pp. 49-60.

30. L. J. Shuman, M. Besterfield-Sacre and J. McGourty, The 47. L. Rourke, Student Engagement and Study Abroad, Cana-
ABET ‘Professional Skills’—Can They Be Taught? Can dian Journal of University Continuing Education, 38(1), 2012,
They Be Assessed? Journal of Engineering Education, 94(1), pp. 1-12.

2005, pp. 41-55. 48. S. Asay, M. Younes and T. J. Moore, Promoting cultural

31. E.Smerdon, An Action Agenda for Engineering Curriculum competence through international study experiences, In
Innovation, In /1th IEEE-USA Biennial Careers Conference, International Family Studies: Developing Curricula and
2000. Teaching Tools, Binghamton, NY: Haworth Press, 20006, p.

32. B. A. P. M. Approach, Addressing Common Problems in ChS.

Engineering Design Projects: A Project, no. July, 2001. 49. R. Bataller, Making a request for a service in Spanish:

33. U. States and M. Academy, Using a Systematic Engineering Pragmatic development in the study abroad setting. Foreign
Design Process to Conduct Undergraduate Engineering Language Annals, 43(1), 2010, pp. 160-175.

Management Capstone Projects, no. April, 2001, pp. 193— 50. H. Black and D. Duhon, Assessing the impact of business
197. study-abroad programs on cultural awareness and personal

34. E. Practice, Industrial Sponsored Design Projects Addressed development, Journal of Education for Business, 81, 2006, pp.
by Student Design Teams, Journal of Engineering Education, 140-145.

99, 2001, pp. 10-14. 51. D. Davidson, Study abroad: When, how long, and with what

35. S. M. Katz, The Entry-Level Engineer: Problems in Transi- results? New data from the Russian front, Foreign Language
tion from Student to Professional, Journal of Engineering Annals 2, 43(1), 2010, pp. 6-26.

Education, 82(3), 1993, pp. 171-174. 52. B. Freed, S. Sufumi and N. Lazar, Language learning

36. National Academy of Engineering Committee on Engineer- abroad: How do gains in written fluency compare with
ing Education The Engineer of 2020, pp. 1-7. gains in oral fluency in French as a second language, ADFL

37. P.Devon, Richard F., Bilen, Sven G., Sierra, Javier Sanchez, Bulletin, 34(3), 2003, pp. 34-40.

Olfs, Teaching Global Engineering Design, In International 53. D. Douglass and C. Jones-Rikkers, Study-abroad programs
Conference on Engineering Design, 2005. and American worldmindedness: An empirical analysis,

38. P.Vohra,R.Kasubaand D.P. Vohra, Preparing Engineersfor Journal of Teaching in International Business, 13, 2001, pp.
a Global Workforce through Curricular Reform, 10(2), 2006. 55-62.

39. S. G. Bilén, R. F. Devon and G. E. Okudan, Session Core 54. H. Emert and D. Pearson, Expanding the vision of interna-
Curriculum and Methods in Teaching Global Product tional education: collaboration, assessment, and intercul-
Development, 2002. tural development, New Directions for Community Colleges,

40. R.F. VazandP. C. Pedersen, Experriential Learning With A 138, 2007, pp. 67-75.

Global Perspective: Overseas Senior Design, In 32nd ASEE/ 55. R.Martinsen, W. Baker, D. Dewey, J. Bown and C. Johnson,
IEEE Frontiers in Education Conference, 2002, pp. 4-7. Exploring diverse settings for language acquisition and use:

41. D. DiBiasio, Outcomes Assessment of an International Comparing study-abroad, service learning abroad, and for-
Engineering Experience, In ASEE Annual Conference Pro- eign language housing. Applied Language Learning, 20(1-2),
ceedings, 2001, pp. 64-80. 2010, pp. 45-69.

42. R. Miller and G. Rogers, The ABET ‘Professional Skills’— 56. M. Tajes and J. Ortiz, Assessing study abroad programs:
Can They Be Taught? Can They Be Assessed?”” no. January, Application of the ‘SLEPT’ framework through learning
2005. communities, Journal of General Education, 59(1), 2010, pp.

43. A.E. Brief, Globalization and the Undergraduate, no. April, 17-41.

2002.

Beshoy Morkos is an assistant professor in Mechanical and Aerospace Engineering at the Florida Institute of Technology
where he directs the STRIDE Lab (SysTems Research in Intelligent Design and Engineering). Dr. Morkos was a
postdoctoral researcher in the Department of Engineering & Science Education at Clemson University performing NSF
funded research on engineering student motivation and its effects on persistence and the use of advanced technology in
engineering classroom environments. Dr. Morkos received his Ph.D. from Clemson University in the Clemson
Engineering Design and Applications Research (CEDAR) lab under Dr. Joshua Summers. While at Clemson, he received
many national awards and was a recipient of the ASME Graduate Teaching Fellowship. His research focuses on
developing computational representation and reasoning support for the management complex system design, and is
currently implemented in multiple industry practices. Dr. Morkos’ research has been published in several journals and
conference proceedings around the world. He graduated with his B.S. and M.S in Mechanical Engineering in 2006 and 2008
from Clemson University and has worked on multiple sponsored projects funded by partners such as NASA, Michelin, and
BMW. His past work experience include working at the BMW Information Technology Research Center (ITRC) as a
Research Associate and Robert Bosch Corporation as a Manufacturing Engineer. Dr. Morkos’ research thrust include:
design representations, computational reasoning, systems modeling and engineering, engineering education, collaborative
design, and data/knowledge management.

Joshua D. Summers, Professor in Mechanical Engineering and named College IDEaS Professor at Clemson University, co-
directs the CEDAR Group (Clemson Engineering Design Applications and Research). Dr. Summers earned his Ph.D. in
Mechanical Engineering from Arizona State University researching design automation. Dr. Summers received his BSME
and MSME from the University of Missouri-Columbia working on VR-based submarine design. Dr. Summers has worked



90 Beshoy Morkos et al.

at the Naval Research Laboratory (VR Lab and Naval Center for Applied Research in Artificial Intelligence) and served
on the Foreign Relations/Armed Services staff of Senator John D. Ashcroft. Dr. Summers’ research has been funded
(~$6M) by government (NASA, NSF, US Army TACOM), large industry (BMW, Michelin, General Motors), and small-
medium sized enterprises (Wright Metal Products, Hartness International, and others). Dr. Summers’ areas of interest
include collaborative design, knowledge management, and design enabler development with the overall objective of
improving design through collaboration and computation. The work has resulted in well over 220 peer reviewed
publications. Dr. Summers teaching interests has resulted in introduction of four new courses in engineering design,
revamping of the senior design program, and the introduction of an international study abroad experience for senior
engineers. This research and teaching has been recognized with awards from SAE (Ralph Teetor Award and Arch T.
Colwell Merit Award), TMCE (Outstanding Researcher Award), Innovision (Innovations in Education), the South
Carolina Governor’s Award for Scientific Awareness, and others. Most significantly, Dr. Summers has been the advisor of
record for five post-doctoral students, 6 completed PHD dissertations, 33 MS theses, 5 MS projects, two honor’s
undergraduate thesis, and currently supervises over twenty graduate and undergraduate students. All four of his former
post-doctoral advisees that completed their service and one PHD student are currently in academic positions at Clemson
University, Texas State University, St. Louis University, North Texas University, and Florida Tech.

Samantha Thoe is a Master’s student in the CEDAR lab at Clemson University. She participated in the program as an
undergraduate. Based on this experience and her other teaching related experiences at Clemson, she is considering a PHD
in engineering education. She graduated with her BS in Mechanical Engineering in 2011 and helped found the first
Mechanical Engineering Creative Inquiry team at Clemson University. This team, still in existence, is focused on
developing soft-soil traction systems for extra-terrestrial exploration and for military applications in sand. This past
semester, Ms. Thoe coached the undergraduate team as a graduate student.



