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Abstract—The translation of an engineering design program to a foreign culture brings many challenges, including
overcoming the broad barriers of language, religion, values, manners, and ethnocentrism. In addition, the unique aspects of
engineering design — problem-solving, decision -making, teamwork, and communication skills are put to the test when
transferred to a new cultural plane. The 2003 -4 academic year at the Petroleum Institute in Abu Dhabi hasbe enthesiteof a
rewarding and revealing experiment in implementing Western engineering design to higher academia in the Arab world. With
funding from a consortium of major oil companiesincluding The Abu Dhabi National Oil Company, Shell, BP, and JODCO

and led by a team from the Colorado School of Mines, the Petroleum Institute was established in 2001. The goals of the
Ingtitute include educating UAE nationals in fields of engineering (Chemical, Electrical, Mechanical, Petroleum and
Petroleum Geosciences ) that will serve the on -going needs of the oil and gas industry in the Gulf region.  The Abu Dhabi
National Oil Company signed a nine -year agreement with the Colorado School of Mines to provide leadership in programs
and curriculum design, with the goal of achieving ABET accreditation for the Petroleum Institute. As part of that effort,
experienced faculty from CSM were brought over during the 2003 -4 academic year to establish an engineering design
program on the new campus. The program, modeled after CSM ’s cutting edge EPICS Program (Engineering Practices
Introductory Course Sequence) was given the new acronym of STEPS (Strategies for Team  -based Engineering Problem
Solving). The trandation of the program to the other -cultural setting has brought challeng esto all major emphases of the
Program — teamwork, communications, problem -solving, mentoring, and graphics. This paper will attempt to identify the
unique Arabic cultural aspectswhich either resist or embrace the Western design model.

I ndex Terms —engi neering design, open-ended problem -solving, teamwork, trans -cultural learninginthe
Middle East

INTRODUCTION

The trandation of an engineering design program to a foreign culture offers many challenges, including overcoming the broad
barriers of language, religion, values, manners, and ethnocentrism. In addition, the unique aspects of engineering design—
problem solving, decision-making, teamwork, and communication skills are put to the test when transferred to a new cultural
plane. The 2003-4 academic year at the Petroleum Institute in Abu Dhabi has been the site of a rewarding and revealing
experiment in implementing Western engineering design to higher academia in the Arab world.

Experienced design faculty from the Colorado School of Mines were brought to the Petroleum Institute in the Fall of 2003
to foster and implement a program modeled after the widely acclaimed CSM EPICS Program (Engineering Practices
Introductory Course Sequence). The fledgling program acquired the new acronym STEPS (Strategies for Team-Based
Engineering Problem Solving), and was soon faced with the challenge of introducing the “steps’ of engineering designto a
culture of students vastly different from Western students in origin, experience, and custom. The iterative proces of
engineering design is characterized by a series of distinct functions: identifying needs, defining options, making decisions,
gathering data, preparing a plan, and implementing a plan. Demonstrating these functions, along with introducing the students
to open-ended problem solving, produced both universal and culturally distinctive results.

This paper will demonstrate various cultural distinctions affecting the progress and success of adapting an engineering
model to a Middle Eastern culture. First, an introduction to the participants and early history of the Petroleum Institute will lay
the foundation for this experiment in trans-cultural learning.
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THE PETROLEUM INSTITUTE

With funding from a consortium of major oil companies including The Abu Dhabi National Oil Company, Shell, BP, and
JODCO and led by a team from the Colorado School of Mines, the Petroleum Institute was established in 2001. The goals of
the Institute include educating United Arab Emirates nationals in fields of engineering (Chemical, Electrical, Mechanical,
Petroleum and Petroleum Geosciences) that will serve the on-going needs of the oil and gas industry in the Gulf region. In
September 2001 the Petroleum Institute enrolled its first students— 140 young men— and began classes taught by 14
instructors. In September 2003 the Institute registered over 400 students who were taught by 60 faculty members who have
been recruited worldwide.

Recognizing the longstanding reputation of the Colorado School of Mines for excellence in engineering education and
applied sciences as well as its focus on energy and natural resource technologies, The Abu Dhabi National Oil Company signed
a nine-year agreement with the Colorado School of Mines to provide leadership in programs and curriculum design, with the
goa of achieving ABET accreditation for the Petroleum Institute.

THE COLORADO SCHOOL OF M INES EPICSPROGRAM

The model for this experiment in trans-cultural engineering education is the Design EPICS (Engineering Practices Introductory
Course Sequence) Program at the Colorado School of Mines. Directed by Dr. Robert D. Knecht for the past twelve years, the
program is conceived to guide teams of first and second-year engineering students through an authentic design process that
calls on decision-making methodology to address technical, open-ended, client-based projects. Mentors (experienced teachers)
guide the students through the creative, interactive, and complex decisionr-making process. Teams absorb design process
through practice, as they synthesize information, skills, and values. Project solutions are showcased at the end of the semester
in written reports, oral presentations and graphics demonstration. Past projects have included designing solar ovens for African
communities, interactive playground equipment for children with disabilities, and lunar mining modules that have received
NASA'’s attention.

In the Spring of 2003, CSM faculty members Dr. Robert M. Baldwin, Dr. Ronald Miller, and Dr. Suzanne W. Scott, along
with the Petroleum Institute’s Chief Academic Officer, Dr. John Golden, began planning the application of the EPICS
curriculum to the Petroleum Institute.

THE PETROLEUM INSTITUTE’'S STEPS PROGRAM

Placement of Studentsin the Program

One of the first decisions that the new STEPS faculty had to make was choosing the appropriate year level for Arab studentsin
an engineering school to be introduced to engineering design. At the Petroleum Institute, entering students spend two years
preparing for the equivalent of a four-year degree program in the West. The first year, caled “Foundation,” lays intensive
groundwork in English, Physical Science, Mathematics, Computing, and Self Study, and is designed to form a bridge between
UAE secondary school instruction and the 4-year degree program offered by the PI. Following “Foundation,” students are
required to complete a “First Year Program” of core courses necessary to success in the degree programs at the Pl. A student
reaching “Second Year” status at the Pl is similar to reaching sophomore, or second-year standing in the West. The committee
planning the introduction of the new design program decided that this was the appropriate level for offering it. Like its CSM
counterpart, the STEPS Program was divided into two components, STEPS | and STEPS Il. While STEPS I introduces the
students to design methodology in the context of a generic design-and-build project, STEPS Il presents the students with a
discipline specific project, and emphasizes application, data analysis, and technical skill.

Course Mission and Student Outcomes:

In an attempt to establish goals for the new program, a Course Mission Statement was created that speaks to the primary
components of the program: design process, client-based projects, team skills, communications skills, graphics, and the
application of technical skills necessary to the solution of the problem. Specific student outcomes were identified for STEPS I:

o Write an effective technical memo and short engineering report for multiple audiences including a project client

o Present an effective oral briefing to multiple audiences including a project client

e Work in ateam environment to design and build an engineering system or device to meet specified project objectives

International Conference on Engineering Education 2 October 16-21, 2004, Gainesville, Florida.



o Apply engineering design methods to solve an open-ended project for aPl client
e  Graphically describe an engineering design

Course Schedule, Syllabus and Deliver ables:

STEPS | classes met three times a week and included 2 hours for project work, 3 hours for computer graphics, and 1 hour for
team meetings. STEPS Il classes met twice a week — 2 hours for project work and 1 hour for team meetings and extra
presentations as required. Deliverables for both courses centered on reports and ora presentations that reflect the steps in the
correspondence process between team and client.

Projects and Project Competition: Solar Racing Cars and Balsa Wood Bridges

While planning its first year at the PI, the CSM faculty team considered the kinds of projects that are successful in the CSM
EPICS Program. These are design-and-build projects solicited by an authentic client who attends presentations and provides
feedback throughout the semester on how effectively teams are meeting his or her requirements. “Client letters’ invite the
student teams to participate in the project. Students design and build prototypes that are presented at the end of the semester in
a poster session. Judges choose the best designs on the basis of crestivity, technical skill, ingenuity, and communications
skills.

For the first semester of STEPS I, the faculty team chose to have the students design and build miniature solar racing cars;
second semester the students constructed balsa wood bridges. Both projects were highlighted in competitions (racing the cars
and testing the strength of the bridges) at the end of the terms, and awards were presented to the winning teams. In STEPS 11,
the discipline specific projects included planning an oil field (Petroleum Geoscience majors), designing chemically powered
racing cars (Chemical Engineering majors), and conducting a feasibility study for an oil pipeline (Mechanical Engineering
majors).

ADAPTING COMPONENTSOF THE PROGRAM TO M IDDLE EASTERN CULTURE

Over the course of the first year, the new STEPS faculty dealt daily with Middle Eastern cultural distinctions in the higher
academic world of the UAE compared to that of the United States. Instead of a classroom full of young men and women in
various modes of denim, Arab nationals dress in the traditional dishdash and gutra (white robe and headdress) worn every day
in public by Islamic men in this part of the world. Faculty mentors encounter an immediate sense of homogeneity in the
classroom created by the robes in a men-only environment. How would we foster independent thinking here? Could
teamwork be understood and encouraged? How would the students react to the guidance of an adult mentor, as opposed to the
expected lecturer? These and other questions were asked and answered over the 2003-4 academic year.  Thefollowing
represent recognized aspects and components of the CSM engineering design model, and how they were realized and received
in the UAE.

Teamwork and Arabian Friendship/ L oyalty

Since the fields of engineering and science increasingly demand the use of team decision-making in order to meet the needs of
a rapidly developing technological society, the STEPS program (like its CSM counterpart) formed student teams of 4.5
students per team to participate in project problem solving. Since the success of any given team relies not only on the
individual contributions of team members but in the interaction of team members, we wondered what this culture knew about
teams and how they would perform on them. Most of the students had participated on sports teams and were able to identify
the best qualities of such teams— leadership, unity, and spirit, but participating on a project team brought new challenges—
working with people they didn’t know, time and team management, planning and decision-making.

Our Arab students, intensely loyal to relationships, were disappointed that they couldn’t choose to be on teams with their
best friends. We soon discovered that friendship in the Arab world meant extreme and unconditional loyalty. That loyalty even
went so far as never refusing a request, no matter what the request. It is not uncommon for Arab students to copy the work of a
“friend” or to help a“friend” by supplying examination answers. The Western idea of cheating was new to our students, and
led to many discussions about how best to “help” their “friends’ discover their own solutions to problems.

This fierce loyalty led to positive results as well. After a semester of tardiness and spotty attendance on the part of some of
the students, the mentors developed an attendance policy that penalized not only the perpetrator of the attendance offense, but
the perpetrator’s teammates. Threatened with the prospect of lowering their “friends'” grades, attendance and promptness rose
to near perfection!
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Team Goals and Contracts

Our Arab teams were required to write out goals for their teams and to supply a team “contract” outlining expectations for all
members. These were not largely different from Western models. The students wanted to learn, to have fun, and receive good
grades. They expected their teammates to attend meetings, listen to one another, and respect one another

Teambuilding Exercises

Arab students love to play teambuilding games. Teambuilding exercises in STEPS | and |1 are designed to introduce the
students to working together in teams to solve open-ended problems. Some of the games are design-and-build: paper towers,
paper bridges, or paper airplanes, while others involve data analysis. In one game called “Lost in the Amazon Jungle” students
must decide on what 5 survival tools (out of alist of 25) will best help them be rescued. The Arab students use colorful
personal negotiation to convince their teammates to choose one tool over another. A game brought over from Dr. Bob
Knecht's EPICSfiles is “Nuclear Popcorn.” Students must work as a team to lift buckets of popcorn (nuclear popcorn) without
spilling the deadly kernels. Another game involves providing the students with multiple objects for the intent of making a
“gizmo.” A soup can, string, paper, rubber bands, and other miscellaneous objects are provided, and the students are instructed
to create and name their invention.

BRINGING INTERCULTURAL AWARENESSTO OUR ARAB STUDENTS

Since many of our Arab students have never traveled out of the Arab Emirates, the notion of some day working with
international teams of engineers in foreign lands is both intriguing and a source of anxiety. The Arab culture, like most, owns
its religion, customs and language with pride, and is perplexed by the strange manners and notions of the rest of the world.
Their lives deeply and daily influenced by Islamic religion and law (no separation of church and state), and with extended
families as their primary subculture, the students’ lives were thus far highly provincial. In the new STEPS Il program, the
students are introduced to the whys and hows of getting along with people unlike themselves in their future careers.

Arab students ideas about the rest of the world are largely formed by watching movies andtelevision, so they have
variously distorted and unrealistic expectations about the behavior of people in foreign lands. For many, the Petroleum
Ingtitute is the students' first opportunity to interact directly with rea people (as opposed to movie icons)— their instructors --
from various parts of the globe. Imagine learning English from several different instructors with various accents and
inflections, not to mention the shock of their first female instructor ever (the author!).

| think that my colleagues would agree that the students have been warm and welcoming, receptive, polite, and attentive.
They are hospitable to strangers, and despite the fact that they initialy resist the idea of mentors (as opposed to the familiar
lecturer) they appreciate and laud this new type of guidance.

STEPS Il aims to broaden the students perspectives by introducing them to the idea of ethnocentrism, along with exposure
to cultural differences such as language, religion, customs, laws, ideas about time and space, and manners. While some of the
students regard these discussions with grave reservation, others are curious about what time restaurants open in the US, what
constitutes table manners in Turkey, the custom of gift-giving in Spain, or how not to impress your bossin Italy.

Over the course of the semester, the students come to appreciate how team diversity leads to team success. This concept
trandates well when talking about the potential for success on international teams.

ENGINEERING DESIGN:
TRYING NOT TO DISRUPT TRADITIONAL VALUES WHILE LEARNING SOMETHING NEW!

Like their Western counterparts, Arab students resist the idea that there is more than one right answer to a problem. They are
also highly competitive and territorial about their project designs. Although STEPS provides the students with a workshop and
places to store their prototypes at the PI, the Arab students did not want to risk their ideas being pilfered by other teams before
the competition at the end of the semester. Thus, models were produced at the final hour. Part of this was also due to
procrastination and poor time management. Nevertheless, the students came through, proud of their accomplishments, and
with a desire to win the competition.

We discovered early on with the miniature solar race car project that the Arab students had very little experience working
with their hands and working with tools. Many of them were also wealthy enough and wily enough to taunt the mentors about
hiring out their project. The quality of the final products would indicate that the students did their own work, and learned
something new about their own ingenuity.
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COMMUNICATIONINAN ORAL CULTURE

Oral Presentation Skills

Arab students are terrific conversationalists. They are intensely personal, and love to talk about themselves, their families, and
their world. It isan ora culture, developed over centuries, during which story telling took the place of written literature. This
atribute carries over extremely well in oral presentations that the students give on their projects. These presentations include
project plans, progress reports, subsystems reports (redline sessions), and final reports on their project. Most Arab students are
quite comfortable in front of an audience, and public speaking does not hold the fear that it does for Westerners. The
conventional garb — the dishdash—hides a good deal of body language, so that the Arab students appear poised and confident.
The STEPS program teaches the students to use technology to support their presentations. We caution them to use PowerPoint
and overheads judiciously, in lieu of showing off their excellent speaking skills.

The students let this author know that, because of tribal beliefs, some of them would not be able to shake my hand at the
beginning or end of a presentation. We worked this out by adding a “nod” asagreeting. Arabs use of body space is more
intimate than Westerners. Conversations are closer; touching (including hand-holding) between males is common.

Writing Skills

One of the functions of the PI’s Foundation Program is to convince our students of the importance of writing well in their
careers. You can be the best engineer in the world, but without the ability to communicate your design, you cannot sell it.
Thus, English language skills, both oral and written, are at the heart of al Pl instruction. Writing in English is challenging for
our Arab students. Although a student may appear very eloguent and articulate with the spoken word, trandating onto paper is
quite another test. By the time the students reach the STEPS program, they have a wide range of competency levels. Since
project work is performed by teams, the students generally pick the best writer on the team to produce the reports.

Graphics
STEPS | and Il introduce the students to SolidWorks as a tool for illustrating their designs. Our Arab students have some
trouble with visualization, but generally enjoy this tool. Poster sessions at the end of the semester showcase the students’

designs and are highlighted with both their free-hand sketching and their computer drawings.

Pride, Praise, and Sportsmanship

Our Arab students love praise, and are hurt more by criticism than Westerners. They want to be liked, and they love to be
admired. Grades are taken very personaly, and it is not uncommon for students to persist in the attempt to have their grades
raised. Nevertheless, at the final competition for the balsa wood bridges, the Arab students showed their good natures when
defeated, their sense of humor when embarrassed, and their humility when in the winner's circle.
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