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Figure 4 a) “Bird’s Nest” Olympic Stadium, b) The Central Chinese Television Tower. Both structures are located in

Beijing, China.

Chemical Engineering

As an example from Chemical Engineering, we
will mention the operations of a medium size
chemical company: Celanese Corporation.
Celanese is an integrated producer of specialty
and intermediate chemical products such as
acetyl intermediates, polyvinyl alcohol, emulsion

polymers, technical polymers, cellulose acetate
and food ingredients. The company operates on
five continents, including 40 locations in Europe

alone. Global operations include manufacturing,

research and development, and administration.
Sixty percent of its sales come from outside the
U.S. The company just completed its newest
chemical processing plant, located in Nanjing
China, and shown in Figure 5.

Figure 5 New Celanese chemical plant located in Nanjing
China.
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In response to the survey which is discussed later
in this paper, the senior vice president of
operations for Celanese, James Alder, wrote the
following about globalization:

Global competence or a strong interest in
becoming globally competent is a clear
differentiator in an engineer’s ability to
progress in their career. Gone are the days
when someone could be U.S. centric and
reach a senior leadership position or even
have a relatively secure job...Those that
have the interest and capability to move
abroad significantly expand their long
term career opportunities. In the
chemical industry, for example, there are
tens of thousands of Chinese engineering
graduates every year. These engineers
have an incredible drive to succeed so
they can achieve “Western standards of
living.” Engineers in more developed
countries need to realize who their future
competition is and respond accordingly. 22

2.5 Global Engineering Challenges

The previous discussion has centered largely on
economic justification for global competence—
the need for U.S. engineers and companies to
adapt to an increasingly competitive global

engineering environment. There are, however,
critical challenges facing humankind which

provide additional and perhaps even more
compelling reasons for engineers to be globally
competent.
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The National Academy of Engineering, with
support from the National Science Foundation,
has released a set of “Grand Challenges for
Engineering.”? In introducing these challenges,
the report states,

The century ahead poses challenges as
formidable as any from millennia past.

As the population grows and its needs and
desires expand, the problem of sustaining
civilization’s continuing advancement,
while still improving the quality of life,
looms more immediate. Old and new
threats to personal and public health
demand more effective and more readily
available treatments. Vulnerabilities to
pandemic diseases, terrorist violence, and
natural disasters require serious searches
for new methods of protection and
prevention. And products and processes
that enhance the joy of living remain a top
priority of engineering innovation, as they
have been since the taming of fire and the
invention of the wheel.

Foremost among the challenges are those
that must be met to ensure the future
itself. The Earth is a planet of finite
resources, and its growing population
currently consumes them at a rate that
cannot be sustained. Widely reported
warnings have emphasized the need to
develop new sources of energy, [while] at
the same time preventing or reversing the
degradation of the environment.

Among the grand challenges listed, many are
directed towards mitigating the effects of humans
on the environment and/or providing for a
sustainable means of human existence. These
challenges include 1) making solar energy
economical, 2) providing energy from fusion, 3)
developing carbon sequestration methods, 4)
managing the nitrogen cycle, 5) providing access
to clean water, 6) restoring and improving urban
infrastructure, 77) securing cyberspace, and 8)
preventing nuclear terror.
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What do these challenges have to do with global
competence? Nearly all of these challenges are
global in nature: they cut across ethnic, cultural
and national boundaries, and they require
cooperation among nations and peoples if they
are to be solved. As the Grand Challenges report
notes, “governmental and institutional, political
and economic, and personal and social barriers
will repeatedly arise to impede the pursuit of
solutions to problems.” Engineers must not only
be able to navigate these barriers if progress is to
be made, but, as members of society who
understand the technologies involved, they must
provide leadership in developing, negotiating and
implementing solutions.

2.6 Summary: Global Competence:

Why is it Needed?
The previous sections have discussed world
events, recommendations from engineering

leaders, examples of globalization taken across a
range of disciplines, and the critical challenges
facing humankind. We believe the evidence is
persuasive in demonstrating that engineering
increasingly takes place in a global context. The
engineers who will be the leaders of the future
will often manage and direct global engineering
activities. They will need an expanded set of skills
to do this. In the next section we discuss what
some of those skills should be.

3 Global Competence: What Does
it Mean?

Many of the previously mentioned studies argue
that engineers should develop “global
competence.” Although this term is becoming
more widely used, it isn’t always clear what it
means. A good discussion of “the elusive concept
of global competence” is given by Grandin and
Hedderich.24 Lohmann et al., Hunter et al., and
Deardorff all give definitions for this term that
emphasize skills such as cultural empathy,
foreign language ability, or the ability to practice
one’s profession in an international setting. 25-26:27
Downey et al. discuss global competence in terms
of being able to work effectively with others who
define problems differently.?® Based on
definitions found in the literature, experience
running study abroad programs, and stated
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objectives of courses and programs which
prepare students to be globally competent,
Parkinson et al.29 proposed 13 dimensions or
attributes of global competence, some of which
are specific to the engineering profession. These
follow.

Global competence means engineering graduates,
1. Can appreciate other cultures.

Explanation: This attribute is focused
partly on understanding and avoiding
ethnocentrism, the idea that one’s own
culture is superior to all others. “All
cultures, to some degree, display
ethnocentrism, which can be the greatest
single obstacle to understanding another
culture.”3° Engineers may be susceptible
to a particular form of ethnocentrism: the
assumption that if their country is more
technologically advanced, their culture
must be superior. Engineering graduates
need to be aware of these potential
problems and develop the capacity to
appreciate and be sensitive to other
cultures.

2. Are able to communicate across cultures
(understand cultural differences in
communication regarding such things as
status, formality, saving face, directness,
the meaning of “yes”, non-verbal cues,
etc.).

Explanation: Communication in some
form is the foundation upon which most
engineering activities build. To avoid
misunderstandings, the  substantial
influence of culture on how people
communicate should be understood.

3. Are familiar with the history, government
and economic systems of several target
countries.

Explanation: This dimension refers to
understanding important elements of the
context of a society. For example, as
students visit factories in China owned by
Taiwanese companies, how is their
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appreciation of this situation deepened by
knowing the history of China and Taiwan?

Speak a second language at a
conversational level.

Explanation: Learning the language of
another country is a key in developing a
deep understanding of the culture and is
an impressive gesture of goodwill and
reaching out to cross cultural boundaries.
Learning a second language also
promotes tolerance for others who have
learned English as a second language.

Speak a second language at a professional
(i.e. technical) level.

Explanation: = This attribute takes
Dimension 4 a step further to being able
to conduct engineering activities in a
second language. This provides a
significant reduction in the possibility of
misunderstandings arising from poor
translations or cultural gaps.

Are proficient working in or directing a
team of ethnic and cultural diversity.

Explanation: Much engineering work is
conducted in teams. As engineering work
becomes more global in nature,
engineering teams become more diverse
and may include members of various
ethnic, cultural and national origins.
Developing this attribute relies heavily on
developing communication skills across
cultures (Dimension 2).

Can effectively deal with ethical issues
arising from cultural or national
differences.

Explanation: Ethical issues can be
magnified when cultural issues come into
play. For example, it is common in some
cultures or countries for business to be
conducted via bribes or kickbacks.
Whereas in the U.S. such conduct is
considered to be unethical and illegal,
how does an engineer approach these
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issues in a society that does not feel this
way? Similar issues come up relative to
safety.

Understand cultural differences relating
to product design, manufacture and use.

Explanation: Being global often means
designing, manufacturing and selling
products in multiple countries. A deep
understanding of customer needs can be
heavily influenced by cultural values.

Have an understanding of the
connectedness of the world and the
workings of the global economy.

Explanation: This dimension relates to
having a basic understanding that the
world’s economies are now very
interconnected. How does demand for
commodities in China affect prices in the
U.S.? How do interest rates in Europe
affect the exchange rate between the Euro
and the dollar? How do exchange rates
affect exports?

Understand implications of cultural
differences on how engineering tasks
might be approached.

Explanation: This dimension is closely
related to the attribute of being able to
work in diverse teams. As an example,
how does Japanese culture influence how
Japanese engineers approach
manufacturing? How does Japanese
culture affect how design decisions are
made?

Have some exposure to international
aspects of topics such as supply chain
management, intellectual  property,
liability and risk, and business practices.

Explanation: These are all topics which
can directly affect doing business abroad.

Have had a chance to practice engineering
in a global context, whether through an
international internship, a service-
learning opportunity, a virtual global
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engineering project or some other form of

experience.
Explanation: = Whereas the  other
attributes focus on knowledge or

understanding, this dimension focuses on
practice. Many of the above attributes
have to be practiced to achieve
competence.

13. View themselves as “citizens of the
world,” as well as citizens of a particular
country; appreciate challenges facing
mankind such as  sustainability,
environmental protection, poverty,
security, and public health.

Explanation: Many of the greatest
challenges facing humankind are
challenges which cut across national
boundaries, such as energy production,
environmental protection, access to clean
water, and security. Solutions to these
problems will require cooperation across
national boundaries.

Thus we can see that the term “global
competence” can encompass a wide set of
attributes and abilities. Since it might not be
possible to develop all of these attributes within
the constraints of a typically crowded engineering
curriculum, it would be helpful to know which of
these are most important. In the next section we
provide some preliminary information in that
regard.

4 Global Competence: What is
Most Important?

To gain further insight into the attributes of
global competence, a survey of their relative
importance was conducted of persons in
academia and industry. The survey asked
respondents to evaluate each attribute according
to the scale, 1—Not important, 2—Of Some
Advantage, 3—Desirable, 4—Highly Desirable,
5—Essential.

Surveys were sent to attendees to the NSF

Summit on the Globalization to be held at the
University of Rhode Island, Nov 5-6, 2008. The
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survey was completed by 15 individuals from 11
universities, 14 individuals representing 12
companies, and two respondents from
government or ASEE.

The university respondents all held positions
which would involve them in this issue—such as
engineering deans, chairs, study abroad
directors, or other university administrators.
Thus it was to be expected that they would feel
global competence was important. All of the
industry respondents worked at the management
level (several were retired) for companies which
have global operations. Besides indicating how
essential each attribute is to global competence,
industry respondents also answered the question,
“How important is it that the engineering
graduates of today (in many cases, you own
employees) are globally competent? The same
scale was used to answer this question.

The relative importance of the attributes is shown
in Figure 6, with separate bars for academia and
industry. The chart shows relatively consistent
rankings, given the small sample size, across
academia and industry. Four of the top five
attributes were common between the two groups.
We also note that industry respondents indicated
the importance of global competence for
engineering graduates to be between “highly
desirable” and “essential.”

Based on a sum of the rankings, the five most
important attributes of global competence are
that engineering graduates,

1. Can appreciate other cultures.

2. Are proficient working in or directing a
team of ethnic and cultural diversity.

3. Are able to communicate across cultures.

4. Have had a chance to practice engineering
in a global context, whether through an
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Figure 6. Relative importance of 13 dimensions of global competence as ranked by academia and industry.
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international internship, a service-
learning opportunity, a virtual global
engineering project or some other form of
experience.

5. Can effectively deal with ethical issues
arising from cultural or national
differences.

We note that 12 of the 13 attributes were ranked
as “Desirable” (corresponding to a score of 3.0)
or higher. Further information is provided in
Parkinson et al.29

5 A Larger Question

So far we have discussed several questions such
as: Why is global competence important? and,
Which attributes of global competence are most
important? These questions point to, but do not
answer, another larger question: How can global
competence be achieved? Regardless of the
specific discipline, the curriculum for engineering
is demanding and full, with more topics to be
covered than there is time for. How can global
competence be fit into a highly constrained
program? Although a full response to this
question is beyond the scope of the paper, some
observations can be made.

First, if there is not time or resources to address
all the dimensions of global competence, then it
would seem to be of benefit to determine which
dimensions are of the highest priority and to
focus on those. Second, within the constraints of
a crowded curriculum, it would be of benefit to
identify areas where global competence could be
integrated into the existing sequence of courses.

The results of the paper provide some clues as to
ways this might be done. For example, the second
most important attribute, “Engineering graduates
are proficient working in or directing a team of
ethnic and cultural diversity,” could be developed
a number of ways, such as through a
collaborative design experience, that would not
have to require travel. Such an experience could
involve having U.S. student teams collaborate
with abroad student teams on a design project via
video-conferencing and other Internet-based
design tools. Since design activities are already a
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part of the curriculum, it may be possible to
integrate this type of experience more easily into
existing programs. This kind of activity would
also require students to learn about
communication across cultures and give them a
chance to practice global engineering skills, two
of the other “top five” attributes.

Thus by defining global competence more
precisely, engineering colleges could focus more
specifically on the attributes they are trying to
develop. By breaking global competence into
smaller “chunks,” it may be easier to integrate it
into existing programs or tailor learning activities
to produce specific outcomes.

6 Summary

In this paper we have discussed the rationale for
developing global competence. We looked at this
from several perspectives. We discussed of the
technological, geopolitical and economic changes
that have been drivers for globalization. In light
of these developments, we gave opinions from
credible sources regarding what should be done.
We presented examples from engineering
disciplines, and mentioned the global nature of
grand engineering challenges. We proposed and
explained 13 separate dimensions of global
competence. These dimensions encompass a
broad set of attributes and skills. Since it may not
be possible to develop all of these within the
constraints of existing programs, we presented
survey results from engineering educators and
leaders in industry regarding the relative
importance of these dimensions. Four of the five
top attributes were common between the
rankings of industry and academia. Industry
respondents also indicated the importance of
global competence for engineering graduates to
be between “highly desirable” and “essential.”
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