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As engineering becomes more global in nature, engineering design is increasingly being accomplished through global
virtual (GV) teams. These types of teams are usually defined as being geographically dispersed, spanning several different
countries and time zones, being composed of team members with little prior association, and communicating through
electronic means. GV teams overlay a number of new challenges on top of the usual challenges for design teams. This paper
will review some of the efforts taking place at universities in the U.S. with GV teams, including our own experience. We
propose a ‘three ring’ Venn diagram as a framework for understanding the issues associated with GV teams. We discuss
these rings in some detail and provide recommendations for establishing successful GV teams.
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1. Introduction

The changes that are transforming the practice of
engineering include the ability to communicate in
real time anywhere in the world, the prominence of
international markets, the development of global
product supply chains, the shift to offshore manu-
facturing, the scale and reach of multi-national
corporations, and the emergence of skilled engineer-
ing workforces around the world.

One example of these changes on product devel-
opment is the BlackBerry Torch 9800 Smartphone,
introduced in August 2010. The circuit board of the
phone contains a power management chip from the
United States, memory chips from Korea, a GPS
receiver from the United Kingdom, RF transceivers
from Germany and Japan, an application and
communications processor from the United
States, and a video/image processor from Switzer-
land [1]. Thus at least six countries supply different
chips for the circuit board alone. The country count
goes higher when other parts not on the circuit
board are included (plastic and sheet metal parts,
battery, touch screen, etc.). This is clearly a global
product—assembled from international parts and
for sale in international markets. A number of other
examples from different disciplines have been pre-
sented elsewhere [2].

The development of global products is often
accomplished through global teams. These may be
‘physical’ or ‘virtual’ teams or some blend in-
between. A physical team implies the team mem-
bers, who may be from various countries, are co-
located and work together face-to-face. In a virtual
global team, team members interact through var-
ious means of electronic communication. Blends of
these paradigms also exist; for example, team mem-
bers may travel to be together at the beginning or
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end of the design project and work as a GV team in
between. In this paper we focus on virtual teams.

To work effectively on virtual teams, engineers
need an expanded skill set. Some of these skills are
related to the global aspect of the team, such as
avoiding ethnocentrism, communicating across cul-
tures, and understanding the impact of culture on
how engineering processes are executed, and some
are related to the virtual nature of the team, such as
choosing the right form of electronic communica-
tion for the task, managing electronic files across
geographically dispersed groups, and building trust
when face-to-face meetings are not possible.

Forthepastthreeyears, faculty at Brigham Young
University (BYU) have been engaged in GV teams.
Building on those efforts, we recently initiated a
National Science Foundation sponsored research
program to develop and assess the effectiveness of
GV Teams. In this paper we explore the use of GV
capstone design teams as a means to accomplish two
objectives: 1) to familiarize students with what is
becoming, more and more, a standard industry
practice, and 2) to develop in students important
elements of global and virtual team competence.

We will first review some of the advantages and
disadvantages of GV teams. We then will present
some GV activities at various universities. We
present a Venn diagram as a framework for under-
standing the issues associated with GV teams and
provide some recommendations for establishing
successful GV teams

2. GV teams in capstone design:
advantages and challenges

We believe the virtual teaming approach as a model
for capstone design has the following potential
advantages:
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e Students have an opportunity to become familiar
with a design approach being adopted by indus-
try. As companies become more global and tools
for collaboration become more sophisticated,
companies are increasingly using GV teams for
product development. The authors recently
experienced this first hand. At visits to Hewlett
Packard and Cisco systems in Bangalore, India,
both companies were using their own conference
systems to conduct design meetings with teams in
the U.S.

e While learning the design process, students can
also develop some global skills. Specifically, stu-
dents can develop some level of proficiency work-
ing in or directing a team of ethnic and cultural
diversity, learn how to communicate across cul-
tures and understand how cultural differences
affect how engineering tasks are performed. GV
teams, by their nature, involve activities that force
students to address these issues.

e GV teams can be incorporated into existing
design courses. This approach is one way to
introduce students to global issues that can be
integrated within the existing curriculum. Other
ways of developing global competence, such as
study abroad programs, can be quite resource
intensive. However, we should point out we view
this experience as complementary to, and not a
replacement for, other means of teaching global
skills.

Certainly this approach also has its challenges.
Besides the regular challenges faced by a design
team, virtual teams have the added challenges of
bringing together a culturally diverse set of people
who are not co-located and may not know each
other. A virtual team must overcome the substantial
limitations of electronic communication. Develop-
ing individual commitment and trust among team
members and establishing role definitions may be
more difficult in a virtual team [3].

3. GV Teams at U.S. Universities

This section reviews some of the GV activities being
conducted with universities in the United States.
The intent of this section is to highlight present
efforts to use GV teams in engineering education.
It is likely there is a lot of activity that we do not yet
know about or that has not been reported in the
literature. In most cases assessment of these activ-
ities is not reported.

The University of Colorado conducted a GV
team with students at the University of Stuttgart
in Germany and University of Sydney in Australia.
The objective was to develop a blended wing body
aircraft with a hybrid power plant [4].

The University of Idaho has partnered with the
Ecole Nationale d’Aerotechnique in a CATIA-
based solid modeling course [5]. Students at the
two locations developed a virtual prototype of an
assembly. Some students at each school acted as
‘part owners’ and were responsible for all part-level
changes. Sub-assembly managers checked for errors
in part design and for assembly problems and
reconciled problems among the part owners. A
student acting as lead engineer coordinated the
work of the sub-assembly managers. The project
was a model of a toy snowplow made up of many
dozens of parts. Communication took place
through Skype video conferencing with email
backup.

Purdue University students teamed with the
Lucerne University of Applied Science and Arts to
enter the ‘Darwin21’ design competition [6]. The
objective of the competition was to develop a
robotic device capable of displaying five different
types of emotions. Students from Lucerne traveled
to Purdue at the start of the project to get
acquainted and finalize team assignments, and
students from Purdue traveled to Lucerne at the
end of the project to assemble and debug hardware.
The international team placed first among univer-
sity teams at the competition.

Oregon State and Duale Hochschule Baden-
Waurttemberg-Ravensburg in Germany used GV
teams to develop two identical Formula SAE race
cars [7]. The Oregon State team placed first in the
competition held in Michigan and then raced with
their German counterparts in Europe. One of the
challenges for the Oregon State students was to
design and build the cars completely in the metric
system. The students collaborated using Skype and
email, and used Google documents to share docu-
ments.

At University of Detroit Mercy, student teams in
an undergraduate controls class were matched with
Brazilian students from the Federal University of
Minas Gerais [8]. Students completed a controls
systems design project that included specification,
modeling, analysis and design. The semester mis-
match of more than a month was accommodated by
adjusting what part of the project each local team
was responsible for. The U.S. students also received
instruction on globalization and cultural awareness
in an accompanying one credit course. Communica-
tion was primarily through email. Interestingly,
students felt that the international collaboration
enhanced their learning of the technical material
through exposure to real world solutions and learn-
ing from mistakes.

Syracuse and Cornell Universities are using a
custom collaborative environment called ‘AIDE’
(Advanced Interactive Discovery Environment for



Global Virtual Teams: A New Frontier for Capstone Design

1223

Engineering Education) to evaluate virtual design
teams for engineering design education [9]. They
have found that with proper training and the right
collaborative tools, some elements of virtual teams
are better than face-to-face meetings. In particular,
they indicate that for scheduling, brainstorming,
document creation, confirmations, task assign-
ments and distribution of outcomes, ‘computer
mediated collaboration’ is judged by participants
to be superior to regular face-to-face meetings.

The Pennsylvania State University (PSU) has
several GV activities underway. The Department
of Mechanical and Nuclear Engineering has joined
with Shanghai Jiao Tong University and Tyco
International to implement a virtual design experi-
ence [10]. Student teams of 2-3 at each site worked
on one of two projects sponsored by Tyco. Prior to
the start of the project, faculty at the two universities
prepared a detailed schedule, including major video
conference dates. The students communicated
almost daily using email; Adobe Connect was used
for video conferences. Students used a common
electronic depository for their files. Students ‘deliv-
ered technically excellent solutions to their respec-
tive projects’. Although not originally planned for,
the sponsor provided support for the teams to meet
at the end of the project. In post program interviews
students reported the experience improved their
ability to communicate, helped them develop an
appreciation of ethnic and cultural differences, and
increased their desire to work in an international
environment.

PSU also runs an international design and entre-
preneurship course involving virtual teams from
PSU and Corvinus University of Budapest [11, 12]
The experience begins with a four week class in
international project management and engineering
design. Students review case studies and discuss the
challenges associated with cross-cultural project
and team management. After four weeks the stu-
dent teams make contact with each other (the four
week offset is because the semester in Hungary starts
one month later) using both in and out of class
meetings. The projects focus on finding sustainable
and economically viable solutions for business
opportunities in the U.S., Hungary, or developing
countries such as Morocco or Afghanistan. At the
end of the semester, the teams meet for one week in
Hungary to present their project recommendations.

Penn State Brandywine has formed international
teams with members of the Latin American and
Caribbean Consortium of Engineering Institutions
(LACCEI) [13]. Teams work on collaborative
design projects for about five weeks, which takes
them through the conceptual phase of the design
process. An example project is developing portable
housing for refugees. After looking at a number of

collaboration software tools, they decide to use a
tool called ‘Collaber’ for project management and
coordination tasks.

Rice University implemented a course, called
‘iDesign,” which involved pairing student teams
from Houston, Paris, Tokyo and Abu Dhabi on
projects involving oil well inspection and monitor-
ing equipment [14]. The course was sponsored by
Schlumberger Oil Services. At each location a
faculty member and a Schlumberger liaison engi-
neer advised the student teams. Students collabo-
rated using audio and video conferencing, shared
documents and CAD files. All students participated
together in one lecture per week; the project lasted
the entire school year. At the end of the project,
students gathered at Schlumberger’s Middle East
Learning center in Abu Dhabi to assemble their
hardware and present their projects. Challenges of
the project included ‘working in four different time
zones, negotiating cultural differences, communi-
cating across language barriers, dealing with incom-
patible school calendars and delivering functional
prototypes under tight time constraints’.

Virginia Tech has had a number of GV activities
over the past five years [15]. These have included
several two-semester senior capstone design pro-
jects with international teams. One such project,
conducted with students from VT and ITESM
Monterrey in Mexico and called ‘CarTec’, was to
design and build a vehicle for young professional
women in Mexico City. Another project, also with
ITESM Monterrey, was to design and build fixtures
for automotive carpets and soft door panels. As a
member of the Partnership for the Advancement for
Collaborative Engineering Education (PACE), an
industry-university consortium led by General
Motors, VT students have collaborated with stu-
dents from Tuskegee University, Michigan State
University, BYU, ITESM Monterrey, ITESM
Toluca and University of Sdo Paulo in Brazil. VT
also teaches a course on global collaborative engi-
neering design with colleagues from Technische
Universitit Darmstadt, Howard University,
ITESM Monterrey and Shanghai Jiao Tong Uni-
versity. The team projects for the course are pre-
sented to a live, global panel of automotive experts
from GM, BMW, Mercedes-Benz, Continental and
Siemens.

Brigham Young has been involved with several
international collaborations also as member of
PACE [16-18]. The first project was a partnership
between Virginia Tech, Kettering and BYU. The
students worked ten months to design, analyze and
prototype an off-road vehicle. The following year,
thirteen universities formed several global design
teams involving 130+ students from eight countries.
These partnerships resulted in the creation and
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analysis of four concept cars. The resulting one-
fourth scale clay models were displayed in the lobby
of GM’s Vehicle Engineering Center. During the
next three years, students from twenty universities,
speaking eight different languages, and spanning
sixteen time zones participated in the creation,
testing, and building of a Formula-1 racecar.

BYU currently is teaching an advanced CAD
modeling course where students complete projects
with student teams from the University of British
Columbia, ITESM Toluca, Universidad Iberoa-
mericana, University of Connecticut, Wayne State
University, Hongik University, Tongji University
and University of Sdo Paulo [19]. Two senior design
capstone projects are also being carried out with
students from the National University of Singa-
pore. Students are learning about GV issues by
taking an accompanying ‘backpack’ course,
taught using a virtual format. Students for the
capstone projects are using Skype, Adobe Connect
and Google documents to collaborate.

4. GV team skills

GV teams are created from the blending of qualities
and traits of three different areas: teaming skills,
cross-cultural skills and virtual communication
skills, as shown in Fig. 1. Each of these areas
requires its own set of skills. A GV team, however,
requires the ability to apply all of these skills as an
integrated set. In this section we will briefly discuss
some of the important skills associated with each
ring in Fig. 1. We will start with the Cross-Cultural
ring, move to the Virtual Communication ring, and
then make a few comments about the Teaming
Skills ring. Papers which include discussion of

Teaming
Skills

(Local collocated Teams)

International
Collocated
Teams

Global
Virtual
Teams

Cross
Cultural
Skills

VCT: Virtual
Communication

Technology
Skills

Fig. 1. Blending of Team, Cross-cultural, and Virtual Commu-
nication skills.

many of these topics include Powell et al. [20] and
Martins et al. [21].

4.1 Cross cultural skills: avoiding ethnocentrism
and developing cultural intelligence

Many of the skills needed to be successful in a cross-
cultural setting rely on some foundational knowl-
edge and attitudes. One of these is understanding
and avoiding ethnocentrism, the notion 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’ [22]. Engineers may be susceptible
to a particular form of ethnocentrism: the assump-
tion that if their country is more technologically
advanced, their culture must be superior.

Ethnocentrism is an attitude to be avoided; on the
positive side is the skill of developing high cultural
intelligence. Cultural intelligence refers to the ability
to interpret the actions of team members in terms of
their own culture.

4.2 Cross cultural skills: understanding contrasting
cultural values

One key to developing high cultural intelligence is to
understand contrasting cultural values. Cultural
values can have a strong effect on how team
members work together. Several scholars have
proposed frameworks that can be used to categorize
contrasting cultural values [23-26]. Although these
frameworks are somewhat simplified, they can be
useful to help students understand how culture may
affect team operation. We list five dimensions repre-
senting a spectrum of contrasting cultural values.

4.2.1 Collective vs. individual

This dimension represents how much emphasis a
society places on individuals and groups. In the
collective culture, the needs and interests of the
group take precedence. Individuals are defined by
their membership in a group, and each individual is
assumed to have responsibilities and duties within
the group. Societies with a strong individual ethic
emphasize personal development, individual credit,
and personal autonomy. The U.S. tends to be more
individually oriented, whereas Asian countries are
often more collectively oriented [27].

4.2.2 Equality vs. hierarchy

This dimension deals with societal expectations
regarding how people interact with each other.
Societies with strong hierarchical structures have
high status differences, respect for titles, little dele-
gation of authority and formal social relations.
Cultures with weak hierarchies tend to have low
status differences, high delegation of authority, little
respect for titles and informal social relations.
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Hofstede referred to this value as ‘Power Distance’
[27]. The U.S. tends to have more of an equality
orientation in social interactions, whereas Asian
countries are often more hierarchical in nature.

4.2.3 Precise vs. loose reckoning of time

This dimension refers to how a culture approaches
time. Cultures with strict reckoning of time value
punctuality, clear schedules, advanced planning
and focus on the critical path. Cultures with a
loose reckoning of time may be less punctual,
favor less rigid schedules, and emphasize multiple
paths to the solution.

4.2.4 Tolerance of risk and uncertainty

This dimension refers to how comfortable a culture
isin accepting uncertainty and risk. In a culture with
a high toleration of risk, accepting risk is viewed as a
way to achieve success. Also, it may be acceptable to
bend or break rules. In cultures with low toleration
of risk, it may be important to follow rules, and
avoiding risk is viewed as a way to avoid failure.

4.2.5 Doinglbeing orientation

This dimension deals with how a society views work
and competition. A ‘doing’ society is highly compe-
titive, favors achievement of goals, is task oriented,
and ‘lives to work’. A ‘being’ society is more
cooperative, favors development of relationships,
values nurturing, and ‘works to live’.

4.2.6 Implications of contrasting cultural values

The cultural values listed above are generalized but
represent useful constructs for understanding cul-
tural differences. All of these values influence how
team members interact and how they interpret and
execute tasks. For example, people from a collec-
tively oriented culture might be taken aback by the
passionate discussions of people from a more indi-
vidually oriented culture.

Understanding cultural differences can help stu-
dents understand the context of how a team member
responds. However, it may be advantageous to
adopt a particular set of values as a way for the
team to move ahead. For example, engineering
projects often run more smoothly and efficiently if
a team decides to adopt a precise reckoning of time.
Thus it isn’t the case that all cultural values are
considered equally valid for accomplishing the
team’s work; rather, differing cultural values are
acknowledged and recognized and team members
agree to adopt a set of values to make their work
easier.

4.3 Cross-cultural skills: communication

Effective communication is a cornerstone of any
team’s success and can be challenging for a co-

located team. On a design project of any size,
hundreds if not thousands of decisions must be
made and coordinated. Besides these normal chal-
lenges, virtual cross-cultural teams have their own
set of communication issues associated cross-cul-
tural communication and virtual communication
technology. We have separated them here for the
purposes of discussion.

4.3.1 High context vs. low context communication

An important concept in cross-cultural communi-
cation relates to high vs. low context communica-
tion, as discussed by Hall [28]. In high context
communication cultures, social settings and back-
ground information play a significant role. High
context cultures are more sensitive to how messages
are presented. Establishing a relationship of trust is
a high priority. Negative comments are often
expressed in abstract and obscure ways. In a low-
context communication culture, people pay less
attention to contextual conditions and emphasize
the message. Communication is direct, perhaps even
blunt. Task completion or goal achievement is more
important than the working relationship. In expres-
sing negative comments, people from a low-context
culture tend to use direct language. The U.S. tends
to be a low context communication society [28].
Students need to realize, however, that messages
they feel are clear and to the point may actually
offend students from a high context society.

4.3.2 Saving face

Another major issue regarding cross-cultural com-
munication relates to saving face. ‘Face’ refers to
one’s public reputation and image. In many cul-
tures, it is desirable to protect an individual’s good
social image. In order to protect the face of others,
people may avoid giving feedback, discussing con-
flicts or saying no. In a recent symposium, an
American engineer in China related how he experi-
enced a number of communication misunderstand-
ings with his Chinese counterparts. When he visited
with them one-on-one, he realized the misunder-
standings were directly related to saving face. Only
by one-on-one discussions, when they were willing
to be more open, was he able to understand what the
real issues were regarding the problem he was trying
to solve [29].

A critical situation of saving face often occurs
when communication involves the use of a second
language. Second language speakers often feel
guilty or embarrassed when they do not understand
a conversation. In order to save face, they often
pretend that they understand what is said. It there-
fore becomes incumbent upon the primary language
speakers to make allowances for second language
speakers. Since GV teams usually operate in Eng-
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lish, U.S. team members must be sensitive to the fact
their counterparts may not understand everything
which is spoken, but may be reluctant to say so. One
team solved this problem by repeating important
communications in email or in text messages.

4.3.3 Equality vs. hierarchy and communication

In terms of communication, people from low-power
distance cultures feel they can talk openly with
people of higher status, such as their supervisor or
team leader, even challenging the team leader’s
opinions or ideas. People from high-power distance
cultures may feel uncomfortable or even offended
by such actions. Even though they may disagree,
people from high-power distance cultures tend not
to speak up. As an interesting example, this issue has
been a critical factor in communication between a
pilot and co-pilot in commercial aircraft. In high
power distance cultures, the co-pilot was less willing
to question the pilot’s actions even when it was clear
the pilot was making a mistake, leading to a higher
rate of accidents [30].

There are other cultural communication issues,
such as how much emotion is acceptable in a
conversation, how to deal with silence, and the
subtleties of non-verbal communication. It is crucial
for students to understand that there are funda-
mental differences in how people communicate that
are driven by culture. Communication follows cul-
ture.

4.4 Virtual communication skills

In addition to issues associated with cross-cultural
communication, with GV teams there are also issues
related to virtual communication. At the most basic
level, students need to have the ability to use
technology to communicate. This includes texting,
email, audio calls, one-on-one video conferencing,
and team video conferencing using any number of
commercial software products. In addition, team
members need to be able to share presentations,
written documents and electronic files.

Besides just the ability to use these tools, however,
students need to understand their appropriate use.
This leads to the concept of media richness.

4.4.1 Media richness

In using technology, students need to understand
the concept of media immediacy or media richness.
These terms refer to the ability of a technology to
replicate the communication that occurs in a face-
to-face meeting. Technologies with low media rich-
ness can only transmit a message (e.g., e-mail).
Technologies with high media richness can transmit
some emotion and intent including nonverbal com-
munication (e.g., video conferencing). After review-
ing several studies regarding media richness,

Martins et al. concluded that high media richness
positively impacts team effectiveness, amount of
communication, the relationships among team
members, and team commitment [21].

For a GV team, this means there may be times
when email is not the appropriate communication
tool. In particular, if it is important to carefully
explain the reasoning behind a decision, including
to express empathy or support, or to modify com-
munication based on the reaction of the abroad
team, a richer communication technology would be
more appropriate, as it allows team members to
better explain to and experience the reactions of
their abroad colleagues and respond accordingly.

4.5 Teaming skills

Since being able to be an effective member of a team
is a required accredited outcome for all engineering
programs, we assume students are already receiving
instruction and practice in teamwork. However, GV
teams require additional or enhanced teaming skills
related to the cross-cultural and virtual aspects of a
GV team. We will only briefly touch on some of the
additional skills here.

4.5.1 Team leadership

Because of the additional challenges associated with
the virtual format, leadership in virtual teams is
critical. Jarvenpaa and Leidner, in their seminal
paper on communication and trust in virtual
teams, mention that the leader in the high perfor-
mance student teams they studied emerged ‘after an
individual had produced something or exhibited
skills, ability, or interest critical for the role. More-
over, the leadership role was not static but rather
rotated among members, depending on the task to
be accomplished’ [3]. In other words, the leader first
demonstrated competence to lead the team and
established some credibility. They further mention
that leaders need to insure that team members have
a clear understanding of their responsibilities and
should be proactive in maintaining high levels of
communication. Also, in successful, high trust
teams, leaders were able to remain calm during
‘crises’ and keep the team moving forward.

Susan Bray, a consultant on virtual teams, gives
some ‘habits of highly successful globally distribu-
ted team leaders’ [31]. These include modeling an
intercultural mindset, creating a shared vision and
alignment to common goals, facilitating agreement
about roles and responsibilities, adopting effective
collaboration tools, establishing communication
protocols, building a sense of team spirit and com-
munity, and attracting resources for the team.

4.5.2 Building trust

As mentioned earlier, it is often harder to develop
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trust among team members in a GV team because of
the physical and cultural separation of team mem-
bers. Jarvenpaa and Leidner identify several com-
munication behaviors that help virtual teams build
trust and work effectively [3]. Early in the team
formation and task initiation it is helpful if teams
engage in social communication (e.g., discussion of
hobbies and families), and convey enthusiasm for
the work. Later on, their research suggests success-
ful teams have predictable and regular communica-
tion patterns and give substantial and timely
responses to each other’s work.

5. Enhancing GV team skills

In the previous section we presented some skills
associated with the cross-cultural and virtual nature
of GV teams. In this section we would like to discuss
how these skills might be better developed beyond
just letting the teams run without any intervention.
A main tenet of our work is that learning in the GV
team format can be maximized by designing in
appropriate instruction and exercises. We note that
the recommendations made here are incomplete as
our study of GV teams is on-going.

One approach to GV teams is to just put the
students together and let them run. This actually
works out pretty well. Engineering students tend to
be very task-oriented, and they will figure out a way
to get their work done. They will find they share
much in common with other engineering students
around the world. They will likely develop a good
solution to the design problem.

However, we believe they will miss some of the
subtleties of their interaction with abroad teams and
miss opportunities to enhance their global skills if
they aren’t attuned to picking up clues. For exam-
ple, unless students are aware of the contrasting
cultural values given in the previous section, they
are likely to miss their influence in team operations.
They may, for example, write emails that are insen-
sitive to the cultural values of their colleagues with-
out knowing they are doing this. Their colleagues
may not bring this to their attention for the sake of
getting along or to allow them to save face.

5.1 Instruction

Not surprisingly, it has been found [20, 21] that GV
team performance improves when GV teams are
given instruction in cross-cultural interaction and
effective use of communication technology. A diffi-
culty arises in squeezing this into a course already
crowded with engineering topics.

5.1.1 A ‘Backpack’ course

One approach taken at BYU and other schools is to
offer a concurrent seminar to the design course that
tries to provide ‘just-in-time’ instruction. At BYU
we refer to this as a ‘backpack’ course. The course
meets just once a week, and it covers many of the
issues discussed in this paper. The course topics, as
given in Table 1, provide a broad overview of team
issues and challenges resulting from participation on
a GV team. This approach connects directly to the
students’ experience while working on their project.
We offered this seminar for the first time during
fall semester 2010. The course was taught synchro-
nously to students at BYU and students at the
National University of Singapore. This allowed for
interaction between local and international students
in a classroom setting and set the stage for further
interactions outside of class and in team activities.
The assignments required students to practice both
cross-cultural and virtual communication skills.

5.1.2 Some suggested resources

Much of our backpack course has been developed
based on the materials presented here. We would be
pleased to share our materials with others. We
mention two external resources we have found to
be helpful.

First, we have found CultureGrams'™ to be
useful in this kind of setting. CultureGrams are a
very condensed overview of the culture of a country.
In four very dense pages, they discuss topics such as
Language, Religion, Personal Appearance, General
Attitudes, Greetings, Gestures, Visiting, Eating,
Family, Dating and Marriage, Life Cycle, Recrea-
tion and Holidays. Originally developed at BY U for
missionaries, CultureGrams are now widely sold to

Table 1. List of topics taught in the ME 495R: Principles of Global Virtual Teams

Introduction: the globalization of engineering

Virtual Communication Technology: how to use various communication technologies

Team Start-up Processes: establishing swift trust

Cross Cultural Communication: high and low context societies, saving face, non-verbal communication etc.
Virtual Communication: media richness and immediacy, appropriate use of technology

1
2
3
4 Contrasting Cultural Values: power distance, collective vs. individual societies, precise vs. loose reckoning of time, etc.
5
7
9

Leadership in GV teams: leadership, team roles and processes

10 Building Trust: how can GV teams overcome the limitations of separation and build trust among team members

11 Decision Making in GV teams
12 Cross-Cultural Engineering Practices
13 Cross-Cultural Product Design
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corporate executives by an external company [32].
We have used them successfully in an exercise where
students trade CultureGrams with their counter-
parts abroad and then discuss how accurate they are
as a representation of their country’s cultural atti-
tudes and values.

A second resource we wish to mention are numer-
ous materials posted on the ‘Global Hub’ main-
tained by Purdue University [33]. Global Hub is a
repository for materials relating to globalization
which are freely shared. For example, there is an
excellent set of videos developed by Downey et al.
on how culture affects engineering practices [34].

Following the recommendations of Bray, we also
suggest that teams execute a communications ‘con-
tract’ which spells out expectations for communica-
tion, such as ‘Everyone will attend all meetings, will
be on time, and will stay for the entire meeting,” and
‘Everyone will check and respond to emails within
24 hours’ [31].

5.2 Preliminary findings

Data collection for our research is underway but not
complete. Nevertheless, preliminary data from the
advanced CAD modeling course suggests promis-
ing results. Students expressed a strong desire (85%)
to work again in a similar international environ-
ment. Students felt that course materials and learn-
ing activities greatly improved their ability to
communicate across cultures (83%). As examples,
students indicated they adjusted their interactions
to be more formal or casual based on the culture of
the abroad students on their GV team. Students
monitored their use of slang and jargon to improve
interactions and understanding with other team
members. Often students would follow up with
text messages or email to make sure oral conversa-
tions were understood. Team projects for the GV
teams were evaluated to be of the same or slightly
higher quality than non GV (local) teams.
Students also learned to use virtual communica-
tion tools in ways that modeled successful collo-
cated teams. For example, initial meetings using
Skype had the local and abroad team members
addressing concerns and questions only through
their respective team leaders. Within a few weeks
all team members began addressing each other
directly. Several teams employed two or three
technologies during team meetings (i.e. Skype, text-
ing, document sharing, etc.) to facilitate stronger
communication and understanding.

6. Logistics

There are some issues in managing GV teams that
are associated with logistics. We will focus here
primarily on administrative issues. These include:

e Semester Mismatch. One of the greatest impedi-
ments to academic GV Teams is semester and/or
holiday mismatch between schools. For example,
whereas U.S. schools may start their semester at
the beginning of September, European schools
often start in the middle of October; this makes
completing a project difficult. It is can be very
difficult for schools in the northern hemisphere to
do GV projects with schools in the southern
hemisphere due to a total misalignment of sea-
sons—students in one hemisphere are in their
summer break while other students are in the
middle of their semester.

e Careful Preplanning. Because of semester mis-
match, success is facilitated and frustrations
lessened if the instructors on each side get
together before class starts to plan out how the
mismatch will be addressed and to correlate
calendars and design reviews.

e Commitment of Students. Students need to be
taking the course for credit. If students at one
location are not being graded, in general they do
not have the same commitment to the experience
as students in other locations. Since they are
depending on each other, this lack of commit-
ment drags down the whole team.

e Commitment of Faculty. Faculty who advise GV
teams need to be committed to this experience.
They should attend the expected planning, orga-
nization, and review meetings, meet with team
members, supervise grading and participate fully
with faculty from other schools.

e Commitment of Administration. Without the
support of the administration, efforts on the
part of faculty to implement global competencies
and skills will quickly wane. Global design experi-
ences require more effort on the part of faculty
members involved. These efforts need to be
understood, appreciated, and factored into the
faculty member’s load. The required resources
(teaching assistants, graders, access to facilities)
must be made available.

e Common CAD Tools. In our experiences thus
far, schools have standardized on the same CAX
tools and software. While this is not essential
because of STEP and IGES translators, it does
allow the teams to experience global design with-
out the complexity of dealing with data exchange
formats. Common tools and versions greatly
facilitate the sharing of models, analyses and
manufacturing information.

e Managing Complexity. A GV team is more com-
plex than a regular team. It is therefore helpful to
reduce or manage complexity where possible. For
example, we have found that it is easier if we limit
the global teams to students from two locations,
instead of three or four. In getting things off to a
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good start, practice meetings should be held
where the communication technology can be
tested and debugged. Something as simple as
people turning off their microphones to eliminate
feedback can be worked out in advance.

7. Economic considerations

As discussed in Section 3 on GV activities in the
United States, there are two main formats for GV
teams which significantly affect the economic
expense of a GV team: GV teams that travel at
either the beginning or end of their design experi-
ence, and GV teams that do not travel.

If travel is not part of the experience, then GV
teams can be quite inexpensive in terms of direct
costs. In the case of BYU, although we provided
more capable software, students gravitated to
Skype for personal and team video conferencing
because of ease of use. Text messaging also occurred
in Skype, I-chat and Google chat lines. Document
sharing was achieved through e-mail or Google
docs. While many of these offer higher functionality
for a cost, they also offer free use with limited, but
adequate space for the virtual communication
needed on a GV team. In some cases, large CAD
files were shared using a commercial product for
which both the local and abroad universities already
had a license.

Travel for a GV team obviously raises the cost
significantly, both in terms of time and expense.
Anecdotal evidence suggests this travel can have a
significant effect on the overall experience. The
impact of meeting face-to-face at the beginning or
end of the team project is something which needs to
be studied.

8. Summary

In this paper we have discussed the operation of
Global Virtual (GV) teams. GV teams are geogra-
phically dispersed, span several different countries
and time zones, are often composed of team mem-
bers with little prior association, and communicate
through electronic means. GV teams overlay a
number of new challenges on top of the usual
challenges for design teams. As engineering design
becomes more global in nature, GV teams are
becoming more prevalent. They also are a means
of providing students with an international engi-
neering experience and with the opportunity to
learn some global skills.

A GV team involves the integration of three types
of skills: Teaming skills, Cross-cultural skills, and
Virtual communication skills. We have discussed
some specific knowledge and skills that students
should learn to help them be successful and to

develop cultural intelligence. A main assumption
of the paper is that a relatively small amount of
additional instruction can help maximize the learn-
ing of this design format for students.
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