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ABSTRACT
Literature proposes that manufacturing industry is adopting agile manufacturing
principles. One of which is adoption of virtual partnerships, which requires staff to have
skills to be able to operate in this type environment. Therefore, the purpose of this paper
is to stimulate a discussion on how the academy can assist their graduates to develop
skills which would enable them to participate on virtual product development teams.
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1 INTRODUCTION
A review of the advanced manufacturing literature has identified that the increased
globalisation of markets and manufacturing is forcing organisations to increase
flexibility and at the same time reduce product development time, which has become a
critical measure of business performance [5]. In order to increase the speed and quality
of the design process, organisations are moving away from sequential product
development process (over-the-wall) to implementing concurrent engineering which
utilises cross-functional work teams [3, 8, 15, 23, 30, 34]. It is proposed that the use of
cross-functional teams promotes communication, collaboration and integration between
project team members during the design process [6, 7, 29]. The literature on concurrent
engineering highlights the importance of collocating the cross-functional team members
to foster formal and informal communication exchange amongst the project team
members [1, 22, 29].
However, the literature also points out that rapid global change in manufacturing
industries, increased cost and complexity of new product development, and
advancement in information technologies (IT) and manufacturing technologies is
leading organisations to experiment in the co-development of products with partners in
virtual settings [2, 14, 16, 17], see Figure 1.

2 AGILE MANUFACTURING
In addition, in 1991, the Lehigh University published a report on the global competitive
environment faced by U.S. manufacturers [21]. The report coined a new term ‘agile
manufacturing’ and the ‘Virtual Company’ [13, 20, 23, 28]. Whitney et al. [33]
identified four underpinning principles that are used in agile manufacturing; delivery
value to the customer, being ready for change, valuing human knowledge and skills, and
forming virtual partnerships. It is argued that agile manufacturing will bring to
organisations a greater flexibility [24] and even shorter lead-time to market and
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increased focus on customer satisfaction [10, 20, 32]. To accomplish this, it is important
to create faster and greater partnerships and networks of companies by creating
‘Virtual Companies’. It is suggested that this ‘web’ of companies can improve its
performance if parties take pro-active steps during the early design stages to manage
this web as a complete system [10, 33].
However, the current research indicates that most companies are facing difficulties with
managing new product development processes especially as many of the tasks can now
be undertaken across the globe [11]. This is compounded by the fact that very little is
known about issues surrounding virtual product development processes [2].

Figure 1  Patterns of the Formation of Design Teams, [27, p. 183]

As stated previously, it is proposed that having team members physically collocated
plays an important part in accelerating information exchange and integration amongst
various functions [22, 29]. The literature indicates that as physical distance of project
team members increases, the frequency of communication amongst these project team
members decreases [9, 31], see Figure 2. Therefore it is suggested that collocation
provides a number of benefits to the project team members, such as allowing the project
team members to conduct unscheduled/informal meetings, it also could foster faster
communication cycles and shorter feedback [e.g. 22, 27], see Figure 3.

Figure 2  Communication frequency vs separation distance [Allen cited in 31, p. 339]
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Figure 3  Benefits of Co-location [25, p. 63]

It is proposed that the use of virtual cross-functional product development teams and the
new emphasis on speed and flexibility requires a new and different approach for
managing new product development. Thus, organisations have to re-examine the way
products are designed, manufactured and serviced [12, 26, 27, 36].
Working in virtual cross-functional teams and the use of concurrent engineering, require
organisational members, including industrial designers and engineers, to have skill sets
that enable them to operate successfully in this new setting [16, 18, 19, 35]. Sharifi and
Pawar, proposed that the physical collocation differs from virtual collocation on a
number of characteristics, see Table 1. Therefore, curriculum development in the higher
education of industrial designers and engineers needs to take into account the changes in
contemporary manufacturing organisations and provide students with skills sets for
operating effectively in these newly developed settings [4, 5].

Table 1  A comparison of the typical characteristics of physical or virtual collocated

design teams [27]

Physical Collocation Characteristic Virtual Collocation

Close
Physical

Proximity
Remote

In small and medium sized
companies with one or few sites

Typical Use
Multi-national and International organisations
with different sites

Limited variety of cultures, since the
team members may come from same

company site
Cultures

Different people from different countries or
sites, with a variety of experiences

Opportunity for sharing formal and
informal information (ideas,

dilemmas) between team members

Information
Exchange

Limited opportunity to share informal
information because of the dispersed location

Ample opportunity for face-to-face
interactions

Relationships
Limited opportunity to interact and build
relationships

An evolving common sense of
purpose

Purpose A directed common sense of purpose

Ample opportunity for sharing of
resources (technical, human,

financial)
Resources

Limited access to similar technical and non-
technical resources

Fewer hiccups due to possible sharing
of technical systems

Technology
Possible problems in terms of hardware,
software and resources, due to variation in
technical systems
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Physical Collocation Characteristic Virtual Collocation
A higher sense of belonging within

the team
Working

Environment
Feeling of isolation, and frustration, and
possible absence of sense of belonging

Availability of information at anytime
to every member

Accessing
Information

Limitation in time and space for accessing
information

Greater visibility of the design work
Transparency of
design activities

Lack of visibility of work being carried on by
the group

Similarity of work method and
employment

Educational/Trai
ning background

Differences in education, language, training,
time orientation and expertise

A lower degree of empowerment and
closer supervision

Empowerment
and Management

of the team

A higher degree of empowerment and
delegated authority and looser control

3 WORKSHOP AIMS
The broad aim of this workshop is to start an initial discussion around a new program
that could be introduced into academic curriculum with the objective of introducing
students to global virtual teamwork environment. Students participating in this new
program would gain experience on using distance communication techniques and would
develop virtual teamwork skills, skills that are becoming increasingly important in new
product development.
This discussion is aimed at identifying the issues and challenges that would have to be
worked through prior to the implementation of such a program from the perspective
design educators working in higher education.
Some of the opportunities that could come out of implementing and running this type of
program may go beyond simple student learning. For example academic members
would be also be exposed to global virtual teamwork and global virtual project
management. This program could assist the participating institutions to develop a shared
understanding of how to manage this type of program. It could also provide fertile
ground for developing closer cross-institutional links which may lead to unexpected and
exciting research avenues. For example, this new program could initiate a global
collaborative research strategy/program that could aim to explore possible ways to
develop and advance knowledge and expertise in virtual long-distance
cross-disciplinary and cross-cultural product development projects, thus developing
know-how which is increasingly needed within today's global industry. This could
extend the members expert knowledge in the areas that need to be considered while
generating and creating new designs and ultimately products, such as materials, cost,
legal and environment factors, function, culture and market in a virtual product
development environment. This would also assist the involved educational intuitions to
incorporate this “know-how” in their educational programs, so that the graduates have
the skills that are needed in “tomorrow’s” industry.
Challenges such as these would have to be overcome:

• Timing: Start of academic year and semester length differs from country to
country

• Level: At what level the program should be introduced? What assumed prior
skills should students already have?

• Ownership: Who owns the program?
• Assessment: What type of assessment would be suitable? What proportion

should be team and individual based?
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• Resources: What resources would be needed to run this program? Would a
potential difference in the level of available resources at one intuition
disadvantage its students?

• Language barrier: language proficiency could act as a barrier to successful
communication in virtual settings

• Academic staff skills: What skills should they have to manage and participle
in this type of program?

4 CONCLUSION
The paper has outlined changes that are currently taking place in the manufacturing
industry such as the adoption of agile manufacturing principles that incorporate virtual
product development teams. As a result of this change, it is becoming important for
engineers and designers to develop skills which will enable them to participate
effectively in virtual product development teams.
This means that educational intuitions need to explore ways to prepare their students for
these new workplace practices. Therefore, it is proposed that one of the ways this trend
can be addressed is to develop a new international program that would encourage
students experience in using distance communication technologies and develop virtual
teamwork skills.
This workshop has provided a forum for identifying key initial issues and for
establishing a consortium that is interested in developing a global product development
program.
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