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Several studies have suggested virtual enterprises (VEs) as a promising new form of organization. VEs are
created to gain several benefits, for example, risk-and-revenue sharing, entering new markets, etc. However,
in this study we focus on increasing the innovation in the VE consortiums. Based on past experience and
knowledge from related fields, we argue that VE consortiums in the Swedish industry are rare. Thus, this
study highlights and explores the challenges, particularly four areas: networking capability, information and
communication technology (ICT) usage, knowledge engineering, and team based innovation. These areas
contribute to the facilitation of VE creation and its effective operation. Each of these areas is discussed and
propositions are formed which will guide the future research. Finally, we have discussed the concept of
innovation driven virtual enterprise that combines open innovation ideology with the virtual enterprise concept.

Keywords: Virtual Enterprise (VE), Knowledge management, Innovation, Information and Communication Technology (ICT),
Network Capabilities, Engineering Design.

1. INTRODUCTION
Driven by globalization and fierce competition, firms need to continuously strive for innovations and
generate new ideas and product offerings for sustaining competitiveness. One strategy to stay compet-
itive is to shift from traditional organizational forms to new forms of organizing development efforts,
such as virtual enterprises (VEs).1−3 The VE concept emerged in organizational and management lit-
erature during the 1990s,4 as the traditional organization form was insufficient for satisfying the rapid
change in the market. A VE is a temporarily united consortium of firms that collaborate to share risk
and quickly exploit fast changing worldwide business opportunities that they could not have under-
taken individually,1,2 There can be several reasons for such an initiative, for example, risk-and-revenue
sharing, entering new markets, etc. However, in this paper we focus on increasing innovation as one
of the outcomes of the VE activities.

One example of a virtual enterprise is the Engine Alliance5 in the aerospace industry. General Electric
Aircraft Engines and Pratt & Whitney formed a 50/50 joint venture to develop a new engine for an
enlarged Boeing 747 airplane. Due to the high capital investments, none of the companies wanted to
develop the new engine alone. “The idea was to use the core competencies of each parent company to
design, develop, certify, and manufacture a state-of-the-art high bypass turbofan engine…”.5

Figure 1, illustrates virtual enterprise relations. In this VE, original equipment manufacturers (OEMs)
and small and medium sized enterprises (SMEs) temporarily collaborate to exploit a market opportu-
nity. Most firms will bring their own suppliers, which in the figure, are separated from the SMEs, as
they do not have a risk-sharing stake in the partnership. In Figure 1, the dark-grey area illustrates the
virtual enterprise and the light-grey areas illustrate traditional partner networks that last longer than
the individual VE project. Any firm in the VE may be part of other parallel VEs.
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Figure 1. An illustration of a virtual enterprise consisting of a loosely coupled network of SME and large firms.

This new form of organization (VE) is able to provide firms with several benefits. From the literature
we have been able to identify three key benefits:

• It is a temporary collaboration between firms for quickly exploiting a market opportunity.3,6

• The VE assemble based on cost-effectiveness and product uniqueness without regard to organi-
zation size and geographic location.2,6

• Firms share cost, skills and core competencies which facilitates access to global markets with
products that could not be provided by one of them alone.6

Even though the literature has propagated several benefits associated with VE, we struggle to find
VEs within the firms that we have studied in the Swedish industry. From our experience, we have
observed that although alliances are a feature, firms mainly collaborate in customer-supplier type
partnerships. Thus, it can be argued that the firms are hesitant towards the organizational change and new
organizational forms (VEs). According to Walker,4 there is a substantial body of literature on emerging
aspects of virtual enterprise. However, little empirical research has investigated the organizational
change aspects. Furthermore, the social perspective is an integral part for this transformation.7,8 VEs
creates new challenges and opportunities the human cognition and social aspects becomes important.9

Our study makes an attempt to address this gap. Based on the literature review and our experiences, we
are focusing on four areas; the competence or capability of firms, sharing and utilization of knowledge,
the usage of information and communication technology (ICT), and team based innovation. We propose
if these areas are addressed, they can assist in the organizational transformation and facilitate people
working in VEs to drive innovative developments.

This paper is divided into four sections. After this introduction, the methodological aspects of the
study are presented. In the third section the four areas are explained. This includes propositions on
issues to investigate. In the final two sections, we provide discussion, followed by concluding remarks
and direction for future studies.

2. METHOD
This is a conceptual paper that has a discussion-based character. The scientific basis of this paper is
twofold. Firstly, we base it on literature on open innovation and VEs. We also draw on the collective
experience from previous research that the authors has undertaken, regarding open innovation, VEs,
knowledge engineering, and team based innovation in the Swedish manufacturing industry, the Euro-
pean aerospace industry and in Swedish small and medium sized enterprises (SMEs). As this is the
first collaboration that the authors have undertaken around this topic, focus has been on synthesizing
our past experience to open up for new opportunities.
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3. VIRTUAL ENTERPRISE CHALLENGES
3.1. Networking Capabilities
The concept of capabilities is not new. Several authors have acknowledged capability as an important
part of organizations and has emphasized on building distinctive capabilities for achieving competitive
advantage.10,11 According to Day,12 capabilities can be viewed as the glue that binds together all the
resources and makes them perform some advantageous task or activity, such as, innovative product
development.

In the context of VEs, several capabilities can be fundamental for firms, for example dynamic
capabilities, absorptive capability, etc. However, in this study we have focused specifically on the
networking capability i.e. the “firm’s ability to develop and utilize inter-organizational relationships
to gain access to various resources held by other actors” Ref.13, p. 542. Thus, firms with networking
capability can successfully create VEs, collaborate with several partners, and by perform an active role
become attractive partner.

Networking capability constitutes five components that compliment each other, but also have spe-
cific advantages. A firm’s coordination activities help them to synchronize with external partners for
achieving mutual benefits. Relational skills reflect firms’ ability to maintain healthy and productive
relationships with several partners. Partner knowledge relates to the level of structured information
firms’ possess about their partners, which may allow them to better understand and utilize their
relationships.14 Internal communication is firms’ ability to be responsive and open for effective orga-
nizational learning from their partners.15 The last component building new relation portrays the aspect
of being open and proactive for initiating contacts with new partners.

Challenges
If firms form VEs without sufficient networking capability, they can have problems with coordinating
numerous relationships and activities simultaneously. This is necessary as VEs are formed with many
firms working towards a common goal. Further, as the project requirement needs to be addressed on
a short notice, firms need to possess appropriate partner knowledge and relationship skills. Working
together with other firms can provide an opportunity for enhancing learning. However, firms might
not tap into this opportunity due to lack of effective internal communication. Finally, as firms in these
consortiums might not share previous working experience. The challenge would be to development
and building of new relations for joint development.

Opportunity
Firms with networking capability will be able to identify prospective partners, establish relationship,
and use and share each other’s resources and competences.13 These actions seem to hold value through-
out the life cycle of VEs (creation, operation, evolution, and dissolution).1 The advantages from inter-
firm relationships will be greater for firms with networking capability. Furthermore, the ability to act
openly and proactively can increase innovation. According to Powell et al.16 the main driver for inno-
vation is no longer the individual firms but rather in their ability to collaborate with external actors.
Therefore, we would like to suggest the following proposition:

P1: Firms with the ability to develop and utilize inter-organizational relationships will be
able to create and effectively operate in VEs.

3.2. Information and Communication Technology (ICT) Usage
The arrival of ICT is considered as an enabler for the shift from traditional organization to new ways
of organizing possibilities, such as, VEs,4 even when firms are geographically dispersed.17 The usage
of ICT improves the overall speed and quality of information exchange.18 In this study we define ICT
usage as firms’ ability to strategically use ICT functions and applications in their business activities.
Having this approach makes it possible to capture the real impact of ICT use, which as been lacking
in the previous studies.
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From the literature review we were able to identify three dimensions of ICT; internal efficiency,
collaboration, and communication.19 Internal dimension of ICT are mainly related to the use of tech-
nology for developing efficient processes and activities that reduce the cost of production for firms.
Additionally, ICT is viewed as an important tool for benchmarking, reverse engineering, searching
for new ideas, etc.20 The next dimension, collaboration, is associated with the use of ICT to estab-
lish and maintain links between the firm and its partners, which may include customers, suppliers,
and other external actors. The final dimension of ICT deals with communication that represents the
use of technology to effective inflow and outflow of information, which may result in better learn-
ing opportunities.21 This also involves utilization of extranet, intranet, and other distance-spanning
applications.

Challenges
The usage of ICT largely depends on organizational culture and the competence of users. Lack of
training on ICT tools can be part of this problem. However, if the difference lies within the organiza-
tional culture, it would be harder to manage. According to Kanet,18 if the level of trust is low within
the VE, the firms will have problems with utilizing the potential of ICT. Firms need to move towards
freely sharing information in VEs.

Opportunity
Firms with the ability to use the ICT will be able save time and costs, by reducing travelling and
administrative expenses. Furthermore, if firms lack the internal competence they can collaborate with
other firms or experts from around the globe. Searching and sharing information can provide firms
with the possibility to find new partners and be more adaptive to changing market needs. We would
like to suggest the following proposition:

P2: Firms with a high level of ICT usage will be able to create and effectively operate in
VEs.

3.3. Knowledge Engineering
The VE is formed because the companies want to focus on their core competencies. In this context
effective and secure knowledge sharing is important for the VE.

The term knowledge engineering reflects the need to put the knowledge elements (i.e. documents,
simulation results, etc.) to use effectively in the VE. An effective use of knowledge is to share knowl-
edge, even though the underpinning work is not complete. Someone else may benefit from having
access to the fragments earlier and may even be able to contribute to finalizing the knowledge earlier.

As Larsson et al states, “knowledge thus needs to be shared on all levels of maturity — from sketchy
ideas to minutely detailed contracts — so that useful ideas and concepts are shared when needed
rather than when defined in the stage gate process.” Ref. 22, p. 153, there is a need to communicate
ideas and be open early in the process.

Knowledge maturity23 is a scale based on three dimensions — input information, method and exper-
tise/experience — that is used to sign off knowledge elements. This way, people and firms can state
the level of readiness in a uniform manner, so that others know what to expect from it. Previous work
has showed that this way of thinking makes sense because the responsible engineer is forced to define
the state of maturity of a given knowledge element. This also promises to highlight some of the gaps
that may be in the knowledge base. This way people can approach tasks that are based on others’
information as input with a more accurate level of trust and confidence.

The applicability of the knowledge maturity approach from a VE and collaboration perspective is
still unexplored.

Challenges
When sharing knowledge and collaborating in a VE, protecting that knowledge and information is an
important part for most firms, as this is their core competence and competitive advantage. However,
this is also the firms’ ticket of admission into the partnership. The challenge is how to share enough
and not rendering the information useless. For the VE to function and be innovative, the firms need
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to share and learn from others. Once knowledge is shared, it might be a challenge to get the others to
trust the information they receive from their partners.

Opportunities
Sharing and making effective use of knowledge in the VE is a prerequisite for a properly functioning
collaboration. Using a knowledge maturity approach, the firms have a way of signposting knowledge
elements, so they can be shared even though they are not entirely mature. At the receiving end, people
can know with what level of confidence they approach the information. We would like to suggest the
following proposition:

P3: Firms with a structured knowledge sharing and utilization process will be able to create
and effectively operate in VEs.

3.4. Team Based Innovation
Team based innovation involves the collaboration in all parts of the product development process,
throughout the VE. Product development or the design activities does not only incorporate concept
formation, evaluation of cost, sizing, etc., but also to get people to agree on significant issues and share
a common perspective of the design task.24

Design is mainly performed in teams and is therefore considered a social activity.25 Heterogeneous
design teams bring in more competences and experience to the design process and are therefore
preferred for their ability to create novel and innovative designs. However a problematic situation
is that people holding different competences and interests often speak different languages. Different
views and languages26 are recognized as barriers for multidisciplinary work. Thus, openness for several
perspectives is important to reach an integrated view. Not only the team is importance but also the
facilitation of the team. The facilitator plays an integral part of the process. The facilitator does not
need to be an expert on the task but an expert on the process.27

Challenges
The team is the greatest challenge in team based innovation. Among other things, a heterogenic team

highlights the challenge of differences in use of language. There is also the difficulty in getting people
to share the same view of the design task. Another challenge is global collaboration, viz. to be able to
collaborate over geographical distance. With geographical distance there might also be differences in
mother tongue, time differences, and differences in corporate and national culture. Another challenge
is to be able to facilitate the creativity of a team.

Opportunities
In the VE a team based innovation approach entails a heterogeneous design team that bring the
opportunity to share different views on the design task. The different views gives a more nuanced
design rationale with the opportunity to gain a deeper understanding of the designed product, the use
of the product and the user of the product. Products are also becoming increasingly complex and this
approach is a way for design teams to handle the complexity. We would like to suggest the following
proposition:

P4: Firms with ability to collaborate in cross-organizational heterogeneous teams for inno-
vation will be able to create and effectively operate in VEs.

4. OPEN INNOVATION FOR THE VIRTUAL ENTERPRISE
The above stated challenges and opportunities, if addressed can assist in successful operation of VEs.
Furthermore, the initial and operational stages of the VE’s life cycle is the utmost important for the
transformation from traditional to new form of organization as well as for the successful operation
of VE. During the initial stages a firm collaborates with several partners and begins to form the VE.
However, if the competence and commitment of the collaborating partners are not matching, the VE
can dissolve. Therefore, it is vital that the VE is supported long before it is formed and ensured that
the “right” partners are included. In addition, as the activities in VE begin during the operational stage
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the interests of collaborating firms might not be aligned. At this point some firms may pursue different
ideas in other consortiums (e.g. VEs) and other partners might join-in the existing consortium.

These issues are the fundamental ideas behind the Open Innovation (OI) ideology.28 Open innovation
is defined as the use of purposive inflow and outflow of knowledge to accelerate internal innovation,
respectively. Open innovation is a paradigm that assumes that firms can and should use external ideas,
and internal and external paths to market, as the firms look to advance their technology” [Ref. 29, p. 1].
Thus, we believe that by having an OI approach during the VE life cycle facilities firms’ to achieve
both flexibility as well as structure, which would effectively drive the innovative product development.

Figure 2 illustrates how a VE can adapt an OI approach during its operation. In the initial phases,
the collaboration is strongly influenced by the OI ideology — depicted in the traditional OI funnel —
where companies openly share ideas about new products. These ideas can be generated both internally
(light grey) or externally (dark grey). Thereafter, the VE is created and the development work (oper-
ation/evolution phase) commences in the early parts of the VE life cycle. What is important to notice
here is the continuous reliance on OI practices for frequently searching for new input from outside
and inside the consortium. Moreover, often new ideas can emerge in the consortium that would lead
to formation of new partnerships, as depicted by the new funnels (project 2 and 3) on the bottom of
the figure.

Once a VE is formed the roles of different actors are defined and any changes or modifications are
harder to make. On a similar note Larsson et al found that “innovation disappears when the contract is
written. After that, it’s only about bringing out the stuff.” [Ref. 22, p. 152]. Therefore, opportunities for
innovation or creativity with the product offerings are larger before the actual partnership is formed.
Also, VEs may stumble over ideas that are not within the core business focus. They may then opt for
license out ideas or spin-off a new firm based on that idea (project 3).

Although, the inclusion of OI approach in VE setting seems interesting. There can be three noticeable
challenges. First, managing several interfaces between large firms, other firms (e.g. suppliers, cus-
tomers), and small specialist firms is complicated. In addition, the main issue here is to determine each
partner’s perceptions on the relationship and how it can be mutually beneficial (win-win situation).31

Second, openness creates various challenges in-terms of protecting firms’ intellectual property. An OI
approach might strengthen competitors’ knowledge base that can lead to loss of revenues and com-
petitive advantage.33 Finally, firms can suffer from “not invented here” syndrome which relates with
firms’ inefficiency to utilization of existing technology or product due to its different origin.34 The
root of the problem lies in the organization culture and can be hard to overcome as it requires change
in the mindset of employees.

5. CONCLUDING REMARKS AND FUTURE STUDIES
In this paper we have discussed four areas that are important for the creation and operation of an
innovative VE. Firstly, firms with the ability to develop and utilize inter-organizational relationships
will be able to create and effectively operate in VEs. The essence of VEs is the temporary collaboration

Figure 2. An illustration of a Virtual Enterprise driven by an Open Innovation ideology.
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between several actors and lacking this capability hinders the collaborative activities between partners.
Firms with networking capability can mange several relationships and hence effectively operate in a
VE.

Then, firms with a high level of ICT usage will be able to effectively operate in a inter-organizational
collaboration over distance. Additionally, we argue for the importance of ICT utilization rather than
investments in ICT tools.

Further, firms with a structured knowledge sharing and utilization processes will be able to create
and effectively operate in VEs. Because a mature process for knowledge work and knowledge creation
enable firms to continuously reflect and improve on development activities (i.e. knowledge creation
activities), the VE will be equipped a larger opportunity for success. Knowledge maturity seems like
a promising way to tag or signpost knowledge element, for sharing in a VE.

Finally, the ability to collaborate in inter-organizational heterogeneous teams for innovation will be
able to create and effectively operate in VEs. In order to work in close collaboration and to achieve
inter-firm innovation in the VE, the strategy of team based innovation seems promising. A key aspect
in team based innovation is the collaborative capability of firms, which is underpinned by their ability
to work in a heterogeneous team setting. Facilitation of team based innovation in a VE is an aspect
that needs further studies.

There are several interesting tracks for future research from this paper. The first step from this study
will be to test the propositions developed in this paper through qualitative fieldwork in industry.

The concept of innovation driven virtual enterprises is intriguing and opens up several points of
departure. However, further exploration of this concept is required, both in terms of theoretical and
empirical aspects.

Small firms are particularly important in these collaborations as they are suggested to be best at
coming up with technological innovations due to their highly specialized and deep technological
knowledge.32 Therefore, one of the main focus points in our future work will be to investigate the
boundary between small and large firms in VE situations.
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