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Abstract

Innovation is becoming the most important key issue for company’s success in the 21st century. In the
competitive environment is necessary for the enterprises to put together different capabilities and services with
the goal. It’s a widely accepted that innovation is better achieved by working in team. The employed web
services technology, although very popular nowadays but it is still not mature enough, so dealing with it can
bring new findings. Virtual teams base on information technology are formed to facilitate transnational
innovation processes and it should be noted that innovation has a positive impact on corporate performance.
Information and communication technology has brought about significant changes in organizations and produced
important benefits, including in the areas of innovation which is recognized as a prime source of national
competitive advantage.

This contribution proposes a conceptual model for understanding and analyzing the process of virtual R&D
team as an innovation and technology assimilation facilitator. The context of the knowledge-based economy
introduces a mgjor shift from serial to simultaneous R& D in the way of idea conception to technology creation is
conceived. This paper briefly reviews the existing perspectives on virtual teams and their effect on innovation
and technology. It also discusses the main characteristics of virtual teams and clarifies the differences aspects of
virtual team application in the topic. To support the theoretical analysis, this paper provides a comprehensive
review based on authentic and reputed publications. We argue that scanty research has been conducted to
facilitate understanding the problem of systematically governing creative innovation toward a technology
through virtual R& D teams.

K eywords Virtual R& D team; Innovation, |dea creation, Technology, Conceptual model

INTRODUCTION

Research and development and as a result, technology have tremendoudy improved the quality of human life
over the last five decades [1]. Timely information can be crucia to the success of businesses. Inadequate
knowledge about or access to new technologies and know-how is a central concern for many enterprises. One of
the best ways of promoting innovation is to ensure that individuals and firms benefit from the results of their
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research efforts [2]. Innovation is a broad term that encompasses virtually any new development in firms. It can
involve creating or re-engineering products or services to meet new market demand, introducing new processes
to improve productivity, developing or applying new marketing techniques to expand sales opportunities, and
incorporating new forms of management systems and techniques to improve operational efficiency.

The use of teams has increased significantly as organizations (both public and private) have turned more
and more jobs over to team-based structures. Teams are now being used in innovative ways in strategic planning,
flexible-jobbing initiatives, globa networks, the horizontal organization, and the virtual organization [3]. Now,
due to communication technology improvements and continued globalization, virtual teams have increased
rapidly worldwide [4]. With rare exceptions all organizational teams are virtual to some extent [5]. Virtual teams
are assumed to be part of normal business life [6]. It is commonly agreed that virtual teams produce a greater
quantity of ideas and information than individuals acting alone. So delaying with virtual team can bring new
opportunity to facilitate technology creation and innovation in enterprises.

This paper proposes a mode for effective virtual team working and understanding the process of virtual
R&D team as an innovation and technology assimilation facilitator. After briefly reviews the existing
perspectives on virtual teams and their effect on innovation, the main characteristics of virtual teams and
clarifies the differences aspects of virtual team application in the topic will discussed.

VIRTUAL TEAMS: ORIGINSAND TRENDS

By the mid-1990s, increasing numbers of companies such as Goodyear, Motorola, Texas Instruments, and
Genera Electric had begun exporting the team concept to their foreign affiliates in Asia, Europe, and Latin
America to integrate global human resource practices [7]. This era is growing popularity for virtual team
structures in organizations [8, 9]. Nowadays we have moved away from working with people who are in our
visual proximity to working with people around the globe[10].

DEFINITION OF VIRTUAL TEAM

Along with Bal and Teo [11] it could be concluded that ateam will become virtual if it meets four main common
criteria and other characteristics that are summarized in Table 1. Geographically dispersed teams allow
organizations to hire and retain the best people regardliess of location. The temporary aspect of the team appears
less emphasized [12] athough [11, 13, 14] included temporary in virtual team definition but some authors like
Gassmann and VVon Zedtwitz [15] use may be temporary for some team members.

A summary of the definition of virtual team may be taken as. “small temporary groups of
geographically, organizationally and/or time dispersed knowledge workers who coordinate their work
predominantly with e ectronic information and communication technologies in order to accomplish one or more
organization tasks”.

Table 1 Common criteria of virtua team
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Characteristics of Descriptions References
virtual team
Common criteria 1. Geographicaly dispersed (over different time zones) [12,14, 16-19]
2. Driven by common purpose( guided by acommon purpose)  [11, 15, 17, 20, 21]
3. Enabled by communication technologies [11,12,18,19]
4. Involved in cross-boundary collaboration [11, 15, 21, 22]
Other characterigtics 1. Itisnot apermanent team [11, 13, 14, 23, 24]
2. Small teamsize [11]
3. Team member are knowledge workers [11, 25]
4. Team members may belong to different companies [16, 24]

DIFFERENT ASPECT OF VIRTUAL TEAM AND ITSAPPLICATION

Generally, we can differentiate various forms of “virtual” work depending on the number of persons involved
and the degree of interaction between them. The firg is “telework” (tdecommuting) which is done partially or
completely outside of the main company workplace with the aid of information and telecommunication
services.”Virtual groups* exist when several teleworkers are combined and each member reports to the same
manager. In contrast, a “virtual team” exists when the members of a virtual group interact with each other in
order to accomplish common goals. Finally, “virtual communities” are larger entities of distributed work in
which members participate via the Internet, guided by common purposes, roles and norms. In contrast to virtual
teams, virtual communities are not implemented within an organizational structure but are usually initiated by
some of their members. Examples of virtual communities are Open Source software projects [20]. Cascio and
Shurygailo [23] have clarified the difference form of virtual team by classifying it with respect to two primary
variables namdy, the number of location (one or more) and the number of managers (one or more) Table 2
illustrates this graphically. Therefore there are four categories of teams.

Table 2: Formsof Virtud Teams[23]

Managers
One Multiple
. One Teleworkers Matrixed Teleworkers
Locations . )
Multiple Remote Team Matrixed Remote Teams

EXAMPLES OF USES OF VIRTUAL TEAM

Working in today’s business world is like working in a world where the sun never sets. Rezgui [21] investigates
the effectiveness of virtual teams, and any other suitable form of virtual collaboration, in the Construction sector
and explores the factors that influence their successful adoption. May and Carter [26] in their case study of
virtual team working in the European automotive industry have shown that enhanced communication and
collaboration between geographically distributed engineers at automotive manufacturer and supplier sites make
them get benefits are better quality, reduced costs and a reduction in the time-to-market (between 20% to 50%)
for a new product vehicle. New product development (NPD) requires the collaboration of new product team
members both within and outside the firm [27-29]. Given the resulting differences in time zones and physical
distances in such efforts, virtual NPD projects are recelving increasing attention [28]. The use of virtual teams
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for new product development is rapidly growing and organizations can be dependent on it to sustain competitive
advantage [30]. The collaboration in product development can help enterprises reduce product development
cycletime by 40 percent [31].

BENEFITSAND DRAW BACK OF VIRTUAL TEAM

During the last decade, words such as “virtual”, “virtualization”, “virtualized” have been very often advocated
by scholars and practitioners in the discussion of social and economic issues[32] but the advantages and pitfalls
of virtual team is concealed. The availability of aflexible and configurable base infrastructure is one of the main
advantages of agilevirtua teams. Virtual R& D teams which members do not work at the same time or place [33]
often face tight schedules and a need to start quickly and perform instantly [34]. Virtual team may allow people
to collaborate more productivity at a distance, but the tripe to coffee corner or across the hallway to a trusted
colleagueis till the most reliable and effective way to review and revise a new idea[35]. As a drawback, virtual
teams are particularly vulnerable to mistrust, communication break downs, conflicts, and power struggles [36].
On the other hand, virtual teams reduce time-to-market [26]. Lead Time or Time to market has been generally
admitted to be one of the most important keys for success in manufacturing companies [37]. Table 3 summarizes
some of the main advantages and Table 4 some of the main disadvantages associated with virtual teaming.
Clearly the rise of network technologies has made the use of virtual teams feasible [38].

Table 3: some of the main advantages associated with virtual teaming
Advantages Reference
Reducing relocation time and costs, reduced travel costs [9, 28, 40-49]
(Virtual teams overcome the limitations of time, space, and
organizational affiliation that traditiond teams face [39])

Reducing time-to-market [Time also has an almost 1:1 correlation with | [26, 37, 43, 44, 49, 51-58]
cogt, so cost will likewise be reduced if the time-to market is quicker
[501]

More effective R& D continuation decisions [59, 60]

Able to tap selectively into center of excellence, using the best talent | [9, 42, 44, 46, 61-65]
regardless of location

Better team outcomes (quality, productivity, and satisfaction) [39, 66, 67]
Higher team effectiveness and efficiency [26, 68]

Table 4: some of the main disadvantages associated with virtud teaming
Disadvantages references
Decrease monitoring and control of activities [69]
Vulnerable to mistrust, communication bresk downs, conflicts, and | [4, 9, 30, 36, 70]
power struggles
Challenges of determining the appropriate task technology fit [64, 71-75]
Cultural and functional diversity in virtua teams lead to differencesin | [34, 43, 64, 65, 73, 74, 76-79]
the members’ thought processes. Develop trust among the members
are challenging

WHAT ISNEEDED FOR EFFECTIVE VIRTUAL TEAM
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A review of the literature shows the factors that impact on the effectiveness of virtual teams are still ambiguous.
Many of the acknowledged challenges of effective virtual team working focus on ensuring good communication
among all members of the distributed team [80]. For example, Jarvenpaa and Leidner [81] found that regular and
timely communication feedback was key to building trust and commitment in distributed teams. Lin et al.[82]
indicate that social dimensional factors need to be considered early on in the virtual team creation process and
are critical to the effectiveness of the team. Communication is a tool that directly influences the social
dimensions of the team and in addition the performance of the team has a positive impact on satisfaction with the
virtual team.

Malhotra and Majchrzak’s [83] study of 54 effective virtual teams found that creating a state of shared
understanding about goals and abjectives, task requirements and interdependencies, roles and responsibilities,
and member expertise had a positive effect on output quality. As criteria, effectiveness ratings were Hertel et
al.[20] collected from the team managers both at the individual and at the team level. The results of the field
study showed good reliability of the task work-related attributes, teamwork-related attributes, and attributes
related to tele-cooperative work.

Bal and Teo [84] similar to their study in [85] by observation and interview identified 12 elements for
effective virtual team working. It isillustrated in Figure 1. The Bal and Gundry [84, 85] model is used as the
basic framework for the discussions on topic.

Selection Location
Security — > Training
Technology

Team .
Selection Alignment
S

Reward People » | Meeting

Structure — Structure
Meeting \ Performance
Training Specify Team Measurement
Objectives Facilitation

Source: Bal and Gundry (1999)
Figure 1 Model for effective virtua team working

VIRTUAL TEAM WORKING: TECHNOLOGY POINT OF VIEW

Selection: Simple transmission of information from point A to point B is not enough; the virtual
environment presents significant challenges to effective communication [8]. Being equipped with even the most
advanced technologies is not adequate to make a virtual team effective, since the internal group dynamics and
external support mechanisms must also be present for a team to succeed in the virtual world [86].
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Table 5 matrix assist the virtual team facilitator choose the appropriate technology based upon the
purpose of the meeting.

Location: Virtual team allow organizations to access the most qualified individuals for a particular job
regardless of their location and provide greater flexibility to individuals working from home or on the road[74].
Table 6 illustrates the relationship between tool, time and spacein virtual teams.

Table5 Tools for virtual teams (Adopted from Thissen et d. [87])

Tool Examples Uses and Advantages Immediacy Sensory Modes
Instant *Y ahoo Messenger * Instant interaction * Synchronousor | « Visual
Messaging * MSN Messenger * Less intrusive than a phone | asynchronous » Text and limited
and Chat + AOL Instant cal graphics
Messenger * View who isavailable
* Skype * Low cost
* Low setup effort
Groupware/ | « Lotus Notes * Calendars » Asynchronous | « Visua
Shared *Microsoft Exchange | « Contact Lists
Services *Novell Groupwise * Arrange mestings
» Cost and setup effort vary
Remote » NetMesting » User controls a PC without | « Synchronous * Visual
Access and » WebEx being onsite « Audio
Control » Remote Desktop * Cost varies * Tactile
* pcAnywhere * Setup varies
Web » NetMesting * Liveaudio + Synchronous * Visual
Conferencing | » WebEx * Dynamic video + Unlimited graphics
» Meeting Space *» Whiteboard + Optional audio
» GoToMesting + Application sharing
* Moderate cost and setup
effort
File Transfer | « File Transfer « Share files of any type » Asynchronous | * Vaieswith file
Protocol (FTP) * Cost varies content
« Collaborative » Moderate setup effort
Websites
* Intranets
Email » Numerous vendors * Send messages or files » Asynchronous | « Visua
and * Cost and setup effort vary « Audio in attached
» free gpplications files
Telephone *“Plain Old * Direct calls + Synchronous + Audio
Telephone Service” * Conference calls » Asynchronous
(POTS) * Cost varies for voice mall
*Voice Over Internet | « Low setup effort
Protocol (VOIP)
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Table 6 Time/Space matrix (Adapted from Bouchard and Cassivi [88])

Same space Different space
Same time | Face-to-face meeting, Brainstorming, Vote, | Cha, Tee-conference, Video-conference,
Synchronous PC and projector Electronic white board, | Liaison satellite, Audio-conference, Shared white
GDSS, Chat board, Shared application
Different time | Team room, Document management E-mail, Workflow, Document sharing ,
Asynchronous | system, Discussion forum, E-mail, Discussion forum, Group agenda Cooperative
Workflow, Project management hypertext and organizational memory, Version
control Meeting scheduler

Training: The results of Anderson et al. [80] systematic lab study confirm many of the observations
include explicit preparation and training for virtual teams as a way of working collaboratively. Fuller et al., [42]
results indicate that in the case of computer collective efficacy, computer training related to more advanced skills
sets may be useful in building virtual team efficacy. The Hertel et al. [20] suggested that the training led to
increased cohesiveness and team satisfaction.

Security: Virtual team working involves exchange and manipulation of sensitive information and data through
the Internet, therefore security is aways an important issue of concern [84]. Team leaders should identify the
special technological and security level needs of the virtual team and their team members[89].

VIRTUAL TEAM WORKING: PEOPLE POINT OF VIEW

Team selection: Team selection is a key factor which differentiates successful teams from unsuccessful
ones. The selection of partners greatly affects mutual trust, knowledge sharing, and performance [90]. Virtual
teams can be designed to include the people most suited for a particular project [74]. Virtual team leaders rather
than need to make sure the project is clearly defined, outcome priorities are established, and that a supportive
team climate, need to select members with necessary skills[89].

Reward gructure: The development of a fair and motivating reward system is another important issue at
the beginning of virtual teamwork [20, 91]. Virtual team performance must be recognized and rewarded [85].
Lurey and Raisinghani [86] in a survey in an effort to determine the factors that contribute to the success of a
virtual team found that reward systems ranked strongly among the external support mechanisms for virtual
teams.

Meeting training: Comparing teams with little and extensive training, Bal and Gundry [85] observed a
significant drop in performance as both teams went live using the system. However, the latter then improved its
performance at a faster rate than the former. Training is a key aspect that cannot be neglected in team building.
Virtual team members require some different types of training to ordinary teams. The training includes self-
managing skills, communication and meeting training, project management skills, technology training, etc. [84].

Specify objective: While direct leadership strategies are possible in conventional teams, members of
virtual teams might be managed more effectively by empowerment and by delegating managerial functions to
the members [20]. Such an gpproach changes the role of a team manager from traditional controlling into more
coaching and moderating functions [92].

VIRTUAL TEAM WORKING: PROCESSPOINT OF VIEW

Processes represent the ongoing interaction between group members. It refers to the interdependent actions
carried out by members, which transforms inputs to outputs [66].
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Alignment: is the degree to which the interests and actions of each employee support the clearly stated
and communicated key goals of the organization. The company’s processes need to be re-aligned with the
capabilities of virtual teams as opposed to face to face teams. This involves an understanding of the virtual team
processes and the existing processes [85]. However, the key elements in knowledge sharing are not only the
hardware and software, but also the ability and willingness of team membersto actively participatein the
knowledge sharing process[36]. Enabling flexible work almost always requires major changes in technology.
Literature has shown few organizations are making effective use of good collaborative technologies that are
readily available.

Meeting structure: Proximity enablesteam membersto engagein informal work [63]. Virtual team
members are more likely to treat one another formally and less likely to reciprocate requests from one another
[14]. Shin [17] argued that lack of physical interactions and informal relationships decrease the cohesiveness of
virtual teams. Formal practices and routines designed to formally structure the task, was reported to lead to
higher quality output of virtual team [93]. The physical absence of aformal leader exacerbates lack of extrinsic
motivation [92]. In virtual teams that rarely meet face-to-face, team leaders often have no choice but to
implement aformal team structure.

Performance measurement: Work on the performance of virtual teams by Kirkman and Rosen, et al.
[25] demonstrates a positive correlation between empowerment and virtual team performance. High-
performance teams are distinguished by passionate dedication to goals, identification and emotional bonding
among team members, and a balance between unity and respect for individual differences. Staples and Webster
[94] showed that the relationship between knowledge sharing and team performance was much weaker for semi-
virtual teams than for traditional face-to-face teams or purely virtual teams.

Team facilitation: Virtual team members must have clear roles and accountabilities. Lack of visibility
may cause virtual team members to fed less accountable for results, therefore explicit facilitation of teamwork
takes on heightened importance for virtual teams. Temporal coordination mechanisms such as scheduling
deadlines and coordinating the pace of effort are recommended to increase vigilance and accountability [93].
Very little empirical research had been conducted on virtual teams and amost nothing on virtual team
facilitation [95] so future research on Team facilitation is needed. Table 7 lists the communication channels that
the facilitators may use and some of the factors that influenced their use[96].

Table 7 Available communication channels and factors influencing their selection and use ( source Pauleen and Y oong [96])

Communication channels Primary conditions influencing selection and use
Face-to-face Project complexity and time-frames

Distance from team members

Culture of team members

Security requirements

Financial resources/avail ability

Letter Project time-frames
Culture of team members
Telephone Project time-frames

Distance from team members
Financial resources

e-mail Project time-frames

Distance from team members
Financial resources

Knowledge management systems

Availahility
Internet-based channels Project time-frames
Desktopvideo conferencing | Distance from team members
Intranets Financial resources
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Text chat Training
Knowledge management systems
Availability and compatibility

VIRTUALITY AND INNOVATION

Innovation plays a central role in economic development, at regional and national level [97]. Innovation is
something new that was introduced in an environment, i.e., a new product, a new way of realizing a process, €tc.
[37]. Therefore, an innovation represents the final stage of a development process, representing the final result
achieved and implemented successfully. Innovation correlated with the performance of firms and the new
products and process improvements partially account for the higher sales and employment growth as well as the
higher profit margins [98]. Howdls et al. [99] dtate that the shift from serial to simultaneous and parallel
working in innovation has become more commonplace and Blomqvist et a. [100] emphasized collaboration is as
a meta-capability for innovation. When innovation is autonomous, the decentralized virtual team can manage the
development and commercialization tasks quite well [101]. In virtual teams innovation behavior can be
stimulated by using reciprocal 1T tools (like document sharing), coordination by trust (not by output) and high
job demands|[6].

CONCLUSION

Strong business and social pressures are driving the adoption of virtual team working. This paper with a
comprehensive review of literature and related resources covering the topic along with Bal and Teo [84], find
that success in implementing virtual team working is more about processes and people than about technology.
Organizations are often naive about the advantages, problems and disadvantages of virtual team working. Virtual
teams offer many benefits to organizations griving to handle a more demanding work environment, but also
present many challenges and potential pitfalls. With comparing Table 3, with Table 4 it is clearly obvious that
advantages of utilize virtual teams are far from its disadvantages so dealing with it can bring new findings.
Virtual teams are a new and exciting work form with many fascinating opportunities. Due to these opportunities,
virtual teamwork becomes increasingly popular in organizations.

This paper has identified and extended 12 key factors that need to be considered, and describes a
methodology focused on supporting virtual team working, with a new approach that has not been specifically
addressed in the existing literature. These findings provide an important step in studying how virtual team
efficacy is formed and what its consequences are in the context of virtual teams. It is apparent from the literature
review that significant differences are between virtual teams and co-located teams hence manager of virtual
teams should not ignore these differences at their own peril. Suggestions for the training of remote managers and
virtual team development can be found in the literature. Manager of virtual team should overcome the managing
conflict, cultural and functional diversity in virtual teams and mistrust anong the team members. The illustrated
model enables consideration of known indicators of effectiveness for the design and management of virtual
teams.

We need to focus here on the dynamic nature of both innovation processes and virtual team processes.
Our study design did not fully acknowledge this fact. Future research would now seem to be essential for
developing a comprehensive study, combining literature survey with case study in different size of companies
(e.g. multinational companies and small and medium enterprises) and various type of activities (e.g. research and
development and new product development). Such a study would provide an assessing What patterns, practices,
or types of activities must virtual teams carry out to achieve eff ectiveness in the competitive environment?, How
such teams should be managed? What types of process structure and technology support should be provided for
facilitating such teams?, What different Methods of virtual team are uses today and how effective are they?,
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What benefits and problems arise as a consequence of the creation of virtual team? and How to make the
trangition from a more traditional team structure to the more distributed team structure?. These questions and
many other practical questions wait for future empirical investigation.
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