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Abstract

Knowledge collaboration is an effective management method to proWﬁe
appreciations of intellectual capital and social capital. In a virtual t%y team
atmosphere, team network and the individual attributes, etc. shall affect the gefformance
of knowledge collaboration (KC) in different degrees. The papes will buil theoretical
framework that affects the performance of virtual feam E%Mledge ollaboration, and
use the Bootstrap-based structural equation mode rform-“empisiCal study on the
theoretical framework. Empirical results show& tworkg charaCteristics of virtual
team, team attributes, individual attributes arte collabﬁ;gﬁ efficiency all have
significant impact on the performance of . Emplric conclusions will provide a
theoretical basis and practical referenee @ romotingy performance of knowledge
collaboration. %

Q
Keywords: Virtual Teams; K \@e Coll@n; Performance
1. Introduction \CO
With the rapide pment K@extensive application of information and
communication t y, the 4virtual team collaborated across time, space and
organizational bq@ has %an important organizational structure for enterprises
to cope Wi@E mcreasimaccelerated market change. The virtual team, with
advantages as i diverse staff, broad organizational boundaries, flexible
organizational structure innovation resources allocation, etc., has been widely adopted
in many fields | %lng service outsourcing, IT and innovation research and
development, eg@b previous research has shown that a virtual team is an effective
model to settle théycomplex task on wide-scope and cross-disciplinary knowledge demand
within the%%mization [1]. Therefore, how to effectively improve the performance of
virtual te@ s been a focused issue in the business and the academic circles.
o@he perspective of knowledge management, the virtual team is essentially
t@ of "Heterogeneous" subjects for collaborative knowledge innovation. In
addition to compensate for the knowledge gaps to effectively solve the problem of
knowledge scenario embedding and path dependence, the knowledge collaboration
model also can obtain collaborative effects of multi-subject, multi-target and multi-
tasks. However, because of staff diversity, and the use of electronic information
technology as the primary means of communication, lacking of face to face
communication, the knowledge collaboration and performance of a team is facing
many problems. Therefore, in terms of the characteristics of virtual teams, it is
necessary to study how to further enhance the collaborative efficiency of the virtual
team and improve the performance of knowledge collaboration by integrating the
collaborative innovation resources. On the basis of defining the performance of
knowledge collaboration and collaborative efficiency, and taking Chinese service

outsourcing enterprises team as research objects, this paper performs empirical
analysis on the critical factors influencing the performance of the virtual team’s
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knowledge collaboration, and proposes corresponding suggestions on this research
basis.

2. Research Summary
2.1. Virtual Teams and Knowledge Collaboration

(1) Virtual teams

Currently, there is no an agreed definition of virtual team. Lipnack and Stamps (1997)
considered a virtual team as a group of people, inter-space, inter-time and inter-
organizational boundaries, who work independently from each other for a comman target
relying on the technology [2]. Kirkman et al., (2002) insisted that virtual tea
composed of employees with unique skills, located at a distance from eachw
must collaborate to accomplish important organizational tasks , and % d five
challenges to virtual team success [3]. Zigrus (2003) su rized th of virtual
team in the current research field preferably, he though mm%rtual t@a collection of
individuals, and those individuals have the d -, cha Ics in different
dimensions; the dispersion dimension mainly incI eglo sion, organizational
dimension, time dimension and culture dimension™the ind&% works collaboratively
via information and communication technol 0 as,to achieve a certain goal [4]. Chen
Yali (2009) holds that, in terms of the e ment of Htual team, the team member
mainly consists of scientific and tec per based on knowledge, skills and
capabilities, and pays more attentl dIVI ilities, cooperative capability, and
the matching degree of adap c [5]. d% yong (2013) thought that the fields
adopting virtual team as the 0 zatlonal re mainly concentrated in the innovative
field, involving in fields h as hi h ew technology, design and research and
development, softwqre% pmen tific research and consultation, etc., and its
knowledge or prod\% e mal output [6]. Therefore, for the virtual team, from the
perspective of eit tea ation of target and output of purpose, or the team's
own charact@%e know innovation is the soul of its existence.

(2) Knowledge coll ion

Karlenzig (200 %t put forward the concept of “Knowledge Collaboration”, he
thought that iti& organizational strategy, which could dynamically assemble the
internal a xterhal systems, business process, technology and relation (community,
customer %& and the supplier), to maximize the business performance[7]. After this,
many @s proposed different definitions from different perspectives and levels. From
t ise perspective, Mckelvey et al., (2003) thought that knowledge collaboration
is d of “Activity”, such as, collaborative development and collaborative authoring,
etc.; the members participated in the activity strive to create personal knowledge and form
a valuable result eventually [8]. Tong Zehua (2012) comprehensively thought knowledge
collaboration is a kind of effective collaborative status in time and space achieved by the
subject, object and environment, etc. in the knowledge management, and achieves at the
right time and space, and it is multidimensional dynamic process that transferring
appropriate information and knowledge to appropriate target or object to achieve
knowledge innovation. Knowledge collaboration is the advanced stage of knowledge
management, and its ultimate target is to achieve knowledge innovation, which is the
target of virtual teams [9]. In addition, at the micro level, Leijen and Baets (2003) pointed
out that knowledge collaboration refers to a knowledge requester realized that
himself/herself does not have the capacity to solve a problem, while another knowledge
provider just having the capacity in this aspect, if both parties could reach a consensus,
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they can integrate their knowledge to make for the knowledge demand of the knowledge
requester, so as to solve the problem [10]. At the macro level, Chen Kunyu and Chen
Kungiong (2002) thought that via integrating the internal and external knowledge
resources of the organization, the enterprise could make the overall efficiency of
organizational learning and knowledge utilization and creation greater than the sum of
each independent component, and its purpose is to obtain the knowledge collaborative
effect of “1+1>2 [11]. Since the micro individual can solve problems through knowledge
collaboration, and the macro-organizations can create benefits through knowledge
collaboration as well, it is a necessary action to research the performance of knowledge
collaboration.

2.2. Knowledge Collaboration Performance Model \) °
i

The so-called "Performance" refers to the final results showing the over Il%ﬁ ional
activities of the organization, meanwhile, it is a factor to measure the deg@ ccessful

achievement of the organization's tasks or targets [1%! 1A\ perfor knowledge

collaboration, the current researches are mainly focused\on the effecof)or the relation
between the knowledge management, knowledge ng, ge transfer and
knowledge collaboration, etc. on organlzatlona’ prise performance,
team performance, management performance a g innovatiye erformance etc. For
example, Wan Youging and Deng Mingra ) analyzed th€ collaborative innovation
performance of industry cluster based o @ ngle of ledge view, and constructed
the collaborative innovation performa odel of ry cluster from the aspects of
enterprise knowledge’s base stock rlse n power innovation capacity and
the collaboration between ent r e etc [ Baocang and Li Chaoming (2009)
built a relevant indicator s for the ab rative work performance of the inter-
organizational knowledg rkers and d out an application example using the
multi-level extension e n met@ Xu Qiang and Jian Zhaoguan et al., (2010)
constructed the m é e mutual ion between network relation, trust, knowledge
sharing and the togy in tion performance, through empirical research, they

agree d?\@t network relation and knowledge sharing between
enterprises hgve positive influenCe on the enterprise’s technology innovation performance
[15]. Zheng X @' started with the organizational collaboration of parent-
subsidiary Corporat aking knowledge collaboration as intermediary variable,
analyzed the relatg ong the organizational collaboration, knowledge collaboration

and innovation ormance of the parent-subsidiary corporation, and constructed
corresponding conteptual model [16]. Zhou Fang and Guo Yan (2012) built a theoretical
model of tite relation of supply chain social capital, knowledge sharing and
i i rformance, and holds that, through empirical research: There is a positive
etween social capital and supply chain enterprise innovation performance,
dge sharing between supply chain enterprises plays an important intermediary role
in social capital and supply chain enterprise innovation performance [17]. By taking
knowledge integration as intermediary variables, Shi Liping et al., (2013) studied the
mechanism of interaction memory systems and knowledge team performance. In this
literature, they constructed interaction memory system, the theoretical framework of the
relation between knowledge integration and performance of knowledge group, but the
measurement of performance of knowledge group did not be subdivided. Nevertheless,
this literature proves that knowledge integration between internal and external knowledge
has a positive impact on performance of knowledge group; this conclusion explains the
necessity and feasibility of the performance of knowledge collaboration in virtual teams’
research from a side [18].

From the existing literature, empirical research on the measurement and influencing
factors of performance of knowledge collaboration is insufficient. For existing literatures
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discussing the performance issues of knowledge from the knowledge itself, it only stay in
discussing the performance of knowledge sharing and effect of knowledge transfer and
did not mention the performance, result or efficiency measurement of knowledge
collaboration. In fact, knowledge collaboration is a complex process including knowledge
sharing, knowledge transfer and knowledge creation [19].

2.3. Knowledge Management based on Social Network

Research on knowledge management and knowledge transfer based on social network
perspective is not a new topic. As early as 1999, Seufert considered knowledge network is
a kind of social network among knowledge participants to achieve value creation through
knowledge creation and transfer in levels such as |nd|V|duaIs groups, organlzatl ns and

knowledge transfer from the perspective of social networks and social rel
(2005) researched the knowledge collaboration network,4and provj
network collaborative model. Currently a lot of ref&@:iterat
research forms to argue in different levels, which iffetent secial networking

characteristic’ influence relation to knowledg nagemegt, knewledge sharing or

knowledge transfer [22]. For example, Inkpen , (2 d the social network

method to construct the theoretical frame of kno le transfer among virtual

teams, to research how to organize the pr@wgﬁonal K dge of virtual team and the

incentive problem of how to solve th ta ledge, they found that social

relations including trust, and emoti int, A@e knowledge transfer easier [23].
ia

Stephen and Irene (2008) resear h toa I network-based system to support

interactive collaboration inkg&v ge sh rin ver peer-to-peer networks [24]. Zhu

(2009) demonstrated the influence of thx ork characteristics (associative strength,
ce

network density, network e and ntrality) of knowledge resource enterprise
and knowledge recervl rprlse knowledge transfer effect among enterprises,

by taking the kno transf effect as research object, and taking the individual
attributes of Kk ge r ‘%nterpnse and knowledge receiving enterprise as
intermediary’ e [25] Ya 10) took a particular virtual team as example, used
social netwo ethod Iyze the knowledge sharing mechanism within the virtual
team; the research fo t the emotional joint among the team members is beneficial to

influence the effj of knowledge sharing within the team [26]. Shen Huimin (2013)
researched,th ct of social network characteristic on community knowledge creation.
She consi hat community network characteristics (network density and connection

%e important influence on community knowledge creation. Good community

streng
ne ’r&are conducive to the formation of effective collaboration atmosphere; and high
(U

knowledge sharin@ the network accessibility and the number of small group will

ion strength among community members is conductive to increase collaborative
work’opportunities to improve the performance of social knowledge creation [27].

The above existing research shows that the function that social networking
characteristics on knowledge management have been demonstrated, the existence of
influence relation is positive. The difference is that under different research objects and
different research situation, the play mechanism may be different; and knowledge
collaboration is a dynamic process, and its play mechanism will be different as well.
Therefore, in the study of performance of knowledge collaboration in virtual teams, social
networking characteristic will be an indispensable key factor.

2.4. Critical Review

If we take the virtual team as a system, we could decide, no matter from the input (the
composition of the team and resource access) or from the output (form of output: new
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products and new knowledge), that the virtual team is existed for the purpose of
knowledge innovation. And effective knowledge collaboration mechanism is a good way
for knowledge creation and knowledge innovation. Although there are many literatures
discussing the problems related to knowledge management of virtual teams, but currently
research on performance of knowledge collaboration in virtual teams is insufficient.
Knowledge collaboration is a dynamic process, throughout the process of knowledge
transfer, knowledge sharing, and knowledge innovation. Although it may contain links or
stages such as knowledge sharing, knowledge transfer, knowledge learning and
knowledge creation, etc., the performance of any single link is unable to represent the
overall performance of knowledge collaboration. In consequence, this research will focus
on the measurement of the performance of virtual team’s knowledge collaboration, and
analyze the principal factors influencing the performance of the virtual team’s kngwledge
collaboration from the social network perspective, the attribute of virtua Whe
individual attributes and the efficiency of knowledge collaboration, etc. : ‘YV

3. Theoretical Models and Assumptions

3.1. Performance of Knowledge Collaboration g@& its &pément
terpe

Knowledge collaboration(KC) is the process owledge interaction;

knowledge subjects integrate their own kno e W|th that gained from others to form
new knowledge. Due to the mtanglbll g con é’l@cy and non-depreciation of
knowledge capital, in the effectlvenes XC the final intellectual products
(taking products or service as ca deI M%&b the customer, the intellectual

so become the appreciation part of

achievements contained in the aI pro
enterprise’s knowledge capﬂb&:hlch are refléeted as the capability improvement of
individual and the team, the accu ulatloh.émenence and the improvement of process,
and also reflected as the rease cit knowledge (the increase of experience
summary, process tation a owledge base, etc.). In addition, knowledge
collaboration is % cess ip \which individual knowledge demanders look for
knowledge prayiders ‘and e’nmg their knowledge. In this process, the connection
among subje% howled to be more and firmer; the trust, reciprocity and mutual
respect appr amo jects tend to be enhanced; their languages, stands and
viewpoints tend to b mous. These increments formed the increase in social capital
amount. Therefor ormance of knowledge collaboration can be measured from
appreciation of ects including the knowledge capital and social capital.

(1) Me &g)ent of knowledge capital

o @e capital includes all the assets created by intellectual activities including
acquisition, innovation and establishment of value chain, etc. Knowledge
ratlon is the process of knowledge creation, in the process, the capabilities of
kno ledge worker are promoted, the knowledge gets renewals and extensions and the
organization environment and business process get improved, all these belong to the
category of knowledge capital (Chen, 2014)[28]. Therefore, the results of knowledge
collaboration will lead to the increase of knowledge capital; in other words, the
appreciation of knowledge capital can be used to measure the effectiveness of knowledge
collaboration.

(2) Measurement of knowledge capital

From the perspective of epistemology, knowledge creation has three modes, namely,
cognitivists, autopoietics and connectionists; it is obvious that connectionists is consistent
with the knowledge creation of knowledge collaboration, which could be explained as that
the intellectual individual triggers the connection between each other in solving the
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collaborative problem, and the new connection results in new knowledge. The
connectionists introduced the concept of social capital to knowledge collaboration,
considering that social capital is the interest, value, or assets, etc. generated by social
connections and social interactions. In the analysis of knowledge creation, numerous
researchers take social capital as one of the major researching elements (Nahapiet &
Ghoshal, 1998) [29].

The purpose of knowledge collaboration is knowledge creation. The knowledge
creation of virtual teams is the process of constantly acquiring social capital through
social network. The social capital of virtual team has a positive role in promoting
knowledge innovation, which is advantageous to the knowledge collaboration; knowledge
collaboration means that the reinforcement of the connection in knowledge network and
the increase of new connection, promoting the appreciation of social capital (Cheg, 2014)
[28]. Therefore, good knowledge collaboration will lead to the increase of so 'Nal;
in other words, the appreciation of social capital can be used to measure t e%ﬁveness
of knowledge collaboration. @

3.2. Social Network Characteristics and Performan %gKk: @
(1) Network density Q
Network density is the structural index of sgcia networ«} h refers to the ratio of
ﬁg’i ti

numbers of actual presence connections an ble con ns in the network (Wang,
2009)[30]. It describes the close degre een net nodes. The higher density
network is, the more closely node li hen twork density approaches to the
value of 1, there are strong direct M etw nd each other node, which means
every node is in the “eye si ht ny other . McFadyen (2004) believes that the
node relations in the network ture ake ucive to form the strong trust mechanism,
which has the positive function to f rust mechanism for knowledge innovation
and cooperation reIan

In virtual tea node S mdependent knowledge carrier, among these
individuals there j tworkﬁ%re of knowledge circulation established in a flexible
manner acro@ nd space hé network virtual team, the higher the network density
is, the close elation,a o g knowledge carriers are, and the more internal knowledge
sharing nodes are, an e better the effect of knowledge collaboration is(Wang,
2009)[30]. Networ %elty has important influence on the transfer effect of individual
knowledge (Frit;& al., 2010) [32].The higher the network density is, the closer the
relationshi individuals of virtual team is, and the more easy to form the trusted
channel of edge transferring, and also more helps to improving performance of KC.
put forward the following hypothesis:

N etwork density has positive influence on performance of KC; the higher the
netyork density is, the higher performance of KC is.

(2) Network centrality

tw

“Centrality” is the basic concept of distinguishing network status in social network
analysis, which is used to measure which level the individual or organization is positioned
in social networks. “Point of potential” and “degree centrality” is the two kinds of index.
The former is used to describe the overall centrality of network graph, and the latter is
used to describe the centrality of any single point in a network. This paper will use the
"Point of potential” to describe network centrality.

According to social network theory, “Point centrality” is measured by the number of
points in the network which directly connect to it. If an individual point is directly
connected to many other points, then it means the point has high degree ‘“Point
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centrality”. In the structure of a network, a node, which is directly connected to other
nodes, is the central position of network structure, and has great power of resource
acquisition.

Social network provides effective knowledge circulation and collaborative innovation
platform for knowledge collaboration. The key node in the central position of a network
plays an important role in the network structure collaboration and knowledge sharing.
Chen Lu et al., (2009) stated that individual relation network variable such as network
structure (centrality) and the diversity of knowledge has positive influence on the virtual
team’s performance [33].Reinholt et al., (2011) noted that network centrality would foster
network positions that provide access to nonredundant knowledge [34]. According to
social network theory, if the individual has higher degree of centrality in the network,
then he or she has more contact with other individuals, and there is more chann r hifn
or her to exchange knowledge with other individuals, and therefor promote the dge
collaboration. Thus, in virtual teams of social networks, the higher d ndividual
centrality are, the higher performance of KC is. Therefore, ye put for following
hypothesis: %&

H1b: Network centrality has positive influence férm

degree of network centrality is, the higher perforr' J\)
(3) Connection strength X

The network density and centrality gg cture dl ion index of social network,
the

C, the higher

while the connection strength is rel dimension mdex The relationship is a
beneficial supplement to the dimensi (Yao & Ming, 2008) [35]. There
are many researches about the i fI of theg Ction strength on knowledge sharing
and knowledge transferring&%g study he connection strength plays a very
important role in the process of knowledg sferring among the groups (Hansen, 1999;
Reagans & McEvily,20 Zi & @%;t 2003; Zhaoguo, et al., 2011) [21,36-38].
The shorter and numbe individuals connected, the more knowledge
acquisition node |% team horter the project completion time is. In the same

meaning, theig onnecf@tr ngth is, the higher the accuracy and timeliness of
knowledge cration iseI herefore, we put forward the following hypothesis:

H1c: Connection str@ as positive influence on performance of KC.

In summary, we ¢ ume that:

H1: The char ics of social network and the performance of KC is positive
correlation. To then the social network construction is conducive to enhancing the
performan&ﬁi(
3.3.In al Attributes and Performance of KC

ollaborative intention

Knowledge collaboration is usually used for completing a knowledge-intensive task,
therefore, the team members should have strong collaborative intention, and operate
various forms of knowledge capital in the collaborative process, and complement
knowledge to each other, which is the important characteristic of knowledge
collaboration, and it also the basis to perform collaboration among the knowledge
subjects, especially that knowledge is implicit, which is required the team members
having strong collaborative intention. Jente (2008) investigated 499 respondents and
found that individual attitudes had significantly impact on organizational knowledge
sharing[39]. In the research of this paper, collaborative intention refers to the subjective
desire of whether the team members and to what extent are willing to share their own
knowledge to other members, and are willing to accept the knowledge of other members,
which is a two-way process. Knowledge collaboration not only can contribute to the
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transformation and upgrading of individual knowledge, but also can support team
members to achieve their own work targets. In the team collaboration, the team member
often comes from different professional fields and plays different roles, only on the
premise that the employees approve the concept of knowledge collaboration, can they
make a positive contribution of their own knowledge and constantly absorb knowledge to
achieve knowledge innovation. Therefore, the individual collaborative intention will exert
great influence on the energy and time, etc., devoted into the knowledge sharing,
knowledge transfer, organizational learning and knowledge creation by the team
members, so as to influence the performance of knowledge collaboration correspondingly.
Therefore, the following assumption is put forward:

H2a: Individual collaborative intention has positive influence on the promotion of
performance of KC. ¢

(2) Collaborative capacity

In addition to the collaborative intention, another ogtant fact@r affecting the
employees' knowledge collaboration behaviors is erﬂ?{%s’ indid collaborative
capacity. The individual collaborative capacity inclu nly4he bility to assess
the own needs of the individual accurately, and eNimportantl wludes the capacity
of whether the individual could clearly express te.otner mé%c heir own knowledge
and the capability to absorb knowledge. T collaborativéycapabilities of the team
member may partly be the result of their talent§,,§gnostly they are affected by
postnatal environment, such as organw training, etc. When team members have
good collaborative capacities, the tra$i med , quality, speed and effectiveness
of the knowledge will be gr t@ prove{' the promotion of performance of
knowledge collaboration willﬁ&ore remarkable: Therefore, the following assumption is
put forward: ‘ é

H2b: Individual coII‘% ive cap@have positive influence on the promotion of

< <

performance of KC, °

In summary, wi ssume tha%
i ibutes epformance of KC are positive correlation and strong
ividual ~sollaboration and collaborative capacity will facilitate
improvement of perfor f KC.

3.4. Team attriti@d performance of KC

at o

b@nd imagine, etc. influencing knowledge sharing and the knowledge creation
beha¥ior and intentions, and they conducted measurement from four aspects of employee
attitude, work group support, direct manager and the organizational culture [40]. In the
knowledge collaborative process, the knowledge innovation is accelerated to be achieved
through vast collaborative effect by team members with different knowledge background,
and the collaboration among members is nothing else than the formative effect of
collaborative atmosphere. In good collaborative atmosphere with information sharing,
mutual respect and mutual trust, team members with different perspectives and ways of
thinking are more willing to share own talent and experience inside the and among
organizations. Communication and cooperation among members will facilitate the search,
transfer and creation of knowledge and increase intellectual capital, social capital,
ultimately improving the performance of KC. Therefore, the following assumption is put
forward:
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H3a: Collaborative atmosphere and performance of KC are positive correlation and
good collaborative atmosphere will facilitate improvement of performance of KC.

(2) Collaborative culture

Collaborative culture refers to the beliefs, value system and behavioral norms formed
in the organizational learning process of the team and obtained the mutual recognition
from the team members, which is mainly reflected in aspects including cohesion, core
concept and team spirit, etc. Collaborative culture is a kind of intangible assets, it is
difficult to describe and imitate its value, and it is formed through constantly breaking-in
and accumulation in the long-term practice process of the team members, which has
binding effect on the behavior and consciousness of the team members. Under the
common value theory and core concept, the members will enjoy freedom, indep%;le}uce
and being respected at work, and will form a strong sense of belonging to t the
members will devote themselves to the team work with the co-sens Spirit”
comprehensively, to create amazing achievement. Previousresearches @s Lopez et
al (2004) and Li, et al., (2009), found that collaboratlvag}sre has icant positive
correlation to organizational performance and kn sh ng ugh empirical
research [41-42]. We believes that relaxed a_ nioys, cOyléarning and inter-
motivated collaborative culture will help the tearmfwme bera%%yhange knowledge and
share resources and produce new ideas and t ts, and th moting the performance
of KC. Therefore, the following assumpti forwa

H3b: Collaborative culture and per &:e of positive correlation and good
collaborative culture will faC|I|tate | mer% rmance of KC.

(3) Motivator

Motivation is a process that can sti peoples behavioral motive to generate a
specific behavior. In the t collah process, motivation measures is an effective
mean of team manag WhICh not only promote the knowledge capability of
the organization arrx memb but can empower the organization and the member
with sustainable, powe and 0 pet|t|on advantages. In the knowledge collaboration
process, nee 1ld scieptific nd effective motivation mechanism based on individual
level and teanTfevel to ve the performance of knowledge collaboration. By giving
the affirmation of b ritual and material to the contribution of the team members
promptly, and OE@ abundant financial support in the work activities, could not only

provide opportu or the members to express and develop themselves, but could attract
and encouragé exchanging, sharing, integrating and creating knowledge to each other, to
realize knewlgdge innovation finally. Therefore, the following assumption is put forward:

H3c:Mwtivator and performance of KC are positive correlation and good motivation
vill facilitate improvement of performance of KC.

ummary, we can assume that:

H3: Team attributes and performance of KC are positive correlation, and good
collaborative atmosphere, cultural and effective motivator, etc., will facilitate
improvement of performance of KC.

Based on the above analysis, the theoretical model of this paper is shown in Figure 1:
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Network centrality

Connection strength Performance of knowledge

collaboration

Collaborative intention -
Appreciation of

knowledge capital
Individual attributes gecap

\ 4

Collaborative capacity Appreciation of social

capital

Team attributes

Collaborative atmosphere

Collaborative culture '\) °

4. Resea

Motivational factors YW
Figure 1. Theoretical N% @Cﬁ

4.1. The Scale and Questionnaire

rch Design o QQ Q\)/\)

This paper uses structural guestionnai G@ ther da d the measurement index in
a

the paper mainly uses the existing rese

le at ic and overseas, and combines

with the knowledge collaboratlo racte f Chinese service outsourcing
enterprises to improve the o e aI va% to further adjust and amend the
guestionnaire items via in and pre-eXamination, and the final questionnaire
includes 35 items. Among WhIC there pectlvely three items for network density
and network centrallty, are 5A or network connection strength; there are
respectively 5 itemsef m collat%@ n atmosphere and collaboration culture; there

are 4 items for m%%{ r; there “are respectively 5 items for the two dimensions of
a

performan

mel appreciation of knowledge capital and social capital.

c
Scoring for@ questlo e adopts Likert scale with 5 points, in which "1"

representing g dis ent and "5" representing strong agreement. Measurement
dimension and summ index of each variable are shown in Table 1.
ble 1. Variables Measuring Dimensions
Variables \L,I\/’Ieasuring Meaning of index References of
_Q dimension measuring items
Q Network density ~ Connected number  and Luo, 2009[43];
@ tightness between nodes Zhu, 2009[44]
Network Amount of direct contact
centrality between other nodes and the
Network some node in the consulting
Characteristics network; understanding the
level and consulting intention
Connection Recognizing duration, interact Granovetter,1973[45];
strength frequency , intimate topics and Masden&
intimate action Campbell,1984[46]
Collaborative Initiative and enthusiasm Zhu, 2009[44];
Individual intention
Attributes Collaborative Usage of tools and hold of Zhui, 2009[44]
capacity collaboration processes, etc.
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Collaborative Trust and sharing Zhu, 2009[44]
atmosphere
Team Collaborative Understanding, identity and Xie, 2010[47]
Attributes culture consistency
Motivator Salaries, emotion and
investment
Appreciation of Enhancement of social Liu, 2013[48]

knowledge capital interaction: the enhancement
of connection strength,
increase of new connection;
enhancement of trust: trust,
reciprocity, recognition and
attribution; enhancement of

shared cognition: common QZ
pal

language, target and pNni.on

Performance  Appreciation of Appreciation pI|C|tWonaka 1994)[49]
of KC social capital knowledge: ent
patent / te y/ an

module f Iedge

base, Yy appre

in Ii@ knowle QraOcapltal
-\ doe.

% individual

rien technique,

QQJimprove Xof team ability,

enhal t of organizational
g@%::d conventions.

4.2. Sample \\: )\‘
This rese@%’s the se*@a sutsourcing enterprise team as the research subject,

entrusts the party,regfarch company to carry out a questionnaire inquiry for two
months from October t ember, 2013. There are 266 copies of questionnaires being
recovered, of which pies are valid, with the effective recovery rate of 88.3%. In this
survey, the proj s from Beijing Baidu Network Technology Co., Ltd., Beijing
Topsec Softwa 0., Ltd.,, Glodon Software Company Limited, Beijing Tongfang
Dingxin | tion Technology Co., Ltd. and Dongfang Futong (Beijing) Software Co.,
Ltd etc., | of 27 enterprises received the survey. These teams are the virtual teams
arch and Development and innovation field, and the positions of the
ts in the team include Research and Development Manager, Project Manager,
Senigr” Consultant, Engineering and developer, etc.; they have better familiarity and
sensitivity on the items involved in the questionnaire, regardless of their work experience,
expertise or qualifications, and the respondents have higher pertinence.

5. Data Analysis and Hypothesis Test

5.1. Reliability and validity test

Reliability of variables or factors is tested with Cronbach's o coefficient in this
research, and its results are shown in Table 2. Cronbach's a value of variables or factors
are more than 0.7, indicating that the scales used in this research have a good reliability.
In terms of validity, this research has a good content validity to a certain extent since the
questionnaire used in this research draws on the existing literature scales, and has been

Copyright © 2014 SERSC 203



International Journal of Multimedia and Ubiquitous Engineering
Vol.9, No.8 (2014)

consulted, pre-tested and modified by experts and business people. To further examine the
structure validity of scales used, the specific items are inspected by confirmatory factor
analysis (CFA) in this paper, and its results are shown in Table 2. KMO values of network
characteristics, individual attributes, team attributes and performance of KC are more than
the minimum level of 0.5, which are significant. Factor loading of each item is more than
0.5, indicating that factors have a stronger explanatory power to the corresponding latent
variables; therefore the questionnaire has good structure validity.

Table 2. Validity and Reliability

Variable Dimensions and Items Factor Loading KMO Cronbach’s
Network Network densit_y wimd_1~wlmd3 | 0.565~0.683
characteristics Network centrality |wlzxd 1~wlzxd_ 3| 0.610~0.739 73?5’0.815
Connection strength | ljgd_1~ljgd_5 | 0.591~0.778 &
Collaborative otyy_1~ gtyy4 a] 4%4%0.7 |
Individual intention \ )0 768 | 0.802
attributes Collaborative gtnl_1~ 0.67 ~M ' '
capacity @ )
Collaborative tdfw ﬂQdfw_S 0.558~0.805
Team atmosphere . (N °
attributes Collaborative culture L h=1~tdwh_5 [%0.612~0.713 0838 0841
Motivator “tujl_1~1éL W) | 0.763~0.825
Appreciation quszb 1%@\5 0.671~0.828
Performance  of] knowledg 0.865 | 0859
KC Appreciation of social h{j-shzb_s 0.648~0.812 | '
C

5.2. The impact \rvv\

on perform

Let netw

; ensny

variables, performan%

performed thro

Yy
k(@ieristics, individual attributes and team attributes

ork centrality and connection strength as the independent
nowledge collaboration as the dependent variable. Then we

individual collaborative

can use SPSS19 are to do regression analysis. Similarly, regression analysis is
etting Individual collaborative intention, indivi i

motiva@ d performance of KC. The results are shown in Table 3.

capacity a%irn ependent variables, performance of KC as the dependent variable. We
can also

d regression analysis with collaborative atmosphere, collaborative culture,

e 3. The Impact of Network Characteristics, Individual Attributes and
Team Attributes on Performance of KC

Hypothesis Assuming path Standardized regression coefficients Test
results
(significance level)
Hla  Network density—Performance of KC 0.105™ Support
Hi1b Network centrality—Performance of KC 0.152"™ Support
Hic Connection strength—Performance of KC 0.197™ Support
H2a  Collaborative intention—Performance of KC  0.307" Support
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H2b  Collaborative capacity—Performance of KC  0.209™" Support
H3a E(éllaborative atmosphere—Performance of 0.235™" Support
H3b  Collaborative culture—Performance of KC ~ 0.348"" Support
H3c Motivator—Performance of KC 0.186" Support

Note. * *p _ .05, ***p _ .01

By analyzing data, we found that network density, network centrality, the connection
strength have positive influence on performance of KC. It means that the performance of
KC will be better when network density, network centrality and connection stre‘&tt:)a‘re
rising. In addition, the collaborative willingness and ability of individuals affe itively
on the performance of KC. Similarly, collaborative atmosphere, collaborati ture and
motivator have positive influence on the performance of KG( So, the %%ns of Hla,

H1b, Hic, H2a, H2b, H3a, H3b, H3c are supported. \
wsoftware to study the

5.3. Structural Equation Analysis Q
We will using AMOS19.0 structural equation Trodelin

g
mechanism between variables. The path dia shown'@‘)Fi ure 2.

N
O AN
Q A

(7 etwork \Q
K )GaracersifNe,

O

sheb

Individual
atfributes

1
7

Team
atfributes

Xtwh
]

Figure 2. Path Diagram

Since SEM using the maximum likelihood method, this method requires that the data
should be compliance with the assumption of multivariate normality, otherwise chi-square
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estimates will swell and the model fit will become deterioration. Therefore the data
should be tested firstly whether the data meet the assumption of multivariate normality.
The results are shown in Table 4.

Table 4. Joint Normal Distribution Test Results

Index Kurtosis Critical value
Multivariate 37.972 18.839

Hau Kit-tai, etc., (2004) pointed out that when data’s absolute value of kurtosis is less
than 10, or critical value is less than 5, it indicates that data follow the normal
distribution[50]. Table 4 shows that mmultivariate kurtosis is equal to 37.972 ang critical
value is 18.839. Both values exceed the threshold value. Therefore it can be cwed
that the data does not meet the assumption of multivariate normality. 2&

Since the data is non-normal distribution, we use the Bootstrap metho@ ath path
analysis and verify impact mechanism among ne w eharac individual
attributes, team attributes and the performance of KC. AMOSYjryctural equation
model, we set the 2000 Bootstrap samples ir@ tine tst p operation and

Boot

achieved the convergence in 19 iterations. The r odel has a good fit
in 1837 Bootstrap samples, and the poor fit in S ples The significant
probability of Bollen-Stine Bootstrap is 0. 08 us, alth e data does not meet the

assumption of joint normal distribution, b tness model is acceptable.

The results of path analysis show olut ex 7 /df is equal to 3.27, more
than 3, GFI is 0.877, less th an more than 0.08; relative fit index
NNFI is 0.903, IFI is 0.832 0. 902 t |ndex do not all meet the above 0.9
requirements. Overall, the data lled te r fit the research model and the original
model should be modified¢¥\e can u dlﬂed index (MI) prowded by AMOS19.0
to adjust the theoretica s. By the error covariance in "wimd ~ wlzxd", "gtnl

~ gtyy", "xtfw ~ xt% can get4he Tollowing results (see Table 5).

Q'Q Table\g? ised Model Fitting Index

Fit Index &J RMSEA | RMR IFI NNFI CFl
Value 2.574  A0827 0.058 0.070 0.959 0.981 0.957
[~
The modified\fitting indexes are improved obviously and reached the standard. Test

results shdw/{that the structural model’s goodness of fit that based on Bootstrap is
the model can better fit the data. Therefore, we will test the research
hypot roposed in this paper according to the path coefficient. The results are given

Table 6. Path Assumptions and Hypothesis Testing

Hypothesis Path hypothesis Path coefficient p-value
Test results

H1 Network characteristics—Performance of KC 0.22 0.053 Support
H2 Individual attributes—Performance of KC 0.47 0.000 Support
H3 Team attributes—Performance of KC 0.55 0.000 Support

Note. Path coefficients are standardized coefficients.

When the significance level of the path coefficients is less than 0.05, the hypothesis is
true. When the significance level of path coefficient is less than 0.1, it means that
significance is weakly and hypothesis is partially supported. From the result we can see,
path coefficient of network characteristics impact on performance of KC is 0.216 and its
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significance level is close to 0.05, so the hypothesis 1 was established. Individual
attributes has a significant positive effect on performance of KC(P <0.001), hypothesis 2
is supported. Similarly, team attributes also has a significant positive impact on
performance of KC, hypothesis 3 was established.

6. Research Conclusions and Implications

6.1. Research Conclusions

At present, the virtual team is an important organizational form of knowledge creation
in many fields, especially in IT service outsourcing industry. Creating virtual team, giving
full play to the collective intelligence of their knowledge-based employees to create more
new knowledge, new technologies and new products via creating efficient mechanis of
collaborative working, is the target of many innovative enterprises. tural
characteristics of network are further verified in this paper through the analysis

0

and empirical research (network density and network centrality), angAli he role of

relation characteristics of network(connection stren effici of knowledge

collaboration is also verified in this paper. The netw; ityw centrality and
rmamc

connection strength all have important effect on ing pegformance of KC in virtual
teams. And individual collaborative attention and“eapacity Agﬂw positive influence on
performance of KC. It also found the influenoq?lation of the attribute of the virtual team
on performance of KC, and verified the icial a é@of the team’s collaborative

atmosphere, collaborative culture and oron ir@%ﬁg performance of KC.

6.2. Practical Implications ﬁe& \\
[

Empirical conclusions w ovide a theoretical basis and practical reference for
boration. Based on the research, this paper

promoting the performance-ef knowl
propose some advice.to@al tean\‘

(1) Setting up%@d dge cogoration work platform to provide team members with
i iron

a good cooperzﬁ\@

The ente shou
their employees with in
business collaboratio

struct technology platform for collaborative work, provide
unified platform for knowledge sharing and communication,
collaborative operation, to reduce communication costs and to
promote the smo of the knowledge circulation channels; and the enterprise should
create collabora nowledge base, on the one hand, to improve the efficiency of the
team’s kn e sharing, and on the other hand, to provide sources and reserves of
knowled@ the team’s knowledge update and creation.

%ﬂ@rengthening social network and provide convenient approach for social capital
ac g.

Whether there are the structural characteristics of network density and network
centrality, or the relation characteristic of connection strength, they all reflect that the
closeness of the connection between the internal and external individuals of the team,
playing a very important role in the effectiveness and efficiency of knowledge
collaboration. Moreover, the appreciation of social capital is inseparable from breadth and
depth of social network. Therefore, the strengthening of construction and maintenance of
social network is an important mean to improve performance of KC, appreciation of
social capital and accumulation of knowledge capital. Especially for virtual teams without
time-space limit, with fuzzy boundaries and flexible structure, effective and self-
organized social network is a magic weapon to avoid drawbacks due to its flexibility.

(3) Creating a good collaborative culture and atmosphere.
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Virtual teams are strong support and organizational guarantee to carry out
collaborative innovation. In virtual teams, it seems to be particularly important to
establish confidence mechanism among team members due to characteristic including
looseness, etc. of organization structure. Only if there is a good mutual trust relation
among team members, the seamless joint of knowledge sharing can be completed, and the
channel of knowledge flow can be smooth. Therefore, the construction of collaborative
culture should be strengthened in virtual teams, and humanistic environment with mutual
trust, being happy to share and convenient communication among team members is
created from value orientation. Meanwhile, the team organizer should consciously
encourage and promote the knowledge collaborative behavior within the team, and form
the “Sharing among People”, mutual understanding, mutual recognition and collaborative
atmosphere which could main consistency on the tasks and targets gradually. x)

(4) Formulating constitutions and standardized system, adopting flexi IeWatlon
measures to stimulate team collaboration

Virtual team is the organizational carrier of knowl%éation@ er to achieve
knowledge creation, it needs smooth knowledge shari wledge transfer
in the first place, and all these need the subject tive levant knowledge
nodes within the virtual team and the efficient annectio ﬁ?«é them to achieve the
knowledge transfer, digest, absorption and utilization effec m herefore, the organizer
of the virtual team should adopt targeted ible nf ion measures directing at the
personality of different members, fo cons s and standardize system to
motivate the knowledge sharing int s of mct of knowledge creation and to
improve its efficiency of kno e Ilabor i nd give positive motivations to the
activity and behavior helpi romote t ' iency and performance of knowledge

collaboration, so as to form the healthy 7 tlon and feedback mechanism, to improve
the efficiency of V|rtu s kno ollaboration and to promote the creation and

application of new& e ultlma
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