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Abstract—As a means to maintain competitive advantages of organizations,
knowledge transfer has attracted more and more attention in the academic cir-
cle. In this paper, the concept of network distance is introduced on the basis of
social network analysis method, and the influence of network distance between
organizations in social network on knowledge transfer is studied. Moreover, an-
alogue simulation is conducted by utilizing 10 innovative enterprises in Shang-
hai Withub Hi-Tech Center. According to the researches, firstly, knowledge
growth rate of the entire network tends to increase at first and then becomes
stable as time passes. In this process, knowledge difference level among various
organizations continues to decline and tends to be stable finally. Secondly, net-
work distance has a negative effect on knowledge transfer. According to the
simulation results, organizations need to continuously improve their knowledge
absorption ability, to change the network connection mode, and to form a close
network with other organizations.
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1 Introduction

As a means to maintain competitive advantages of organizations, knowledge trans-
fer has attracted more and more attention in the academic circle. Whether knowledge
can be transferred between individuals, inside the organization and between organiza-
tions becomes an important condition for survival and development of the organiza-
tion. Under the influences of numerous factors like knowledge characteristics,
knowledge receiver, knowledge sender and context, the process of knowledge transfer
is very complex. Many researchers start from the angle of social network. For in-
stance, Reagans et al. considered that when network connection was close, individuals
had the intention and motivation to spend time and energy in effectively transferring
knowledge; when individuals were in central position of the network, a promotion
effect would be generated on both knowledge acquisition and knowledge supply;
meanwhile, weak ties could help to expand the searching scope but went against
transfer of complex knowledge, and transfer of complex knowledge often depended
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on strong ties. As for the influence of distance in social network on knowledge trans-
fer, Audretsch et al. put forward that informal contact and labor force spreading
formed by geographical adjacency would influence knowledge dissemination of en-
terprises. At the same time, Maskell et al. considered that geographical adjacency
would provide more opportunities of face-to-face communication for enterprises, thus
knowledge could be better disseminated and spread in the geographical cluster. Porter
raised that organizational social distance not only referred to the geographical concept
but also included adjacency of organizations in culture; distance adjacency also had a
promotion effect on knowledge transfer. Network distance in social network refers to
the relative distance between two nodes in the network, including geographic space
distance, cultural distance, knowledge distance, etc. Geographic space distance will
hinder knowledge transfer to some extent, but in the current scientific and technical
information era, geographic space distance is not the major influence factor anymore.
Cultural distance and knowledge distance have a greater influence. At present, re-
searchers have expanded the concept of network distance from the original physical
distance into topological distance. Network distance means the shortest distance of
knowledge transfer between nodes in the social network. Based on social network
theory, this paper analyzes the influence of network distance in organization coopera-
tion network on knowledge transfer.

2 Organizational Network Distance and Knowledge Transfer
Model

In organization cooperation network, nodes represent various organizations; sides
mean the knowledge transfer relationships between organizations, and the math ex-
pression isk(o, p). In it, oandpare the sets of nodes and sides;o = {1,2 -, nn}and=
{p;li,j € o}. If there is knowledge transfer relationship between nodes i andj, p,, = 1;
otherwise, p,, = 0. When the knowledge transfer relationship between nodes is meas-
ured, the method of Sternberg et al. is adopted in this paper. In another word, judg-
ment will be made for whether the two nodes have consultations during work.

Suppose that there are two organizationsiandj, andi consultsj for some problems in
the working process; then knowledge transfer relationship exists betweeni and j.
k;(t)andk;(t) represent knowledge levels of the two organizations at time t; Ak;(t)
means the knowledge level increase of organizationi after knowledge transfer be-
tweeni andj;Ak; (t) = k;(t) — k;(t). There are differences between organizations in
knowledge absorption ability and forgetting degree. Suppose that the absorption abil-
ity is o; and the forgetting rate is 8;(0 <, 8 < 1); then at time t + 1, the knowledge
increase of organization iunder the help of organization jis as follows:

Aky(t+1) = (1+ a; — B)[k;(®) — ki ()] (1

Knowledge transfer situations between two nodes with a direct relation are de-
scribed above. However, knowledge transfer also happens between nodes without a
direct relation. Knowledge transfer between two nodes without a direct relation will
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be influenced by network distance. The longer the network distance is, the worse the
knowledge transfer effect will be. Suppose that the declining rate of knowledge trans-
fer between two nodesiand jwith a direct relation is uand network distance between
them is d,, (natural number); then the declining result of knowledge transfer between
two nodesiand jis u; at time t + 1, the knowledge increase of organization iunder
the help of organization j is as follows:

Aki(t+ 1) = u (1 + a; — BD[K,(T) — K; ()] )

In conclusion, there are norganizations (i.e. nodes) in the whole network, the aver-
age knowledge growth rate of every node at time tis:

k(D) = 2% ki (©) (3)
At time t, knowledge growth rate of the entire network is:
_ k(®)-k(t-1)
“p(t) - k(t—l) (4)

Meanwhile, diversity factor is used to express the overall difference degree of var-
ious nodes:

w(© =29,50) = TR0 -0 5)
3 Instance Analysis

In 2009, Shanghai Commission of Science and Technology put forward the entre-
preneurship support plan of “entrepreneurship nursery + incubator + accelerator”
carrier construction. Science and Technology Entrepreneurship Nursery of Shanghai
Withub Hi-Tech Center has extended support for technology entrepreneurship to
support and cultivation for entrepreneurship projects and entrepreneurial talents. After
construction for more than 2 years, “Science and Technology Entrepreneurship
Nursery” has formed a set of characteristic and effective nursery operation and man-
agement modes. The author selects 10 enterprises in Shanghai Withub Hi-Tech Cen-
ter as the research objects, and carries out questionnaire survey for these enterprises
by applying overall network data collection method in social network analysis meth-
od. Moreover, data are collected by combining with evaluative methods like Stern-
berg.

3.1  Analysis on overall network matrix of knowledge transfer

Network distance will influence knowledge transfer, so the author represents net-
work distance among the 10 enterprises with 1, 2, 3...... Among them, “1” means
direct contact and learning between two enterprises; “2” means that two enterprises
need another enterprise at least as intermediary agent to transfer knowledge from one
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party to the other party, and so forth. Network matrix of knowledge transfer among
the 10 enterprises is shown in Table 1.

Table 1. Network matrix of knowledge transfer

1 2 3 4 5 6 7 8 9 10
1 0 3 2 4 3 4 6 5 6 1
2 3 0 6 0 2 4 5 5 3 1
3 2 6 0 4 3 0 3 3 4 0
4 4 0 4 0 3 5 2 3 6 4
5 3 2 3 3 0 1 2 1 4 3
6 4 4 0 5 1 0 3 3 2 1
7 6 5 3 2 2 3 0 4 2 1
8 5 5 3 3 1 3 4 0 2 4
9 6 3 4 6 4 2 2 2 0 1
10 1 1 0 4 3 1 1 4 1 0

According to the above table, enterprises 2 and 4, 3 and 6, and 3 and 10 have direct
relations. Network distance between enterprises 1 and 7, 1 and 9, 2 and 3, and 4 and 9
is the longest; 6 enterprises are required as intermediary agent points between them.

3.2 Analysis on overall network knowledge growth rate and difference degree

The author conducts analogue simulation for the knowledge transfer process of the
above 10 enterprises via Matlab software. Setting for the initial value of variables is
as follows. ® It is hard to measure the initial knowledge level of 10 enterprises, so
this paper sets the initial knowledge level as 1-20 according to the proportion of em-
ployees’ educational degree. @ The difference value between knowledge absorption
ability a;and forgetting rate f3; is set as 0.2, meaning that the organization can absorb
20% of the current knowledge in the process of knowledge transfer. ® The declining
rate ¥ of knowledge transfer between two enterprisesiand jwith a direct relation is
0.8. Therefore, Fig. 1 shows the changes of knowledge growth rate @ (t)of the entire
network at time t as well as overall level difference degreed (t)among various nodes.

According to Fig. 1, knowledge growth rate @(t) of the entire network presents a
huge increase range, while knowledge leveldifference degree among various enter-
prises declines slowly and tends to be stable as time passes. Knowledge growth rate of
organizations in the network will be influenced by the entire network, and tested by
knowledge absorption ability and forgetting rate of the organizations. If knowledge
level of the entire network is not high, knowledge level improvement of the organiza-
tion will be hindered even if knowledge absorption ability of the organization is good
and its forgetting rate is low. There is a great difference among various organizations
in knowledge level. Therefore, organizations in the network not only need to increase
their knowledge absorption ability and reduce forgetting rate but also have to
strengthen connections with other organizations in the network. In this way,
knowledge transfer level will be promoted.
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Fig. 1. Simulation results about knowledge growth rate of the entire network and difference
degree

3.3  Analysis on the influence of network distance on knowledge transfer

Different organizations have different network distances, so this paper will contin-
ue to study the influence of different network distances between organizations on
knowledge transfer effect. This paper has the following stipulations. Firstly, the aver-
age value of network distances between any two nodes in the network is simulation
variable. Secondly, the connection degree between nodes in the network obeys Pois-
son distribution. Thirdly, if the connection degree of a certain node in this network isl
and the average value of connection degree is m, then connection degree of nodes can
me™™

U

According to the variation results about knowledge growth rateg(t) of the entire
network and overall level difference degree §(t)among various nodes, knowledge
growth rate ¢ (t) of the entire network and overall level difference degree §(t)among
various nodes will tend to be stable as time passes. Hence three variables are ana-
lyzed, covering average knowledge growth rate before network stabilization, average
knowledge quantity after network stabilization and average difference level after
network stabilization. Fig. 2 shows the simulation results.

According to Fig. 2, average knowledge growth rate before network stabilization
will decrease with the increase of network distance. With the expansion of network
distance, average knowledge quantity will increase continuously after the network
reaches a stable state, while average difference level does not change much. This
means that the change of network distance will influence average knowledge growth
rate and average knowledge quantity of organizations in the network; the influence on
the difference level of knowledge quantity between enterprises is small.

meet the probability distribution functionp(x = 1) =
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Fig. 2. Simulation results about the influence of network distance on knowledge transfer

4 Conclusions

The concept of network distance is introduced in this paper, and the influence of
network distance between organizations in social network on knowledge transfer is
studied. Moreover, analogue simulation is conducted by utilizing 10 innovative enter-
prises in Shanghai Withub Hi-Tech Center. According to the researches, firstly,
knowledge growth rate of the entire network tends to increase at first and then be-
comes stable as time passes. In this process, knowledge difference level among vari-
ous organizations continues to decline and tends to be stable finally. Therefore, in
order to increase knowledge level of the entire network or a certain organization,
other organizations in the network are required to transfer new knowledge or new
organizations should be added. Secondly, network distance has a negative effect on
knowledge transfer. According to the simulation results, the expansion of organiza-
tional network distance and the decrease of network connection strength will result in
a decline trend of knowledge growth. Hence organizations need to continuously im-
prove their knowledge absorption ability, to change thenetwork connection mode, and
to form a close network with other organizations. In this way, knowledge transfer can
be promoted, knowledge communication will be realized and decline of knowledge
growth level can be delayed.
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