
 Eindhoven University of Technology

MASTER

Knowledge transfer between R&D centers within the global network of a multinational
corporation
a social network approach

Jaspers, M.C.L.F.

Award date:
2011

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/f5061ecd-9163-4f5a-9319-9bdb0e63f71d


 

Eindhoven, September 2011 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BSc Industrial Engineering and Management Sciences — TU/e 2009 
Student identity number 0577027 

 
 
 

in partial fulfilment of the requirements for the degree of 
 

Master of Science 
in Innovation Management 

 
 
 
 
 
 
 
 
 
 
Supervisors: 
Prof.dr. E.J. Nijssen, TU/e, ITEM 
Prof. Dr. rer. oec. habil. H.G. Gemünden, TU Berlin, ITM 
  

Knowledge transfer between R&D 
centers within the global network of 
a multinational corporation: a social 
network approach 
 
by 
M.C.L.F. Jaspers 
 



 

TUE. School of Industrial Engineering. 
Series Master Theses Innovation Management 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Subject headings: RD management, network analysis, multinational corporations, social 
network, knowledge transfer 
 
 

 



- i -  

 

 

 

 

 

 

“The question of what is foreign R&D is undefined for a 
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Summary 
Studies show that R&D knowledge transfer within multinational corporations (MNCs) is hindered by 
geographical dispersion of research and development centers (e.g. Allen, 1977). As soon as distance 
grows marginally, cooperation often drops dramatically. However, the negative effect of 
geographical distance between R&D centers of MNCs could be overcome through informal relations 
(Hansen & Løvås, 2004). One can assume that multinational firms can gain a firm-wide advantage by 
being present in regional technology clusters around the world and, simultaneously, when the 
available knowledge is shared within the global organization via informal networks (Hansen & Løvås, 
2004). Our study investigates the role of the informal network on the effectiveness of an MNC’s 
decentralized R&D structure. 

Research context: Global Lift 
This master thesis project describes and researches the global R&D network of a multinational 
corporation, analyzing the connections between its different R&D centers worldwide. The project is 
conducted within a large multinational corporation with many subsidiaries worldwide. The research 
specifically focuses on the firm’s elevator technology business area: Global Lift AG (fictitious name, 
short: GL). 

Global Lift AG is further divided into an operating units structure: 

• Central/Eastern/Northern Europe (CENE) 
• Southern Europe/Africa/Middle East (SEAME) 
• Americas (AMS) 
• Asia/Pacific (A/P) 
• Escalators/Passenger Boarding Bridges (ES/PBB) 
• Accessibility (ACC) 

The operating units (OUs) have their own development centers, located at various locations 
worldwide. Because elevator products are GL’s main product segment, our research will focus on the 
R&D network for elevator technology. This implies that only the geographical operating units will be 
assessed. Hence, focus of our analysis is primarily on the worldwide elevator development centers. In 
addition, Global Lift has two research centers. These are positioned outside the operating units 
structure and they report directly to the global headquarters. In the research centers also 
investigations on elevator products take place. For this reason, knowledge transfer between the 
research centers, mutually, and with the elevator development centers is anticipated and 
investigated further. 

Research objective 
The research objective is to analyze the knowledge transfer between the R&D centers of Global Lift 
AG. Focus will be on the informal network between R&D employees, based on discussions on 
technical and scientific issues. By mapping the informal network and analyzing this network’s 
characteristics, suggestions for improvement of the R&D network structure are developed. By 
researching moderating factors of the relationship between centrality in the informal network and 
knowledge transfer success, additional insights are to be gained. Specifically, we will consider the 
influence of identification with the parent company and of empowerment by the local management. 
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Research questions 
We investigate whether informal knowledge transfer has emerged between the elevator 
development centers worldwide, also across operating units. Furthermore, we incorporate the role 
of the research centers in the informal network. To analyze knowledge transfer within the informal 
network in more detail, we first depict the informal network. Doing so, we can analyze its 
characteristics and reflect on the structure. The associated research question (RQ) is formulated as: 

RQ1: How does the informal R&D network of Global Lift look, i.e., the personal knowledge transfer 
network connecting the R&D employees from the elevator development centers and research 
centers? 

In informal networks, distance is typically reflected in the degree of centrality of the individual 
network actor (e.g. Wasserman & Faust, 2008). Individuals with a high degree of centrality are 
positioned relatively close to other actors, having a relatively short ‘social’ distance to others in the 
network. On the contrary, actors low in centrality are positioned in the periphery of the network. 
Central individuals may be able to influence knowledge transfer to a large extent and affect its 
success. As we assume that the transfer of knowledge plays a crucial role in R&D networks 
(Cummings & Teng, 2003), we will examine the effect of centrality on knowledge transfer success: 

RQ2: What is the effect of centrality in the informal R&D network on knowledge transfer success? 

The relationship between centrality and knowledge transfer success is contingent on several 
characteristics (Kostova & Roth, 2002; Mudambi et al., 2007). Most likely moderators in our case are: 
(1) identification with the parent company and (2) empowerment by the local manager. 

RQ3: What is the moderating influence of identification with the parent company and empowerment 
by the local manager on the relationship between centrality and knowledge transfer success? 

Conclusions 
Figure i shows a picture of the informal R&D network of Global Lift. Within the operating units 
structure, considerable informal knowledge transfer is seen. That is, within the operating units CENE 
and A/P, a substantial amount of ties connecting R&D employees is observed. However, within the 
operating unit AMS, fewer ties are found. Thus, knowledge transfer within the operating unit AMS 
appears to be limited. 

Few ties have been found between employees from different operating units. The development 
center Germany is considered to be in a critical broker role connecting the operating units. If this 
development center is removed from the network picture, almost no ties connecting employees 
from different operating units are found anymore. This makes the network extremely vulnerable as 
knowledge transfer is dependent on a small set of actors. 

Knowledge transfer between the research centers appears to be limited. Almost no ties are found 
between employees of the two research centers. More ties between the research centers are 
desirable to benefit from the global presence of the corporation. 
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 Figure i: Informal R&D network picture of Global Lift 

When focusing on the network for related knowledge, we analyze the networks connecting 
employees working on similar components or systems. Network pictures are constructed in which 
only employees working on specific components or systems are shown. Doing so, it becomes clear 
that synergy advantages underlying a multinational organization are clearly missed. In multiple 
centers, strategic projects on similar components were conducted in the last months. Only for drive 
system components, substantial knowledge transfer is observed. For the other networks, limited or 
no ties were found between the employees working on similar components. Therefore, redundant 
development is highly likely to occur within Global Lift. 

An analysis of structural holes shines light on the efficiency of the use of the network. In the last 
months, employees mainly transferred knowledge within relatively small circles. By increasing the 
variety of connections, more efficient use of the informal network is expected. Doing so, network 
time and resources are expected to be used better. 

To examine the effect of centrality in the informal R&D network on knowledge transfer success, we 
define a research framework linking these two concepts. In our framework, centrality is determined 
based on two network indicators, i.e., betweenness centrality and closeness centrality. The 
betweenness centrality measure tries to indicate employees in brokerage positions (i.e. 
gatekeepers), whereas closeness centrality measures the average amount of intermediates needed 
to reach others in the network. Knowledge transfer success is measured as the degree of knowledge 
internalization. 

The measure for betweenness centrality extremely deviates from normality. As a result, founded in 
the proposed methodology and related assumptions, we did not test a relationship between 
betweenness centrality and knowledge internalization. Hence, we only regard the effect of closeness 
centrality on knowledge transfer success. It is found that employees high in closeness centrality 
indicate lower degrees of knowledge internalization, compared to their less central colleagues. It is 
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assumed that centrality negatively effects knowledge transfer success. Within Global Lift’s informal 
R&D network, being centrally located may result in an attention overload as a result of intensive 
social interaction.  

The relationship between centrality and knowledge transfer success is explained better by 
incorporating contingency factors. It is found that identification with the parent company moderates 
the relationship between centrality and knowledge transfer success. Again, this holds if we express 
centrality in terms of closeness. Employees indicating a high sense of identification with the parent 
company have been found better able to transcend social distance in the informal network 
compared to their colleagues indicating a low degree of identification with the parent company. A 
moderating effect of empowerment by the local manager on the relationship between centrality and 
knowledge transfer success is not found. 

Managerial implications 
By analyzing knowledge transfer within the decentralized structure of a multinational corporation, it 
is further confirmed that R&D knowledge is scattered within such a structure. If the available 
knowledge would be shared better within the MNC, the corporation could gain a firm-wide 
advantage. However, we found out that knowledge is transferred marginally through the global 
informal network. Generally, knowledge transfer seems to remain within the operating units. It is 
suggested to stimulate knowledge transfer across operating units. 

Knowledge transfer is analyzed focusing on related knowledge. Within Global Lift, knowledge areas 
seem to be related on the various components and systems based on the elevator breakdown 
structure. For drive system components, already ongoing connections between employees of 
different operating units are present. Regarding electrical, sheet metal and propulsion system 
components, additional knowledge transfer would be advantageous to benefit from the global 
presence of the R&D centers. 

By fostering identification with the parent company, the success of knowledge transfer is to be 
increased. That is, if employees identify themselves and their R&D center with the multinational 
organization as a whole, knowledge transfer is expected to be more successful. Thus, it is likely that 
adapting to a more corporate identity will increase global efficiency. As a result, it is expected that 
the amount of redundant development will decrease. 

It is proposed to illustrate the current R&D structure of Global Lift by weak central coordination with 
a focus on high local effectiveness. By more balanced coordination, further global efficiency is to be 
reached (Boutellier et al., 2008). Therefore, we suggest to separate responsibilities in the network. If 
units specialize in (a set of) particular products, components or technology areas, the emergence of a 
more balanced network is expected. 
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Explanation of abbreviations 
 

A/P operating unit Asia/Pacific 
ACC operating unit Accessibility 
AG German public limited company, German: “Aktiengesellschaft” 
AMS operating unit Americas 
BU business unit 
CDC component development center 
CENE operating unit Central/Eastern/Northern Europe 
ES/PBB operating unit Escalators/Passenger Boarding Bridges 
MNC multinational corporation 
OU operating unit 
R&D research and development 
RQ research question 
GL Global Lift AG 
SDG system development group 
SEAME operating unit Southern Europe/Africa/Middle East 
 

Note that in this document, the UK/US number format is used. Hence, ‘,’ is used to separate 
thousands whereas the decimal separator is ‘.’. 
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1. Introduction 
Due to increased globalization, regionalization of technical and scientific knowledge and a rapid 
change in technologies, the management of research and development (R&D) activities has become 
more complicated (Gassmann & Von Zedtwitz, 1999; Boutellier et al., 2008; Kar et al., 2009). In many 
multinational corporations (MNCs), R&D activities have become geographically dispersed in research 
and development centers worldwide. As a result, knowledge is scattered in various locations around 
the globe (Gassman & Von Zedtwitz, 1999) 

Multiple structures prevail to manage the global R&D activities of MNCs, mainly due to different 
paths of growth and evolution (Boutellier et al., 2008). In literature, one frequently differentiates 
between centralized and decentralized R&D structures (Boutellier et al., 2008). In centralized R&D, a 
corporate central R&D center is in place. This center is formally in the lead and knowledge of 
worldwide and external available technologies is accumulated here. In decentralized R&D, formally, 
no such corporate R&D center exists. 

Studies show that knowledge transfer within MNCs is hindered by geographical dispersion of 
research and development centers (e.g. Allen, 1977). As soon as distance grows marginally, 
cooperation often drops dramatically. In the context of a multinational corporation, time zone 
differences and cultural differences may further impede cooperation. 

The negative effect of geographical distance between R&D centers of MNCs could be overcome 
through informal relations (Hansen & Løvås, 2004, p. 801). One can assume that multinational firms 
can gain a firm-wide advantage by being present in regional technology clusters around the world 
and, simultaneously, when the available knowledge is shared within the global organization via 
informal networks (Hansen & Løvås, 2004). The informal network is considered the most internal 
layer of the R&D process (Figure 1). 

Few studies are found on the functioning of informal networks within MNCs. In addition, they are 
rather limited to analyzing organizations with a centralized structure. Previous research showed clear 
inefficiencies in the ability to solve technical problems if the corporate center was excluded from the 
centralized network (Allen et al., 2007). Almost no informal transfer of knowledge was present 
anymore between the other units of the MNC. As a consequence, the centralized structure appeared 
to be very fragile and it is assumed that technical knowledge is limitedly spread throughout the 
overall organization. Consequently, this gives rise to the proposition that “the wheel is reinvented” in 
the various locations. 

For MNCs with decentralized R&D structures, no studies on the informal network were found. It 
concerns a gap in literature and a challenge for further research. Our study investigates the role of 
the informal network on the effectiveness of an MNC’s decentralized R&D structure. An R&D 
structure is considered effective when knowledge is transferred throughout the organization via 
informal networks (Allen, 1977; Allen et al., 2007). We anticipate, but do not differentiate between, 
informal knowledge transfer across various units: (1) established by management via temporary 
cross-R&D unit projects (Gassman & Von Zedtwitz, 1999) and (2) between employees that have 
surpassed the formal network using workarounds or an informal, i.e., personal network to solve 
insurmountable hindrances in formal knowledge transfer (Grinter et al., 1999). 
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Figure 1: Four levels of structure in international organizations (Gassmann & Von Zedtwitz, 1998) 

1.1. Research context: Global Lift 
This master thesis project describes and researches the global R&D network of a multinational 
corporation, analyzing the connections between its different R&D centers worldwide in an attempt 
to further understand the transfer of knowledge with the organization. The project is conducted 
within a large multinational corporation, headquartered in Germany, with many subsidiaries 
worldwide. The research specifically focuses on the firm’s elevator technology business area: Global 
Lift AG (GL)1. This business unit (BU) is responsible for the development and servicing of passenger 
transportation systems, including passenger and freight elevators, escalators, moving walks, 
passenger boarding bridges, stair and platform lifts. 

Global Lift AG is further divided into an operating units structure (Figure 2): 

• Central/Eastern/Northern Europe (CENE) 
• Southern Europe/Africa/Middle East (SEAME) 
• Americas (AMS) 
• Asia/Pacific (A/P) 
• Escalators/Passenger Boarding Bridges (ES/PBB) 
• Accessibility (ACC) 

 

                                                             
1 For reasons of confidentiality, a fictitious name is used for the company under research. In the remainder of 
this report, the company is labeled Global Lift, or short: GL. 
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Figure 2: Operating Units structure of Global Lift (adapted from company presentation, 2010) 

The operating units (OUs) have their own development centers, located at various locations 
worldwide2 (Figure 3). Because elevator products are GL’s main product segment, our research will 
focus on the R&D network for elevator technology. This implies that only the geographical operating 
units will be assessed. Hence, focus of our analysis is primarily on the worldwide elevator 
development centers. As can be seen in Figure 2, the escalator/boarding bridges and accessibility 
units are supporting units: they are not incorporated in the geographical structure and do have own 
coordination mechanisms. 

In addition, Global Lift has two research centers. These are positioned outside the operating units 
structure and report directly to the global headquarters. In the research centers also investigations 
on elevator products take place. For this reason, also knowledge transfer between the research 
centers, mutually, and with the elevator development centers is anticipated and investigated further. 

                                                             
2 For reasons of confidentiality, location names are not specified. 
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Figure 3: Locations of the worldwide R&D centers of Global Lift (adapted from company presentation, 2010) 

GL’s R&D structure is decentralized with moderate worldwide coordination. This implies that the 
management of R&D activities is mainly organized within the operating units. Coordination of the 
units is achieved by advisory and steering committees, yielding transparency of the operating units’ 
R&D activities. Figure 4 depicts an organizational chart of GL’s global R&D organization. In this 
picture, it can be seen that the development centers are further broken down into System 
Development Groups (SDGs) and Component Development Centers (CDCs). This breakdown clusters 
employees based on specific knowledge domains. It is indicated by global management that this 
structure is not yet spread out through the organization as intended. That is, official grouping into 
SDGs and CDCs is assumed to be limitedly used within the operating units structure. The research 
centers are indicated ‘R’ in the picture. In our study, we will incorporate an investigation on 
clustering by employees based on the components and systems they are working on. 
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Figure 4: Organizational Chart of Global Lift R&D (adapted from Fraunhofer IAO, 2009) 

Supported by the formal structure, R&D centers were mainly serving local market needs, i.e., they 
were working on local request. In the past five years, various efforts have been made to enhance 
knowledge transfer in the worldwide network and increase communication and cooperation among 
the centers and operating units: worldwide educational programs were enrolled, common standards 
and standardization processes were introduced and global, cross-OU, development projects were 
conducted. In a 2007 internal strategy paper, it was stated that teambuilding is key to support 
cooperation on a global scale. 

In the headquarters no research and development activities are conducted: only coordination occurs 
here. This further underlines the decentralized R&D structure as no formal corporate center exists in 
which worldwide R&D knowledge is accumulated. Thus, Global Lift is a multinational corporation 
with decentralized R&D and, hence, a good context for our study. 

1.2. Research objective 
The research objective is to analyze the knowledge transfer between the R&D centers of Global Lift 
AG. Focus will be on the informal network between R&D employees, based on discussions on 
technical and scientific issues. By mapping the informal network and analyzing this network’s 
characteristics, suggestions for improvement of the R&D network structure are developed. By 
researching moderating factors of the relationship between centrality in the informal network and 
knowledge transfer success, additional insights are to be gained. Specifically, we will consider the 
influence of identification with the parent company and of empowerment by the local management. 

1.3. Research questions 
To guide our research, three research questions have been developed. These are introduced and 
described below. 

Informal relationships may have emerged between the R&D centers worldwide, e.g. due to 
temporary mutual projects. In addition, as it may be difficult to reach peers via the formal operating 
units structure, workarounds may have been established (Grinter et al., 1999). We investigate 

-  
GL Board / Strategic Advisory Committee 

GL-Product/R&D 
GL-Technical Coordination / 
R&D Committee (F&E Beirat) 
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whether informal knowledge transfer has emerged between the elevator development centers 
worldwide, also across operating units. Furthermore, we incorporate the role of the research centers 
in the informal network. To analyze knowledge transfer within the informal network in more detail, 
we first depict the informal network. Doing so, we can analyze its characteristics and reflect on the 
effectiveness and efficiency of the structure. The associated research question (RQ) is formulated as: 

RQ1: How does the informal R&D network of Global Lift look, i.e., the personal knowledge transfer 
network connecting the R&D employees from the elevator development centers and research 
centers? 

In an MNC’s decentralized network, knowledge flows may be hampered by distance and 
departmental boundaries. For instance, the formal operating units structure of Global Lift would 
suggest that knowledge should be coded and send upwards the hierarchy and then down again to 
the other units where it will be decoded. However, this and other barriers may be overcome by 
informal contacts between units. Naturally, these informal contacts are at the individual level. Hence, 
we should further look at the network at this aggregation level. 

In informal networks, distance is typically reflected in the degree of centrality of the individual 
network actor (e.g. Wasserman & Faust, 2008). Individuals with a high degree of centrality are 
positioned relatively close to other actors, having a relatively short ‘social’ distance to others in the 
network. On the contrary, actors low in centrality are positioned in the periphery of the network. 
Moreover, centrality is typically associated with powerfulness in the network (e.g. Hanneman & 
Riddle, 2005). Central individuals may be able to influence knowledge transfer to a large extent and 
affect its success. In the context of an MNC’s informal R&D network, it is likely that central 
employees in the informal network are better able to obtain technical or scientific knowledge 
available at geographically remote locations.  As we assume that the transfer of knowledge plays a 
crucial role in R&D networks (Cummings & Teng, 2003), we will test whether employees who are 
more centrally located in the informal network actually indicate higher levels of knowledge transfer 
success: 

RQ2: What is the effect of centrality in the informal R&D network on knowledge transfer success? 

Finally, we examine contingencies of the relationship between centrality in the informal R&D 
network and knowledge transfer success. That is, it will be examined whether the relationship 
between centrality and knowledge transfer success is moderated by certain variables. Based on the 
outcomes of this analysis, management interventions can be considered in order to improve the 
success of internal knowledge transfer in the R&D network. 

The relationship between centrality and knowledge transfer success is contingent on several 
characteristics (Kostova & Roth, 2002; Mudambi et al., 2007). Most likely moderators in our case are: 
(1) identification with the parent company and (2) empowerment by the local manager. Both 
anticipated moderators are explained below. 

First, it is assumed that the relationship between centrality and knowledge transfer success is 
moderated by the level of identification with the parent company. When employees identify 
themselves and their R&D center with the parent company in general, this is likely to reduce the 
effects of the not-invented-here syndrome (Kostova & Roth, 2002). 
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Secondly, the supportive behavior of local managers with respect to knowledge transfer is included 
in our study by means of empowerment. Empowerment is described by leader behaviors fostering a 
sense of self-determination on the part of the followers and creating conditions that heighten 
motivation for task accomplishment (Conger & Kanungo, 1998 in Ahearne et al., 2010). In R&D 
settings, intrinsic motivation is indicated an important mechanism in stimulating R&D employees. 
Using empowerment rather than control and authority seems to match the creative nature of R&D 
relationships better (Van Aken & Weggeman, 2000; Mudambi et al., 2007). Based on empowerment, 
an environment establishing cooperation may emerge: employees are motivated to take 
responsibility and approach colleagues to discuss relevant issues and transfer knowledge 
(Kitsopoulos, 1994). 

RQ3: What is the moderating influence of identification with the parent company and empowerment 
by the local manager on the relationship between centrality and knowledge transfer success? 

Concluding, our study will focus on the knowledge transfer between geographically dispersed 
research and development centers in the context of a multinational corporation. Previous research 
on knowledge transfer between R&D centers typically focused on knowledge transfer within 
centralized organizations (e.g. Allen et al., 2007). This study contributes to literature as it focuses on 
knowledge transfer between R&D centers in a decentralized global network. Specifically, it focuses 
on (1) the role of informal knowledge transfer within the formal decentralized structure and (2) on 
the overall informal knowledge transfer across this structure. In addition, we test whether centrality 
has an effect on knowledge transfer success. Furthermore, we analyze whether this relationship is 
influenced by identification with the parent company and empowerment by the local manager. 

In Chapter 2, the research approach is described. As part of this chapter, a research framework on 
the relationship between centrality and knowledge transfer success is presented. Chapter 3 presents 
the methodology. First, the process of data collection is highlighted within this chapter. Thereafter, 
methods are identified relating to (1) depicting the network and analyzing its characteristics and (2) 
the research framework on the relationship between centrality and knowledge transfer success. 
Within Chapter 4, the informal R&D network is depicted including a description of its characteristics. 
The results of our analyses on the relationship between centrality and knowledge transfer success 
are displayed in Chapter 5. Chapter 6 contains a discussion on the research results, and in Chapter 7 
answers to our research questions are formulated and overall conclusions are drawn. 
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2. Research approach 
In this chapter, the research approach is explained. We divide our approach into two parts. The first 
part focuses on depicting the informal R&D network. In the second part, a research framework 
including hypotheses is formulated to analyze the relationship between centrality and knowledge 
transfer success. 

2.1. A social network approach 
First, it is required to map the informal network structure before subsequent analysis regarding the 
level of knowledge transfer can be made. Based on social network visualization and corresponding 
analysis methods, more insights in the informal network connecting the R&D employees can be 
gained. A similar approach as used by Allen et al. (2007) will be applied in our study. Allen et al. 
(2007) investigated the informal network of a (centralized) multinational corporation based on social 
network methods. 

After visualizing the informal network structure, we analyze the connections inside the operating 
units structure and the global connectivity across the operating units. Within this section, we 
introduce concepts guiding our analysis. Based on the insights gained after reviewing academic 
literature on social networks and knowledge transfer within multiunit companies, we propose to 
further examine the informal R&D network based on (1) related knowledge and (2) structural holes. 

2.1.1. Related knowledge 
Derived from the presence of system development groups and component development centers at 
GL, informal knowledge transfer is expected to be strongly influenced by the type of components or 
systems employees are working on. Moreover, in literature, it is stated that informal knowledge 
transfer typically focuses on related knowledge (Hansen, 2002). Therefore, it is assumed that the 
informal connections between R&D employees strongly relate to specific components or systems the 
employees are working on. To identify and classify relevant related knowledge within Global Lift, the 
so-called elevator breakdown structure is applied. This structure refers to the typical technical 
knowledge involved in an elevator at Global Lift (Table 1). GL’s R&D employees are working in 
specific fields based on this structure. Doing so, knowledge areas may have emerged inside the 
development centers and operating units. Teams may have been formed around similar components 
and systems. Therefore, the informal knowledge transfer between employees working on similar 
components and systems is investigated in more detail. 

Table 1: Elevator breakdown structure (based on internal company documentation) 

Co
m

po
ne

nt
s 

Electrical 
Controller 
Inverter 

Drive system Gearless machines 

Sheet metal 
systems 

Car doors 
Hoistway doors 
Car / car frame 

Propulsion system 
Roller guides 
Governor 
Safeties 

Sy
st

em
s Machine room-less elevator (MRL) 

Machine room elevator with gearless machine (MR-GL) low/mid 
Machine room elevator with gearless machine (MR-GL) high-rise 
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2.1.2. Structural holes 
Apart from the direct relations between R&D employees, also indirect relationships appear to be 
relevant in the context of an informal network of a multi-unit firm (Hansen, 2002). Indirect 
relationships are those network relationships connecting persons via others in the network. Such 
relationships are important since maintaining a direct relationship with every colleague can be time 
and resource consuming (Hansen, 2002). To analyze the indirect relationships between employees 
further, the concept of redundancy is incorporated in our study. Redundancy is defined as the 
amount of overlapping knowledge, formalized in a network perspective by “the product of social 
actors sharing equivalent structural positions in which they are exposed to similar types of 
information” (Rindfleisch & Moorman, 2001, p. 3). Redundancy in a network can be explained best 
by the following simple example: 

“If A is tied to both B and C, and B is tied to C, A’s tie to B is redundant, because A can 
influence B by way of C” (Hanneman & Riddle, 2005, C9, p. 8). 

In literature on social networks, redundancy is reflected in the concept of structural holes (Burt, 
1992; 2001; 2004). It is stated that redundancy negatively influences the emergence of structural 
holes (Burt, 1995). Figure 5 shows a simple example of two networks; one with a structural hole and 
one without structural holes (Hanneman & Riddle, 2005). 

 

 

Structural holes provide an opportunity to broker the flow of information between people. Burt 
(2001) suggests that actors should strive for a network rich in structural holes, since knowledge is 
transferred faster between people in such a network and, in addition, to more people. This is 
explained by the fact that within such a network, network time and energy are easily shifted from the 
one solution to the other (Burt, 2001). To examine whether networking resources are used efficient 
within GL, we will explore the presence of structural holes in the informal R&D network. 

  

A 

C 

B A 

C 

B 

without structural holes with structural hole 

Figure 5: Two networks, one without structural holes (left) and one with structural holes (right) 
(adapted from Hanneman & Riddle, 2005) 



- 10 -  

2.2. Research framework 
In this section, we present a research framework including hypotheses to guide our study on the 
relationship between centrality and knowledge transfer success. 

Typically, centrality in an informal network is measured by social network indicators (Wasserman & 
Faust, 2008). Based on literature on the multinational corporation, we chose to include closeness 
centrality and betweenness centrality as centrality indicators in our study. 

Closeness centrality determines the centrality of an employee based on path lengths in the informal 
network (Hansen, 2002; Hanneman & Riddle, 2005; Wasserman & Faust, 2008). This is considered 
relevant, because it long network path lengths lead to distortion of information (Hansen, 2002). In a 
network perspective, path length is short when intermediaries are few. Thus, employees high in 
closeness centrality are assumed to reach colleagues more easily as they need few intermediaries. 

Secondly, the brokerage role of central employees is incorporated in our study by including 
betweenness centrality. Betweenness centrality counts the fraction of shortest paths going through a 
given actor in the network (Barthélemy, 2004). Employees having a network position high in 
betweenness centrality may be very powerful as they can control the flow of information between 
other employees and units, i.e., they are assumed to be highly influential in the transfer of 
knowledge. Moreover, these actors are centrally positioned between other individuals in the 
network: having more channels to distribute and obtain knowledge makes them more independent 
(Hanneman & Riddle, 2005). In an R&D context, individuals in such a brokerage position are typically 
referred to as gatekeepers or communication stars (Allen, 1977; Hansen, 2002; Whelan et al., 2010).  

In R&D networks, not the mere amount of knowledge transfer is of interest (Hansen, 2002). That is, 
knowledge should have been internalized. 

“Only when a recipient internalizes knowledge can it be sufficiently understood and adapted 
by the recipient to allow for its effective re-creation and, ultimately, its use” (Cummings & 
Teng, 2003, p. 42). 

Knowledge internalization is considered the state in which employees view the knowledge they 
receive as valuable and become committed to it (Kostova & Roth, 2002). For an R&D setting 
specifically, the transfer of technological or scientific knowledge is considered of particular interest 
(Allen, 1977; Kratzer, 2001). Consequently, in our study, knowledge transfer success will be 
measured by the amount of internalization of technological and scientific knowledge by R&D 
employees, based on informal discussions with colleagues. 

It is anticipated that central employees indicate higher levels of knowledge internalization. Hence, a 
linear relationship between centrality and knowledge internalization is tested. However, in literature, 
also negative effects of intensive social interaction are discussed. For example, people may be 
distracted as a result of intensive contact with others, causing an attention overload (Kratzer et al., 
2008a). Negative side-effects of intensive social interaction may decrease the success of knowledge 
transfer for highly central individuals. Therefore, also a curvilinear relationship between centrality 
and knowledge transfer success is tested. For such a relationship, optimal knowledge transfer 
success levels may be reached only at a certain centrality level. Following hypothesis are proposed: 

Hypothesis 1a: There exists a positive linear relationship between betweenness centrality and 
knowledge internalization. 
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Hypothesis 1b: There exists a positive linear relationship between closeness centrality and knowledge 
internalization. 

Hypothesis 2a: There exists a curvilinear relationship between betweenness centrality and knowledge 
internalization. This relationship is inversed U-shaped. 

Hypothesis 2b: There exists a curvilinear relationship between closeness centrality and knowledge 
internalization. This relationship is inversed U-shaped. 

When employees are centrally located in the informal company network, but they do not identify 
themselves with the parent company Global Lift AG, it is assumed that knowledge is not internalized 
completely. Employees will still consider the knowledge they receive from colleagues outside their 
own center as “theirs, not ours” (as quoted in Kostova & Roth, 2002). By referring to the not-
invented-here syndrome, it is hypothesized that if identification with the parent company is high, 
higher levels of knowledge transfer success are reached (Kostova & Roth, 2002). Hence, it is expected 
that the relationship between centrality and knowledge transfer success is positively moderated by 
the amount of identification with the parent company. Thus, if centrality decreases, employees 
indicating high identification with the parent company will still internalize the knowledge they 
receive from colleagues. 

Hypothesis 3a: Identification with the parent company positively moderates the relationship between 
betweenness centrality and the amount of knowledge internalization. 

Hypothesis 3b: Identification with the parent company positively moderates the relationship between 
closeness centrality and the amount of knowledge internalization. 

Since employees who are empowered by their local manager are expected to have more freedom in 
their ways of working and attaining knowledge, they may circumvent the formal structure more 
easily. It is expected that higher empowerment levels lead to more effective use of the informal 
network and, thus, higher levels of knowledge transfer success. We anticipate a positive moderating 
effect of empowerment by the local manager on the relationship between centrality and knowledge 
transfer success. 

Hypothesis 4a: Empowerment by the local manager positively moderates the relationship between 
betweenness centrality and the amount of knowledge internalization. 

Hypothesis 4b: Empowerment by the local manager positively moderates the relationship between 
closeness centrality and the amount of knowledge internalization. 

Knowledge transfer can be considered a manifestation of the relationships gathered through social 
interactions. These social interactions are based on trust between the actors involved (Tsai & 
Ghoshal, 1998). In this sense, trust is indicated an important mechanism in the functioning of 
informal networks and related knowledge transfer. Therefore, trust is included as a control variable 
in our study. 
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Consistent with the above, Figure 6 shows the derived research framework. In the center we find the 
relationship between centrality and knowledge transfer success. Either a positive linear or inverted 
U-shape relationship between centrality and knowledge transfer success is anticipated. At the 
bottom of the figure, constructs pertaining to contingencies of the relationship between centrality 
and knowledge transfer success are shown. Positive moderating effects of both identification with 
the parent company and empowerment by the local manager on the relationship between centrality 
and knowledge transfer success are expected. The framework is tested for the informal R&D network 
of Global Lift AG. 

  

Centrality 

• Betweenness 
• Closeness 

Knowledge transfer success 

• Knowledge 
internalization 

• Identification with 
the parent company 

• Empowerment by 
the local manager 

Figure 6: Research framework relating centrality to effective knowledge transfer in a decentralized global R&D network 
at the individual level 
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3. Methodology 
In this chapter, the data collection approach is introduced including an explanation of the analytical 
methods used. As part of the project, an electronic survey was rolled out. First, issues regarding this 
survey and sampling are discussed. Thereafter, the social network analysis methods used to picture 
and interpret the informal R&D network of GL are explained in more detail. Finally, a description is 
provided on the statistical analyses used to test the relationship between centrality and knowledge 
transfer success, including the effect of the anticipated moderators. 

3.1. Survey and sample 
To research the informal R&D network of GL, data were collected from employees from the GL 
research centers and elevator development centers around the world using an electronic survey. 
Focus was on the employees working on technical and scientific issues. A ‘paper version translation’ 
of the electronic survey is attached as Appendix I. 

 

Figure 7: R&D centers in the research focus (figure adapted from company presentation, 2010) 

In the elevator development center in India, only contract engineering takes place and the employee 
base is changing constantly. Therefore, this center will be excluded from the research. The elevator 
development center in Canada is excluded for similar reasons: here, no R&D manpower is assigned to 
elevator projects currently. A geographical overview of the research and elevator development 
centers within the research focus is depicted in Figure 7. The central headquarters is excluded as no 
research or development activities are conducted here. 

First, the survey requested identification3 of the respondent by asking the respondent’s name, his4 
location and the components and systems he was working on in the past six months. Focus was on 
the activities in the previous six months as this period is assumed to be the closest to the current 
network status. 

                                                             
3 Social network analysis inevitably demand identification of the respondent. Without, it is practically 
impossible to draw a social network picture and conduct subsequent analysis. For privacy reasons, after the 
data collection period, all names were changed into random, fictitious numbers. No one but the author of this 
thesis was able to read the original names in the data set. 
4 Where “he” or “his” is mentioned in this thesis, we also mean “she” or “her”. 

USA (development) 

USA (research) 

Brazil 

France 
Spain Spain 

Germany (research) 

Germany (development) 

South Korea 
China 
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Thereafter, respondents were asked in which location the colleagues are employed with whom they 
discussed technical/scientific issues in the previous six months (Allen, 1977; Whelan et al., 2010). To 
increase relevancy, respondents were asked to think of projects they contribute to in general. This 
leads to the mapping of a more representative network picture, as it tries to capture the normal way 
of communicating and not a sporadic exchange of information for a ‘special’ project. Furthermore, 
the notion of “technical and scientific issues” is broken down into a description to trigger relevant 
types of knowledge transfer (adapted from Kratzer, 2001, p. 132): 

• the discussion, development, or evaluating of new ideas or approaches to technical issues, 
• technical or scientific help or advice and/or 
• the distribution of scientific or technical information. 

In the subsequent question, for the locations selected, all invited R&D employees were displayed. 
This listing thus contained all employees that were also invited to participate in the survey. After data 
collection, when constructing the network data set, these names were changed into fictitious 
numbers corresponding to the respondent numbers. 

In the network picture derived, a division is made between “strong ties” and “weak ties”. 
Respondents are asked to indicate the frequency of contact with the colleagues they selected as a 
discussion partner. They could distinguish between frequencies ranging from “at least once a week”, 
“at least once a month” and “less than once a month”. Weekly contacts are considered “strong ties”, 
whereas a monthly contact is considered a “weak tie” (Granovetter, 1973). Doing so, a deeper 
understanding of the network picture and related knowledge transfer is created and a more 
explanatory picture emerges. A sporadic (less than once a month) contact frequency was added as an 
answer option to guarantee data completeness. These infrequent contacts are disregarded in the 
analyses. 

3.1.1. Constructs and measures 
In order to test our research framework, a set of questions was added to the survey. The different 
constructs from the framework were operationalized based on previous research. The measures and 
sources are described below. Additionally, the used network centrality measures (i.e. closeness 
centrality and betweenness centrality) are explained in further detail. 

Closeness centrality 
Closeness centrality is calculated based on the informal network data. For all respondents, their 
closeness centrality score is derived using UCINET 6 (Borgatti et al., 2002). The common Freeman 
closeness centrality measure is used, based on geodesic paths. The measure calculates the reciprocal 
of the sum of the lengths of the shortest paths from ego to all other nodes (Hanneman & Riddle, 
2005). A symmetrized and binarized data set is used, because it is expected that we cannot work with 
a complete network dataset due to a non-complete response rate. 

Betweenness centrality 
Betweenness centrality is also calculated based on the informal network data. Again, UCINET 6 
(Borgatti et al., 2002) is used. The common measure is used: Freeman node betweenness centrality, 
based on a symmetrized and binarized network data. The proportion of times that an actor falls in 
the geodesic paths between all pairs of actors is measured. The measure is normed as a percentage 
of the maximum possible betweenness an actor could have had (Hanneman & Riddle, 2005). 
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Knowledge internalization 
The questions referred to under the heading “know-how” (Appendix I), are a measure for the 
dependent variable knowledge internalization. Questionnaire statements from Kostova & Roth 
(2002) were adapted to describe intra-organizational knowledge transfer between R&D colleagues, 
thereby focusing on the actual use and considered relevancy of the knowledge as a factor of 
commitment (Cummings & Teng, 2003). Scoring of “degree of agreement with the statements” is 
done on a 7-point Likert scale including the option “no answer”. Answer options rank from “1 - 
strongly agree” to “7 - strongly agree”, including intermediate integer values. 

Identification with the parent company 
By linking the thoughts about the individual’s perception of his own R&D center with the thoughts 
about the “parent company” (i.e. “Global Lift AG”), a measure for identification with the parent 
company is included. To measure identification with the parent company, statements proposed by 
Kostova & Roth (2002) have been adopted. A 7-point Likert scale was used based on “degree of 
agreement” with the statements. 

Empowerment by the local manager 
Ahearne et al. (2010) differentiate between empowerment behaviors focusing on: 

• encouraging autonomy; 
• enhancing meaningfulness of work; 
• expressing confidence in high performance, and 
• fostering opportunities for participation in decision-making. 

Statements measuring these four factors were adapted from Ahearne et al. (2010). For our project, 
the most relevant questions, i.e., those with the highest factor loadings were selected. Originally, 
Ahearne et al. (2010) measure at team level. To make the question items suitable for our analysis, 
the statements were converted to the individual level. Only a selection of statements is used to not 
lengthen the questionnaire any further. This trade-off is supported by the need for a high response 
rate. Measuring was done on a 7-point Likert scale based on “degree of agreement” with the 
statements. 

Trust 
As it is practically impossible to measure trust on the individual level in our study, reciprocity is 
proposed as an indicator for trust. Based on the theory of social capital, trust emerges from 
reciprocal ties (Coleman, 1988). If reciprocity exists, trust and acceptance are more easily realized. If 
two R&D members indicate each other as being someone with whom they regularly discuss technical 
or scientific issues, a reciprocal tie exists for this connection. In a directed network, a reciprocal tie 
represents a mutual relationship between two actors. If actor A reports a tie to actor B and B reports 
a tie to A, a reciprocal tie exists for these two actors. To facilitate interpretation of the measure for 
reciprocity, Figure 8 is added. In this figure, the relationship between A and B is reciprocal, whereas 
the relationship between B and C is not. The measure for reciprocity reports the number of 
reciprocal ties per respondent as a ratio of the actual ties of this respondent. For example, if an actor 
is involved in two reciprocal relationships relative to a total number of three ties, his reciprocity score 
would be: 2 / 3 ≈ .667 (Hanneman & Riddle, 2002). 
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3.1.2. Data collection process 
The elevator development centers and research centers worldwide are employing 319 employees in 
total (November 2010, Table 2). Regarding our survey, all full-time elevator R&D employees 
employed at these centers were invited working on: 

• product development; 
• product qualification (both according to the company definitions). 

Test engineers are included in above definition. Contract engineering, staff employees and sustain 
engineering (i.e. employees working on organizational improvement projects, e.g. Kaizen) are 
excluded. Doing so, the focus is solely on the network actors who are expected to discuss technical 
and scientific issues. In Table 2, the number of R&D employees included in the scope of this study is 
displayed per center. Since the original employee list dates from the End of 2010 and the survey 
invitations have been sent in April 2011, some employees could not be invited anymore because of 
employee turnover, promotion, etc. 

To ensure understandability, the questionnaire (master questionnaire in English language) was 
translated into German, French, Portuguese, Korean, Chinese and Spanish. These versions were 
developed with assistance of translation offices and native speakers. All versions were tested using a 
small sample of native speakers checking text flow and meaning. Minor changes were made based 
on the feedback obtained. 

By introducing the project to the operating unit managers worldwide, awareness was created aiming 
at higher commitment. First, an e-mail was sent by the global head Product / R&D to the R&D 
Committee (short: RDC), consisting of all OU R&D leaders. Thereafter, the project was highlighted in 
a teleconference with the RDC, thereby requesting cooperation in respect to the questionnaire. For 
the development centers in Germany and France, the local development managers have also been 
informed. 

Compliance to German privacy law was guaranteed by the construction of a data protection 
statement (German: “Datenschutzerklärung”) in cooperation with the corporate legal department. 
Within German companies the works council (German: “Betriebsrat”) should be informed if 
employees are requested to fill out a questionnaire containing person-related data (Müller-
Prothmann, 2006). After introducing the project, the corporate GL works council approved 
participation. Since the German R&D centers are part of separate legal entities, additionally, the 
subsidiary works council of these centers was informed. The German elevator factory was visited to 
inform the local works council responsible for the two R&D centers located in this area. After 
approval, questionnaire roll-out was realized. The data collection period was about four weeks, 
including Easter holidays during this period. Data collection period length was based on suggestions 
made by Müller-Prothmann (2006). 

 

A 

C 

B 

Figure 8: Definitions of reciprocity (adapted from Hanneman & Riddle, 2005) 
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Table 2: Number of R&D employees reported by Global Lift 

OU Entity Employees in 
study scope 
(Nov, 2010) 

Invited to 
participate 
(Apr, 2011) 

CENE France 14 14 
 Germany (development) 46 46 
  60 60 
    
AMS Brazil 26 26 
 USA (development) 46 46 
  72 72 
    
A/P China 51 49 
 South Korea 21 20 
  72 69 
    
SEAME Spain 30 28 
  30 28 
    
Research Germany (research) 8 8 
 USA (research) 6 6 
  14 14 
    
 Total elevator R&D 248 243 
 

From the 243 employees invited, 155 replied resulting in a response rate of 63.8%. The response rate 
per location is displayed in Table 3. It can be seen that the rates strongly differ per location. To make 
the data suitable for network analysis, first the employee names were translated into random 
numbers. Only one respondent entered a clearly non-existing name into the name field (by randomly 
hitting the keyboard). As this entry was unsuitable for further analysis, this case was deleted 
completely. Furthermore, two respondents employed at the Spanish location could not to be traced 
back to a number. As a result of the anonymization process, these entries also became unsuitable. 
Therefore, they were also excluded from the data set. Additionally, one respondent indicated to 
work for the research center USA, but he was originally on the employee list of the USA development 
center. For another case, this also occurred the other way around: an employee listed at the USA 
research center indicated to work at the USA development center. It was decided to maintain the 
initial location reference for these two employees (as initially provided by GL). All other entries could 
be linked to an individual number, leading to 152 cases included in the network analysis. It has to be 
noted that all invited employees, also the ones who did not respond to the questionnaire are still 
considered actors in the network picture. They are included in the subsequent calculations on 
network characteristics. 

The amount of missing values in the data set variables is low, occurring randomly. Simple mean 
imputation is applied to replace the missing values for the question items. For two cases, no answers 
for the six questions on knowledge internalization were given. These two cases were completely 
deleted from the data set, thereby remaining 150 cases to analyze. Network characteristics were 
maintained for these cases. 
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Table 3: Survey response rate, per location (based on entries useful for social network analysis) 

OU Entity Invited to 
participate 

Response Rate 

CENE Germany (development) 46 34 73.9% 
 France 14 12 85.7% 
     
AMS USA (development) 46 16 34.8% 
 Brazil 26 15 57.7% 
     
A/P South Korea  20 18 90.0% 
 China 49 27 55.1% 
     
SEAME Spain 28 (23) 21i (82.1%) 75.0%i  
     
Research USA (research) 6 4 66.7% 
 Germany (research) 8 5 62.5% 
     
 Unknown - (1) - 
     
 Total Elevator R&D 243 (155) 152 (63.8%) 62.5% 
i two respondents of the Spanish center could not be traced  back to a number: they are excluded from the analysis 

After the data collection, a validation of the construct measures is conducted. The factors knowledge 
internalization and identification with parent company behave as expected. All items were loading on 
the a priori defined scales, with the exclusion of one reversed-scale questionnaire item on knowledge 
internalization. This item is excluded from further analysis. Regarding the construct empowerment, 
the four empowerment styles (i.e. encouraging autonomy, enhancing meaningfulness of work, 
expressing confidence in high performance and fostering participation in decision-making) are 
loading on a priori defined factors. No cross-loading exists with the factors knowledge internalization 
and identification with the parent company. It is decided to evaluate empowerment by the local 
manager as a single construct, thereby not differentiating for the different styles.  

Table 4 shows the scale items for the construct measures, including the results of a reliability 
analysis. All Cronbach’s alphas are above .8, indicating high construct reliability. All scale items are 
averaged per construct to come up with a measure for the construct. 
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Table 4: Scale items on construct measures 

Measures 
Knowledge internalization (n = 6; α = .821) 
Please think again of the projects you conducted in the last 6 months, characteristics for projects you 
contribute to in general. Now, in regard to these projects, think of the cases in which know-how from 
colleagues has been transferred to you. For these cases, what is you general degree of agreement with 
following statements? 
I did put in a great deal of effort beyond that normally expected in order to help implementing this know-
how. 
I talked up this know-how to my friends as of great practical use for my work. 
This know-how really inspired the very best in me regarding involvement at my work. 
I was extremely glad that this know-how was transferred to me. 
I really cared about this know-how and how it is used. 
Often I found it difficult to use this know-how. (R) † 
 
Identification with the parent company (n = 6; α = .861) 
Please think of the research/development center you are located at. Now, indicate your degree of agreement 
on following statements. Notice that, with ‘the parent company’ the Global Lift corporation is meant. 
I think of my center as being part of the corporate family. 
We, at this center, are Global Lift. 
A problem solved for the parent company means a problem solved for us at this center. 
I see our success as directly related to the success of the parent company. 
A failure in the parent company’s performance is our failure too. 
The way I would describe the parent company would describe us at this center too. 
 
Empowerment by the local manager (n = 12; α = .941) 
The next questions deal with the way your manager supports you in your job. It may be that you are 
occasionally supported by another manager. However, concerning the following statements, please think of 
the manager you usually have the most contact with. Please indicate you degree of agreement on following 
statements: 
My manager allows me to do my job my way. 
My manager allows me to determine what needs to be done. 
My manager allows me to make my own decisions. 
My manager helps me understand the importance of my work to the overall effectiveness of the organization. 
My manager helps me to understand how my job fits into “the bigger picture”. 
My manager helps me understand how my objectives and goals relate to those of the entire organization. 
My manager always shows confidence in my ability to do a good job. 
My manager believes that I can handle demanding tasks. 
My manager believes in my ability to improve even when I make mistakes. 
My manager encourages me to express ideas/suggestions. 
My manager listens to my ideas and suggestions. 
My manager uses my suggestions to make decisions that affect me. 
Notes: † item dropped after principal component analysis; n = number of scale items; α = coefficient of reliability; (R) = reversed coded; all 
scores are derived for the revised model, i.e., the model without the dropped items; all items were measured on a 7-point Likert scale. 
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3.2. Social network analysis 
Within this paragraph, the social network analysis methods and measures are described in further 
detail including their application. Applying social network analysis results in visualization of the 
informal R&D network of Global Lift. Network measures are incorporated to facilitate further 
interpretation of the network appearance. 

First, the global informal R&D knowledge network of GL is drawn, enabled by the social network data 
collected via the virtual survey. We map a picture of the informal R&D network of Global Lift, based 
on discussions on technical and scientific issues. In our analysis, the nodes are considered the R&D 
employees working on technical or scientific projects in the research and elevator development 
centers worldwide. Considering the connections, only ties based on technical and scientific 
knowledge transfer are incorporated. A tie is present when a respondent indicates a recent 
discussion on these issues with the specific colleague. Network pictures are created using NetDraw, a 
network visualization tool which is part of UCINET 6 (Borgatti et al., 2002). Directed network graphs 
are created. Such graphs are based on the visualization of the “direction of connection”, i.e., who 
indicated whom as a tie. 

If a respondent indicated a connection based on a discussion on technical or scientific issues with his 
colleague, a line is drawn between him and the respective person. When an employee did not fill out 
the questionnaire, no out-going connection was constructed. However, a non-respondent could still 
have been indicated by his colleagues and receive an in-going tie. All employees invited to participate 
in our survey are included in the network pictures. That is, also individuals who did not respond to 
our survey. 

In order to further interpret the network picture, a differentiation is made between ties connecting 
employees within their operating units (‘intra-OU ties’), ties connecting employees from different 
operating units (‘inter-OU ties’) and ties connecting the research centers. 

3.2.1. Network measures 
To facilitate interpretation of the network picture, several relevant network measures are calculated. 
Within this section, these measures are explained briefly. All calculations are done using UCINET 6 
(Borgatti et al., 2002). 

Density 
As a mathematical indication of the network appearance, first, density is considered: the proportion 
of possible lines actually present in a network graph. A graph can only have a certain amount of lines 
where the maximum possible number is determined by the number of nodes. For a directed graph, 
density (Δ) is calculated as: Δ = L/[(g(g-1)], where L is defined as the number of arcs and g as the 
number of nodes (Wasserman & Faust, 2008). An arc is the directed line from one node to another. 
“The density of a digraph is a fraction that goes from a minimum of 0, if no arcs are present, to a 
maximum of 1, if all arcs are present” (Wasserman & Faust, 2008, p. 129). Density is calculated for 
the overall informal network and the informal networks within the four operating units (i.e. CENE, 
A/P, AMS, SEAME). 
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Path length 
To review the knowledge flows in Global Lift’s informal R&D network related to the amount of 
intermediaries needed, path lengths between the R&D employees worldwide are calculated. This is 
done by the measure for geodesic distance. “The geodesic distance between a pair of nodes in a 
graph is the length of a shortest path between the two nodes” (Wasserman & Faust, 2008, p. 134). 
Afterwards, average path length is calculated as the mean of all individual geodesic distances. In 
addition, a division of the path lengths between R&D centers is calculated. Doing so, centers that are 
remote in the network can be indicated mathematically. In addition, the path lengths between R&D 
centers in the same operating unit will be indicated. 

Since employees who did not respond to the survey are analyzed similar to respondents without 
contacts, the evaluation of path lengths is expected to be increasingly biased. That is, especially in a 
directed graph, direction of ties tends to be essential in the evaluation of the knowledge flow. Path 
length analysis in our study will be conducted using a symmetrized data set. Thus, if A reports a tie to 
colleague B, it is assumed that B also has a tie with A. In other words, the data will be transformed 
into undirectional data. As a result, the path lengths will be presented at their most optimal number. 
When visualizing unidirectional data in a network picture, arrow heads would be irrelevant: when a 
tie is present, it is considered a contact in both ways. In addition, in our calculation of average path 
lengths, tie strength is neglected: the data used to determine shortest path lengths are unvalued. 

Clustering coefficient 
Based on the decentralized structure of GL’s R&D operations, it is expected that employees remain 
highly connected within their own center: they have a tendency towards dense local neighborhoods, 
or formally “clustering” (Hanneman & Riddle, 2002; Watts, 1999). The clustering coefficient is 
calculated for the overall informal network. 

“One common way of measuring the extent to which a graph displays clustering is to examine 
the local neighborhood of an actor (that is, all the actors who are directly connected to ego), 
and to calculate the density in this neighborhood (leaving out ego). After doing this for all 
actors in the whole network, we can characterize the degree of clustering as an average of all 
the neighborhoods” (Hanneman & Riddle, 2005, C. 8, p. 8). 

Thus, the clustering coefficient is the average of the densities of the neighborhoods of all of the 
actors (Hanneman & Riddle, 2005). Since the clustering coefficient is an average of local densities, 
the unvalued network data are used to calculate this indicator. Doing so, we only account for the 
proportion of ties. 

3.2.2. Related knowledge: networks related to similar components/systems 
To analyze the informal network based on related knowledge, different network pictures are 
constructed. These pictures consist only of the respondents who indicated to have worked on a 
specific component or system, based on the elevator breakdown structure (Table 1), in the past six 
months. Consequently, five different network pictures result, focusing respectively on electrical, 
drive system, sheet metal system and propulsion system components and general systems. Based on 
an internal company document, indicating a worldwide strategic elevator component development 
roadmap, actual ties are compared with anticipated ties based on strategic projects. That is, if 
worldwide or strategic projects for a certain component were assigned to multiple centers 
worldwide, it is investigated whether the employees in these centers maintained informal ties with 
colleagues in the other strategically defined centers. 
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3.2.3. Structural holes: network efficiency 
To explore the presence of structural holes in the informal R&D network of GL, network efficiency is 
calculated. This method first calculates the effective size of the network per actor: the number of 
alters (other employees the actor is connected with) per employee is calculated minus the average 
number of ties that each alter has to other alters (Hanneman & Riddle, 2005). This can be best 
explained by following example: 

“Suppose that A has ties to three other actors. Suppose that none of these three has ties to 
any of the others. The effective size of ego’s network is three. Alternatively, suppose that A 
has ties to three others, and that all the others are tied to one another. A’s network size is 
three, but the ties are “redundant” because A can reach all three neighbors by reaching any 
of them. The average degree of the others in this case is 2 (each alter is tied to two other 
alters). So, the effective size of the network is its actual size (3), reduced by its redundancy (2), 
to yield an effective size of 1” (Hanneman & Riddle, 2005, C. 9, p. 8). 

In fact, in the example above, actor A indeed only had to be connected to one actor to reach all 
others in the network. When effective size is calculated, this measure is normed by the actual 
network size of the actor. That is, the amount of non-redundant ties is divided by the actual network 
size of the actor leading to the measure for network efficiency. For an unvalued network, “the 
efficiency ratio varies from a maximum of one, indicating that every contact in the network is 
nonredundant, down to a minimum approaching zero, indicating high contact redundancy and 
therefore low efficiency” (Burt, 1995, p. 53). We receive a measure per actor. By averaging, we can 
tell something about the network efficiency of employees per operating unit and for the overall 
informal R&D network. For a clear understanding of the measure, the unvalued network data are 
used. 

3.3. Testing the research framework 
To test the anticipated relationship between centrality and knowledge transfer success, including the 
hypothesized moderating effects of identification with the parent company and empowerment by 
the local manager, a set of hierarchical multiple regression analyses is conducted. The dependent 
variable in all analyses is knowledge internalization. As our independent variables (i.e. betweenness 
centrality and closeness centrality) are both centrality measures, we assume a strong correlation 
between them. Therefore, two separate regression analyses are to be conducted with, respectively, 
betweenness centrality and closeness centrality as the single independent variable. We examine the 
following regression equations in five steps in order to isolate the contribution of different terms 
(following the method used by Van der Vegt & Bunderson, 2005; founded in Aiken & West, 1999): 

Y = b1C + b2X + b3V + b4W + b5X2 + b6XV + b7XW + b8X2V + b9X2W + e.    (1) 
 
Y = b1C + b2Z + b3V + b4W + b5Z2 + b6ZV + b7ZW + b8Z2V + b9Z2W + e.    (2) 

where Y is knowledge internalization, C is the control variable trust, X is closeness centrality, Z is 
betweenness centrality, V is identification with the parent company, and W is empowerment by the 
local manager. In step 1, the control variable and main effects are entered. The linear-by-linear 
interaction effects are entered in step 2. We enter the quadratic effects in step 3. SPSS is used to 
conduct all regression analyses.  
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4. Informal network structure and interpretation 
This chapter presents the informal R&D network of Global Lift. Informal network pictures are 
displayed and interpreted. A differentiation is made between the ties connecting employees within 
their operating unit and ties connecting employees across operating units. Furthermore, knowledge 
transfer between employees based on the components and systems they worked on is examined in 
further detail. Finally, we examine the presence of structural holes in GL’s informal R&D network. 

4.1. Informal R&D network picture of Global Lift 
A picture of the informal R&D network of Global Lift, derived from the survey answers, is displayed in 
Figure 9. Although not everyone filled out the questionnaire, it can easily be seen that there are no 
isolates: all employees are connected meaning that every respondent indicated a connection or has 
been indicated a connection by a colleague. Line thickness indicates tie strength: thick lines represent 
a strong tie, whereas weak ties are indicated by a thin line. The nodes are grouped by location. 
Employee numbers are randomly divided per center. The first digit of the node number indicates the 
center in which the respective employee is working. A key is added in Table 5 explaining node 
characteristics. 

First, the intra-OU ties are examined, i.e., the informal ties remaining within the operating units. 
Considerable knowledge transfer is going on between the elevator development centers inside the 
operating units. Especially within the operating unit CENE, a clear connection can be seen between 
employees in the development centers Germany and France. Also within the operating unit A/P, 
between China and South Korea, a substantial amount of ties is noticed. On the contrary, within the 
operating unit AMS limited knowledge transfer is observed. Only a handful of ties is present between 
the development centers USA and Brazil. This may be explained by the larger geographical distance 
and, possibly, greater cultural differences. Another explanation may be found in market differences. 
That is, the North-American market differs considerably from the Latin-American market. Also 
considering technical issues, substantial differences are known. As an example, regarding electrical 
coding, in the United States ANSI code is used whereas Brazil typically uses EN coding. The existence 
of different coding systems may hamper knowledge transfer between engineers. Yet, because of the 
relatively low response rate of the operating unit AMS, several ties may be not included in the 
picture since well-connected individuals may not have responded to the questionnaire. To complete, 
the operating unit SEAME only consists of one development location and, as such, ties between 
different centers in this operating unit can obviously not be examined. 

Furthermore, the inter-OU ties are observed, i.e., the informal ties connecting employees from 
different operating units. It is noticed that such ties are mainly present between the larger centers (in 
terms of employee count) of the respective operating units: the development centers Germany, USA 
and China are functioning as the connectors of their operating unit, whereas the employees in the 
smaller centers are mainly discussing technical and scientific issues only within their own operating 
unit. In general, only a few strong ties are present between the operating units. Thus, knowledge 
transfer in the overall informal R&D network is assumed to be limited. Moreover, the operating unit 
SEAME appears isolated in the informal R&D network picture. In addition, it is observed that also 
limited direct ties are present between A/P and AMS. The connections between the units are mainly 
indirect, going via the development center Germany. Hence, the development center Germany 
appears to be in a critical broker role. If this center is excluded from the network picture, few inter-
OU ties remain. Figure 10 shows a picture consisting of only the employees from the operating units 
A/P, AMS and SEAME. It demonstrates that limited direct connections are reported between these 
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three operating units. Hence, knowledge transfer between the operating units is assumed to be 
vulnerable, since it is highly depending on one development center, i.e., development center 
Germany.  

Finally, we focus on the position of the research centers in the overall informal R&D network of GL. 
The employees in the two research centers seem to discuss technical and scientific issues mainly with 
their colleagues in the geographically nearby development centers. That is, the employees in the 
research center Germany are principally connected to their colleagues in the development center 
Germany, whereas their colleagues in the USA research center are connected more to the USA 
development center. Surprisingly, limited ties are found between the two research centers. 
Reviewing this in light of effective global cooperation, opportunities for knowledge transfer between 
the research centers are missed. 

Table 5: Key to the network pictures in Figure 9, Figure 10, Figure 12 and Figure 13 

Node label first digit 
1 Development center France 
2 Development center South Korea 
3 Research center USA 
4 Development center Spain 
5 Development center USA 
6 Development center Germany 
7 Development center Brazil 
8 Development center China 
9 Research center Germany 
 
Node color 
White Node responded to the questionnaire 
Grey Node did not respond to the questionnaire 
 
Node shape 
Down triangle Operating unit AMS 
Square Operating unit A/P 
Circle Operating unit CENE 
Box Operating unit SEAME 
Up triangle Research centers 
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Figure 9: Picture of the informal R&D network of Global Lift
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Figure 10: Informal network picture only displaying the direct ties between the operating units AMS, AP and SEAME 

4.1.1. Density 
Density of the informal R&D network is equal to 0.0278. Thus, not even 3% of all possible 
connections are present. This is a rather low number as it implies that employees are barely 
discussing technical or scientific issues within the overall worldwide network. Table 6 shows the 
density scores per operating unit. It can be seen that SEAME has a relatively high density rate. This is 
explained by the existence of only one development center in this operating unit combined with the 
fact that, in general, knowledge transfer remains rather limited to the own center. For the operating 
units A/P, AMS and CENE, the highest observed density rate is around 15%. This indicates that there 
are still numerous opportunities for the R&D employees to connect with colleagues in their operating 
unit. 

Table 6: Network density, per operating unit 

OU Density 
A/P 0.0814 
AMS 0.0786 
CENE 0.1548 
SEAME 0.2368 

4.1.2. Path lengths 
The average minimal path length equals 3.4. Thus, it requires on average 3.4 intermediaries to reach 
a random colleague in the global network. The higher the number of intermediaries, the more likely 
information is distorted (Hansen, 2002). No numbers have been found suggesting a maximum 
number of intermediaries for which colleagues could still be reached adequately. We would suggest 
a length of 3 steps as satisfying. Then, as illustrated by Figure 11, a random person (A) could connect 
to a highly connected individual in his own center (person B), who in turn connects to a highly 
connected person (C) in another center who could pass the information to a colleague (D). Based on 
this reasoning, it is suggested that the derived path length in GL’s informal R&D network is rather 
long. 

AMS 

SEAME 

AP 
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Table 7 shows the average path lengths per development center or research center. In this table, the 
average path length from a random individual to a colleague in a specific center (including the own) 
is displayed. The average path length to a colleague in the own center is marked in the diagonal. The 
path lengths within the R&D centers are considered relatively short (all below 2). Thus, colleagues 
inside the own research or development center are adequately reachable. However, path lengths 
between centers prove to be notably higher. For example, it takes on average 5.3 intermediaries for 
an employee in Brazil to reach a colleague in Spain. This is a relatively high number, indicating that 
information is easily distorted in the network across operating units. 

In Table 7, the average path length between centers within the same operating unit is marked in 
dark-grey. These numbers are relatively low, compared to the overall informal network path lengths. 
It is assumed that employees are adequately able to reach peers in the development centers within 
their operating unit. On the contrary, the path length between the development centers Brazil and 
USA is above the proposed number of three steps. Hence, the centers within the operating unit AMS 
are highly remote from each other in terms of social distance. 

Table 7: Average path lengths, per R&D center 
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Development 
center 

Brazil 1.6 
China 4.4 1.8 
France 4.9 3.6 1.2 
Germany 4.4 2.9 2.5 1.9 
South Korea 4.2 2.8 4.5 3.8 1.7 
Spain 5.3 3.8 4.4 3.8 4.1 1.8 
USA 3.2 4.0 3.9 3.2 4.2 4.0 1.8 

Research 
center 

Germany 3.9 2.9 2.6 2.4 3.8 3.1 2.8 1.1 
USA 4.1 3.7 3.6 3.5 4.6 4.6 2.6 2.5 1.3 

4.1.3. Clustering coefficient 
Based on our network picture, it can be concluded that employees are primarily tied within their own 
center. Calculating the clustering coefficient yields a value of 0.465. Because the clustering 
coefficient averages densities, it is common to compare this value with the overall density 
(Hanneman & Riddle, 2005). As overall density is 0.0278, it can be concluded that the clustering 
coefficient is high (more than 16 times the overall density). The clustering coefficient mathematically 
confirms that discussions on technical and scientific issues appear to be rather limited to the own 
center. Outside the centers and operating units, limited discussions on technical and scientific issues 
are seen. 

C D 

center y 

3 A B 

center x 

1 2 

Figure 11: Schematic overview of a possible path length of 3 steps 
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4.2. Networks on related knowledge 
The networks connecting individuals working on the same components or systems are displayed in 
Figure 12 and are discussed below. 

First, the electrical component network is regarded (Figure 12, top left picture). Between the 
development centers Germany, USA and Spain, informal ties were anticipated. That is, in these three 
locations, worldwide projects on electrical controllers were conducted in the last months. 
Consequently, a platform for the transfer of related knowledge has been created. Still, the 
employees working on electric components are having no direct ties to their colleagues in the 
development centers USA and Spain. This is remarkable as the German development center seems to 
be well-connected in the overall network picture. The connectivity of the development center USA 
seems to be dependent on one person, making the transfer of knowledge on electrical components 
extremely vulnerable. 

Secondly, the drive system component network (Figure 12, top right picture) is discussed. Primarily, a 
link between Germany (development) and China was expected here. Indeed, most ties in the drive 
system component network are observed between these two locations. Also, strong ties are noticed, 
including multiple connections to more than one employee. This implies that considerable 
knowledge transfer occurred between employees from the development centers to which strategic 
projects on drive system components were assigned to. 

An examination of the sheet metal component network (Figure 12, bottom left picture) indicates a 
strong linkage between the development centers Germany and France. This could be expected by 
reviewing GL’s strategic roadmap document. Doors for high rise elevator systems are developed in 
Germany, whereas France was responsible for the development of doors used in standard elevators. 
Most notable is the lacking of a single link between employees in the centers France and Spain. That 
is, also in Spain, doors for standard elevators were developed. As can be seen, door development is 
conducted in isolation of the corporate network. Thus, also regarding the development of sheet 
metal components, global synergy opportunities are clearly missed. 

An overview of the propulsion system component network is presented in the bottom right picture 
of Figure 12. The center in Spain was responsible for the development of both safeties and governors 
in the low and mid range. The development center in the USA was responsible for high rise safeties 
development, whereas the development center in Germany was responsible for high rise governor 
systems. Assuming that there are clear similarities between low/mid range propulsion system 
components and high rise propulsion system components, one would expect at least some informal 
ties between the Spanish center and the one in either the USA or Germany. However, again, Spain 
appears isolated from the worldwide informal R&D network. 

Figure 13 is depicting the network for system development. As the majority of respondents indicated 
to work on system components, this network picture is relatively similar to the overall network 
picture (Figure 9). No additional insights are gained by reviewing the network picture for system 
development. 

In sum, employees working on specific components are barely transferring knowledge via the 
informal network with their peers in the other development centers of Global Lift. Therefore, it is 
assumed that synergy opportunities are missed. An effective use of a global R&D network would be 
demonstrated by the presence of more informal, worldwide ties between colleagues in various 



- 29 -  

centers and operating units. Now, it seems that the employees are working in relative isolation to 
their Global Lift peers in other parts of the world. An exception is seen for the informal network on 
drive system components. From this network picture, it is concluded that there was considerable 
worldwide transfer of knowledge between employees working on these specific components. 
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Figure 12: Informal networks connecting the employees working on similar components, displayed per component
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Figure 13: Informal network connecting the employees working on system development 

4.3. Structural holes in the informal R&D network 
The results of the calculations on network efficiency are displayed in Table 8. For every single 
network actor, network efficiency was calculated in the respective operating unit informal network 
and within the overall informal R&D network. Thereafter, outcomes are averaged. On average, 56% 
of the links to colleagues in the overall network are non-redundant.  Thus, by reversed reasoning, 
about 44% of the connections an average employee has are redundant: these connections could 
actually be reached via other colleagues. This is also explained by the relatively high clustering 
coefficient: employees primarily discuss technical and scientific issues within clustered groups, 
thereby having a high likelihood talking to the same colleagues. Based on the theory of Burt (1992), 
more efficient networking is favored thereby making use of “structural holes”. Employees can vary 
their connections more, probably by contacting peers working on similar components in other 
centers. 

Table 8: Average network efficiency, indicated per OU and for the overall network 

Informal 
network 

Average 
network 
efficiency 

OU A/P 0.562 
OU AMS 0.594 
OU CENE 0.470 
OU SEAME 0.532 
Overall 0.561 
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5. Testing the relationship between centrality and knowledge 
transfer success in the informal R&D network of Global Lift 

In this chapter, our framework on the relationship between centrality and knowledge transfer 
success is tested. Table 9 shows the means, standard deviations and zero-order Pearson correlations 
among the study variables. As expected, closeness centrality and betweenness centrality strongly 
correlate with each other. Thus, it was a good decision to separate the analyses for these two 
variables. All other variables correlate marginally with each other, thereby not rising further doubts 
on their usability.  

The relatively high standard deviation of betweenness centrality rises doubt on the usability of this 
variable. A test of normality confirms our doubts: a clear deviation from normality is found for 
betweenness centrality. Both skewness and kurtosis are high. This is mainly explained by the network 
structure. Only a relative small set of employees is in a network position high in betweenness 
centrality. Thus, the network seems to depend on a few brokers. For all other variables, no serious 
deviations from normality were found. If betweenness centrality is disregarded, the assumption of 
homoscedasticity is met. 

It is decided to exclude betweenness centrality from further analysis, because this variable strongly 
violates the assumption of normality. Due to nonnormality, the results of regression analysis can be 
easily distorted. This would imply that the results found would be invalid. Hence, in the remainder of 
this chapter we will only consider the multiple regression analysis on the (moderated) relationship 
between closeness centrality and knowledge internalization. Thus, hypotheses 1a, 2a, 3a and 4a 
cannot be tested. 

Table 10 presents the results of the hierarchical regression analysis (with closeness centrality as 
independent variable). The regression met the major model assumptions. That is, no serious 
violations were found in the plots of standardized residuals as compared to predicted values, in the 
normal probability plots of standardized residuals, and with regard to independence of error terms 
(the Durbin-Watson statistic yields a value of 1.73). All variable inflation factors (VIFs) were below 5, 
indicating that multicollinearity is not expected to occur. 

Hypothesis 1b states that there exists a positive linear relationship between closeness centrality and 
knowledge internalization. This hypothesis is not supported by our analysis. Contrastingly, we found 
a negative linear relationship between closeness centrality and knowledge internalization. Thus, 
employees who are central (by means of closeness) in the informal R&D network report lower levels 
of knowledge internalization. 

Hypothesis 2b posits a curvilinear relationship between closeness centrality and knowledge 
internalization. When quadratic effects are added to our regression equation, the effect of closeness 
centrality squared is close to zero, at an insignificant level. In addition, the direct linear effect of 
closeness centrality on knowledge internalization remains significant. Therefore, we found strong 
evidence in support of a linear relationship between closeness centrality and knowledge 
internalization. Hence, we reject hypothesis 2b. 

When the linear interaction effects are added to the regression equations, no change in R2 is seen. 
This implies that our regression model does not improve by adding linear interactions. In addition, no 
single linear interaction effect reached significance. If we add the quadratic effects to the regression 
equation, R2 does increase, indicating an improvement of the model. 
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Hypothesis 3b states that the relationship between closeness centrality and knowledge 
internalization is positively moderated by identification with the parent company. Because no linear 
interaction effect reached significance, we assume that the moderating effect of identification with 
the parent company is not explained by a linear interaction. The quadratic interaction effect 
closeness centrality squared – identification with the parent company reached significance. Thus, 
evidence is found that the relationship between closeness centrality and knowledge internalization 
follows a U-shaped pattern for individuals with low levels of identification with the parent company 
and an inverted U-shaped pattern for individuals with high levels of identification with the parent 
company. This result is in support for hypothesis 3b. Figure 14 facilitates interpretation of the effect. 
It shows an outline of a curvilinear relationship between closeness centrality and knowledge 
internalization, moderated by identification with the parent company. 

 

 
Hypothesis 4b states that empowerment by the local manager positively moderates the relationship 
between closeness centrality and knowledge internalization. The variables measuring a linear or 
quadratic interaction effect of empowerment by the local manager are both not reaching 
significance. Hence, we did not find evidence in support of hypothesis 4b. We expect that the 
relationship between closeness centrality and knowledge internalization is not moderated by 
empowerment by the local manager. Thus, we reject hypothesis 4b. 

Table 9: Means, standard deviations and correlations 

Variable Mean S.d. 1 2 3 4 5 
1. Closeness centrality 30.48 4.05      
2. Betweenness centrality 1.41 3.14 .65**     
3. Trust 0.35 0.21 -.07^^ -.10^^    
4. Identification w. parent company 5.32 1.21 .00^^ .11^^ -.24**   
5. Empowerment by local manager 5.61 1.06 .14^^ -.10^^ -.09^^ .38**  
6. Knowledge internalization 5.49 1.05 -.28** -.14^^ -.21*^ .29** .19*^ 
Notes: n = 150; * p < .05; * p < .01. 

 

 

 

 

 

Figure 14: Outline of the relationship between closeness centrality and knowledge internalization 
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Table 10: Results of hierarchical multiple regression analysis 

Independent variables Entry b Final b 
Step 1: Control variable and main effects   
 Trust -.17** -.16** 
 Closeness centrality -.32** -.31** 
 Identification with the parent company .21** .31** 
 Empowerment by the local manager .15*^ .11^^ 
x X  X 

 F 9.27^^  
 R² .20^^  
x X X X 

Step 2: Linear interactions   
 Closeness centrality x identification with the parent company -.01^^ .01^^ 
 Closeness centrality x empowerment by the local manager --.02^^ .00^^ 
x X X X 

 ΔR² .00^^  
 F 6.12^^  
 R² .20^^  
x X X X 

Step 3: Quadratic effects   
 Closeness centrality squared  .00^^ 
 Closeness centrality squared x identification with the parent company  -.14*^ 
 Closeness centrality squared x empowerment by the local manager  .06*^ 
x x X X 

 ΔR² .03^^  
 F 4.67^^  
 R² .23^^  
Notes: n = 150; unstandardized regression coefficients and unadjusted R² values are reported; the final b’s represent the unstandardized 
regression effects from the last step of the analysis; dependent variable: knowledge internalization; * p < .05; ** p < .01. 
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6. Discussion 
In this section, the analysis results are discussed. In addition, limitations of our research are 
presented. 

6.1. The network structure 
In general, it is concluded that the employees in GL’s worldwide R&D centers marginally transfer 
technical or scientific knowledge across the borders of their own development or research center. 
Especially beyond operating units, a small amount of discussions on these issues was found. 
Increased transfer of knowledge within the informal network is desirable to benefit from the synergy 
advantages underlying a global network (Boutellier et al., 2008). 

The informal network of Global Lift is characterized by low density, a high clustering coefficient and 
relatively long path lengths. Comparing these characteristics with theoretical network structures, a 
strong analogy is found with the “connected caveman construction”. This construction is defined by a 
graph consisting of isolated groups or “caves” (Watts, 1999, p. 500). By extracting one edge of each 
cave and connecting it to a neighboring cave in a loop sequence, the typical connected caveman 
structure arises (Figure 15). 

In many large real-world networks, nodes are also highly clustered but still path lengths can be 
relatively short. This is generally known as the “small-world phenomenon” (Watts, 1999). By adding 
only a small number of additional connections between the caves, path lengths are shortened 
relatively fast (Watts, 1999). Reflecting this in light of the knowledge transfer between R&D centers 
in GL’s network: by establishing a small additional number of inter-OU connections, the ‘social’ 
distance between R&D employees can be shortened relatively fast. 

 

Figure 15: “Schematic of the connected caveman construction” (from Watts, 1999, p. 501) 

We propose to characterize Global Lift’s current R&D structure as polycentric decentralized: 
illustrated by a rather weak central coordination and a focus on high local effectiveness (Boutellier et 
al., 2008). Weaknesses of such a structure are global inefficiencies, parallel development and having 
no clear company-wide technological focus. Analogous to the history of Global Lift, polycentric 
decentralized R&D organizations are typically created through mergers and acquisitions. Overcoming 
isolation of formerly independent R&D units and integrating them into a wider R&D network is one 
of the major challenges associated with this structure (Boutellier et al., 2008). Synergy gains are to be 
achieved to truly benefit from the global presence of the various R&D centers. 
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Global efficiency of the R&D network is reached by more balanced coordination (Boutellier et al., 
2008). This could be achieved when the R&D organization is structured as an integrated R&D 
network. In such a network “each unit in the network specializes in a particular product, component 
or technology area, perhaps a set of core capabilities” (Boutellier et al., 2008, p. 88). Doing so, all 
units have their own responsibility and strategic role for the entire company and redundant 
development is minimized. 

6.2. Centrality in the network 
We analyzed knowledge transfer success in the informal R&D network of Global Lift based on two 
centrality measures, i.e., betweenness centrality and closeness centrality. Furthermore, within the 
context of our research, knowledge transfer success is measured based on degree of knowledge 
internalization. As a result of nonnormality of the variable for betweenness centrality, we could not 
test the relationship between betweenness centrality and knowledge internalization. 

Nonnormality of the measure for betweenness centrality is strongly related to the structure of the 
informal network and further confirms the vulnerability of it. That is, the nonnormality of this 
variable is mainly caused by a positive skewness. Thus, there are limited employees high in 
betweenness centrality and the majority is low in betweenness centrality. This implies that there are 
few gatekeepers in the network. Gatekeepers are those individuals that absorb knowledge from a 
group and pass it to the group they belong to (Kirkels & Duysters, 2010). To facilitate interpretation, 
in Figure 16 actor B is considered to be a gatekeeper. In the informal R&D network of Global Lift, the 
different groups are considered to be the different operating units. Hence, there are few individuals 
in a brokerage position transferring knowledge from one operating unit to the other. In other words, 
the decentralized organizational structure of Global Lift is highly reflected in the informal network. 

Closeness centrality appeared to be negatively related to knowledge internalization. That is, 
employees centrally positioned in the overall informal R&D network are indicating lower levels of 
knowledge internalization compared to their remote peers. Thus, it seems that employees in the 
periphery of the network attach higher values to the knowledge they receive from their peers. Being 
centrally located in the network may be associated with an attention overload resulting from 
intensive social interaction (Kratzer et al., 2008a). The emergence of a more balanced network may 
decrease the attention overload for these employees. 

The relationship between closeness centrality and knowledge internalization appeared to be better 
explained if identification with the parent company is regarded. We found that a sense of 
identification with the parent company allows employees to transcend distances in the network in 
order to internalize and value available knowledge. However, beyond some optimal level of 
centrality, the difficulty to obtain and internalize knowledge from remote colleagues seems to lead to 

Figure 16: Graphic presentation of a gatekeeper. Ellipses correspond to group boundaries. 
(adapted from Kirkels & Duysters, 2010) 

A 

C 
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higher perceived efforts over benefits. As a result, whilst employees may still be motivated to 
internalize knowledge from colleagues in the network, they may be unable to do so, given the efforts 
related with obtaining this knowledge. 

The U-shaped relationship between closeness centrality and knowledge internalization, found for 
individuals indicating low levels of identification with the parent company, may be explained by the 
not-invented-here (NIH) syndrome. Knowledge which is transferred through nearby colleagues 
seems to be accepted easily, and is internalized as a consequence. However, when distance in the 
network grows, the transferred knowledge is increasingly seen as “theirs, not ours” (Kostova & Roth, 
2002). That is, employees indicating low levels of identification with the parent company appear 
reluctant to internalize knowledge from remote colleagues. After some level of social distance, 
however, the effect of the NIH syndrome appears to be weakened. Probably, knowledge from highly 
remote colleagues in the network is not associated with the parent company anymore. 

6.3. Limitations 
As with all research, also our study inhabits limitations. The main limitations, as considered by the 
author, will be discussed in this section. 

First, the response rate of the questionnaire is relatively low. Especially with regard to social network 
mapping, the response rate should ideally be as high as possible. A network picture is of course most 
reliable if response touches 100%: it may always be that some central individuals did not respond to 
the questionnaire. As a result, the network picture can be biased. Response rates for network studies 
typically vary between 90 percent and 65 percent (Kratzer, 2001). In our research setting, the 
response rate is slightly below 65 percent. The negatively outlying response rate of the development 
center USA clearly suppresses the overall rate. If the development center USA would be disregarded, 
response would be clearly above 65%. We consider our response rate a bare minimum to analyze the 
network data. Moreover, the response rates were highly varying per center. As a result, network 
measures can be biased as a consequence of lacking responses from possibly highly connected 
employees. 

Since there was a time gap between receiving the employee list and rolling out the questionnaire, a 
number of employees could not be included in the survey. Main reasons are found in employee 
turnover and job promotion. Furthermore, the employee list was not including matching job 
descriptions per location. That is, within the different R&D centers, different job descriptions are 
used. As an example, for a set of locations the Chief R&D was incorporated in the provided employee 
list, whereas for others he was not. As a result, comparability of centers is expected to be 
troublesome. Persons positioned high in the organization may typically have more connections 
outside their own center. Therefore, network results can be biased. 

The survey was translated in multiple languages. However, due to the limited time frame it could not 
be tested whether the various questions were exactly measuring the same feelings in all languages. 
Due to cultural differences, questions may have been interpreted different in various countries. 

Finally, our research is conducted in only one multinational corporation. Doing so, generalizability of 
the results is reduced. If the research is conducted in different organizations or industries, other 
results may be found.  
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7. Conclusion 
Our research examined knowledge transfer within a multinational corporation by analyzing the 
informal network connecting R&D employees based on discussions on technical and scientific issues. 
A set of research questions has been formulated to guide the research. Below, these questions will 
be answered separately. Thereafter, managerial implications are formulated. Finally, implications for 
further research are presented. 

7.1. Research question answering 
RQ1: How does the informal R&D network of Global Lift look, i.e., the personal knowledge transfer 
network connecting the R&D employees from the elevator development centers and research 
centers? 

Within the operating units structure, considerable informal knowledge transfer is seen. That is, 
within the operating units CENE and A/P, a substantial amount of ties connecting R&D employees has 
been observed. However, within the operating unit AMS, fewer ties were found. Thus, knowledge 
transfer within the operating unit AMS is found to be limited. 

Few ties have been found connecting employees from different operating units. For instance, the 
operating unit SEAME appeared to be isolated in the informal R&D network. Global ties, connecting 
employees from different operating units, are generally observed only between the development 
centers Germany, USA and China. In this respect, the development center Germany is considered to 
be in a critical broker role connecting the operating units. If this development center is removed 
from the network picture, almost no ties connecting employees from different operating units are 
found anymore. This makes the network extremely vulnerable as knowledge transfer is dependent 
on a small set of actors. 

Knowledge transfer between the research centers appeared to be limited. Almost no ties are found 
between employees of the two research centers. An increase in ties between the research centers is 
desirable to truly benefit from the multinational organizational presence. 

When focusing on the network for related knowledge, we proposed to differentiate for networks 
connecting employees working on similar components or systems. Network pictures were 
constructed in which only employees working on specific components or systems were shown. It 
became clear that synergy advantages underlying a multinational organization are clearly missed. In 
multiple centers, strategic projects on similar components were conducted in the last months. Only 
for drive system components, substantial knowledge transfer has been observed. For the other 
networks, limited or no ties were found between the employees working on similar components. 
Therefore, redundant development is highly likely to occur within Global Lift. 

An analysis of structural holes shined light on the efficiency of network usage. In the last months, 
employees mainly transferred knowledge within relatively small circles. By increasing the variety of 
connections, more efficient use of the informal network is expected. Doing so, network time and 
resources are expected to be used better. 
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RQ2: What is the effect of centrality in the informal R&D network on knowledge transfer success? 

To examine the effect of centrality in the informal R&D network on knowledge transfer success, we 
defined a research framework linking these two concepts. In our framework, centrality is determined 
based on two network indicators, i.e., betweenness centrality and closeness centrality. The 
betweenness centrality measure tries to indicate employees in broker positions, whereas closeness 
centrality measures the average amount of intermediates needed to reach others in the network. 
Knowledge transfer success has been measured as the degree of knowledge internalization. That is, 
only when knowledge is internalized can it be sufficiently understood and adopted by the recipient 
(Cummings & Teng, 2003). 

The measure for betweenness centrality deviated extremely from normality. As a result, founded in 
the proposed methodology and related assumptions, we were not able to test a relationship 
between betweenness centrality and knowledge internalization. Hence, we only regarded an effect 
of closeness centrality on knowledge transfer success. It was found that employees high in closeness 
centrality indicated lower degrees of knowledge internalization, compared to their less central 
colleagues. Thus, it is assumed that centrality negatively effects knowledge transfer success. Within 
Global Lift’s informal R&D network, being centrally located may result in an attention overload as a 
result of intensive social interaction.  

RQ3: What is the moderating influence of identification with the parent company and 
empowerment by the local manager on the relationship between centrality and knowledge 
transfer success? 

The relationship between centrality and knowledge transfer success is explained better by 
incorporating contingency factors. 

It was found that identification with the parent company moderates the relationship between 
centrality and knowledge transfer success. Again, this holds if we express centrality in terms of 
closeness. Employees indicating a high sense of identification with the parent company have been 
found better able to transcend social distance in the informal network compared to their colleagues 
indicating a low degree of identification with the parent company. A possible explanation has been 
found in the not-invented-here syndrome. 

We tested a moderating effect of empowerment by the local manager on the relationship between 
centrality and knowledge transfer success. However, no effect has been found. 

7.2. Managerial implications 
By analyzing knowledge transfer within a decentralized multinational corporation, it is further 
confirmed that R&D knowledge is scattered in such a structure. If the available knowledge would be 
better within the MNC, the corporation could gain a firm-wide advantage. However, we found out 
that knowledge is transferred marginally through the global informal network of the MNC under 
research. Knowledge transfer seems to occur mainly within the operating units. Consequently, it is 
suggested to stimulate knowledge transfer between employees of different operating units. 

Knowledge transfer is analyzed focusing on related knowledge. Within Global Lift, knowledge areas 
seem to be related on the various components and systems based on the elevator breakdown 
structure. For drive system components, already ongoing connections between employees of 
different operating units were present. Regarding electrical, sheet metal and propulsion system 
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components, additional knowledge transfer would be advantageous to benefit from the global 
presence of the R&D centers. 

By fostering identification with the parent company, the success of knowledge transfer is to be 
increased. That is, if employees identify themselves and their R&D center with the multinational 
organization as a whole, knowledge transfer is expected to be more successful. Thus, it is likely that 
adapting to a more corporate identity will increase global efficiency. As a result, it is expected that 
the amount of redundant development will decrease. 

It has been proposed to illustrate the current R&D structure of Global Lift by weak central 
coordination with a focus on high local effectiveness. By more balanced coordination, global 
efficiency is to be reached (Boutellier et al., 2008). Therefore, we suggest to separate responsibilities 
in the network. If units specialize in (a set of) particular products, components or technology areas, 
the emergence of a more balanced network is expected. 

7.3. Implications for further research 
In this last section, implications for further research are presented. First, we propose the 
development of a stream of research on R&D knowledge transfer within decentralized multinational 
corporations. That is, previous research mainly focused on centralized multinational corporations in 
which R&D knowledge is accumulated in one central R&D center. In the organization we studied, 
knowledge has been found scattered around the world. We propose the development of a new 
stream of research focusing on knowledge transfer, and related knowledge transfer success, in the 
context of decentralized multinational corporations. 

In our research, we experienced problems with betweenness centrality as a measure for centrality. 
Due to a small set of gatekeepers present in the network under research, only a relatively small 
amount of individuals proved to be high in betweenness centrality. Consequently, we could not test 
our research framework completely as normality assumptions were violated. In subsequent research, 
other centrality measures have to be included in order to further relate centrality to knowledge 
transfer success. 

With regard to factors influencing the relationship between centrality in an informal R&D network 
and knowledge transfer success, additional research is suggested. That is, our study only 
incorporated identification with the parent company and empowerment by the local manager as 
moderating factors on this relationship. More effects are to be researched. Doing so, the relationship 
between centrality and knowledge transfer success could be described more completely. 
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Appendices 

Appendix I: Survey 
[‘Translation’ to paper, actual data collection was done virtually] 
(introduction below constructed in cooperation with the corporate legal department) 
 
Dear participant, 
 
[Global Lift AG] intends to increase the effectiveness and efficiency of the R&D knowledge network 
of [Global Lift]. In consultation with the companies involved a study is to be produced to this end. 
This includes a mapping of the network. 
 
You have been chosen to take part in this study. Participation is voluntary. 
 
Only with the help of you and your colleagues will a valuable analysis be possible. We are looking for 
your honest, personal opinions - there are no right or wrong answers. 
 
The study will be carried out by Martijn Jaspers (Eindhoven University of Technology, The 
Netherlands). Results of the study will be used for the master thesis of Mr. Jaspers. 
 

With the entry of personal information, you declare your consent to the collection, 
processing and use of supplied personal data. These are done to increase the effectiveness 
and efficiency of the R&D knowledge network. A behaviour and performance assessment will 
not be done. 

 
After the initial entry the data will be completely anonymized. A reference to a specific individual is 
not possible anymore. 
 
The consent can be withdrawn at any time with effect for the future. 
 
[Global Lift AG] will collect, process and use your data in accordance with the applicable German 
laws. The data will be protected against change or intentional manipulation, loss, destruction or 
access by unauthorised persons. 
 
Filling out the survey should require only about 10-15 minutes. 
 
Thanks in advance for your participation. 
 
 
Please give your name. 

Family name: ______________________________ 

First name: ______________________________ 

Please note that your name will not be used in subsequent analysis and presentation of results. 
After collection of the data, records will be immediately anonymized and de-personalized. Original 
names will be deleted and are not accessible afterwards. Your identification is only meant for 
mapping the technological knowledge network within [Global Lift]. No tracking of other 
characteristics, other than filled in for this questionnaire, will be done. 
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Location 

Please indicate the location you are employed at: 

  [France] - development center 
  [South Korea] - development center 
  [USA] - research center 
  [Spain] - development center 
  [USA] - development center 
  [Germany] - development center 
  [Brazil] - development center 
  [China] - development center 
  [Germany] - research center 
 
 
Component/System Development (based on GL elevator breakdown structure) 

Please indicate the component(s) and/or system(s) you worked on in the last 6 months. 

Component development 

  electrical: controller 
  electrical: inverter 
  drive system: gearless machines 
  sheet metal systems: car doors 
  sheet metal systems: hoistway doors 
  sheet metal systems: car / car frame 
  propulsion system: roller guides 
  propulsion system: governor 
  propulsion system: safeties 
 
If you did not work on any of these components, please do not select any and continue. 

System development 

  machineroomless elevator (MRL) 
  machineroom elevator with gearless machine (MR-GL) low/mid 
  machineroom elevator with gearless machine (MR-GL) highrise 
 
If you did not work on any of these systems, please do not select any and continue. 
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Technical issues (Allen, 1977; Whelan et al., 2010; adapted from Kratzer, 2001) 

Please think of the R&D projects you conducted within the last 6 months, characteristic for the 
projects you contribute to in general. Think of the colleagues you talked with concerning: 

• the discussion, development, or evaluating of new ideas or approaches to technical issues, 
• technical or scientific help or advice and/or 
• the distribution of scientific or technical information. 

In which locations are these persons employed? 

Please mark you own location as well, if applicable. 

Please tick ‘none’ if you did not talk with colleagues about these issues. Please not that you may only 
tick ‘none’ if you did NOT select one of the locations. 

  [France] - development center 
  [South Korea] - development center 
  [USA] - research center 
  [Spain] - development center 
  [USA] - development center 
  [Germany] - development center 
  [Brazil] - development center 
  [China PR] - development center 
  [Germany] - research center 
  none 
 
 
[Per location selected in the section “Technical issues”, a list of R&D employees is given. These are the 
same persons who are invited to participate in the questionnaire.] 
 
Please specify with which work colleagues you discussed these technical/scientific issues with. 
 
<<<LOCATION NAME>>> 
 
  <<<Name 1>>> 
  <<<Name 2>>> 
  <<<Name 3>>> 
… 
  NONE OF THE ABOVE 
 
[Then, per colleague selected, the frequency of contact is asked. Only the selected colleagues are 
displayed.] (frequencies based on Granovetter, 1973) 
 
Please indicate the frequency of contact with the colleague(s) selected. 
 
 at least once a week at least once a month less than once a month 
<<<Name 1>>>    
<<<Name 2>>>    
… … … … 
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Know-how (adapted from Kostova & Roth, 2002; Cummings & Teng, 2003) 

Please think again of the projects you conducted in the last 6 months, characteristics for projects you 
contribute to in general. Now, in regard to these projects, think of the cases in which know-how from 
colleagues has been transferred to you. For these cases, what is you general degree of agreement 
with following statements? 
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I did put in a great deal of effort beyond that normally 
expected in order to help implementing this know-how         

I talked up this know-how to my friends as of great practical 
use for my work         

This know-how really inspired the very best in me regarding 
involvement at my work         

I was extremely glad that this know-how was transferred to 
me.         

I really cared about this know-how and how it is used         

Often I found it difficult to use this know-how (R)         

 
(R) = reversed scaling 
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Parent company (adapted from Kostova & Roth, 2002) 

Please think of the research/development center you are located at. Now, indicate your degree of 
agreement on following statements. Notice that, with ‘the parent company’ the [Global Lift] 
corporation is meant. 
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I think of my center as being part of the corporate family         

We, at this center, are [Global Lift]         

A problem solved for the parent company means a problem 
solved for us at this center         

I see our success as directly related to the success of the 
parent company         

A failure in the parent company’s performance is our failure 
too         

The way I would describe the parent company would describe 
us at this center too         
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Manager (adapted from Ahearne et al., 2010) 

The next questions deal with the way your manager supports you in your job. It may be that you are 
occasionally supported by another manager. However, concerning the following statements, please 
think of the manager you usually have the most contact with. 

Please indicate you degree of agreement on following statements. 
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My manager allows me to do my job my way         

My manager allows me to determine what needs to be done         

My manager allows me to make my own decisions         

 
Please indicate you degree of agreement on following statements. 
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My manager helps me understand the importance of my work 
to the overall effectiveness of the organization         

My manager helps me to understand how my job fits into “the 
bigger picture”         

My manager helps me understand how my objectives and 
goals relate to those of the entire organization         

 
Please indicate you degree of agreement on following statements. 
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My manager always shows confidence in my ability to do a 
good job         

My manager believes that I can handle demanding tasks         

My manager believes in my ability to improve even when I 
make mistakes         

 
Please indicate you degree of agreement on following statements. 
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My manager encourages me to express ideas/suggestions         

My manager listens to my ideas and suggestions         

My manager uses my suggestions to make decisions that 
affect me         
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Evaluation (adapted from Kratzer et al., 2008a; 2008b) 

Finally, we would like to know a bit more about these projects you conducted in the last 6 months. 
Remember, those being characteristic for projects you contribute to in general. 

For the following statements, think of the team you worked with in relation to the project 
characteristics, process and outcomes. 

Please be assured that no link with your name will be made. Entries will be anonymized. 

These are the last 4 statements. We already thank you for your participation. 

[For the following questions, a slider bar is used yielding an integer from 1-7.] 
 

How would you rate the newness and originality of the solutions your team found to problems? 

not new ---�--- very new 

Please use the slider bar to rate. 
 

How would you estimate the number of possible solutions your team developed to solve problems? 

not high ---�--- very high 

Please use the slider bar to rate. 
 

How would you estimate the number of possible solutions your team took into consideration to solve 
problems? 

not high ---�--- very high 

Please use the slider bar to rate. 
 

When your team completed sub-tasks, it was generally on time? 

strongly disagree ---�--- strongly agree 

Please use the slider bar to rate. 
 

Thank you very much for filling out. Your participation is highly appreciated. 
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Appendix II: Team performance 
In our survey, we included a set of questions on team performance (Appendix I, heading ‘Evaluation’). 
To not disrupt the flow and understandability of the main text, focusing on knowledge transfer, an 
evaluation of the relationship between centrality in the informal R&D network and team performance 
is placed in this Appendix. 

An influencing role of centrality on performance5 is tested. Since central employees are assumed to 
hold a network position in which they can reach related R&D knowledge more easily, it is anticipated 
that such employees will better exploit the knowledge available and, consequently, increase their 
performance. Therefore, we anticipate that employees being more central in the informal network 
report higher levels of performance. Since R&D processes are increasingly team-based (Kratzer et al., 
2008a), specifically, it is expected that central individuals value the performance of the team they 
worked in. We incorporated team performance as an additional dependent variable. Based on 
Kratzer et al. (2008a; 2008b), team performance can be broken down into team effectiveness and 
team efficiency. Team effectiveness in R&D settings is indicated to depend on the creativity of the 
solutions found by the team. R&D teams are considered effective to the extent that they arrive at a 
new and unique solution that achieves the requirements/specifications of the project they worked 
on. In contrast, team efficiency is linked to the timely completion of projects (Kratzer et al., 2008a). 

To measure team effectiveness, three items were adapted from Kratzer et al. (2008a): 

• How would you rate the newness and originality of the solutions your team found to 
problems? (1 – not new to 7 – very new) 

• How would you estimate the number of possible solutions your team developed to solve 
problems? (1 – not high to 7 – very high) 

• How would you estimate the number of possible solutions your team takes into 
consideration in order to solve problems? (1 – not high to 7 – very high) 

The average of these items is calculated per individual to come up with the measure for team 
effectiveness. Team efficiency was measured by a single item (adapted from Kratzer et al., 2008a): 

• When your team completed sub-tasks, it was generally on time? (1 – strongly agree to 7 – 
strongly disagree) 

The four statements were rated by the respondents using a slider bar yielding an integer 1-7. A 
deviation from the other answer methods was used to enhance variety in answering and, in addition, 
avoid difficulties with a standard Likert scale approach. That is, only the scale ends are provided in 
literature. For example, it has been found difficult to develop a meaning for a newness level of ‘3’ 
whilst remaining the original statements. By visualizing the scale, an attempt was made in providing 
meaningfulness to the intermediate values. The measure for team effectiveness is considered 
reliable: Cronbach’s alpha is .74. In order to test the relationship between centrality and team 
performance, four (simple) linear regression analyses are proposed. These analyeis are to be 
conducted using SPSS. An overview of the proposed analyses is provided in Table 11. 

                                                             
5 Note that a direct individual performance assessment is not pursued. This is also not the aim of social network 
methods in general (Müller-Prothmann, 2006). Yet, it is interesting to examine whether performance can be at 
least partly explained by the position an employee holds in the informal network. 
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Table 11: Overview of the linear regression analyses proposed in order to test a relationship between centrality and 
team performance 

Independent variable Dependent variable 
Closeness centrality Team effectiveness 
Closeness centrality Team efficiency 
Betweenness centrality Team effectiveness 
Betweenness centrality Team efficiency 
 

Considering the variable betweenness centrality, serious deviations from normality were found. 
Therefore, we consider regression analyses in which this variable is included as unreliable. Hence, we 
will not conduct the analyses in which betweenness centrality is incorporated. For the other 
variables, no serious deviations from normality were found. A scatterplot in which closeness 
centrality is put against team efficiency, showed a clearly scattered graph. Hence, a linear 
relationship is not to be expected and it does not make sense to further investigate a linear 
relationship between closeness centrality and team efficiency. No support is found for the existence 
of a (linear) relationship between centrality in the informal network and team efficiency. In addition, 
no support is found for the existence of a (linear) relationship between betweenness centrality and 
team effectiveness. 

Eventually, only the relationship between closeness centrality and team effectiveness is tested. The 
regression analysis testing a linear relationship between closeness centrality and team effectiveness 
yields a significant result (R2 = .03; β = .17; p < .05). This indicates that our regression model is a 
better predication of the dependent variable than simply taking the mean value of the dependent 
(Field, 2009). The relationship is found to be positive. Still, R2 is low, indicating that closeness 
centrality accounts only to a small part for the variation in team effectiveness. All major remaining 
assumptions are met. That is, the errors are independent (Durbin-Watson test yields a value of 
2.016), having constant variance. In addition, the error distribution showed no clear deviation from 
normality. 

The relationship between closeness centrality and team effectiveness is found to be positive, 
implying that actors high in closeness centrality significantly report higher levels of team 
effectiveness. Thus, in the informal R&D network, team effectiveness is partly explained by the 
position an employee holds in the network. A more central position, needing fewer intermediaries to 
reach other actors, seems favored in order to reach higher levels of creativity. Thus, evidence is 
found for the proposition that needing few intermediaries in the informal R&D network of a 
multinational corporation is positively associated with team effectiveness. This result further 
confirms the adequacy of our focus on network characteristics. 
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