
 

 A Case Study on Micro Social Network Structure of Building 

Industrialization: Based on Structural Hole Theory 

Guiwen LIU1, Hongjuan WU2*, Jian LU3*  

 
1Professor, Faculty of Construction Management and Real Estate, Chongqing University, 

Chongqing, China, 400045, Email: gwliu@cqu.edu.cn 
2*MSc, Faculty of Construction Management and Real Estate, Chongqing University, 

Chongqing, China, 400045, Email: whj1110working@163.com 
3*MSc, Faculty of Construction Management and Real Estate, Chongqing University, 

Chongqing, China, 400045, Email: lujian0506@163.com  

 

 

ABSTRACT  

The industrial chain of building industrialization (BI) has been forming in China during the 

latest three decades development, which gradually presents a trend of networking. However, 

the enterprises’ implementations of building industrialization are far from satisfactory. Both 

practitioners and managers hold the same confusions: Who is controlling effective information 

resources by occupying critical path in BI network? Who decides the flow direction of materials 

resources in the network? To solve these doubts, this paper makes an analysis of building 

industrialization micro social network based on the structural hole theory. A typical 

industrialized construction project in Shenzhen (China) was selected for the empirical study. 

Firstly, a questionnaire survey is conducted to collect authentic data and Ucinet is used to delve 

structural holes by four indicators named effective size, efficiency, constraint and hierarchy. 

Secondly, the roles and function of stakeholders would be re-explained by the theory of 

brokerage roles. The outcomes of social network analysis indicate that developer is the 

information hinge of this BI project due to its largest value of effective size as well as lowest 

constraint. From the perspective of resource control, contractor and component supplier also 

occupy critical structural holes and play important roles in building industrialization network. 

But to some extent, the network of BI in China is not optimized. Thus, enterprises should try to 

adopt some reasonable accretive measures according to the market condition and self-position. 
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1. INTRODUCTION  

The Central Economic Working Conference pointed out that miniaturization, 

intellectualization and professionalization will be the new features of industrial organization in 

the trend of “new normal” economic development (Cao, 2014). Construction industry is 

resource-intensive, crude and labor-intensive, which is imperative to be reformed. Building 

industrialization(BI) is exactly an effective way to solve those problems of construction 

industry. Industrialization in construction is not a new phenomenon(Research, 1966), and the 

emerging industrialization follows an international trend. It is further recognized as a key 

vehicle for driving the improvement of productivity and efficiency within construction 

industries, accompanying with transporting work from construction site to factory (Gibb, 1999). 

In the past twenty years, the evolution of industrial organization has experienced 

profound changes, while the increasing investment of capital and knowledge made its 

organization structure appears networked and vertical integrated trend. However, the 

development of BI market lags far behind this rapid growth networked trend. BI has not yet to 

be extensively used in mainland China compared with developed countries(Goodier & Gibb, 

2005). Nowadays, industrialized techniques are applied in only a few enterprises in China, like 

Vanke and Broad Group. The fundamental reason of this phenomenon is that enterprises 

haven’t recognized the detailed characters of BI network structure, they are not clear about 

precise self-position and hardly to seize the opportunity for development. There are many 

factors hinder the generalization of BI, for example, lack of confidence and global 

understanding are considered as critical reasons (Mao, Shen, Pan, & Ye, 2013; Ou, 2006). Thus, 

it would be the top priority to plan and build Chinese BI network reasonably, which could help 

industrialized participants find respective structure positions accurately and help managers 

optimize the allocation of resources and dispatch management to promote the update and 

transition of construction industry. 

The development of social network analysis(SNA) is the outcome of structure and 

systematization in contemporary science. Pryke and Pearson (2006) tried to apply SNA to the 

project management of construction industry alliance. In addition, the classical theory of SNA, 

namely, structural hole, was widely used in many subjects to analyze structures of different 

networks, such as human intelligence network, innovative network, social capital network and 

virtual learning network, etc(Hu, 2005; W. Jiang, 2008; liang, Ge, & Chen, 2010; Sheng & Fan, 

2009; Xie & Feng, 2010). However, there is still a gap of whole network analysis of BI project 

from the perspective of SNA. 

Based on the previous research, this article uses a case study combined with structural hole 

theory and brokerage theory to analyze the characters of BI microstructure: 

(1) Four indexes, namely, effective size, efficiency, constraint and hierarchy, will be used to 

quantify structural holes; 

(2)The roles and function of stakeholders will be re-explained by assorting thought of the 

theory of brokerage; 

(3) General analysis of the network structure of BI project.  

Building industrialization, a new mode of construction, has general characters of traditional 

industrial organization, as well as the unique structure due to its special 

manufacturing technique and process. Therefore, conducting a research and discussion of BI 
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project’s microstructure and having a clear grasp of stakeholders’ structural position and 

developing potential is quite necessary. Theoretically, it would promote the marketization of BI 

and could effectively guide enterprises’ implementation of BI project management. 

2. METHODS 

SNA is used to describe and measure the relationships among different subjects or those 

tangible/intangible relationships, like information and resource(Burt, Minor, & Alba, 1983). 

The key point of SNA is to form a network structure to represent all various and complicated 

relationships, then illustrate the significance of individual action and social structure. Nowadays, 

SNA is widely applied in the area of sociology, medicine, pedagogy even construction 

industry(Chinowsky, Diekmann, & Galotti, 2008), while limited research use it to analyze 

whole network of industrialization projects. In this study, the major tool of SNA is Ucinet, 

which has the function of measuring index and visualizing social network’s structure(Liu, 2012).  

2.1 DESCRIPTION 

Hill City Project is, located in Shenzhen (China), sponsored by Vanke, which can be considered 

as a typical BI project in Shenzhen. Industrialized technologies adopted in this project are: 

precast concrete, aluminum shuttering, climbing scaffold, light-weight partition board and 

light-gage steel joist. Prefabricated rate of it is approximately 20% (according to the volume 

calculation of building). 

Field data are collected in three steps: Firstly, the list of related participants is 

preliminarily identified based on the literature review; Secondly, items in the preliminary list 
will be refined and revised, then contact information of representative of each participant will 
be obtained by the interview of 8 developer engineers of this project; Finally, data of interactive 

evaluation will be collected from other participants by questionnaire survey. From November 
28, 2014 to December 20, 2014, the research team has made an onsite questionnaire survey 

towards targets who are representative of participants. The response rate of it is 92%. 
Participants contact each other by three kinds of medium: information, capital and material. For 
each medium, the strength of connection can be measured by two-value(1-contact; 0-un- 

contact). The evaluation between participants is two-way and asymmetrical evaluation. 

2.2 STRUCTURAL HOLES MEASUREMENT 

The concept of structural hole theory is fairly important in economic sociology and 

organizational sociology. Structural hole, a kind of non-redundancy relationship, which 

represents weak links among each groups in social network. The individuals or organizations 

who occupy the structural holes could obtain more resources and own greater competitive 

advantages.  

In general, there are two types of calculation indexes of structural holes: structure holes index 

proposed by Burt(Burt, 2009), and the betweenness of centrality index. The former is discussed 

in this study, including four indicators: effective size, efficiency, constraint and hierarchy. 

Through interview and questionnaire survey, 31 participants are identified in this project. 

preliminarily data were processed to 1-mode matrix after bidirectional asymmetrical evaluation,  
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as showed in Fig 1. 

 

Fig. 1 The 1-mode binary matrix 

Then structure hole indexes are measured following the routine "Network - Ego networks - 

Structural Holes" in Ucinet6.0. 

 

Fig. 2  The result of structural holes indexes 

As showed in Fig. 2, developer has the maximum effective size, which indicates that 

developer is in the core position of the whole network, and has the lowest restriction. Insurance 

company has the highest efficiency followed by developer. In addition, efficiencies of 

architectural designer, contractor, building subassembly supplier and logistic company are also 

stand at relatively high level. These members have larger impacts than other stakeholders in 

this network. Furthermore, developer has minimum constraint, and values of architecture 

designer, contractor, building subassembly supplier and logistic company are relatively small 

as well. It is indicated that these members occupy most structural holes to become the potential 

opinion leaders in this network. On the contrary, land and resource administration bureau has 
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the maximum constraint, meaning that land and resource administration bureau is in the edge 

position. Electromechanical equipment supplier has the maximum hierarchy followed by 

financial institution and QC department. And these subjects with high hierarchy are in the edge 

zone. Since most participants in this project have insurance business with insurance company, 

it has the maximum efficiency although it is a participant from other industry. 

Above all, developer is in the core position in the whole network of building industrialization. 

It has the highest degree of freedom and influences the flow direction of information and 

resources. With large effective size and low constraint, contractor, architecture designer and 

building subassembly supplier have low redundancy when they connect with other participants.  

2.3 BROKER 

Broker was defined as the actor who obtains information and resources from one actor and 

deliver those to another(Burt, 2009; Gould & Fernandez, 1989). Gould and Fernandez (1989) 

held the view that broker can be divided into five types according to the social role it plays: 

Coordinator, Consultant, Gatekeeper, Representative and Liaison. Classification of 

aforementioned five brokers depend on which block are actors belong to. In this study, Block 

Models would be adopted to divide blocks.  

(1) Block Model analysis 

Block model is a research method of network location model that can be used to make 

descriptive algebra analysis of social roles. It rearranges the nodes in the raw matrix by cluster 

analysis, and then, we can get an equivalent matrix structurally(Liu, 2009). Participants in the 

BI project are divided into eight groups according to convergent correlation, as shown in Fig. 

3: 

 

Fig. 3 Tree-diagram of subgroup distribution of participants in BI project  

Block model analysis results reveals that the density of the whole network of BI project is 

0.3796. Numbers bigger than 0.3796 are replaced by 1 in density matrix of subgroup, otherwise,  

they changed to be 0. And then an image matrix of relevant participants’ network was obtained. 
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(2) Brokerage roles analysis 

Brokerage roles analysis of participants in BI project can be conducted by importing the 

image matrix into Ucinet according to the subgroup distribution, and its first line data named 

"ROW1" is partition vector.  

 
Fig. 4 Brokerage roles index of participants in BI project 

The results of brokerage roles analysis in Fig. 4 clearly show that building subassembly 

supplier plays the role of coordinator frequently. So it plays an important role in the subgroup 

and has advantages of information-obtaining, especially among material suppliers. From the 

results of numerical analysis, it is obvious that developer plays an important role as the 

gatekeeper while it imposes direct effect on communication by making a choice or controlling 

external information. As a representative, building subassembly supplier controls the threshold 

of external coordination, since it determines each material supplier in the subgroup such as steel 

supplier, wood supplier, cement supplier, concrete supplier, etc. Besides, supervisor and 

insurance company act as consultant in the network. They both have little effect on 

communicating in their own subgroups but play main role among subgroups. As a liaison, 

developer possesses the ability to manipulate the circulation of information. Hill City is a 

turnkey project, so contractor has contractual relationships with most onsite stakeholders, and 

plays a critical role amongst them(Li, 2014). That’s the reason why calculation result reveals 

that contractor also act as a liaison only behind developer.  

3. DISCUSSION  

Combining the results of structural hole and brokerage role, it is noted that there are some innate 

rules of this BI project’s network structure: 
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(1) From the perspective of information communication, there’s no doubt that developer is the 

information hinge of BI project owing to its maximum effective size as well as lowest 

constraint. Nevertheless, developer doesn’t have the highest efficiency, which shows that 

there are some redundant links exist between developers and other subjects. The roles of 

Liaison and Gatekeeper determine that developer is like the information window of 

subgroup, so it has the responsibility for external communication and coordination. Besides, 

it is also the Coordinator of the internal information flow. Governmental departments and 

financing institution are located at relative edge position in this network. 

(2) From the perspective of resource control, although the developer lies in the center of this 

project, the characters of this turnkey project determined that the contractor and component 

supplier decides the source and whereabouts of materials to a large extent. Considering the 

social circumstance, architectural designer is actually the mainly occupant of structural 

holes, while it decided the usage of relevant resource from source. In addition, the control 

action of indirect controller (logistics company) cannot be ignored in BI project.  

4. CONCLUSION  

With the increasingly serious environment issues, industrialization has become an inevitable 

trend of Chinese construction industry, and it is particularly important to organize the 

implementation of BI project efficiently. This article analyzes structural hole and brokerage 

roles based on SNA, which reflectes some laws and issues of BI implementation in China from 

the microstructure level. It is Ucinet that calculated the structural hole indexes to quantize the 

restricted degree of each stakeholder during the information exchange in this network and the 

impact one exerts on others(X. Jiang, 2012). Finally, by the attributive classification of 

brokerage roles, authoritative subjects and isolates were identified. 

In a sense, this study would help subsequent researchers to find out bottleneck of 

information-sharing in BI network, then some improvement measures would be adopted to 

enhance the efficiency of BI projects’ implementation. The revelations we could get from this 

study is that the organization of BI in China is still in the transition peroid from conventional 

mode to industrialized mode, and there is still not the best match of roles and foundation in the 

inner of network organization. The aim of BI project management is forming a structurally 

stable community with rich structure holes. To achieve this, all stakeholders from different 

social groups should play the roles of their own. This study was conducted based on the case 

study, but BI projects in different countries and under different social background may 

have different characteristics.  
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