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Social network analysis (SNA) has been widely used to explore the existence and strength of connections among
various actors within an organization. Recently, understanding and interpreting social aspects in project organ-
ization have gained great interest in project management research. Consequently, there is a need to analyse
complex project organization (CPO) by using SNAwith increasing numbers of large-scale and complex projects.
The goal of this research is to better appreciate the social network relations in a CPO environment and to
improve the organizational efficiency and team performance through new organizational control mechanisms
(OCMs). This study first discusses a multi-level social network framework with a focus on the CPO where
major analytical components of the framework are presented including modelling elements and structures
and preferred parameters. Next, social network-oriented OCM and strategies are illustrated and compared
with regular organizational controls. To examine the mentioned SNA framework and strategy, this study
employs a construction case of EXPO 2010 Shanghai China and analyses the information transmission, role
and positional analysis, clique analysis, management power and leadership of the network. The result of the
case study provides insightful suggestions for controlling the complex organization, including enhancement of
organizational learning ability, standardized working protocols and regulations, and reinforces the management
of key information intermediaries, professional requirement for centrality position units and the power shift in
some ‘special units’. The case also reveals that the informal relations have more significant impacts on the organ-
izational power, leadership and control, especially for complex projects.

Keywords: China 2010 Shanghai EXPO, complex projects, organizational control, social network analysis
(SNA).

Background

With globalization, technological innovation and
society evolution, project planning and implementation
for human use are becoming larger and complex.
Previous studies show that complex projects usually
failed due to poor project control (Flyvbjerg et al.,
2003; KPMG, 2005; PIPC, 2005; Karlsson and
Lukka, 2010) as well as due to human factors
(Koerner and Klein, 2008). The complexity from
organizational openness, socialization and adaptability
brings a new challenge for the project management

discipline (Pryke, 2004; Winter et al., 2006; Cooke-
Davies et al., 2008; Van Donk and Molloy, 2008).
Effective organizational control is regarded as a key

project management practice for project success, and
the lack of it is one of the main causes of failures in
complex project management (Whittaker, 1999). Tra-
ditionally, project management focus extensively on
the use of tools to preplan tasks and develop schedules
that are as detailed as possible. However, a project is
composed of human, technological and natural actors,
each of which is usually not readily controllable by
one another. They may be brought under control but
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may still break loose (Blackburn, 2002). Due to various
social characteristics associated with the complex
project and its embedded activities, all organizational
elements show highly complex and multiple relations,
formal and informal. Therefore, the organizational
relations of a complex project, normally illustrated as
a ‘small world network’, tend to largely overrun the
capability of traditional organizational methodologies
and should be solved more properly with the social
network-based methodologies (Blackburn, 2002;
Chinowsky et al., 2008; Ellmann, 2008).
With the goal of increasing organizational control,

this study aims to discuss the following three main ques-
tions: (1) How does a social network interpret the
complex project organization (CPO) when compared
with the traditional organizational approach, such as
aspects of organizational institutions, power and
relations? (2) How does a social network quantify,
measure and analyse key organizational performance
factors including network centrality, power, position,
clique and cohesion? (3) How does a social network
enhance organizational efficiency and project team per-
formance by developing and improving the organiz-
ational control mechanisms (OCMs) in accordance
with the social network attributes.
To address these problems, this paper first reviews

and identifies social network elements, quantified struc-
tures and suitable parameters constructing the complex
project social network. Then, a framework of OCM for
the CPO is established and various strategies are dis-
cussed. The EXPO 2010 Shanghai China construction
project is further examined as a case study, which covers
the establishment of the social network model, data col-
lection, result analysis, as well as the differences
between traditional organization and social network
perspective, and organizational influence from both
formal and informal relations. Moreover, the key
factors of the organizational control are also identified.
This paper concludes with the improved control prin-
ciples, methodologies and mechanisms on complex
project performance.

Literature review

CPO and social networks

Rising from socio-metrics and graph theory, social
network analysis (SNA) provides an important
method for complex social network and has been
widely used in disease transmission, interpersonal
relationship, Internet communication and organiz-
ational knowledge-sharing areas. Krackhardt and
Hason (1993) suggested that social networks provide a
better insight into organizational behaviour than a

formal structure does. Pryke (2005) argued that SNA
has been proposed as an alternative methodology to
make project management and government more effec-
tive and proposed network density and actor centrality
as the appropriate SNA measures to compare the gov-
ernance of construction projects. Stephan (2005) used
a network-centred management perspective rather
than a project-centred one to better manage project net-
works as dynamic organizational forms. Chinowsky
et al. (2008) developed a social network model for con-
struction that consists of two basic components:
dynamics (experience, reliance, trust and values) and
mechanics (communication, information exchange
and knowledge exchange). A large variety of research
have studied the objectives of complex projects and
organizations in the context of social networks such as
invisible structures, communication, coordination,
coalitions and information dependency to identify
their influences on the organizational performance
(Pekericli et al., 2003; Pryke, 2005; Ellmann, 2008;
Hossain, 2009; Hossain and Wu, 2009).

Organizational Power And Centrality

Organizational power has a variety of definitions in
different research fields (Lukes, 1981; Toffler and
Butz, 1990). From the perspective of sociology organiz-
ation, man’s power only exists when he has a relation-
ship with others. Power can be divided into formal
authority and informal authority. Power does not exist
without the context of an organization; therefore,
power is a description of a relationship and not of an
attribute of a person (Bushe, 1998). Past studies tried
to understand its impact on the organization’s health,
efficiency and its relation to the productivity and per-
formance (Singh and Eng, 2009). For a project
manager, power distance is vital for proposing strategies
to manage projects effectively (Tan and Chong, 2003).
In a complex organization, power may rise from mul-

tiple sources, including personal aspect (such as experi-
ence, seniority and education), formal structure (such
as hierarchical and legitimacy), network centrality, pos-
session of information (Pettigrew, 1973), high level of
access to various resources (Burt, 1982) and socio-pol-
itical connections (Hersey et al., 1988; Ibarra, 1993).
The key difference between formally and informally
derived power is that the latter comes from actors’ pos-
itions in the actual patterns of interaction that define a
social network rather than from their positions in the
formally defined vertical and horizontal divisions of
labour (Monge and Eisenberg, 1987). Therefore, a
person’s (or organization’s) power can be determined
by measuring its relationship location in the context of
a project organizational network. If people (or organiz-
ation) exist as a relationship centre in one organization
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(e.g. information centre or social communication
centre), they have the superior power. On the other
hand, away from the relationship centre, actors lose
power. Chinowsky et al. (2010) stated that power
reflects the influence of an individual in the network.
The measures of centrality and prominence were
designed to identify key individuals in the social
network, the potential importance, influence, and pro-
minence (Zemljic and Hlebec, 2005) and network cen-
trality (Wasserman and Faust, 1995).

Group, clique and cohesion

Group, clique and cohesion are key analytical factors of
SNA. Group is concerned with how physical proximity,
similarity of beliefs and attitudes, amount of interaction
and affective ties are interrelated (Borgatti and Foster,
2003). Clique, also called sub-group, is defined as a
small group of people who maintain a tight relationship
with each other and gradually form a new sub-group.
There are three analytical methods including n-clique,
n-clan and n-club based on the reachable and distant cal-
culable principles. As a whole structural indicator for
network, clique is used in organization benefit, emotion
network, organizational behaviour and conflict manage-
ment (Luo, 2005). The impacts on cohesion from
clique might be either active or passive (Sullivan and
Feltz, 2001). Cohesion is defined as ‘a dynamic process
that is reflected in the tendency for a group to stick
together and remain united in the pursuit of its instru-
mental objectives and/or for the satisfaction of member
affective needs’ (Carron and Hausenblas, 1998). In the
perspective of project organization, cohesion is regarded
as close relations with organization communication,
coordination, project culture and circumstances,
especially in international and cross-culture projects
(Schneider, 1995; Mäkilouko, 2004). It has also been
regarded as a key variable in models of effective work
teams (Carless and De Paola, 2000) and for project
success (Gray, 2001; Diallo and Thuillier, 2005).

Organizational control

The central notion of organizational control assures that
behaviours are oriented towards organizational objec-
tives (Etzioni, 1975; Flamholtz et al., 1985). In order
to motivate people to behave in ways consistent with
organizational goals, control systems must perform the
following four related tasks: (1) motivating people to
make decisions and take actions; (2) integrating the
efforts of several different parts of an organization; (3)
providing information about the results of operations
and the performance of the actors and (4) facilitating
the implementation of strategic plans. Flamholtz
(1996) designed a framework of an organizational

control system (mechanism) that consists of three
parts: a ‘core control system’, organizational structure
and organizational culture.
Nieminen and Lehtonen (2008) concluded that

organizational control includes formal and informal
control in the form of bureaucratic control, clan
control and self-control. Formal control is officially
documented and initiated on the level of management,
whereas informal control is unwritten and often initiated
by employees themselves, though the management
actors also use informal forms of control (Jaworski,
1988). Karlsson and Lukka (2010) regarded informal
control mechanisms including personal relationship
and culture. Simons (1994) found that new managers
use formal control systems as a means of implementing
strategy. However, informal forms, such as syntonic/har-
monious culture, are usually ignored.
In SNA, betweenness is essential for the perceived

leadership of project managers because of its potential
control of communication (Hossain, 2009). Blackburn
(2002) discussed the project manager’s location at the
centre of the project and the function to keep constantly
reinforcing the project organization together.

The social network model for CPO

Basic elements

From the perspective of sociological understanding of
organization, the CPO covers extensive connotation
and denotation that include people, processes, rules,
strategies and basic units. The scope of CPO is even
fuzzy and difficult to be defined due to its extensive
interaction with its surrounding environment. In this
study, the social network model of CPO considers the
following criteria:

. Scope elements, including project systems and
environmental systems, such as external
stakeholders.

. Project objectives, including project breakdown
structure and work breakdown structure.

. Organizational structures, including formal organ-
izations, such as administrative departments, insti-
tutes, officers and informal organizations, such as
temporary professional teams, joint conference
teams and common interest teams.

. Contract elements, including contract structures
and contract relations.

. Separation of duties, including managerial function
assignment, working task assignment and working
scope relations.

. Information relations, including communication,
coordination and knowledge sharing.

SNA and organizational control in complex projects 3
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. Dynamics elements, including culture, experience,
trust, emotion, brief and value.

. Regime elements, including policy, regulation,
instruction and process.

On the basis of SNA theory, the eight criteria men-
tioned above can be classified into three basic analytical
elements in the SNAmodel as follows (Li andLu, 2009):

. Nodes or actors. It could be one person (usually a
high-level administrative person or an influential
person) or one organization, such as a team, a
department, a corporation or a sub-project
organization.

. Formal and informal ties. The formal ties include
contract relations, outsourcing relations, sales alli-
ance, business groups and strategic alliances. The
informal ties indicate information relations, con-
sulting relations, interesting groups, and trust
relations. To describe the strength of the relations,
both directed ties (such as administrative orders)
and degreed ties (such as the intensity of strategic
alliance) were discussed in the literature. This
research primarily uses the directed and equally
degree-tied network (the degree might be equal to
1 or 0). The ties together with nodes are basic
elements of the social network model. Once the
property of nodes changes, the property of ties
may change accordingly.

. Environment, including internal and external cir-
cumstances, such as procurement methods, pol-
icies, regulations, process, cultures and
incentives. Environment may affect the numbers
and properties of both nodes and ties.

The whole social network model structure and
parameters

The types of organization networks contain the whole
network model and personal network model in light of
their various research objectives, aims and perspectives.
The whole network model focuses on the study of
organizational structure, and the personal network
model concerns the study of personal value or ego
(Liu, 2009). Nevertheless, the concepts of whole
network model and personal network model are relative
to each other. Generally, the whole network model is
widely accepted, but the sub-organization as a personal
network model is also regarded as an important ‘indi-
vidual network’ that is worthy to be studied. Figure 1
depicts the whole social network structure of CPO.
The organization boundary is fuzzy and unconstant

and can be embedded or erased from the model accord-
ing to different research objectives. As shown in Figure

1, the subsystem may cover different participants
including owners, designers, contractors, suppliers, sta-
keholders and authorities. On the other hand, the model
can also be established in accordance with specific
research needs, such as the administrative order relation
network model, information communication network
model and decision-making relation network model.
The network model regards all stakeholders either as a
whole network model or different personal network
models for the purpose of improving organizational per-
formance and achieving a successful project outcome.
In order to vividly illustrate the CPO and design an

effective organizational control in quantitative model-
ling, various measures and related parameters are dis-
cussed. Based on the organizational control and
characteristics of SNA, there are two major variables
to describe the social network: the controlled objects
and their properties, which can be measured by four
indicators: network density, clique, centrality and
similar structure (Hanneman and Riddle, 2005). Used
notations and variable description are given in Table 1.

OCM design

The aim of organizational control is to guide the organ-
izational behaviours aligning with organizational goals
and strategies (Flamholtz et al., 1985; Flamholtz,
1996; Nieminen and Lehtonen, 2008; Seeck and
Kantola, 2009). Ouchi (1979) suggested three types of
OCMs including market control, bureaucracy control
and clan control models. Therefore, with regard to
CPO, this study has considered that a successful
project control extensively depends on effective organiz-
ational controls, especially on identifying, analysing,
managing and controlling the key organizational units
and key connections.
After establishing and analysing the social network

model, the key performance of organizational control
becomes clearer and more solvable. In detail, defi-
nitions of power and actors make the key priorities of
OCM highlighted and simplified. Analysis of clique
can make the whole organization under a more control-
lable status. Study of similar structure actors can make
the job position and work process clearer and more
responsible. The function and value of social network
in OCM are given in Table 2.

Case study: 2010 Shanghai EXPO
construction management organizations

In order to examine the social network model and to
investigate the organizational controls in a complex
environment, this study has employed a construction

4 Lu et al.
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case in China. The current fundamental reality in China
is that most large and complex construction projects are
invested and led by the Chinese government. These
projects adopt ‘headquarter’ (otherwise called
‘Zhihuibu’ in Chinese) as a major organizational
model that has an intensive administrative background.
This organizational model is proven to considerably
improve the entire project organizational efficiency
and drive the project forward to meet the scheduled
cost and time. However, problems exist in this

traditional organizational model, such as focusing on
short-term results and being costly to manage. In
addition, such governmental construction projects
have high uncertainty resulting from diverse political
struggles where the project is left without necessary pol-
itical support and legitimacy (Arnaboldi et al., 2004).
Therefore, it is worthy to reconsider the organizational
controls in complex realities of construction projects
in China, since they largely impact the typical organiz-
ational model and even the project success.

Figure 1 The whole social network structure of CPO

Table 1 Notations and parameters used in SNA

Variable Notation Description

Network
density

Δ It measures the degree of ties among one group.

Clique n-cliques It regulates that the distance between any two persons in this clique is shorter or equal to
n, d i, j

( ) ≤ n
[ ]

.
E-I index It gauges the degree of the clique in a whole organization. The high E-I index stands for a

serious clique problem in the overall organization and may negatively impact the
organizational control.

Centrality CD(i) and CD The large value of CD(i) indicates the more power owned by the node i. The large value of
CD indicates the high concentration of power in an organization that is easier to control.

CB(i) and CB The node with a lower CB(i) indicates an important intermediary in the network, and this
node has great influence over what flows in the whole network. The higher the CB is, the
more significant the intermediary becomes as the organization divides into several small
sub-organizations and might negatively impact the organizational control due to possible
manipulation of information and resources.

CC(i) and CC CC i( ) = ∑n
j=1

dij

[ ]−1

, here dij is defined as the distance between the node i and node j. It also

represents how much node i is controlled or impacted by node j. CC is highly similar to
CD, and it needs a strict requirement for the network, and therefore, CC is seldom used in
the research.

Similar
structure

Euclidean distance
(dij)

The roles and positions are much similar if dij approaches zero.

SNA and organizational control in complex projects 5
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Case background

EXPO 2010 Shanghai China (EXPO 2010) is the
largest construction site in EXPO history, which
covers 6.68 km2 planned areas and over 2 million
square metres of building areas. There are 100 different
construction projects, 300 official construction compa-
nies, 20,000 construction workers and over 20 billion
RMB investments. EXPO 2010 construction organiz-
ation is, therefore, highly complex since it involves
single-project organizations, multiple-project organiz-
ations, governmental representative organizations and
cross-functional organizations. According to ‘EXPO
2010 construction project management outline’, the
simplified EXPO 2010 construction organizational
structure is depicted in Figure 2.
EXPO 2010 sets up a temporary Construction Head-

quarters Office (CHO) to represent the government.
The CHO is composed by construction managers and
engineers, who may come from government depart-
ments or on secondment from construction companies
and professional consulting companies. CHO uses
strong matrix organizational structure, consisting of 12
functional departments and 12 project departments
(Figure 2). The functional departments are responsible
for the overall regulation, coordination and control,
such as safety management department and equipment

and materials department. The project departments are
in charge of the engineering implementation and on-site
coordination and they apply flexible organizational
models due to different project sizes. Figure 2 shows
different project departments, such as the China pavi-
lion project department and art performance centre
project department.

Data collection

The more than hundreds of units and organizations
involved in the EXPO 2010 construction make the
organizational relations complicated. Moreover, due
to the fact that most relations exist as informal links, it
is impossible and unrealistic to fully simulate and map
the organization by using the entire organizational
units and relations. This case study has selected
research multiple objectives to study the SNA model
applications in organizational controls, including 49
organizational units, 5 major sub-projects in eastern
construction areas and 8 CHO departments.
By considering the information accessibility, effec-

tiveness and sufficiency, this case has examined the fol-
lowing types of organizational relations: consortium
relations, strategy alliance relations, the project (sub-
project) team relations, contractor and subcontractor

Table 2 SNA and organizational control

No.
Key issues in organizational

control SNA considerations Rethink the organizational control

1 Organizational cohesion Network density Evaluation and improvement of organization cohesion
oriented by network density

2 Organizational sub-groups Clique analysis Utilization or improvement of cliques
3 Organizational key persons Personal centrality Focusing on and monitoring of key persons
4 Organizational authority

distribution
Centrality, centralization and
power

Reasonable authority assignment and separation

5 Organizational information
communication

Network density, information
path

Information control

6 Information aggregation and
integration

Network structure holes,
bridges, ‘stars’, etc.

Information control

7 Properties of decision-makers Power, order paths Sufficiency, efficiency and timeliness of decision-
making

8 Order paths Distance, reachable Scope and timeliness of the order
9 Member/team abilities Compatibility of the nodes

(actors)
Compatibility between the task and the ability

10 Position and process
standardization

Role and positional analysis Position design and regime design

11 Impacts of informal relations Sensitive analysis of changing
relations

Attention on informal relation impacts

12 Impacts of external
environment

Sensitive analysis of loading
relations

Attention on external relation impacts

6 Lu et al.
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relations, working staff relations, official organization
orders, administrative regulations and other informal
relations. In order to avoid the risk of information dis-
tortion, the case information has been directly gathered
from project regime and documents, administrative
regulation, staff information, contract relationship,
regular and joint-meeting information, and special
topic workshop relations. Primary data collection
approaches and information resources are as follows:

. The organizational relations of the CHO and
related departments come from ‘EXPO 2010 con-
struction project management outline (2008/2009
editions)’.

. Relations and connections of key management of
CHO come from administrative secondment
letters.

. Contractual relations come from ‘EXPO construc-
tion Project Management Information System plat-
form’ and ‘EXPO construction archives: contract
management series’.

. Organizational coordination and information
communication relations come from ‘EXPO

construction archives: coordination management
series, integrated management series’, regular
meeting minutes and memoranda.

. All other professional and functional information
sources, such as material and equipment manage-
ment, safety management, quality assurance and
quality control, come from ‘EXPO 2010 construc-
tion project management outline (2008/2009 edi-
tions)’, 43 administrative regulations and 42
working procedures.

SNA model establishment

The SNA model adopts directed and equally degree-
tied network, assuming that the relation of two organiz-
ations is set to ‘1’ if any existing relations refer to the fol-
lowing four types: organization, order, information and
coordination. Otherwise, the relation is equal to ‘0’. In
the network, each node refers to one organization or
sub-organization. The models can be established from
two aspects: order-oriented network model and inte-
grated social network model. After inputing all the

Figure 2 2010 EXPO construction organizational structure

SNA and organizational control in complex projects 7
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information of the nodes and ties into the UCINET,
which is a comprehensive SNA package, two types of
models are obtained, which are presented in Figure 3.
Figure 3(a) and (b) shows significantly different

network characteristics. In Figure 3(a), the overall
network out-degree centralization and in-degree centra-
lization are 64.757% and 22.222%, respectively, which
have wide differences. The reason is that EXPO 2010
construction adopts a flat organizational structure
model, and units may receive multiple orders from
cross-departments. Strictly speaking, order-oriented
relation model (as shown in Figure 3(a)) is not a
formal social network graph since orders are transmitted
in one direction. However, Figure 3(b) considers all
related factors comprehensively and, therefore, has
more typical social network characteristics and more
values to analyse.

Result and discussion

Based on the above algorithm, we have inputted all the
data and calculated the integrated social network model
by using UCINET software. The result of the whole

network model is given in Table 3 and insightful con-
clusions are drawn from the analysis.
The whole organization has low network density and

centralization, meaning that the relations crossing sub-
projects are loose and relatively simple. This situation
can benefit the organizational control but may jeopar-
dize the cross-organization learning ability and infor-
mation communication. Most characteristics of this
network are similar to those of the strong matrix
organization.
The organization is a highly efficient information

transfer network, since the average transitive tie is
lower than 2, and the maximum tie is equal to 3. For
1Q02, the maximum tie to any node in the organization
is 2, which means that 1Q02 has strongly transitive ties
and short order paths.
This study has also conducted the role and positional

analysis by using Euclidean distance, and the result is
shown in Figure 4. There are considerable discrepan-
cies for roles and positions in different organizations,
but not in the same organization. One reason may
arise from the project’s temporal and complex charac-
teristics. These considerable varieties also call for
the requirement and necessity to incorporate

Figure 3 Two types of organization social networks of
Shanghai EXPO construction. (a) The order-oriented
network model. (b) The integrated social network model

Table 3 SNA results of EXPO 2010 construction organization

Whole network
model

Organizational units

Indicators Nodes

Δ = 0.3106
Average distance
= 1.889

n-Cliques
14 cliques, if n = 5;
6 cliques, if n = 7;
3 cliques, if n = 8.
E-I index −0.680
CD = 23.23% CD(i) Top 5: 2C01, 2A03, 2C05,

1Q02, 3A01
CB = 23.59% CB(i) Top 5: 2A03, 2C01, 2C05,

2A02, 1Q02
CC = 30.46% CC(i) Top 5: 2C01, 2A03, 2C05,

1Q02, 2A02

Note: (1) The abbreviations use a universal numbering rule in the
entire study. The first number in the abbreviation means sub-
projects, that is, 1 is projects of CHO and 2 is pavilions and
temporary facilities in Pudong area. The second letter in the
abbreviation means sub-organizations in one project, that is, Q is
CHO and C is contractors. The third and fourth numbers are
running numbers to indicate a specific unit or person in a sub-
organization, that is, 1Q01 is the director in CHO and 1Q04 is a
manager of technics in CHO. (2) The full notations of these
abbreviations are given in Appendix 1.

8 Lu et al.
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standardization, procedures and institutionalization
into project management practices to improve work
efficiency.
The value of E-I index (−0.680) is low in this organ-

ization, which means that every clique has a clear
boundary, and the members of each clique maintain a
tight relationship with each other. For example, when
the number of sub-groups is 7, there are 6 cliques (see
Table 4) and following observations can be made:

. Clique 1 (pavilions and temporary facilities in
Pudong area), clique 5 (CHO) and clique 6
(roads and municipal projects in Pudong area)
have similar properties and belong to the same
sub-project, suggesting that strong relationships
exist inside this sub-project.

. Most nodes of clique 3 come from clique 1 and
1Q02, and most nodes of clique 4 come from
clique 6 and 2C01. Results indicate that these
nodes that moved from an old clique to a new
clique would still maintain a close relationship
with the previous one, which potentially increased
the relationship of the two cliques. These inter-
mediate nodes are identified as key participants,
such as project management firms, design firms
and construction general contractors. Similarly,
1Q02 (deputy direct of CHO) is deeply involved
with clique 3, and 2C01 (a large state-owned

general contractor) intensively participated in the
activities of clique 4.

. Clique 2 includes all nodes that participated in this
sub-project as well as the largest design firm
(2D01) and largest general contractor (2C01) in
the EXPO project, since clique 2 (China pavilion)
has built the most symbolic landmark in the
whole EXPO site. The relations in this clique main-
tained very tight connections. In addition, Chinese
state-owned companies (i.e. 2D01 and 2C01) par-
ticipated and led to the symbolic project on a large
scale.

. The units having multiple relations for two or three
cliques, such as the nodes that have been under-
lined in Table 4, may act as important intermedi-
aries in the cross-network. For instance, 2C01
and 2A03 are general contractors and project man-
agement firms, respectively, playing a great role in
communicating with other involved units, even
more frequently than CHO does. The extensive
communication and coordination functions also
warn that more management and control tech-
niques should be implemented to monitor and
prevent these key units from abusing power. In
each single clique, key contracts within the clique
may act as intermediaries as well. To improve the
efficiency of management and information com-
munication, reinforced governance and effective

Figure 4 Histogram of role and positional analysis
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control should be attained to these underlined
nodes.

There are four nodes that appear most frequently
and have relatively high centrality: 2C01, 1Q02,
2C05 and 2A02. They are on behalf of the largest
contractors, CHO (government), key contractors,
and key consulting firms, respectively. This result
exactly matches the following issues, such as character-
istics of EXPO 2010 CHO and general construction
organizational model (i.e. ‘Trinitarian’ construction
system of ‘CHO, general contractor and project man-
agement’), characteristics of large and complex con-
struction projects and the principle of ‘making use of
consortiums advantage’. The result also implies that
each organization or person that is located in the cen-
trality position is required to have a competitive ability
to manage such CPO.
Attention should also be paid to ‘special nodes’ that

have higher centrality and power in the network analysis
but have lower authority in the conventional org-
anizational structure analysis. For example, the node of
2C01 extensively overruns its administrative power
and leadership in social network rather than its
supposed function in the organizational structure. This
can be explained by the fact that 2C01 is the largest
government-owned general contractor and has con-
siderable connections with most of the construction par-
ticipants both formally and informally. Therefore, more
organizational control should be considered and rede-
signed to this unit, in case it monopolizes information
or other resources leading to the failure of projects.

Redesigning the OCM

The results and discussion presented above provide a
quantitative insight to design a highly efficient OCM.
First, organizational structures have different impacts
on the organizational relationship, and the matrix
structure can effectively reduce the organizational
complexity. Second, both formal relations and informal

relations simultaneously exist in the complex organiz-
ation. The effects of informal relations and resulting
cliques could be either positive or negative for the
organizational control. Hence, a sound OCM should
both expand the positive effect (for instance, establish-
ing a healthy organizational culture) and avoid the nega-
tive effect through rigid controls and regulations. Third,
a comprehensive control over the entire project organiz-
ation as well as specific key actors (i.e. nodes with a
higher level ofCD,CB andCC) should be taken carefully.
Last but not least, the positions and roles vary consider-
ably in CPOs and need more sophisticated management
toolkits and standardized-, proceduralized- and institu-
tionalized-control approaches.
Based on the above analysis and properties of the

EXPO 2010 construction project, the final organiz-
ational control construction is summarized in Table 5
and categorized into formal controls and informal con-
trols. Formal controls aim to build a competitive project
management skills and controllable management
environment and put more emphasis on the organiz-
ational structure model, law requirement, institutional
design, target control and professional team manage-
ment. However, for a complex project, due to the com-
plexity of organizational structures and relationship, as
well as emerging connections of informal and implicit
relations, the goals of project participants are diversified
and may conflict with each other. In order to align
different sub-organizational goals together, it is necess-
ary to encourage the self-control mechanisms and
reduce the risks of key actors’ power and cliques’ behav-
iour. Ultimately, educating and establishing a positive
project value system for all organizational units and
shaping an optimal project culture are testified as effec-
tive approaches from the case study. These control
strategies also match the properties of organizational
networks and ensure the success of the project. In the
case of EXPO 2010 construction, these organizational
strategies and mechanisms have a key role in the con-
struction project success and support the project to
achieve multiple goals including schedule control, cost
control, quality control, safety control, environmental

Table 4 Six cliques and contained components

No. Components (network nodes)

1 2D012C01 2C02 2A01 2C03 2A02 2C04 2A03 2C05 2A05 2A06
2 2D012C01 2A02 4D01 4D02 4C01 4C02
3 1Q022C01 2A01 2C03 2A02 2A03 2A06
4 2C01 2C05 3A01 5A02 5D01 5A04 5A06
5 1Q01 1Q02 1Q03 1Q04 1Q05 1Q06 1Q07 1Q08 1Q09 1Q10 1Q11 1Q12 1Q13 1Q14 1Q15 1Q16 2A03
6 2C05 3A01 5C01 5C02 5A01 5C03 5C04 5A02 5A03 5D01 5D02 5A04 5C05 5A05 5A06 5C06

Note: Notations are explained in Appendix 1.
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and health control, team training, anti-corruption and
local community involvement. After the EXPO 2010
ended, the national post-audit and post-evaluation
results earned high scores for all aspects, especially on
the project performance and anti-corruption, in which
the optimized organizational control was regarded as
the key factor.

Conclusions

Due to the absence of applicable theory, both academics
and practitioners mainly focus on the formal organiz-
ation research in complex projects for a long term.
The organization management is inclined on using
tool-oriented ‘hard’ management, such as project

Table 5 Redesign OCMs of Shanghai EXPO 2010 construction

Formal controls Informal controls

Principal Standardization, procedures, institutionalization,
informationization

Human-centred, harmonious project

Control
method

System, regime, institution, information platform Value oriented, project culture oriented (EXPO interest
above everything)

Control
mechanism

(1) System: the whole social network oriented (1) Value oriented: control risks of key leaders
• CHO management model • A proud sense of mission, and a strong sense of

honour to participate in the project
• ‘Trinitarian construction system’, composed by

CHO, general contractor and project
management

• ‘A patriot spirit of winning honor for the country, a
dedication spirit of hard working, a learning spirit of
absorbing global wisdom, a work-centered spirit of
seeking for perfection, an innovation spirit of keeping
climbing the summit, and a team spirit of
coordinating work’

• Project implementation principles of ‘move
management downward, and strengthen project
departments’

• ‘General project management, general designer,
general contractor’ management models

• Follow-up auditing
(2) Regime: project governance oriented (2) Project culture oriented: control risks of cliques
• ‘EXPO 2010 construction outline’ • Project culture of ‘EXPO interest above everything’
• 9 handbooks, such as ‘construction handbook’

and ‘quality and safety management handbook’
• National culture of ‘harmonious’ society
• Human centred, such as caring about rural migrant

workers
• 43 administrative regulations and 42 procedures • Entertainment activities and festival celebrations
• Moral integrity and against corruption
• Meeting system
• Performance review
(3) Objective control: project management oriented (3) Competition of meritorious services: improve and

motivate the clique performance
• Project implementation plan • Competition award system
• Project budget system • Competition publicity
• Multi-system and multi-level plan systems • Call for ‘brilliant ideas’
• Web-based quality and safety controls • Competition of civilization construction worksites
• Project report system • ‘Red flag benchmark’ exhibition
• Construction site supervision system • Leading and demonstrating activity of party members
• Project information system platform including

Primavera P6 and C3A software
(4) Professionalism: competitiveness and capability

oriented
(4) Self-control: control risks of actors

• Bidding system, selecting large-sized company or
consortium

• High-standard and strict self-requirement

• Staff qualification test • Positive and proactive self-management, self-
supervision and self-value realization

• Staff training

SNA and organizational control in complex projects 11
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objective control and performance control, or using
strict administrative management, such as regime
system control. However, these conventional method-
ologies hardly match the complex project characters
and ignore the influences from ‘soft’ perspective of
organization, such as the organizational openness,
social characters and informal organizations.
This paper, based on the SNA theory and a quantitat-

ive case analysis, has put forward a social perspective to
reconsider the organizational controls in a CPO. By
fully considering both formal organization and informal
organization aspects, analysing various social network
elements and establishing the whole social network
model for the complex projects, the value of organiz-
ational controls and social network-oriented OCMs
and strategies has been discussed. Then, a real case
study of EXPO 2010 construction organization has
been used to validate the proposed social network
model and the organizational control methods. The
computational results have provided six intuitive
observations and a set of newly designed OCMs and
strategies to this project. In summary, there are four
conclusions which are deviant from the previous litera-
ture and meaningful for the complex organizations in
the future:

. Large-scale construction project results in a
complex organization network in which the compo-
sition and relationship are complicated, multiple
cliques and sub-groups emerge and the true func-
tion of organizational units may mismatch with
the designated formal position in an organizational
structure. Therefore, effective analysis, manage-
ment and control of the complex organization
lead to the project success.

. SNA provides a powerful methodology and tool to
study the CPO. The measures of network density,
clique, centrality, and similar structure can help
to identify the key actors or cliques in a complex
organization and to set a specific control strategy.

. Control mechanisms encompass two aspects:
formal controls and informal controls. Formal con-
trols form the basis of project management compe-
tencies and insist on institutional systems,
organizational structures, management units, pro-
fessional qualifications, regimes and tools. Informal
controls emphasize ‘soft’ strategies in personal
value systems and project cultures in order to
manage the risks of key actors’ or cliques’ beha-
viours. By doing this, each small organization can
be self-controlled, which ultimately brings the
entire project under control.

. CHO is a unique and specific organizational struc-
ture model for Chinese large-scale construction
projects. This model brings a variety of benefits,

including reinforcement of the general controllable
capability and coordination for organizations,
effectively manages both the formal and informal
relations, efficiently transforms the information in
a short path and ensures that the project goals
and key milestones are accomplished. However,
there are few empirical studies of the feasibility
and effectiveness of this model used in other
countries besides China, and future work on the
application for multiple locations is appreciated.

SNA has shown unique advantages and competitive-
ness in many sociology and organization research. As a
new method for complex organization systems, SNA
alsoprovides anew researchperspective and showspoten-
tial values in the future research, such as organizational
behaviours and controls, power analysis, knowledge
sharing and transmission, informal communication and
coordination.
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Appendix 1

Table A1 Abbreviations used in the SNA model and result

1. CHO
1Q01 Director 1Q09 Deputy manager of equipment
1Q02 Deputy Director 1 1Q10 Deputy manager of safety and quality
1Q03 Deputy Director 1 1Q11 Manager of coordination
1Q04 Manager of Technics 1Q12 Project manager for sections A and B
1Q05 Manager of Engineering 1Q13 Project manager for section C
1Q06 Administrative Manager 1Q14 Project manager for China pavilion
1Q07 Manager of Contract and Finance 1Q15 Project manager for EXPO axis
1Q08 Deputy Manager of Facilities 1Q16 Project manager for municipal facilities in

Pudong area

2. Pavilions and temporary facilities in Pudong area

2D01 Shanghai Institute of Architectural Design and Research
Company

2C04 China Construction Eighth Engineering
Division

2C01 Shanghai Construction Group 2A03 Shanghai Kerui Construction Project
Management Company

2C02 Shanghai No. 5 Construction Company 2C05 HONGRUN Construction Group
2A01 Shanghai Project Management Company 2A05 Tongji University
2C03 Shanghai Baoye Group Corporation 2A06 Shanghai Shangzi Construction Budget

Consulting Company
2A02 Shanghai Jianke Project Management Company
3. EXPO axis
3F01 Shanghai Mitsubishi Elevator 3D01 SBA Gmbh (Germany), China
3F02 Schindler China 3A01 Shanghai Oriental Investment Supervision

Company

4. China pavilion
4D01 Institute of Architectural Design and Research Company,

South China University of Technology
4C01 Shanghai Mechanized Construction

Corporation
4D02 Beijing TinghuaAndi Architectural Design Consulting Company 4C02 Shanghai Installation Engineering

Company
5. Roads and municipal projects in Pudong area
5C01 Shanghai Gardens Group 5D01 Shanghai Municipal Engineering Design

General Institute
5C02 Shanghai No. 5 Construction Company 5D02 Shanghai Urban Planning and Design

Research Institute
5A01 Shanghai Construction Engineering Administration Company 5A04 Shanghai Cai Rui Construction Consulting

Company
5C03 Shanghai No. 2 Municipal Engineering Company 5C05 Shanghai Yuandong International

Qianliang Jianshe Company
5C04 Shanghai No. 7 Construction Company 5A05 Shanghai Zhuyuan Project Management
5A02 Shanghai Municipal Gongcheng Management Consultation

Company
5A06 Shanghai Tianyou Engineering Consulting

Company
5A03 Shanghai Simeikehui Construction Engineering Consultation

Company
5C06 Shanghai No. 4 Construction Company

Note: Q is CHO, A is project management firms or quality and safety supervision firms, C is contractors and D is design firms.
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