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1. Introduction
A megaproject is defined as an extensive public infrastruc-
ture endeavor surpassing the 1.0 billion US dollars invest-
ment threshold or significantly impacting public scrutiny, 
environmental concerns, and government budgetary allo-
cations (Flyvbjerg et al., 2010), which are critical for peo-
ple’s quality of life and driving regional economic growth 
(Agénor, 2010). Compared to general projects, megaproj-
ects are large in scale and long in duration, and they face 
multiple uncertain events, revealing great complexity and 
uncertainties. These uncertainties always result in numer-
ous extra-contract works, which induce contract disputes 
(Locatelli et al., 2017) and reduce project performance. For 
example, the Edinburgh Tram Project has frequent con-
tract disputes, leading to excellent schedule delays and 
significant cost overruns (Currie & Teague, 2015). Interna-
tional Transport Forum shows that contract renegotiation 
and contract disputes occurred in 50% of French highways, 

40% of a  sample of highways in the United States, and 
22% of projects in the United Kingdom, approximately, in-
dicating that contract disputes are a common phenome-
non in megaprojects (Makovsek et al., 2014). Contract dis-
pute is defined as a contract question or controversy that 
must be settled beyond the job site management staff, 
which may come from financial plans, permits, regulations, 
scope definition, realistic obligations, risk identification/al-
location, technical plans/specifications, dispute resolution 
process, etc. (Diekmann & Girard, 1995). Compared with 
contract conflicts and conflict disputes, contract disputes 
focus on these issues arising from disagreements on the 
contract goals, interests, and strategies, such as ambig-
uous provisions at the contract preparation stage (Shen 
et al., 2017), schedule delays at the implementation stage 
(Iyer et  al., 2008), and deteriorating relationships at the 
resolution stage (Harmon, 2003). These contract disputes 
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were related to cost overruns, schedule delays, and inter-
est conflicts, which hinder the successful delivery of mega-
projects (Li et al., 2012). Thus, it is crucial to identify con-
tract disputes and corresponding inducements to solve in 
megaprojects.

Previous studies have explored the typologies of con-
tract disputes and their causes. Several contract disputes 
are identified in different construction projects, including 
payment and financial related, delay related, design and 
scope related, contract related, bidding related, project 
management related, client’s administration related, qual-
ity related, risk related, claim and dispute management 
related, behavioral and professional related, and external 
factors related contract disputes (Cakmak, 2022; Francis 
et al., 2022; Mirzaee et al., 2024; Senaratne & Farhan, 2023; 
Shabana & Gad, 2023; Titus & Ali, 2023; Wang et al., 2023). 
Besides, causes have been identified for contract disputes, 
such as payment delays by client, scope of work chang-
es, ambiguities/contradictions in contractual documents, 
not meeting the required quality of work, progress de-
lay by the contractor, design errors/design failure, misin-
terpretation of contractual terms and conditions, lack of 
communication, differing physical site conditions, delay in 
completion of project, uncontrolled factors (weather, di-
sasters), late decision making by the client, unfair risk allo-
cation, owner transfer risk to contractor, unrealistic perfor-
mance expectation, price escalation and material shortage 
(Nabi & El-adaway, 2022; Elhag et al., 2020; Hansen et al., 
2023; Rahnamayiezekavat et al., 2022; Senaratne & Farhan, 
2023; Tanriverdi et  al., 2021). Although existing studies 
have identified contract disputes and causes in different 
project contexts, the disputes and causes are still unclear 
in the megaproject context. Besides, the relationships be-
tween contract disputes and causes were stressed in the 
linear rather than the network ed. E. Cakmak and P. I. Cak-
mak (2014) used the ANP to rank the factors influencing 
contract disputes in general construction projects through 
expert interviews. Nabi et  al. (2023) identified three key 
causes of contract disputes – payment and financial, legal 
and regulatory, poor management – in PPP projects from 
the network perspective; Nabi and El-adaway (2022) ex-
plored holds and delays, delay in project completion, poor 
communication among the project stakeholders, lack of 
collaboration between various trades are the four causes 
in modular projects. 

Current studies show that the typologies and signif-
icance of contract disputes and causes vary in different 
project contexts (e.g., PPP and modular construction proj-
ects). Still, few have identified the contract disputes and 
the causes in the megaproject context. Compared to con-
ventional projects, megaprojects have more contract dis-
putes co-occurring. For example, land acquisition delays, 
frequent design changes, and late payment in high-speed 
railway projects often occur at one time. These disputes 
are not independent but interconnected through sched-
ule delays and cost overruns, forming an interrelated net-
work of contractual disputes. Meanwhile, contract disputes 

in megaprojects are driven by multiple and interwoven 
causes. For instance, in Beijing airport projects, causes such 
as policy changes, design defects, site condition variations, 
and conflicts often co-occur. Thus, it requires megaproject 
managers to systematically identify contract disputes and 
corresponding causes from the network perspective. To fill 
the gap, this study aims to identify the contract disputes 
and causes in the megaproject context and to explore the 
relationships from the network perspective. Three detailed 
objectives are: (1) Identifying the main contract disputes 
and causes in the megaproject context. (2) Identifying the 
crucial contract disputes by analyzing the co-occurrence 
relations. (3) Identifying the crucial causes of contract dis-
putes by analyzing the co-occurrence relations. Our study 
enriches the literature of contract disputes in the mega-
project context. Meanwhile, it can help project managers 
resolve megaproject contract disputes by providing infor-
mation on contract disputes and their causes.

2. Theoretical foundations  
and literature reviews
2.1. Social network analysis  
in project management
Social network analysis (SNA) is used to identify the actors 
and network attributes by analyzing the network relation-
ships between actors. In previous studies, SNA was used 
to pinpoint bottlenecks of project team performance (So-
lis et al., 2013), identify the core risk sources, and test the 
significance of the general contractor (Nabi & El-adaway, 
2022; Aljassmi et al., 2014; Eissa et al., 2021). In megaproj-
ects, numerous contract disputes often co-occur due to 
their incredible complexity and vagueness. Contract dis-
putes affect or are affected by other contract disputes, 
forming a contract dispute network where each dispute is 
a node, and their co-occurrence in a dispute event serve 
as a  link. Roles of nodes are different due to their net-
work attributes (Hu et al., 2016). In the contract dispute 
causes network, the causes of contract disputes are viewed 
as nodes. There is a link when two causes simultaneously 
lead to the same contract dispute. SNA is a practical tool 
for identifying key nodes through the analysis of node at-
tributes like degree centrality (E. Cakmak & P. I. Cakmak, 
2014). This approach helps our study identify crucial con-
tract disputes and their causes by analyzing both contract 
dispute and cause networks in the megaproject context.

2.2. Literature on contract  
disputes in megaprojects
Megaprojects’ contract disputes have been explored in 
previous studies (Lee et al., 2021; Silva et al., 2023). For ex-
ample, Iyer et al. (2008) identified time delay disputes, site 
handover delays, advance payment delays, and drawing 
delays in construction projects. Cheung and Pang (2013) 
found contract disputes and opportunistic disputes to be 
key types of contract disputes. Ilter and Bakioglu (2018) 
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divided the contract disputes into contract disputes (e.g., 
risk allocation, payment terms) and speculative disputes 
(e.g., construction plans, management conditions). Current 
studies have explored contract disputes in different con-
struction contexts, but few focus on contract disputes and 
their relationships in the megaproject context.

2.3. Literature on causes of contract  
disputes in megaprojects
Existing studies have found that the causes of contract 
disputes vary in different project types (see Table 1). For 
example, some contract disputes come from payment and 
financial-related factors, such as payment delays by the cli-
ent, the project exceeding budget, contractor’s cash flow 
difficulties, client’s cash flow difficulties, consultant delay-
ing payment certification, delay in evaluation of completed 
works (Francis et al., 2022; Alrasheed et al., 2023; Rahna-
mayiezekavat et  al., 2022; Cakmak, 2022; Nabi & El-ad-
away, 2022). In megaprojects, contract disputes stem from 
standardized contracts (Serpell & Torres, 2023) and proj-
ect participants’ behaviors, such as design changes, pay-
ment changes, and schedule changes (Love et al., 2011), 
which are not executed by the formulated contract items 
(Shalaby & Khalafallah, 2018). Besides, contract disputes 

causes interact because there are close connections be-
tween different megaproject tasks, which build a network 
relationships. Prior studies have identified multiple causes 
for contract disputes in project contexts, but few further 
explored the causes in megaproject contexts. Moreover, 
current studies such as Viswanathan et al. (2020) and Love 
et al. (2011) stressed linear relationships between causes, 
ignoring network ones.

3. Research methodology
A mixed method of text mining and SNA was used in our 
study. First, text mining was used to identify contract dis-
putes, causes, and their co-occurrence frequency using 
Rost-CM6 software. Data for text mining were collected 
from 107 contract dispute-related documents, which pro-
vide detailed information on contract disputes, such as 
the types, project participants, specific content, meeting 
minutes, causes, solutions, etc. Rost-CM6 software was 
chosen because of its functionality, accessibility, and fit-
ness. (1) Rost-CM6 software streamlines the process of 
text content analysis by offering functions such as word 
frequency statistics, co-word analysis, cluster analysis, and 
semantic network analysis, which support the quantitative 
text analysis. (2) Rost-CM6 software is readily available, 

Table 1. Literature on the causes of contract disputes in construction projects

Cause Specific causes References

Payment and 
financial related

Payment delays by the client, project exceeds the budget, 
contractor’s cash flow difficulties, client’s cash flow difficulties, 
consultant delaying payment certification, delay in evaluation 
of completed works

Francis et al. (2022), Alrasheed et al. (2023), 
Rahnamayiezekavat et al. (2022), Cakmak 
(2022), Nabi and El-adaway (2022)

Delay related Progress delay by contractor, late decision making/response 
by client, engineer delays issuing design drawing, suspension 
of work

Senaratne and Farhan (2023), Alrasheed et al. 
(2023), Francis et al. (2022), Hansen et al. 
(2023), Cakmak (2022)

Design and scope 
related

Scope of work changes (owner initiated), design errors, 
incomplete design, inconsistencies of design documentations

Francis et al. (2022), Tanriverdi et al. (2021), 
El-Sayegh et al. (2020)

Contract related Ambiguities in contractual documents, misinterpretation of 
contractual terms, unfair risk allocation, breach of contract

El-Sayegh et al. (2020), Cakmak (2022), Titus 
and Ali (2023), Rahnamayiezekavat et al. 
(2022)

Bidding related Inaccurate project cost estimation, inadequate site 
investigation, selection of contractors by low bid

Ahmed and El-adaway (2023), Elhag et al. 
(2020), Nabi and El-adaway (2022)

Project management 
related

Poor supervision and site management, incompetent 
contractors, weak schedule practices by contractors, poor 
coordination between construction activities

Illankoon et al. (2022), El-Sayegh et al. 
(2020), Hansen et al. (2023)

Clients’ 
administration related

Client requesting unrealistic performance expectations, 
client as layman/inexperienced, client failing to comply with 
contractual obligations

Francis et al. (2022), Tanriverdi et al. (2021)

Quality related Poor quality of work, defects in completed work, poor quality 
material

Rahnamayiezekavat et al. (2022), Silva et al. 
(2023), Ilter (2012), Odenigbo et al. (2020)

Risk related Differing physical site conditions, force majeure events Shabana and Gad (2023), Nabi and El-
adaway (2022)

Claim and dispute 
management related

Lack of dispute resolution methods, unattended claims Cheung and Pang (2013), Vo et al. (2020)

Behavioral and 
professional issues

Lack of communication, lack of trust, negligence/lack of 
professionalism

El-Sayegh et al. (2020), Titus and Ali (2023), 
Gamil and Abd Rahman (2023)

External factors Uncontrolled weather, material shortage, changes in 
government regulations

Ballesteros-Pérez et al. (2017), El-Sayegh 
et al. (2020), Liu et al. (2019)
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with easy installation and configuration and a low learn-
ing curve. (3) Rost-CM6 software can fit with SNA soft-
ware, ensuring the completeness of our research meth-
odology (Shamshiri et al., 2024). Then, SNA was used to 
identify the key contract disputes and causes using UCINT 
4.0 software. In previous studies, agent-based modeling, 
system dynamics, and SNA have been standard meth-
ods for identifying key factors. Agent-based modeling 
explores the interaction mechanisms, path dependen-
cies, and emergent behaviors. System dynamics is used 
for variable feedback and time series trajectory explora-
tion. In contrast, SNA was used to identify the key con-
tract disputes and causes by calculating the network node 
attributes (i.e., degree centrality, closeness centrality, be-
tweenness centrality, and core degree) (Freeman, 1978). 
Three reasons are provided for choosing SNA as follows. 
(1) SNA can directly identify key nodes through calculat-
ing node’s centrality instead of ABM/SD’s complexity. (2) 
It aligns with our co-occurrence data with SNA’s relational 
matrices rather than ABM’s micro-rules or SD’s equations. 
(3) SNA offers mature, efficient tools with high transpar-
ency for replication in contrast to ABM/SD’s complex cod-
ing and sensitive parameter tuning.

3.1. Data collection
3.1.1. Case selection

Considering the unique nature of megaprojects and the 
details of the research questions, this study adopted a sin-
gle-case study approach. Yin (2018) noted that analyzing 
a  single case can uncover the essence of many general 
phenomena and provide insights for addressing similar is-
sues by focusing on the problem and highlighting the dif-
ferences between theory and practice. Case selection was 
based on information-driven sampling (Flyvbjerg, 2006). 
Two primary criteria guided the selection process. First, 
the selected case was a large-scale project with significant 
social, economic, and environmental impacts that could 
provide a wealth of accessible data for in-depth analysis 
without making data collection difficult. Second, the se-
lected case involved many contract dispute incidents and 
had a good contract dispute management track record.

The Jinan Airport Project is a  typical example of 
a  megaproject. Its total investment is 43.9  billion RMB, 
with an estimated construction cost of 33.2 billion RMB. Its 
construction period spanned from 2019 to 2023. The client 
is Jinan International Airport Construction Co., Ltd., jointly 
established by Jinan Urban Construction Group Co., Ltd. 
and Shandong Airport Management Group Co., Ltd., which 
has entered into 323 contract documents with its partners 
(including contractors, design firms, survey companies, 
project management companies, and testing firms). The 
client adopted the general contract with main contractors 
by dividing the project into nine packages. Each package 
is undertaken by a consortium of three or more contrac-
tors acting as the main contractors. Due to the complex 
external environment and large scale, this project has seen 

frequent contract disputes, which may provide insightful 
and valuable reference information for contract dispute 
management.

Jinan Airport Project has multiple project participants, 
including 90 contractors, 21 project management compa-
nies, 24 designers/survey companies, and 16 testing firms. 
Due to the tight project schedule, multiple stakeholders 
require extensive coordination in inter-organizational in-
terfaces, which results in numerous contract disputes, such 
as blurred work boundaries and frequent task changes. 
Project participants observed that different types of con-
tract disputes often emerged in the same period, and that 
a dispute event resulted from concurrent causes. The large 
amount of interface coordination work indicates that is-
sues related to contract disputes in the Jinan Airport proj-
ect may be complex, and suit for further discussion.

3.1.2. Data collection

Data were collected from the secondary contract dispute-
related documents and semi-structured interviews. (1) 
First, 200 contract dispute-related documents were ob-
tained from the contract negotiation records and meeting 
minutes from 2019 to 2023. We screened the data to en-
sure the validity and representativeness of the sample as 
follows: 1) The documents needed to contain detailed de-
scriptions of dispute events, stakeholders involved, causes, 
and resolution processes; 2) The number of contract dis-
putes or causes involved in the documents had to be more 
than one; 3) The sources of contract dispute-related docu-
ments had to be reliable. We prioritized formal official re-
cords, arbitration/mediation reports, court judgments, or 
formally documented project reports. (2) Finally, 107 con-
tract dispute-related documents were obtained with de-
tailed information on contract disputes, such as the titles, 
dispute events, stakeholders involved, causes, and resolu-
tion processes.

Two rounds of semi-structured interviews were con-
ducted. The first semi-structured interview aimed to re-
view and refine the contract disputes and causes identi-
fied by text mining. To ensure the quantity and quality of 
the interviews, theoretical sampling was used to select re-
spondents. The quality of respondents refers to their com-
prehensive understanding of the research topic. All respon-
dents in this study were key managers of the Jinan Airport 
project and had worked on the project for at least three 
years. Each expert interview lasted 45–60  minutes, cov-
ering the expert’s basic information, a  review of contract 
disputes they had handled, and verifying contract disputes 
and causes obtained from the text mining. Saturation was 
achieved after the ninth interview when no new concepts 
or categories could be derived. We interviewed the 10th 
expert to finish the first-round semi-structured interviews 
(see Table  2). The second semi-structured interview re-
quires the same 10 experts to evaluate the relationships 
between contract disputes and underlying causes. Each 
expert interview lasted 45–60 minutes, including assess-
ing the relationships between contract disputes, between 
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causes, and between contract disputes and causes using 
a 10-point scale (0 = no relations, 10 = the closest relations).  
The Kendall consistency coefficient (W) value was 0.76 (p < 
0.01), indicating a high degree of consistency among the 
10 experts. Finally, the arithmetic mean of the 10 experts’ 
ratings was calculated to supplement the relationship ma-
trix of contract dispute-dispute, cause-cause, and contract 
dispute-causes.

3.2. Data preconditioning
Text mining was used to identify prevalent contract dis-
putes and causes by counting the frequency of contract 
disputes and contract dispute causes in 107 documents 
related to contract disputes. Text mining was also used 
to identify co-occurrence relationships between contract 
disputes, between causes, and between contract disputes 
and causes. The more the co-occurrence of two nodes (i.e., 
contract disputes or causes), the greater the value in their 
relationship matrix, indicating a  closer relationship be-
tween two nodes. Furthermore, our study supplemented 
the relationship matrix by interviewing 10 experts. Given 
the different numerical scales, our study normalized the 
initial matrix obtained from text mining and the supple-
mentary matrix obtained from expert interviews (Patro & 
Sahu, 2015) (see Eqn (1)). Here, x  is the original element 
value in the matrix; min(x) and max(x) are the minimum 
and maximum values of all elements in the matrix. Our 
study chose (a = 0) and (b = 10) to normalize values to 
map them into the interval [0, 10].

( )( )
( ) ( )

min
.

max min
x x b a

x
x x

- -
=

-
¢ 	 (1)

3.3. Analytical strategy
Three steps were conducted to obtain the key contract 
disputes and causes (see Figure 1). 
(1)	 First, this study identified the emerging contract dis-

putes, causes, and relationships using text mining. 
1) 107 contract dispute-related documents were ob-
tained as a  text database for text mining. Rost-cm6 
software was used to segment text files and extract 
word stems for contract dispute topics; clean the 
words by removing words unrelated to contract dis-
putes and causes such as standardized texts, conjunc-
tions, etc.; extract features and reduce dimensionality 
of the obtained topic words. Each theme word was 
composed of multiple words with similar meanings. 
For example, ‘quality standards’ and ‘quality of engi-
neering’ were merged into ‘quality’, and ‘on-site sur-
vey’ and ‘worksite’ were incorporated into ‘site’. 2) Ten 
experts who were key participants in 107 contract dis-
pute events were selected to verify the contract dis-
putes and their causes based on text mining results. 
Each expert was asked to review the contract dispute-
related documents, provide contract disputes and cor-
responding causes, and explain the proposed solu-
tions. For example, several questions were provided 
to the experts: In this contract dispute event, what 
contract disputes have arisen? What were the causes 
of this contract dispute? What kind of solutions have 
been adopted to resolve these contract disputes? 3) 
12 contract disputes and 10 causes were obtained 
from the text mining and semi-structured interviews. 

(2)	 Three primary relationship matrices were obtained 
from the co-occurrence relationships between con-

Table 2. Information on the 10 experts

Code Company Position Years of
experience

Years of experience in 
Jinan Airport project

Expert 1 Jinan International Airport 
Construction Co.

Deputy General Manager, Bidding and Legal 
Affairs Department

18 5

Expert 2 Jinan International Airport 
Construction Co.

Section Chief of Contract Management Section 
of the Bidding and Legal Affairs Department

13 5

Expert 3 Jinan International Airport 
Construction Co.

Employee of the Contract Management Section 
of the Bidding and Legal Affairs Department

6 4

Expert 4 Jinan International Airport 
Construction Co.

Employee of Tender and Legal Affairs 
Department, Project Costing Section

11 4

Expert 5 Jinan International Airport 
Construction Co.

Section Chief, Installation Section, Engineering 
Department, Work Area

13 5

Expert 6 Jinan International Airport 
Construction Co.

Employee of the Planning and Design Section, 
Main Engineering Office

12 5

Expert 7 China Eighth Construction Co. Contract Department Manager 15 4
Expert 8 China Construction Eighth 

Development and Construction 
Co.

Procurement Department Manager 21 4

Expert 9 Shandong Puhua Project 
Management Co.

Cost Department Manager 8 4

Expert 10 Yingte International Project 
Management Co.

Cost Department Manager 9 4
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tract disputes, between causes, and between contract 
disputes and causes through text mining using Rost-
cm6 software. Co-occurrence represented the rela-
tionships between two nodes (i.e., contract dispute, 
causes) when two nodes appear in the same context. 
The coexistence of multiple types of contract disputes 
within the same contract dispute event indicates a co-
occurrence relationship between the contract dis-
putes. When contract disputes with different causes 
occur within the same contract dispute event, it indi-
cates co-occurrence between the causes. When con-
tract disputes and their causes arise within the same 
contract dispute event, it suggests a  co-occurrence 
relationship between the contract disputes and their 

causes. The co-occurrence frequency of contract dis-
putes is used to measure the closeness of their rela-
tionships, and the co-occurrence frequency is used as 
the contract dispute matrix value. A similar approach 
was used to obtain a relationship matrix between the 
causes of contract disputes and a relationship matrix 
between contract disputes and their causes. Subse-
quently, semi-structured interviews were conducted to 
validate the relationship network. Based on the rela-
tionship matrix obtained through text mining, 10 ex-
perts reviewed the relationships between contract dis-
putes, the relationships between the causes, and the 
relationships between each contract dispute and its 
cause, providing supplementary matrices.

Figure 1. Process for text mining and social network analysis
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(3)	 Third, SNA was conducted to identify the crucial con-
tract disputes and contract dispute causes by calcu-
lating the attributes of nodes and networks (i.e., net-
work density, centrality, and core-periphery analysis). 
Network density refers to the extent to which the links 
that could potentially exist between nodes do exist. It 
is evaluated by quantifying the ratio of extant edges 
to potential edges within a network, offering insights 
into its structural composition, and serves as a  piv-
otal metric for small networks (Jamali & Abolhassani, 
2006). In Eqn (2), m means the number of relation-
ships within the network, n means the count of nodes 
in the bipartite network, and D indicates the network 
density with values of [0, 1]. Network density attains 
a  value of 1  in the scenario of complete connectiv-
ity – when each node is interconnected, the value of 
network density is 1; when nodes exist in isolation, the 
value of network density is 0.

.
* 1
mD

n n
=

-
	 (2)

The multi-valued matrix was converted to a  binary 
0-1 matrix when a density value exceeds 1.0, considering 
that network density does not account for the intensity 
of relationships. The bipartite network has two types of 
nodes: actors and events. In Eqn (3), m denotes the tally 
of connections interlinking actors with events, while a and 
b signify the respective counts of actors and events.

.
*
mD

a b
= 	 (3)

Centrality is a pivotal metric that reveals critical nodes 
of the undirected social network, encompassing degree 
centrality, closeness centrality, and betweenness central-
ity (Freeman, 1978). Degree centrality is a node’s intercon-
nectedness with the remainder of the network. The greater 
a node’s power or influence, the more nodes it is connect-
ed to. Degree centrality is a function encapsulating all re-
lationships about a node (Stephenson & Zelen, 1989). The 
degree of centrality of node i  is articulated by formula 4. 
wij signifies the weight of the connection between node 
i and its related node j.

.d i ij
i

C n w=å 	 (4)

Closeness centrality is a centrality metric that measures 
the proximity of a node to all other nodes in a network 
and is defined as the reciprocal of the sum of the distanc-
es from a node to all other nodes (Freeman, 1978), which 
expresses centrality as its reciprocal. The smaller the sum 
of distances, the higher the centrality (Stephenson & Zel-
en, 1989). In formula 5, n is the total number of nodes in 
the network, dij is the shortest path length from node i to 
node j.

1

1 .c i N

j

NC n
dij

=

-
=

å
	 (5)

Betweenness centrality indicates the degree of 
a  node’s  linkage role in a  social network, encapsulating 
its level of participation in the relational fabric interlink-
ing other nodes (Freeman, 1977). Betweenness centrality is 
evaluated by assessing the shortest distance between two 
nodes’ geodesic distances between node pairs (see Eqn 
(6)). The wjk is the tally of shortest paths interconnecting 
nodes j and k. The ( )  jk iw  is the count of pathways passing 
through node i in the paths of node j and node k linking 
nodes j and k, with node i lying on route.

( ) .
jk i

b i
jki j j k

w
C n

w
¹ ¹

= å
，
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Core-periphery analysis is an approach to examine net-
work structures’ varying roles and positional hierarchies, 
which is used to verify the core nodes and peripheral 
nodes. It can be conducted by using the core algorithm of 
the UCINET 6.0 software. Core-periphery analysis facilitates 
the identification of structural equivalence, comprehension 
of the underlying power dynamics, and social stratifica-
tion of a social network (Wasserman & Faust, 1994). A core 
node exerts a significant influence on the network’s over-
all configuration.

3.4. Characteristics of the sample
107 contract dispute-related documents were collected 
from the Jinan Airport megaproject. These documents 
came from on-site construction, survey and design, super-
vision, consultant, procurement, and testing contracts. Text 
documents were obtained by removing extraction errors 
and meaningless characters, and 62920 words were gained 
via an ANSI-encoded text file (txt) analysis to develop the 
corpus. Considering the size of the text mining corpus, this 
study opted for the top 100 high-frequency words for text 
analysis. Table 3 shows that the high-frequency words are 
contractor, engineering project, project sponsor, construc-
tion operation, payment transaction, contract agreement, 
financial expenditure, stipulated requirement, construction 
materials, and equipment assets, with the frequency ex-
ceeding 200 times. Quantitative measurement, profession-
al training, quality, and results appear less frequently, with 
the values being fewer than 20 times.

A word cloud diagram is obtained using Rost-cm6 soft-
ware (see Figure 2). It reveals that “engineering”, “contrac-
tor”, “technology”, “quality”, and “responsibility” are piv-
otal in underscoring the focal points of project execution, 
adherence to technical standards, and the delineation of 
duties. Words such as “risk”, “guarantee”, and “schedule” 
denote a  pronounced focus on the realms of risk miti-
gation and quality assurance. Economic elements refer to 
“market prices”, “costs”, and “losses”. Words such as “civi-
lized construction” and “government” reflect the relevant 
content of construction requirements.
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Table 3. The frequency statistics of the top 100 words

Words Frequency Word Frequency Word Frequency Word Frequency

Contractor 732 Quality 
assurance

104 Scope 52 Audit 36

Engineering project 503 Safety 
protocols

98 Impact assessment 51 Operational 
execution

35

Project sponsor 494 Contractual 
timeframe

83 Project progress 51 Tender 
documentation

35

Construction 
operation

361 Acceptance 
inspection

81 Entrustment 49 Site location 34

Payment transaction 325 Content 81 Supervisor 48 Procurement 
process

33

Contractual 
agreement

321 Design 71 Personnel 48 Scheduling 
plan

32

Financial 
expenditure

270 Loss 71 Construction period 48 Regulatory 
approval

31

Stipulated 
requirement

242 Standard 69 Comprehensive 
consideration

46 Transportation 
infrastructure

30

Construction 
materials

218 Qualified
/Complaint

68 Amount 46 Occupational 
accident

28

Equipment assets 215 Checklist
/Inventory

68 Information 45 Project 
progress 
imagery

28

Contractual 
payment

198 Documentation 66 Maintenance 43 Manual labor 27

Accountability 179 All/Everything 65 Infrastructure 
development

43 Advanced 
design

27

Provision of services 177 Regulation
/Stipulation

65 Market price volatility 43 Legal 
framework

27

Adjustment 
mechanism

164 Obligation 64 Testing 43 Roadway 
construction

27

Performance bond 160 Cause 64 Installation 43 Compensation 
for damages

26

Contractual 
provision

154 Generate
/Produce

63 Temporary facilities 40 Quality 
inspection

24

Project initiative 141 Facilities 61 Quality security deposit 40 Mechanical 
equipment

23

Financial settlement 139 Confirmation 60 Blueprints 39 Gross output 
value

22

Legal liability 138 Timely 59 Conditions 39 Governmental 
authority

22

Project completion 137 Implementation 58 Performance execution 39 Payment cycle 21

Project 
management

137 Temporary 58 Regulatory standards 39 Project 
supervision

21

Pricing structure 131 Protection 57 Risk assessment 37 Professional 
training

19

Construction site 130 Project plan 54 Any 37 Quality 19

Breach of 
contractual terms

118 Mitigative 
strategies

53 Civilized construction 
practice

37 Results 18

Technological 
expertise

112 Auditing 
process

52 Warranty period 36 Quantitative 
measurement

18
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4. The results of text mining
4.1. The framework of contract disputes  
and causes in megaprojects
A total of 12 contract disputes are obtained via text min-
ing in the megaproject context, including payment dis-
pute, quality dispute, construction tasks dispute, tem-
porary work dispute, brand dispute (i.e., equipment and 
materials), order change dispute, material price dispute, 
breach of contract dispute, guarantee dispute, settlement 
dispute, site safety and housekeeping dispute, construc-
tion coordination dispute (see Table 4). A total of 10 con-
tract dispute causes are obtained via text mining in the 
megaproject context (see Table 5), including inconsisten-
cies between contract and tender documents, the imper-
fect clients’ management system, unforeseen on-site en-
vironment changes, incomplete survey and design con-
tent, contractor’s bidding and quotation strategies, unclear 

contract terms, special construction requirements, policy-
related factors, third-party factors, relevance of govern-
ment audit.

4.2. Co-occurrence relationships between 
contract disputes and causes
The co-occurrence relationships among contract disputes 
and causes were identified through text mining, with the 
co-occurrence frequency defining the values in the initial 
social network matrix (see Appendix, Table A1). This ma-
trix was then combined with a supplementary matrix de-
rived from interview data to receive the final social net-
work matrix of contract disputes and causes for social net-
work analysis (see Appendix, Table A2).

Table 6 shows that there are non-linear relationships 
between contract disputes, manifesting as different links 
and degrees. For example, ZY1 and the remaining 10 con-
tract disputes were involved in the same dispute event but 
not with the ZY7 (the value being 0.00). Amongst these, 
ZY1 interacted with ZY2  and ZY10 in the same dispute 
events, with values of 10.93 and 17.80. Besides, our results 
show that the degree of contract dispute relationship var-
ies. For example, ZY10 has relations with nine contract dis-
putes, while ZY7 is related to ZY6 and ZY10.

Table 7 shows that there are non-linear network rela-
tionships between causes of contract disputes, manifest-
ing as relationships between them vary. For example, C6 
connects with the other nine causes with different degrees, 
such as C3, C4, and C7 being 7.22, 7.04, and 5.95, respec-
tively. Besides, our results show differences in the relation-
ships between causes. For example, C2 co-occurs with C1, 
C3, C4, C5, C6, C9, and C10, while C10 co-occurs with C4, 
C6, and C8.

Figure 2. Word cloud diagram

Table 4. Main contract disputes in megaprojects

Code Contract dispute Corresponding synonyms

ZY1 Payment dispute Payment Methods, Payment Ratios, Payment Terms, Payment Cycles, Payment Ratios 
Based on Project Progress Requirements, and Payment Conditions

ZY2 Quality dispute Quality Objectives, High Quality and Reasonable Prices, Luban Award, Qualified, Zhan 
Tianyou Award, Gold Award, High Quality

ZY3 Construction tasks dispute Construction Task Scope, Construction Task Content, Task Scope, Task Scope of Tender
ZY4 Temporary work dispute Temporary Water Supply, Temporary Electricity Supply, Temporary Facilities, Temporary 

Roads, Temporary Water Supply, Temporary Roads, Temporary Electricity Supply, 
Connection Points

ZY5 Brand dispute (i.e., equipment 
and materials)

Brand Names of Materials and Equipment, Specifications of Materials and Equipment

ZY6 Order change dispute Change, Change Order, Variation Order, Work Approval, Construction Change 
Authorization, Design Variation, Change Estimate

ZY7 Material price dispute Market Price Fluctuations, Price Adjustment, Material Prices, Price Variations, Contract 
Material Price Variations

ZY8 Breach of contract dispute Breach of Contract, Liquidated Damages, Penalty Clause, Remedies
ZY9 Guarantee dispute Retention, Defects Liability Period, Guarantee, Advance Payment Guarantee, Warranty 

(Maintenance) Guarantee, Retention Bond/Guarantee, Insurance, Security, Bank Guarantee
ZY10 Settlement dispute Settled on an Actual’s Basis, Detailed Design, Basis for Settlement
ZY11 Site safety and housekeeping 

dispute 
Site Safety and Housekeeping, Site Safety and Housekeeping Costs / Allowance, Site 
Fencing, Health and Safety, HSE and Housekeeping

ZY12 Construction coordination dispute Civilization, Safety, and Civilization Construction Fee, Enclosure, Safety
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Table 5. Main causes of contract disputes in megaprojects

Code Cause of the contract dispute Corresponding synonyms

C1 Inconsistencies between the contract and 
tender documents

Bidding Documents

C2 The imperfect clients’ management system System, Process
C3 Unforeseen on-site environment changes Treading, Site, Survey
C4 Incomplete survey and design content Drawings, Design, Design Institute, Survey, Mapping
C5 Contractor’s bidding and quotation strategy Quotation, Tender Offer
C6 Unclear contract terms Based on the Principle(s) of, Shall Have Regard to, Including but Not Limited to
C7 Special construction requirements Clearance, Electromagnetic, Non-stop, Airport Operation, Non-stop 

Construction
C8 Policy-related factors Intelligent Site, Migrant Workers’ Wages, Jinan City, Shandong Province
C9 Third-party factors Expansion Project Headquarters, User Department, Inspection and Testing, 

Agency Construction
C10 Relevance of government audit Government

Table 6. Network relationship matrix of contract disputes

Code ZY1 ZY2 ZY3 ZY4 ZY5 ZY6 ZY7 ZY8 ZY9 ZY10 ZY11 ZY12
ZY1 0.00 10.93 3.64 5.03 7.50 4.43 0.00 6.40 6.11 17.80 8.80 3.47
ZY2 10.93 0.00 0.20 0.00 0.41 0.20 0.00 4.01 3.67 3.12 1.22 0.00
ZY3 3.64 0.20 0.00 0.00 0.41 3.22 0.00 1.22 0.41 1.22 1.22 3.74
ZY4 5.03 0.00 0.00 0.00 0.00 3.10 0.00 0.00 0.00 0.00 0.61 7.02
ZY5 7.50 0.41 0.41 0.00 0.00 4.00 0.00 0.41 0.00 2.80 0.00 0.00
ZY6 4.43 0.20 3.22 3.10 4.00 0.00 2.40 0.41 0.00 4.02 0.41 0.61
ZY7 0.00 0.00 0.00 0.00 0.00 2.40 0.00 0.00 0.00 5.80 0.00 0.00
ZY8 6.40 4.01 1.22 0.00 0.41 0.41 0.00 0.00 1.40 4.24 2.45 1.62
ZY9 6.11 3.67 0.41 0.00 0.00 0.00 0.00 1.40 0.00 2.84 1.22 0.20
ZY10 17.80 3.12 1.22 0.00 2.80 4.02 5.80 4.24 2.84 0.00 0.61 0.61
ZY11 8.80 1.22 1.22 0.61 0.00 0.41 0.00 2.45 1.22 0.61 0.00 5.95
ZY12 3.47 0.00 3.74 7.02 0.00 0.61 0.00 1.62 0.20 0.61 5.95 0.00

Table 7. Network relationship matrix of causes

Code C1 C2 C3 C4 C5 C6 C7 C8 C9 C10
C1 0.00 2.10 6.42 5.81 0.41 5.52 1.91 0.40 0.80 0.00
C2 2.10 0.00 2.50 0.40 1.50 8.10 0.00 0.00 2.60 0.00
C3 6.42 2.50 0.00 5.54 1.81 7.22 4.52 1.02 2.82 0.00
C4 5.81 0.40 5.54 0.00 6.22 7.04 1.84 0.20 0.20 2.50
C5 0.41 1.50 1.81 6.22 0.00 4.22 0.61 2.00 0.20 0.00
C6 5.52 8.10 7.22 7.04 4.22 0.00 5.95 5.00 5.43 1.60
C7 1.91 0.00 4.52 1.84 0.61 5.95 0.00 2.10 3.91 0.00
C8 0.40 0.00 1.02 0.20 2.00 5.00 2.10 0.00 0.00 3.20
C9 0.80 2.60 2.82 0.20 0.20 5.43 3.91 0.00 0.00 0.00
C10 0.00 0.00 0.00 2.50 0.00 1.60 0.00 3.20 0.00 0.00

Table 8. Network relationship matrix of contract disputes and causes

Code ZY1 ZY2 ZY3 ZY4 ZY5 ZY6 ZY7 ZY8 ZY9 ZY10 ZY11 ZY12
C1 1.63 7.22 8.82 5.00 8.00 1.20 4.80 0.41 9.82 3.72 4.02 2.41
C2 5.31 0.00 0.20 0.00 0.00 7.70 6.30 0.41 6.80 6.41 1.51 4.41
C3 2.65 1.22 6.23 8.42 0.00 0.82 0.00 1.43 2.61 1.51 8.77 5.35
C4 2.65 0.00 7.03 1.43 0.00 0.61 0.00 1.22 0.61 10.65 1.02 0.82
C5 0.61 0.00 3.61 1.40 5.00 0.20 7.20 0.41 0.00 7.02 3.41 0.61
C6 8.35 3.70 4.61 10.34 7.00 6.30 2.24 6.73 0.00 7.81 4.43 8.22
C7 3.02 0.50 0.41 5.72 1.10 0.00 0.00 2.11 0.00 0.20 6.84 4.01
C8 4.24 4.43 0.41 0.61 0.00 0.20 0.61 0.00 1.84 0.82 2.65 1.00
C9 1.84 0.61 1.61 3.31 0.00 0.00 0.00 0.00 0.20 0.82 0.41 4.10
C10 7.12 0.00 0.00 0.00 0.00 0.00 1.80 1.20 1.70 5.22 0.20 0.00
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Table  8  shows the relationship between contract 
disputes and their causes. The relationships between 
C4 and ZY10, C6 and ZY4 are closer, with the values be-
ing 10.65  and 10.34. C6 exhibits significant associations 
with contract disputes, notably with ZY1, ZY4, and ZY12. 
In comparison, C10 has a less critical relationship with all 
disputes.

5. The results of social network analysis
5.1. Crucial contract disputes in megaprojects
The network density of the contract dispute network 
is 0.697, indicating that contract disputes are closely 
connected in the Jinan Airport megaproject. In the social 
network, the node attributes can be explained using the 
nodes’ size scale and the lines’ thickness scale. The larger 
the node icon, the greater its degree centrality, indicating 
that it is connected to many lines. The thicker the line, the 
higher the co-occurrence frequency. As Figure  3  shows, 
payment dispute (ZY1), settlement dispute (ZY10), and or-
der change dispute (ZY6) are the key contract disputes 
because of their larger icons. In contrast, temporary work 
dispute (ZY4) and material price dispute (ZY7) have small-
er icons than others. The two lines (i.e., ZY1  and ZY10, 

ZY1 and ZY2) are thicker than the other lines, indicating 
a high degree of co-occurrence. Table 9 shows that pay-
ment dispute (ZY1) and settlement dispute (ZY10) have 
a great centrality degree, with values of 74.11 and 43.06. 
The closeness centrality of material price dispute (ZY7) and 
temporary work dispute (ZY4) are high, with values being 
20 and 18. Order change dispute (ZY6) possesses the high-
est betweenness centrality, with a value of 6.593. In con-
trast, temporary work dispute (ZY4) and brand dispute (i.e., 
equipment and materials) (ZY5) have lower betweenness 
centrality, with the value being 0.00. 

5.2. Crucial contract dispute  
causes in megaprojects
Figure 4 shows the network relationships between contract 
dispute causes. Table 10 shows that the network of con-
tract dispute causes has a high density, with a value of 0.8. 
Unclear contract terms (C6) and incomplete survey and 
design content (C4) are the larger nodes in the contract 
dispute causes network, showing they have many links 
with others. In contrast, the relevance of government audit 
(C10) is a small node, revealing it has fewer links with other 
causes. The thick lines between C6 and other nodes indi-
cate a high frequency of co-occurrence relationships with 

Figure 3. Relationship network of contract disputes

Table 9. Network analysis results of contract disputes

No. Cause content Degree centrality Closeness centrality Betweenness centrality Core

ZY1 Payment dispute 74.11 12 2.769 0.961
ZY2 Quality dispute 23.76 14 0.510 0.114
ZY3 Construction tasks dispute 15.28 13 0.852 0.028
ZY4 Temporary work dispute 15.76 18 0.000 0.040
ZY5 Brand dispute (i.e., equipment and materials) 15.53 16 0.000 0.071
ZY6 Order change dispute 22.80 12 6.593 0.045
ZY7 Material price dispute 8.20 20 0.000 0.000
ZY8 Breach of contract dispute 22.16 13 0.852 0.069
ZY9 Guarantee dispute 15.85 15 0.143 0.060
ZY10 Settlement dispute 43.06 12 5.352 0.194
ZY11 Site safety and housekeeping dispute 22.49 13 1.702 0.085
ZY12 Construction coordination dispute 23.22 14 1.226 0.031
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other factors. Table 10 shows that unclear contract terms 
(C6) have the highest centrality degree, with a  value of 
79.02. Unforeseen on-site environment changes (C3) and 
incomplete survey and design content (C4) have a  high 
degree of centrality, with the values being 54.5 and 54.29. 
The difference in closeness centrality of these ten causes 
is not significant because the values of closeness central-
ity range from 9 to 15. For example, the closeness central-
ity of the relevance of government audit (C10) is 15.0. In 
contrast, the closeness centrality of incomplete survey and 

design content (C4) and unclear contract terms (C6) is 9.0. 
Incomplete survey and design content (C4) and unclear 
contract terms (C6) have the highest betweenness central-
ity, with the values being 2.867 and 2.867.

The contract dispute-cause network is a  two-mode 
network that cannot undergo centrality analysis before 
being converted. The density was calculated as 0.783 us-
ing the “network, 2-mode networks, 2-mode cohesion” 
function in UCINET 6.0 software. Figure 5 shows that the 
inconsistencies between contract and tender documents 

Table 10. Contract dispute causes network analysis results

No. Cause content Degree 
centrality

Closeness 
Centrality

Betweenness 
Centrality Core

C1 Inconsistencies between contract and tender documents 33.43 10 0.533 0.273
C2 The imperfect clients’ management system 17.20 12 0.000 0.175
C3 Unforeseen on-site environment changes 54.50 10 0.533 0.391
C4 Incomplete survey and design content 54.29 9 2.867 0.406
C5 Contractor’s bidding and quotation strategy 28.94 10 0.533 0.244
C6 Unclear contract terms 79.02 9 2.867 0.560
C7 Special construction requirements 41.61 11 0.167 0.336
C8 Policy-related factors 18.96 11 1.333 0.171
C9 Third-party factors 25.39 11 0.167 0.220
C10 Relevance of government audit 7.30 15 0.000 0.106

Figure 4. Relationship network of contract dispute causes

Figure 5. Relationship network of contract disputes and causes
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(C1) exhibit the highest degree centrality with the larg-
est node. In contrast, the relevance of government au-
dit (C10) presents the lowest degree centrality with the 
smallest node. For contract disputes, payment dispute 
(ZY1) displays the highest centrality degree, while brand 
dispute (i.e., equipment and materials) (ZY5) exhibits the 
lowest one. The linkages between C3 and ZY11, C4 and 
ZY10 demonstrate the most robust linkages in the contract 
dispute–cause network.

6. Discussion
Our study systematically identified 12 types of contract 
disputes in megaprojects, among which payment dispute 
(ZY1), settlement dispute (ZY10), and order change dis-
pute (ZY6) occur with high frequency and occupy central 
positions in the network of contract disputes. Some con-
tract dispute types, such as temporary work dispute (ZY4), 
brand dispute (i.e., equipment and materials) (ZY5), and 
construction coordination dispute (ZY12) are rarely men-
tioned in current studies but show high contextual im-
portance in megaprojects, reflecting the temporary nature, 
coordination demands, and multi-stakeholder complexity 
unique to large-scale projects. Our findings are consistent 
with existing studies, which pointed out that payment dis-
putes and quality disputes are common disputes in con-
struction projects (Serpell & Torres, 2023), particularly re-
garding the prevalence of payment disputes across differ-
ent contexts. However, unlike previous research that has 
focused chiefly on a single type of dispute, our study re-
veals that financial disputes (ZY1, ZY10) occupy a core role 
in the contract dispute network and exhibit a high degree 
of interconnectivity. Our findings provide a new perspec-
tive for understanding the relationships between contract 
disputes in the megaproject context.

Our study identified 10 key causes of contract disputes 
in megaprojects, among which unclear contract terms (C6) 
and incomplete survey and design content (C4) exhibit the 
highest degree centrality and betweenness centrality in 
the relationship network of contract dispute causes, indi-
cating the bridging roles in linking multiple contract dis-
pute causes. The core causes can be directly attributed 
to the clients’ unclear task definitions, including inconsis-
tencies between contract and tender documents (C1), im-
perfect clients’ management system (C2), and incomplete 
survey and design content (C4). Because megaprojects are 
typically initiated by local governments that often lack ex-
tensive megaproject management experience, this exacer-
bates the ambiguity of project plans. In addition, special 
construction requirements (C7) and policy-related factors 
(C8), as context-specific causes unique to megaprojects, 
are important causes of contract disputes, yet have re-
ceived limited attention in the existing literature focusing 
on general project contexts (Illankoon et al., 2022; Serpell 
& Torres, 2023). For example, Silva et al.’s (2023) system-
atic review of dispute causes did not mention technical 
specificity or policy volatility because standard construc-

tion projects face less stringent technical requirements and 
operate in stable policy environments. In contrast, mega-
projects are frequently subject to policy adjustments and 
changes in technical standards, making them the main dis-
putes in megaproject contexts. Furthermore, prior studies 
have examined dispute causes from a  linear cause–effect 
perspective (Naji et  al., 2020; Viswanathan et  al., 2020), 
overlooking interactions among the causes. Our study 
found that unclear contract terms (C6) and incomplete 
survey and design content (C4) are high-frequency causes 
and bridging nodes linking multiple dispute causes, sup-
porting dispute generation’s networked and systemic na-
ture. This finding resonates with Tanriverdi et  al. (2021) 
emphasis on contractual ambiguity but further reveals its 
cross-causal linking role in megaprojects.

Although our study uses the Jinan Airport megaproject 
as one case study, its findings offer valuable implications 
for understanding megaprojects. Key contract disputes 
and underlying causes identified herein are tested in prior 
studies to some degree, revealing their specificity and uni-
versality. For instance, the high correlation between pay-
ment dispute (ZY1) and settlement dispute (ZY10) emerges 
in transportation projects such as high-speed rail and met-
ro systems (Shabana & Gad, 2023). Quality dispute (ZY2) 
and construction tasks dispute (ZY3) are consistent with 
Hussain et al. (2025). Prior studies proved our findings re-
garding the causes of contract disputes, such as unclear 
contract terms (C6) acting as a key link connecting spe-
cial construction requirements for megaprojects (C7) and 
incomplete survey and design content (C4). For example, 
in urban complex projects, ambiguous clauses (a  mani-
festation of unclear contract terms) lead to disputes over 
decoration standards and missing items in drawings (Ab-
dul-Malak et al., 2019; Francis et al., 2022); the imperfect 
clients’ management system (C2) in government-led proj-
ects is prevalent in municipal, water conservancy, and oth-
er public projects (Naji et al., 2020). Thus, our findings have 
substantial value for contract disputes in the megaproject 
context.

7. Theoretical implementation and  
practical implementation
7.1. Theoretical implementation
(1)	 Our study extends contract dispute typology litera-

ture by identifying 12 types of contract disputes spe-
cific to the megaproject context. Beyond the discussed 
payment and settlement-related disputes, our results 
highlight the contextual salience of temporary work 
dispute, brand dispute (i.e., equipment and materials), 
and construction coordination dispute issues that are 
rarely mentioned in conventional construction dispute 
studies (Serpell & Torres, 2023; Silva et al., 2023) but 
are prominent in megaprojects. This study supple-
ments current typologies by revealing the importance 
of these underexplored dispute types (Cheung & 
Pang, 2013; Iyer et al., 2008) with context-dependent 
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categories that are particularly relevant for complex, 
multi-stakeholder environments. The findings provide 
new perspectives for designing contract governance 
to address contract disputes in megaprojects.

(2)	 Our study expands the relevant literature on the an-
tecedent identification of contract disputes by pro-
viding ten causes. Prior studies have recognized the 
significance of ambiguous contract terms or incom-
plete design (Viswanathan et al., 2020; Tanriverdi et al., 
2021) but have not examined their detailed role. Our 
findings enrich the understanding of dispute causa-
tion by revealing that unclear contract terms (C6) and 
incomplete survey and design content (C4) are bridg-
ing nodes linking multiple dispute causes. It confirms 
that disputes are interactions rather than isolated, 
which adds a network perspective to dispute causa-
tion research. Besides, identifying megaproject spe-
cific causes, such as special construction requirements 
(C7) and policy-related factors (C8), adds contextual 
nuance to contract dispute. These factors are often 
absent from general construction dispute’s  theoreti-
cal frameworks (Illankoon et al., 2022) but are essential 
in policy-sensitive, technically demanding projects like 
megaprojects. By explicitly incorporating these con-
text specific elements, this study advances the theo-
retical frameworks of dispute causation, bridging the 
gap between generic frameworks (Silva et al., 2023) 
and the realities of governance in megaprojects.

(3)	 Our study advances methodological approaches for 
identifying and analyzing contract disputes and their 
causes by integrating text mining with SNA. Prior 
studies have typically relied on surveys or qualitative 
coding to classify disputes and causes (e.g., E. Cakmak 
& P. I. Cakmak, 2014; Naji et al., 2020), which capture 
frequency but often overlook interdependencies. In 
contrast, the combined use of text mining and SNA in 
this study enables the simultaneous identification of 
the most frequent disputes and causes and their net-
work attributes, revealing key disputes and causes that 
connect multiple conflict pathways. Compared with 
previous studies that applied SNA to risk or stake-
holder network studies (Nabi & El-adaway, 2022; Al-
jassmi et al., 2014), this study applies SNA to contract 
management, offering a new analytical scope for un-
derstanding what disputes emerge in megaprojects.

7.2. Practical implementation
(1)	 This study provides practical guidance to project man-

agers of megaprojects on designing contract items. 
Our findings suggest that the identification of pay-
ment dispute (ZY1), settlement dispute (ZY10), and or-
der change dispute (ZY6) as contract disputes indi-
cates that targeted resolution of these disputes can 
have an outsized effect on reducing overall dispute 
incidence. Project clients and contractors should pri-
oritize the clear specification of payment schedules, 
settlement principles, and change management pro-
cedures in the contract drafting stage to minimize am-

biguity and reduce potential conflict. The findings help 
contract managers consider potential points of dis-
pute to deal with in advance, thus reducing the oc-
currence of contract disputes.

(2)	 This study offers guidance for contract dispute solu-
tions by providing the common causes of contract 
disputes in megaprojects. The bridging role of un-
clear contract terms (C6) and incomplete survey and 
design content (C4) suggests that addressing these 
issues early can prevent the spread of disputes across 
multiple domains. Clients should ensure that contract 
clauses are specific, unambiguous, and operational-
ly enforceable, while survey and design deliverables 
should be complete and accurate before contract ex-
ecution. Establishing independent review and verifica-
tion mechanisms for these documents can further re-
duce risks. Besides, recognizing megaproject specific 
causes such as special construction requirements (C7) 
and policy related factors (C8) underscores the need 
for adaptive contracts and project management strat-
egies. For projects subject to stringent technical stan-
dards or regulatory volatility, stakeholders should in-
corporate flexible contractual provisions that allow for 
technical adjustments and policy driven modifications 
without automatically triggering disputes. 

(3)	 This study offers guidance for the network based an-
alytical approach, which can be applied as a practi-
cal contract dispute monitoring tool. By continuously 
mapping the relationships between contract disputes 
and their causes, project managers can detect emerg-
ing central disputes or bridging causes and intervene 
before conflicts escalate. Our study complements ex-
isting project monitoring practices discussed in Hu 
et al. (2016) and Galvin et al. (2021), and adds an an-
alytical dimension that shifts monitoring from passive 
tracking to proactive network-informed intervention, 
which is particularly valuable in the dynamic environ-
ment of megaproject delivery.

7.3. Limitations
Despite our best efforts, this study is not without limita-
tions. First, due to the limitation of data collection, the 
data were gathered from one megaproject, although our 
study collected data over four years. Future studies can 
conduct multiple case studies or surveys by collecting da-
ta from many megaprojects. Second, megaproject con-
tract management processes did not consider temporal 
effects such as dynamism and turbulence. Future studies 
can assess the impact of temporal dynamics on contract 
disputes and their causes by collecting longitudinal infor-
mation about these evolving trajectories and taking proj-
ect phases into account to track the dynamic relationships. 
Third, social network relationships of contract disputes and 
their causes may exhibit different characteristics at differ-
ent megaproject stages. Future studies can deepen the 
understanding of the multi-level nature of social networks, 
exploring the formation and development of other core 
network layers.
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8. Conclusions
Contract disputes have become a hot issue in megaproj-
ects. Prior studies explored contract disputes in conven-
tional construction projects, modular projects, and the PPP 
project contexts, but few focused on the megaprojects 
that face serious contract dispute challenges. Our study 
addresses this gap by proposing a framework of contract 
disputes and corresponding causes using text mining and 
SNA. The findings provide 12 contract disputes and 10 
causes in the megaproject context. Our findings found 
that the payment dispute (ZY1) and settlement dispute 
(ZY10) have a high centrality degree; material price dis-
pute (ZY7) and temporary work dispute (ZY4) have high 
closeness centrality; the order change dispute (ZY6) pos-
sesses the high betweenness centrality. Meanwhile, un-
clear contract terms (C6), unforeseen on-site environment 
changes (C3) and incomplete survey and design content 
(C4) have the high centrality degree; incomplete survey 
and design content (C4), and unclear contract terms (C6) 
have great closeness centrality; incomplete survey and de-
sign content (C4) and unclear contract terms (C6) have the 
great betweenness centrality. Our study enriches the lit-
erature on contract disputes by identifying main disputes 
and corresponding causes, and advances research on con-
tract governance in megaprojects by exploring relation-
ships between contract disputes and causes. Meanwhile, 
it provides practical guidance for megaprojects in contract 
management and dispute solutions.
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APPENDIX

Table A1. Initial matrix of social network for contract disputes and causes

ZY1 ZY2 ZY3 ZY4 ZY5 ZY6 ZY7 ZY8 ZY9 ZY10 ZY11 ZY12 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

ZY1 0 33 11 7 0 7 0 24 27 49 25 17 8 2 13 13 3 12 6 10 9 5
ZY2 33 0 1 0 2 1 0 2 18 5 6 0 4 0 6 0 0 1 0 7 2 0
ZY3 11 1 0 0 2 6 0 6 2 6 6 9 4 1 8 7 2 3 2 2 3 0
ZY4 7 0 0 0 0 0 0 0 0 0 3 5 0 0 6 7 1 11 5 3 2 0
ZY5 0 2 2 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ZY6 7 1 6 0 0 0 0 2 0 6 2 3 1 0 4 3 1 1 0 1 0 0
ZY7 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 11 0 3 0 0
ZY8 24 2 6 0 2 2 0 0 1 9 12 6 2 2 7 6 2 7 2 0 0 0
ZY9 27 18 2 0 0 0 0 1 0 10 6 1 4 0 2 3 0 0 0 9 1 0
ZY10 49 5 6 0 0 6 1 9 10 0 3 3 5 3 3 12 4 3 1 4 4 6
ZY11 25 6 6 3 0 2 0 12 6 3 0 12 5 2 18 4 2 8 10 13 2 0
ZY12 17 0 9 5 0 3 0 6 1 3 12 0 3 2 13 4 3 6 2 0 0 0
C1 8 4 4 0 0 1 0 2 4 5 5 3 0 0 4 3 2 4 2 1 0 0
C2 2 0 1 0 0 0 0 2 0 3 2 2 0 0 0 0 0 0 0 0 0 0
C3 13 6 8 6 0 4 0 7 2 3 18 13 4 0 0 10 2 6 5 5 4 0
C4 13 0 7 7 0 3 0 6 3 12 4 4 3 0 10 0 5 10 9 1 1 0
C5 3 0 2 1 0 1 0 2 0 4 2 3 2 0 2 5 0 6 3 0 1 0
C6 12 1 3 11 0 1 11 7 0 3 8 6 4 0 6 10 6 0 12 1 7 0
C7 6 0 2 5 0 0 0 2 0 1 10 2 2 0 5 9 3 12 0 0 2 0
C8 10 7 2 3 0 1 3 0 9 4 13 0 1 0 5 1 0 1 0 0 0 0
C9 9 2 3 2 0 0 0 0 1 4 2 0 0 0 4 1 1 7 2 0 0 0
C10 5 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0

Table A2. Supplementary matrix of social network for contract disputes and causes

ZY1 ZY2 ZY3 ZY4 ZY5 ZY6 ZY7 ZY8 ZY9 ZY10 ZY11 ZY12 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

ZY1 0 4.2 1.4 3.6 7.5 3 0 1.5 0.6 7.8 3.7 0 0 4.9 0 0 0 5.9 1.8 2.2 0 6.1
ZY2 4.2 0 0 0 0 0 0 3.6 0 2.1 0 0 6.4 0 0 0 0 3.5 0.5 3 0.2 0
ZY3 1.4 0 0 0 0 2 0 0 0 0 0 1.9 8 0 4.6 5.6 3.2 4 0 0 1 0
ZY4 3.6 0 0 0 0 3.1 0 0 0 0 0 6 5 0 7.2 0 1.2 8.1 4.7 0 2.9 0
ZY5 7.5 0 0 0 0 4 0 0 0 2.8 0 0 8 0 0 0 5 7 1.1 0 0 0
ZY6 3 0 2 3.1 4 0 2.4 0 0 2.8 0 0 1 7.7 0 0 0 6.1 0 0 0 0
ZY7 0 0 0 0 0 2.4 0 0 0 5.6 0 0 4.8 6.3 0 0 7.2 0 0 0 0 1.8
ZY8 1.5 3.6 0 0 0 0 0 0 1.2 2.4 0 0.4 0 0 0 0 0 5.3 1.7 0 0 1.2
ZY9 0.6 0 0 0 0 0 0 1.2 0 0.8 0 0 9 6.8 2.2 0 0 0 0 0 0 1.7
ZY10 7.8 2.1 0 0 2.8 2.8 5.6 2.4 0.8 0 0 0 2.7 5.8 0.9 8.2 6.2 7.2 0 0 0 4
ZY11 3.7 0 0 0 0 0 0 0 0 0 0 3.5 3 1.1 5.1 0.2 3 2.8 4.8 0 0 0.2
ZY12 0 0 1.9 6 0 0 0 0.4 0 0 3.5 0 1.8 4 2.7 0 0 7 3.6 0 4.1 0
C1 0 6.4 8 5 8 1 4.8 0 9 2.7 3 1.8 0 2.1 5.6 5.2 0 4.7 1.5 0.2 0.8 0
C2 4.9 0 0 0 0 7.7 6.3 0 6.8 5.8 1.1 4 2.1 0 2.5 0.4 1.5 8.1 0 0 2.6 0
C3 0 0 4.6 7.2 0 0 0 0 2.2 0.9 5.1 2.7 5.6 2.5 0 3.5 1.4 6 3.5 0 2 0
C4 0 0 5.6 0 0 0 0 0 0 8.2 0.2 0 5.2 0.4 3.5 0 5.2 5 0 0 0 2.5
C5 0 0 3.2 1.2 5 0 7.2 0 0 6.2 3 0 0 1.5 1.4 5.2 0 3 0 2 0 0
C6 5.9 3.5 4 8.1 7 6.1 0 5.3 0 7.2 2.8 7 4.7 8.1 6 5 3 0 3.5 4.8 4 1.6
C7 1.8 0.5 0 4.7 1.1 0 0 1.7 0 0 4.8 3.6 1.5 0 3.5 0 0 3.5 0 2.1 3.5 0
C8 2.2 3 0 0 0 0 0 0 0 0 0 1 0.2 0 0 0 2 4.8 2.1 0 0 3.2
C9 0 0.2 1 2.9 0 0 0 0 0 0 0 4.1 0.8 2.6 2 0 0 4 3.5 0 0 0
C10 6.1 0 0 0 0 0 1.8 1.2 1.7 4 0.2 0 0 0 0 2.5 0 1.6 0 3.2 0 0




