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Abstract. This paper identifies 20 critical success factors (CSFs) of innovation in China’s construction projects through 
literature review, a case study and expert interviews. Integrated Structural Modeling (ISM) and MICMAC (Impact 
Matrix Cross-reference Multiplication Applied to a Classification) analysis were used to hierarchically structure CSFs 
as well as to analyze their inter-relationships. The dependence and driver power of each factor were also analyzed. By 
doing this, this paper presents structural clarity and establishes a hierarchical order for prioritization for the decision-
making. The findings show that most of the CSFs (19 out of 20) have strong inter-relationships. According to the law 
of vital few and trivial many, 80% of effects come from 20% of the causes for many events. This paper suggests that 
intensive effort should focus on the root source of CSFs: owner’s involvement and leadership, top management com-
mitment, and strategic importance of the innovation project. Besides, external support, which is beyond the innovation 
project network, plays an important role in the success of innovation in China’s construction projects.
Keywords: China, critical success factors, construction innovation, integrated structural modeling.

 Introduction 

At present, China is in a rapid development period of 
industrialization, modernization, and urbanization. In 
accordance with that, the scale of investment for infra-
structure is increasing, and it requires innovation to sup-
port the development. Moreover, the innovation-driven 
development in the construction industry has been pri-
oritized in the China’s National Twelfth Five-Year Sci-
ence and Technology Plan, released by Ministry of Sci-
ence and Technology (MOST) in 2011. The development 
of construction innovation is expected to facilitate the 
national capacity of independent innovation. However, 
the innovation performance of construction industry, 
especially China’s, with respect to productivity, qual-
ity, and product functionality has been relatively poor 
in comparison with other industries (Bosch-Sijtsema, 
Postma 2009; Slaughter 1998). Furthermore, innovation 
has been taken as the key factor contributing to the higher 
productivity, better efficiency and competitiveness in con-
struction project settings (Allen Consulting Group 2010). 
Therefore, to a large extent, the desperate demand for in-
novation has generated bottlenecks in the development of 
China’s construction productivity (Ghoddousi, Hosseini 
2012).

Innovation, whether technical or not, is complex, dy-
namic and non-linear (Ozorhon 2013). Within the con-
struction industry, the definition provided by Slaughter 
(1998) is broadly accepted by participants and academ-
ics (Blayse, Manley 2004). She defines innovation as the 
“actual use of a nontrivial change and improvement in a 
process, product, or system that is novel to the institution 
developing the change” (Slaughter 1998, 2000). Con-
struction is a diverse, project-based industry (Ozorhon 
2013). The project base nature of construction industry 
makes every project unique (Veshosky 1998), thus there 
is significant opportunity and tendency for innovative 
behaviour (Kulatunga et al. 2006), which, most of the 
time, tends to happen at the project level (Ozorhon 2013; 
Winch 2003; Widén et al. 2014). In construction settings, 
much of the innovation is co-developed with other project 
participants, such as clients, designers, contractors, sub-
contractors, suppliers, and consultants, each of which has 
a different role in the innovation process (Ozorhon 2013).

Literature exploring the process of construction in-
novation once considered innovation is the responsibility 
of individual firms (Gann, Salter 2000; Ozorhon et al. 
2014). Nevertheless, in the recent era, researchers in-
creasingly emphasize the importance of interfirm coop-
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eration relationships and networks in innovation projects 
(Holmen et al. 2005; Rothwell 1992; Slaughter 1998), 
among which Nam and Tatum (1992, 1997) emphasize 
the importance of vertical integration in construction in-
novation. Ozorhon et al. (2014) also conclude that inte-
gration and leadership are two important enablers of inno-
vation in construction. Furthermore, Blayse and Manley 
(2004) claim that tighter “couplings” among firms and 
individuals involved in construction projects are likely 
to be more supportive of innovation. This idea is fur-
ther strengthened by Miozzo and Dewick (2004) who call 
for stronger inter-organizational cooperation as a way of 
enhancing construction innovation. However, the adver-
sarial relations among the numerous participants special-
izing in different fields of projects have led to the lack of 
cooperation. So far, the lack of continuous and stable co-
operation among participants has been taken as the main 
reason for the low level of innovation performance of the 
construction industry (Barlow, Jashapara 1998; Holmen 
et al. 2005). Hence, exploring the CSFs for cooperation 
in construction projects with emphasis on innovation is 
necessary. 

This present study focuses on identifying and hier-
archically structuring the CSFs of innovation in China’s 
construction projects. Literature review, a case study 
and expert interviews were used to identify the CSFs. 
Integrated Structural Modeling (ISM) and MICMAC 
(Impact Matrix Cross-reference Multiplication Applied to 
a Classification) analysis were applied to bring structural 
clarity and establish a hierarchical order for prioritization 
for the decision-making. The findings can help partici-
pants involved in construction projects to improve their 
understanding in planning and implementing innovation. 
Projects that have already been embarked upon or are 
coming should take advantage of it to accelerate excel-
lence in performance. 

1. Identification of CSFs for innovation in China’s 
construction projects

1.1. Review of CSFs for construction innovation
Innovation has a context sensitive nature (Ozorhon 2013), 
thus, the success or failure of innovation is influenced by a 
whole range of factors which often vary from one organi-
zation to another, from one industry to another, and even 
from one country to another (Jones, Saad 2003; Bröch-
ner, Badenfelt 2011; Akbiyikli et al. 2012). This present 
study followed three tracks, which include literature re-
view, a case study and expert interviews, to arrive at the 
CSFs (Sagheer et al. 2009). A comprehensive literature 
review was proceeded before, during, and following the 
case study and expert interviews. The relevant literature 
reviewed includes journal articles, conference papers, 
reports, books, internet materials etc.  A compilation of 
literature on the innovation in construction projects is 
shown in Table 1. The case study project, which would 
be described in the following part, is investigated for a 
sufficiently long period of time (one year) to draw insights 

into how to successfully implement innovation in China’s 
construction projects. The selected experts (The detailed 
information about the selection process and background 
of experts will be explained in Section 3) were first asked 
to list as many ideas as possible about the CSFs. Accord-
ing to the results of literature review, case study and ex-
pert interviews, a checklist consisting of 26 factors was 
conducted. Then the checklist was provided to the experts 
to obtain their opinions on the initial list of factors iden-
tified. Associated modifications (agree, disagree, detailed 
modification advice–add, delete or combine factors etc.) 
were made according to the experts’ advice. For instance, 
during the first round, there were three pairs of factors 
gets combined e.g. the efficient allocation of risks and 
the reasonable distribution of interests were combined 
into the reasonable allocation of risks and interests; and 
there were two factors get deleted such as the cooperation 
intention of partners. Besides, associated modifications in 
the presentations of some of the factors were made ac-
cording to the experts’ advice. The process was carried 
forward until all of the experts reached a consensus. To 
the end, 20 CSFs of construction innovation were identi-
fied and they are illustrated hereinafter. 

1.2. Case study
The case study project, Shuohuang Railway Project 
(SRP), was identified because it is one of the winners 
of the National Scientific and Technological Progress 
Awards. This award is organized every year in China to 
award the projects that demonstrate best practices, with 
particular emphasis on innovation. Shuohuang Railway 
(SR) is designed to connect the Shanxi-South Neimenggu 
emerging energy base and the Bohai bay emerging port 
as well as to become the important integrant of the sec-
ond large corridor of transporting coal from the west to 
the east of China. The completion of SRP will improve 
the flexibility of China’s railway transportation network, 
and eventually will make important contributions to the 
execution of China’s energy strategy and accelerate the 
development of the national economy. The geographical 
location of SR is shown in Figure 1. 

The overall length of SR is about 367 miles. The 
long length of this project and the complicated geology 

Fig. 1. Geographical location of Shuohuang Railway
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along with the tight project schedule etc. make the con-
struction process of SR have to take advantage of the 
innovative skills and products. In fact, many innova-
tions that helped to overcome the obstacles faced by this 
project were introduced. Shuohuang Railway Corpora-
tion (SRC) (the owner of the project) organized many 
relevant experts to focus on doing the research on the 
railway subgrade design under the condition of special 
soil. The achievements were successfully implemented 
in the project including Two Steps a Membrane Geotex-
tile Construction Technology for Salinization Roadbed, 
Group C Packing Improvement Technology, the New Soft 
Foundation Treatment Technology and the New Coastal 
Embankment Construction Technology etc. SRP contains 
77 tunnels, among which the Changliangshan tunnel is 
the longest, 12781.5 meters in total, which brought great 
challenge for the construction process. To solve this prob-
lem, under the administration of SRC, the participants of 
the innovation network in this project worked collabora-
tively to tackle key technical problems and formed the 
comprehensive construction technique for particularly 
long double-track tunnel under complex geological con-
ditions. Besides, essential problems concerning to the in-
fluence from the construction of SRP to the environment 
were alleviated by the development and application of the 
environmentally friendly engineering technologies. How-
ever, the construction innovation process of this project is 
not free of challenges. The primary one is the inexperi-
ence of workforce and the reluctance of the contractors. 
Another problem is that the research and development of 
the technologies required by the construction of SRP is 
difficult and high-standard, which need the collaborative ef-
fort from various players such as research institutes, univer-
sities, suppliers, designers, contractors etc. This means that 
how to effectively and efficiently manage the innovation-
based cooperation is the key to the success of this project. 

The innovation experience in this case study project 
was investigated for a sufficiently long period of time 
(one year) accompanied with several semi-structured 
interviews with the key stakeholders involved. Other 
sources of evidence, such as the project documents, were 
also analysed to gain insights into how to successfully 
implement construction innovation. The brief introduc-

tion of the case study project is shown in Table 2. It is 
shown that the successful experience of construction in-
novation of SRP can be concluded into three aspects in 
terms of the construction of strategic cooperation rela-
tionship, the management of the cooperation process and 
the implementation of construction innovation, which is 
in line with the findings coming from the above men-
tioned literature review and expert interviews as well as 
validate the CSFs identified. 

(1) The construction of strategic cooperation relationship
Partnering provides the basis for the project partici-

pants to adopt a win-win approach to solve problems and 
foster synergistic teamwork (Ozorhon 2013). The partner 
companies should not only intend to cooperate at the pro-
ject level, but also own the long term strategic coopera-
tion expectations. SRC as the owner of the project holds 
a harmonious long-term relationship with a great num-
ber of design companies, research institutes, consulta-
tion companies and universities alike. All of the partners 
have good reputation, most of them have rich collabora-
tive working experience before, and have sound working 
relationships with their former partners, which pave the 
way for successful innovation in the project. 

(2) The management of the cooperation process
Strategic partnering has helped to ensure the mutual 

trust among the participants in the innovation network, 
however, there still needs contractual arrangements to 
smooth the management process of innovation project. 
SRP applied a whole set of complete governance meas-
ures to insure the success of the project. For instance, all 
of the participants of the innovation project sign a detailed 
contract which can fairly and clearly allocate the risks, in-
terests, responsibilities and conflict resolving strategies. 
The draft, discussion and amendment of the contract text 
for SRP have been through a long time. The owner or-
ganized several discussions among all of the participants 
of the innovation network to reach the consensus on the 
cooperative innovation contract. Based on the whole life 
cycle management method, this project adopted the in-
formation network management system to guarantee the 
internal and external effective communication as well as 
to monitor the whole process of innovation.

Table 2. Introduction of the case study project  

Project name Duration Budget Target

Shuohuang 
Railway 
Project

82 months $2.5 billion

To become the important integrant of the second large corridor of transporting coal 
from the west to the east of China. The designed transportation capacity of SRP 
was 100 million ton per year (the transportation capacity of SR is now up to 350 
million ton per year after another three years’ expansion and renovation thereafter)

Mainly 
achievements

Numerous technological or non-technological innovation achievements were achieved. The project was 
completed 14 months ahead of schedule, with $0.44 billion below projected costs. 53 items of new technologies, 
processes, materials and machines were adopted during the construction of the project. The project received 
plenty of rewards for outstanding construction innovation. For example, it is the winner of the National 
Scientific and Technological Progress Awards, National Quality Project Rewards, and Ministry of Railway 
Quality Project Rewards etc. Besides it was honored as the National Environmental Friendly Project
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(3) The implementation of construction innovation
The construction of SRP involves a wide range of 

regions; it had a huge economic and environmental ef-
fect on the local areas, so the project received substantial 
support from both regional and national governments. 
The owner-led administration mode was adopted in this 
project. The owner of the project acted as the main fi-
nancial founder, decision maker and beneficiary of the 
innovation achievements in the innovation project. This 
administration mode helped streamline the information, 
knowledge sharing, and communication. Its application 
effectively reduced the risks and conflicts that occurred 
during the process of the project. Innovation was given 
strategic importance in this project, which dramatically 
facilitated the innovation process. The commitment of top 
management of owner and contractor ensures the con-
struction innovation with sufficient resource and author-
ity. The construction innovation network of SRP estab-
lishes proper culture where learning and innovation can 
flourish. In this context, the participants of the network 
can efficiently communicate and sharing information by 
opening their organizational boundaries. Moreover, strict 
incentive mechanism, which is shown important for the 
management of construction innovation, is given empha-
size from the inception phase of this project. As SRC 
underlines that the construction innovation should tightly 
consider the instant and long term engineering require-
ments, strategies to ensure the engineering application of 
innovation is important. Moreover, the CEO of this pro-
ject’s owner played as an integration champion to spon-
sor the new ideas at the highest level of the organization 
through using his power to move them along and seizing 
the opportunity to exploit them.

1.3. CSFs for construction innovation
Combining the efforts of literature review, a case study 
and expert interviews, this paper presents a total of 
20 CSFs for the innovation in China’s construction pro-
jects (Table 1). For each CSF identified the frequency 
at which it was mentioned among the sampled literature 
was recorded to show its relative state of being aware of 
(Chan et al. 2010). A brief summary of these factors is 
given below.

The Chinese construction industry suffers from low 
trust, adversarial relationships, poor communication and 
little cooperation etc., thus, the success of innovation in 
China’s construction projects is based first on the selec-
tion of cooperation partners (Radziszewska-Zielina 2010). 
Due to the adversarial relationships, the first concern dur-
ing the selection of partners is the partner firms’ profes-
sionalism and credibility. Professionalism here not only 
includes the specialized skills and technologies, but also 
means the treatment of occupational requirements as an 
enduring set of normative and behavioural expectations 
(Nam, Tatum 1992; Freeman, Soete 1997). Credibility is 
based on partner firms’ intentions toward relationships, 
mainly in refraining from opportunism (Bosch-Sijtse-

ma, Postma 2009; Chen, W. T., Chen, T. T. 2007). It is 
confirmed that firms with little experience in perform-
ing innovation projects in collaboration with other coun-
terparts have difficulty executing successful innovation 
projects. Thus, it is important for the partners of innova-
tion networks to possess a history of cooperation and a 
conventional harmonious partnering relationship (Nam, 
Tatum 1992; Bosch-Sijtsema, Postma 2009; Meng 2013).

The innovation network in construction projects is a 
complex system. Due to the technical and logistical inter-
dependences, individuals or organizations in the network 
have to deal with plenty of complicated interfaces (Hol-
men et al. 2005; Forcada et al. 2013), which may make 
corresponding organizational or cultural change occur. 
In that perspective, mutual trust is the basic prerequisite 
for effective collaboration (Cheng et al. 2000; Holmen 
et al. 2005; Xue et al. 2010). In addition, considering the 
fact that the technological innovation network is a virtual 
organization, the partners change frequently in light of 
the variable work, therefore, contractual arrangements, 
which address the allocation of risks as well as interests 
and the assignment of responsibilities among the stake-
holders, are highly required for pursuing the success of 
construction innovation. Systematic methodologies to 
carefully monitor the cooperation and innovation process 
are necessary, which provide feedbacks on the condition 
of the processes. In case of conflicts, effective conflict 
resolving strategies should be ready to address the prob-
lems.

Jones and Saad (2003) proposed an innovation mod-
el which divides the process of innovation into five stages 
including identification of the need to innovate, knowl-
edge awareness, choice, planning and implementation. 
Among which implementation is increasingly treated as 
the heart of successful innovation. Implementation needs 
to be linked to the organization’s background and culture 
in order to ensure development of compatibility, evalua-
tion, adaption and modification. Consequently, the imple-
mentation of innovation is not only to adopt the new tech-
nology but also to combine various efforts from many 
aspects. 

First of all, the network organization of the innova-
tion project should have a clear identification of the users’ 
needs. Nevertheless, the users’ needs are not constant, 
so the organization should have an agile responsive-
ness to internal and external changes (Cheng, Li 2002; 
Lee, Yu 2012; Cheng et al. 2012). Moreover, significant 
difference can be made by owner’s involvement and 
leadership (Bossink 2004; Blindenbach-Driessen,  
van den Ende 2006; Xue et al. 2010; Ozorhon 2013). The 
more “demanding” and experienced the client (owner) is, 
the more likely it is to stimulate innovation in projects 
it commissions. Owners can act as a catalyst to foster 
innovation by emphasizing the strategic importance of 
innovation, exerting pressure on project participants to 
improve innovation performance, or demanding high 
standards of work (Ozorhon 2013). The measurement 
of innovation performance is relatively difficult, which 
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makes the initial commitment harder to make. Thus, great 
faith in innovation projects, especially at the inception 
stage, is required on the part of top management (Park 
et al. 2012). Willingness of top management to provide 
necessary resources and authority for project success is 
highly needed (Cheng, Li 2002). 

Pinto and Covin (1989) claim that construction pro-
jects are composed of two kinds of projects, which are 
business projects and innovation projects. A business 
project is the project executed by order of a specific cli-
ent whereas an innovation project aims at innovation and 
takes place separately from a business project (Bosch-
Sijtsema, Postma 2009). Most of the time, an innova-
tion project comes from the instant engineering require-
ment and eventually serves business projects. Given that, 
strategies to transfer outcomes of innovation projects to 
business projects should be established (Dubois, Gadde 
2002). The champion theory stemming from the manu-
facturing industry recognizes three types of champions 
critical to the success of innovation: technical, business, 
and executive champions. However, construction projects 
present significant coordination and integration problems 
due to the extreme specialization of functions (Nam, Tat-
um 1992, 1997). For that reason, individuals or organiza-
tions that facilitate orchestrating inter-organizational co-
operation and learning in construction projects are called 
integration champions in a more reasonable way (Nam, 
Tatum 1992, 1997). Additionally, a strict incentive system 
should be built up to motivate initiatives for innovation 
in construction projects and encourage the presence of 
integration champions (Katz 2004; Serpell et al. 2013). 

China’s construction market is fulfilled with a large 
number of small and medium-sized enterprises. Most of 
the construction firms are not capable of producing in an 
innovative way hitherto. In this context, external support 
from authorities is in demand, such as funds for using in-
novative technologies and materials, innovation projects 
rewards, and funds for pilot innovation projects. Last 
but not least, culture changes are required to facilitate 
effective and on-going learning and innovation at both 
the project and individual firm level. However, these 
culture changes usually take time for most participants 
in construction projects due to organization inertia and 
risks aversion created by the competitive and litigious 
work environment (Skibniewski, Zavadskas 2013; Zavad-
skas et al. 2010).

2. Interpretative structural modeling

The CSFs studied in this paper are not independent and 
have multiple effects. Hence, it is cumbersome for the 
decision makers to trace the actual source of these factors 
(Gudienė et al. 2013). Furthermore, rather than focusing 
on the root cause, they often tend to focus on the im-
mediate preceding activity which most of the time is not 
efficient (Lyer, Sagheer 2010). Therefore, the methodol-
ogy to break down such a complicated system into more 
explainable structured multilevel subsystems is highly 

needed. Linstone et al. (1979) and Lendaris (1980) com-
pared different structuring methods based on their char-
acteristics, and they found that ISM, ELECTRE, SPIN, 
IMPACT, KSIM, XIMP and QSM are cheap, time-saving, 
easily understandable, and fully implementable, among 
which, ISM is most frequently used. 

The ISM approach was first proposed by Warfield 
in 1973. The basic idea of this approach is to use ex-
perts’ practical experience and knowledge to decompose 
a complicated system into several simple subsystems and 
construct a multilevel structural model (Lyer, Sagheer 
2010; Azevedo et al. 2013). MICMAC analysis devel-
oped between 1972 and 1974 by Duperrin and Godet was 
applied to complement and extend impressions that ex-
perienced users draw from visual analysis of influence 
structures (Sagheer et al. 2009). This method explores 
influence and dependency between CSFs and classifies 
them into separate clusters through analyzing the driv-
er power and dependence power of each CSF (Mandal, 
Deshmukh 1994). Lyer and Sagheer (2010) and Azevedo 
et al. (2013) conclude that ISM is capable of modeling a 
diverse range of complex issues by reviewing past litera-
ture on application of ISM. ISM along with MICMAC 
analysis provides a useful hierarchy of factors whose in-
dividual relationships are unambiguous but whose group 
relationships are too complex to organize intuitively and 
can help practitioners better understand factor dependen-
cies and prioritize CSFs controlling efforts (Sagheer et al. 
2009; Lyer, Sagheer 2010; Azevedo et al. 2013). There-
fore, this research attempts to approach this method to 
hierarchically structure and analyze the CSFs of innova-
tion in China’s construction projects to present structural 
clarity and establish a hierarchical order for prioritization 
for the decision-making. The seven stages involved in 
this methodology are as follows:
(1) Define the problem to be solved; 
(2) Organize an ISM implementation group – choose a 

group of experts with relevant knowledge, skills and 
backgrounds related with the research topic (Azeve-
do et al. 2013);

(3) Identify and select the elements of the problem as 
well as describe the logic relationship between the 
elements and the problem. In this present research, 
these were pursued by the combining efforts of 
literature review, case study and expert interviews;

(4) Pairwise compare all the elements to obtain directed 
relationships between them depending on experts’ 
perceptions and generate an Adjacent Matrix. In this 
stage, the Delphi technique involving the experts as-
sembled in the second stage was applied to obtain 
the experts’ perception of the directed relationships 
between the risk factors; 

(5) Determine the Reachability Matrix;
(6) Partition the reachability matrix and construct a 

multilevel structural model;
(7) MICMAC analysis – using dependency and driver 

power of elements in reachability matrix as co-or-
dinates (Sagheer et al. 2009).
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3. Obtaining interrelationships between CSFs

Validity and reliability are two important issues which 
can decide the amount of rigor and care practiced in over-
all research design and hence overall effectiveness of the 
study (Thakkar et al. 2008). Validity is composed of 
construct validity, internal validity and external validity  
(Thakkar et al. 2008; Azevedo et al. 2013). Triangulation 
is a typical strategy for qualitative researchers to check 
and establish validity and reliability in their studies (Gui-
on et al. 2011). It includes data, investigator, methodolog-
ical, environmental, and theory triangulation (Azevedo 
et al. 2013; Guion et al. 2011). To assure validity and 
reliability, triangulation was used (Azevedo et al. 2013). 

The ISM approach suggests the use of experts’ empir-
ical experience and knowledge to identify the contextual 
relationships among and interactions between the CSFs. 
The Delphi technique was applied to assist this process by 
a questionnaire effort. The target experts include industri-
al practitioners who have extensive hands-on experience 
in executing innovation management in China’s construc-
tion projects; and academies that have rich experience 
in doing research about innovation in the construction 
field. Twenty first experts were invited by phone or email, 
while only 10 experts agreed to take part in this research 
as shown in Table 3. The total participation rate is 47.6%, 
which is common and acceptable in construction research 
and meaningful findings can result when the sample draw 
uses well-developed selection criteria (Yong, Mustaffa 
2012, 2013). These experts were chosen based on the 
participants list of China Engineering Management 
Forum. This forum, which is held annually, represents 
the frontiers of China’s engineering management and has 
a high-standard selection criterion for attendees. Ten ex-
perts, representing a wide range of profession including 
clients, contractors, consultants, suppliers, universities 
and research institutes, 5 from industry and 5 from ac-
ademia, were consulted from February 2013 to May 
2013. All of the ten experts hold senior management po-
sitions in their respective companies or institutions, and 
have significant experience about innovation projects of 
over 10 years. Six of them belong to the companies or 
institutions that to some extent have been involved in the 

case study project in this present research. To this end, 
data triangulation was used in this research since the ISM 
model was developed depending on the contributions of 
experts from both academia and the construction industry 
(Azevedo et al. 2013).

Since past literature does not contain any reference 
about the minimum number of experts to be contacted for 
their opinion, we can only follow the successful practice 
of ISM’s implementation in project management articles. 
Sagheer et al. (2009) took advantage of 5 experts’ opin-
ions to identify and analyze critical factors influencing 
standards compliance and their level of influence in de-
veloping countries. Lyer and Sagheer (2010) contacted 
4 experts for their views to construct ISM model of PPP 
risks. Azevedo et al. (2013) used 5 experts to identify 
and rank a set of performance measures based on the 
approach of interpretative structural modeling. Thakkar 
et al. (2008) claimed that usually a number between 4 
and 10 works well when theoretical saturation is reached. 

According to the above-mentioned successful ap-
plication of ISM approach in the previous studies, we 
consider our sample (selected based on a purpose sam-
pling) adequate enough to offer external validity. Never-
theless, the extent of generalization should be confined 
to the Chinese context and specific to innovation in the 
construction field (Thakkar et al. 2008).

To ensure construct validity, the CSFs proposed in 
this present research were derived from a thorough lit-
erature review in the area of innovation in construction 
and the insights drawn from the selected case study com-
bining the effort of interviewing experts. A questionnaire 
was administered to each expert to collect data about the 
interrelationships between CSFs (see Appendix). In order 
to achieve internal validity and support experts during the 
process of the Delphi technique, the researchers initially 
briefed the experts involved about the study objective and 
the definition of each CSF. The detailed process was ex-
plained to ensure that the experts concentrate on the di-
rect relationships between each pair of CSFs.

3.1. Forming adjacency matrix of CSFs
To identify the interacting position of each factor, a con-
textual relationship of “leads to” was chosen as a focus. 
Using the framework in Appendix to collect data, ex-
perts were asked to identify the extent to which one fac-
tor leads to another. The questions used to ask experts 
contain the existence of a “leads to” relationship between 
any two factors (Factor i and Factor j) and the relevant 
direction of the relation (Azevedo et al. 2013).

We then transformed the result obtained from the 
questionnaire into a 20-order matrix called Adjacency 
Matrix (A) in accordance with the following rule.

If factor i leads to factor j, then ( , ) 1A i j = , or  

( , ) 0 (1 20, 1 20)A i j i j= ≤ ≤ ≤ ≤ . 
A is used to describe the reachability (logical rela-

tionship) between factors in the system through one unit 
length. The mean of each pairwise comparison between 

Table 3. Participation rate (in percentage) by type of role in 
construction industry

Role in construction 
industry Invite Agreed Participation 

rate %
Government 1 0 0
Private clients 3 1 33.3
Contractors 4 2 50
Consultants 3 1 33.3
Suppliers 3 1 33.3
Universities 4 3 75
Research institutes 3 2 66.7
Total 21 10 47.6
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any two factors was calculated. Mean values of 0 or 1 in-
dicate perfect agreement among all the respondents while 
mean values lying between 0 and 1 would indicate vari-
ance of opinion among the respondents. After obtaining 
the initial individual responses, values for 303 pairwise 
comparisons out of 380 (400 minus 20 self-comparisons) 
had a mean of 0 or 1. According to the Delphi technique, 
these remaining 77 comparisons were returned to the 
experts. The level of differences in opinion for each re-
sponse was described to the experts. They were asked to 
revise their answers according to the replies from other 
members of the expert panel. Consequently, 43 more re-
sponses had a mean of 0 or 1 after the second round. 
The Delphi process was carried forward, 21 more pair 
comparisons reached consensus during the third round. 
Hence, there were 367 pairwise comparisons in total had 
a value of 0 or 1. Since only 13 responses (3% of 380) 
were left, to cut short, the majority opinion was taken 
for the remaining ones (Lyer, Sagheer 2010).To the end, 
the Adjacency Matrix (A) was achieved. It is shown in 
Table 4. 

3.2. Forming reachability matrix of CSFs
As a next step, the Reachability Matrix (R), which indi-
cates both the direct and indirect effects of a factor on all 
other factors, is generated. The basic assumption for con-
textual relationships made by ISM is transitivity. It means 
if Fi can reach Fj through the access of one-unit length, 
meanwhile, Fj can reach Fk through one-unit-length pas-
sage, then Fi could reach Fk through the passage of two 
units length instead (Azevedo et al. 2013). In light of this 
feature, R can be achieved by the following formulas:

 r
rA A= ;   (1)

 1 2 1r rA A A A−≠ ≠ ≠ = ;   (2)

 1
1

r
rR A A −
−= = . (3)    

Among which, 2 21r≤ ≤ . In addition, the matrix 
operation in the abovementioned formulas is Boolean al-
gebraic operation. As a result, R indicating the relation-
ship between factors in binary form is presented in Ta-
ble 5.

4. Hierarchical structuring of CSFs

4.1. Partitioning the reachability matrix
R obtained above was then partitioned by deriving the 
reachability set (R(Fi)) and antecedent set (A(Fi)) to ob-
tain ISM hierarchy (Lyer, Sagheer 2010). R(Fi) consists 
of factors corresponding to the cells that is valued 1 in 
row i, which means upon which (including i) Fi has an 
impact. A(Fi) is composed of factors corresponding to the 
cells that is valued 1 in column i, which means all the 
factors included have an impact on the factor i. M(Fi) is 
the intersection of R(Fi) and A(Fi). 

For any factor, if R(Fi) is a complete subset of A(Fi), 
that factor(s) will be taken out and assigned a particular 
level (Lyer, Sagheer 2010). In the present study, R(Fi) of 
factors 10,11,12, and 16 was found to be a complete subset 
of A(Fi) (Table 6). Therefore, factors 10,11,12, and 16 
were taken out from the R and kept at Level I. The iterative 
process was continued with the remaining factors where 
the R(Fi) and A(Fi) of remaining factors were determined 
(Table 7). In the second iteration, the factors 1~9, and 17 
were taken out and placed at Level II, among which, there 
were similar situations happen to factors 1~8. Given that, 
through brainstorming and literature review, in order to 
make the hierarchical model be easy and clear for users to 
analyze CSFs, we combined factors 1~9 into two clusters: 
establishment of contract-based partnerships (consists of 
factors 7 and 8) and trust-based partnerships (includes 
factors 1~6). This matches recent research result showing 
that the construction of contract-based partnerships 
and trust-based partnerships should go hand in hand to 
achieve the success of innovation in construction project 
(Hartmann, Fischer 2008). The process was repeated till 

Table 4. Adjacency Matrix of critical success factors

Factors 
(i/j) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 1 1 1 0 1 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0
2 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 1 1 1 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0
4 1 0 0 1 0 1 1 1 0 1 1 1 0 0 0 1 1 0 0 0
5 0 0 1 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0
6 0 0 1 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0
7 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0
8 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 1 0 0 1
15 0 0 0 0 0 0 1 1 1 0 0 0 0 1 1 1 1 0 0 0
16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
17 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 0 0
18 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 1 1 0 0
19 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0
20 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1
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Table 5. Reachability Matrix of critical success factors

Factors
(i/j) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Driver 

power
1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 0 1 1 0 0 0 13
2 1 1 1 1 1 1 1 1 0 1 1 1 0 0 0 1 1 0 0 0 13
3 1 1 1 1 1 1 1 1 0 1 1 1 0 0 0 1 1 0 0 0 13
4 1 1 1 1 1 1 1 1 0 1 1 1 0 0 0 1 1 0 0 0 13
5 1 1 1 1 1 1 1 1 0 1 1 1 0 0 0 1 1 0 0 0 13
6 1 1 1 1 1 1 1 1 0 1 1 1 0 0 0 1 1 0 0 0 13
7 1 1 1 1 1 1 1 1 0 1 1 1 0 0 0 1 1 0 0 0 13
8 1 1 1 1 1 1 1 1 0 1 1 1 0 0 0 1 1 0 0 0 13
9 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 3
10 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1
11 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 2
12 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 2
13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 18
14 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 0 1 17
15 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 0 1 17
16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
17 1 1 1 1 1 1 1 1 0 1 1 1 0 0 0 1 1 0 0 0 13
18 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 0 0 15
19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 19
20 1 1 1 1 1 1 1 1 0 1 1 1 0 0 0 1 1 0 0 1 14

Dependence 
power 15 15 15 15 15 15 15 15 6 16 18 18 2 4 4 16 15 1 1 5 □

Table 6. First iteration of Reachability Matrix

Factor (Fi) Reachability set: R(Fi) Antecedent set: A(Fi) Intersection R(Fi)∩A(Fi) Level
1 1~8,10,11,12,16,17 1~8,13,14,15,17~20 1~8,17
2 1~8,10,11,12,16,17 1~8,13,14,15,17~20 1~8,17
3 1~8,10,11,12,16,17 1~8,13,14,15,17~20 1~8,17
4 1~8,10,11,12,16,17 1~8,13,14,15,17~20 1~8,17
5 1~8,10,11,12,16,17 1~8,13,14,15,17~20 1~8,17
6 1~8,10,11,12,16,17 1~8,13,14,15,17~20 1~8,17
7 1~8,10,11,12,16,17 1~8,13,14,15,17~20 1~8,17
8 1~8,10,11,12,16,17 1~8,13,14,15,17~20 1~8,17
9 9,11,12 9,13,14,15,18,19,20 9
10 10 1~8,10,13,14,15,17~20 10 Ⅰ
11 11,12 1~8,11~15,17~20 11,12 Ⅰ
12 11,12 1~9,11~15,17~20 11,12 Ⅰ
13 1~18,20 13,19 13
14 1~12,14~17,20 13,14,15,19 14,15
15 1~12,14~17,20 13,14,15,19 14,15
16 16 1~8,13~20 16 Ⅰ
17 1~8,10,11,12,16,17 1~8,13,14,15,17~20 1~8,17
18 1~12,16,17,18 18 18
19 1~17,19,20 19 19
20 1~12,16,17,20 13,14,15,19,20 20 　

Table 7. Second iteration of Reachability Matrix

Factor (Fi) Reachability set: R(Fi) Antecedent set: A(Fi) Intersection R(Fi)∩A(Fi) Level
1 1~8,17 1~8,13,14,15,17~20 1~8,17 Ⅱ
2 1~8,17 1~8,13,14,15,17~20 1~8,17 Ⅱ
3 1~8,17 1~8,13,14,15,17~20 1~8,17 Ⅱ
4 1~8,17 1~8,13,14,15,17~20 1~8,17 Ⅱ
5 1~8,17 1~8,13,14,15,17~20 1~8,17 Ⅱ
6 1~8,17 1~8,13,14,15,17~20 1~8,17 Ⅱ
7 1~8,17 1~8,13,14,15,17~20 1~8,17 Ⅱ
8 1~8,17 1~8,13,14,15,17~20 1~8,17 Ⅱ
9 9 9,13,14,15,18,19,20 9 Ⅱ
13 1~10,14,15,16,18,21 13,19 13
14 1~10,15,16,18,21 13,14,15,19 14,15
15 1~10,15,16,18,21 13,14,15,19 14,15
17 1~9,18 1~8,13,14,15,17~20 1~8,17 Ⅱ
18 1~10,18,19 18 18
19 1~10,14,15,16,18 19 19
20 1~10,18,20 13,14,15,19,20 20 　
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all the factors were exhausted and their respective levels 
obtained. The result of the last iteration (5th) is shown in 
Table 8.

4.2. Mapping relationships between factors
A directed graph (digraph), where the factors correspond 
to the nodes of the network, meanwhile, the interrela-
tionships between any two factors are denoted as di-
rectional arrows (links) representing the features of the 
relationships (leads to or has no influence on), will be 
able to pictorially interpret the contextual relationships 
between each two of these CSFs and their hierarchies 
(Lyer, Sagheer 2010). The factors which were moved out 
during the first iteration (Table 6) appear at LevelⅠand 
were placed at the top of the hierarchy. Consequently, 

factors 10, 11, 12, and 16 appear at the top. Thereafter, 
factors 1~9 and 17 which were moved out during the 
second iteration appear at Level II. Similarly, the hierar-
chical digraph of CSFs of innovation in China’s construc-
tion projects obtained from ISM is achieved and shown 
in Figure 2.

From the digraph, it can be noticed that external sup-
port in terms of supportive regional and national poli-
cies for innovation can generate owners’ involvement and 
leadership. Therefore, making innovation a priority for 
the whole nation is necessary. In the innovation network 
of construction projects, owners play significant parts. 
They not only act as the main financially supportive par-
ties but also as the ones that demand innovation most 
and apply new technologies in accordance with the clear 

Table 8. Last iteration (5th) of Reachability Matrix

Factor (Fi) Reachability set: R(Fi) Antecedent set: A(Fi) Intersection R(Fi)∩A(Fi) Level
13 13 13,19 13 Ⅴ

19 13 13,19 19 Ⅴ

Fig. 2. Diagraph of CSFs for innovation in China’s construction projects
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identification of the users’ needs and market research 
(Van der Panne et al. 2003). External support as well as 
the owner’s involvement and leadership can pressure the 
top management into commitment to ensure the strate-
gic importance of the innovation project. In addition, the 
strategic importance of the innovation project can also 
guarantee the support from top management. Through 
the interaction of these two factors, consequently, the or-
ganizational culture of the participants in the network will 
become more and more suitable for inter-organizational 
learning and cooperation (Tidd, Bessant 2011; Skibniews-
ki, Zavadskas 2013). A strict incentive system should be 
operated to reward successful innovation initiatives and 
to penalize failing ones with budget cuts (Kim et al. 
2009). As shown in the structured diagraph, organization-
al culture for learning and cooperation as well as building 
a strict incentive system can accelerate partnership con-
struction, promote the presence of integration champions 
as well as induce the systematic methodologies to care-
fully monitor the innovation process. Furthermore, the 
presence of integration champions and harmonious part-
nering relationships will ensure the capable innovation 
team, which possesses sufficient capabilities to solve 
different problems occurred during the innovation process 
including identifying users’ needs, responding to changes, 
resolving conflicts and transferring knowledge of the in-
novation project to the business project. Except for that, 
systematic methodologies to carefully monitor the inno-
vation projects should be formed up due to the fact that 
innovation outcomes are usually difficult to evaluate. 

5. Degrees of relationships between CSFs

MICMAC was implemented to identify the degrees of 
relationships between CSFs. The key concepts of MIC-
MAC are driver power and dependence power, which can 
be gained through R (Table 5). The driver power of each 
factor is the summation of 1s in the row that corresponds 
to the factor, while the dependence power of each fac-
tor is the summation of 1s in the corresponding column. 
According to the driver power and dependence power of 
each factor, MICMAC partitions all the factors into four 
clusters in terms of autonomous, dependent, linkage, and 
independent groups (Fig. 3).   

 It can be found from Figure 3 that factors belong-
ing to the autonomous group have a weak driver power 
and a weak dependence power. In the present study, only 
factor 9 is located in this cluster. The dependent cluster 
includes factor 10, 11, 12, and 16 appearing at the top of 
the ISM hierarchy. According to the weak driver powers 
but strong dependency of these factors, due care must be 
taken by the managers to check the other factors to insure 
the results of these four elements.

The third group, called linkage group, is composed 
of factors 1–8, and 17. Any change occurring to the fac-
tor of this group will have an effect on other factors in 
the system because each factor of this group has a strong 
driver power and a strong dependence power. The suc-

cess of innovation in construction projects is the result 
of the combined efforts of numerous participants. The 
establishment of harmonious partnerships can help bal-
ance partners’ expectations, and coordinate their efforts 
for pursuing the common target of innovation. Once the 
parties have a common vision on cooperation, a team is 
then established (Cheng, Li 2002; Skibniewski, Zavads-
kas 2013). Trust-based partnerships depict that the selec-
tion of partners of innovation projects should not only 
check out partner firms’ reliability at the project level; 
their intentions to rerun a cooperative innovation project 
team at a strategic level should also not be ignored. As to 
the execution level, the presence of integration champi-
ons is the catalyst of synchronized innovations in the net-
work. Currently, integration champions who orchestrate 
collaboration will be more important to innovation in 
China’s construction industry, because construction prod-
ucts become more and more complex, which demands 
sophisticated new technologies and more specialists as 
Nam and Tatum (1992) claimed. 

Independent group consists of factors 13, 14, 15, 
18, 19, and 20 with strong driving powers but weak de-
pendence powers. Especially, factors 13, 14, 15, 19 each 
have a driver power of 17 or more, as perceived by ex-
perts. These factors appearing at the bottom two levels 
of the digraph derived from ISM act as the root source 
of critical success factors for the innovation in China’s 
construction projects. According to the law of vital few 
and trivial many, 80% of effects come from 20% of the 
causes for many events, controlling these factors should 
give maximum benefit (Xu et al. 2010). Furthermore, fac-
tor 19 (external support), which beyond the boundaries 
of innovation projects networks, has the highest driver 
power, which means achievement of this factor will very 
likely impact the success of innovation in China’s con-
struction projects. 

Conclusions

This paper identifies 20 CSFs for innovation in China’s 
construction projects through literature review, a case 
study and expert interviews. ISM was used to hierarchi-
cally structure the CSFs depending on the interrelation-

 
Fig. 3. Classification of CSFs 
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ships between the factors perceived from experts who 
possess rich experience in the field of innovation in con-
struction projects. To extend and complement the result 
that users can draw from the digraph derived from ISM, 
this paper applied MICMAC method to measure the de-
grees of relationships between CSFs through analyzing 
the driver and dependence power of each factor. Along 
with MICMAC, ISM establishes a hierarchical order for 
prioritization and consequent action for the decision-
making process by providing the decision makers with 
structural clarity. 

The findings show that most of the CSFs (19 out of 
20) have strong interrelationships. In the implementation 
of projects, extensive efforts should be focused on in-
dependent and linkage clusters, which consist of factors 
with strong driver powers. In particular, factors 13, 14, 
15, and 19 are located in the independent cluster with 
driver powers above 17 and they also appear at the bot-
tom two levels of the digraph derived from ISM. The vi-
tal CSFs in innovation projects for construction projects, 
control of which should give maximum benefit, are giv-
en in this paper as factors 13 (owner’s involvement and 
leadership), 14 (top management commitment), 15 (stra-
tegic importance of the innovation project), 19 (external 
support). More specifically, to derive high performance 
from construction innovation, the project owner should 
be involved in key aspects of the project execution, and 
the owner’s involvement should lead the whole innova-
tion network to give strategic importance to innovation 
projects. Commitment on the part of the owner’s and con-
tractors’ top management to provide necessary resources 
and authority for project success from the project’s incep-
tion onwards is essential for success. Given that factor 20 
(external support) owns the highest driver power, govern-
ment bodies whose mission is financial and infrastructure 
support for innovation should focus on national initiatives 
to endorse construction innovation.

Comprehensive research on innovation in China’s 
construction projects is still in its inception. Results 
presented in this paper conceptualize for participants of 
construction projects their formulation of a strategy to 
manage their own innovation initiatives. However, as 
CSFs vary from project to project, further research con-
cerning CSFs should consider the impact of delivery 
methods adopted by a particular construction project. 
Given that the construction projects consist of various 
project types, the single project type of our case study 
can make the generalizability of the findings doubtful. 
Besides, the fairly small sample size of experts and 
the limited number of case study project render the 
results obtained in this study more indicative rather than 
representative. Therefore, larger number of experts and 
case study projects involved are highly needed, which 
would strongly increase the reliability and validity of the 
findings. 
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Appendix  
Protocol for experts

The following table (Section B) is intended to register the professionals’ perception about the interrelationships  
between CSFs identified in this paper.

Section A: Background Information

A1. Name of the institution to which you belong: _________________________
A2. Your job title: _____________________
A3. Your research interests (if you are from academics): _________________________
A4. Your role in the construction industry: ________________

  a. Owner; b. Contractor; c. Supplier; d. Designer; f. Other 
A5. How many years have you been involved in the practice/research of innovation in construction project? 
________________

Section B: Pairwise Comparison

Please fill in the table according the following rules: 
 factor i leads to factor j

 factor j leads to factor i
 factor i and factor j help to achieve each other

    factor i and factor j are unrelated
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