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Abstract. The application capability of international construction standards (ICS) has become a necessary element for the
success of contractors in the international market. However, there is a lack of quantitative analysis of the impact of ICS
application capability on contractors’ competitiveness. This paper aims to explore the driving paths between them. The
authors divided the competitiveness indicators into market performance indicators and image performance indicators and
developed a standard application capability measurement scale based on five dimensions (knowledge learning, talent guarantee, technical support, relationship management and organization guarantee). Then, a structural equation model (SEM),
in which project performance was regarded as a mediator variable, was established to investigate the path and intensity
of ICS application capability on contractors’ competitiveness. A questionnaire was distributed to the project personnel of
Chinese contractors engaged in international projects, and 174 valid questionnaires were collected. The results show that 1)
relationship management and technical support have a direct driving effect on the competitiveness of contractors; 2) talent
guarantees and organization guarantees affect contractors’ competitiveness through project performance. This study can
remind contractors of the importance of the ICS application capability and the weakness of ICS application. Additionally,
it will ultimately help contractors adjust their competitiveness strategies.
Keywords: international construction standards, application capability, contractors’ competitiveness, structural equation
modelling, international construction market, international competitiveness.

Introduction
Recently, the international construction market has received increasing attention, which has given Chinese
contractors more opportunities. With the development of
the world economy and the acceleration of globalization,
the business scope of contractors is expanding globally
(Liu et al., 2016). Moreover, relevant policies have been
proposed in China to encourage Chinese enterprises to
trade in the international market. As the flagship industry
mentioned in these policies, contractors play an important
role in the international trade of China. Joining the international market is a key step of contractors’ development.
In addition, 75 Chinese contractors have entered the list
of the world’s 250 largest international contractors according to the Engineering News-Record [ENR] (2019) magazine, and the business volume of Chinese contractors has
ranked first for years. In 2019, China accounted for 60.9%

of the market in Africa, 40.8% in Asia and 24.3% in Latin
America, which shows that the international construction
market is crucial for Chinese contractors.
Nondomestic contractors face severe challenges due to
the different technology and institutional environments in
the international market (Chang et al., 2018). Unlike the
domestic market, the standards involved in international
projects are diverse, and the engineering background is
relatively complex and cross-cultural (Han & Diekmann,
2001; Javernick-Will & Scott, 2010). Eybpoosh et al. (2011)
noted that international construction projects are affected
not only by project-related factors but also by international market-related factors, such as host government
policy and culture risks, resource fluctuations, and different construction standards (Liu et al., 2016). Standards are
considered the basis for engineering construction (Yates
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& Aniftos, 1997). Due to the influence of colonialism and
historical factors, the international construction market is
dominated by the European and American standard systems, which are quite different from Chinese construction
standards in many aspects (Lei et al., 2017). Zhao et al.
(2009) concluded that one of the weaknesses of nondomestic contractors entering the international market was
that they were not familiar with the local standard system.
Likewise, Lei et al. (2017) analyzed the technical standards
in the international construction market and noted that
Chinese contractors’ unfamiliarity with international
standards leads to poor project performance, such as cost
increases, duration extensions and quality issues. Some
research has also found that the ICS application capacity
of Chinese contractors does not meet the needs of their
increased international contracting business (Yan, 2012).
Therefore, how to improve the ICS application capability
is a meaningful issue. However, studies on ICS application
capability are rarely reported, and its dimensions require
further research.
Competition under diverse construction standards is a
challenge that Chinese contractors face when entering the
international market, but few relevant studies have considered the relationship between ICS application capability
and contractors’ competitiveness. At present, some studies
have addressed the competitiveness of contractors, including competitiveness evaluation models (Han et al., 2015),
competitiveness strategy analysis (Yan, 2017), and the impact of environmental activities on international competitiveness (Tan et al., 2015). Deng et al. (2013) utilized the
Porter diamond model to analyze the factors influencing
the competitiveness of developing countries in the international construction market, including a stable domestic
market, supply chain management, enterprise management practice, qualified professionals, satisfactory business environment and labor force. Zhao et al. (2009) conducted a SWOT analysis on the performance of Chinese
contractors in the international market, including market
environment, contractors’ capabilities and resource differences. However, these studies have noted differences
between the international market and the domestic market for nondomestic contractors to implement projects.
Nevertheless, academic research has paid little attention
to issues regarding ICS application capability, let al.ne the
driving path of ICS application capability to contractors’
competitiveness.
Based on the above analysis, this paper aims to explore the driving paths of ICS application capability on
contractors’ competitiveness by establishing an SEM with
data from questionnaires and expert interviews. This paper is structured as follows: Section 1 reviews the current
research on competitiveness and ICS application capability. In Section 2, the research methodology for SEM is presented with hypotheses and data collection. The results
of the path analysis and its implications are discussed in
Section 3. The conclusions and limitations are illustrated
in the final section of this paper.

1. Literature review
The concept of the core competitiveness of enterprises was
first proposed by Hamel and Prahalad (1990) in Harvard
Business Review. They believed that core competitiveness
is a kind of organizational accumulated knowledge. Porter (1990) proposed a diamond model and expressed that
competitiveness depended on productivity. Afterwards,
many studies have been conducted on international competitiveness in the construction industry, focusing on the
competitiveness evaluation model and indicators (Li et al.,
2017; Gunhan & Arditi, 2005; Han et al., 2015), competitiveness strategy (Yan, 2017) and so on. For example,
Russell and Skibniewski (1988) announced that contractors’ competitive strength should include qualification,
reputation, performance, finance, operation and technology. Merna and Smith (1990) systematically studied the
competitiveness of contractors and constructed a series
of evaluation methods for competitiveness. A multi-index
fuzzy comprehensive evaluation model of international
contractors’ competitiveness was established by Li et al.
(2004), who analyzed competitiveness from six aspects,
namely, market, talent, technology, capital, organization
and image. Then, some scholars concentrated on the successful competitiveness strategies of contractors. Specifically, Gunhan and Arditi (2005) found that the advantages
of contractors in the international market were reflected
in the project success record, project management level,
enterprise cooperation, reputation, corporate image,
technical advantages, equipment and labor support. Han
et al. (2010) noted that successful international contractors increased their turnover by changing regional markets and improved competitiveness by stabilizing revenue
structure with diverse products. Additionally, Han et al.
(2015) studied international contractors’ competitiveness
indicators using the McKinsey matrix. The indicators can
be divided into two parts: construction industry competitiveness (market risk factors) and construction business
strength (technology, finance, image and other factors).
Li et al. (2017) considered Chinese contractors and illustrated that market performance can be reflected by five
aspects (turnover, quantity and ranking, market share,
market region and industry share) based on data from
the largest 250 international contractors in the world from
2000 to 2015.
Based on a review of the above literature, the relevant
factors of competitiveness can be summarized as follows.
However, according to Table 1, only a few scholars have
addressed international construction standards. Such standards were mentioned by only few studies as a factor of
the institutional environment or market environment but
have not been analyzed as a single dimension (Zhao et al.,
2009). Due to the different institutional environments in
the international market, the importance of international
standards should be emphasized. Foreign developed countries have been committed to international and regional
standardization for a long time (Komurlu et al., 2015), and
their construction standards have strong market recogni-
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Table 1. Contractors’ competitiveness index
Key indicator
Classification
Russell and Skibniewski (1988)
Merna and Smith (1990)
Hatush and Skitmore (1997)
Li et al. (2004)
Gunhan and Arditi (2005)
Zhao et al. (2009)
Deng et al. (2013)
Han et al. (2015)
Li et al. (2017)

Finance

Technology

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

Talent

Market
√

Project
management

√

√

√
√

√

√

√

√

√

√
√

√
√

tion and influence in the international market. The standards in the international construction market are mainly
European and American standards, which are quite different from those in China, especially the structure design
codes and standards (Kwon & Kareem, 2013). Moreover,
ICS application has a significant impact not only on project performance (Lei et al., 2017) but also on contractors’
competitiveness (Yates & Aniftos, 1996).
Construction standards refer to normative documents
that are determined by consensus and the best order in the
field (China National Institute of Standardization, 2002).
In this study, the ICS refers to nondomestic construction
technical standards and regulations adopted in the process
of overseas projects. Moreover, few studies have referred
the ICS application capability. At present, most of the research on application capability is focused on e-commerce
and education (Wu & Zhong, 2009; Wu et al., 2011). Based
on the definition in these fields, ICS application capability in this study refers to the capability of contractors to
apply diverse international construction standards by absorbing relevant knowledge and talent, utilizing suitable
technologies, and coordinating with the stakeholders of
international projects. According to a review of the related
research and the definition, the ICS application capability
in this paper contains five key elements, knowledge, talent,
technology, relationship and organization. The reasons for
choosing these elements are detailed below.
Knowledge learning plays a basic role in the development of enterprises. Faced with the changeable internal
and external competitive environment, enterprises are
required to keep learning to make timely and reasonable
adjustments (Hsu & Fang, 2009; Javernick-Will & Scott,
2010). Thus, human resources represent necessary capital
for enterprises. The ability to attract and maintain talent is
the key strategy to the sustainable competitiveness of enterprises (Batarlienė et al., 2017). In the field of construction, the good application of international construction
standards also requires talent with international vision and
experience. In addition, technology is a core competitiveness element of enterprises (Lu et al., 2008). Especially in

Image

√

√
√

Relationship
management

√
√

√
√
√

√

√

√

the construction industry, engineering-related technology
is the basis for contractors to engage in engineering projects. For relationship management, there are many participants in construction projects, including owners, contractors, supervisors, materials suppliers, subcontractors,
and financial institutions (Rose, 2013). Contractors need
to cooperate with other participants in the implementation of projects. In this study, relationship management of
international construction standards refers to external collaboration with other participants. In addition, as the enterprise’s collaboration includes internal collaboration and
external collaboration, internal collaboration has almost
the same meaning as the organization guarantee referred
to in this study. It is believed that internal management
and control could improve the efficiency and effectiveness
of the organization (Mahadeen et al., 2016). Theoretically,
the improvement of organization guarantees is conducive
to a better understanding and use of international construction standards. Thus, international standard knowledge learning (KL) (Hsu & Fang, 2009), talent guarantee (TG) (Wright & McMahan, 1992), technical support
(TS) (Ogwueleka, 2011), relationship management (RM)
(Ansoff & McDonnell, 1988) and organization guarantee
(OG) (Anthony, 1988) are applied as dimensions of ICS
application capability in this study.
Competition with foreign standards is unavoidable
for nondomestic contractors when entering the international market. Some relevant studies have recognized the
important impact of international construction standards
on project performance and enterprise development. Lei
et al. (2017) noted that international construction technology standards affect project performance. Likewise, Gao
(2010) proposed a series of methods from the perspective
of contractors to strengthen the application of domestic
quota standards in bidding, which can enhance the competitiveness of contractors. Regarding the application of
ICS, few studies have conducted qualitative analyses. Turk
(2006) conducted interviews on ISO 9000 use in construction firms from the perspective of developing countries
and summarized the difficulties and disadvantages of
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ISO 9000 QMS application. Yan (2012) analyzed the reasons for the formation of construction standards in international projects and proposed suggestions to improve
the application capability of ICS, including improving the
corresponding construction technology level, performing
a comparative study of construction standards at home
and abroad, personnel training and construction. The
above research has analyzed the difficulties and reasons
of the ICS application capability by interviews and proposed suggestions. However, there is a gap that few studies
have quantitatively analyzed the casual link between the
ICS application capability and international contractors’
competitiveness. Thus, this paper aims to explore the relationship between them by quantitative analysis.

2. Methodology

contractors cannot meet the needs of the development
of international contracting business (Yan, 2012). Therefore, an improvement in ICS application capability could
promote the development of international contracting
business and enhance the competitiveness of contractors.
Additionally, based on a literature review, international
project performance is applied as the mediator variable in
the SEM. Thus, the initial theoretical framework is shown
in Figure 1. In the model, KL, TG, TS, RM and OG are five
dimensions of the ICS application capability, and they are
set in the context of international construction standards.
Besides, market performance and image performance are
two indicators that indicates contractors’ competitiveness
in international construction market. The hypotheses referred to in Figure 1 are explained below in detail.

2.1.2. ICS application capabilities
and contractors’ competitiveness

2.1. Theoretical analysis and hypotheses
2.1.1. Theoretical basis
Structural equation modeling (SEM) is a multivariable statistical technique that can make unobservable latent variables more specific (Cheung & Chow, 2011).It is a method
based on theoretical and practical experience and widely
used in the construction industry (Durdyev et al., 2018;
Gunduz et al., 2017). According to interviews and practical experience with projects, during the implementation of
international projects, many problems in cost, construction period and quality arise because of the lack of familiarity with international construction standards (Lei et al.,
2017). The application of international construction standards, especially technical standards, plays a direct role in
promoting project performance. In addition, some scholars have noted that the Chinese international construction community has formed a consensus on the application capability of international construction standards:
the ICS application capability of Chinese international

Knowledge learning (KL) can be divided into knowledge
stock and learning flow. Knowledge stock refers to the
learning and storage of knowledge at the individual level,
team level and organization level, and learning flow involves knowledge sharing and knowledge development.
Many studies have confirmed the positive effect of knowledge learning on competitiveness. Research by Prieto and
Revilla (2006) indicated that learning capability was conducive to the financial performance and nonfinancial performance of enterprises, which can be regarded as market
performance and image performance, respectively. This
conclusion has been verified by Mohamad and Zin (2019).
Moreover, good knowledge management and strong innovation could have a positive impact on the competitiveness of small contractors. Thus, the following hypotheses
are proposed:
H1: Knowledge learning (KL) positively influences the
market performance of competitiveness (CP-M).

Knowledge
Learning

H1

H2
H3

Talent
Guarantee
H11

Market
Performance

H4
H5
H7

Technical
Support

H12

Image
Performance

H6
H16

H9
H13
Relationship
Management

Organizational
Guarantee

H17
H8

H14

H15

Project
Performance (MV)
H10

Figure 1. Initial theoretical framework
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H2: Knowledge learning (KL) positively influences the
image performance of competitiveness (CP-I).
Regarding talent guarantees, most studies have found
that human resource management is one of the most effective competitiveness strategies for enterprises (Khandekar
& Sharma, 2005). Wright and McMahan (1992) found
that the attitude and behavior of employees and the organizational performance of enterprises can be improved
through human resource management. Likewise, Matlay
et al. (2005) believed that human resources are a critical
factor for the sustainable competitiveness of enterprises.
Ogunyomi and Bruning (2016) investigated enterprises in
developing countries using multiple regression and found
that certain HRM practices can promote enterprise performance. Therefore, the following hypotheses are proposed:
H3: Talent guarantees (TGs) positively influence the
market performance of competitiveness (CP-M).
H4: Talent guarantees (TGs) positively influence the
image performance of competitiveness (CP-I).
When considering the implementation of a project, it
is widely agreed that technology is the basis. Pheng and
Hongbin (2003) analyzed the development of the top 225
contractors in ENR and found that the low R&D investment of Chinese contractors places them in a vulnerable
position compared with contractors in developed countries such as Europe and the United States. Similarly, technology, which can help contractors obtain advantages of
competitiveness, was recognized as a critical success factor
in the international construction market. Thus, the following hypotheses are proposed:
H5: Technical support (TS) positively influences the
market performance of competitiveness (CP-M).
H6: Technical support (TS) positively influences the
image performance of competitiveness (CP-I).
It is widely recognized that better communication and
relationships among stakeholders will help the development of enterprises (Hooley et al., 2005; Paulraj et al.,
2008). Relationship management in this study refers to
the good cooperation and communication of contractors
with respect to the application of the ICS with the subcontractor, the owner, the supervisor and the supply chain
enterprise. Hooley et al. (2005) defined customer relationship management (CRM) as a kind of market-oriented resource that plays a positive role in promoting customer
satisfaction and the market performance of enterprises. In
addition, many scholars have focused on the relationships
among contractors and stakeholders in projects. Paulraj
et al. (2008) emphasized the positive influence of good external communication on the cooperation of contractors
and owners. It is believed that excellent CRM can help enterprises gain market-oriented advantages in competition,
and conversion feasibility can be used to make adjustments in this process. In addition, Tan et al. (2017) noted
the importance of relationships among subcontractors and
contractors and conducted questionnaires in Hong Kong.
A good relationship with subcontractors is positively and
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advantageously associated with contractors’ competitiveness. Thus, the following hypotheses are proposed:
H7: Relationship management (RM) positively influences the market performance of competitiveness
(CP-M).
H8: Relationship management (RM) positively influences the image performance of competitiveness
(CP-I).
Many previous studies have investigated the relationship between competitiveness and organizational factors
(such as organizational culture, internal control and organizational performance). Kotter and Heskitt (1992) found
that organizational culture has a significant promotion
effect on organizational performance by investigating 72
companies in 22 industries in the United States. Additionally, organizational culture can be used to distinguish different levels of competitiveness (Galetić et al., 2012). Mahadeen et al. (2016) found that the internal control system
had a significant impact on organizational effectiveness.
Thus, the following hypotheses are proposed:
H9: Organization guarantees (OGs) positively influence the market performance of competitiveness
(CP-M).
H10: Organization guarantees (OGs) positively influence the image performance of competitiveness
(CP-I).
2.1.3. ICS application capabilities
and project performance
Some research has studied the impact of knowledge management on project performance, and the importance of
knowledge learning has been confirmed (Adenfelt, 2010;
Ng et al., 2011). Specifically, Adenfelt (2010) discussed
the relationship between knowledge sharing and transnational project performance. An empirical data analysis of
questionnaires showed that knowledge sharing, especially
tacit knowledge sharing, can significantly improve project performance. Accordingly, the following hypothesis
is proposed:
H11: Knowledge learning (KL) positively influences
project performance (MV).
The positive effect of talent on project performance has
been identified by many scholars (Gurmu, 2020; Yu et al.,
2006). Gurmu (2020) noted that suitable human resource
management (HRM) practices can enhance labor productivity by using a fuzzy synthetic evaluation approach.
Abuazoom et al. (2019) quantitatively analyzed the importance of HRM to project quality performance with questionnaires from the top managers of contractors. Thus, the
following hypothesis is proposed:
H12: Talent guarantee (TG) positively influences project performance (MV).
Many studies have analyzed the success factors influencing project performance, and technical factors have
been mentioned. Ogwueleka (2011) studied the success
factors influencing project performance in Nigeria and
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found that technical factors were among the key elements
for successful project performance. Moreover, project
management maturity is related to technical support
(Berssaneti & Carvalho, 2015). Thus, the following hypothesis is proposed:
H13: Technical support (TS) positively influences project performance (MV).
Relationship management has been emphasized by
many scholars in research on project performance. For example, Meng (2012) addressed the impact of supply chain
relationship management on project performance. Relationship management has also been regarded as a kind of
critical factor in public private projects (Zou et al., 2014).
Therefore, the following hypothesis is proposed:
H14: Relationship management (RM) positively influences project performance (MV).
Regarding organization guarantees, Moon (2010) studied organizational cultural intelligence from a dynamic
perspective and defined organizational cultural intelligence as a kind of cultural adaptability, that is, the capability of an organization to be competitive in a multicultural
environment. It is believed that organizational cultural
intelligence has a positive impact on organizational performance in some aspects, such as financial performance,
internal operations, learning, growth, and customer satisfaction. Thus, the following hypothesis is proposed:
H15: Organization guarantees (OGs) positively influence project performance (MV).
2.1.4. Project performance and
contractors’ competitiveness
Project-oriented enterprises are defined as enterprises that
complete various activities for a project, and each project
is accounted for as an independent production unit (Lindkvist, 2004). Bassioni et al. (2005) proposed a conceptual
model to measure contractors’ performance through a series of expert interviews and case studies and identified
the driving effect of project performance on contractors’
competitiveness. Elyamany (2010) supports the view that
past project performance, including the overall success of
the project, progress performance, quality performance,
safety record, number of completed projects and delivery
history, is one selection criterion for contractors. These
arguments lead to the following hypotheses:
H16: Project performance (MV) positively influences the
market performance of competitiveness (CP-M).
H17: Project performance (MV) positively influences
the image performance of competitiveness (CP-I).
The above 17 hypotheses constitute the initial theoretical framework presented in Figure 1, where arrows illustrate the direction of the hypothesized influences.

2.2. Measures
Based on a literature review and expert interviews, a
37-item initial scale was developed. The definitions and

relevant items of each dimension are elaborated in detail
below.
2.2.1. Contractors’ competitiveness
According to the influencing factors and forms of competitiveness mentioned in the previous literature (Deng
et al., 2013; Han et al., 2015; Zhao et al., 2009), competitiveness in this paper refers to turnover, market sharing,
corporate image, etc. Additionally, the international contractors’ competitiveness was divided into two parts according to the above studies (Gunhan & Arditi, 2005; Han
et al., 2010) and expert interviews: market performance
and image performance. Therefore, competitiveness was
measured by 10 items (5 for market performance and 5
for image performance).
2.2.2. Knowledge learning
In this study, the measurement variables of knowledge
learning refer to the relatively mature research results
of organizational learning. As early as 1997, Goh and
Richards proposed five characteristics of organizational
learning, namely, clear goals and vision, leadership commitment and authorization, exploration and innovation,
and incentives, knowledge sharing and team work (Goh
& Richards, 1997). Afterwards, many relevant studies
have examined the dimension of organizational learning.
Jerez-Gómez et al. (2005) believed that organizational
learning includes four dimensions: management commitment, system thinking, openness and experimentation, and knowledge transfer and integration. Marsick
and Watkins (2003) divided organizational learning into
three levels: individual level, team level and organization
level. Specifically, 7 dimensions were considered (continuous learning, inquiry, communication, team cooperation,
team learning, building learning system, strategic leadership, awareness of organization members, and internal
and external collaborative learning). Based on the above
seven dimensions, the Dimensions of Learning Organization Questionnaire (DLOQ) was developed. The questionnaire has detailed description items for each dimension
and has been recognized in many studies (Chai & Dirani,
2018; Marsick, 2013). According to the DLOQ and the
characteristics of the construction project, the dimensions
of ICS knowledge learning in this study cover individual
learning, leadership learning, knowledge reservation,
knowledge sharing, and related resource input.
2.2.3. Talent guarantee
Talent guarantees are based on good human resource
management. Human resource management can ensure
that the talents of enterprises fulfill their work better and
bring competitive advantages (Ogunyomi & Bruning,
2016). Armstrong and Taylor (2014) noted that HRM includes planning and recruitment, selection and induction,
performance management, learning and development and
recognition and reward. This issue has also been discussed
by recent research. Hasan et al. (2019) proposed a contemporary HRM framework that discussed the key elements

Journal of Civil Engineering and Management, 2020, 26(8): 757–774
of HRM, including recruitment, selection, performance
appraisal, training and development. In the construction
industry, Shahhosseini and Sebt (2011) conducted a study
on the selection and distribution of human resources and
divided engineering personnel into project managers, engineers, technicians and construction workers. The indices
include three aspects: technology, behavior and situation
handling. Based on the above literature results, three components are considered in this study: technology, behavior
and situation processing.
2.2.4. Technical guarantee
The technical guarantee of enterprises is crucial for them
to adapt to a changeable and unpredictable environment
and enhance competitiveness. Therefore, technical guarantees include not only the static strategic elements of technology itself but also the dynamic resource reconstruction
of technology transformation and creation. Sharif (1997)
believed that the technical structure of enterprises included four aspects: production tools and equipment, production technology and experience, information technology
and production arrangement and organization. Likewise,
Archibugi and Coco (2004) investigated the dimensions of
the technical structure and divided it into three aspects:
technology foundation, technology creation and the development of skilled talent. In the field of construction, recent studies on the technology management of contractors
have focused on the application of information technology. Erdogan et al. (2010) noted that by 2030, information
technology would reshape the future of the construction
industry. Iliescu and Ciocan (2017) found that the use of
modern innovative technologies such as GPS monitoring,
visualization technology and RFID technology to manage
engineering projects can improve quality and safety, reduce losses and bring profits to enterprises. Furthermore,
the application of RFID in construction engineering could
make safety control systems more accurate and efficient
and make the project life cycles simple and automatic
(Valero & Adán, 2016).
Thus, 6 items of technical support (advancement of
technology, technical research and development, technical data management, technology monitoring, modern
technology) were considered.
2.2.5. Relationship management
Contractors are required to coordinate and cooperate with
many participants in the implementation of a project. In
this study, relationship management means external coordination of contractors with other stakeholders. Thus,
studies on external coordination can serve as a reference.
Foster-Fishman et al. (2001) noted that relationship management could be established through sharing, respect,
positive external relations and working atmosphere.
Meanwhile, van Popering-Verkerk and van Buuren (2017)
defined external coordination as coordination ability at
the network level, which refers to constructive dialogue
and mutual adaptation with participants and the establish-
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ment of a cooperative relationship based on mutual trust
and understanding. The key indicators of supply chain
relationships in construction were also considered by
Meng (2012), including mutual objectives, sharing, trust,
no-blame culture, joint working, communication, problem
solving, risk allocation, performance measurement, and
continuous improvement. Based on the research results on
the external coordination of enterprises above, the content
question setting of the relationship management of ICS
application capability in this study focuses on cooperation
with owners, subcontractors, supervisors and supply chain
enterprises.
2.2.6. Organization guarantee
In contrast to external relationship management, organization guarantees in this study can be regarded as internal
collaboration. Anthony (1988) defined that management
control as the process by which managers achieve organizational development objectives by influencing other
members of the organization. This is a mainstream concept in management control research. The Committee of
Sponsoring Organizations of the Treadway Commission
[COSO] (2019) published a document about the overall
framework of internal control that defines internal control
as a work process for an organization to reasonably ensure their objectives. According to the document, internal
control is implemented by the board of directors, management authorities and other relevant employees for the
purpose of increasing operating efficiency, obtaining reliable financial reports and ensuring compliance with laws
and regulations. Therefore, internal control is a guarantee for the realization of organizational goals. Norris and
O’Dwyer (2004) believed that the management control
system included two parts: formal control and informal
control. Ferreira and Otley (2009) divided the management control system into 12 parts: vision and mission,
key success factors, organizational structure, strategy and
planning, key performance measures, goal setting, performance evaluation, etc. Similarly, Lueg and Radlach (2016)
investigated the enterprise management control system
and divided it into cultural control, plan control, control evaluation, reward and compensation, organizational
structure and other administrative control. Thus, from the
perspective of project organization, the items of organization guarantee in this paper cover internal communication
mechanisms, cultural awareness, organizational structure
and management systems.
Due to the absence of existing suitable scales for this
study to apply directly, numerous studies were reviewed,
and expert interviews were conducted. In the end, 37
items of measurement (6 for knowledge learning, 6 for
talent guarantee, 6 for technology support, 3 for relationship management, 6 for organization guarantee, 10 for
competitiveness) were identified, as shown in Table 2. A
five-point Likert scale (1 – very bad; 3 – medium; 5 –very
good) was applied.

764

D. Ma et al. The impact of the international construction standard application capability on contractors’ ...
Table 2. Summary of items

Latent variables

Knowledge
learning

Items

Reference

KL1 Comparative study and application experience summary of
ICS

Goh and Richards (1997); Marsick and
Watkins (2003)

KL2 Knowledge and experience sharing of ICS application

Goh and Richards (1997); Jerez-Gómez et al.
(2005)

KL3 Effective system training in advance

Jerez-Gómez et al. (2005)

KL4 Sufficient communication and shared resource platform
provided

Marsick and Watkins (2003)

KL5 Guidance from project managers to subordinate project
members

Goh and Richards (1997)

KL6 Storage of materials and standard translation versions of ICS

Jerez-Gómez et al. (2005)

TG1 Employment of project personnel with professional knowledge Shahhosseini and Sebt (2011)

Talent
guarantee

Technical
support

Relationship management

Organization guarantee

TG2 Project managers with rich experience

Shahhosseini and Sebt (2011)

TG3 Technical personnel/workers with professional knowledge and
skills

Shahhosseini and Sebt (2011)

TG4 Incentives for project personnel

Shahhosseini and Sebt (2011)

TG5 Knowledge sharing of local project personnel (e.g., engineers)

Marsick and Watkins (2003); Shahhosseini
and Sebt (2011)

TG6 Training and reserve of related translators

Shahhosseini and Sebt (2011)

TS1

Materials and equipment in accordance with ICS

Sharif (1997); Zahra et al. (2007)

TS2

Investment in construction technology innovation

Zahra et al. (2007)

TS3

Recording, arrangement and preservation of relevant data

Sharif (1997)

TS4

Effective technology-related research in advance

Archibugi and Coco (2004); Zahra et al.
(2007)

TS5

Technology preparation and implementation plan

Sharif (1997); Archibugi and Coco (2004)

TS6

Information technology support

Erdogan et al. (2010); Iliescu and Ciocan
(2017)

RM1 Effective negotiation, communication and cooperation with
the owner

van Popering-Verkerk and van Buuren (2017)

RM2 Effective communication and cooperation relationship with
the supervisor

van Popering-Verkerk and van Buuren (2017)

RM3 Effective cooperation with subcontractors, suppliers and
designers

van Popering-Verkerk and van Buuren (2017)

OG1 Effective communication mechanism within the enterprise

COSO (2019)

OG2 Cooperation with the local organization

Ferreira and Otley (2009); Lueg and Radlach
(2016)

OG3 Attention of managers to the application of ICS

Ferreira and Otley (2009)

OG4 Cultural awareness

Ferreira and Otley (2009); Norris and
O’Dwyer (2004)

OG5 Adaptation and adjustment of project organization structure

COSO (2019); Ferreira and Otley (2009)

OG6 Adaptation and adjustment of project management system and Ferreira and Otley (2009)
specification
Market
performance of
competitiveness
Image performance
of competitiveness

CP1 High bid winning rate

Interview with experts

CP2 Realization of project value

Li et al. (2004); Interview with experts

CP3 High turnover and turnover growth rate

ENR (2019); Han et al. (2010)

CP4 High market share

Han et al. (2010)

CP5 Diversified business areas and regional market

Han et al. (2010)

CP6 Owner satisfaction

Gunhan and Arditi (2005)

CP7 Good reputation and image

Gunhan and Arditi (2005)

CP8 Good quality and operation effect

Gunhan and Arditi (2005)

CP9 High level of leadership

Li et al. (2004); Gunhan and Arditi (2005)

CP10 Effective avoidance of technical risks

Li et al. (2004); Interview with experts
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2.2. Questionnaire survey

3. Results and analysis

The respondents of this study are all construction managers of large domestic contractors with overseas engineering experience. To eliminate the time difference and geographical restrictions, the questionnaires were distributed
as electronic questionnaires. The electronic questionnaire
platform also accelerates the return of the questionnaires.
Making full use of alumni resources and enterprise visits, 196 questionnaires were collected, of which 174 were
valid, with an effective rate of 88.78%, which satisfies the
sample requirements of structural equation model data fitting analysis (Bollen, 1989; Nicolaou & Masoner, 2013).
The demographic distribution of the sample data is
shown in Table 3. Of the respondents, 6.32% have been
in overseas projects for less than 1 year, 28.74% for 1–3
years, 15.52% for 3–5 years, 29.89% for 5–10 years, and
19.54% for more than 10 years. Concerning respondents’
positions, approximately 60% are senior engineers and
intermediate engineers. In addition, the effective samples
of this study come from different regions and different
types of projects, which ensure the representativeness of
the sample.

3.1. Factor analysis

Table 3 Demographic distribution of the sample data
Characteristics

Category

Working position General staff
Junior manager
Intermediate manager
Senior (project manager)
Professional title Professor of engineering
Senior engineer
Engineer
Assistant engineer
Other
Working years
Y≤ 1 year
for international 1 year < Y≤ 3 years
projects
3 year < Y ≤ 5 years
5 year < Y ≤ 10 years
Y > 10 years
Region
Oversea
Home
Type of project
Residential Buildings
Public buildings
Industrial buildings
Infrastructure
Other
Project location Europe
Middle east
Africa
North America
Latin America and the
Caribbean
Asia and Oceania

%
30.46%
37.36%
20.11%
12.07%
2.30%
24.14%
35.63%
26.44%
11.49%
6.32%
28.74%
15.52%
29.89%
19.54%
49.43%
50.57%
33.99%
32.01%
8.91%
24.09%
0.99%
4.17%
20.08%
40.91%
2.27%
6.06%
26.52%
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3.1.1. Exploratory factor analysis
for the initial competitiveness scale
Exploratory factor analysis (EFA) was implemented using SPSS 22.0. In addition, principal component analysis
(varimax rotation) was conducted. This method has some
basic requirements. First, each structural dimension must
have three or more measurement items (Floyd & Widaman, 1995), so TG4 and TG5 were deleted. Then, the
factor load of each item in the dimensions of the structural equation model must be more than 0.45 (Price et al.,
1993). Additionally, the structural equation model must
conform to the theoretical basis and the results, so CP2
and CP5 were eliminated. The composition of the final
formal scale is shown in Table 2.
Cronbach’s alpha was used to test the reliability of the
hypothesized construct based on the data. Cronbach’s
alpha can be calculated using SPSS. If the α coefficient
does not exceed 0.6, the internal consistency reliability
is generally considered to be insufficient (David, 2003).
The Cronbach’s alpha of all the observed variables in this
study is 0.933, which indicates good internal consistency
and reliability. As shown in the last column of Table 4, all
the Cronbach’s alpha values of the constructs reached an
acceptable level.
3.1.2. Confirmatory factor analysis
for the hypothetical model
In this study, confirmatory factor analysis (CFA) was conducted to analyze the structure of the formal model, and
AMOS software was employed in this process.
Based on previous literature, the evaluation criteria are
shown in the third column of Table 5. Thus, the model
(c2/dF = 1.484, GFI = 0.807, RMSEA = 0.05, IFI = 0.896,
CFI = 0.893, TLI = 0.881, AGFI = 0.771, PGFI = 0.682)
must be corrected. The sum of M.I. (modification indices)
calculated by AMOS is used as the basis for modification.
First, the items with standardized regression weights (β)
less than 0.5 (KL1 and KL2), which indicated that the
items had little influence on the latent variable, were deleted. Then, according to the M.I. values obtained with
AMOS software, the model was corrected many times, and
five items (TS2, OG1, OG3, CP7 and CP10) were deleted.
Finally, the overall model with 31 indicators and 7
latent variables reached an acceptable level of fitness
(c2/ dF = 1.199, GFI = 0.873, RMSEA = 0.034, IFI = 0.964,
CFI = 0.962, TLI = 0.956, AGFI = 0.840, PGFI = 0.692)
and the structural equation model could be constructed.
3.1.3. Structural equation model
According to the CFA, the correlation coefficients among
KL, TG and TS are all approximately 0.7, and the correlation coefficient between RM and OG is 0.65. Therefore,
these significant positive covariance relationships are added to the structural equation model, as shown in Figure 2.
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Table 4. Factor loading and Cronbach’s alpha of latent variables
Latent variables
KL1

KL

TG

TS

RM

OG

CP

Items
Comparative study and application experience summary of ICS

Factor loading

Cronbach’s alpha

0.649

KL2

Knowledge and experience sharing of ICS application

0.642

KL3

Effective system training in advance

0.633

KL4

Sufficient communication and shared resources platform provided

0.600

KL5

Guidance from project managers to subordinate project members

0.556

KL6

Storage of materials and standard translation versions of ICS

0.557

TG1

Employment of project personnel with professional knowledge

0.730

TG2

Project managers with rich experience

0.656

TG3

Technical personnel / workers with professional knowledge and skills

0.566

TG6

Training and reserve of related translators

0.477

TS1

Materials and equipment in accordance with ICS

0.729

TS2

Investment in construction technology innovation

0.627

TS3

Recording, arrangement and preservation of relevant data

0.572

TS4

Effective technology-related research in advance

0.484

TS5

Technology preparation and implementation plan

0.662

TS6

Information technology support

0.492

RM1

Effective negotiation, communication and cooperation with the owner

0.678

RM2

Effective communication and cooperation relationship with the supervisor

0.734

RM3

Effective cooperation with subcontractors, suppliers and designers

0.554

OG1

Effective communication mechanism within the enterprise

0.602

OG2

Cooperation with the local organization

0.733

OG3

Attention of managers to the application of ICS

0.678

OG4

Cultural awareness

0.683

OG5

Adaptation and adjustment of project organization structure

0.725

OG6

Adaptation and adjustment of project management system and specification

0.694

CP1

High bid winning rate

0.770

CP3

High turnover and turnover growth rate

0.772

CP4

High market share

0.795

CP6

Owner satisfaction

0.713

CP7

Good reputation and image

0.712

CP8

Good quality and operation effect

0.822

CP9

High level of leadership

0.691

CP10

Effective avoidance of technical risks

0.622

0.768

0.641

0.811

0.738

0.864

0.734

0.793

Table 5. Results of goodness of fit (GOF) criteria
GOF measure
Chi-square test
Absolute fit indices

Fit index
c2/dF

Parsimonious fit

Baseline model

Final model

Smaller than 2 (Marsh & Hau, 1996)

1.665

1.602

GFI

Greater than 0.90 (Marsh & Hau, 1996)

0.841

0.867

RMSEA

Smaller than 0.08 (Marsh & Hau, 1996)

0.062

0.059

Greater than 0.80 (Gefen, 2000)

0.802

0.828

AGFI
Incremental fit indices

Evaluation criteria

IFI

Greater than 0.90 (Marsh & Hau, 1996)

0.879

0.902

CFI

Greater than 0.90 (Marsh & Hau, 1996)

0.876

0.900

TLI

Greater than 0.90 (Hair et al., 2009)

0.856

0.878

Greater than 0.50 (Ozorhon et al., 2008)

0.676

0.670

PGFI
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The goodness of fit of the baseline model is shown in the
fourth column of Table 5.
The M.I. value obtained by AMOS software was also
used for adjustment (from large to small), and TG3, TS4
and RM3 were deleted. In the final model, the only “Relationship Management” items remaining are RM1 and
RM2, but there is a causal and covariant relationship be-
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tween items of the model, which can be acceptable (McDonald & Roderick, 1999). Additionally, when CFI ≥ 0.9,
the GFI of the model is reduced to 0.85 (Yao et al., 2013).
Thus, as shown in the fifth column of Table 5, the final
model was a ‘good model’. The standardized path coefficient obtained from the final model is shown in Figure 3.

KL 3
KL 4

Knowledge
Learning

KL 5
KL 6

Market
Performance

TG1
Talent
Guarantee

TG2
TG3

CP1
CP3
CP4

TG6
TS1
TS3

Technical
Support

TS4
TS5

Image
Performance

TS6

CP6
CP8
CP9

RM1

Relationship
Management

RM2
RM3
OG2
OG4

Organizational
Guarantee

OG5

MV

OG6

Figure 2. Baseline model of the ICS application capability to international contractors’ competitiveness

KL 3
KL 4
KL 5

0.67
0.74
0.69
0.64

Knowledge
Learning

KL 6
TG1
TG2
TG6

0.56
0.58
0.56

Talent
Guarantee

TS 5

0.68
0.65
0.63
0.60

–.08

RM 2
OG2
OG4
OG5

0.58
0.81

Relationship
Management

. 02

Organizational
Guarantee

0.68
0.69
0.67

Image
Performance

0.67
0.57
0.59

–.01
.18

CP1
CP3
CP4

.55*

–.03

. 30*

.37* **
–.02

.36* **
.24*

–.03

.54* **
0.70
0.76
0.77
0.72

Market
Performance

–.14
–.01

Technical
Support

TS 6
RM 1

.66 * **
.72* **

TS 1
TS 3

–.08

.69* **

.38 * **

CP6
CP8
CP9

.77**

MV

OG6

Notes: A solid line indicates a significant path (hypothesis supported); a dashed line indicates an insignificant path
(hypothesis not supported). ***p < 0.001; **p < 0.01; *p < 0.05.
Figure 3. The final model with standardized regression coefficients
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Table 6. Indirect effects and 95% confidence intervals for the final model
Indirect effect path

Estimated effect

95%CI
Lower bounds

Upper bounds

P

Interpretation

KL → MV → CP-M

–0.005

–1.475

0.213

0.754

Not supported

KL → MV → CP-I

–0.011

–1.273

0.352

0.910

Not supported

TS → MV → CP-M

–0.029

–2.330

0.322

0.526

Not supported

TS → MV → CP-I

–0.065

–2.194

0.273

0.694

Not supported

TG → MV → CP-M

0.188

–0.231

4.610

0.079

Not supported

TG → MV → CP-I

0.421

0.041

6.200

0.039

Supported

OG → MV → CP-M

0.129

–0.120

0.749

0.103

Not supported

OG → MV → CP-I

0.289

0.028

1.038

0.035

Supported

RM → MV → CP-M

–0.010

–0.285

0.070

0.608

Not Supported

RM → MV → CP-I

–0.022

–0.358

0.149

0.653

Not supported

The indirect effects of the five latent variables on contractors’ competitiveness were tested by the bootstrap estimation procedure in AMOS software. The results with
95% confidence intervals are shown in Table 6. For biascorrected and accelerated confidence, the indirect effect
path can be verified if zero is between the lower bound
and upper bound (Bollen & Stine, 1990). Finally, combined with the final model, the key driving paths of the
ICS application capability are determined (RM → CP;
TS → CP; TG → MV → CP; OG → MV → CP). In addition, the estimated significant covariance and correlation
relationships are shown in Figure 3.

3.2. Path analysis and discussion
3.2.1. Main path analysis and discussion
According to the results, two types of paths are identified:
– Path 1: Relationship management (RM) and technical support (TS) directly promote international contractors’ competitiveness.
– Path 2: Talent guarantee (TG) and organizational
support (OG) indirectly promote international contractors’ competitiveness.
RM and TS have direct effects on international
contractors’ competitiveness
Figure 3 shows that TS has the most significant direct effect on promoting the image performance of international
contractors’ competitiveness (b = 0.37), followed by RM
(b = 0.24). For market performance, RM is regarded as the
best driving factor (b = 0.30).
Technical support (TS) plays a positive role in improving image performance. Specifically, technical preparation,
arrangement and preservation of the ICS can improve the
technical leadership of contractors, which can result in a
good image and enhance the image performance of international contractors in the international market. This
conclusion is consistent with those of many scholars (Lu
et al., 2008; Pheng & Hongbin, 2003).
Relationship management (RM) can directly and significantly promote both the market performance and im-

age performance of international contractors. Effective
communication with the owner and the supervisor about
the ICS can not only effectively improve owner satisfaction and the quality of building products but also increase
the market share and bid winning rate of contractors in
the international market. This finding is consistent with
the findings of past studies in this field (Coltman, 2007;
Hooley et al., 2005; Paulraj et al., 2008).
TG and OG have indirect effects on international
contractors’ competitiveness
TG and OG indirectly and significantly improve international contractors’ competitiveness through a mediator
variable (project performance). Specifically, according to
the driving path coefficient, the indirect impact of TG
(b = 0.55) on international contractors’ competitiveness
is larger than that of OG (b = 0.38).
Talent guarantee (TG) refers to the employment of
ICS-related talent, the remarkable working capability of
project managers and standard translators. As direct labor
input of the project, excellent ICS talent can promote the
realization of various project objectives and help contractors construct a good corporate image in the international
market. It also provides the basis for the acquisition and
implementation of subsequent projects. This finding corroborates the ideas of Ogunyomi and Bruning (2016), who
suggested that human resource management can enhance
the competitiveness of enterprises.
Organization guarantees (OGs) have a significant
impact on project performance mainly by adjusting the
organizational structure and management system. These
adjustments can help project personnel better understand
the adopted ICS and increase their familiarity with the
local environment. In addition, cooperation with local
contractors can further help the contractor localize and
achieve project objectives regarding cost, quality and
schedule. This finding supports the previous research of
Mahadeen et al. (2016), which links the internal control
and competitiveness of enterprises.
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KL has no significant effect on contractors’
competitiveness
However, knowledge learning (KL) had neither a significant direct effect nor a significant indirect effect on contractors’ competitiveness. That means knowledge learning
(KL) does not directly affect contractors’ competitiveness,
nor does it affect the competitiveness through project performance. This may be because knowledge learning of ICS
could be conductive to the development of technology and
talents related, but it does not affect project performance
or competitiveness directly. The project personnel can become more familiar with the ICS and implement projects
effectively through sharing, training, arrangement and
storage of ICS-related knowledge. Additionally, knowledge can also help contractors make better use of their
technology and strengthen their understanding of the
relevant ICS, which provides a good base for the realization of various project objectives and the enhancement of
contractors’ competitiveness. Interestingly, this result contradicts a study conducted by Prieto and Revilla (2006).
The reason for this may be that this paper focuses on the
knowledge learning capability of ICS, which is different
from the definition and scope of learning capability in the
study of Prieto and Revilla (2006). There is no doubt that
comprehensive learning capability is indeed very import
to the business performance. However, when the scope of
learning capability gets smaller, the conclusion maybe a
little different.
3.2.2. Sub-path analysis and implications
The main paths depict the relationships among the dimensions and competitiveness. To identify the critical impact
paths, the sub-paths and implications are discussed below.
Technical support sub-path
According to the driving path coefficients of the TS-related items (TS1: 0.68; TS3: 0.65; TS5: 0.63; TS6: 0.60),
advanced technology level (TS1) has the greatest impact
on TS. The reason is that the technology required by the
ICS cannot be improved in a short time but requires considerable time and money for R&D investment.
Although the current technical level is not the main
obstacle for large contractors to engage in overseas projects, the leading technical level of contractors can still effectively establish a reliable corporate image in the international market. First, project personnel should read the
ICS carefully and figure out the technology referred in ICS
before bidding in the non-domestic countries. After carefully studying the materials of the ICS, contractors should
actively make technical preparations in advance. For materials that cannot be obtained in time in the non-domestic country and technology required by ICS is obviously
difficult, contractors should develop alternative strategies,
like purchasing building materials in neighboring countries and employing experienced local technicians. In addition, the management of overseas project technical data
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is also very important to improve the level of technical
support. Technical data of overseas projects, including
drawings, construction records, technical disclosure data,
change records, etc., should be sorted by an e-commerce
system in time and can be used as the basis for project
implementation and provide valuable reference materials
for similar projects in similar regions in the future.
Besides, due to the large consumption of the construction industry, standards for sustainable construction
become increasingly important in the international market, and green construction technologies have gradually
received more attention. It is no doubt that green technology can help to protect the environment, establish a
good image for enterprises, and increase the contractors’
competitiveness. However, there will be an extra cost if
using green technology instead of traditional technology,
which have an influence on project performance. Therefore, the financial impact of green building standards has
been discussed by many scholars. Wijayasundara et al.
(2016) established a model to evaluate the financial effect
of manufacturing recycled aggregate concrete in lieu of
normal concrete, and found that RMC plants having aggregate feeding mechanism with front-end loader (FEL)
would be suitable, which will be conductive to improve
the contractors’ competitiveness from the perspective of
project performance. Therefore, the relationships among
international sustainable construction standards, financial
impact, project performance and contractors’ competitiveness should be further researched in the future.
Relationship management sub-path
From the perspective of relationship management, the
impact of relationship with the supervisor (RM2: 0.814)
is significantly greater than that with the owner (RM1:
0.576). In the process of overseas project implementation,
all activities of project implementation require permission
from the supervisor. Thus, a good cooperative relationship
with all stakeholders, especially supervisors, is necessary
for international contractors.
First, RM is the most direct driving factor to enhance
contractors’ competitiveness in the international market,
especially for the promotion of market-oriented indicators, such as the bid winning rate and market share. In
addition, it is very important to reach an agreement with
the supervisor about the requirements of the ICS and to
establish good communication and cooperation among
stakeholders. This can directly improve the image performance in the region. Effective communication and active
collaboration will contribute to successful completion of a
project. In practice, there are some measures to strengthen
the relationship management of stakeholders. First, the
project management personnel should timely and clearly
discuss the ICS requirements and tasks objectives with
stakeholders at home and abroad. Besides, regular meeting and discussion among the team about the ICS related
in the target projects is necessary.
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Talent guarantee sub-path
There is no significant difference among the three TGrelated items (TG1: 0.56; TG2: 0.58; TG6: 0.56), but the
standard application capability (TG2) of the project manager is relatively important. It may be responsible for
ensuring construction management in accordance with
contract requirements. The understanding and skillful application of the ICS can effectively fulfill the requirements
of contracts and corresponding standards and further promote project performance.
Excellent TG can not only promote the effective realization of various project objectives but also provide a
talent foundation for TS. There are three suggestions for
contractors in terms of talent guarantee. 1) Pay attention
to the project manager’s learning and understanding of
the ICS, such as organizing the project manager overseas
training and learning, participating in experience sharing
and seminars, and hiring project managers with overseas
engineering experience in the region. 2) Cultivate excellent
translators of the ICS related. Specifically, a corresponding
assessment mechanism for engineering professional ICSrelated knowledge should be established. 3) Establish a reward system. An excellent project manager with excellent
ICS application capability should be rewarded with a promotion and bonus. In this way, managers with engineering
experience can discover translation-related problems in
time, which is of great significance for all project personnel to reasonably and efficiently apply the ICS.
Organization guarantee sub-path
The adaptation and adjustment of project organizational
structure to the requirements of the ICS (OG5) has the
greatest effect. One possible reason is that in the process
of internal organizational project management, most activities are based on the project organization structure.
Therefore, a suitable and reasonable project organization
structure according to the ICS can provide internal guarantees for ICS applications.
According to the results of the path and sub-path
analysis, OG can provide support for contractors to improve the application capability of the ICS and indirectly
promote competitiveness in foreign markets. The key to
improving the organization guarantee lies in 1) the adjustment of the project organization structure, such as setting
up corresponding material and equipment management
and purchasing groups overseas and setting up research
departments of ICS; 2) the establishment of cultural
awareness about the application capability of ICS, such as
emphasizing the importance of ICS in routine work and
do some activities and competitions about ICS learning
and application. In this way, project personnel can realize that the application of the ICS plays an important role
not only in project performance but also in improving the
contractors’ competitiveness from an organizational perspective.
Remarkably, although knowledge learning has no significant positive impact on the competitiveness of contrac-

tors, as the basis of other capabilities, its effect cannot be
neglected. ICS-related knowledge and application experience should be stored and disseminated through experience summaries, personnel sharing, etc. Written summary
materials about international projects practice and ICS application can provide valuable resources for project personnel in the similar region with similar type of project.
In addition, abundant theoretical learning opportunities
of the ICS should be provided to project personnel, like
training overseas, discussion with professor with ICS application experience and so on.

Conclusions
In this study, SEM was used to explore how ICS application capability affects international contractors’ competitiveness in terms of five factors: knowledge learning (KL),
talent guarantee (TG), technical support (TS), relationship
management (RM) and organization guarantee (OG).
Contractor competitiveness was divided into market performance and image performance. In addition, project
performance was applied as a mediator variable.
The results demonstrated two driving paths between
ICS application capability and international contractors’
competitiveness. TS directly promotes image performance, and RM has a significant direct positive impact
on both market performance and image performance of
international contractors’ competitiveness. TG and OG
indirectly promote international contractors’ competitiveness by promoting project performance. However, KL has
neither a direct driving effect nor an indirect positive effect on international contractors’ competitiveness.
This study takes China as an example to identify dimensions of the ICS application capability of international
contractors. In theory, this study has identified the driving paths of the ICS application capability on contractors’
competitiveness, which can be a supplement for the research before. This study is also valuable in practice because it provides corresponding suggestions for contractors to improve international competitiveness by enhancing their ICS application capability. Specifically, targeted
suggestions have been proposed and listed as: 1) advanced
technical and material preparation according to the ICS in
the region; 2) regular meetings and discussion about ICS
application; 3) relevant project personnel overseas training
about ICS application capability; 4) ICS application related
organizational culture and research department establishment; 5) ICS related experience and knowledge sharing
and summary.
However, due to the group size and geographical
limitations, the scale of their group is limited to a certain
extent. In addition, there is a lack of abundant previous
theoretical research as a reference and basis, and the items
of the ICS application capability established in this study
need to be supplemented and improved. On the basis of
this study, future research can further enrich and modify
the items. Then, the sample size can be expanded to analyze the key application capacity dimensions of the ICS
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and examine the driving paths of international contractors’ competitiveness. The indirect influence of the ICS
application capability on international contractors’ competitiveness can also be explored via different mediator
variables, such as project management. In addition, the
driving effect of the ICS application capacity on project
performance can be studied.
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