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Abstract: With the increasing importance of leadership in project-based organizations, innovation is
essential for the sustainable development of construction projects. Since few studies have explored
the relationship between leadership and innovation in construction projects, this study fills this
research gap and makes a significant theoretical contribution to the existing body of literature. Based
on a knowledge-rated and resource-based view, this study aims to investigate various effects of
different types of leadership on innovation performance in a construction project-based organization.
Therefore, a theoretical model was constructed to explore the mediation mechanism and boundary
condition of different types of leadership to improve innovation. The theoretical model was validated
with empirical data covering project managers and engineers from the project-based organization in
China via regression analysis and path analysis. The results show that transformational leadership
and transactional leadership have some positively significant effects on knowledge sharing and
innovation performance. Meanwhile, knowledge sharing partially mediates the relationship
between transformational leadership and/or transactional leadership and innovation performance.
Additionally, by considering different levels of social capital, transformational leadership is likely to
have a strong positive impact on innovation performance through knowledge sharing. Our findings
ensure a better understanding of the role of leadership, knowledge management, and social capital
in the innovation process of construction projects. Therefore, project managers should promote a
higher stimulation of a leadership behavior, encouraging knowledge management, and establishing
the social capital, thus improving the innovation performance in the project-based organizations in
construction projects.

Keywords:  leadership; innovation performance; knowledge sharing; social capital;
project-based organization

1. Introduction

With the rapid development of the construction technology, the construction industry has become
more knowledge-intensive, thus it became imperative to carry on innovation by the sustainability
trends [1]. Innovation in construction is beneficial for the sustainability (i.e., competitiveness
improvement) of the construction industry and firms, and the sustainability (i.e., quality and technical
level) of the construction projects. The innovation level in the construction industry attracts both
criticism [2] as well as praise [3]. On the one hand, the initial criticism was that construction
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lags behind the innovativeness of the manufacturing and service sectors [4]. On the other hand,
Pries and Janszen [5] stated that construction is inherently innovative. The form of project-based
organization was adopted by increasing construction companies to improve project efficiency and
performance [6], which was seen as a form of the organization where different parties participated.
Faced with a different complexity of the various construction projects and considering sustainability
demand, the construction project-based organization would start addressing the challenge of sharing
knowledge and coordinating the relationship to carry out innovation [7]. The project-based character of
construction activities that are practiced due to a strong price orientation, are by several scholars seen
as for a lack of knowledge transfer and innovation [8]. Furthermore, various factors are hampering
innovation in construction, such as the conservation of established practices, fear of future collaboration,
perceived high financial investment needed in innovation, and limited time-span and resources [9].
As a result, how to drive innovation in a construction project-based organization has become an
emerging topic and pressing issue.

Consist with OECD definition [10], innovation is defined as a new or significantly improved
product (good or service), process (production or delivery method), marketing method or managerial
method [11]. Park et al. [12] defined innovation as the generation, development, and implementation
of ideas that are new to an organization and have practical or commercial benefits. Thus, the term
innovation is closely related to organization. Meanwhile, it is well documented that innovation is
essential to various aspects of the organizational performance [9]. Previous studies investigated many
factors that predicted organizational innovation, including organizational strategy [13], organizational
learning [14], communication and engagement of stakeholders [15] and positive expectations of
innovation from the team [16]. First, leadership is essential for enacting and implementing an
innovative organizational strategy and structure, promoting organizational learning, and motivating
team visions towards innovation. Therefore, leadership has been regarded as one of the most important
factors in determining the degree to which employees strive for innovation. Although previous studies
identify leadership as a critical factor in the development of innovation in construction [17,18], detailed
or in-depth studies on the effectiveness of different types of leadership on innovation performance
in construction projects are still in their infancy. Besides, a large part of the literature focused on
innovation at the firm level [19], thus a limited number of studies mentioned innovation from an
inter-organizational perspective in construction underlying the cooperation of members engaged in
construction projects [20].

Second, knowledge sharing has acted as an important enabler for innovation [1,21]. Innovation is
associated with the change of information [22]. Knowledge sharing enables a transfer of experience
which avoids a repetition of mistakes in a construction project-based organization [23]. According to the
knowledge-based view, the project-based organization in construction acts as the knowledge platform
for the members and the basis for integrating multidisciplinary expertise [7,24]. Knowledge exchange
provides the information channels to facilitate communication between partners in organization [25].
Although there is an increasing attention of knowledge sharing in the organization, the focus on
knowledge sharing of construction project-based organization still remains rather poor [26].

Third, the construction project-based organization, acts as the temporary organization in a
construction project, in which the members and resources are aggregated. The way individual linked,
the tangible and intangible resources exchanged between members, are referred to as project social
capital [27]. Although previous studies found that social capital benefits organizational outcomes,
whether and how the social capital of construction projects influences the innovation performance in
the project-based organization setting is still a topic to be considered. Besides, access to knowledge
is important for the organizational performance, and the project social capital provides an arena for
members to use knowledge as resources. Thus, it is essential to explore the inner relationship between
knowledge sharing and social capital in the construction project-based organization.

This study considers a project-based organization from an inter-organization perspective to
emphasize the importance of coordination, knowledge exchange and mutual relationship among
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different parties in the construction projects. Hence, this study mainly focuses on the inter-organization
level of construction projects, aiming to fill this research gap and by investigating the mechanism
between different types of leadership and construction project-based organizational innovation
performance. To obtain an intensive understanding of the impact of different types of leadership
on innovation performance in construction projects, this study reveals the internal mechanism used
for fostering knowledge exchange and identifying the association with social capital. The reliability
test, validity test, regression analysis and moderated path analysis are incorporated in this study to
analyze the relationships among different leadership styles, knowledge sharing, social capital, and
project-based organizational innovation performance in construction projects. The main theoretical
implications of our findings are the following: (i) Transformational leadership and transactional
leadership act as the precursor of knowledge sharing and innovation performance, while knowledge
sharing partially transmits the effect of leadership on innovation performance. (ii) Project social capital
acts as the moderation mechanism, in which the effect of transformational leadership on innovation
performance via knowledge sharing are amplified. To sum up, this study not only addresses both key
leadership (i.e., transformational leadership and transactional leadership) in construction project-based
organization, but also investigates the mediation role of knowledge sharing and the boundary condition
of social capital to capture the mechanism used to improve innovation performance in a construction
project-based organization. This study establishes a concept model to introduce the leadership styles
into a construction project-based organization, and by employing the contingent model it tests how
transformational leadership, transactional leadership and knowledge sharing interact with social
capital to influence innovation performance. This study provides a more integrative view of how
leaders may stimulate project-based organizational innovation in construction projects by facilitating
knowledge sharing and improving relationships with the team members and stakeholders.

The rest of the paper is structured as follows. Section 2 discusses the literature review and various
hypothesis formulations. Section 3 deals with sample selection, scales design, reliability test, factor
analysis, and methodology. Section 4 deals with measurement models assessment and hypothesis
testing. Section 5 discusses the results. Finally, conclusions, implications, limitations and future
directions are drawn in the last section.

2. Literature Review and Research Hypotheses

Previous studies on organizational leadership highlight that a critical mission of leaders is to
facilitate followers to engage in activities that strive for the achievement of group and/or organization
goals [28], although not all leaders are equally inclined to motivate the followers to be innovative.
In this study, different leadership styles, i.e., transformational leadership and transactional leadership,
are proposed as key variables to encourage and motivate followers to engage in innovative actions in
construction projects. The central factors of the mechanism transferring or regulating the effects of
two leadership types are knowledge sharing and social capital. The hypothesized relationships are
depicted in Figure 1, which describes the theoretical framework used in this study.
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Figure 1. The theoretical model.

2.1. Main Effects: Leadership Styles and Project-Based Organizational Innovation Performance

The concepts of transformational and transactional leadership have long been adopted in previous
studies [29,30]. Transformational and transactional leadership are also the two main leadership
styles on which we have focused in this study. On the one hand, transformational leadership
refers to leaders focusing on meeting the higher-order intrinsic needs of their followers, resulting
in followers identifying themselves with the needs of their leader [31]. It has four dimensions:
charisma (or idealized influence), inspirational stimulation, intellectual stimulation and individualized
consideration [30]. On the other hand, transactional leadership refers to leaders focusing on satisfying
the extrinsic needs of their subordinates, such a focus results in the subordinates performing the tasks
that their leader requires [31]. It involves contingent rewards and management by exception [30].

The effects that different types of leadership might have on innovation vary in the literature.
The transformational leader motivates the employees to strive for the collective goals, and stimulating
followers’ focus and understanding towards the organizational vision [32]. For example, Bass and
Riggio [33] suggested that transformational leadership enhances the creative effort in an organization
and contributes to the innovative goal. Transformational leadership is a strong supporter of the
unconventional things that foster innovation and improve performance [34]. According to Bass and
Riggio [33], a leader having a contingent reward behavior would obtain employees’ prior agreement
on the job to be done in exchange of rewards for delivering the performance within a time frame.
Moreover, a leader promoting an active management by exception supervises employees, identifies
errors or mistakes, and then takes corrective actions. Additionally, the project’ success partially
depends on the manager’s leadership style [35], thus the leadership has a great influence on the
performance of the construction work [36]. Empirical studies exhibited the effects of transformational
or transactional leadership on the innovation and performance of organizations [37,38]. The empirical
evidence in the relevant literature is still ambiguous (e.g., [9,39]), and the conclusion always emphasize
the positive influence of transformational leadership when compared with transactional leadership [40].
Furthermore, studies focusing on the relationships among transformational leadership, transactional
leadership and innovation performance at the inter-organization level are still rare, referring to the
construction project-based organization in which different parties of construction projects are engaged.
Thus, it is commonly believed that transformational leadership and transactional leadership will have a
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significant and positive impact on organizational performance, mainly on the innovation performance
in the project-based organization.

Hypothesis 1a. Transformational leadership is positively related to innovation performance of the construction
project-based organization.

Hypothesis 1b. Transactional leadership is positively related to innovation performance of the construction
project-based organization.

2.2. Mediation Effects: Knowledge Sharing

Innovation is one of the most knowledge-intensive activities [41]. Knowledge-intensive activities
are simultaneously essential for innovation in the organization operation process [42], and enable
interaction and promote the connection among actors in the organization [43]. Knowledge management
is a pre-requisite for creating, sharing, and storing creative ideas. Effective leadership plays a significant
role in promoting a supportive climate for exposing knowledge into organization innovation [34].
Knowledge management refers to all managerial activities which helps individuals in the organization
to create new knowledge and share this knowledge with others in order to improve the performance
of the organization [27]. Both knowledge sharing and knowledge application have been known
to facilitate the creation of new ideas and processes so that it can improve the performance of
the organizations.

Furthermore, Birasnav [44] proposed that knowledge management plays a mediation role in the
relationship between transformational leadership and organizational performance, when controlling
the impact of transactional leadership. Singh [45] investigated the role of leadership in the knowledge
management process. Han [46] also exhibited the effect of transformational leadership and knowledge
sharing. In addition, Bryant [47] proposed that leaders contribute to improving performance through
exploiting knowledge in the organizations. Moreover, the previous studies focus on the associations
between leadership and knowledge sharing at the firm level [48], and an important strand of literature
concluded that knowledge management or knowledge sharing contribute significantly to innovation
efforts and help ameliorate organizational performance at the firm level [49]. However, this type of
studies in the construction projects is still rare. Hence, transformation leaders nurture the intrinsic
needs to share knowledge while transaction leaders involve in providing rewards to share knowledge.
It is also expected that such leaders enhance innovation performance of project-based organization
through the process of knowledge sharing in the construction projects. Based on the above discussion,
the hypotheses developed are the following.

Hypothesis 2a. Knowledge sharing would mediate the relationship between transformational leadership and
project-based organizational innovation performance.

Hypothesis 2b. Knowledge sharing would mediate the relationship between transactional leadership and
project-based organizational innovation performance.

2.3. Moderating Effects: Social Capital

According to the social capital theory, social capital is both a tangible and intangible resource
to organizations to be used appropriately. Social capital is associated with the extent to which
people share information, and are concerned with the resources embedded in the relationship
network [50]. Further, it is possible to obtain the necessary resources for new technology adoption
and technology improvement [51]. Capital acts like a precursor to organizational innovation and
performance [52]. Previous studies focusing on the impact of transformational leadership have
predominantly studied human capital rather than social capital [53,54]. Social capital theory suggests
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that social relationships among organizational members and those with outside actors, confer vital
resources such as information or advices among others, all representing important preconditions for
information sharing, knowledge creation, and innovation [55]. The leadership style is a combination
of characteristics, skills and behavior that the managers uses to interact with employees [56]. Leaders
manage and influence a vital part of the resources through social capital, though a few studies
addressed the effects of transformational leadership and transactional leadership on social capital [57].
It is essential to study how different leadership styles leverage social capital to foster innovation.
Moreover, social capital research has been somewhat neglected in the construction projects. Thus,
the research hypotheses used in our research are the following.

Hypothesis 3a. Social capital moderates the positive relationship between transformational leadership and
project-based organizational innovation performance, so that this relationship is stronger in the presence of
higher social capital.

Hypothesis 3b. Social capital moderates the positive relationship between transactional leadership and
project-based organizational innovation performance so that this relationship is stronger in the presence of
higher social capital.

Social capital can facilitate access to information and vital sources in order to promote
performance [58]. For example, Golmoradi et al. [59] stressed that an organization with powerful social
capital could have immediate access to a wide range of information in order to create an innovative
performance. Social capital is useful in the process of sharing knowledge through some components
such as trust and cooperation, thus it will improve the innovative performance of the organization [60].
Additionally, social capital could also impact organizations’ efficiency in different ways, by using
knowledge sharing and innovation [61]. Alvani et al. [62] noted that social capital is considered as
a value, shared by the people who are involved in social networks due to common cultural norms,
effective interactions, mutual trust and personal relationships.

As articulated in the previous section, it is logical to further predict that the heightened innovation
performance considers the role of social capital, resulting from the positive path between leadership
styles and knowledge sharing, and the positive interactions between knowledge sharing and social
capital. Thus, there could be registered some moderated mediation effects [63]. Based on this argument,
we expect social capital to moderate the indirect effect of leadership on project-based organizational
innovation performance via knowledge sharing.

Hypothesis 4a. The indirect transformational leadership on project-based organizational innovation
performance via knowledge sharing is moderated by social capital, so that the indirect effect is more positive when
social capital is high than when it is low.

Hypothesis 4b. The indirect transactional leadership on project-based organizational innovation performance
via knowledge sharing is moderated by social capital, so that the indirect effect is more positive when social
capital is high than when it is low.

3. Methods

3.1. Sample

The sample for the current study was composed of project managers or technicians joining
the construction projects in China. Project managers and technicians can be grouped into the
same project team or different project teams. Our data collection investigated the team members
from various construction projects. A total of 340 questionnaires are distributed to potential
respondents. The questionnaires include the basic information of project and measured items, such as
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types of construction projects, transformational leadership, transactional leadership, social capital,
knowledge sharing, and project-based organizational innovation performance. All 288 managers or
technicians completed this final survey. We eliminated 20 participants for improperly completing
the questionnaires, e.g., the missing data and the regular answers. Continuing, 28.73% (77) of the
final sample worked on the building construction projects, 31.72% (85) were engaged in the highway
construction projects, and 21.64% (58) joined in the railway construction projects. The population of
the project-based organization was usually aged 20-50 (29.48%). The investment of the construction
projects was usually between RMB 100 million yuan and RMB 1 billion yuan (42.91%). The respondents’
profile is shown in Table 1.

Table 1. Descriptive statistics of sample frame.

The Basic Information of Construction Projects Number Percentage

The project type joined in

Building construction project 77 28.73
Municipal infrastructure 18 6.72
Highway construction project 85 31.72
Railway construction project 58 21.64
Hydraulic construction project 24 8.96
others 6 2.24

The population of project-based organization

200+ 49 18.28
100-200 52 19.40
50-100 63 23.51

20-50 79 29.48

0-20 25 9.33

The investment (RMB, yuan) of the construction project engaged
1 billion+ 87 32.46
100 million-1 billion 115 42.91
50-100 million 28 10.45
10-50 million 29 10.82
0-10 million 9 3.36
Total 268 100

3.2. Measures

We used five-point Likert scales ranging from 1 = “strongly disagree” to 5 = “strongly agree”
to measure the observed variables. All items in the survey were presented in Chinese because our
respondents were Chinese. Since the original scales were mostly developed in English, all of the items
underwent a back-translation process [64].

3.2.1. Transformational Leadership

The transformational leadership was rated by the members of the construction project-based
organizations with a five-item scale developed by Bass et al. [65] and McColl-Kennedy et al. [66],
combining with the Chinese context. The Cronbach’s alpha was 0.913. A sample item was “The leader
could increase my level of enthusiasm”. EFA led to a one-factor solution (eigenvalue = 3.722,
each factor loading >0.800, explaining 74.444% of the total variance). The CFA result (x?/df = 1.793,
RMSEA = 0.054, CFI = 0.995, TLI = 0.991) shows that the transformation leadership measure (5 items)
fits well in our data.

3.2.2. Transactional Leadership

Transactional leadership was a four-item scale developed by Podsakoff et al. [67]. The Cronbach’s
alpha was 0.903. A sample item was “The leader always gives me positive feedback when I perform
well”. The EFA yielded a single-factor solution with each factor loading >0.800, explaining the 77.524%
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of the total variance. The CFA result (x2/ df =3.691, RMSEA = 0.100, CFI = 0.992, TLI = 0.977) shows
that the transactional leadership measure fits well in our data.

3.2.3. Social Capital

Social capital was assessed within a project of four-item scale developed by Chen et al. [68] and
Tsai et al. [61]. The scale focuses on the relationship regarding the capital dimension. A representative
item was “We support each other when facing change”. The Cronbach’s alpha was 0.865. EFA led
to a one-factor solution (eigenvalue = 2.853, each factor loading >0.700, explaining 71.320% of the
total variance). CFA results show that the social capital measure almost fits our data (x2%/ df =4.536,
RMSEA = 0.115, CFI = 0.986, TLI = 0.959).

3.2.4. Knowledge Sharing

Knowledge sharing was assessed using the four-item measure validated by Collins et al. [69].
This scale is focused on the knowledge sharing behavior dimension. Respondents were asked to
indicate at work their agreement with statements such as “In the project, we are willing to exchange
and combine ideas to find solutions to problems”. The Cronbach’s alpha for knowledge sharing was
0.827. The EFA yielded a single-factor solution with each factor loading >0.600, explaining 66.099%
of the total variance. CFA results indicate that the knowledge sharing measure almost fits our data
(x?/df =4.773, RMSEA = 0.119, CFI = 0.982, TLI = 0.946).

3.2.5. Project-Based Organizational Innovation Performance

A five-item measure was used to assess project-based organizational innovation performance,
being developed by Gu et al. [70]. One sample item is “The innovativeness has been improved in
the implement process of the project”. The Cronbach’s alpha for the scale was 0.920. EFA led to a
one-factor solution (eigenvalue = 3.795, each factor loading >0.800, explaining 75.902% of the total
variance). The CFA result (x?/df = 3.008, RMSEA = 0.087, CFI = 0.989, TLI = 0.979) indicates that the
measure fits well in our data. These results provided construct validity evidence of the project-based
organizational innovation performance measure in a Chinese context.

The results of confirmatory factor analysis (CFA) were displayed in Table 2.

Table 2. Results of confirmatory factor analysis.

Construct CFA Loading
Transformational leadership (« = 0.913; Xz/df =1.793, RMSEA = 0.054, CFI = 0.995, TLI = 0.991)
TLal The leader of project-based organization has a clear understanding of where we are going. 0.798
TLa2 The leader of project-based organization transmits a sense of mission to us. 0.818
TLa3 The leader of project-based organization could increase my level of enthusiasm. 0.855
TLa4 The leader of project-based organization shows respect for the personal feelings of others. 0.817
TLa5 The leader of project-based organization encourages us to be team players. 0.837

Transactional leadership (« = 0.903; X2/ df =3.691, RMSEA = 0.100, CFI = 0.992, TLI = 0.977)

TLb1 The leader of project-based organization always gives me positive feedback when I perform well. 0.807

TLb2 The leader of project-based organization gives me special recognition when my work is good. 0.919

TLb3 The leader of project-based organization commends me when I do a better than average job. 0.868

TLb4 The leader of project-based organization frequently acknowledges my good performance. 0.757
Social capital (o« = 0.865; x2/df = 4.536, RMSEA = 0.115, CFI = 0.986, TLI = 0.959)

SC1 We build relationship with the organizational individuals in order to exchange idea and information. 0.817

SC2 We support each other when facing change. 0.886

SC3 We seek the support from leaders in resources. 0.739

SC4 We are open to try out new ways of doing things. 0.707

Knowledge sharing (« = 0.827; x2/df = 4.773, RMSEA = 0.119, CFI = 0.982, TLI = 0.946)

KS1 The members of project-based organization are capable of

sharing their expertise to bring new initiatives to fruition. 0-541
KS2 We feel that we have learned from each other by sharing information or ideas. 0.754
KS3 We are willing to share information or ideas with the other member of project-based organization. 0.852

KS4 In the project, we are willing to exchange and combine ideas to find solutions to problems. 0.805
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Table 2. Cont.

Construct CFA Loading

Project-based organizational innovation performance (o = 0.920; XZ/ df =3.008,
RMSEA = 0.087, CFI = 0.989, TLI = 0.979)

OIP1 The innovativeness has been improved in the implement process of the project. 0.833
OIP2 The decision making process has been optimized. 0.789

OIP3 The quality of construction project has been improved. 0.883

OIP4 The cost of construction project has been decreased. 0.864

OIP5 The profit of construction project has been increased. 0.812

3.2.6. Control Variables

The industrial characteristics of construction projects, the number of project departments, and the
investment of construction projects were controlled in this study. The surveyed respondents engaged
in five types of projects (building construction project, municipal infrastructure, highway construction
project, railway construction project, and hydraulic construction project), numbered 1-5. We also
divided the population of the project department into five levels: 1 (less than 20), 2 (20-50), 3 (50-100),
4 (100-200) and 5 (more than 200). We performed the same action for the investment (RMB, yuan) of
the joined projects: 1 (less than ¥10 million), 2 (from ¥10 million to ¥50 million), 3 (from ¥50 million
to ¥100 million), 4 (from ¥100 million to ¥1 billion) and 5 (more than ¥1 billion). When testing our
hypotheses, we controlled these variables.

3.3. Analytic Strategies

First, the reliability test, exploratory factor analysis (EFA) and confirmatory factor analysis (CFA)
for each measure are conducted to assess whether their factor structures conform to the anticipated
results. We applied the reliability test and exploratory factor analysis (EFA) with the software SPSS
22.0 (Armonk, NY, USA), and discussed these results for each above-mentioned measure.

Second, we conducted a series of CFAs to confirm the distinctiveness of the multi-item variables
in the study, including transformational leadership, transactional leadership, social capital, knowledge
sharing, and project-based organizational innovation performance. The confirmatory factor analysis
(CFA) was assessed using a x? test and multiple practical fit indices (TLI, CFI, RMSEA and SRMR)
that allow an evaluation of different aspects of the model fit (absolute fit, comparative fit, and
parsimony-adjusted fit) [71]. The CFA was performed using the software MPLUS 7.0 (Los Angeles, CA,
USA) to test the measurement model including all variables of our study. The CFA results revealed
that the hypothesized five-factor model fits our data in the best way, compared to other alternative
models. These results provide evidence for the discriminant validity of our measures.

Third, we applied a linear regression analysis using the software Stata 13.0 (College Station, Texas,
USA) to test our hypotheses, including the main effect, as well as the mediation and moderation effects.
We took knowledge sharing and project-based organizational innovation performance as dependent
variables. Then the main effect models were tested with two leadership styles as independent variables.
The mediating model took knowledge sharing as the mediator. The moderating model took social
capital as the moderator. All regression models’ results were assessed in terms of the significance of the
coefficients and R-square. Besides, the indirect effects of moderated mediation were tested according
to the approach proposed by Edwards and Lambert [63].

The analysis undertaken after data collection, as illustrated in Figure 2, was used to assess the
scales that satisfy the requirements of reliability, validity, and test the hypotheses.
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1. Testing for internal consistency 2. Testing for construct validity
using Cronbach’ s alpha through using exploratory factor analysis
SPSS through SPSS

\ /

3. Testing for criterion-related validity,
convergent validity using correlation
and AVE through SPSS

Y

4. Testing for construct validity,
discriminant validity using confirmatory
factor analysis through MPLUS

Y

5. Testing for hypotheses using
regression analysis through Stata and
using moderated path analysis approach
developed by Edwards and Lambert

Figure 2. The analysis process.

4. Results

Table 3 shows the descriptive statistics and correlation matrix. Compared to the square root of
AVE and correlations, the results provided a convergent validity of the study variables.

Table 3. Descriptive statistics and correlations.

Variables Mean SD nature number invest TLa TLb SC KS (0)1
1. nature 2.820 1.403 -)
2. number 2.920 1.262 —0.425 ** =)
3. invest 2.100 1.077 —0.351 ** 0.504 ** -)
4. TLa 2.637 0.799 0.068 —0.025 0.026 (0.825)
5. TLb 2.676 0.911 0.093 0.080 0.127 * 0.437 ** (0.840)
6.SC 2.592 0.833 —0.014 0.131* 0.164 ** 0.365 ** 0.337 ** (0.791)
7.KS 2.504 0.711 —0.116 0.158 ** 0.132* 0.413 ** 0.424 ** 0.409 ** (0.748)
8. OIP 2.696 0.818 0.035 0.055 0.116 0.568 ** 0.556 ** 0.456 ** 0.544 ** (0.837)

Note: Sample size = 268; the square root of average variance extraction are in parentheses on the diagonal. SD,
standard deviation; Nature, the industry nature of projects; Number, the number of employees in the project
department; Invest, the investment of projects; TLa, transformational leadership; TLb, transactional leadership;
SC, social capital; KS, knowledge sharing; OIP, project-based organizational innovation performance.* p < 0.05;
**p <0.01. Two-tailed tests.

4.1. Assessment of the Measurement Model

As shown in Table 4, the CFA indicated that the expected model with five factors—transformational
leadership, transactional leadership, social capital, knowledge sharing, and project-based
organizational innovation performance (Model 1)—demonstrated an excellent fit. All other alternative
models (Models 2—4) demonstrated a rather poor fit compared to the hypothesized five-factor model.
This is shown by the increased values of X2, decreased values of TLI and CFI, and increased values of
RMSEA and SRMR.
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Table 4. A conducted to examine factor structure of the scales used in the study.

Model Description x2 df RMSEA [90% CI] TLI CF1 SRMR

5 factors: TLa, TLb, SC,
KS, O1r

3 factors: leader-rated
variables (combined: TLa
and TLDb), social SC with
KS, OIp

2 factors: leader-rated
variables (combined: TLa
and TLb), and OIP combined
SC with KS

Model 1 640.729 *** 199 0.091 [0.083; 0.099] 0.898 0.912 0.041

Model 2 1117.998 *** 206 0.129 [0.121; 0.136] 0.796 0.818 0.068

Model 3 1335.677 *** 208 0.142 [0.135; 0.150] 0.751 0.775 0.076

1 factor: all items loading on

Model 4 the same factor

1352.570 *** 209 0.143 [0.136; 0.150] 0.748 0.772 0.077

Note: Sample size = 268; TLa, transformational leadership; TLb, transactional leadership; SC, social capital.
KS, knowledge sharing; OIP, project-based organizational innovation performance. Model fit was assessed using
the recommended cut-offs: 0.90 for TLI [72] and CFI [73]; 0.05 as an indicator of good fit and 0.10 as the upper limit
of acceptable fit for RMSEA [74], and 0.08 as an indicator of good fit for SRMR [73]. *** p < 0.001.

4.2. Tests of the Research Hypotheses

Table 5 provides the results of the tests performed on the research hypotheses. We tested the
hypotheses in three steps: (1) Mediator = X; + X, (see Model 1 with knowledge sharing as an outcome
in Table 5), Mediator means the mediating variable; (2) Y = X; + Xy + Mediator (the main effect
model and the indirect effect model, respectively; see Model 2 and Model 3 with project-based
organizational innovation process as an outcome in Table 5); and (3) Y = X; + X, + Mediator +
Moderator + X; X Moderator + X, x Moderator + Mediator x Moderator (the interactive model, see Model
6 in Table 5), Moderator means the moderating variable. The model observed in the first step
provided evidence regarding the main effects of two leadership styles on project-based organizational
innovation performance (Hypothesis 1). The indirect effect model observed at Step 2 provided evidence
regarding the mediating effect of knowledge sharing on the link between leadership and project-based
organizational innovation performance (Hypothesis 2). Finally, models observed for all three steps
provided evidence of the interactive effect of leadership and knowledge sharing on project-based
organizational innovation performance via social capital (Hypothesis 3).

4.2.1. Main Effect of Transformational Leadership and Transactional Leadership

As shown by the results registered for Model 2 in Table 5, the main impact of transformational
and transactional leadership on project-based organizational innovation performance was positive
and statistically significant (B, = 0.379, p < 0.001; Brp = 0.621, p < 0.001). This yields support for
Hypotheses 1a and 1b.

4.2.2. Indirect Effects of Transformational Leadership and Transactional Leadership on Project-Based
Organizational Innovation Performance via Knowledge Sharing

To test Hypothesis 2 by predicting the mediation effect of knowledge sharing between two
leadership styles and project-based organizational innovation performance, we have estimated
this indirect effect as a product of three paths [75]: the direct impact of the independent variable,
the direct path from the independent variable to the mediator, and path regarding the impact of
the mediator. The estimation of knowledge sharing as the mediator was positive and statistically
significant (Bxs = 0.103, p < 0.01), as shown by the results of Model 3 in Table 5.
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Table 5. Regression analysis results: Main, mediation and moderation effects.
Variabl Knowledge Sharing (Mediator) Project-Based Organizational Innovation Performance (Dependent Variable)
ariables
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10
Intercept 1.234 *** 0.286 * 0.140 0.263 0.363 * 0.234 —0.271 0.280 0.817 ** 0.345
Control variables
Nature —0.157 ** —0.048 —0.032 0.063 —0.032 —0.034 0.020 —0.049 0.018 —0.031
Number —0.070 0.015 0.022 —0.005 0.054 0.021 0.008 0.045 0.002 0.054
Invest 0.028 —0.018 —0.021 —0.076 + —0.013 —0.020 —0.036 —0.005 —0.032 —0.013
Independent variables
TLa 0.207 *** 0.379 *** 0.357 *** 0.588 *** 0.627 *** 0.687 *** 0.492 ***
TLb 0.506 *** 0.621 *** 0.569 *** 0.750 *** 0.442 *** 0.875 *** 0.735 ***
Mediator
KS 0.103 ** 0.339 *** 0.179 *** —-0.137 —0.161 + 0.176 +
Moderator
SC 0.035 0.681 *** 0.252 * 0.116 0.028
Interactions
TLa x SC —0.472 ** —0.361 **
TLb x SC 0.101 —0.238
LS x SC 0.451 * 0.518 ** —0.008
R? 0.448 0.822 0.828 0.681 0.755 0.836 0.750 0.743 0.759 0.755
Note: Sample size = 268; Standardized beta coefficients and unstandardized intercept value are reported. Nature, the industry nature of projects; Number, the number of employees in the

project department; Invest, the investment of projects; TLa, transformational leadership; TLb, transactional leadership; KS, knowledge sharing; SC, social capital. *** p < 0.001, ** p < 0.01,
H
p<0.05 +p<0.1.
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A partial mediation effect was also registered. More specifically, the impact of the transformational
and transactional leadership as independent variables on knowledge sharing as the mediator was
positively significant (Btr, = 0.207, p < 0.001; B1rp = 0.506, p < 0.001), reflected by the results of Model
1. In Model 2, there was observed a significant relationship between the independent variables and
dependent variable (3L, = 0.379, p < 0.001; Brp = 0.621, p < 0.001). After entering the mediator
knowledge sharing into the regression equation, in which innovation performance was regressed on
two leadership styles, the beta values of transformational leadership and transactional leadership
significantly decreased (1L, = 0.357, p < 0.001; By, = 0.569, p < 0.001), as seen in Model 3. The results
show that knowledge sharing plays a partial mediator role in the impact of transformational leadership
and transactional leadership on project-based organizational innovation performance. This set of
analyses supports Hypotheses 2a and 2b.

Meanwhile, as shown by the results obtained for Models 4 and 5 in Table 5,
there were registered significant relationships between transformational leadership or transactional
leadership and project-based organizational innovation performance via knowledge sharing
(BrLa = 0.588, p < 0.001 and Pks = 0.339, p < 0.001; Brrp = 0.750, p < 0.001 and Bxs = 0.179, p < 0.001).
This provides additional support for the mediating Hypotheses 2a and 2b.

4.2.3. Moderating the Direct Effects of Social Capital

On the one hand, Hypothesis 3a stated that social capital amplifies the relationship between
transformational leadership and project-based organizational innovation performance. The results
obtained for Model 6 in Table 5 show that the interaction between transformational leadership and
social capital was significant, though negatively related to the project-based organizational innovation
performance (Brraxsc = —0.472, p < 0.01). In addition, as shown in Model 7, after controlling the
effects of transactional leadership, the interaction of transformational leadership and social capital was
also statistically significant but negative (fraxsc = —0.361, p < 0.01). Therefore, Hypothesis 3a was
not supported.

On the other hand, Hypothesis 3b proposed that social capital augments the relationship between
transactional leadership and project-based organizational innovation performance. The results of
Model 6 in Table 5 show that the interaction of social capital with transactional leadership was not
statistically significant (11 xsc = 0.101, p > 0.05). In addition, as shown in Model 8, after controlling
the effects of transformational leadership, the interaction between transactional leadership and social
capital was not statistically significant (Byppxsc= —0.238, p > 0.05). This set of analyses does not yield
support for Hypothesis 3b.

Further, to demonstrate the interaction, we computed a series of estimates of social capital at
low (mean — 1 SD) and high (mean + 1 SD) values of the moderator [76,77], and we conducted the
interaction plots. Figure 3 provides two interaction plots with simple slopes for social capital at one
standard deviation below the mean and social capital at one standard deviation above the mean. (i) The
results of this additional analysis suggest that transformational leadership and social capital interact
to negatively impact the project-based organizational innovation performance, which contradicts
Hypothesis 3a. (ii) The results indicate that transactional leadership and social capital interact to not
affect the project-based organizational innovation performance, which does not support Hypothesis 3b.

Besides, we estimated the indirect effect through the moderated path analysis approach using
a Bootstrap technique [63], as can be seen in Table 6. The results reported in Table 6, reveal that
the estimation of the direct impact of transformational leadership on project-based organizational
innovation performance at low social capital was positive and statistically significant (3 = 0.237, 95% CI
[0.091; 0.355], not containing zero). However, the estimation at high social capital was positive but
non-significant (3 = 0.014, 95% CI [—0.239; 0.283], containing zero). This set of analyses is consistent
with the plot in Figure 3a, suggesting that the moderating effect of social capital becomes noticeable at
lower levels. However, the direct moderation effects were negative and significant because the paths
from transformational leadership to project-based organizational innovation performance differed
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significantly across different levels of social capital (Ap = —0.223, 95% CI [—0.333; —0.050], not
containing zero). This result coincides with the regression analysis of Model 7 in Table 5, contradicting
Hypothesis 3a.
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Figure 3. The interactive effects of: (a) social capital and transformational leadership on project-based
organizational innovation performance; and (b) social capital and transactional leadership on
project-based organizational innovation performance.

Table 6. Results of the moderated path analysis.

Transformational Leadership (X1)—Knowledge Sharing (M)— Project-Based

Moderator Variable: Social Capital Organizational Innovation Performance (Y)
Second Stage [95% CI] Direct Effect [95% CI] Indirect Effect [95% CI]
Low Social Capital (—1 SD) 0.352 [0.208; 0.502] 0.237[0.091; 0.355] 0.179 [0.116; 0.264]
High Social Capital (+1 SD) 0.603 [0.300; 0.854] 0.014 [-0.239; 0.283] 0.308 [0.201; 0.441]
Differences 0.252[0.102; 0.383] —0.223 [-0.333; —0.050] 0.128 [0.075; 0.183]
Transactional Leadership (X;)—+Knowledge Sharing (M)—Project-Based
Moderator Variable: Social Capital Organizational Innovation Performance (Y)
Second Stage [95% CI] Direct Effect [95% CI] Indirect Effect [95% CI]
Low Social Capital (—1 SD) 0.282 [0.112; 0.447] 0.526 [0.341; 0.695] 0.175 [0.077; 0.294]
High Social Capital (+1 SD) 0.379 [0.043; 0.688] 0.374 [0.012; 0.667] 0.235 [0.391; 0.806]
Differences 0.097 [—0.100; 0.250] —0.152[-0.317; 0.033] 0.060 [—0.056; 0.163]

Note: Low moderator variable refers to one standard deviation below the mean of the moderator, while high
moderator variable refers to one standard deviation above the mean of the moderator; 95% CI means 95% confidence
interval; it does not contain zero, it means it is significant and vice versa; bootstrap equals 1000; and these were
performed using bias corrected percentile method (BC).

In terms of Hypothesis 3b, as shown in Table 6, the direct effect of transactional leadership on
project-based organizational innovation performance via social capital was significant (3 = 0.526,
95% CI [0.341; 0.695], not containing zero) when social capital was low and statistically significant
(B =0.374, 95% CI [0.012; 0.667], not containing zero) when social capital was high. However,
the difference in the direct effect of the social capital was not significant (AR = —0.152, 95% CI
[—0.317; 0.033], containing zero), providing additional support to the results registered for Model 8 in
Table 5. Thus, Hypothesis 3b was not supported. We plotted the moderated direct effects in Figure 3b.

4.2.4. Moderated Indirect Effects by Social Capital

Hypothesis 4 predicted that social capital moderated the indirect effect of transformational
leadership/transactional leadership on project-based organizational innovation performance via
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knowledge sharing. As expected, the results of Model 6 in Table 5 indicated that social capital had a
positive moderating impact (Pxsxsc = 0.451, p < 0.05).

More specifically, the moderated path analysis results are registered in Table 6. The second-stage
moderation effect, which reveals that the path from transformational leadership to project-based
organizational innovation performance differs significantly (Ap = 0.252, 95% CI [0.102; 0.383], not
containing zero). However, we do not register a statistically significant result in terms of the path from
transactional leadership to project-based organizational innovation performance across different types
of social capital (AP = 0.097, 95% CI [—0.100; 0.250], containing zero).

Meanwhile, the indirect effect of transformational leadership on project-based organizational
innovation performance via knowledge sharing was statistically significant (f = 0.179, 95% CI
[0.116; 0.264], not containing zero) when social capital was low and significant (3 = 0.308, 95% CI
[0.201; 0.441], not containing zero) when social capital was high. Overall, the difference in the indirect
effect of social capital was statistically significant (Ap = 0.128, 95% CI [0.075; 0.183], not containing
zero). Thus, Hypothesis 4a was supported. The results in Table 6 also indicate that the indirect effect
of transactional leadership on project-based organizational innovation performance via knowledge
sharing was significant (3 = 0.235, 95% CI [0.391; 0.806], not containing zero) under high social
capital, whereas it was statistically significant (3 = 0.175, 95% CI [0.077; 0.294], not containing zero)
under low social capital. Overall, the difference in the indirect effects by social capital was not
statistically significant (A = 0.060, 95% CI [—0.056; 0.163], containing zero). Hence, Hypothesis 4b
was not supported.

Overall, our results provided evidence for the second-stage moderation and moderated the
indirect effects by social capital from transformational leadership to project-based organizational
innovation performance via knowledge sharing.

To summarize, the results of the hypotheses testing are shown in Table 7.

Table 7. Results of the hypothesized model.

. Moderated Path
Hypotheses Path Analysis Results Analysis Results Test Results

H1 The main effect of two leadership styles on

project-based organizational

innovation performance

Hla TLa—QOIP 0.207 *** supported
Hi1b TLb—OIP 0.506 *** supported

H2 The mediating effect of knowledge sharing

between two leadership styles on project-based

organizational innovation performance

H2a TLa—KS—OIP 0.339 *** supported
H2b TLb—KS—OIP 0.179 *** supported

H3 The moderated effect of social capital on the

path from leadership to project-based

organizational innovation

H3a Tla x SC—OIP —0.361 ** —0.223 [-0.333; —0.050] unsupported
H3b TLb x SC—QOIP —0.238 —0.152 [-0.317; 0.033] unsupported

H4 The moderated mediation effect of social

capital on the path from leadership to

project-based organizational innovation

performance via knowledge sharing

H4a TLa—KS x SC—OIP 0.518 ** 0.128 [0.075; 0.183] supported
H4b TLb—KS x SC—OIP —0.008 0.060 [—0.056; 0.163] unsupported

Note: TLa, transformational leadership; TLb, transactional leadership; KS, knowledge sharing; SC, social capital;
OIP, project-based organizational innovation performance; *** p < 0.001, ** p < 0.01; and 95% CI means 95%
confidence interval.

5. Discussion

The main objective of this study was to explore how different leadership styles exchange
knowledge, coordinate resources and improve innovation in a temporary project-based organization.
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Based on the social capital and knowledge exchange perspective, we proposed knowledge
sharing as the mediating mechanism and social capital as the boundary condition for the impact
that transformational leadership and transactional leadership on project-based organizational
innovation performance.

5.1. The Differentiation of the Two Leadership Styles

For construction projects, a leadership style that encourages participation and ideas from followers
is expected to determine a higher efficiency in facilitating the project’s success [78]. Because knowledge
sharing is an enabler of innovation, the leadership style that promotes an open communication of
innovative ideas and approaches is essential for organizational innovation [20]. Transformational
leaders that nurture the intrinsic development of employees by considering their participation and
ideas are essential for an organization [9]. With transformational leadership, innovation is inspired
and stimulated among followers.

Compared to transformational leadership, transactional leadership also motivates followers with
extrinsic rewards. The construction industry is composed of project-based organizations in which
project members who come from different units cooperate as a team in their actions. Moreover,
the construction projects are completed within a limited timeframe and resources, thus leaders may
find it difficult to apply transformational leadership to nurture the intrinsic long-term needs of
employees. Instead, for leaders to execute a less participating leadership behavior may be more
effective. This study also found that the transactional leadership style adopting contingent rewards are
positively associated with the innovation performance in the construction field, this result being also
coherent with previous findings [79]. Meanwhile, the impact of transactional leadership is more than
that of transformational leadership style, indicating that, under the context of the limited resources and
time, the reward measures could motivate the followers to strive for the short-term goals. Considering
innovation as a multistage process, transformational leaders may intervene at a later date in the
project’s management.

5.2. The Mediating Role of Knowledge Sharing

Implementing the knowledge sharing activity is essential for project organizations to facilitate
innovation. In this direction, transformational or transactional project managers could develop and
combine the knowledge, skills, and capabilities of project members by transferring the knowledge to
others and applying that knowledge for completing projects and creating new ideas for organizational
or technology innovation. Scholars have provided support for this theory that leadership is positively
related to the knowledge management process [44,80]. Besides, results advocated that leaders improve
the innovation performance via knowledge sharing because the R square of Model 3 is higher than
that of Model 1 in Table 5. Thus, the way in which knowledge sharing occurs help project managers
to improve the organizational performance. The internal interaction of knowledge and the external
acquisition of knowledge also benefits for stimulating innovation to achieve the sustainability of
construction projects and construction innovation [81]. Transformational and transactional leadership
in the project organization are the sources of improvement in innovation performance either directly
or indirectly through knowledge sharing. These findings suggest that leadership is an important
predecessor of knowledge sharing. Thus, transformational or transactional project managers can
encourage knowledge sharing in the management process.

5.3. The Moderating Effect of Social Capital

First, this study extends the leadership examinations regarding capital. Although transformational
leadership is known to positively impact innovation by transmitting through social capital [57], few
researchers have tested different leadership styles and their impact within the different levels of social
capital. In the project-based organization composed of many stakeholders, our findings support social
capital as a significant predecessor in the improvement of innovation performance in the construction
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projects. Nevertheless, the effects of leadership combined with social capital are not as expected. Social
capital did not help project managers or leaders to improve innovation performance. More specifically,
the transformational leaders’ expert a negative impact on innovation performance across different
levels of social capital, while the transactional leaders did not vary significantly across different
levels of social capital. Besides, our findings also indicate a positive relationship between projects’
social capital and innovation performance. Thus, the empirical results show the negative effect or
non-significant effect of leadership on innovation performance, demonstrating that there may be other
components capable of explaining this mechanism.

Second, the current study extends the leadership and innovation literature by demonstrating
a boundary condition regarding the impact of leadership on innovation performance, namely
social capital. Our findings indicate that when there is a high social capital relationship in the
project organization, leaders are more likely to improve innovation performance through knowledge
sharing. This finding suggests that the role of social capital in construction projects is far more
complicated than previously considered [27]. Thus, social capital may also serve as a contextual
factor facilitating knowledge sharing. In the temporary project-based organization, people work
together on complex innovative tasks for a well-defined limited period. It is likely that projects will
become highly embedded in a set of project-specific relationships. This determines transformational
leaders to promote information generation and exchange within the project-based organizations,
where employees are likely to engage in social activities [82]. In addition, there is no significant
impact of social capital on the path from transactional leadership to innovation performance via
knowledge sharing. Project leaders may provide rewards to employees to share knowledge and
enhance performance by implementing some part of the social capital. However, such a condition may
be minimal in comparison to the contribution of transformational leaders on innovation performance
via knowledge sharing in the project-based context. Thus, by considering the condition of social
capital, the project managers promoting a transformational leader behavior have a high potential to
contribute to knowledge sharing and innovation performance compared to the effects determined by
transactional leaders.

6. Conclusions and Implications

6.1. Conclusions

Extending towards research leadership and innovation, the present study highlights the
role of knowledge sharing and social capital in facilitating innovation performance. Moreover,
the construction industry has long since been recognized as an industry with low innovation.
To improve sustainability and promote innovation in the construction projects, leadership, knowledge
management process and social capital should be enhanced. First, the results of this study reveal
that transformation leadership and transaction leadership are positively associated with innovation
performance. The results show the need for academics and practitioners in the construction
industry to play a greater importance on leadership. Second, to further enhance innovation in the
project-based organizations, knowledge sharing should be promoted during the different levels of
social capital, as knowledge sharing was found to have a significant impact on innovation. Additionally,
the study empirically shows that knowledge sharing partially mediates the relationship between
transformational leadership or transactional leadership and innovation performance. Third, the present
study highlights that it is transformational project managers, who make a significant contribution
to innovation performance through increasing social capital level in the project-based organizations
beyond the contributions of transactional leadership on exchanging and sharing knowledge process.

6.2. Practical Implications

The results of this study generate several valuable insights with interesting theoretical implications.
Compared to the literature, this study developed a conceptual model by integrating a series of concepts,
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namely transformational leadership, transactional leadership, knowledge sharing, social capital and
project-based organizational innovation performance. Although a number of investigations indicate
the positive effects of different leadership styles on organizational performance, our study built the
conceptual model specifying the mediating role of knowledge sharing and the moderating role of social
capital. In addition, this study empirically tested the conceptual model and proved five hypotheses.
More precisely, transformational leadership and transactional leadership have a direct impact on
project-based organizational innovation performance, in the same time observing the indirect impacts
on performance through implementing knowledge sharing. Thus, this study provides strong evidence
in showing the interrelationships between two leadership styles and knowledge sharing and between
two leadership styles and project-based organizational innovation performance. In addition, this study
tested the moderated mediation effect of social capital, examining the effects of transformational
leadership on innovation performance via knowledge sharing across different levels of social capital.
As such, this study emphasized the importance of developing two leadership styles to improve
project-based organizational innovation performance through implementing knowledge sharing and
building social capital relationships.

Our findings also have important managerial implications. It may be helpful for project leaders or
individuals who manage teams in project-based organization setting, providing important insights on
the management of inter- or intra-organizational knowledge exchange and network establishment. Our
results suggest that through an appropriate leadership style, project-based organization can increase
their coordination and knowledge sharing with the management of social capital, thus producing and
improving the high levels of innovation performance. The uncovered moderating effect of social capital
on the indirect relationship between transformational leadership and project-based organizational
innovation performance, leads us to the conclusion that construction project-based organizations
could strengthen the relationships among project managers and other members of the organization
by launching different interventions. The intervention could be implemented in such a way that
it amplifies the number of connections, providing mutual support between managers and other
organization members.

6.3. Limitations and Future Research

This study has several limitations. First, in this field of study, the surveys used to
measure transformational leadership, transactional leadership, knowledge sharing, social capital,
and innovation performance were collected concomitantly, although the data were collected from
employees engaged in different construction projects, and the same potential source bias was controlled
so it did not represent a severe problem. However, in this case, it was extremely difficult to prove
causality between different concepts. Therefore, future research should focus on collecting longitudinal
data to test the relationships among leadership styles, knowledge management, social capital and
innovation performance.

Secondly, the study was performed in China, a market dominated by emerging projects where
leadership is essential for accessing external and internal resources. However, the concepts of
transformational leadership and transactional leadership come from Western countries, which may
not be appropriate in the Chinese construction projects context. Thus, there could be a differential
impact between the two leadership styles, while the transformational leadership exerts a weak positive
impact compared with transactional leadership in construction project-based setting. Future research
could extend the sample to other industries in China or replicate the study to other countries in order
to validate the results.
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