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[T I N R

Abstract: Complex construction projects are characterized by a large scale, high dynamics, many
unknown risks, high complexity, etc., which often result in serious consequences, such as schedule
delays, cost overruns, and uncontrolled objectives. Organizational leadership, which can be dynami-
cally adjusted to the changes in the external environment, is the most important management ability
of project managers. Therefore, it is of great significance to systematically analyze organizational
leadership for the management of complex construction projects. In this paper, through the dy-
namic Bayesian method, the influencing factors of organizational leadership of complex construction
projects and its dynamic development law are studied in depth. First, 17 organizational leadership
factors are identified. Second, a dynamic Bayesian measurement model of organizational leadership
was developed using 128 training samples. Third, the developed measurement model was applied
for model analysis. The results of the study are as follows. (1) This study models changes in orga-
nizational leadership influences over time. (2) The organizational leadership measurement model
proposed in this study can be applied in practice to predict leadership trends in specific projects.
(3) Leaders should pay more attention to management competence in the personal leadership di-
mension, culture building in the relational leadership dimension, and institutional support in the
strategic leadership dimension. This study proposes a quantifiable model for project leaders that
breaks through the traditional model of studying organizational leadership from a static perspective,
provides a quantifiable model for project leaders, and can cope with the dynamics of actual projects so
that project leaders can control the whole leadership process macroscopically, thus providing an im-
portant reference to improve the organizational leadership capacity of complex construction projects.

Keywords: complex construction projects; organizational leadership; dynamic Bayesian network;
measurement approach

1. Introduction

In recent years, the rapid growth of the construction industry has led to an increase
in project size and complexity [1]. The complexity of multi-dimensional project require-
ments means that traditional construction project leaders face increasingly severe chal-
lenges [2]. Due to the large scale, dynamic nature, unknown risks, and complexity of
complex construction projects, traditional leaders encounter great challenges in navigating
complex projects, which can easily lead to schedule delays, cost overruns, and uncontrolled
goals [3]. To improve the ability of leaders of complex construction projects, it is necessary
to conduct in-depth research on organizational leadership from the perspective of com-
plexity [4]. This has become a prominent practical problem faced by complex construction
project organizations.
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Although many scholars have conducted extensive studies on leadership, most have
been from the perspective of project managers based on the belief that the personality
of leaders is a key factor affecting leadership [5]. At present, scholars mainly study or-
ganizational leadership from a static perspective. They do not dynamically consider the
interactions of influencing factors and the impact on organizational leadership, not to
mention deeply exploring the dynamic change rule of organizational leadership over time.
In addition, the existing models do not allow for dynamic simulation analysis of project
organization leadership. Therefore, it is necessary to propose a simulation approach that
can consider the dynamic changes in organizational leadership over time for complex
construction projects.

The purpose of this paper is to break through the traditional mode of studying or-
ganizational leadership from a static perspective to solve the problem of the dynamics
of organizational leadership in complex construction projects, to provide a new way of
thinking about the study of the dynamic characteristics of organizational leadership in
complex construction projects, to identify the factors affecting organizational leadership
in complex construction projects, and to construct a dynamic Bayesian network model of
organizational leadership in complex construction projects.

The Bayesian belief network (BBN) is a graphical framework for modeling uncertainty,
which contains the unique characteristics of capturing interactions between elements [6].
BBN only considers the role of the influencing factors of organizational leadership at a
single point in time. Therefore, as an effective tool for Bayesian networks, it is necessary to
extend temporal modeling in order to evaluate the time process in real time. A dynamic
Bayesian network (DBN) can be obtained by extending the BBN to form a model capable of
processing time series data.

DBN has the following advantages: (1) DBN is an efficient and intuitive probabil-
ity graph model, which can evaluate uncertain problems and practical problems more
effectively. (2) DBN can represent the important factors in practical problems that apply
to discrete or continuous variables. It can capture and explain the uncertainties in the
degradation process and the dependencies between variables well. (3) DBN modeling has
Bayesian information updating ability, which can use the prior knowledge of the actual
problem and can update the model dynamically with the posterior information of the
actual problem [7]. In summary, the intuitive probabilistic graphical model of DBN can
be used to study the long-term stochastic process of organizational leadership, and it can
effectively determine the relationship between the influencing factors and the dynamic
change pattern of organizational leadership over time. Therefore, DBN applies to the
process of organizational leadership research of complex construction projects in this study.

This study identifies the factors influencing organizational leadership in complex
construction projects and constructs a dynamic Bayesian network model of organizational
leadership in complex construction projects. First, the influencing factors of organizational
leadership in complex construction projects are identified. Second, the dynamic Bayesian
model of complex construction organizational leadership is constructed and simulated.
Finally, empirical analysis of the model is conducted based on sample data to verify the
feasibility and scientificity of the model. Through the above content, we identify the key
influencing factors in organizational leadership and explore the dynamic change law of
organizational leadership over time so as to better improve the management ability of
project managers when dealing with complex construction projects.

The organizational structure of this study is as follows. Section 1 reviews recent
work on the status of leadership research in project organizations. Section 2 proposes a
novel DBN-based measurement method of project organizational leadership. Section 3
develops the measurement model of project organizational leadership, including model
development and validation. Section 4 conducts the model analysis, including the influence
chain analysis, predictive analysis, and diagnostic analysis. Section 5 provides discussions
and conclusions of the findings of this study.
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2. Literature Review
2.1. Factors of Organizational Leadership

Project organizational leadership has been discussed for many years. As a key factor
in the realization of complex construction project objectives, the study of organizational
leadership is receiving an increasing amount of attention [4]. There has been a lot of
research from different angles to define leadership. For example, through empirical research,
some scholars [8] have categorized the generative sources of leadership into intellectual,
emotional, and managerial sources and have argued that the three main components of
leadership are the leader’s personality, methodology, and methods of contingency [9].

The study of leadership first originated from the study of leaders in the late 19th and
early 20th centuries [10], which focused on the study of leaders’ personality traits, to the
1940s, which explored the impact of leaders’ leadership behaviors on their subordinates, to
the 1960s, when scholars began to explore the impact of situational factors related to leader-
ship behaviors on the effectiveness of leadership, which gave rise to the theory of leadership
power change. Gradually, it has expanded from individual studies of leaders’ personality
traits and behavior to the study of the interaction effects of the entire organizational context.

Many scholars have conducted in-depth analysis and elaboration of organizational
leadership, and Avolio, as a major representative of contemporary research on transforma-
tional leadership, focuses on the intrinsic connection between leadership and organizational
behavior [11]. Ahi and Bmkz [12], based on shared leadership behaviors in a project setting,
examined the mediating role of knowledge sharing, cohesion, and trust among project
leaders. Aarons et al. [13] quantitatively and qualitatively analyzed the feasibility, accept-
ability, and perceived utility of LOCI training and strategic organizational interventions
and the impact on leader and supervisee assessment outcomes. Akhtar et al. [14] suggested
that transformational leadership has a greater impact on organizational learning than
servant leadership.

According to research, leadership consists of three dimensions: personal leadership,
relational leadership, and strategic leadership [15]. The personal dimension refers to
leadership as personal development, which includes the capacity for managing stress,
setting goals, engaging in effective communication, resolving conflicts, and changing one’s
leadership style. The relationship dimension refers to the leadership between a leader
and followers, which is reflected in worker initiative, team building, spiritual inspiration,
cultural construction, vision implementation, team cohesiveness, and situational interaction.
The strategic dimension means the leader is a constructor in the organization, including
resource allocation, talent cultivation mechanism, communication mechanism, incentive
mechanism, and institutional support.

2.2. Existing Measurement Methods

Researchers use different methods to study organizational leadership and explore
its impact [16]. The impact of project managers’ organizational leadership behaviors on
project performance could be studied through questionnaires [17]. Some scholars have
explored the mechanism of leadership influence on safety performance in construction
projects through confirmatory factor analysis and structural equation modeling (SEM) [18].

In general, existing studies involve the influence of organizational leadership on
project performance, project safety performance, and activities of different stakeholder
groups. Existing research methods are unable to dynamically analyze the interactions
between the factors that study organizational leadership. For example, AHP does not
take into account the correlation between factors in the research analysis, and SEM cannot
dynamically model the impact of changes in factors on organizational leadership. The
connection between the variables affecting organizational leadership and the mechanism
of the factors influencing organizational leadership at various stages of creation is not
adequately examined in current studies. Therefore, this study proposes a simulation model
of the influencing factors of organizational leadership in complex construction projects
based on DBN.
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DBN is an extension of BBN for modeling time series processes. The dynamics are
that the network structure changes over time, and also that the sample data or observations
of the model change over time. Thus, DBN has significant advantages in describing
temporality, dynamics, stochasticity, and uncertainty [19]. Considering the characteristics
that organizational leadership changes dynamically with time in different construction
phases, the DBN model is suitable for simulating the influence mechanism of project
organizational leadership. Therefore, this study can fill this research gap by analyzing the
influencing factors of organizational leadership through the DBN model.

3. Research Methodology

The DBN model is effective in dealing with uncertainty, timing, and dynamic evolution.
It inherits the advantages of BBN and considers the influence of the time factor on the
model. The process of constructing the organizational leadership measurement model
for complex construction projects using DBN is as follows. The approach consists of four
main stages. The first stage is the identification of the organizational leadership nodes.
The second stage is the model design of DBN, and model validation is carried out in
the third stage. In the fourth stage of model analysis, the software GeNle 2.2 is used to
conduct a simulation analysis, including an influence chain analysis, predictive analysis,
and diagnostic analysis.

3.1. Identification of Nodes

Based on the characteristics of complex construction projects, this study summarizes
organizational leadership into three components of personal leadership, relationship leader-
ship [13], and strategic leadership (SL) through existing research [15]. From the perspective
of project complexity, 17 potential influencing factors of organizational leadership in com-
plex construction projects are systematically analyzed based on the three dimensions and
the characteristics of complex construction projects. The summary of the potential influ-
encing factors of organizational leadership in complex construction projects is shown in
Table 1.

Table 1. Seveteen potential influencing factors of organizational leadership for complex
construction projects.

Dimensions

Factors

Description

Personal leadership

Stress management ability (PL1) [17]

The capacity to handle pressure when confronted with
difficulties or criticism

Goal setting ability (PL2)

The capacity to define goals that take into account both
short- and long-term factors

Effective communication ability (PL3)

The capacity for effective interpersonal communication

Conlflict management ability (PL4)

The capacity to resolve disputes between participants

(PL5) [20]

The capacity to change leadership styles to suit various
circumstances

Relationship
leadership

Employee initiative (RL1) [21]

By receiving the proper motivation, an employee can
exercise initiative

Team building (RL2) [22]

The creation of guidelines for team building

Spiritual inspiration (RL3) [23]

The capacity to motivate others spiritually to accomplish
project goals

Cultural construction (RL4) [24]

The culture of the project atmosphere

Vision implementation (RL5) [25]

The ability to view the future clearly and anticipate how
changes may affect implementation challenges

Team cohesiveness (RL6) [26]

The climate of team cohesion
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Table 1. Cont.

Dimensions Factors Description
Relatlonshlp Situational interaction (RL7) [27] The capacity for system thlr}kmg to take into account
leadership opportunities and dangers in various contexts
Resource allocation (SL1) [28] The methgds for. allocating resources and effectively
coordinating action plans
Talent cultivation mechanism (SL2) The process of enhancing the abilities of others and making
coaching investments
Strategic leadership

Communication mechanism (SL3) [29] The system for facilitating participant communication

Incentive mechanism (SL4) [30]

The mechanism for encouraging and motivating others to
attain specific results

Institutional support (SL5) [31] Several mechanisms that the organization has at its disposal

According to the context and description of these variables, a survey regarding orga-
nizational leadership of complex construction projects was designed. The questionnaire
was designed in conjunction with the constructed organizational leadership factors. The
questionnaires were distributed and collected using a web-based newsletter account or
e-mail. The questionnaire is based on a Likert five-point scale (1 = very bad, 5 = very good)
for each observed variable, and the higher the score, the better the organization’s ability in
this area. In the questionnaire, experts scored the 17 organizational leadership-related factors
based on the degree of conformity between their descriptions and the actual organizational
leadership, which was assessed using the following assessment criteria and scores, with 5
being the highest score, for the degree of conformity of the following factors: 1-very poorly
conforms; 2-does not conform very well; 3-average; 4-conforms; and 5-completely conforms.

A total of 150 questionnaires was distributed for this study, and 143 were collected, for
a 95 percent recovery rate. Of these, 138 valid questionnaires were obtained, indicating an
effective recovery rate of 92%, and the ratio of valid questionnaires to scale questions was
8:1, which meets the requirements of factor analysis for this paper.

Based on the valid sample data collected, descriptive statistics on the background
of the sample respondents and information on the programs they participated in were
conducted, and the specific results are shown in Table 2.

Table 2. Respondent profile of the valid sample.

Program Classification Frequency/Each Percentage/%
Gend Male 120 86.96
ender Female 18 13.04
Below bachelor’s degree 16 11.59
Educational Undergraduate 62 4493
background Master’s Degree 50 36.23
PhD 10 7.25
Less than 5 years 25 18.12
Working experience  5-10 years 65 47.10
More than 10 years 48 34.78
Residential projects 50 36.23
Proiect tvpe Public buildings 39 28.26
jectyp Industrial buildings 13 9.42
Other 36 26.09
Less than 10 million yuan 12 8.70
10 million yuan-100 million 37 26.81

Project size 100-500 million yuan 39 28.26

Above 500 million yuan 50 36.23
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Table 2. Cont.
Program Classification Frequency/Each Percentage/%
Less than 12 months 19 13.77
Proiect duration 13-24 months 41 29.71
) 24-36 months 41 29.71
Greater than 36 months 37 26.81

3.2. Model Design
(1) Construction of BBN model

The 128 training samples were imported into the GeNle software, and the BBN
network structure was constructed using structured learning. In this study, the minimum
description length principle (MDL) was used to score, and the greedy algorithm was
adopted to search; thus, the preliminary BBN structure was obtained by machine learning.
The EM algorithm was adopted to finish the parameter learning of the BBN in the GeNle
software, and further parameter learning was then carried out to determine the conditional
probability of each node variable and acquire the CPT of all nodes. The CPT is a table of
conditional probabilities between nodes, that is, a series of probability values. If a Bayesian
network provides enough conditional probability values, any given joint probability can
be computed.

(2) Structural optimization

The initial BBN structure was obtained through machine learning, but there was
an unreasonable causal relationship between nodes in the initial structure. To further
optimize the network structure, specialists were needed to evaluate and enhance the causal
relationship between variables in the initial structure. The causal relationships between
variables of the initial structure were judged and refined through expert knowledge to
further optimize the network structure. In this study, the network structure was adjusted
by means of interviews with an expert group consisting of three project managers, each of
whom had more than 15 years of experience in construction projects. Finally, the network
structure was re-optimized by modifying and improving the logical relationships of the
nodes in the initial structure after discussion and combining the experts’ opinions.

(3) Determination of conditional probability table

The parameters of BBN were further investigated by determining the optimal BBN
structure, and the CPT of each node variable was determined. Due to the computing
efficiency of MLE, prior probability did not need to be manually defined. In this study,
MLE was selected for parameter learning to obtain the CPT of the nodes. According to
the maximum probability of the sample data and network parameters, the principle of the
MLE method was used to identify the network parameters.

3.3. Model Validation

Model accuracy refers to how well the outcomes of the simulated state match the
true value of organizational leadership under a set of changeable circumstances. Based
on the structure and causality of BBN, a cross-validation method was used to verify the
model [32]. The data collected from the questionnaire were randomly divided into one
set of training data and one set of test data. Data from the training set were used to
construct the model, while data from the test set were used to validate the model. The
model validation process was as follows. Firstly, the evidence information of the sample
data was input into the newly created BBN. Secondly, the posterior probability distribution
of organizational leadership was calculated by using model reasoning. The simulated state
was then compared with the actual value to get the verification result. Finally, the above
steps were repeated, and other data were checked separately to obtain the validation results
of all sample data. When the accuracy reached more than 80%, the model was considered
effective [33].
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4. Model Development and Validation
4.1. Identification of Factors

Bayesian network nodes were obtained using a literature review, data gathering,
data transformation, and other methods. A framework for organizational leadership was
obtained from the literature, including 17 influencing factors for complex construction
projects [15]. In addition, these influencing factors were validated by methods such as
questionnaires and factor analysis. Therefore, these 17 influencing factors were selected as
model nodes for constructing a Bayesian network for organizational leadership.

Also, to simplify the calculations, the 138 data samples collected from the questionnaire
were processed into three states: high, medium, and low. Organizations with very poor and
poor capacity in this area were indicated as “low state”, those with average capacity were
indicated as “moderate state”, and those with good and very good capacity were indicated
as “high state”. The percentage of the total number of people corresponding to each
state is the statistical distribution of nodes in different states. Table 3 shows the statistical
distribution of organizational leadership nodes after transformation in different states.

Table 3. Statistical distribution of organizational leadership nodes in different states.

Organizational Leadership Nodes Low State Moderate State High State
Stress management ability (PL1) 2.90% 8.70% 88.41%
Goal setting ability (PL2) 0.72% 15.22% 84.06%
Effective communication ability (PL3) 1.45% 5.07% 93.48%
Conflict management ability (PL4) 3.62% 10.87% 85.51%
Leadership styles adjustment (PL5) 6.52% 16.67% 76.81%
Employee initiative (RL1) 3.62% 7.25% 89.13%
Team building (RL2) 4.59% 16.18% 79.23%
Spiritual inspiration (RL3) 7.25% 15.94% 76.81%
Cultural construction (RL4) 4.35% 19.57% 76.09%
Vision implementation (RL5) 8.70% 11.59% 79.71%
Team cohesiveness (RL6) 8.33% 15.58% 76.09%
Situational interaction (RL7) 5.80% 20.29% 73.91%
Resource allocation (SL1) 7.97% 18.84% 73.19%
Talent cultivation mechanism (SL2) 5.07% 15.22% 79.71%
Communication mechanism (SL3) 8.70% 18.84% 72.46%
Incentive mechanism (SL4) 10.14% 19.57% 70.29%
Institutional support (SL5) 4.35% 16.67% 78.99%
Organizational leadership (OL) 2.17% 17.40% 80.43%

4.2. DBN Model Construction

The BBN model is the foundation of DBN model construction, and BBN model con-
struction is a complex process. The gathered information was used in the construction
of the Bayesian network model and parameter learning, which avoided the subjectivity
and fuzziness of expert knowledge and made the causal relationship between nodes in the
model closer to reality [34]. After structure learning and parameter learning, a BBN model
with structure and data was obtained, as shown in Figure 1.

DBN is an extension of BBN in the time dimension and a dynamic model that changes
with time [35]. DBN represents the system as a series of snapshots from the start time to
the end time. Each snapshot represents the current state of the system as a whole Bayesian
network. The DBN model can be used to obtain the posterior probability of organizational
leadership for complex construction projects over time to better understand the dynamics of
organizational leadership. The expansion from BBN to DBN can be realized by the transfer
probability table (TPT). In this study, the network structure was adjusted using interviews
with an expert group consisting of three project managers, each of whom had more than
15 years of experience in construction projects. The TPT of organizational leadership from
t — 1 moment to t-moment is defined based on expert knowledge, and the results are shown
in Table 4.
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Figure 1. BBN model of organizational leadership for complex construction projects.
Table 4. TPT of organizational leadership nodes.
Organizational Leadership Organizational Leadership Nodes (t — 1)
Nodes (t) High State (t — 1) Moderate State (t — 1) Low State (t — 1)
High state (t) 0.8 0.5 0.05
Moderate state (t) 0.15 0.45 0.2
Low state (t) 0.05 0.05 0.75

As can be seen from Table 3, if organizational leadership is in a high state at time
t — 1, the probability of organizational leadership being in a high state at time t is 0.80, the
probability of changing to a moderate state is 0.15, and the probability of changing to a low
state is 0.05. Similarly, according to the practical experiences of project management, the
TPT of organizational leadership in other states from time t — 1 to time t can be obtained.
The DBN model can be built after the original network model and TPT are defined, as
shown in Figure 2.
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Figure 2. DBN model of organizational leadership for complex construction projects.
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4.3. Model Validation

Through the above study, the BBN model of organizational leadership was constructed,
and the CPT of all nodes was obtained for complex construction projects. On this basis, we
took test samples as verification data and input them into the constructed BBN model for
model validation. The probability distribution of organizational leadership was obtained
through model reasoning, and the predicted state and actual value were compared to
obtain the verification results. Model validation aims to demonstrate whether the logical
relationships and conditional probabilities of the nodes in the model are consistent with
the actual organizational leadership situation of construction projects, thus reflecting the
accuracy and validity of the model measurements. The above iterations were repeated
to validate the remaining nine samples. Finally, the verification results were obtained
comprehensively. The model is valid once the percentage of accurate measurements to the
total quantity of test data approaches 80%. The model verification results of this study are
shown in Figure 3.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

722
z7772A
FzZZZ73
V277

Alow

moderate

Probability distribution

Test Sample

Figure 3. Comparison of predicted state (S) and the actual value (A) of 10 test sample.

The state with the highest probability in the probability distribution is regarded as
the final decision in the optimal Bayesian decision theory, and the state with the highest
probability in the probability distribution is regarded as the anticipated state. Figure 3
shows that the probability distribution of organizational leadership corresponding to
sample S1 was 3% in the low state, 43% in the moderate state, and 54% in the high state,
so the predicted state of this sample through model inference is the high state. The actual
value of organizational leadership was also found to be high by comparison. Therefore, it
can be shown that the predicted state of the sample matches the actual value completely,
and the measurement result is very accurate. Similarly, the predicted state of the remaining
nine test samples also matched the actual value, which proves the effectiveness of the
model. As a result, the BBN model developed in this study is suitable for model analysis
and further research.

5. Model Analytics

Organizational leadership shows dynamic characteristics and will change dynamically
during the life cycle of project management. Through the reasoning function of the DBN,
the following three hypothetical scenario analyses were conducted: influence chain analysis,
predictive analysis, and diagnostic analysis. On this basis, the key influencing factors and
dynamic change rules of organizational leadership were further explored for complex
construction projects.
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5.1. Influence Chain Analysis

Influence chain analysis can be used to examine the causal chain of greatest influence
leading to outcomes by describing the mutual influence between nodes. When the target
node is one of the multiple nodes that have a significant influence relationship, the link in
the causal chain has the most influence. The software GeNle 2.2 was adopted to analyze
the influence chain of the DBN model, and the results are shown in Figure 4.
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o Team )‘
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Communication
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Incentive
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lhigh

high
moderate

low

moderate

low

Figure 4. Influence chain analysis results of organizational leadership for complex construction projects.

As can be seen from Figure 4, two chains of influence appear, as shown by the thicken-
ing chain. The biggest influence chain nodes are “effective communication ability (PL3) —
leadership styles adjustment (PL5) — cultural construction (RL4) — Institution support
(SL5) — stress management ability (PL1) — team building (RL2) — talent cultivation mech-
anism (SL2) — vision implementation (RL5), organizational leadership (OL)”. Therefore,
according to the results of the influence chain analysis, individual pressure management
ability, team building, and institutional support play an important role in the organizational
leadership of complex construction projects.

5.2. Predictive Analysis

The predictive analysis aims to use a given piece of evidence to predict the level of
organizational leadership. The strength of the factors influencing organizational leadership
is determined by the probability distribution of each state of organizational leadership in
a Bayesian network. Several key factors of organizational leadership were set as “high”
evidence, and the software GeNle 2.2 was used to predict the probability of organizational
leadership under different scenarios. Figure 5 illustrates the probability of organizational
leadership under different scenarios of predictive analysis.

As can be seen from Figure 5, from a short-term perspective (Time = 0), when the SL5 state
is set to “high”, the probability of organizational leadership being “high” is the largest. When the
RL4 state is set to “high”, the probability of organizational leadership being “high” is the second
largest. At the same time, it can be seen that P(OL=high|SL5=high) > P(OL=high|RL4=high) >
P(OL=high|PL5=high) > P(OL=high|RL2=high) > P(OL=high|PL1=high). From a long-term
perspective (after Time = 1), the probability of organizational leadership in different states
changes with time, and the maximum probability of organizational leadership is stable
at a “high” state. It can be seen that when the node state of several key factors is set to
“high”, the curve of the organizational leadership in the “high” state will continue to decline
and then tend to be stable, whereas the curve of organizational leadership in the state of
“moderate” and “low” will gradually rise and then stabilize. The primary factor is that
DBN has the capabilities of memory learning and can save and aggregate the reasoning
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outcomes of previous moments. Thus, institutional support (SL5), cultural construction
(RL4), leadership styles adjustment (PL5), team building (RL2), and stress management

ability (PL1) are the most critical factors of organizational leadership.
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Figure 5. Probability of organizational leadership in predictive analysis under different scenarios:
(a) PL3 = High; (b) PL5 = High; (c) RL4 = High; (d) SL5 = High; (e) PL1 = High; (f) RL2 = High;

(g) SL2 = High; (h) RL5 = High.
5.3. Diagnostic Analysis

The diagnostic analysis seeks to identify the most likely direct reasons that have a

greater impact on organizational leadership using reverse reasoning approaches in Bayesian
reasoning. When organizational leadership declines, this approach can be used to determine
the most suspicious causes and evaluate the posterior probabilities of each element. Thus, it
can identify the factors that have the greatest influence on organizational leadership in the
Bayesian network. The posterior probabilities of diagnostic analysis nodes under various
conditions are shown in Figure 6.
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Figure 6. Posterior probabilities of diagnostic analysis nodes under different scenarios. (a) the node

state is "high"; (b) the node state is "moderate".
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Figure 6 shows that when the node state is “high”, the posterior probability of effective
communication ability (PL3), stress management ability (PL1), and talent cultivation mech-
anism (SL2) being “high” is high. Similarly, when the node state is “moderate”, cultural
construction (RL4), team building (RL2), and leadership styles adjustment (PL5) have a
higher posterior probability of “moderate”. In the total ranking, when P (OL=High) = 1, the
posterior probability of nodes is PL3 > SL5 > PL1 > RL4 > PL5 > RL2 > SL2 > RL5. When P
(OL=Moderate) = 1, the posterior probability of nodes is PL3 > RL4 > PL1 > SL5 > RL2 > PL5
> SL2 > RL5. Therefore, effective communication ability (PL3), cultural construction (RL4),
stress management ability (PL1), and institutional support (SL5) are the most suspicious
factors to improve organizational leadership.

6. Discussions and Implications
6.1. Theoretical Implications

At present, the research on the leadership of construction projects mostly focuses on
project managers. From the perspective of project complexity, this study systematically
analyzes project leadership from the three dimensions of personal leadership, relational
leadership, and strategic leadership at the organizational level. To a certain extent, it
improves the theoretical basis of the organizational leadership of complex construction
projects and provides different perspectives for leadership research. The theoretical signifi-
cance of this study mainly includes the following two aspects.

(1) The influencing factors system of organizational leadership for complex construc-
tion projects was constructed to better identify the sources of influencing factors. At
present, the research on organizational leadership for complex construction projects is
relatively weak in China. From the perspective of complexity, this study identifies the
influencing factors of organizational leadership in complex construction projects by
combining and summarizing the existing literature and related theories. The frame-
work of the influencing factor of organizational leadership includes three dimensions:
personal leadership, relational leadership, and strategic leadership. Thus, the findings
have important theoretical significance for the study of organizational leadership for
complex construction projects.

(2) It breaks through the traditional methods of studying organizational leadership
from a static perspective. In this study, the DBN method is applied to the field
of organizational leadership of complex construction projects, which can measure the
dynamic change rules of the influencing factors of organizational leadership in the
process of project construction. This opens up a fresh perspective on the dynamic
traits of organizational leadership and has significant theoretical implications for
handling complex construction projects.

6.2. Practical Implications

The DBN model constructed in this study can be used to measure the dynamic change
in organizational leadership’s influencing factors and adjust the management dimen-
sion of each influencing factor, which is of great practical significance for projects to
improve leadership.

(1) The relationship between influencing factors and organizational leadership can be
explored using DBN'’s flexible simulation capabilities, which have been amply demon-
strated through model validation and analysis. Through the comparison of different
analyses, it is helpful to deepen the understanding of project leaders on the interaction
among the factors influencing organizational leadership and how these factors affect
organizational leadership. Project managers have access to a quantitative model that
can address dynamic issues that arise throughout the real project construction process
thanks to the well-established DBN model of organizational leadership in complex
construction projects. Thus, project leaders can control the whole leadership process at a
macro level and provide important references for improving organizational leadership.
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(2) According to the results of the model analysis, in the process of improving the leader-
ship of the project organization, more attention should be paid to stress management
ability, cultural construction, institutional support, and other factors. The results have
been validated by other studies and practices. For example, stress management ability
affects project performance from the individual capability dimension, while team
building and institutional support affect project performance from the relationship
climate dimension and organizational strategy dimension.

6.3. Empirical Analysis

The west coast media port construction project in Shanghai, China was selected for
model verification and application. As a major project in the overall development of the
region, the west coast media port is a typical complex construction project with the charac-
teristics of a large scale, long period, functional complexity, high density, co-construction,
and shared facilities. Combined with the influencing factors of organizational leadership in
Section 3, 17 influencing factors were evaluated as indicators of organizational leadership
for the west coast media port project. Managers involved in the west coast media port
project were invited to assess the organizational leadership indicators at different stages
of the project. The project duration was divided into 10 stages, and the organizational
leadership indicators at each stage were assessed by distributing questionnaires and obtain-
ing data from 10 valid questionnaires. The data results of 10 questionnaires are counted
in the way of average value. If the average number contained a decimal, it was rounded
to the nearest integer. Thus, 10 groups of data (see Table 5) were used as evidence to
predict organizational leadership probability (see Figure 7). Table 6 displays the simulation
findings and actual values, and the results of DBN and BBN are compared in Figure 8.

Table 5. Evaluation data of organizational leadership indicators of the west coast media port project
in different periods.

gi‘e‘: PL1 PL2 PL3 PL4 PL5 RL1 RL2 RL3 RL4 RL5 RL6 RL7 SL1 SL2 SL3 SL4 SL5

1 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3
2 3 3 3 3 3 3 3 2 3 3 3 3 3 3 3 3 2
3 3 3 3 3 3 2 3 2 3 3 3 3 3 2 3 3 2
4 3 3 3 3 3 3 2 2 3 2 3 3 3 3 3 3 1
5 3 2 1 3 3 2 2 3 2 1 2 2 2 3 3 2 2
6 3 2 2 3 3 3 2 3 2 3 1 1 3 3 3 3 1
7 3 2 2 3 3 2 3 3 2 2 3 2 3 3 3 2 3
8 3 3 3 3 3 3 3 2 3 2 3 2 3 3 3 2 2
9 3 3 3 3 3 3 3 2 3 1 3 3 3 3 3 3 3
10 3 3 3 3 3 3 3 2 3 1 3 3 3 3 3 3 1
Table 6. Probability distribution of organizational leadership of west coast media port project at
different periods.
Time States ! Predicted

Low Moderate High State

1 0.0055 0.0055 0.9891 High

2 0.0538 0.1519 0.7943 High

3 0.0877 0.1983 0.7141 High

4 0.1114 0.2139 0.6748 High

5 0.1280 0.2197 0.6523 High

6 0.1396 0.2223 0.6381 High

7 0.1477 0.2237 0.6286 High

8 0.1534 0.2245 0.6221 High

9 0.1574 0.2250 0.6176 High

10 0.1602 0.2254 0.6145 High
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Figure 7. DBN model of organizational leadership of west coast media port project.
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Figure 8. Probability distribution of organizational leadership of west coast media port project:
(a) DBN; (b) BBN.

It can be seen from Table 5 and Figure 8a that the organizational leadership of the
west coast media port is predicted to be at a high level in all periods. As can be seen from
Table 5, when time = 1, the probability of organizational leadership at low, moderate, and
high states is predicted to be 0.0055, 0.0055, and 0.9891, respectively, and the predicted
result indicates that organizational leadership will be at a high level. When time = 2, 3,
and 4, the predicted result is still in the high state, with probabilities of 0.7943, 0.7141, and
0.6748, respectively. The probability of a high level of organizational leadership decreases
from the initial 0.9891 to 0.6748. After time = 5, the predicted results are still high, with
probabilities between 0.6523 and 0.6145, and tend to be stable in this period.

By comparing the accuracy of DBN and BBN, it can be seen that the curve of DBN in
Figure 8a is smooth and shows a predictive trend, while the value of BBN in Figure 8b is
independent and only depends on the current evidence. This demonstrates that the DBN
model has the capacity for information accumulation, while BBN relies on the observation
information at a particular moment for inference. In contrast to DBN, BBN has nothing
to do with the evidence of the previous moment. Therefore, due to the accumulation of
information, the reasoning results of the DBN model are more accurate than those of the
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BBN model. Since it is difficult to obtain correct evaluation data in real time using the
DBN model, its memory learning characteristics are of great significance for predicting
organizational leadership. DBN reasoning contains a large amount of information, and
even if vague information is provided as evidence, it can guarantee accurate predictive
results. Therefore, the DBN model can be used to dynamically calculate and analyze the
change rule of organizational leadership over time in specific construction projects.

6.4. Discussions

Firstly, the influencing factors of organizational leadership in complex projects were
taken as the network nodes for constructing the Bayesian network, and the questionnaire
data were rationalized. Secondly, the BBN model of organizational leadership was estab-
lished through structural learning and parametric learning, and the CPTs of all the nodes
were obtained. Thirdly, the model validation was carried out for the BBN model, and the
results show that the model is very effective. Finally, the constructed BBN model was
used as the initial network, and through the state transfer probability table, the expansion
of BBN to DBN was completed, the DBN model of complex construction projects was
created, and simulation analyses were carried out. The results show that (1) two influence
chains appeared in the simulation analysis, and the biggest influence chain nodes were
“effective communication ability (PL3) — leadership styles adjustment (PL5) — cultural
construction (RL4) — Institution sup-port (SL5) — stress management ability (PL1) —
team building (RL2) — talent cultivation mechanism (SL2) — vision implementation (RL5),
organizational leadership (OL)”, so individual risk management ability, team building,
and institutional support play an important role in the organization and leadership of
complex construction projects. Organizational leadership of construction projects plays
an important role. (2) Institutional support (SL5), cultural construction (RL4), leadership
style adjustment (PL5), team building (RL2), and stress management ability (PL1) are the
most critical factor in organizational leadership. (3) Effective communication ability (PL3),
cultural construction (RL4), stress management ability (PL1), and institutional support
(SL5) are the most important factors affecting organizational leadership.

Further, we carried out an empirical analysis of the constructed DBN model of project
organizational leadership. Project participants were invited to assess the project organi-
zational leadership indicators, and the data were imported into the DBN model. Finally,
the inference results of the DBN model were analyzed and compared with the BBN model.
The results showed that the DBN model constructed in this paper is feasible and applicable
and can dynamically calculate and analyze the change rule of organizational leadership in
complex construction projects over time.

7. Conclusions

In this study, a simulation method based on Bayesian reasoning was proposed to
explore the evolutionary dynamics of the influencing factors of organizational leadership
considering the time change in complex construction projects. The results showed that PL1
(pressure management ability), RL4 (cultural construction), and SL5 (institutional support)
are the leading factors affecting organizational leadership. In the case of limited resources,
leaders can take targeted measures to improve the leadership of project organizations.

This study has important contributions to current academic research. Firstly, the
existing literature review indicates that previous studies have ignored the dynamic changes
in organizational leadership during project construction. The proposed Bayesian-based
method can describe the system of organizational leadership’s influencing factors in an
unpredictable and dynamic environment, and this study is an attempt to close this gap
in the literature. Compared with previous AHP, SEM, and other methods, the DBN
method proposed in this study can provide real-time support for the whole life cycle
of organizational leadership management. Secondly, this study used Bayesian inference
machine learning to simulate the change in influencing factors of organizational leadership
over time. The DBN of organizational leadership was built based on machine learning
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of a large amount of given data. Due to the time update function, it can carry out an
evolutionary dynamic analysis.

In terms of theory, on the one hand, by combing and summarizing the existing litera-
ture and relevant theories and adopting the questionnaire survey method, we identified
the influencing factors of organizational leadership in complex construction projects and
constructed the framework of its influencing factor system so as to better clarify the factors
affecting organizational leadership in complex construction projects, which is of great
theoretical significance for the study of this topic. On the other hand, applying the dynamic
Bayesian network method to the field of organizational leadership of complex construction
projects breaks through the traditional mode of studying organizational leadership from a
static perspective, so that the dynamic problem of the organizational leadership of complex
construction projects is well solved, which provides a new way of thinking and has impor-
tant theoretical significance for the study of the dynamic characteristics of organizational
leadership of complex construction projects.

In terms of practice, on the one hand, the establishment of the dynamic Bayesian
network model of organizational leadership in complex construction projects provides a
quantifiable model for project leaders and can cope with the dynamics of the actual project
so that project leaders have macro control of the whole leadership process, which provides
an important reference for improving organizational leadership. On the other hand, the
empirical analysis based on the constructed dynamic Bayesian network model explores the
strategy of organizational leadership enhancement, which is also an important reference
value for other similar projects to enhance project organizational leadership.

However, the established DBN model has some limitations. The DBN model in this
study was established on the basis of collecting survey data from the whole construction
project. It cannot distinguish between the phases of life cycle management, such as planning,
design, construction, operation, and maintenance. However, the network structure of
organizational leadership and CPT can vary significantly over time in different phases of
project management. Therefore, future studies should take into account the features of
various stages.
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