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Abstract: As one of the emerging research fields of sustainability management, Organizational
Citizenship Behavior (OCB), especially its influence on project performance, has been drawing
increased attention both in the academic and industrial areas. Nevertheless, existing studies mainly
examine the static relationship between OCB and project performance but fail to explore the dynamic
characteristic of the relationship as a project may evolve and proceed over the time. Therefore,
this paper aims to evaluate the dynamic impacts of OCB on the performance of megaprojects with the
assistance of a system dynamic model. Four causal feedback loops and a stock-flow diagram were
developed to illustrate the dynamic influencing mechanism, and three distinct policies quantitatively
simulated the possible impacts arising from the changes of OCB on the whole system and, specifically,
on the performance megaproject. The results show that an increase in the AIRPP (actual increasing rate
of potential promotion) exerts significant influence on the improvement in OCB and the performance
of megaprojects. The higher the AIRPP in the multi-policy scenario, the higher the OCB and the
performance. One major contribution is that this study is one of the first studies to explore the
potential use of system dynamics to model megaproject organizational behavior and its performance
with implications in both the practical and cultural promotion of OCB.

Keywords: OCB; the performance of megaprojects; system dynamics; simulation

1. Introduction

Megaprojects are defined as large-scale and complex ventures that typically cost $1 billion or
more and take many years to develop and build; these projects generally involve multiple public
(national interested) and private stakeholders with transformational impacts on millions of people [1].
Megaprojects are not just magnified versions of smaller projects, but are comprised of interdependent
subsystems aiming to achieve a comprehensive socio-economic development [1,2]. Since the early
2000s, megaprojects have become an emerging area in the field of construction project management
due to global urbanization, urban revitalization, and redevelopment [3]. However, most megaprojects
suffer from obsolete performance such as high risks, cost overruns, and schedule delays.

There are a lot factors that contribute to the variation of the performance of megaprojects.
Academic research and industrial practices of megaprojects have shown that, apart from construction
technologies and managerial strategies, a high degree of subjective initiatives and creativities is
equally important to affect project performance [4-6]. For example, participants’ (for example,
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construction workers) willingness to work in extreme conditions is key to ensure the accomplishment of
megaprojects [7]. This kind of phenomenon is a typical behavior known as Organizational Citizenship
Behavior (OCB) in the context of megaprojects, referring to the positive behavior of participants in
megaprojects, which contributes to the achievement of the construction projects’ goals, but has not been
directly or explicitly stipulated in formal contracts [8]. Having originated in the field of organizational
behavior, OCBs have been drawing increased attention in the context of construction management and
sustainability management [9], particularly in areas such as governance and so forth. Although existing
studies have demonstrated that OCB positively contributes to project performance [10], two problems
are still found in previous studies. Firstly, most of existing papers have studied the relationship
between OCB and project performance from a static and isolated perspective without a systematic
consideration to the interrelationships among different influencing factors. Secondly, the existing
studies have mainly concentrated on qualitative analyses based on surveys, failing to quantify the
impact of OCB on project performance.

Therefore, the aim of this study is to assess the impacts of the OCBs of construction participants
(including owners, contractors, and designers) on the performance of megaprojects with the aid of the
System Dynamic (SD) approach. The reasons for adopting an SD approach mainly lie in two aspects.
Firstly, since there are numbers of elements within the OCB system and their relationships tend
to change and are complicated, the SD approach is demonstrated as a well-established method for
studying and managing such complex feedback systems [11], and facilitating better understanding on
the mutual relationships between the behavior of a system. Secondly, elements in the OCB system are
largely interdependent [5]. SD modeling is able to discover and illustrate interrelationships among
elements, and to facilitate the measurement of dynamics among elements [12]. In addition, the SD
approach is also effective in evaluating the consequences of new policies and new structures [13].
Taking the aforementioned aspects, the SD approach is considered a suitable method to be used for
fulfilling the research aims in this study. The proposed model is also expected to help decision-makers
better understand how OCB affects the performance of megaprojects. The rest of this paper is organized
as follows: Section 2 entails the literature review including the explanation of the concept, dimensions,
and driving factors of OCBs. Section 3 introduces SD modeling with a detailed process of model
development. Section 4 is the model validation, including the tests for structure verification, dimension
consistency, and sensitivity. Section 5 is the policy analysis with a discussion on a base run and three
policy scenarios (two single-policy scenarios and one multi-policy scenario). Section 6 concludes
the study.

2. Literature Review

OCB was first put forward in the 1980s and defined as “individual behavior that is discretionary,
not directly or explicitly recognized by the formal reward system, and that, in the aggregate, promotes
the effective functioning of the organization” [14]. Afterwards, OCB attracted the interest of many
scholars and many studies were conducted on it. However, there is rather limited literature on OCB
in the context of megaprojects. Similar to the definition of OCB in organizational areas, OCB in the
megaprojects field can be defined as the positive behaviors of participants that are not recognized by
formal contracts or requirements, but would lead to the effective achievement of the project goals [8].
For example, in the South-to-North Water Transfer project, a labor contest (which is a typical practice
in China to motivate and improve OCB engagement in the project implement) was held by the
local government and all participants in this megaproject were involved. Participants voluntarily
competed in the aspects of safety, quality, schedule, innovations, environmental protections, and so
on forth [8]. Participants could only win by going beyond the typical requirements and achieving
high performance. Meanwhile, winners were only awarded medals, trophies, and so forth, without
any compensations [15]. Currently, existing studies have already demonstrated that OCB plays an
important role of improving the effectiveness of the management, organizational efficiency, labor
productivity, and so forth, and eventually benefits the megaproject on the whole [16].
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Although OCBs have been observed in many megaprojects, studies in the context of megaprojects
are still limited, especially on the dimensions and driving factors. One of the most presentative
studies on the dimensions of OCB is the seven-dimensional model established by Podsakoff [4],
which includes helping behavior, sportsmanship, organizational loyalty, organizational compliance,
individual initiative, civic virtue, and self-development. However, the research carried out by
Podsakoff mentioned above was conducted in permanent organizations which are, in fact, different
from temporary organizations like project-based organizations [5,17]. Thus, OCBs in megaprojects
would have unique dimensions and motivations [18]. Braun et al. [17] pointed out that no matter
the project compliance or individual compliance, its essence is to obey the organization’s regulations
and related rules, and the difference between the two kinds of behavior is only the subject that
they should be compliant to. The nature of organizational loyalty and sportsmanship behavior are
initially individual staff dedicated to their work, namely adhering to the high self-demand, having the
initiative to work overtime, and working in extreme conditions voluntarily without any supervision;
hence, the two behaviors can be summarized as conscientiousness [5,19]. Civic virtue refers to
good interpersonal relationships in organizations, and the core is the maintenance of harmonious
relationships [17]. Self-development and individual initiative both mean work completed creatively or
improving work skills spontaneously [20]. Thus, these two behaviors can be interpreted as innovation
behavior in the megaproject context. Helping behavior means providing direct help for others and
taking the initiative to work with colleagues [19,21]. While in megaprojects, Luo et al. [22] believed
this kind of behavior should be interpreted as collaboration behavior. Therefore, project compliance
behavior, innovation behavior, collaboration behavior, conscientiousness, and harmonious relationship
maintenance behavior are summarized as the five dimensions of OCB in this study.

In addition, the driving factors are another sub-topic to be researched in the OCB field,
and employee characteristics, task characteristics, leadership behaviors, and organizational
characteristics are the most important sort of driving factors for conducting OCB [4]. However,
in megaprojects, actually, actions that participants act on are on behalf of the enterprises they belong
to; thus, their behavioral motivations are more likely to be significant in sociality, and in the pursuit
of long-term interests [10,23,24]. Meanwhile, megaprojects are normally launched and sponsored by
governments, that is, participants are mostly state-owned enterprises or other successful enterprises
cooperating with the government, especially in mainland China [25]. Hence, by participating in the
construction of megaprojects, enterprises are likely to achieve their political appeal. To be specific,
executives of state-owned enterprises are more likely to be promoted due to their good performance in
megaprojects [1]. Moreover, except for internal factors like the potential promotion mentioned above,
the external environment also drives OCB. Practically, the external environment has an important
impact on participants’ behavior, such as regulations, project culture, corporate reputation and so
forth [26-28]. Therefore, as summarized above, the driving factors considered in this study include
project culture, potential promotion, corporate reputation, and public satisfaction.

3. Model Development

3.1. Steps of Model Development

SD, established by Forest in 1958, designed based on systems thinking, has been widely used
in a vast range of disciplines. Over the past two decades, it has been used to address economic,
environmental, societal, agricultural, and other systems of great complexity. This method is
particularly widely applied to the disciplines of construction activities such as political decision-making
systems [29], performance assessment of construction management, and so on forth [30,31]. Generally,
an SD model can be visualized by a causal loop diagram or a stock-flow diagram. A causal loop
diagram is always developed as a conceptual model of systems to be studied, while a stock-flow
diagram is established based on a causal loop diagram and utilizing a computer simulation.
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This paper is primarily based on a five-step procedure to construct the model (shown in Figure 1).
Firstly, the boundary of the system and variables that can significantly influence the behavior of the
system should be identified. Based on that, a causal-loop diagram can be established to describe the
system simply. Afterwards, a stock-flow diagram will be developed according to the causal-loop
diagram. Furthermore, model validation should start to test the confidence and robustness of the
established model. Finally, policy analysis, which mainly consists of a base run simulation and three
policy scenarios, would be conducted to simulate and analyze the impacts of the devised management

policies after the model validation.

i :
|
l . Determining the boundary
Task 1 Sys_terp J of system & Giving
description particular emphasis on the
identified major variables

v A ualltatlvely analyzing
Causal loop 1nterrelat10nsh1ps
Task 2 diagram 1 underlying the identified
variables and mapping

casual loop diagram

v

v Y Transforming causal loo
Task 3 StO.Ck flow | diagram by 1nputt1ng
diagram equations via Vensim
software
¥ > Implementing tests
Task 4 Model 1 validate the effectlveness
validation of proposed model

v

A 4

v Devising policy measures &
Task 5 POllC}_’ ] comparing and discussing
analysis simulation results with those

of base run

Figure 1. The research path for model development.

3.2. Causal Loop Diagram

Before the development of a qualitative model, key variables were majorly identified on the
basis of the literature (discussed in Section 2). In this study, key variables in the proposed model
are mainly two aspects, namely, the identified dimensions of OCB and its driving factors. OCB
refers to project compliance behavior, innovation behavior, collaboration behavior, conscientiousness
behavior, and harmonious relationship maintenance behavior. Its motivations mainly involve project
culture, potential promotion, corporate reputation, and public satisfaction. These variables not only
serve as essential units of the model but they define the boundary of the model. Additionally, in the
established model, OCB is the only kind of factor that influences the performance of megaprojects,
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which means the time, budget, and quality in this study. The other factors are out of the scope of this
study. After identifying the variables with the potential of influencing the behavior of the proposed
system, a qualitative analysis was carried out to identify the interactions among the variables. Figure 2,
which consists of four feedback loops that determine the behavior of the system by establishing
connections among variables, illustrates the conceptual model of the qualitative analysis.

Positive feedback loop R1: It can be seen from Figure 2 that the OCB adoption would reinforce
itself through the positive chain. Suppose that the performance of a megaproject accelerates through
the adoption of OCB, bettering the performance of the megaproject during the construction phase.
Consequently, considering the relationships between enterprises and the government, the leaders of the
megaproject could have a higher potential of promotion [27]. That is, participants in megaprojects are
more willing to augment OCB and thereby affect project performance again [32]. Positive feedback loop
R2: In this loop, the adoption of OCB could reinforce itself through the feedback chain. Suppose that
OCBs accelerate, then the performance of the megaproject will be positively influenced and the public’s
satisfaction will be increased [1]. Furthermore, it positively contributes to the corporate reputation and
thereby motives participants to increase OCB [28]. Hence, the magnified adoption of OCB will further
accelerate the project performance. Positive feedback loop R3: This one shows a similar influence
loop as R1. The only difference is that in loop R3, the improvements in the adoption of OCB directly
lead to improvements in the project culture [28]. Negative feedback loop B1: In this loop, a change of
any variable would affect itself in a negative way. Suppose that there is an increase in the adoption
of OCB, then the project performance will be accelerated. As a result, the public’s satisfaction would
be improved, which indicates that governmental regulations or policies would decline [27]. Due to
reduced willingness to OCB, the adoption of OCB will decrease accordingly.

megaprOJect
performance
Q / \ public satisfication
organizational citizenship o tential promotion
behavior adoptlon opportunities
+
+ +
corporate
project culture @ reputation
governmental
policies and
N Bl regulations
willingness to promote
orgamzatlonal citizenship
behavior +

Figure 2. The causal loop diagram of the Organizational Citizenship Behavior (OCB) system.

3.3. Stock-Flow Diagram

With the interrelationships underlying the identified variables defined within the causal-loop
diagram, a stock-flow diagram was developed to quantify their impacts with the assistance of the
Vensim software. A stock-flow diagram is a more detailed illustration of a causal-loop diagram.
Furthermore, a stock-flow diagram consists of different kinds of icons so that the computer-based
simulation can be run. To facilitate a better understanding, the proposed model, along with brief
definitions of the variables within the model, is shown in Figure 3 and Appendix A, respectively.

Prior to performing the simulation, it is necessary to ensure that all the variables in the model can
be quantified. The variables used in this model were divided into three categories, namely, constant,
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dependent, and qualitative variables. Each type of variable has corresponding data sources. The value
of the constant variables—which are expected to remain unchanged and will not be affected by other
variables during the whole simulation period—were generally quantified by referring to the materials
available, such as literature. The values of the dependent variables depend on one or more variables
within the model in terms of mathematical functions. The values of these kind of variables can be
quantified by various functions in the Vensim software [33]. The values of the qualitative variables
were quantified, in this study, by the judgement of experts. To be specific, the expert session was
conducted in March 2017 in Shanghai and lasted around 15 min. The expert group consisted of
five managers, each with 5 to 10 years of working experience in construction project management.
To facilitate understandings in the process of quantification, detailed data and equations related to the
established model are shown in Appendix B.

AIRPC IPP/—\
AVPC-1 4%(3 VPP
PCI
CPA CGR MPP AIRPP
PPI
IIPP-—/ >y AVPP

4\& / PPOI VPS
4’/__/}3‘@ AIRPS
AVPS
SI

P

GMC

CMRC

Figure 3. The stock-flow diagram of the model.

4. Model Validation

Before quantitative simulation and analysis, it is essential to ensure that the validity of the SD
model through a series of tests. Tests ensure that the accuracy of the model reflects the real world in
a meaningful way [34]. In this part, three typical tests for the SD were selected, namely, a structure
verification test (test 1), a dimensional consistency test (test 2), and a sensitivity test (test 3).

Test 1 was to make sure that the structure of the established model is logical and generally
supported by the existing literature. This test was conducted by referring back to the causal loop
diagram in Figure 2. Obviously, all cause-and-effect chains in the diagram are based on existing
studies and acknowledged knowledge. The purpose of test 2 was to ensure that each equation in the
model is dimensionally consistent with the use of the parameters [35]. The Vensim software provides
users with a test function automatically after all the units of the variables have been determined.
Dimensional consistency was correct verified by Vensim in this model. The sensitivity test is the
test for understanding how the proposed model will behave if the variables vary over a reasonable
range. To be specific, the behavioral sensitivity analysis mainly focuses on identified variables and the
rationality of the behavior of the system after adjusting the value of the identified variables [33,36].
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This test is regarded as vital to ensure the reliability of the model. Due to the limited size of the paper,
only one typical example in relation to the sensitivity of the model was conducted to demonstrate if
the behavior of the model reflects the real-world situation. An example in Figure 4 illustrates how the
OCBA (organizational citizenship behavior adoption) varies in line with the changes of the AIRPP
(actual increasing rate of potential promotion). Five scenarios were designed and simulated in this
test, namely, scenario 1 (AIRPP = 0.8, Line 1), scenario 2 (AIRPP = 0.5, Line 2), scenario 3 (AIRPP = 0.2,
Line 3), scenario 4 (AIRPP = 0, Line 4), scenario 5 (AIRPP = 0.05, Line 5, the base scenario in the model).
Obviously, all curves under the five different scenarios show a similar shape, demonstrating the fact
that the larger the AIRPP is, the better the phenomenon of the OCB is. This is in accordance with
the findings that political motivations, especially promotion, is an effective instrument for promoting
OCB within organizations [24] and that the people who have a higher possibility of being promoted
would also have a significantly higher probability of improving their OCB [37]. Therefore, it can be
concluded that the established model can properly reflect the outcomes of the changes in variables.
Thus, further simulation and policy analysis can be conducted.

OCBA

100

N

n
o

o
n

0 1 2 3 - 5 6 7 8 9 10
Time (Year)

Figure 4. An example of a sensitivity test (Line 1 for AIRPP = 0.8; Line 2 for AIRPP = 0.5; Line 3 for
AIRPP = 0.2; Line 4 for AIRPP = 0; Line 5 for AIRPP = 0.05).

5. Policy Analysis

5.1. Results of Base Scenario

A simulation analysis was conducted after completing the model validation. In this model,
the simulation period was set to 10 years given that the duration of one megaproject is longer than
that of normal construction projects. The results of the baseline scenario are shown in Figure 5a,b and
Table 1, respectively. Figure 5a shows the impacts on which the OCB construction project participants
would have in the final performance of megaprojects. Meanwhile, the selected outputs included
OCBA, the MPP (performance of megaprojects), the AVPC-1 (accumulated value of the project
culture), the AVPP (accumulated value of the potential promotion), and the AVPS (accumulated value
of the public’s satisfaction). Figure 5b illustrates the trends of the AVPC (accumulated value of
the project compliance), the AVIB (accumulated value of the innovation behavior), the AVHRM
(accumulated value of the maintenance of harmonious relationships), the AVCB (accumulated value of
the collaboration behavior), the AVC (accumulated value of conscientiousness), and Table 1 shows the
simulation values of all the selected variables.
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Figure 5. (a) The simulation results of the five selected outputs in the base scenario. (b) The simulation
results of the five selected outputs in the base scenario.

The MPP is a key variable for measuring the performance of the construction project in the studied
model. It was assigned to a value ranging from 0 to 100, where the value of 0 was expected to represent
the lowest level and 100 was expected to represent the highest level. The OCBA is a variable for
examining the OCB of participants in the model from 0 to 100 as well. Obviously, as shown in Figure 5,
the value of the five outputs all increased across the whole period. The main difference is that the
value of the MPP increased at a low rate in the first five years, but experienced a relatively sharp
increase in the last five years (a rate of 12.55; Table 1). By contrast, it shows that the OCBA is on an
increasing trend in the first seven years and then steadily ascends from 39.31 to 43.69 by the end of the
period (Table 1). The possible explanations to the different trends could be that the delay in the OCB
positively contributes to the increase of the MPP as the simulated project proceeds. Thus, the PP is
expected to present a noticeable rise at last. As for the AVPS, its value rises from 5.17 to 7.17; for the
AVPP, the value reaches 6.73 at the last year; the simulation figure of the AVPC-1 witnesses the slowest
growth among the three, reaching its peak of 6.08 at the end of the period. The simulation results
above indicate that the MPP was gradually improved along with the progression of a simulated project
which echoes with the findings from the previous papers, such as Nielsen [5], who stated that the OCB
could positively contribute to the project performance but that there is indeed a delay in its reflection
on the performance. In Figure 5b, the value of the AVPC is the highest, reaching 32.88 at the end of
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the simulation period, followed by the AVCB (32.04), the AVC (31.62), the AVHRM (30.77), and the
AVIB (29.88). Notably, this simulation result indicates that the project compliance could be the most
significant OCB in the megaprojects, in agreement with a survey that concluded that compliance is,
in fact, the most common kind of OCB in the megaprojects [38].

Table 1. The simulation results of the selected outputs in the base scenario.

Selected Outputs

Year

OCBA MPP AVPC-1 AVPP AVPS AVPC AVIB AVCB AVHRM AVC
1 4.76 5 5.08 5.13 5.17 2.93 2.67 2.86 2.75 2.82
2 9.87 5.05 5.17 5.27 5.33 5.94 5.40 5.79 5.56 5.71
3 15.34 5.15 5.25 5.40 5.50 9.02 8.20 8.79 8.44 8.67
4 21.18 5.42 5.34 5.54 5.67 12.17 11.06 11.86 11.39 11.71
5 27.45 5.88 5.43 5.68 5.85 15.40 13.99 15.00 14.41 14.81
6 34.19 6.57 5.52 5.84 6.05 18.70 17.00 18.22 17.50 17.98
7 39.31 7.56 5.63 6.01 6.27 22.09 20.07 21.52 20.67 21.24
8 40.54 8.89 5.76 6.22 6.52 25.57 23.23 24.92 23.92 24.59
9 41.98 10.53 5.91 6.45 6.82 29.16 26.50 28.42 27.29 28.05
10 43.69 12.55 6.08 6.73 7.17 32.88 29.88 32.04 30.77 31.62

5.2. Results of Policy Scenarios

5.2.1. Single-Policy Scenario

Considering the contribution of OCB to the improvement of the performance of megaprojects,
scholars in the academic and industrial areas have carried out various research on how to promote
OCB. According to existing studies, political motivations, especially when reflecting a promotion,
and project culture are widely regarded as typical factors [24,28]. Given the fact that illustrating all
factors with respect to OCB is impractical due to the limited length of the paper, the two factors
mentioned above were selected to simulate the policy analysis. By implementing the two policies
individually and in combination with each other, various scenarios were simulated and analyzed.
Policy scenario A and B are both single-policy scenarios, which means that only one variable was
changed while the others remained unchanged. Policy scenario C is a multi-policy scenario and
two variables were changed simultaneously.

e Scenario A: Promotion Effect

This one is a single-policy scenario, aiming at examining the impacts of changing the AIRPP
on PP, OCBA, AVC, AVCB, AVHRM, AVIB, and AVPC. To analyze the various possible situations,
two sub-scenarios aside from the base run (the initial value of the AIRPP is 0.05) were designed
in which the AIRPPs were 0.2 and 0.4, respectively. Moreover, these two scenarios were defined
as PSA-1 and PSA-2. Table 2 shows that the increase in the AIRPP significantly contributed to the
improvement in the OCBA, thereby enhancing the performance of construction projects. To be specific,
the OCBA witnesses an improvement of 29.77% and 60% in PSA-1 and PSA-2, reaching 52.61 and
65.97, respectively. Meanwhile, the PP shows an increase of 15.5% and 43.75% in PSA-1 and PSA-2,
reaching 14.50 and 18.04, compared with the baseline scenario.

In addition, the significant increase are also illustrated in the other five selected variables, namely,
AVPC, AVIB, AVCB, AVC, and AVHRM, with values of 35.68, 32.42, 34.77, 35.04, and 33.38 in PSA-1
and 39.54, 35.92, 38.52, 38.72, and 36.99 in PSA-2, respectively, at the end of the simulation period.
In the meantime, the AVPC is the most significant one among the five variables with an increase
of 8.52% in PSA-1 and 20.26% in PSA-2, increasing from 32.88 (the baseline run) to 35.68 and 39.54,
respectively; then followed by AVC, AVCB, AVHRM, and AVIB. A possible reason for these simulation
results is that the increased promotion opportunities drive the construction participants to work more
actively in such ways as to improve their special skills and to have more of an initiative to participate in
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project meetings and activities, which are likely to improve OCB and contribute to a better performance
of megaprojects.

e Scenario B: Cultural Effect

The policy scenario B, similarly to Scenario A, is also a single policy scenario that is designed to
verify the effect of the increase in the AIRPC (actual increasing rate of project culture) on PP, the OCBA,
the AVC, the AVCB, the AVHRM, the AVIB, and the AVPC over the simulation period. To examine
the impact of the improvement in the AIRPC on the selected variables, two devised scenarios were
simulated under policy scenario B for the comparison against the baseline scenario, namely PSB-1
and PSB-2. The initial value of the AIRPC was 0.05 in the base run and increased to 0.2 and 0.4 in
PSB-1 and PSB-2, respectively. As presented in Table 3, the results indicated that the rise in the AIRPC
could increase the value of the OCBA and PP, from 50.78 and 14.09 in run PSB-1, to 63.85 and 17.43 in
run PSB-2, at the end of the simulation period. Compared with the baseline scenario, the OCBA was
improved by 16.23% (PSB-1) and by 46.14% (PSB-2). Meanwhile, the MPP has increased by 12.27%
(PSB-1) and by 38.88% (PSB-2) by the end of the period. Moreover, the enhancements were also
observed in the other five selected variables. The values of the AVPC, the AVIB, the AVCB, the AVC,
and the AVHRM arrived at 35.11, 31.90, 34.22, 33.50, and 33.85 in PSB-2, and 38.95, 35.39, 37.95, 37.16,
and 37.44 in PSB-2. It is obvious that the value of the AVPC is the highest among the five variables, with
improvements of 6.78% in the PSB-1 and 18.46% in the PSB-2. The improvements in all the selected
variables could probably be a result of the fact that the participants of the construction influenced by
a positive project culture within organizations and contributed to a high quality of their daily work,
which is likely to lead to an improvement in the performance finally.
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Table 2. The simulation results of policy scenario A.

Year PSA-1 PSA-2
OCBA MPP AVPC AVIB AVCB AVC AVHRM OCBA MPP AVPC AVIB AVCB AVC AVHRM
1 4.84 5 2.93 2.67 2.86 2.80 2.75 4.96 5 2.93 2.67 2.86 2.80 2.75
2 10.30 5.05 5.60 5.45 5.84 5.72 5.61 10.91 5.05 6.07 5.52 5.92 5.79 5.68
3 16.42 5.16 9.19 8.35 8.95 8.77 8.60 17.94 5.18 9.41 8.55 9.17 8.98 8.80
4 23.24 5.46 12.50 11.36 12.19 11.93 11.70 26.15 5.53 12.95 11.76 12.62 12.35 12.12
5 30.84 5.99 15.95 14.50 15.55 15.22 14.93 35.72 6.14 16.70 15.17 16.27 15.93 15.62
6 39.38 6.79 19.54 17.76 19.04 18.65 18.29 46.97 7.11 20.67 18.78 20.14 19.72 19.34
7 4418 7.99 23.28 21.16 22.69 22.22 21.79 50.84 8.69 24.89 22.61 24.25 23.74 23.29
8 46.47 9.63 27.20 24.71 15.50 25.95 25.45 54.79 10.83 29.39 26.70 28.64 28.04 27.50
9 49.24 11.74 31.32 28.45 30.51 19.88 29.30 59.71 13.79 34.25 31.11 33.37 32.67 32.04
10 52.61 14.50 35.68 3242 34.77 35.04 33.38 65.97 18.04 39.54 35.92 38.52 38.72 36.99
Table 3. The simulation results of scenario B.
Year PSB-1 PSB-2
OCBA MPP AVPC AVIB AVCB AVC AVHRM OCBA MPP AVPC AVIB AVCB AVC AVHRM
1 4.83 5 2.93 2.67 2.86 2.80 2.75 494 5 2.93 2.67 2.86 2.80 2.75
2 10.23 5.05 5.99 5.44 5.83 5.71 5.60 10.82 5.05 6.06 5.51 5.90 5.78 5.67
3 16.22 5.16 9.15 8.32 8.92 8.73 8.56 17.71 5.18 9.37 8.52 9.14 8.94 8.77
4 22.85 5.45 12.44 11.30 12.12 11.87 11.64 25.70 5.52 12.88 11.70 12.55 12.29 12.05
5 30.19 5.97 15.84 14.40 15.44 15.12 14.82 34.97 6.12 16.59 15.07 16.16 15.82 15.52
6 38.37 6.75 19.37 17.60 18.88 18.48 18.13 45.79 7.07 20.50 18.63 19.97 19.56 19.18
7 43.20 7.91 23.05 20.94 22.46 21.99 21.56 49.83 8.58 24.65 22.39 24.01 23.51 23.06
8 45.27 9.48 26.87 24.42 16.18 25.64 25.14 53.51 10.63 29.06 26.40 28.32 27.73 27.19
9 47.76 11.49 30.88 28.06 30.09 29.47 28.90 58.08 13.44 33.80 30.71 32.94 32.25 31.63
10 50.78 14.09 35.11 31.90 34.22 33.50 33.85 63.85 17.43 38.95 35.39 37.95 37.16 37.44
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However, although the selected variables have increased in both PSA and PSB, some differences
still exist in the simulation results of these two policy scenarios. Firstly, the simulation results of PSB
are more moderate than those of PSA, indicating that providing opportunities of promotion is more
effective than the project culture to improve OCB and project performance. This finding echoes with
the existing results of other researchers [39] that pointed out that the motivation of promotion is more
attractive to persons in the top of the management team. Secondly, PSA and PSB both posed different
effects on the AVPC, the AVIB, the AVCB, the AVC, and the AVHRM. To be specific, in Scenario A,
the AVPC, the AVC, and the AVCB are the top three variables which improved the most significantly /
In the meantime, the AVPC, the AVC, and the AVHRM are the top three in Scenario B. This result
suggests that Scenario A could impose more significant effects on the collaboration behavior rather
than on the maintenance of harmonious relationship in Scenario B. The explanation is that project
culture effectively contributes to foster a harmonious atmosphere within organizations [40], especially
in countries like China where there is an emphasis on harmony and people show high concern for
group harmony:.

5.2.2. Scenario C: Dual Effects

This scenario is a multi-policy scenario designed to simulate the influence of the combined
changes in the AIRPP and the AIRPC to facilitate a comprehensive understanding on how their
changes affect the OCBA and MPP. To be specific, five sub-scenarios were set, namely PSC-1
(AIRPC = 0, AIRPP = 0.4), PSC-2 (AIRPC = 0.1, AIRPP = 0.3), PSC-3 (AIRPC = 0.2, AIRPP = 0.2), PSC-4
(AIRPC = 0.3, AIRPP = 0.1), PSC-5 (AIRPC = 0.4, AIRPP = 0).

As illustrated in Table 4., two main results should be highlighted. Firstly, PSC-1 witnesses the most
significant improvements both in OCBA and MPP, reaching 59.40 and 16.21, respectively; then followed
by PSC-2, PSC-3, PSC-4, and PSC-5. This simulation result shows that the higher value of the AIRPP
in the sub-scenarios, the higher the value of the OCBA and MPP would be. This finding is not only
consistent with previous studies, which stated that opportunities of promotion are more effective than
the project culture in improving OCB and project performance [39], but also echoes with the simulation
results in the single-policy scenario. Secondly, whenever the AIRPC is 0 in PSC-1 or whenever the
AIRPP is 0 in PSC-5, the values of OCBA and PP were not estimated as 0. The reason for this is that the
system is an organic system whole running in a highly iterative manner and because promotion and
project culture are not the only two driving factors in this system, thus, even though the AIRPC or the
AIRPP is set to zero, it would not lead to a zero in OCBA and MPP.

Table 4. The simulation results of scenario C.

Year PSC-1 PSC-2 PSC-3 PSC-4 PSC-5
OCBA MPP OCBA MmrP OCBA MrP OCBA MPP OCBA MPP
1 4.90 5 4.88 5 4.86 5 4.84 5 4.82 5
2 10.62 5.05 10.52 5.05 10.41 5.05 10.30 5.05 10.20 5.05
3 17.21 5.17 16.95 517 16.68 5.16 16.42 5.16 16.16 5.16
4 24.75 5.50 2424 5.48 23.74 5.47 23.24 5.46 22.74 5.45
5 33.36 6.07 32.51 6.04 31.67 6.01 30.84 5.99 30.02 5.96
6 43.29 6.96 41.96 6.90 40.66 6.84 39.38 6.79 38.13 6.73
7 47.65 8.35 46.49 8.22 45.33 8.10 44.18 7.99 43.03 7.88
8 50.78 10.23 49.33 10.02 47.89 9.82 46.47 9.63 45.07 9.45
9 54.62 12.74 52.80 12.39 51.00 12.05 49.24 11.74 47.51 11.43
10 59.40 16.21 57.08 15.60 54.82 15.03 52.62 14.50 50.46 14.01

6. Conclusions

Previous studies have demonstrated the important role of OCB in the construction sustainability
management and considerable studies have been conducted to examine the relationship between
OCB and project performance in the last few decades. However, there is still a gap to study the
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interdependent and dynamic relationships among the variables within the OCBs of construction
megaprojects. Therefore, this study proposed to use system dynamics to quantitatively study the
impact of OCB on the performance of megaprojects.

Based on SD modelling, both a causal loop diagram and a stock-flow diagram were proposed
to identify the major variables and to describe their interrelationship. Once the model was validated,
three policy scenarios including two single policy scenarios and a multi-policy scenario, were adopted
to simulate the performance of megaprojects under various levels of the OCB adoption in megaprojects.
The simulation results indicated that an increase in the AIRPP carries out more obvious effects on the
improvement in OCB and in the performance of megaprojects than those of the AIRPC. Moreover,
the simulation results of the multi-policy scenarios show that the higher the value of the AIRPP in
combinations (the total value has been restricted), the higher the value of OCBA and the project
performance would be. Thus, a finding that highlights the importance of considering improving
AIRPC first, especially when resources are limited.

The main contributions of this study lie in four aspects. First, the inherently dynamic nature
of the OCB system which has been neglected by most previous studies has been well envisaged.
Second, the SD model not only facilitates the illustration of interrelationships among the variables
from a quantitative perspective, but also deepens the stakeholders” understanding of the entire system
of OCB. Third, the established model can serve as a laboratory and as a platform to better simulate
the potential effects of OCB on the performance of megaprojects, and to test the different scenarios of
the possible futures which are have been relatively less studied before. Finally, the policy scenarios
could identify the benefits that OCB would bring about, delivering a clearer and perhaps more realistic
view of the appropriate actions that improve the performance of megaprojects in the real world.
Despite significant contributions, the two main limitations cannot be ignored. On the one hand, the SD
method only pays attention to the general dynamic trends of prediction and does not emphasize the
accurate value in a specific year. Therefore, it is suggested to be applicable to long-term predictions
which do not require accurate results. On the other hand, the SD model is a simplification and an
abstraction of the system in the real world, thus, only major variables and their interrelationships are
considered in the process of model development in this study, which would lead to an adverse impact
on the accuracy and reliability of the simulation results. Therefore, future research is encouraged
to encompass more variables involved in the OCB system to increase its credibility and predicting
accuracy. In addition, given the limited length, only three policy scenarios have been simulated and
analyzed through a comparison of the results with the base scenarios. In the future study, more similar
simulations that are composed of different designed policies can be conducted and analyzed under
different scenarios by using the method proposed in this study.
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Appendix A.
Table A1. The descriptions of the variables used in the model.

Acronym Descriptions Variable Type Acronym Descriptions Variable Type
AIRPC Actual increasing rate of project culture Constant ITHRM Increasing index of harmonious relationship maintenance Auxiliary
AIRPP Actual increasing rate of potential promotion Constant 11B Increasing index of innovation behavior Auxiliary
AIRPS Actual increasing rate of public satisfaction Constant 1rC Increasing index of project compliance Auxiliary
AROCB Adoption rate of organizational citizenship behavior Auxiliary IIPP Increasing index of project performance Auxiliary

ATAI Advanced technology adopted initiatively Constant IPP Increasing index of project performance Auxiliary
AVC Accumulated value of conscientiousness Stock OCBA Organizational citizenship behavior adoption Auxiliary
AVCB Accumulated value of collaboration behavior Stock PCI Project culture increment Flow
AVHRM Accumulated value of harmonious relationship maintenance Stock PCI-1 Personal compliance increment Flow
AVIB Accumulated value of innovation behavior Stock MPP The performance of megaprojects Flow
AVPC Accumulated value of project compliance Stock PPI Project performance increment Stock
AVPC-1 Accumulated value of project culture Stock PPI Project program improved initiatively Constant
AVPP Accumulated value of potential promotion Stock PPMAC Conscious participation in project meetings and activities Constant
AVPS Accumulated value of public satisfaction Stock PPOI Potential promotion opportunities increment Flow
BCP Benefits of corporate reputation Auxiliary PSI Public satisfaction increment Flow
CBI Collaboration behavior increment Flow PTC Participation in training consciously Constant
CCA Coordination conflicts actively Constant SPE Shares with project experience Constant
CGR Compliance with governmental requirements on the project Constant TVOCB Total value of organizational citizenship behavior Auxiliary
CI Conscientiousness increment Flow vC Value of conscientiousness Auxiliary
CMRC Conduct mission requirements consciously Constant VCB Value of collaboration behavior Auxiliary
CPA Compliance with project arrangements Constant VHRM Value of harmonious relationship maintenance Auxiliary
GMC Governmental management changing Auxiliary VIB Value of innovation behavior Auxiliary
GMP Governmental management performance Auxiliary VPC Value of project culture Auxiliary
HOSD Helps others to solve the difficulties Constant VPC-1 Value of project compliance Auxiliary
HRMI Harmonious relationship maintenance increment Flow VPP Value of potential promotion Auxiliary
HRS Harmonious relationship with stakeholders Constant VPS Value of public satisfaction Auxiliary
IBI Innovation behavior increment Flow WAOCB Willingness to adopt organizational citizenship behavior Auxiliary
1IC Increasing index of conscientiousness Auxiliary WOI Work overtime initiatively Constant
IICB Increasing index of collaboration behavior Auxiliary Y Yearly Constant
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Appendix B.
Equations of the model
ATAI =4.07
CCA =417
AIRPC = 0.05
AIRPP = 0.05
AIRPS =0.1

AVC(t) = AVC(t — dt) + (CI) x dt
INTI AVC =0
AVCB(t) = AVCB(t — dt) + (CBI) x dt
INTI AVCB =0
AVHRM(t) = AVHRM(t — dt) + (AVHRMI) x dt
INTI AVHRM = 0
AVIB(t) = AVIB(t — dt) + (IBI) x dt
INTI AVIB = 0
AVPC(t) = AVPC(t — dt) + (PCI-1) x dt
INTI AVPC =0
AVPP(t) = AVPP(t — dt) + (PPOI) x dt
INTI AVPP = 5
AVPC-1(t) = AVPC-1(t — dt) + (PCI) x dt
INTI AVPC-1 =5
AVPS(t) = AVPS(t — dt) + (PSI) x dt
INTI AVPS = 5
HRS = 4.23
CBI = VCB x IICB
IICB = 1/5 x IAOCB
VCB =1/3 x (CCA + HOSD + SPE)
CMRC = 4.28
CGR = 4.48
CI=1IIC x VC
IIC = 1/5 x JAOCB
CPA = 4.38
PPMAC = 4.06
PTC =421



Sustainability 2018, 10, 1708 16 of 18

VC =1/3 x (CMRC + PTC + WOI)
BCP =1/2 x AVPS
GMC =1/2 x AVPS
GMP = GRAPH(GMC)
([(0,0)-(100,80)1,(0,0),(10,3),(20,6),(30,11),(40,16),(50,22),(60,26),(70,29),(80,31),(90,32.5),(100,33))
HRMI = ITHRM x VHRM
IIHRM = 1/5 x IAOCB
VHRM = 1/2 x (BHRS + PPMAC)
HOSD = 4.37
IAOCB = 1/4 x (AVPP + GMP + BCP + AVPC-1)
IBI = IIIB x VIB
IIIB = 1/5 x IAOCB
VIB = 1/2 x (ATATAATI + PPII)
IPP = MPP
PPII = 3.98
OCBA = OCBAR x TVOCB
OCBAR = IF THEN ELSE(IAOCB >= 100, 0.1, IAOCB/10)
VPC =1/3 x IPP
PCI = AIRPC x VPC
PCI-1 = IIPC x VPC-1
IIPC = 1/5 x IAOCB
VPC =1/3 x IPP
VPC-1=1/2 x (CGR + CPA)
MPP = MPP(t — dt) + (PPI) x dt
INTI MPP = 5
PPI=1IIPP x Y x MPP
IIPP = GRAPH(OCBA)

([(0,0)-(100,1)],(0,0),(10,0.02),(20,0.08),(30,0.13),(40,0.18),(50,0.24),(60,0.31),(70,0.35),
(80,0.39),(90,0.41),(100,0.42))

PPOI = AIRPP x VPP
PSI = AIRPS x VPS
VPS=1/3 x IPP
SPE =4.41
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TVOCB = IF THEN ELSE((AVC +AVCB + AVHRM + AVIB + AVPC) > 100, 100,
(AVC + AVCB + AVHRM + AVIB + AVPC))

WOI =4.29
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