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Abstract: With the balanced requirement of environmental, economic and social objectives in projects
intensifying, the need for integrating sustainability with project management has drawn attention in
both academia and practice. Especially for large complex construction engineering projects, how to
achieve sustainability-related objectives in project practices has been endowed with an irreplaceable
significance. This study explores the use of project planning practices for integrating sustainability
into project management practices of construction engineering projects. Sustainable project planning,
as the main instrument of sustainable project management, was put forward and measured to help
project managers and practitioners understand what it is and how to carry it out in construction
engineering projects. Qualitative methods based on content analysis of interview data of project
managers from construction engineering projects, as well as quantitative method on account of
exploratory and confirmatory factor analysis of statistical data, were used to define and assess the
construct of sustainable project planning (SPP). Results indicate that SPP as a project planning practice
combine the principles of sustainability should consist of three dimensions—managerial control,
risk response, and work consensus—to guarantee sustainable construction and predict project success
of construction engineering projects. This study shed light on academics and practices concerning
the sustainable management of project planning activities and the achievement of sustainable-related
objectives in construction engineering projects.

Keywords: sustainable project planning; sustainability; project management; construction engineering project

1. Introduction

Sustainability under the context of projects have been drawing an attention due to the growing
resource constraints, the increased number of stakeholders involved and the balanced requirement
of environmental, economic and social objectives [1–3]. As an effort to treat environmental and
social issues in the same way as economic aspects when doing business, sustainability with three
components (economic, environmental and social sustainability) recently was proposed to be integrated
into practices of project. Especially for the project goal and the process through which the project
is managed, the requirement of sustainability will challenge the project deliverables as well as the
project delivery process [4,5]. It requires optimizing resource allocation, planning strict schedule,
and simultaneously achieving the sustainability-related objectives under such various challenging
constraints, especially for large construction engineering projects [6–8]. Construction engineering
projects, as typical complex and uncertain projects, over a long period of time, involve many
stakeholders (i.e., governments, suppliers, designers, owners, contractors and end users), and have
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profound impacts on society [9,10], are gradually required to enhance cooperation among various
stakeholders, meet the series of deliverable objectives and ensure a high-level sustainability [11,12].
Thus, how to integrate sustainability into construction engineering project has been a challenge in the
project management field.

Sustainable project management, as the practices through which projects are controlled to
ensure the achievement of their goals of sustainability [13], becomes a potential area for practical
implementation of sustainability. According to extant researches, sustainable project management
focus on the planning, monitoring and controlling of project delivery and support processes to
ensuring that project is updated and ready to face sustainability-related problems, based on the
environmental, economic and social principles of the life-cycle of project’s resources, processes,
deliverables and effects [5,6]. The definition of sustainable project management involves internal
and external perspective.The former related to the project management in project delivery process
along project life cycle, while the later focus on the sustainable development of the project deliverable
along product life cycle [14]. Because the sustainability of the project delivery process has direct impact
on the results of the sustainability of project deliverable in life-cycle, it is more effective to realize
sustainability in project delivery process. In this study, we focus on how to integrate sustainability into
construction engineering projects from internal project management perspective.

Even though sustainable project management has been put forward to integrating sustainability
into project management, it is still an overlooked and difficult area. Several researches explored
the practices of integrating sustainability into project management from the perspective of critical
success factors, project portfolio management, project control and so on [1,11,15]. Compared with other
practices, project planning as a leading practice of project management process should be paid more
attention with the goal of realizing sustainable project management effectively and successfully in the
project life cycle. As one of the main compositions of sustainable project management, project planning
was seen as a system thinking and arrangement process related to project life cycle. It takes place
both outside (through local, regional and legal requirements) and inside the project organization at
different levels and guides the process of the project delivery to balance the various requirements
of stakeholders [11]. Because of direct impact on sustainability-related objectives of construction
engineering projects, such as cost, resource, schedule, stakeholders’ satisfaction [16,17], it is necessary
to integrate sustainability into project planning practices to ensure the projects are delivered in
a sustainable way [18]. However, even if scholars and managers in the construction engineering area
acknowledge the significance of project planning [19–21], it is still unclear how much effort should
be made in planning activities for effectively achieving a high level of sustainability. That means that
there is no common understanding of the project planning practices combined with the principle
of sustainability, which was called “sustainable project planning” in this study. For integrating
sustainability principles and elements into project planning practices and maximizing the leading
role of project planning, it is necessary to define and develop the concept of sustainable project
planning. The lack of a common understanding and measurement on sustainable project planning
means lacking of a method that is useful and applicable to involve sustainable elements to projects.
Thus, the definition and empirical evaluation of sustainable project planning has a fundamental role in
realizing sustainability-related objectives of construction engineering projects. In previous studies,
project planning has been explored and accessed from different perspectives. It can be essentially
measured by schedule, budget, and scope based on the compositions of planning [19], while most of
the studies focused on its processes. One group of maturity models is evaluating the overall ability of
project management processes related to planning process in spite of concentrating mainly on project
quality and overall processes [22]. Although the Project Management Body of Knowledge (PMBOK)
also identifies 51% of project processes related to planning, it has low redundancy and flexibility [16,
23]. Project Management Planning Quality (PMPQ) consisting of project know-how processes and
organizational support processes receives a great deal of attention due to the comprehensiveness [24],
while it is still difficult to deal with dynamic and sustainable project environment. There are also a few
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studies exploring the planning quality evaluation by considering the roles of planning, but they involve
some dimensions or questions that have not been validated. In sum, the focused tools could provide
relative well-rounded frameworks of project planning. However, there is still a lack of applicable
structure analysis and evaluation criteria for sustainable project planning in construction engineering
projects, which explicitly explains how sustainability could be achieved by planning effectively.

Therefore, the purpose of this study is to explore sustainable project management through project
planning practices in construction engineering projects. This paper aims to fill the gap in research
by proposing and assessing the concept of sustainable project planning to account for sustainability
in construction project management. The research questions of this study are what the sustainable
project planning is in construction engineering project context and how to evaluate it for sustainable
construction. In order to answer these research questions, previous researches on the definition
and evaluation of project planning and the sustainable requirements for project planning were
reviewed firstly in the following section. Then, the construct, sustainable project planning (SPP),
was analyzed with empirical data gained from interviews and discussions of focus groups. A reliable,
valid, and widely applicable scale was developed to measure it. Results show that sustainable project
planning involves three dimensions to integrating sustainability into project planning practices and
predicts project success in project life cycle. This study will allow researchers and practitioners
in the construction engineering industry to understand and evaluate sustainable project planning
accurately. It will also contribute to recognizing the efforts invested in project planning for social,
ecological, and profitable delivery of the project, enhancing sustainable project planning capabilities,
and guaranteeing the achievement of socially and environmentally acceptable deliverables.

2. Literature Review

2.1. Defining Sustainable Project Planning

Project management processes start with project initiation and planning followed by execution,
control, and closing processes. Project planning as the first and critical process being performed is
comprehensively explained in PMBOK (5th edition), which relates to 24 processes of the overall 47 project
management processes [16]. Researchers have identified project planning as a significant facilitating factor
in implementing projects successfully [19–21]. Thus, the definition of project planning has constantly been
proposed by different standpoints, such as its compositions, approaches, processes, and roles.

Project planning is defined as a set of detailed directions to let the project team precisely
understand what activities have to be performed, when it should be done, what cost and resources need
to be employed for the sake of successfully generating the project deliverables [25]. Project planning
can also be seen as a decision-making process concerning systematically clearing project targets,
identifying activities, establishing precedence relationships, scheming time tables, defining project
completion time, constantly comparing project schedule objectives and ensuring resource to meet
project requirements so that various objectives of different stakeholders can be achieved by common
acceptable goals and paths of action [16,26]. From a sustainable project management perspective,
however, the project planning needs to be defined from the functions of project planning on what
kind of planning activities can achieve sustainable project management, especially for construction
engineering projects. The definition of sustainable project planning should combine the project
planning activities together with the principle of sustainability, which need to shift the process,
activities and functions of present project planning to a sustainable way to ensure social, ecological and
profitable delivery of projects.

Considering the function of project planning of existing researches, the primary goal of project
planning is to decrease uncertainty [27]. Planning effort has been even viewed as a risk management
tool in a high-risk environment [26,28]. Besides, mature planning can also provide necessary tools
to make objectives increasingly specific and clear, and direct the behavior of a project to enhance the
execution efficiency [29]. On the sustainable comparison with actual progress and the plan details, the
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project can be achieved by timely tracking, carried out by social, ecological, and profitable deliveries,
and guided to success throughout its life cycle [30]. Thus, project planning provides a basis for
directing, monitoring and control. In addition, proper project planning could inform team members of
the common goals to make better sense of project objectives [31]. Laufer and Tucker [32] concluded
that effective engineering planning plays four distinct roles: execution, coordination, control and
forecasting. Execution concerns are directing parties to implement the project. Coordinating refers
to communicating with many stakeholders based on the project plan. Control involves constantly
evaluating performance and taking corrective actions when project performance diverges from plans,
finally, forecasting the possible risks during implementation. Limited literature views project planning
directly as an instrument to maintain internal sustainability along the project life cycle or organizing
roles of project planning from a sustainable project management perspective, and leaves space for
expanding roles of project planning for sustainability [33]. In fact, some existing functions such as risk
prevention already provides a potential chance of life cycle thinking for project planning to integrating
sustainability. While the application of sustainable project planning needs a more systematic rethinking
of the functions, core characteristics and methods of the concept to guarantee the sustainability-related
objectives. Thus, the definition and dimensions of sustainable project planning for construction
engineering projects need to be explored further.

2.2. Previous Measurement of Project Planning

The evaluation and measurement of sustainable project planning is the foundation to apply it in
implementing sustainable project management effectively. As the sustainable project planning focuses
on project planning practices with consideration of sustainability, the assessment of sustainable project
planning needs to be based on the measurement of project planning. Researchers have been using
several measures with different views, names, and items to analyze the project planning. From the
perspective of planning contents, project planning can be essentially evaluated by schedule, budget and
scope [19]. Similarly, engineering project planning effectiveness consists of cost, time, quality and
man-hour variance [34]. The project planning practices in ERP were all organized along scope planning,
baseline planning and risk planning practices [35,36]. There are also several indexes used for computing
the planning level with lack of established validity. For example, preproject-planning index is computed
with a weighted set of planning written documents [17], and Project Definition Rating Index (PDRI) is
also a weighted score sheet mainly used for determining the level of scope definition [37].

Most studies still prefer to evaluate project planning from the process-based view. The evaluation
of the planning process is one of the first-involved in the maturity models focusing on the capability
of organizational processes even if it is not treated as a significant component. For example,
Software Capability Maturity Model (SW-CMM), the most famous maturity model, only includes
one planning process among 18 key processes areas [22]. However, planning processes attach great
importance to PMBOK identifying 47 project processes, involving 24 (51%) parts [16]. Zwikael and
Globerson [38] proposed Project Management Planning Quality (PMPQ), one of the comprehensive
measures of the planning quality, consisting of 16 items relating to project manager’s know-how
processes derived from the PMBOK and the other 17 items relating to organizational support processes
identified mostly from existing maturity models. Even if the tools could measure planning from
a comprehensive process, they still lack of flexibility. Facing the requirements of sustainability,
project planning needs to be evaluated from a sustainable perspective. Hence, what role project
planning plays in facilitating project sustainability and success in a project life cycle is also the critical
aspect of sustainable project planning.

According to the roles of project planning, several studies also measured it from the standpoint
of functions, while most of them focused on the different background and only proposed a few
dimensions or questions without being validated. For example, Grover and Goslar [39] put forward the
IS planning maturity construct with five questions reflecting the importance attributed by managers
to goal-setting and communication in the planning process. Engineering planning was captured
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by constructability and value engineering [40]. Strategic planning is constructed by formality of
written procedures and documents, comprehensiveness of strategic alternatives, participation of
diverse groups and intensity of committed resources [41]. The empirical evaluation of sustainable
project planning in construction engineering projects also needs to be developed from the roles
for sustainability.

In sum, these measurement scales lack pertinence and specialization in defining and evaluating
sustainable project planning in construction engineering context. Thus, a reliable and valid scale
of sustainable project planning involves processes and functions need be developed. It will bring
standardization to the study of sustainable project planning in construction engineering projects and
promote sustainable project management from the perspective of sustainable project planning.

3. Scale Development

The need for understanding and applying sustainable project planning require an accurate
measurement of this construct. With the aim of developing a reliable and valid scale of SPP in
construction engineering projects, we followed the steps described by Churchil [42], with procedural
refinement as recommended by Flynn and Pearcy [43] and Stratman and Roth [44]. The scale
development process is shown in Table 1. Because there is no common understanding of sustainable
project planning in existing researches, it is necessary to explore and explain it from the practices of
integrating sustainability into project planning. Thus, we generated the initial items from interview
data of project managers who conducted sustainable project planning in their construction engineering
projects using content analysis firstly. Next, we collected statistical data and analyzed them with
exploratory factor analysis to purify items for final scale development. Then, we analyzed another
data set with confirmatory factor analysis and generate the final scale of SPP. Finally, this SPP scale
development ended with evaluation of construct validity. The reliable and valid scale of SPP provides
a common understanding and basis of evaluation and application of project planning practices with
principle of sustainability.

Table 1. Scale development process.

Stages of Scale Development Process Details

Defining construct and generating items

• 25 interviews from project managers
• Content analysis of interview transcripts to clarify the

construct and extracted codes
• 66 free nodes were extracted and classified

Item generation and purification

• 66 free nodes were transformed to items
• Items were purified by adopting frequency-based

approach and focus group approach
• 25 items are retained for the next step

Scale purifications

• Initial reliability assessment
• Exploratory factor analysis
• Dimensionality
• Item refinement and reduction

• National survey to project managers
• 14 items meet the psychometric criteria and are retained

for the next and final steps
• Naming the dimensions for project planning quality

Finalization of the scale

• Confirmatory factor analysis
• Convergent validity
• Discriminant validity
• Construct reliability
• Predictive validity

• 14 items meet the psychometric criteria and are retained
for the validity tests

• Validation of the scale
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3.1. Developing the SPP Scale

3.1.1. Generating the Items

Even though the existing understanding of sustainable project management provides a direction
for sustainable project planning, it is still unclear that what kind of efforts should be made and what
is the core characteristics of sustainable project planning. Thus, twenty-five project managers from
the industry of civil engineering, construction, energy, chemical engineering were interviewed to
establish an understanding of sustainable project planning. Interview was stopped until theorectical
saturation was reached for the concept of sustainable project planning in construction engineering
projects. Participants were selected by using the stratified convenience sample approach described
by Creswell [45]. All participants have more than five years’ management experience of construction
engineering projects, and approximately 50% of the participants have been project manager for more
than ten years. Our interviews involved large percentage of experienced project managers to make
sure representation of interviewees with an in-depth understanding of their projects. Interviewees
were asked, “If someone described their project planning as sustainable, what would that statement
mean to you?” “How do you tell the difference between a well sustainable project planning and
a lower one?” “What’s the requirements of sustainable project management on project planning?”
Other questions were related to the perceived advantages of being a project with sustainable project
planning. We recorded all interviews by audio, and eventually transcribed and analyzed them by
using QSR Nvivo10.

Using the sentence as the unit of analysis, codes were developed following the “in vivo code”
approach. This procedure was followed for each question in the questionnaire, generating a total of
66 codes. Next, the codes were categorized into common themes. Recognizing that categorization can
condition the analytical success of a study, care was taken to categorize codes by the subject matter
of each text unit. Table 2 shows the cumulative frequency counts of all themes of sustainable project
planning. Project guarantee was the most frequently mentioned dimension (96%), which reflect the role
of sustainable project plan to ensuring project implementation successfully and sustainably in project
life cycle. Likewise, 22 out of all 25 respondents referred to risk reduction (88%), which indicates
that sustainable project planning should reduce the risk and uncertainty about delay, waste, and cost
emerging from construction engineering project life cycle. The team perception dimension appears to
be more popular than external orientation (76% vs. 52%), which also show that sustainable project
planning will pay more attention to project stakeholder’s social feelings and identity in construction
engineering project life cycle.

Table 2. Cumulative frequency counts of all themes.

Text Units Documents Documents%

Project Guarantee 344 24 96%
Risk Reduction 166 22 88%

Team Perception 118 19 76%
External Orientation 54 13 52%

Total 771 25 100%

By reviewing the existing literature and the interview data, sustainable project planning was
defined as a process using project planning practices to ensure social, ecological and profitable delivery
of the project, which reflects the extent that a project planning process and its deliverables meet the
needs of sustainability in project life cycle. Then, sustainable project planning will also guarantee the
social, environmental, and economic goal of construction engineering project deliverables throughout
its life cycle [13]. For example, Interviewee A point out that “The sustainable project planning refers to
the extent that a project can guide the implementation process of project sustainably, which will affect
the project success directly.” Project Manager B emphasizes that “The sustainable project planning
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manifests the capability and the effectiveness that a project team utilizes project plan to accomplish
project tasks and achieves project goal sustainably in a project life cycle”. Following the qualitative
analysis, 66 nodes were coded to represent the sustainable project planning.

3.1.2. Item Purification

Sixty-six codes were extracted from the transcripts through in vivo coding, and transferred to the
corresponding items. These items were the description of the core characteristics of the sustainable
project planning and often quoting or paraphrasing from the participants themselves. In order to reduce
the number of items to a more manageable level while still retaining essential data characteristics,
27 items with fewer than three text units were eliminated by means of a frequency-cased approach.
Participants from previous interviews were asked again to rate the 39 items on their performance in
“differentiating construction engineering projects which have sustainable project planning from those
have less so” in a 5-point evaluation scale. 9 items that score below three were removed. Then the
list of items were discussed with eight experts from project management field in a focus group to
establish content and face validity. Four project management researchers and 4 project practitioners
were invited to judge all 30 items. In the beginning, participants had 10 minutes to rate the items.
Subsequently, focus group discussed each item with respect to uniqueness, suitability, and ability to
pass on the intended meaning. After this step, the scale retained 25 items and refined following the
experts’ suggestions. Appendix A shows the final list of 25 potential items for the next step.

3.2. Statistical Assessment of the Scale

3.2.1. Survey

The purposes of this statistical assessment section are to explore and examine the dimensions of
sustainable project planning and develop a measuring instrument of SPP in construction engineering
projects. We have conducted an online survey of construction engineering project managers in
the industries (civil engineering, energy, petrochemical, transportation and so on) to collect the
statistical data. Project managers are appropriate sample data for the survey which is mainly related to
project-level variables. Project managers were used as single informants commonly in organization
studies [1,33]. Hambrick [46] also indicated that manager’s perceptions were prone to the same
phenomenon compared with others in positions elsewhere. In the same way, project managers of
construction engineering projects are likely to have more knowledge about the situation of project
planning process and outcome in a specific project than their superior and other project team members.
Based on a five-point Likert scale, respondents were asked to rate the extent to which item of sustainable
project planning expressed their project. The questionnaire also included Project success (PS) Scale for
validity purposes [47].

Because of the geographic distribution of samples, and the consideration of speed, accessibility
within reasonable cost, we conduct the survey through the web [48]. Four-hundred sixty individuals
from the well-established project manager database of the research team became the target population.
Three-hundred fifteen responses were received, indicating 68.48% of those contacted. 12 cases were
eliminated due to incomplete (more than 20%) and consistent response, leaving 303 usable cases for
analysis (see Table 3 for sample characteristics). Respondents with more than 10 years professional
experience accounted for 40%, which can ensure the quality of response for project planning situation.
In order to assess the potential non-response bias, wave analysis was adopted [49]. Results showed that
no means between the first 25% of responses and the last 25% for each of the scale were significantly
different at p = 0.05, indicating that non-response bias is not a serious issue in this study.
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Table 3. Sample characteristics.

Percentage

Gender
Male 86%

Female 14%

Professional
experience (in

years)

1–3 20%
3–5 16%
5–8 15%

8–10 9%
>10 40%

Number of team
members

1–20 41%
20–50 27%

50–100 18%
100–200 5%
200–500 4%

>500 5%

Company type
State-owned 74%

Private 21%
Multinational 5%

Industry

Energy
Civil Engineering

Hydroelectric
Petrochemical
Transportation

Others

38%
25%
12%
6%
4%

15%

3.2.2. Exploratory Factor Analysis

We conducted exploratory factor analysis (EFA) so as to identify items that share significant
variance and explore the dimensions of SPP. Even through sample size is a potential issue to conduct
exploratory and confirmatory factor analysis at the same time, Guadagnoli and Velicer [49] stated
that there is no theoretical or empirical reasoning for a specific sample size. Therefore, we assigned
all cases to an exploratory (153 cases) and a confirmatory (150 cases) data set randomly [50]. At the
beginning, the corrected item-total correlations for 25 items of SPP with the exploratory data set
were calculated. 11 items with an item-total correlation less than 0.5 were omitted for the low
inter-correlation, leaving 14 items for the next step. Then, the bivariate correlations of all items
were examined to ensure that none was more than 0.9 as suggested by Field [51].

The principal axis factor analysis with oblique rotation was adopted to test those 14 items.
The Bartlett’s Test of Sphericity being statistically significant (894.93, df = 91, p < 0.000), with the
“meritorious” Kaiser-Meyer-Olkin index 0.851 [52]. Factors were allowed to share variance in the context
of exploratory factor analysis with oblique (Promax) rotation, which is deemed suitable in this situation,
as we expected the factors of the SPP scale are likely to be sub-dimensions of a common construct.

A three-factor solution explained a total of 59.80% of the variance, which reveals the consistency
to theory by factor analysis. Table 4 reports the structure matrix and provides ranges, means,
standard deviations, Cronbach’s alphas, and factor loadings of each item. Internal consistency
reliability of the three factors of SPP was sufficient by calculating the Cronbach’s alpha (Factor 1 = 0.813,
Factor 2 = 0.823, Factor 3 = 0.723), according to the recommended reliability value of 0.70 [53]. Based on
specific psychometric criteria, factor loadings of all 14 items were ranging between 0.533 and 0.835.
Thus, these 14 items was retained to serve the final stage of scale development process.
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Table 4. Scale items, descriptive statistics and factor loadings.

Factor Item Range Mean SD Factor Loading

Factor 1 (alpha = 0.813)

MC1 Our project plan includes managerial control
measures for project implementation. 1–5 3.93 0.87 0.572

MC2 We implement project task in accordance with the
managerial control measures setting in project plan. 1–5 3.93 0.85 0.669

MC3 Project planning deliverables were used by project
manager to control team member sustainably. 1–5 3.90 0.88 0.663

MC4 Project quality management was implemented
sustainably based on the project plan. 1–5 3.97 0.93 0.774

MC5 We track and monitor project progress effectively
according to project plan. 1–5 3.94 0.89 0.733

Factor 2 (alpha = 0.823)

RR1 Project potential risks were identified during project
planning process. 1–5 3.82 0.93 0.675

RR2 Our project planning deliverables contain the
evaluation results for potential risks. 1–5 3.36 1.05 0.835

RR3 Solutions for potential risks will be exported after
project planning process. 1–5 3.53 1.11 0.704

RR4 We usually avoid the potential risk proactively
during project planning process. 1–5 3.45 0.87 0.671

RR5 We can respond the risk emerging from project
implementation process effectively with project plan. 1–5 3.61 0.87 0.556

Factor 3 (alpha = 0.723)

WC1 Project team will jointly decompose project
activities during project planning process. 1–5 4.03 0.73 0.645

WC2 Our project members always negotiate with the
conflicting issues of project plan together. 1–5 4.09 0.81 0.650

WC3 Our team members acknowledge project’s baseline
plan unanimously. 1–5 3.82 0.81 0.709

WC4 We will follow the steps from predetermined
project plan to implement project sustainably. 1–5 3.64 0.86 0.533

Extraction method: Principal axis factoring. Rotation method: Promax with Kaiser normalization.

3.2.3. Naming the SPP Dimensions

The exploratory factor analysis suggested that the sustainable project planning consists of three
dimensions, with each measured respectively by five, five and four items. The first dimension plays
a dominant role, explaining 41.40% of the total variance of SPP, while the second and third dimensions
account for 10.38% and 8.02% separately. The significant correlation between three factors is shown in
Table 5.

Table 5. Correlations between factor scores.

Factor 1 Factor 2 Factor 3

Factor 1 (Managerial Control) 1 0.570 a 0.700 a

Factor 2 (Risk Response) 0.570 a 1 0.537 a

Factor 3 (Work Consensus) 0.700 a 0.537 a 1
a Correlation is significant at the 0.01 level (2-tailed).

Factor 1—Managerial Control (MC)

The first factor was loaded by five items. The majority of items relate to the extent that a sustainable
project planning process and its deliverables can guide, monitor and control project sustainably,
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which reflect on the setting managerial control measures in project planning stage and utilizing them
sustainably in construct engineering project life cycle. We call this factor “Managerial Control” and
discuss it in Section 4.

Factor 2—Risk Response (RR)

The second factor also correlate with five items. These items relate to identifying, analyzing,
preventing, and coping potential risks raised from construction engineering projects, which indicated
the sub-dimension of sustainable project planning is with respect to sustainable risk management
and the proactive efforts in project planning to reduce resource waste, cost and time risk, and social
conflicts. Therefore, we define this dimension as Risk Response.

Factor 3—Work Consensus (WC)

The third factor are composed of four items, which are all related to team member’s sustainable
perception of project planning process and outcome. Items suggests that sustainable project planning
in construction engineering projects will also concern the identity situation of team member as
stakeholders to project plan, which is expressed in the collaboration, communication, negotiation and
recognition among project team during project life cycle.

3.2.4. Confirmatory Factor Analysis

For the requirements of reliability and validity of measurement scale, a confirmatory factor
analysis (CFA) was performed to load all the items on their constructs respectively and to confirm
the proposed structure of SPP scale with different data set from exploratory factor analysis.
Following Koufteros et al.’s suggestion, the LISREL version 8.7 was used to fit a hierarchical series of
confirmatory factor analysis and verify the factor structure of SPP [54]. Table 6 reports the CFA results.

Table 6. Differences in fit for alternative CFA models.

Model 1—One
First Order Factor

Model 2—Three
First Order Factors

(Uncorrelated)

Model 3—Three
First Order Factors

(Correlated)

Model 4—Three First
Order and one

Second Order Factor

Chi-square (df) 359.98 (75) 337.22 (75) 188.59 (72) 181.89 (71)
Chi-square/df 4.79 4.49 2.62 2.56

NFI 0.87 0.86 0.93 0.93
PNFI 0.72 0.71 0.73 0.73
CFI 0.90 0.89 0.95 0.96

RMSEA 0.16 0.15 0.10 0.09

Four Models were included in Table 5. SPP is assumed to be a single factor with 14 items in
Model 1. Alternative models are contrasted by adopting a set of goodness-of-fit measures for each
individual model. The fourth model appears to be the exceptional case of Model 3, with the extra
restriction of structure imposed on correlations among the first-order factors. Especially for the
significant difference between Model 4 and Model 1 (∆χ2 = 178.09, df = 4, p < 0.000), implies the
discriminant validity of the factorial structure of SPP and demonstrates that Sustainable Project
Planning is a single construct with second order factor [55].

Table 7 reports the standardized regression weights for each item of SPP, together with two
sets of reliability measures (construct reliability (CR), and Cronbach’s alpha), as well as the average
variance extracted (AVE) for each individual factor. The acceptable threshold for both CR and α is
0.7 [56], and 0.45 for AVE [57]. The regression coefficients ought to be no less than 0.5 and statistically
significant. As Table 7 shows, all indicators of each hypothesized latent construct are significantly
loaded. The AVE for each individual construct was greater than the squared correlation between each
sets of constructs, which providing the evidence for discriminant validity of the items [58].
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Table 7. CFA factor analysis for sustainable project planning scale.

Standardized Regression Coefficient Reliability

Managerial
Control

MC1 0.68 a

CR = 0.87; AVE = 0.57; α = 0.80
MC2 0.81 a

MC3 0.73 a

MC4 0.72 a

MC5 0.83 a

Risk
Response

RR1 0.62 a

CR = 0.85; AVE = 0.54; α = 0.83
RR2 0.51 a

RR3 0.77 a

RR4 0.90 a

RR5 0.82 a

Work
Consensus

WC1 0.57 a

CR = 0.78; AVE = 0.47; α = 0.71
WC2 0.74 a

WC3 0.65 a

WC4 0.76 a

a Regression coefficient is significant at the 0.01 level.

3.2.5. Construct Validity

The development of SPP scale ended with testing its construct validity related to project outcomes.
Construct validity is confirmed by a construct's distinct antecedents and consequences, examining
theoretical associations between hypothesized constructs and other constructs retrieved from the extant
literature [59]. With aim of evaluating the construct validity of items of the SPP scale, structural equation
modeling was adopted to investigate one consequence—Project Success which are identified from the
past research [14]. Figure 1 describes the structural model for testing construct validity. The results
are presented in Table 8, demonstrate a statistically significant standardized regression weight for
project success and show strong predictive validity for the Sustainable Project Planning Scale at the
dimension, sub-dimension, or overall level.

Table 8. Standardized regression weights for structural model.

Project Success as Dependent

SPP->Managerial Control standardized regression weight 0.93
SPP->Risk Response standardized regression weight 0.77

SPP->Work Consensus standardized regression weight 0.88
SPP->Project Success standardized regression weight 0.63

Chi-square (df) 369.54 (164)
Chi-square/df 2.25

NFI 0.95
PNFI 0.82
CFI 0.97
GFI 0.89

RMSEA 0.06

Sustainability 2018, 10, x FOR PEER REVIEW  11 of 17 

 

regression weight for project success and show strong predictive validity for the Sustainable Project 
Planning Scale at the dimension, sub-dimension, or overall level. 

Sustainable
Project Planning

Managerial 
Control

Risk 
Response

Work 
Consensus

Project Success

 
Figure 1. Structural Model. 

Table 8. Standardized regression weights for structural model. 

 Project Success as Dependent
SPP->Managerial Control standardized regression weight 0.93 

SPP->Risk Response standardized regression weight 0.77 
SPP->Work Consensus standardized regression weight 0.88 
SPP->Project Success standardized regression weight 0.63 

Chi-square (df) 369.54 (164) 
Chi-square/df 2.25 

NFI 0.95 
PNFI 0.82 
CFI 0.97 
GFI 0.89 

RMSEA 0.06 

4. Discussion 

While Project Planning is a well-known theoretical concept in the literature on project 
management, we know little about what extent of efforts should be invested in the project planning 
stage for sustainable project management, and how to evaluate the sustainable project planning of 
construction engineering projects appropriately. This paper supported this argument, and provided 
a definition of a new construct, sustainable project planning. It also developed a scale (SPP) that 
evaluates the level of project planning on considering of sustainability successfully and predicted 
project success of construction engineering projects in a project life cycle. 

Interviews and a survey were conducted to collect data for scale development of sustainable 
project planning. The results showed that construction engineering projects with sustainable project 
planning are distinguished from those that are less so by the extent of managerial control, risk 
response, and work consensus that their sustainable project planning triggers in a project life cycle. 
From the core needs of sustainable project organizations, sustainable project planning in construction 
engineering projects need to guarantee sustainable project management in a project life cycle. Thus, 
from the internal perspective of sustainability in project management, sustainable project planning 
reflects the efforts of project planning practices for economic, social, environmental sustainability. 
Three dimensions of SPP are almost consistent with Silvius and Schipper’s [12] statement about 
competence gap of project managers concerning sustainability, particularly in systems thinking 
competencies, anticipatory competencies, and interpersonal competencies. Thus, in line with current 
researchers, the sustainability in construction engineering projects requires sustainable project 
planning to achieve self-sustaining and self-remaining in project life cycle [60]. 

Figure 1. Structural Model.



Sustainability 2018, 10, 784 12 of 17

4. Discussion

While Project Planning is a well-known theoretical concept in the literature on project
management, we know little about what extent of efforts should be invested in the project planning
stage for sustainable project management, and how to evaluate the sustainable project planning of
construction engineering projects appropriately. This paper supported this argument, and provided
a definition of a new construct, sustainable project planning. It also developed a scale (SPP) that
evaluates the level of project planning on considering of sustainability successfully and predicted
project success of construction engineering projects in a project life cycle.

Interviews and a survey were conducted to collect data for scale development of sustainable
project planning. The results showed that construction engineering projects with sustainable project
planning are distinguished from those that are less so by the extent of managerial control, risk response,
and work consensus that their sustainable project planning triggers in a project life cycle. From the core
needs of sustainable project organizations, sustainable project planning in construction engineering
projects need to guarantee sustainable project management in a project life cycle. Thus, from the internal
perspective of sustainability in project management, sustainable project planning reflects the efforts
of project planning practices for economic, social, environmental sustainability. Three dimensions
of SPP are almost consistent with Silvius and Schipper’s [12] statement about competence gap of
project managers concerning sustainability, particularly in systems thinking competencies, anticipatory
competencies, and interpersonal competencies. Thus, in line with current researchers, the sustainability
in construction engineering projects requires sustainable project planning to achieve self-sustaining
and self-remaining in project life cycle [60].

We chose to call the first dimension “Managerial Control”. Managerial control fits within the
broader concept of “control”, which refers to any attempt for motivating others to follow instructions
consistent with organizational objectives [61]. Sustainable project planning as a process to setting
up a project control system involves specific rules, procedures and policies, can regulate the use of
resources, procedures, or outcomes of projects sustainably [18,62]. Therefore, the central representation
of sustainable project planning provides a structure and yardstick for monitoring, reviewing and
controlling project execution in the whole project delivery process [5,63]. Five items are all related
to setting and playing the directing, monitoring and controlling role of sustainable project planning
in project life cycle, which reflects the extent to which project planning can guarantee cost of
producing, waste reduction, democratic processes and responsible governance structures sustainably
in construction engineering projects.

Risk Response, the second dimension, refers to sustainable project planning deal with risks comes
out of whole construction engineering project life cycle. Stemming from the needs of sustainability
and following the life cycle management method, project risks need to be identified and taken
with a precautionary approach [64]. Thus, planning is a critical stage of project risk management
and sustainable project planning effort is viewed as a critical risk management tool to reduce
uncertainty for high risk projects like construction engineering projects [26]. As Nidumolu [65]
mentioned, sustainable project planning can help manage uncertainties by way of effective and
sustainable planning, estimation, and prioritization of project activities, and the pre-management of
underlying problems within the project context. Five items refer to the extent that project identifying,
evaluating, preventing and responding risks based on sustainable project planning effort, which fits
the requirement of economic, environmental, and social sustainability forcefully.

The third dimension, which we call “Work Consensus”, focuses on the social and soft role of
sustainable project planning in maintaining the sustainability of construction engineering projects.
Project planning is not only reflecting the “technical” aspect of the project, but still can develop
“soft” environment for project team [66]. Especially for sustainable project planning, the social
sustainability need more support from the commitment of project team in the project life cycle.
For construction engineering projects with complex stakeholders, sustainable project planning increases
the opportunity for communication and likelihood that each team member understands what other
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member are proposing to do [67], and then facilitates common understanding and knowledge sharing
at project team level [68]. Thus, sustainable project planning also manifests as the efforts made on
realizing common commitment and democracy to the goals, values, and behavioral expectations of
construction engineering project team. Four items focus on the function of sustainable project planning
on driving consentaneous work identity and commitment in construction engineering project life cycle,
which guarantee sustainable project management intrinsically.

SPP successfully predicted project success of construction engineering projects, indicated that
sustainable project planning is a critical factor to affect the success of construction engineering projects,
which is in accordance with results of previous empirical researches [24].

5. Conclusions and Implications

Sustainable construction engineering emphasizes the significance of integrating sustainability
into project planning, monitoring, evaluation and decision making to enhance project quality [69].
As a bridge to link planning phase and execution phase, project planning can affect
sustainability-related objectives of construction engineering directly. Thus, what kind of effort
should be made in sustainable project planning activities and what is the core role of sustainable
project planning are the core questions to be answered. Although there is an increasing amount of
literature about the evaluation of project planning in project management field, few studies focused
on the sustainable project planning in a project life cycle, or emphasis sustainable function-based
evaluation. As the current focus of sustainability is integrated in construction engineering projects, it is
necessary to explore the concept of sustainable project planning in this context. Our research provided
a definition of sustainable project planning in the contextual setting of construction engineering
projects, and developed a new scale to evaluate it. Results show that sustainable project planning
is an instrument of life cycle management, and also indicate that the sustainable project planning
manifested three dimensions: managerial control, risk response and work consensus. At the same
time, sustainable project planning predicts project success of construction engineering projects
successfully, indicates that sustainable project planning is an important tool to maintain sustainability
for construction engineering projects.

The theoretical implication of the present study is twofold. First, we demonstrated the concept of
sustainable project planning and developed a measurement scale in construction engineering projects
for sustainable project management. The SPP scale may measure sustainable project planning from
a sustainable project management perspective and stimulate more empirical researches on the critical
role of sustainable project planning in realizing sustainability. This SPP scale could also be regarded as
a new point for studying project planning in construction engineering projects, which may provide
basis for the sustainable planning and control study in construction engineering project context.

SPP can be adopted together with measures of project success to evaluate the extent of efforts
on sustainable project planning. The acknowledgement of SPP as a construct with three inter-related
sub-dimensions provides implications for sustainable project management. Managers of construction
engineering projects can evaluate and improve the extent of sustainable project planning of their
projects by using the scale of SPP, and need to pay more attention to the role of their project planning
on directing and controlling project, reducing project risks and forming common understanding
and commitment to projects for project sustainability. These separated but inter-related dimensions
imply that the PMO and project managers ought to pay attention to them individually and foster
their development in management practice. Sustainable project management needs efforts on three
functions simultaneously during project planning to ensure sustainability in a project life cycle.

We showed that SPP successfully predicts project success from construction engineering projects
in China, which implies limitation of samples and conclusion generalization. However, even though
this scale stemmed from the construction engineering industry, the scale items are not only exclusive
to this industry, and future research can focus on the sustainable project planning and its impact on
project outcome in another project context. Similar research can be conducted worldwide to compare
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the differences between projects with different culture and enhance generalization of SPP scale, and to
deepen the concept of sustainable project planning.

In conclusion, this study explored the concept of sustainable project planning and provided
an instrument with high validity and reliability for assessing it in construction engineering projects.
The measurability of the sustainable project planning from a sustainable management perspective
enables us to understand project planning and sustainability better. By understanding the core role
of sustainable project planning and the efforts should be invested in sustainable project planning
activities, managers will be able to better organize and manage construction engineering projects in
a more sustainable way.
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Appendix A

Table A1. Original Scale Items.

Items in SPP

MC1 Our project plan includes managerial control measures for project implementation.
MC2 We implement project task in accordance with the managerial control measures setting in project plan.
MC3 Project planning deliverables were used by project manager to control team member sustainably.
MC4 Project quality management was implemented sustainably based on the project plan.
MC5 We track and monitor project progress effectively according to project plan.
RR1 Project potential risks were identified during project planning process.
RR2 Our project planning deliverables contains the evaluation results for potential risks.
RR3 Solutions for potential risks will be exported after project planning process.
RR4 We usually avoid the potential risk proactively during project planning process.
RR5 We can respond the risk emerging from project implementation process effectively with project plan.
WC1 Project team will jointly decompose project activities during project planning process.
WC2 Our project members always negotiate with the conflicting issues of project plan together.
WC3 Our team members acknowledge project’s baseline plan unanimously.
WC4 We will follow the steps from predetermined project plan to implement project sustainably.

Omitted Items

Our project plan reflect project objectives well.
Our project plan contains appraisal target for each person in charge.
Our project plan will cover all of project activities.
Project planning in our projects is a process of balancing multiple objectives.
Our final project plan usually with clear assumption files.
Methods for coordinating cross-functional activities were included in project plan.
Milestone plan for phase control were included in our project plan.
The existing resource situation were manifested in our project plan.
We usually conduct analysis of the needs of users in project planning phase.
Previous project planning template will used in project planning process.
Project planning software will be used in project planning process.
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