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Abstract: The concept of sustainable development is gaining increasing popularity in construction
industry. Previous studies have prioritized on the sustainable performance of construction projects
from perspectives of economy and environment, social performance of construction projects has
not drawn much attention. Social performance of construction projects refers to the extent which
the projects meet the needs of current and future generations. Therefore, social performance
of construction projects is critical for project success as well as social sustainability. However,
a systematic framework for evaluating social performance of construction projects is absent. At the
same time, existing methods are time-consuming and subject to certain degree of subjectivity.
To overcome these limitations, the fuzzy analytical hierarchy process (FAHP) method is introduced
in this paper to evaluate social performance of construction projects. A real-world hospital
redevelopment project was employed as an empirical study to develop the systematic framework
for social performance evaluation using FAHP method. By analyzing previous studies and the
hospital redevelopment project, a systematic framework with 18 indicators of five dimensions
(i.e., socio-economy development, socio-environment development, social flexibility, public service
development, and environment and resource conservation) was developed. Social performance of
two proposed schemes for hospital redevelopment project were evaluated using the FAHP approach.
Results show Scheme 2 has a relative higher social performance sore than that of Scheme 1 and the
hospital redevelopment project would improve socio-economy development, socio-environment
development, social flexibility, and public service development, while it brings challenges to
environment and resource conservation. More seriously, results indicate the hospital project may
threaten healthcare and disease prevention of the local communities. Therefore, more measures
should be taken to improve social performance of the hospital redevelopment project. The empirical
study shows the proposed framework using FAHP method is viable for conducting social performance
evaluation of construction projects, which could be helpful to improve social performance, reduce
negative social impacts, and contribute to the social sustainability of construction projects.

Keywords: social performance; social performance evaluation; fuzzy analytical hierarchy process;
empirical study

1. Introduction

It has been recognized that construction industry plays significant roles for the sustainable
development [1,2]. Activities within lifecycle of construction projects have inherent impacts (i.e.,
economic impacts, environmental impacts, and social impacts) to the society [3]. Compared to
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economic and environmental impacts, social impacts associated with construction projects, are the
least explicit in the “triple bottom line” principle of sustainable development [4,5]. Social impacts
of construction projects refer to certain social consequences to human populations of construction
projects that change the ways in which people live, work, play, relate to one another, organize to meet
their needs, and generally cope as members of society [5,6]. The development of construction projects
may lead to both positive and negative social impacts, e.g., land acquisition and disposal, resettlement
of nearby residents, and resource depletion [7,8]. Under certain conditions, social impacts could evolve
into social risks and even lead to social conflicts between different stakeholders if they are not dealt
with carefully and properly [9]. To mitigate negative social impacts, social impact assessment (SIA) has
widely been used within lifecycle of construction projects [10,11]. International Association for Impact
Assessment (IAIA) defines social impact assessment (SIA) as processes of analyzing, monitoring and
managing the intended and unintended social consequences, both positive and negative, of planned
interventions (policies, programs, plans, and projects) and any social change processes invoked by
these interventions [12]. Instead of addressing social performance of the project, the primary goal of
SIA is to ensure the sustainability and equity of biophysical and human environment [13,14].

Social performance refers to an organization’s response to anticipated or existing social
demands [15,16]. As a project-oriented industry, the major goal of construction firms/organizations
is to provide the society with varieties of construction projects, social performance of construction
projects could be aggregated to the construction firms/organizations level and the industry level [17].
Therefore, social performance of construction projects is crucial for the social sustainability, which is to
meet the demands of current and future populations and communities [14,18], and improving social
performance has been a major concern by all stakeholders [5,19]. Previous studies have measured
economic and environmental performance of construction projects, while social performance, as a
critical and indispensable dimension for project success and sustainable development [20,21], has not
been well studied [21–23]. It is vital to study the social performance of construction projects and
evaluate social performance of construction projects, which would not only help the decision makers
to make decisions when proposing a construction project but also enable the project managers to audit
a project and determine what kind of future improvements could be made [24].

Social performance evaluation of construction projects could be defined as improving social
performance by providing information about achievement of social aspects, it allows decision makers
to determine its ongoing performance in meeting social criteria, which helps reduce social impacts,
prevent social risks, improve the overall performance of the project, and finally contribute to social
sustainability [15,25]. While various studies have discussed the SIA of construction projects [7,8,26],
social performance evaluation of construction projects are rarely studied. Yuan [20] studied the social
performance of construction waste management, which emphasized the management process of
construction waste and the introduced research approach could not be transferred to evaluate social
performance of construction projects. A previous study conducted by Shen, et al. [2] presented
a checklist for evaluating sustainability performance, indicators reflecting social sustainability
performance of construction projects were listed as reference for conducting further evaluation. Prior
studies indicate that the research gap exists in social performance evaluation of construction projects.

This research developed a systematic framework for social performance evaluation of construction
projects. A hospital redevelopment project was introduced as the empirical study. In addition,
this study could also help to understand social performance of construction projects. The remainder of
this article is as follows: Section 2 illustrates research background and the literature review. Detailed
processes of FAHP-based method to evaluate social performance of construction projects are described
in Section 3. A systematic framework for social evaluation is developed in Section 4 by analyzing prior
studies and the introduced hospital redevelopment project. An empirical study of social performance
of two proposed schemes for the hospital redevelopment project are evaluated using the developed
approach, which is presented in Section 5. Results of the empirical study are discussed in Section 6.
Finally, research findings and limitations are stated.
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2. Research Background and Literature Review

2.1. Social Performance of Construction Projects

Social performance of construction projects reflects the extent to which the lifecycle of construction
projects meets the demands of anticipated or existing social demands. Therefore, social performance of
construction projects could be obtained by analyzing social impacts of construction projects and
the requirements for social sustainability by diverse stakeholders. Shen, et al. [2] explored the
indicators for social sustainability performance evaluation of different stages. Valdes-Vasquez, et al. [14]
identified 50 processes for social sustainability consideration during planning and design phase of
construction projects, and these processes were categorized into six categories, namely stakeholder
engagement, user considerations, team formation, management considerations, impact assessment,
and place context. Zuo, et al. [27] interviewed domain experts and 26 criteria of social sustainability
were identified, which were further discussed from three dimensions, i.e., macro level, external
stakeholders, and internal stakeholders. Tilt, et al. [7] applied SIA to explore social impacts in a large
dam project. These impacts are identified as migration and resettlement of people near the dam
sites, changes in the rural economy and employment structure, effects on infrastructure and housing,
impacts on non-material or cultural aspects of life, and impacts on community health and gender
relations. Almahmoud, et al. [28] studied social core functions (SCFs) of a construction project from
perspectives of diverse stakeholders. Capital performance, health and physical comfort, accessibility,
integration, usability psychological comfort, and operation health and safety were identified as SCFs of
a construction project. Li, et al. [8] studied social impacts of an affordable housing project and indicators
reflecting social impacts were discussed from three aspects as socio-economic effects, adaptabilities,
and social risks. Wang, et al. [5], Shi, et al. [9], Liu, et al. [19], and Liu, et al. [29] also addressed the
social risks of the construction projects. They suggested that the projects should not only be compliant
with the regulations but also meet the requirements of diverse stakeholders, especially the end-users,
which will improve project social flexibility and thereby contribute to project social sustainability.

2.2. Performance Management and Evaluation

Performance management, which is defined as a closed loop control system that deploys
policy and strategy, and obtains feedback from various levels to manage the performance of the
system [30], has been widely adopted by a wide range of industries [31,32]. Performance management
could help the project managers to continuously improve its project management practices [33].
Construction industry is no exception to the gaining popularity of performance management. Several
construction firms have adopted performance management to enhance the performance of construction
industry at different levels, e.g., organization level, stakeholders level, and project level [31,32].
As a project-oriented industry, the performance of construction projects is crucial to project success
as well as the satisfaction of the organization and diverse stakeholders [34]. However, there are
diverse goals of construction projects; accordingly, construction projects performance management
should also cover a wide range of themes, e.g., quality, cost, time, safety and health, environment,
and client satisfaction [34–37]. Traditionally, the management of construction performance relied
on three indicators (i.e., cost, time, and quality), which are lagging and fails to provide a holistic
view [24]. Construction projects, e.g., infrastructure projects, are complex engineering systems,
which require tremendous investment and would have profound and long-time impacts on the
economy, environment, and society [38]. As opined by Atkinson [39], apart from “The Iron Triangle”,
more success criteria should be accepted in project management. There are increasing studies
investigating on the social aspects of construction projects from diverse perspectives including safety
and health [34,40], social impacts, social risks, social conflicts [7,9,19,34], etc. Social performance has
been perceived as critical aspects for sustainable development and project success.

Performance evaluation is the process of determining the efficiency and/or effectiveness of past
action, which has been widely adopted to measure the performance of construction projects [34].
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Several frameworks were proposed to help the evaluation of construction projects performance.
Among the proposed performance evaluation frameworks, three are the most prevalent in construction
industry: European Foundation for Quality Management (EFQM) Excellence Model, Balanced
Scorecard (BSC), and Key performance indicators (KPIs) model [32]. EFQM Excellence Model is a
quality-based framework [31], which is frequently and more appropriately applied at the organizational
level [32,41]. BSC framework consists of a range of “leading and lagging” indicators and the
scorecard is divided into four perspectives, namely financial, custom, internal business, and innovation
learning [31,34]. Different perspectives interact under certain principles [31]. Even though the BSC is
more prevalent in performance management at project-level, four perspectives are far from enough
to cover the performance of construction projects, and more perspectives should be supplemented
to measure the performance of construction projects. KPI framework, which adopts the method of
benchmarking, selects time, cost, quality, client satisfaction, change orders, business performance, and
health and safety as the seven key performance indicators to measure the performance of construction
projects. In practice, KPI framework is more flexible, indicators of different aspects could be clustered
to measure certain aspects of project performance, which makes it widely adopted in construction
projects performance measurement, and various studies have been conducted to measure the overall
or partial performance of construction projects [34,42]. Based on KPI framework, several tools have
been developed to help the evaluation of construction projects social performance such as SIA tool [12],
checklist method [2], success factors identification, social network analysis [28], etc. However, current
calculation methods for social performance management based on KPI framework are subjected to
certain degree of objective [32]. Alternative approaches should be devised to reduce this limitation.

To sum up, performance management has been employed to help project managers continuously
improve project outcomes, social performance as one of the key aspects for projects success and
sustainability is gaining increasing interests by research scholars and practitioners. Unfortunately,
social performance of construction projects has not been systematically studied. In addition,
among three most prevalent performance measurement frameworks for performance management in
construction industry, KPI framework based on benchmarking method is the most appreciated for
developing tools to evaluate construction project social performance. However, since indicators for
social performance are intangible, KPI–based approach is time-consuming in identifying indicators
and relatively subjective. Therefore, considerations should be given to mitigate the subjectivity of
these tools.

3. The FAHP-Based Method for Social Performance Evaluation

To improve the efficiency and reduce the degree of subjectivity, the fuzzy analytical hierarchy
process (FAHP) was adopted in this study to develop the approach for the evaluation of construction
projects social performance. The method of FAHP is developed from AHP method, which was first
established by Saaty [43] in 1981. The AHP method has been widely used by scholars in many fields,
including performance measurement [32]. However, the application of AHP method is yield to the
degree of uncertainty and subjectivity. Zeng, et al. [44] pointed that experts may find it hard to select
a single number in the comparison process. Instead of a definite value, it would be proper to give
a range values for comparison, e.g., 2 to 5. To avoid the deficiency, FAHP approach proposed by
Zeng, et al. [44] was employed in this research to conduct social performance evaluation. The FAHP
approach consists of the following six successive steps.

Step 1: Identification of attributes

In the first step, the FAHP is adopted to identify the common attributes of the given problem.
A comprehensive and accurate identification of these attributes is fundamental for the evaluation
approach, as the study relies heavily on these attributes while the misconception of these attributes
results in a failure of the research model. Similarly, as depicted by Bititci, et al. [30], performance
measurement is usually determined by the metric of a number of indicators, and thereby the
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fundamental step would be the identification of indicators that could be employed to evaluate social
performance of construction projects.

Step 2: Pairwise comparisons under fuzzy environment

Once the attributes related to the problem were clearly identified, a pairwise comparison among
the common attributes has to be made: one over and another under the fuzzy environment. To set up
this fuzzy pairwise comparison, experts are invited to complete a comparative questionnaire. Answers
from experts are used to compare each attribute and convert the linguistic comparison into the fuzzy
pairwise relation matrix.

Ã =


1 r̃12 r̃13 · · · r̃1n

r̃21 1 r̃23 · · · r̃2n
...

...
...

. . .
...

r̃n1 r̃n2 · · · · · · 1

 (1)

Step 3: Defuzzification

The pairwise comparison was composed of fuzzy numbers in Step 2, and then these triangular
fuzzy numbers are transformed into crisp numbers. The conversation process is called defuzzification
process. For various types of defuzzification methods are buried in the literatures, this study utilizes
the centroid method of defuzzification for its wide acceptance [45]. The linguistic variables described
by fuzzy numbers are denoted by membership functions [45], which are presented in Table 1 and
Figure 1, separately.

Table 1. Scale for relative importance used in the pairwise comparison matrix.

Intensity of
Importance Fuzzy Number Linguistic Variables Triangular Fuzzy

Numbers (TFNs)
Reciprocal of

TFNs

1 1̃ Equally important (1,1,3) (1/3,1,1)
3 3̃ Weakly important (1,3,5) (1/5,1/3,1)
5 5̃ Important (3,5,7) (1/7,1/5,1/3)
7 7̃ Strongly important (5,7,9) (1/9,1/7,1/5)
9 9̃ Extremely important (7,9,11) (1/11,1/9,1/7)
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Step 4: Estimation of global weights

The defuzzified pairwise comparison gained from the previous steps is processed through various
standard arithmetic operations of formal AHP to seek the global weights of each attribute (W). The
calculations processes standardize the defuzzified pairwise comparison matrix (all values in the
matrix should be kept between 0 and 1) and calculate the eigenvalue (x) with the help of the sum of
standardized rows, where the eigenvalue is the global weight of each attribute (W) [46].

Step 5: Consistency check

The collected data based on the experts’ judgements are subject to a certain degree of subjectivity,
which naturally has errors. Therefore, the consistency of these attributes of the criteria and the relevant
steps should be checked. The consistency index (CI) introduced for a pairwise comparison matrix is
listed below:

CI =
λmax − n

n− 1
(2)

where λmax is the largest eigenvalue of the comparison matrix; and n is the dimension of the matrix or
the number of decision criteria under consideration.

The consistency ratio (CR) is given as:

CR =
CI

RI(n)
(3)

where RI(n) is a random index relying on the size of matrix. The random index values of random
matrices introduced are listed in Table 2. If the consistency ratio (CR) is equal to or less than 0.1, the
result is acceptable. However, if the value is greater than 0.1, the decision makers have to remake
pairwise comparisons to achieve consistency in their responses.

Table 2. Random index values.

N 1 2 3 4 5 6 7 8 9 10

RI(n) 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.51

Step 6: Establishment of assessment sets and fuzzy comprehensive assessment of multiple indices

Fuzzy comprehensive assessment method can be used to quantify the fuzzy indices or define the
membership degree via building hierarchical fuzzy subsets, which is based on the fuzzy transformation
to synthesize each index.

To quantify different attributes of each assessment index, the semantic scales of subjective
assessments are used to establish assessment classes, namely, V = (v1, v2, · · · , vn). Then, according to
experts’ responses, the score assessment matrix of the entire index system (R) can be acquired, which
is denoted as follows:

R = (rij)m×n =


r11 r12

r21 r22

. . . r1n

. . . r2n
. .

rm1 rm2

. .
. . . rmn

 (4)

where n is the number of the decision schemes; m is the number of indicators of index system;
Ri = (ri1, ri2, ri3, · · · , rim), (i = 1, 2, 3, · · · , m) is the single index fuzzy assessment class of index i; and
rij is the membership degree.



Sustainability 2018, 10, 2329 7 of 16

The assessment score matrix (R) and the global weight of each attribute (W) obtained from
Steps 4 and 5 are multiplied to get fuzzy evaluation results of the index system. The result of fuzzy
comprehensive assessment of multiple indices is as follows:

Z = W·R = {Z1, Z2, . . . , Zn} = {w1, w2, . . . , wm}·


r11 r12

r21 r22

. . . r1n

. . . r2n
. .

rm1 rm2

. .
. . . rmn

 (5)

where Zi is the final score of the ith plan after fuzzy comprehensive assessment. The decision scheme
with the largest Zi is the optimal plan.

4. Framework for Social Performance Evaluation of Hospital Redevelopment Project

To develop a systematic framework to evaluate social performance of construction projects,
prior studies on social impacts associated with construction projects and requirements for social
sustainability indicators for social performance evaluation are beneficial. Besides, to help the
understandings of the proposed indicators, a hospital redevelopment project named “South New-Town
hospital (Nan Bu Xin Cheng (NBXC) hospital in Chinese)”, which locates in the southern part of
Nanjing, the capital city of Jiangsu province, China, was introduced in this research as a complement
to understand the social performance. The real-world project also helped to conduct the empirical
study of the proposed FAHP-based evaluation approach. Social performance of two schemes proposed
for the hospital redevelopment project were presented and evaluated using the proposed approach.
Figure 2 presents the location and sketch of NBXC hospital projects.
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4.1. Social Impacts of the Hospital Redevelopment Project

Before NBXC hospital project was developed, a community hospital, which only had basic
equipment and provided only outpatient service to the nearby residents, had run for years. However,
the rapid urbanization accompanied with fast increase in aging population have led to great challenges
to the capacity and service of hospitals [47]. As the community hospital could only provide basic
medical service, it could no longer satisfy the demands of the nearby communities due to its outdated
equipment and capacity. As shown in the left part of Figure 2, a military airport and several residential
communities are around the former hospital. Therefore, this area was quite noisy due to the takeoff
and landing of aircraft. In addition, the development of transportation system as well as the local
economy were highly restricted by the military zone.

In 2010, the local government decided to redevelop the hospital and two schemes were proposed.
The first scheme (Scheme 1) was to redevelop the hospital without demolishing it and just replace
the outdated equipment with the latest one. This scheme would not change the land use of nearby
area and thereby make little disturbance to the nearby communities. Accordingly, it would require
little investment and improve the capacity of the hospital, which is seriously concerned by the local
government when the populations are gradually increasing with the rapid urbanization of Nanjing.
The second scheme (Scheme 2) suggested building the NBXC hospital project. The former building for
the community hospital would be demolished in Scheme 2 to build the NBXC hospital project. Medical
experts and advanced medical equipment would be introduced in the new hospital. Finally, Scheme 2
was selected and NBXC hospital project started from January 2012 and would begin operation in June
2018. Table 3 briefly compares the parameters of Schemes 1 and 2.

Table 3. A brief comparison of Schemes 1 and 2.

Parameter Scheme 1 Scheme 2

Investment Less than 1 million CNY 3.5 billion CNY
Capacity No bed available 1500-bed
Service Outpatient service only Outpatient and inpatient service

Floor area Less than 1000 square meter Over 300,000 square meter
Other function No other function Research and development

Nearby facilities Military airport Subway station, business centers
Service area Local community National

To build NBXC hospital, the government negotiated with the military sector and changed the
land use; the airport was relocated to another area of the city. The affected residents were resettled
and compensations were also paid. As presented in Figure 2 and Table 3, the government invested
3.5 billion CNY on this project with an ambitious plan to improve the nearby circumstance. Finally,
NBXC hospital covers an area of over six acres, which consists of several buildings providing inpatient,
outpatient, and emergency healthcare services; buildings for research purpose; etc. The main building
is a nineteen-story building with two stories underground, and a total floorage of >300,000 m2, which
could provide 1500-bed capacity for the public. One subway line and several municipal roads were
built to make it easier for the public to get to the hospital. In addition, the newly built NBXC hospital
was equipped with the latest technologies, and special considerations were also given to the medical
waste management to avoid polluting the local environment. As declared by the government, NBXC
hospital ranks among the first tier nationwide according to the Chinese medical ranking system.
The operation of NBXC hospital would greatly help to enhance healthcare service of this area and
satisfy the demands of the local residents for high quality healthcare service. In addition, with the
advanced technologies and most famous experts, NBXC is also attractive for patients of all the country,
which would drive the development of local economy.
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4.2. Framework for Social Performance Evaluation of Hospital Redevelopment Project

Based on the extensive literature review and the case of the major hospital projects, 18 indicators
were proposed for the social performance evaluation of the hospital redevelopment project and
these indicators could be categorized into five dimensions (i.e., socio-economy development,
socio-environment development, social flexibility, public service development, and environment
and resource conservation). Eighteen indicators within five dimensions are presented in Table 4.

The first dimension shows that the development of the hospital redevelopment project may
enhance the socio-economy. As stated by Shen, et al. [2], the development of construction projects
would provide local employment opportunities and regional economic development. The development
of a certain type of construction project, e.g., the hospital project, could change the industrial structure
of the local economy. In addition, the development of construction projects may change the land
use [48]. In this case, to develop the hospital project, the local government changed the land use by
relocating the military airport and resettling some nearby residents.

The second dimension indicates that the hospital redevelopment project would change the
socio-environment. The development of construction projects would help to deliver more infrastructure
and enhance the service to the public [49]. Therefore, it would improve their living standard and
the level of social security. As described in the case, the development of the NBXC hospital project
changed the situation that people living near the military airport had to endure the noisy warplanes.
Instead, people could receive high level of healthcare service. Major projects such as hospitals would
be landmarks of the city and improve the regional reputation.

The third dimension indicates that the social performance of construction projects would be
influenced by social flexibility of the construction projects, which is the adaptabilities of projects to the
society (e.g., government, investor, end-users, etc.). The development of construction projects is to
satisfy the appeals of diverse stakeholders within the lifecycle of projects [26] and meet the compliance
with the policies (e.g., safety and health regulations). Specifically, the hospital project should give
special considerations for the patients.

The fourth dimension is the public service offered by the hospital redevelopment project. Different
types of construction projects may enhance specific public services by the development of specific
infrastructure. For example, the development of transportation infrastructure would provide a faster,
more convenient and economical means of transportation method for the citizens [50]. In the hospital
project, NBXC hospital would improve the regional capacity of healthcare and disease prevention,
promote the advancement of medical technologies and education, and enhance the ability of response
to emergency healthcare service.

The last dimension is the influences of the hospital redevelopment project on environment and
resource conservation. Most construction projects have great impacts on the landscape of the city.
In most cases, the newly built projects are national, regional, or local landmarks. Therefore, it would
help to prompt the image of cities. Construction activities and operation of the infrastructure would
consume nature resource and generate waste, which may contaminate the environment [20]. In hospital
projects, medical waste and disposals generated in the operation stage may spread viruses and threat
the health of the public, which should be carefully dealt with [51].
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Table 4. Framework for social performance evaluation of hospital redevelopment projects.

Target Layer Dimensions Indicators Source

Indicators for social
performance evaluation

of the hospital
redevelopment

projects A

Socio-economy
development

B1

C11 Employment rate [2,50]
C12 Regional economic development [14,27,50]

C13 Industrial structure [2,50]
C14 Land use [7,48]

Socio-environment
development

B2

C21 Resident’s living standard [8,27]
C22 Infrastructure and public service [50]

C23 Social security [2]
C24 Regional reputation [9,19]

Social flexibility
B3

C31 Stakeholders satisfaction [5,50]
C32 Compliance with policies [40]

C33 Patients satisfaction Cases

Public service
development

B4

C41 Healthcare and disease prevention Cases
C42 Development of medical technologies

and education Cases

C43 Emergency healthcare service ability Cases

Environment and
resource

conservation
B5

C51 Landscape of the city [48]
C52 Wastage management [2,20]

C53 Resource depletion [2,21,27]
C54 Environmental protection [14,27,52]

5. An Empirical Study

To help evaluate the social performance of hospital projects, ten domain experts were investigated
separately to contribute their expertise in this research. The criteria for the selection of experts are
working experience and background. These experts should have over ten years of working experience
in their working fields, which ensures that the investigated experts have a good knowledge of social
impacts associated with the project. The expert team consisted of three from different department
of local government, who are responsible for the development of this area; three from research
institutions, who are familiar with construction project management and social sustainability; two
from the contractor of NBXC hospital projects; and two representatives (i.e., one doctor and one nurse)
of the NBXC hospital staff. These experts were visited individually and face-to-face investigations
were conducted at their office to ensure the independence of this research. Research background and
research approach were introduced to these experts to help them get a quick and comprehensive
understandings about the project and this research, which would further ensure the quality of this
research. After the introduction, the experts were first required to give remarks on the weight of social
performance indicators based on their expertise.

Fuzzy numbers given by the experts determined relative importance of one index over the other,
which further helped to build a fuzzy judgment vector. The judgment vectors help to form portions of
the fuzzy pairwise comparison matrix, which is then adopted to determine the weight of each criterion.
The result of consistency check indicates the objectiveness of the weight of each criterion. Meanwhile,
the total sequencing weight sets of social performance assessment index system (W) is built, as shown
in Table 5.

To quantify the magnitude of hospital redevelopment project affecting each social performance
indicator, the semantic scales of each subjective assessment index was quantified and the assessment
class V = (v1, v2, · · · , vn) was further classified into fivescales (i.e., high, relatively higher, average,
relatively lower, and low), as shown in Table 6. As suggested by Table 6, the standard values of
social performance evaluation should be over 0.6, which indicates that the construction projects are
contributory to the social sustainability.
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Table 5. The weight for each indicator in social performance evaluation system.

A
B1 B2 B3 B4 B5 Weight

0.442 0.252 0.063 0.129 0.114

C11 0.182 0.080
C12 0.512 0.226
C13 0.084 0.037
C14 0.223 0.099
C21 0.533 0.134
C22 0.237 0.060
C23 0.140 0.035
C24 0.098 0.025
C31 0.406 0.026
C32 0.322 0.020
C33 0.271 0.017
C41 0.209 0.027
C42 0.391 0.050
C43 0.401 0.052
C51 0.134 0.015
C52 0.383 0.044
C53 0.197 0.022
C54 0.286 0.033

Table 6. Weighted and standard values of the magnitude of construction redevelopment project.

Influential Degree High Relatively High Average Relatively Low Low

Weighted Values 1.0 0.8 0.5 0.2 0
Standard Values 0.900~1.0 0.6~0.899 0.4~0.599 0.2~0.399 0~0.2

Notes: (1) Influential degree of social performance can vary according to the need of actual classifications, which
is generally divided into five scales; and (2) weighted values and standard values are all determined according
to experiences.

To provide a comprehensive view about social performance of the hospital redevelopment project,
a comparative analysis of Schemes 1 and 2 is presented in this paper. Ten invited experts were asked
to score the social performance indices of Schemes 1 and 2 based on Table 4. The mean values of these
indicators in both scheme were calculated and the membership degree of 18 two-level indices was
obtained, as shown in Table 7.

Table 7. Membership degree of social performance evaluation of both scheme.

Indicator
Membership Degree

Indicator
Membership Degree

Scheme 2 Scheme 1 Scheme 2 Scheme 1

C11 0.911 0.256 C32 0.867 0.156
C12 0.722 0.244 C33 0.756 0.111
C13 0.600 0.156 C41 0.433 0.533
C14 0.533 0.300 C42 0.778 0.211
C21 0.756 0.211 C43 0.633 0.278
C22 0.689 0.244 C51 0.467 0.300
C23 0.533 0.244 C52 0.622 0.722
C24 0.567 0.089 C53 0.466 0.567
C31 0.911 0.022 C54 0.700 0.811
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The synthetized evaluation matrix (R) of both scheme could be developed according to Table 7.
By taking the advantage of Table 3, total sequencing weight sets of social performance (W) can be
obtained. Therefore, social performance of each scheme could be obtained as below.

Z = W·R =



0.080
0.226
0.037
0.099
0.134
0.060
0.035
0.025
0.026
0.020
0.017
0.027
0.050
0.052
0.015
0.044
0.022
0.033



T

·



0.911 0.256
0.722 0.244
0.600 0.156
0.533 0.300
0.756 0.211
0.689 0.244
0.533 0.244
0.567 0.089
0.911 0.022
0.867 0.156
0.756 0.111
0.433 0.533
0.778 0.211
0.633 0.278
0.467 0.300
0.622 0.722
0.466 0.567
0.700 0.811



= [0.692, 0.285]

The social performance of Schemes 2 and 1 are 0.692 and 0.285, respectively, which shows social
performance of the hospital redevelopment project of Scheme 2 is much higher than that of Scheme 1.
In addition, the result of Scheme 2 (0.692) is relatively high according to membership degree given by
Table 6. It also suggests that the construction of NBXC project (Scheme 2) is a successful project from
the perspective of social aspect and would contribute to the social sustainability of the society.

6. Discussion

This research proposed 18 indicators for social performance evaluation of the hospital
redevelopment project from five dimensions. Ten experts were asked to contribute their expertise
to evaluate the social performance of two proposed schemes based on FAHP method. The result
of comparative analysis shows the development of NBXC hospital project has a relative high social
performance and it would contribute to project success and social sustainability. A modified K-chart
was employed to help the discussion of research results. In Figure 3, the shaded rectangle shows
the indicators are positively associated with development of NBXC hospital project, where social
performance of Scheme 2 is higher than that of Scheme 1, while the white rectangle indicates the
negative relationship between indicators and development of NBXC hospital project, where social
performance of Scheme 1 is higher than Scheme 2.

As shown in Figure 3, social performance of NBXC hospital project is positively reflected by
socio-economy development, socio-environment development and social flexibility, as well as the
development of public service. The increase of employment rate (C11) and satisfaction of stakeholders
(C31) rank at the top among all indicators. The development of NBXC hospital helps to deliver
more infrastructure (i.e., hospital, transportation infrastructure, etc.) and enhance the public service
(C22) which would create more job opportunities and meet the demands of diverse stakeholders,
for example, the patients (C33) as end-users are also satisfied by the development of NBXC hospital
projects. To develop this project, the military airport and nearby resident communities were relocated.
Local government made a sound plan for the land use (C13), e.g., business center and subway
station were built nearby NBXC hospital, which helps to increase the value of the nearby land and
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redevelopment the landscape of the city (C51), and further stimulate regional economic development
(C12), adjust the industrial structure (C14), and improve the living standard of the local residents (C21).
The newly built hospital also encourages research and development (R&D) in medical technologies
and education (C42). Medical service provided by NBXC hospital project would enhance social security
(C23) and improve emergency healthcare service ability (C43) of this region. However, NBXC hospital
as the first tier hospital in China would attract patients of other regions of the country, which may lead
to risks of exposure to diverse disease and challenge healthcare and disease prevention (C41).Sustainability 2018, 10, x FOR PEER REVIEW  12 of 15 
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The development of NBXC hospital project would negatively influence the society from the
dimension of environment and resource conservation. The lifecycle of NBXC hospital project would
consume enormous resource (C53), and generate waste (C52) (e.g., construction waste and medical
waste), which would bring burden to the environment (C53).

The scores of social performance evaluation of two proposed schemes show Scheme 2 would bring
more social wellbeing to the society than Scheme 1 for the hospital redevelopment project. The score
of social performance evaluation using Scheme 2 is 0.692, which also indicates relative high social
performance of NBXC hospital project. Therefore, NBXC hospital project could be claimed to be a
successful project from the social perspective and it will contribute to the sustainability of the society.

7. Conclusions

The concept of sustainable development suggests interactions of economic, environmental, and
social dimensions [2]. However, social sustainability has received less appreciation than economic and
environmental dimensions [28]. In the construction industry, social performance of construction
projects not only contributes to social sustainability but also is critical for project success [19].
Evaluation of social performance of construction projects would help decision makers when proposing
a project and project managers continuously improve social performance of construction projects.

This study developed a systematic framework for social performance evaluation of construction
projects with 18 indicators developed from previous studies and a real-world hospital redevelopment
project. These indicators help to evaluate social performance of the hospital redevelopment projects
from five dimensions: socio-economy development, socio-environment development, social flexibility,
public service development, and environment and resource conservation. In this research, public
service delivered by hospital may vary from other types of infrastructure, e.g., schools and subways.
However, the proposed framework could also be employed as reference to evaluate social performance
of construction projects. While social impacts are intangible, and prior social performance evaluation
using indicators are time-consuming and relatively subjective [13], FAHP method was introduced
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in this research to improve the efficiency and reduce the objectivity of the evaluation process to a
certain degree.

The empirical study helps to showcase the processes to evaluate social performance of construction
projects using the proposed framework and FAHP-based method. More importantly, the empirical
study also helps to demonstrate how to improve social performance of construction projects based on
the evaluation results. Specifically, the development of NBXC hospital project would improve the social
sustainability of the society from perspectives of socio-economy development, socio-environment
development, and social flexibility. Meanwhile, the development of NBXC hospital could also improve
the landscape of the city due to a sound plan. However, the environment and resource conservation
may be negatively impacted by NBXC hospital. As a hospital project, special considerations should be
given to the associated risks of healthcare and disease prevention. By improving waste management,
reducing resource depletion, and enhancing environmental protection, social performance of NBXC
hospital project could be further improved.

However, this research was also subject to some limitations. For example, as stated by Vanclay [13],
social impacts of construction projects are strongly correlated to the project context, while indicators
for social performance evaluation are strongly dependent on the characteristics of construction
projects. Therefore, future research should extend the flexibility and ensure the validity of the
proposed framework.
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