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A B S T R A C T

Prequalification of suppliers in the Construction Supply Chain is considered a crucial step to assure to their ability
to deliver socially sustainable projects. This research identifies the most important social sustainability
prequalification criteria for supplier selection in Construction Supply Chain. Additionally, a Multi-Criteria Deci-
sion Making (MCDM) model based on social indicators of sustainability is proposed in this research. Structured
interviews were organized with experienced practitioners to define the relative importance weights of criteria that
have collected in the first phase using Analytic Hierarchy Process (AHP). As such, the AHP is applied to develop
mathematical determination to achieve the weights of social indicators. Technique for Order Preference by
Similarity to the Ideal Solution (TOPSIS) method is used to evaluate the different suppliers in the construction
supply chain against 17 identified attributes. Ultimately, the closeness coefficients of the suppliers are estimated
in order to identify social performance. The research aims at proposing a computational model of MCDM in order
to introduce it to the construction organizations to utilize in the supplier prequalification process. A computa-
tional model is developed and a case study is worked out to illustrate the proposed methodology in supplier
selection to ensure sustainable construction projects. Afterwards, the model is validated and a sensitivity analysis
is conducted to analyze the impact of changing the weights of the considered attributes in the model outputs.

1. Introduction

It has become clear that applying sustainability is essential for the
construction industry prosperity. In response to the global competition,
construction industry players such as suppliers, subcontractors, and
consultants have started to develop their performance to achieve sus-
tainable development. Unfortunately, organizations have adopted envi-
ronmental pillar more than the social pillar despite the impact of the
second-mentioned is more than the first-mentioned pillar on the
competitive outcome (O'Riordan et al., 2015). Moreover, most of the
sustainability research in supply chain management focused on envi-
ronmental and/or economic pillars, whereas social pillar has been ob-
tained less concern (K€oksal et al., 2018). The interpretation of this,
maybe that social sustainability issues are not generally universally un-
derstood (Rossi and Krey, 2018). Member countries of the European
Union have signed a sustainable communities' specific approach which is
so-called ‘Bristol Accord’. The Accord describes sustainable societies as
“places where people want to live and work, now and in the future. They
meet the diverse needs of existing and future residents, are sensitive to

their environment, and contribute to a high quality of life. They are safe
and inclusive, well planned, built and run, and offer equality of oppor-
tunity and good services for all” (Accord, 2005). In order to achieve this
target in our communities, the three pillars of sustainability should be
taken into account in all life aspects.

Construction industry should enable sustainable development by
incorporating the social pillar throughout the whole life cycle of the
project (Forsman and Jonsson, 2016). Meanwhile, the social dimension is
perceived as a major challenge in developing countries because it is
required well-being to be achieved, at the same time, most of the
developing countries suffered from missing their well-being. To move on
overcoming these challenges, evaluating social sustainable performance
should be taken into consideration. The social aspects evaluation is still
ignored and the assessment of multi-criteria of these aspects is still an
emerging topic (Sierra et al., 2018).

Through the awareness of multi-criteria decision-making context,
there are several techniques to handle the topic of supplier selection such
as Fuzzy-AHP, AHP, and All of them have their benefits, barriers, and
guidelines. Socially sustainable supplier evaluations are important for
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several stakeholders. For instance, construction companies can improve
their prospects by choosing their teamwork based on social sustainability
performances. Additionally, suppliers can enhance and improve their
sustainability profile. Also, the purchasing managers can utilize the de-
cision tool to evaluate many alternatives by selecting the optimum of
them without any bias. Furthermore, the outcome of this research will
propose a strategy for the socially sustainable construction supply chain
consequently, will provide the society with future well-being. This
research aims to aid in a pre-qualification process for supplier's evalua-
tion in construction supply chain. This is to support the decision-makers
to prioritize and select the suppliers in construction projects based on
social indicators for sustainability, taking into consideration quantitative
and qualitative criteria to enhance the decision process.

The paper consists of four main Sections. It starts with literature re-
view Section which describes social sustainability and suppliers’ quali-
fications. Then, it presents TOPSIS as one of the techniques that is used in
Multi-criteria decision-making problems. Subsequently, it describes the
developments made in the proposed model that is used to select the best
alternative of suppliers for the construction organization based on social
sustainability indicators. Finally, a case study and sensitivity analysis are
presented to demonstrate the main features of the proposed research
methodology.

2. Literature review

2.1. Social sustainability

The sustainable supply chain should mitigate the risk of environ-
mental and social consequences in different geographical regions where
upstream suppliers are concentrated while preserving the financial sta-
bility of the chain (Seuring and Müller, 2008a). However, bad situations
might occur in the case of focusing on profit only without covering the
practices of the other two pillars of sustainability. For example, a bad
situation, killing over a thousand workers when the eight-story garment
factory of Rana Plaza demolished in Bangladesh (Varsei et al., 2014). Not
only this bad situation affected the upstream supplier, but also affected
numerous downstream enterprises in other areas as well (Greenhouse,
2013). Many researchers illustrated the relation between the three ele-
ments and noticed that implementing environmental and/or social un-
dertaking provides a potential economic advantage (Yusuf et al., 2013).
Although, many researchers argue that per-forming environmental or
social initiatives which are achieving a balance between the three di-
mensions of sustainability performance can lead to enormous costs (Ross
et al., 2012). In contrast, Focal firms might be able to prove the long-term
economic advantages of supply chain-level environmental and social
policies, where firms are benefited financially from engaging sustain-
ability practices (Schaltegger et al., 2011). Therefore, firms require
decision-making tools, kits, and techniques to implement sustainability
assessment across their supply chains (Cousins et al., 2006). As a result,
environmental or Green supply chain (GSC) management has received
much greater publicity compared with the social aspect (Sarkis, 2012).

By studying sustainable supply chain management, most research
efforts have not covered the social pillar of sustainability. For example,
Srivastava (2007) introduced a decision-making context for SSCM that
emphasizes on five strategic key areas which includes product design,
choice of material, the manufacture process, product transmission to the
client, and the management of product's end-of-life. Another study has
not focused enough on social sustainability by Liu et al. (2012) which
focused only on meeting the needs of green customers through inte-
grating the green marketing within SSCM. Evidence (Manzini and
Accorsi, 2013), formed a framework to manage each of safety, quality
and sustainability in alimentation chains without concerning social sus-
tainability dimension. Also, the framework was generated by (Esfahbodi
et al., 2016) focused only on environmental performance and cost
effectiveness practices which have avoided the socio-economic
dimension.

According to Griessler and Littig (2005), there is no theoretical
definition of social sustainability; although, there are some definitions
had been mentioned in the previous studies. For example, social sus-
tainability can be seen as a life-enhancing condition for the communities
(McKenzie, 2004). Valdes-Vasquez and Klotz (2012) pointed out that
social sustainability is a process of engaging all the stakeholders through
supply chains such as employees, clients, and communities to meet the
needs of both present and future populations. Forsman and Jonsson
(2016) argued that the first definition by McKenzie (2004) is more
suitable on a local level, but the second one by Valdes-Vasquez and Klotz
(2013) reflected the perspectives of the stakeholders in the construction
projects. It worth noting that the first one is more comprehensive than
the second one because of all stakeholders in any project are already
included in the communities.

On the other hand, Dempsey et al. (2011) described social sustain-
ability as neither an absolute nor a constant, but it can be considered as a
dynamic concept which can change over the time in somewhere. Also,
Brent and Labuschagne (2006) described social sustainability as “the
weakest pillar of sustainable development” because of the lack of theo-
retical and analytical basis (Zuo et al., 2012). Nevertheless, social sus-
tainability can be considered the pillar which is responsible for most
needs of human-well-being. To conclude, when personal development is
guaranteed at the same time as diversity and respect come together,
social sustainability can be achieved in cities and communities (Forsman
and Jonsson, 2016). Despite social sustainability is considered the basic
need for societies (Rossi and Krey, 2018), most of developing countries
suffer from social issues such as poverty, safety, health, bonded and child
labor (Mani et al., 2014). On the other hand, social issues have not been
investigated significantly because of the difficulty in getting tangible
outcomes (Mani et al., 2014), and also the complexity of exploring
human issues makes the research on this topic very little (Mani et al.,
2016).

Hutchins and Sutherland (2008) identified various social criteria and
indicators like philanthropy, equity, health, and safety to measure social
dimensions and showed the vital role which these indicators play in the
country throughout the analysis of life cycle. Labuschagne et al. (2005)
detected practices associated to poverty mitigation, welfare, adminis-
tering justice, and human rights of all workers in the supply chain. Leire
and Mont (2010) explored the goals of social sustainability when linked
into the supply chain as unemployment reduction, securing the health
and safety of worker, affirming equal treatment and social exclusion
prevention. Many researchers have found the answers to the third
question which has been mentioned above. For example, Socially
Responsible Buying (SRB) refers to the inclusion of social topics in pro-
curement decisions promoted by organizational stakeholders (McWil-
liams and Siegel 2001). Also, Purchasing Social Responsibility (PSR) and
Logistics Social Responsibility (LSR) (Ciliberti et al., 2008) can improve
trust and supplier commitment by the vital role of purchasing managers
within the supply chain in the social responsibility field. Later, Leire and
Mont (2010) research suggested how to use social criteria to control
suppliers and ensure their fulfillment.

2.2. Supplier qualification

The first stage for launching the supplier-buyer relationship is sup-
plier selection to reduce the risks in a relationship (Koufteros et al.,
2012). The goal of supplier selection is to choose a supplier who can
achieve the requirements of the buyer to enhance the performance of the
firm (Krause et al., 2000). Over the past years, the researchers used
multi-criteria decision making in the process of supplier selection (Tsai
and Hung, 2009). Already, there is a different type of criteria like oper-
ational or sustainable criteria. The operational criteria are considered as
price, quality, and delivery performance (Kwong et al., 2002). The
importance is given to features of sustainability, environmental criteria
which have gained more attention in the supplier selection
decision-making process (Baskaran et al., 2012). Also, environmentally

M. Marzouk, M. Sabbah Cleaner Environmental Systems 2 (2021) 100034

2



sustainable criteria have gained predominant studies rather than socially
sustainable criteria in the literature (Marshall et al., 2019). To note the
consequence in recent research studies, researchers go on handling the
social criteria to deal with this shortage. When evaluating the supplier
performance, price, flexibility and quality are usually the most parame-
ters used in the selection process (Dowlatshahi, 2000). Later, in addition
to these parameters, the purchasing process becomes more complex due
to the interlinking of sustainability which plays an important role in the
supply chain according to the pressure of environmental and social pillar
(Bai and Sarkis, 2010). To achieve sustainable performance, supplier
selection was considered more important than supplier integration and
development (Seuring and Müller, 2008b). Evidence, focusing on the
social dimension in the supply chain detected as much needs to be done
(Seuring and Müller, 2008a).

Social sustainability has been investigated in other industries such as
automotive and electronics industry. This research addresses this by
providing a computational model for supplier selection considering the
social indicators of sustainability. The research aims at aiding in the pre-
qualification process for supplier's evaluation in the construction in-
dustry. This is to support the decision-makers to prioritize and select the
suppliers in construction projects based on social indicators for sustain-
ability. The main objective of this research is to develop a multi-criteria
decision-making model that ranks and prioritizes suppliers, taking into
consideration quantitative and qualitative criteria to enhance the deci-
sion process.

Social sustainability has been studies extensively in literature in
different industries such as automotive and electronics industries.
However, construction industry is lacking behind specially with respect
to the integration of social criteria in sustainable supply chain. Hence,
this research covers this gap as such social indicators of sustainability are
addressed in the construction supply chain through a real case study in
the construction organization. The study provides a computational model
for supplier selection considering the social indicators of sustainability.

3. Methods

3.1. TOPSIS technique

Multi-criteria decision-making problems have been usually faced in
practice. Several MCDM methods can be implemented to solve these
problems, and among these methods, the concept of TOPSIS method is
simple (Chaharsooghi and Ashrafi, 2014). The classical TOPSIS has been
proposed by Hwang and Yoon who explored that the best alternative
should have the shortest distance from the positive ideal solution and the
farthest distance from the negative one. Despite TOPSIS has a high
weakness that it does not provide a good alternative (Chaharsooghi and
Ashrafi, 2014), in contrast, that TOPSIS affords the decision-maker the
nearest alternative which is considered the best one according to the
score which has been illustrated by the judgement. As such, if one
decision-maker gives a score for each alternative, the result will be an
alternative ranking according to this score. If another decision-maker
provides different scores, consequently the alternative ranking will be
different. Hence, TOPSIS gives judgement the perfect solution with
respect to the perspective of each decision-maker. TOPSIS
decision-making technique is classified into five main steps (Tri-
antaphyllou et al., 1998). Converting performance attributes into
non-dimensional ones is the first step, the decision matrix is normalized
using Equation (1).

rij ¼ xijPm
i¼1x

2
ij

(1)

After normalization, the second step is to determine the normalized
weighted decision matrix by multiplying the normalized decision matrix
by its corresponding weights. The normalized weighted value vi j is taken
using Equation (2).

vij ¼ rij*wj (2)

The third step is to identify the positive or most ideal solutions and
negative ideal solutions which are produced by using Equation (3) and
Equation (4). Aþ shows the most positive ideal solution. Conversely, A-
shows the negative ideal solution. For benefit criteria, the decision-maker
obtains the most extreme value of any alternatives. Meanwhile, for cost
criteria, the decision-maker requires obtainingminimum value among all
alternatives.

Aþ ¼��max vij��2J�; �min vij��2J 0�
; i¼ 1; 2; 3::::M

�¼fvþ1; v þ 2::::::v þ Ng
(3)

A� ¼��max vij��2J�; �min vij��2J 0�
; i¼ 1; 2; 3::::M

�¼fv�1; v�2::::::v�Ng
(4)

where;

J ¼fj¼ 1; 2; 3::::::Njj associated with benefit criteriag (5)

J
0 ¼ fj¼ 1; 2; 3::::::Njj associated with cost criteriag (6)

The fourth step is to measure the difference between each alternative
to the positive ideal (PIS) Aþ and negative ideal solutions (NIS) A-.
Further, Sþ i describes the distance separating every alternative from the
ideal positive solution in the Eucliden way. On the contrary, S-i illustrates
the separation distance between each alternative in the Euclidean way
from the optimal negative solution using equations (7) and (8)
respectively.

Sþi ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi Xn

j¼1

�
vij � vþj

�2!vuut (7)

S�i ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi Xn

j¼1

�
vij � v�j

�2!vuut (8)

Fifth step: measure the relative closeness of an alternative Ai to the
ideal solution Aþ using Equation (9). The alternatives are positioned in
descending order and the optimum alternative has the shortest distance
to the ideal solution, and consequently, the most distant separation to the
negative-ideal solution.

Cþi ¼ si
ðsþiÞ þ ðs�iÞ and 0 ⩽cþi ⩽ 1 (9)

3.2. Proposed model

The objective of this research is to develop a model that capable to
select the best alternative of suppliers for the construction organization
based on social sustainability indicators. The proposed model considers
the pre-qualification process during the planning phase. The model
mechanism is illustrated in the flowchart shown in Fig. 1. It is worth
noting that TOPSIS and AHP techniques are utilized due to their ad-
vantages (Kochkina et al., 2017). The advantages of TOPSIS include ease
of application, universality, and consideration of distances to an ideal
solution. Whereas the advantages of AHP include universality, reduction
of subjectivity due to the consideration of the human factor, and verifi-
cation of data inconsistency.

3.2.1. Data collection
In data collection stage, several techniques have been adopted to

extract the required data: 1) Literature review to form the theoretical
framework and perform a list of social criteria for supplier selection, 2)
The personal interview (face-to-face) in the form of semi-structured in-
terviews to classify the data and construct the hierarchy, 3) Developing
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the generic hierarchy of AHP model, 4) Developing the questionnaire
survey, and 5) conducting structured interviews to obtain the relative
importance for each social criteria and indicator.

3.2.2. Factors identification
A literature review was performed to gather data. In this study, 23

criteria have found from the literature on social criteria for supplier se-
lection. These criteria have divided into main four categories which
classified according to gathering data from literature and semi-structured
interviews. The parameters have taken from previous studies of (Zimmer
et al., 2016) who considered the top ten social criteria for supplier se-
lection. Other parameters are included based on semi-structured in-
terviews and literature. Moreover, the main output from the
documentation reviews and information collection is to identify the list
of social criteria for selecting the supplier to support sustainability per-
formance. This list is used in structured interviews to help the experts in
understanding the research study. The criteria definitions have summa-
rized and listed in Table 1.

3.2.3. Personal semi-structured interviews
In this research, two semi-structured interviews have started up with

the first draft of the hierarchy in the form of a brainstorming session.
Then, the professional experts have reconstructed the classification of
criteria and have added some other attributes such as the color which has
found in the literature. It has realized that having a dialogue about social
issues as well as filling in the hierarchy is the best way to avoid any
confusions might have occurred. Finally, the generic breakdown struc-
ture hierarchy as shown was developed based on semi-structured in-
terviews and literature.

3.2.4. Developing the generic hierarchy
Several weighting methods have been introduced in literature

(Keshavarz-Ghorabaee et al., 2021; Peng et al., 2021). These include
SECA (Simultaneous Evaluation of Criteria and Alternatives) and MEREC
(MEthod based on the Removal Effects of Criteria) as well as new MCDM
methods like EDAS (Evaluation based on Distance from Average Solu-
tion) and CoCoSo (Combined Compromise Solution), and CRITIC
(Criteria Importance Through Inter-criteria Correlation). On the other

Fig. 1. Flowchart of proposed model.
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hand, AHP model aims at classifying all social criteria, sub-criteria and
attributes. This classification consequently facilitates the process of
obtaining relative importance of each social indicator. The hierarchy of
social sustainability metrics had been constructed in the form of a tree as
shown in Fig. 2. The main tree branch consists of three criteria and one

attribute that could identify as a social strategy (C1), health and safety
(C2), stakeholder involvement (C3) and technical training of employee
(A1). First, Social Strategy describes the commitment level of improving
social sustainability progress achieved by the supplier's company. For
example, conducting code to be applied as a guide for social sustain-
ability. Second, health and safety are considered as physical and mental
health of human safety at work. Also, it takes up hazardous working
conditions that might leave long-term consequences of the personal
health of the worker.

Third, stakeholder involvement is defined as the construction com-
pany's relationships with the supplier's organization by monitoring the
effectiveness of the communications between both parties. Fourth, the
attribute of training of employee is support for education and job training
program in the supplier's organization. A second branch of the tree
composed of four levels; the first level contains social strategy criterion
(C1) which is divided to one sub-criterion employee rights (S1) and three
attributes which are a donation for sustainable projects (A2.1), social
management commitment (A2.2) and social code of conduct (A2.3). In
particular, the employee rights sub-criterion (S1) is made up of two sub-
criteria: Equity (S2), working conditions (S3) and two attributes: gender
diversity (A3.1) and child labour (A3.2) at the third level.

At the fourth level, there are six attributes; three attributes as well,
color (A4.1), national origin (A4.2) and Ethnic (A4.3) are generated from
the equity criterion (S2). Additionally, three other attributes: wages
(A4.4), working hours (A4.5) and contract labour (A4.6) are generated
from the working condition sub-criterion (S3). Moreover, the third
branch consists of two levels; the first one involves health and safety
criterion (C2) which is composed of three attributes; occupational health
and safety management (A2.4), safety practices (A2.5) and the annual
number of accidents (A2.6). Finally, the fourth branch comprised of two
attributes, which are the rights of stakeholder (A2.7) and stakeholder
relation (A2.8) which shares Stakeholder criterion (C3).

3.2.5. Structured interviews
After that, 23 structured interviews have been conducted with 23

professional experts to answer the research questions which are struc-
tured in a questionnaire survey. Through using the structured interview,
the interviewees were free to select which one is the more important
criterion than the other. After the professional experts were asked to fill
in the questionnaire survey with respect to the relative importance of

Table 1
Social criteria definitions.

Social Criteria Definition

Social strategies It addresses the commitment level of improving
social sustainability progress achieved by the
supplier's company. For example, conducting code
to be applied as a guide for social sustainability.

Health and Safety It points to the physical and mental health human
safety at work. Also, it takes up hazardous working
conditions which might leave long-term effects of
the personal health of the worker.

Stakeholder involvement It represents stakeholder involvement; it assesses
the construction company's relationships with the
supplier's organization by monitoring the
communications efficiency between the two
parties.

Social management
commitment

Establishment of social commitment team or
department to manage and control social activities.

Social code of conduct Conducting code to meet the social sustainability
requirements.

Donation for Sustainable
Projects

It is the ability to donate cash for sustainable
projects in support of the community.

Occupational health and safety
management system

Conducting code to meet the health and safety
requirements such as OHSAS18001.

Safety practices It is issues related to safety and labour health for a
worker.

Annual number of accidents It is the accident rate – fatal accidents.
The rights of stakeholders The capability of suppliers in respecting to

regulations and contractual relationships with the
contractor.

Stakeholders relations It is the strategies of the supplier in the relations
with a contractor such as long-term relationships.

Training of employees It is support for education and job training
program.

Child labour Working by children of age under 18 years that is
dangerous to physical and mental health, also
prevents school attendance.

Equity Non-discrimination in color, national, and
religion.

Gender diversity Female to male ratio.

Fig. 2. Hierarchy model of social sustainability indicators.
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each criterion to the other one from 1 to 9, AHP is carried out on each
respondent data. After finishing the 23 interviews, all of them have not
passed the consistency test. Only 54% of the matrices have been suc-
cessfully passed the consistency test.

Generally, decision-makers’ decisions are based on the attitude, cir-
cumstances, education and personal experience (Yadav and Jayswal,
2013). Hence, in this study, the second round of AHP had been taken into
consideration. The interviewer asked the experts who had inconsistent
data to re-interview to modify the model. The same process was repeated,
the consistency index became much lower than the limit of 10% for 84%
of respondents of the question. That represents the logical and reasonable
answers by the experts have been obtained which enable moving to the
other steps to perform the alternative selection. To perform weights
calculations using the arithmetic mean (Plackett 1958), questionnaire
respondents have been divided into two groups, the first group is the
social experts while the second group is interviewee with the engineering
background. The weights were calculated using the percentage average
of arithmetic weights after solving all AHP matrices. Also, the attributes
weights are calculated using geometric mean sometimes referred to the
Logarithmic Least Squares Method (Fichtner 1986). Table 2 lists the
weights using both arithmetic mean and geometric mean.

3.2.6. AHP-TOPSIS model implementation
After obtaining criteria weights that were estimated through feeding

pairwise comparison using the AHP process proposed by Saaty (1977,
1990), the model utilizes TOPSIS method to achieve the objective of
suppliers ranking for the construction organizations. The model is coded
in Microsoft Excel. TOPSIS is used to evaluate the different suppliers in
the construction supply chain. Initially, a decision matrix for the sup-
pliers with respect to the 17 attributes. All of them have measured ac-
cording to five points Likert scale method. Equation (5) is used to
determine the normalized decision matrix. Then, a normalized weighted
matrix is calculated also the distance of the suppliers from the positive
ideal solution and the negative ideal solution. Ultimately, the closeness
coefficients of the suppliers are estimated in order to identify social
performance.

4. Case study

4.1. Case description

A case study is considered for an actual project in Egypt, which is
performed by a multinational construction company as the main sub-
contractor. The project has a positive economic, social and, environ-
mental impact. The significant benefits have illustrated below: 1) the
project meets Egyptian and International Environmental Standards to
protect the well-being of people and the environment surrounding the
facility; 2) the project sponsors community social/health programs for
women and children; 3) Working with community NGOs, the project will
support socio-economic development; 4) providing 10,000 jobs during
the construction phase and more than 700 positions during the operation
phase, and 5) providing local community area with Schools, and teachers
to deliver advance development throughout the phases of construction
and operation.

4.2. Running the model

The model was shared with the project manager of the project in
Orascom construction company. The project manager suggested that S1
represent Country 1 workers' supplier in the proposed model, whereas,
S2 to represent the Country 2 workers' supplier in the proposed model.
Then, the model was explained to the project manager with detail de-
scriptions of social performance indicators. After that, the project man-
ager was asked to rate the supplier's performance against each social
indicator with a scale from one to five. Further, score one indicates the
least performance while five indicates the highest performance as listed
in Table 3.

After the decision matrix is formed and the performance score is
performed by the decision-maker in the first step of the model, the
normalized matrix is created through calculations using Equation (5). To
clarify, the square of the decision judgement is obtained for each supplier
in order to get the normalized decision matrix. The normalized decisions
for the two suppliers can be obtained by finding the total summation of
each row and applied Equation (1).

Then, Table 4 lists a weighted normalized decision matrix for TOPSIS.
Through this MCDM computational model (AHP-TOPSIS), the positive
and negative ideal solutions for each attribute are defined in this table as
well. The calculations of the weighted normalized matrix are imple-
mented according to Equation (6). Additionally, the calculations of the
þve and -ve ideal solution are performed according to Equations (3) and
(4), respectively. To clarify, the weighted normalized matrix can be ob-
tained through multiplying each attribute weight by normalized decision

Table 2
Estimated Weights of attributes using Arithmetic and Geometric Mean.

Attributes Arithmetic Mean Geometric
Mean

Engineering
Experts

Social
Experts

Overall

1. Donation for
sustainable projects

0.11 0.21 0.16 0.134

2. Social management
commitment

0.24 0.18 0.21 0.214

3. Social code of conduct 0.19 0.24 0.21 0.205
4. Occupational health
and safety
management

0.20 0.32 0.25 0.259

5. Safety practices 0.33 0.54 0.42 0.427
6. Annual number of
accidents

0.47 0.14 0.34 0.314

7. Right of stakeholder 0.61 0.81 0.68 0.647
8. Stakeholder relations 0.44 0.19 0.35 0.353
9. Gender diversity 0.13 0.15 0.14 0.133
10. Child labour 0.37 0.20 0.29 0.234
11. Color 0.37 0.20 0.28 0.269
12. National Origin 0.36 0.39 0.37 0.380
13. Ethnic 0.37 0.34 0.35 0.350
14. Wages 0.30 0.33 0.35 0.358
15. Working hours 0.26 0.25 0.26 0.218
16. Contract labour 0.39 0.42 0.40 0.424
17. Training of
Employee

0.25 0.22 0.24 0.25

Table 3
Score generated by ERC project manager.

ID Attributes Weights Score

S1 S2

1 Rights of stakeholder 0.125 4 3
2 Safety practices 0.083 5 2
3 contract labour 0.082 5 3
4 National origin 0.074 4 4
5 Wages 0.069 5 3
6 Stakeholder relation 0.068 2 5
7 Ethnic 0.068 5 3
8 Annual number of accidents 0.061 5 3
9 Color 0.228 5 3
10 Occupational health and safety management system 0.05 4 2
11 Technical training of employee 0.05 2 2
12 Child labour 0.05 5 5
13 Working hours 0.04 4 3
14 Social management commitment 0.04 3 1
15 Social code of conduct 0.04 4 2
16 Donation for sustainable projects 0.03 1 1
17 Gender diversity 0.03 5 1
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for each supplier against each attribute. On the other hand, Table 5 de-
scribes the separation of each supplier from the positive and negative
ideal solutions for each attribute. Specifically, it indicates the contribu-
tion of each attribute to the total separation from the positive and
negative ideal solutions. Also, the separation from the ideal negative
solution for both suppliers can be obtained by getting the square root for
the sum of each column elements.

Fig. 3 illustrates the spider diagram for supplier's separation from the
negative ideal solution and the positive ideal solution. S1 describes evi-
dence that it is separated from the ideal negative solution at both of social
management commitment, rights of stakeholder, safety practice, wages,
and color attributes. On the other hand, S2 is separated from the ideal
negative solution at the stakeholder relations, rights of stakeholder, and
color attributes. Hence, the worst-case scenario for the negative ideal
solution is to be S1. Consequently, S1 is considered the best scenario for
the positive ideal solution. The project manager rated the two suppliers
from two different countries as; Supplier number 1 scored 0.75 and rated
1 in social performance then, Supplier number 2 with the social score of

0. This social performance and/or supplier ranking has been delivered
according to the calculations of the closeness coefficient as shown in
Table 6.

Table 4
Weighted normalized decision matrix.

ID Attributes Normalized
Score

Weighted
Normalized
Score

Aþ A-

S 1 S 2 S1 S2

1 Rights of stakeholder 0.8 0.6 0.1 0.08 0.10 0.08
2 Safety practices 0.93 0.37 0.08 0.03 0.08 0.03
3 Contract labour 0.86 0.51 0.07 0.04 0.07 0.04
4 National origin 0.1 0.71 0.05 0.05 0.05 0.05
5 Wages 0.86 0.51 0.06 0.04 0.06 0.04
6 Stakeholder relation 0.37 0.93 0.03 0.06 0.06 0.03
7 Ethnic 0.86 0.51 0.06 0.03 0.06 0.03
8 Annual number of accidents 0.86 0.51 0.05 0.03 0.05 0.03
9 Color 0.86 0.51 0.20 0.12 0.20 0.12
10 Occupational health and

safety management system
0.89 0.45 0.04 0.02 0.04 0.02

11 Technical training of
employee

0.71 0.71 0.03 0.03 0.03 0.03

12 Child labour 0.71 0.71 0.03 0.03 0.03 0.03
13 Working hours 0.8 0.6 0.03 0.03 0.03 0.03
14 Social management

commitment
0.95 0.32 0.04 0.01 0.04 0.01

15 Social code of conduct 0.98 0.45 0.04 0.02 0.04 0.02
16 Donation for sustainable

projects
0.71 0.71 0.02 0.02 0.02 0.02

17 Gender diversity 0.98 0.2 0.03 0.01 0.03 0.01

Table 5
Distance from ideal þ ve & -ve solution.

ID Attributes Ideal þ ve Solution Ideal -ve Solution

(Aþ)-(S1) (Aþ)-(S2) S1 S2 (A-)-(S1) (A-)-(S2) S1 S2

1 Rights of stakeholder 0.00 0.03 0.00 0.00063 �0.03 0.00 0.001 0.00
2 Safety practices 0.00 0.05 0.00 0.002 �0.05 0.00 0.002 0.00
3 contract labour 0.00 0.03 0.00 0.001 �0.03 0.00 0.001 0.00
4 National origin 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 Wages 0.00 0.02 0.00 0.001 �0.02 0.00 0.001 0.00
6 Stakeholder relation 0.04 0.00 0.001 0.00 0.00 0.00 0.00 0.0014
7 Ethnic 0.00 0.02 0.00 0.001 �0.02 0.00 0.001 0.000
8 Annual number of accidents 0.00 0.02 0.00 0.00 �0.02 0.00 0.00 0.00
9 Color 0.00 0.08 0.00 0.006 �0.08 0.00 0.006 0.000
10 Occupational health and safety management system 0.00 0.02 0.00 0.0005 �0.02 0.00 0.001 0.0000
11 Technical training of employee 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 Child labour 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 Working hours 0.00 0.01 0.00 0.00 �0.01 0.00 0.00 0.00
14 Social management commitment 0.00 0.03 0.00 0.001 �0.03 0.00 0.001 0.000
15 Social code of conduct 0.00 0.02 0.00 0.0003 �0.02 0.00 0.00 0.00
16 Donation for sustainable projects 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17 Gender diversity 0.00 0.02 0.00 0.0004 �0.02 0.00 0.00 0.0004

Sum. 0.0014 0.0132 Sum. 0.0013 0.0014
Distance (Sþ ve) 0.038 0.115 Distance (S-ve) 0.115 0.038

Fig. 3. Separation from the positive and negative ideal solutions for attributes.

Table 6
Final supplier ranking.

Sum. of Sþ and S- Performance Rank Comment

Supplier 1 0.1530 0.75 1 Ideal þ ve Supplier
Supplier 2 0.1530 0.25 2 Ideal -ve Supplier
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4.3. Sensitivity analysis

Sensitivity analysis is conducted to study the impact of changing at-
tributes' weights on the selected suppliers and to ensure stability of the
results. The first scenario (analyzed before) which is the base case has all
three social criteria C1, C2, C3 and attribute A1. In the second scenario,
the criterion of the stakeholder involvement with its attributes and the
technical training of the employee attribute are excluded from the hier-
archy. In third scenario, the attribute of technical training of employee
and criterion of health and safety are also eliminated with all attributes.
Consequently, any excluded criteria from the hierarchy have been fol-
lowed by the same exclusion from the proposed computational model. In
the fourth scenario, the social strategy criterion is eliminated besides the
technical training of the employee. Finally, for the fifth scenario, both of
the social strategy and health and safety criteria are reduced. Also, the
weights of the attributes in each scenario are determined to satisfy the
condition of AHP which is

P
W¼ 1. Table 7 lists the changing of attri-

butes’ weights through the normalization process with respect to the
changing of social attributes for each scenario.

Table 8 lists the suppliers ranking which is associated with the
changing of social indicators for level one in according to each scenario.
As a result of this analysis, Supplier 1 has a closeness coefficient value
more than Supplier 2 in most scenarios. Moreover, Fig. 4 illustrates the
line graph of the five scenarios of the social performance for the two
suppliers according to the closeness coe_cient calculations. Overall, in the
first four scenarios, Supplier 1 was the highest-ranked social sustainable
performance, which was replaced by Supplier 2 in the last scenario. With
regards to the social performance of Supplier 1, it began with closeness
coefficient equals 0.75 at Scenario 1, then peaked to the value that equals
1 in Scenario 2, before falling dramatically to about 0.63, 0.61, and 0.4 at
Scenario 3, 4, and 5, respectively. On the other hand, the social perfor-
mance of Supplier 2 dropped over the first two scenarios from 0.25 to 0,
while it increased to be 0.37, 0.39, and 0.6 at Scenario 3, 4, and 5,
respectively.

5. Conclusions

This research identified social sustainability indicators for supplier
selection and clustered them into criteria, sub-criteria, and attributes.
Through the literature, this objective was achieved during the previous
studies’ reviews where the research was for the most important and top
ten social sustainability indicators for supplier selection. Then, during the
unstructured interviews which have been conducted through the study
phases, the experts added other social indicators to become 23 indicators.
Moreover, the literature is reviewed to present previous studies for social
sustainability indicators in different countries as well as social sustain-
ability indicators in the supply chain. Supplier assessment models in the
construction supply chain were reviewed in the previous studies to select
the appropriate tools which could be used in the research model. Based
on literature findings, four main groups are effective enough to be the
main criteria of socially sustainable supplier assessment in the con-
struction supply chain. Additionally, three sub-criteria and 17 attributes
were categorized under these groups which were clustered through the
unstructured interviews in a generic hierarchy of social sustainability
metrics in order to facilitate the criteria weight calculations.

A list of social metrics as a social sustainability qualification to sup-
port the decision-making process in the construction supply chain. This
was achieved by conducting structured interviews with professional ex-
perts in order to obtain the criteria weight. Further, developing the
questionnaire survey was introduced to facilitate the judgement of pro-
fessional experts through structured interviews which were conducted
with professional experts. Hence, a computational model consists of two
techniques which are AHP and TOPSIS. AHP was utilized to obtain the
social criteria weights taking into consideration the check of consistency
that is required to validate the AHP model. Also, conducting several
rounds to check the consistency for all professional experts to test the

results and produce perfect consistency as well. Whereas TOPSIS model is
developed to rank the alternatives according to the distance from the
positive ideal solution and the negative ideal solution. As a result, multi-
criteria decision-making model is performed to get the optimum socially
sustainable supplier who has the most positive impact on society. A case
study was worked out to illustrate the use of the proposed model,
considering two suppliers. Sensitivity analysis was conducted to study
the impact of changing attributes’ weights on the selected suppliers and
to ensure stability of the results. Five scenarios were considered in the
study and the results revealed that Supplier 1 was the highest-ranked
social sustainable performance in four scenarios.

This research can be extended in the future to incorporate the un-
certainty that might be associated with the attributes by using Fuzzy-
TOPSIS and Fuzzy-AHP. Also, the social sustainability qualification as-
pects can be further investigated in the different types of construction
projects to identify the list of social metrics that suit each type of the

Table 7
Scenarios weights.

ID Attributes Scenario

2 3 4 5

1 Rights of stakeholder 0 0.17 0.32 0.52
2 Safety practices 0.11 0 0.21 0
3 contract labour 0.11 0.11 0 0
4 National origin 0.1 0.1 0 0
5 Wages 0.09 0.09 0 0
6 Stakeholder relation 0 0.09 0.18 0.28
7 Ethnic 0.09 0.09 0 0
8 Annual number of accidents 0.08 0 0.16 0
9 Color 0.07 0.07 0 0
10 Occupational health and safety management

system
0.07 0 0.13 0

11 Technical training of employee 0 0 0 0.2
12 Child labour 0.06 0.06 0 0
13 Working hours 0.06 0.06 0 0
14 Social management commitment 0.05 0.05 0 0
15 Social code of conduct 0.05 0.05 0 0
16 Donation for sustainable projects 0.03 0.03 0 0
17 Gender diversity 0.03 0.03 0 0

Sum 1.00 1.00 1.00 1.00

Table 8
Suppliers rank in different scenarios.

Scenario Social Indicator Suppliers Rank

1 C1, C2, C3, A1 S1 > S2
2 C1, C2 S1 > S2
3 C1, C3 S1 > S2
4 C2, C3 S1 > S2
5 C3, A1 S2 > S1

Fig. 4. Sensitivity analysis for the social performance of suppliers.
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