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There is an urgent need to improve the assessment of construction companies’ Corporate Social Responsibility
(CSR) in public-works procurement. Current procurement procedures assign a high level of subjectivity to CSR
assessment and lack transparency. Existing research basically highlights the need to define weighting systems in
which the importance of each social criterion is objective and based on the social weaknesses in the context of a
project. In order to fulfill this gap, this research proposes a composite indicator for assessing CSR in public
construction procurement. A Data Envelopment Analysis based on the Benefit of Doubt Approach (DEA-BOD)
was chosen to define the weighting system based on the main social weaknesses that exist in the country where
the contract is procured. The research employs simulation to assess the validity of this indicator. The results
highlight that the use of national indices as a proxy for CSR indicators can be helpful in determining the level of
importance of CSR in public procurement. The simulation showed that the proposed approach allows the
objective comparison of CSR performance of construction companies, regardless of their size. This research as-

sists decision-makers in properly integrating social sustainability in procurement procedures.

1. Introduction

Social sustainability is aimed at guaranteeing a state of welfare for
the people by securing social, economic, and political justice and
creating healthy and livable communities through equity, human mo-
rality, diversity, connectivity, and democracy (Goodland, 1995; IllI-
ankoon et al., 2017). From a business perspective, social sustainability
refers to the impact corporations have on people and society, giving rise
to corporate social responsibility (CSR from now on) (Hutchins et al.,
2019). The term CSR has evolved over the last decades representing the
implementation of the triple bottom line of sustainability (environ-
mental, social, and economic dimensions) at the corporate level. How-
ever, the social dimension has been overshadowed by the other two
dimensions. Given this, this study focuses on the social dimension of
CSR.

During the last decades, numerous authors have claimed the
importance of implementing CSR practices to achieve economic benefits
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and societal well-being (Hutchins et al., 2019; Xia et al., 2018). How-
ever, the implementation of CSR in the construction industry is still
scarce (Loosemore et al., 2021; Xia et al., 2018; Zhang et al., 2022a), and
the need of construction firms to adopt CSR has already been claimed
(Pham et al., 2021).

Although the assessment of CSR has gathered some strength globally,
additional work is needed to boost the incorporation of social sustain-
ability in the daily activities of construction companies (Xia et al., 2018;
Zhang et al., 2020; Zhao et al., 2012). Zhao et al. (2012) found that the
lack of engagement in CSR may be because the construction industry has
not yet realized its obligations to society. Furthermore, Pham et al.
(2021) stated that construction firms must act socially responsible under
the pressure of government guidelines and regulations. Public pro-
curement has been claimed as an essential element in fostering behav-
ioral change in construction companies (Montalban-Domingo et al.,
2021; Ruparathna and Hewage, 2015; Xia et al., 2018). However,
objective CSR evaluation frameworks are needed to facilitate the
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inclusion of the CSR assessment in public procurement (Montalban-
Domingo et al., 2021; Pham et al., 2021). International standards lack
specific CSR aspects related to the construction industry (Lu et al.,
2016). Therefore, more efforts are demanded to establish quantitative
CSR indicators and transparent weighting schemes suitable for quanti-
fying social well-being benefits offered by CSR practices in construction
(Liao et al., 2016; Zhao et al., 2012). This is the gap that this research
aims to fulfill. Consequently, the goal of this research is to define a
composite indicator for assessing the CSR of construction companies in
public procurement and develop a weighting method that aligns the
level of importance of each CSR indicator with the social needs of each
country’s industry.

The paper is structured as follows. The following section analyzes the
current literature on public procurement and composite indicators
related to CSR assessment. Section 3 presents the proposed method,
including the overall approach and a description of defining the com-
posite indicator. Then, Section 4 gathers the implementation of the
proposed method in the European Union countries. Section 5 shows a
simulation with eight Spanish companies. Next, Section 6 contains the
discussion. Finally, Section 7 summarizes the contributions, recom-
mendations, limitations, and further research.

2. Literature review
2.1. CSR assessment through public procurement

The evaluation criteria currently used to characterize companies in
public procurement is mainly focused on their economic and financial
standing as well as their technical and professional ability to perform the
work or services covered by the contract (European Commission, 2018;
Scott et al., 2006). However, governments need to include social criteria
in public procurement qualifications to promote socially sustainable
development (Kaddouri and Saussier, 2021; Montalban-Domingo et al.,
2021). Therefore, several authors have claimed the need to assess the
CSR of construction companies during the award process (Knebel and
Seele, 2021; Montalban-Domingo et al., 2021; Xia et al., 2018).

In public procurement procedures, the selection of the contractor
must guarantee fair and objective competition (Park et al., 2015;
Schottle and Arroyo, 2017). All potential suppliers should be treated
equally through a rigorous and transparent selection procedure (Fala-
gario et al., 2012). International standards such as Global Reporting
Initiative, Occupational Health and Safety Assessment Series 18001
(OHSAS 18001), and Social Accountability 8000 (SA8000), among
others, do not include specific CSR aspects regarding the construction
industry. Additionally, very few CSR evaluation frameworks have been
developed for the construction industry (Montalban-Domingo et al.,
2021; Pham et al., 2021). In line with this, Pham et al. (2021) claimed
that the construction industry still lacks CSR assessment frameworks and
tools by which firms can report CSR practices. Zhang et al. (2022a),
Pham et al. (2021), and Xia et al. (2018) emphasized that governments
need to define CSR indicators for the construction industry and a
transparent weighting scheme to evaluate CSR performance. To address
this gap, this study proposes a composite indicator for assessing the CSR
of construction companies in public procurement.

2.2. Composite indicator for CSR assessment of construction companies

A composite indicator is the mathematical combination of individual
indicators, representing different dimensions of a concept whose
description is the objective of the analysis, and weights, which represent
the level of importance of each indicator (Nardo et al., 2005; Tokos
et al., 2012). The correct definition of the indicators is essential to assess
and monitor performance, identify trends, benchmark, and set policy
priorities (Tokos et al., 2012). Using a composite indicator during the
award process entails the definition of quantitative indicators to ensure
transparent, objective, and equitable bid-selection processes (Park et al.,
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2015; Popovic et al., 2018).

According to Pham et al. (2021), indicators applied for assessing and
improving CSR performance are still in infancy and require more
consideration. The indicators defined by disclosure standards, such as
Global Reporting Initiative, International Integrated Reporting Council,
Sustainability Accounting Standard Board, etc., are not valid for
assessing the CSR performance of construction companies (Olanipekun
etal., 2020; Pham et al., 2021), mainly because they barely include CSR
aspects regarding this industry (Lu et al., 2016). Based on this, several
works have focused on developing CSR indicators for the construction
industry. Zhao et al. (2012) developed a comprehensive set of quanti-
tative and qualitative indicators for the assessment of CSR in construc-
tion companies. These authors defined CSR indicators at the
organizational level in eight categories: ‘occupational health and safety
of employees’, ‘legal working hours and rest time’, ‘wages and welfare’,
‘staff employment’, ‘education and training’, ‘freedom of association
and bargaining’, ‘harmonious labor/management relationship’, and
‘human rights measures’. Wu et al. (2015) defined 26 qualitative in-
dicators for assessing CSR of international contractors and group them in
the following categories: ‘labor practice’, ‘fair operating practices’,
‘community involvement and development’, ‘human rights’, ‘share-
holders’ rights’, and ‘organizational governance’. Dolla and Laishram
(2020) developed a bid-selection model to assess the sustainability of
construction companies, but most of the indicators were qualitative and
barely included CSR indicators. Montalban-Domingo et al. (2021)
developed an integrated method for assessing social sustainability in
public-works procurement; the CSR assessment was defined at the
organizational level through 20 quantitative indicators grouped in nine
categories: ‘employment creation’, ‘job stability’, ‘social benefits and
social security’, ‘occupational health and safety performance’, ‘social
value’, ‘nondiscrimination and equal opportunities’, ‘fair wages and fair
income distributions’, ‘technical training’ and ‘sustainability training’.

Regarding the weights, these have a significant impact on the results
of the composite indicator (Joint Research Centre-European Commis-
sion, 2008). In this regard, Mohebali et al. (2020) and Abdella et al.
(2021) highlighted that the most critical step in defining a composite
indicator is determining the weights by which individual indicators
contribute to the aggregated impact. Currently, in public procurement,
the awarding committee has to assign a weight to each award criterion
in advance (Falagario et al., 2012). Generally, these weights are set
based on subjective judgments (European Commission, 2019; Rupar-
athna and Hewage, 2015), being affected by internal consistency and
validity problems (Falagario et al., 2012). Less frequently, the awarding
committee establishes each indicator’s level of importance based on
expert judgment, public opinion, or assigning equal weights (Zhou et al.,
2007). At the research level, setting equal weight or using expert judg-
ments are the most widely applied methods in CSR assessment (Mon-
talban-Domingo et al., 2021; Rahdari and Rostamy, 2015; Zhao et al.,
2012). However, these techniques are not generally accepted because
the CSR performances are significantly different in each company and
country (Montalban-Domingo et al., 2020; Pham et al., 2021; Zhao et al.,
2012), and the weighting of CSR indicators must reflect contextual
differences related to regional economic development and cultural
background (Popovic et al., 2018; UNEP, 2009; Zhao et al., 2012).

Weights can also be defined using statistical weighting methods,
such as factor analysis, data envelopment analysis, or unobserved
component models (Abdella et al., 2021; Freudenberg, 2003; Joint
Research Centre-European Commission, 2008). Factor analysis is the
most commonly applied method (Abdella et al., 2021). This method
relies on the correlation among the indicators to create factors that
capture as much as possible of the common information (Hair et al.,
2014). This technique estimates the weights of the original indicators;
however, these weights are the same for each participant unit in the
analyzed sample regardless of their individual performance (Hair et al.,
2014).

Data envelopment analysis (DEA), on the other hand, is a well-
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established non-parametric technique that allows capturing the different
performances of the units under analysis (Abdella et al., 2021). Through
a mathematical programming model, DEA defines an efficiency frontier
and uses this frontier as a benchmark to measure the performance of a
given set of participating units (such as countries, companies, projects,
etc.) (Nardo et al., 2005; Joint Research Centre-European Commission,
2008). Then, a set of weights is assigned to each participating unit,
comparing it with the benchmark and looking for its maximum or
minimum efficiency (Zhou et al., 2007). Thus, the weights assigned to
each entity are different from the other entities in case their perfor-
mances are different (Cherchye et al., 2008).

Finally, in unobserved component models, individual indicators are
assumed to depend on an unobserved variable plus an error term. The
aim is to estimate the unknown component and set the weights to
minimize the error in the composite (Joint Research Centre-European
Commission, 2008). This is a complex method characterized by high
computational cost. Authors such as Singh et al. (2007) claimed this is
not a robust method because the weights are a decreasing function of the
variance indicators.

2.3. Research gap and theoretical approach

According to the literature review, defining a composite indicator for
assessing the social dimension of CSR in public procurement would
enable a quick and efficient assessment and benchmark within the in-
dustry (Krajnc and Glavic, 2005a; Pham et al., 2021; Xia et al., 2018).
Moreover, it would assist government agencies in supervising the social
responsibility of construction companies and shaping the CSR policies.
Although researchers such as Dolla and Laishram (2020) and Mon-
talban-Domingo et al. (2021) have developed indicators for assessing
CSR in procurement procedures in the construction industry, more ef-
forts are demanded to define a weighting that varies across objectives,
over countries, and through time (Cook et al., 2017). This weighting
method would be a perfect tool for supporting socially sustainable
development policies conducted at the country level.

Based on the aforementioned gap, this research aims to define a
composite indicator for assessing the CSR of construction companies in
public procurement. This research has several innovative elements.
First, the novelty of the composite indicator lies in defining a weighting
method to align the level of importance of each CSR indicator with the
context of the construction industry in each country. The objective is to
reduce the social weaknesses that exist in the country’s construction
industry where the project will be developed, assigning the maximum
weights to the worst social performance indicators.

Second, the weighting method is defined for the European countries.
This method uses the country as the unit of measure to determine the
weights, and it is based on defining a benchmark within a selected
sample of countries to identify the social weaknesses of each one of these
countries. The social performance of each country can vary significantly
depending on aspects such as the country’s size, its level of develop-
ment, culture, etc. (Joint Research Centre-European Commission, 2008).
Thus, the selection of the countries to be included in the sample
significantly impacts the results, being highly relevant for the method’s
reliability (Cherchye et al., 2007). Based on these facts, this research has
decided to delimit the scope to countries in the European Union since the
European Commission establishes common sustainability policies and
programs

Third, authors such as Antolin-Lopez et al. (2016), Flynn (2018),
Zhang et al. (2022a), and the European Commission (2010) have
highlighted the importance of properly defining social criteria in public
procurement to reduce the barriers of Small and Medium-sized Enter-
prises (SME) to participate in public contract competition. Thus, this
research performs a simulation analysis to assess whether the composite
indicator is feasible and applicable not only for the assessment of one
individual company but also for the assessment and comparison of two
or more companies, similar to a procurement procedure; the simulation
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is applied to Spain and CSR performances of Spanish construction
companies are gathered from GRI reports.

3. Proposed method
3.1. Overall approach

As stated previously, the research goal is to define a composite in-
dicator for assessing the social dimension of CSR performance of con-
struction companies in the award stage of public procurement. This
section proposes a method for defining this composite indicator. Fig. 1
shows the four main steps for building the CSR composite indicator.
First, the social indicators are selected from previous contributions (Step
1). These indicators have to be defined at the organizational level in
order to guarantee the assessment of the company’s attitude regarding
CSR performance in their daily activities (Docekalova and Kocmanova,
2016; Pham et al., 2021). These indicators have to satisfy quality criteria
to guarantee their use within the procurement procedure (Montalban-
Domingo et al., 2021).

The following steps (2 through 4) define the weights according to the
social weaknesses that exist in the country where the contract is pro-
cured. To this end, national indices related to the CSR indicators are
selected from databases to assess the social performance of each country
(Step 2). These national indices allow defining the level of importance (i.
e., the weights) in the composite indicator. Subsequently, the weights
are calculated using a weighting method based on the DEA-BoD
approach (Step 3); the choice of the DEA-BoD approach is justified
later in sub-Section 3.4.

Finally, the composite indicator for CSR assessment is built (Step 4).
This last step entails clustering and normalizing the CSR indicators ac-
cording to the national indices and associating these indicators with the
calculated weights. The following sub-sections describe each of these
four steps in-depth.

3.2. CSR indicators

The role of the CSR indicators is to represent the key categories for
assessing the social dimension of CSR performance of construction
companies. According to Krajnc and Glavic (2005a) and Docekalova and
Kocmanova (2016), the assessment must focus on the entire company in
order to analyze its daily activities. Additionally, the CSR indicators
must ensure fair and objective competition (Park et al., 2015; Schottle
and Arroyo, 2017); therefore, the indicators must be defined to ensure
internal and external verification. All these constraints are satisfied by
the CSR indicators proposed by Montalban-Domingo et al. (2021). These
authors identified nine social categories as the most important to
analyze CSR at the organizational level. They defined 20 quantitative
indicators for assessing the CSR of construction companies in public-
works procurement; these indicators are displayed in Table 1. The in-
dicators were selected by experts from a pool of 141 indicators ac-
cording to quality criteria, such as comparability, relevance,
understandability, reliability, and verifiability, in order to guarantee
their use within the procurement process. These indicators were found
relevant for assessing the social dimension of CSR of construction
companies in a previous study by Montalban-Domingo et al. (2021) and
are, therefore, considered as the point of departure of this study.

3.3. National indices

National indices were selected from databases to define the weights
based on the social flaws that exist in a country. A top-down approach
was defined to evaluate and choose national indices. First, a ‘theoretical’
assessment was undertaken in which national indices were evaluated
based on a set of quality criteria. Second, a ‘practical’ assessment was
performed by a focus group of experts; the focus group chose the na-
tional indices to be used as proxy indicators of CSR indicators. Third, a
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Step 1 CSR indicators (I)

v

Step 2 National indices (1)
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Building the composite indicator for the courtry

€
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Fig. 1. Proposed method.

‘statistical analysis’ was performed to avoid possible multicollinearity
between national indices. These three sub-steps are explained next.

3.3.1. Theoretical assessment

Organizations such as Eurostat, the Organization for Economic
Cooperation and Development, the Sustainable Governance Indicators,
the International Labor Organization, or the United Nations Conference
on Sustainable Development, among others, have a wide sample of na-
tional indices in different fields. The quality of the method to determine
the social weaknesses depend mainly on the appropriateness of the na-
tional indices used; therefore, data sources possessing a quality assur-
ance framework were preferred wherever practicable (Cook et al., 2017;
Montalban-Domingo et al., 2020).

National indices were evaluated according to the following set of
quality criteria (Montalban-Domingo et al., 2020):

(1) relevance, to select the indices related to some of the CSR
indicators;

(2) utility, to judge whether the indices are easily understandable;

(3) measurable, to assess whether the indices are defined at the na-
tional scale;

(4) geographical coverage, to guarantee that the indices are available
for the 28 European countries;

(5) time coverage, to screen indices with data over the years; and,

(6) soundness, to select indices with metadata available.

The first step focused on selecting, from the databases of Eurostat
(2017), ILO (2017), OECD (2017), SDG (2017), UNCSD (2017), and the
World Bank (2017), the national indices that fulfilled the (1,2) criteria.
Secondly, national indices were assessed according to the criteria (3, 4,
5, 6). Subsequently, redundant indices were rejected.

3.3.2. Practical assessment

The practical assessment aims to associate each CSR indicator with
one or several national indices. The purpose is that the national indices
work as proxy indicators of the CSR indicators. A proxy indicator is
generally used to stand in for variables that cannot be directly measured
(Benini and Sala, 2016). The use of proxy indicators in the definition of
composite indicators has been proposed in numerous studies with good

results (Nardo et al., 2005; UNEP, 2009; Cook et al., 2017).

An expert panel approach was used to link national indices with CSR
indicators, following the recommendations of Cook et al. (2017) and the
Joint Research Centre-European Commission (2008). This kind of
approach, based on experts, was essential to ensure transparency in this
decision-making procedure (Nikolaou et al., 2019; UNEP, 2009), the
concept of social sustainability encompasses complex terms (Landorf,
2011; Nikolaou et al., 2019) and entails an analysis from different per-
spectives (UNEP, 2009). The focus group was the selected technique.
This technique aims to encourage interactive discussions and knowledge
sharing between a group of experts to generate new ideas and knowl-
edge, defining a consistent and holistic viewpoint (Xenarios and Tziritis,
2007; Yu et al., 2017); it can help acquire a large amount of information
within a relatively short period of time (Yu et al., 2017). To collect the
focus group, three profiles of experts were identified depending on the
following areas of knowledge (Bhandari and Hallowell, 2021): (Profile
1) public procurement procedures and project delivery methods; (Profile
2) construction of civil engineering projects; and, (Profile 3) social
sustainability in the construction industry. These three profiles aimed to
guarantee the heterogeneity among the members, encouraging a wide
range of experiences, perceptions, and opinions (Briiggen and Willems,
2009). Twelve experts were selected and characterized according to six
criteria (Hallowell and Gambatese, 2010), as indicated in Table 2. As can
be seen, every member has broad expertise in one of the established
profiles and holds at least a civil engineering degree.

The ‘practical assessment’ entailed that: first, each expert individu-
ally selected the national indices for each CSR indicator; and, second, the
results of this first task were shared and discussed in the focus group.
Finally, a proposal of national indices was defined by consensus.

3.3.3. Statistical analysis

The statistical analysis of the national indices focused on correlation
analysis. The aim was to identify the national indices with multi-
collinearity and delete redundant indices (Joint Research Centre-
European Commission, 2008). Multicollinearity is identified through
the correlation matrix. The multicollinearity corresponds to those in-
dicators most highly correlated (coefficient correlation above 0.80).
According to Hair et al. (2014), the correlation matrix can be calculated
using three possible correlation coefficients: Pearson’s correlation
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Table 1

CSR indicators for construction companies (Montalban-Domingo et al., 2021).

Indicator

Metric

I;: New staff hiring

Io: Temporary contracts

I3: Employee turnover

I4: Investment in the health of

employees
Is: Parental leave

Ie: Training on health and safety

1;: Certificates in health and
safety

Ig: Fatalities

Io: Accidents

I;0: Occupational disease

1;1:Working days lost

I;5: Social value

I;3: Female labor force
participation

I14: Wage gap

I;5: Women in executive
management positions

I Disabled people

I;7: Salary distribution

I;g: Technical training

I;9: Social ethics, social
awareness, and human rights

I5o: Research and Development

Total number of new staff hired in the company
divided by the maximum number of workers
Total number of temporary workers divided by
the maximum number of workers

Maximum number of leaving workers divided by
the maximum number of workers

Annual investment in the health of employees
divided by revenue

The number of employees who returned to work
after parental leave ended, who were still
employed 12 months after their return to work,
concerning the number of employees that were
entitled to parental leave over the last two years
Total number of hours of staff time used for giving
or receiving formal training on health and safety
aspects of construction concerning the total
number of worked hours

1 If the company is currently certificated by
OHSAS 18001, ISO45001:2018 or equivalent;
otherwise, 0

Number of fatalities over last year divided by the
total number of worked hours

The number of accidents involving sick leave
divided by the total number of worked hours *
1000,000,000

The number of occupational diseases concerning
the total number of workers * 200,000

The number of working days lost due to sick leave
accidents registered concerning the total number
of worked hours * 1000

Total number of hours that employees spent on
social programs and voluntary activities during
working hours

Total number of female employees divided by the
maximum number of workers

Difference between basic salary and
remuneration of male and female employees.
Percentage of women in executive management
positions

Total number of workers registered as disabled
concerning the maximum number of workers
Annual total compensation of the highest-paid
individual divided by the median annual total
compensation for all employees except the
highest-paid individual

Annual investment in workers’ technical training
per the maximum number of workers

Total hours of staff time used for giving or
receiving formal training on code of ethics, social
awareness, human rights, and social aspects of
construction divided by the maximum number of
workers

Annual investment in research and innovation
projects divided by the revenue

Table 2
Percentage of experts that satisfies the criteria per profile.
Criteria Profile Profile Profile
1 2 3
At least ten yea'rs o.f professional experience in 100% 100% 100%
the construction industry
Advanced degree 100% 100% 100%
Primary or' seconfiary autho.r of at least three 25% 75% 75%
peer-reviewed journal articles
Manager in a private company 50% 100% 0%
Facrllty memb(.er at an accredited institution of 50% 50% 75%
higher learning
Doctoral degree 50% 50% 75%

Environmental Impact Assessment Review 96 (2022) 106844

coefficient, when the sample fulfills statistical normality; Spearman’s
correlation coefficient, when the data do not present a normal distri-
bution; and, Kendall’s tau, which is recommended rather than Spear-
man’s coefficient when the data set is small, offering, in small samples, a
better estimate of the correlation. These tests assume as a null hypoth-
esis that the correlation coefficient between variables is not significantly
different from zero. This condition is satisfied when the p-value is less
than 0.05 (Hair et al., 2014). Additionally, these correlation coefficients
(r) represent the standardized covariance. The coefficients go from —1 to
+1. A coefficient of +1 indicates that the two variables are perfectly
positively correlated; a coefficient of —1 indicates a perfect negative
relationship, and a coefficient of zero indicates no linear relationship. To
measure the size of an effect, values of +0.1 represent a small effect,
+0.3 a medium effect, and + 0.5 a large effect (Hair et al., 2014). Thus,
first, the normality of the sample was analyzed through the Shapiro-Will
test, as the sample includes 28 countries (less than 50) (Hair et al.,
2014). The results showed that indicators were normally distributed (p-
value>0.05). Therefore, the correlation matrix was calculated using IBM
SPSS Statistics 23.0, through Kendall’s tau test and the indices with
multicollinearity (r > 0.80) were deleted.

3.3.4. Normalization

National indices are expressed in different measurement units and,
therefore, were normalized. The normalization technique was the
minimum-maximum normalization method within an interval scale of
1.00 (the worst performance) and 2.00 (the best performance). Each
national index with a positive impact was transformed into a normalized
form by Eq. (1), and the indices with a negative impact were normalized
by Eq. (2) (Zhou et al., 2012):

Vi — v
V_— _ VMIN
V/;[_L. -2 ic Ni (2)

~ yMAX MIN
VNi - VNi

. Vfc and V; . Values for the national index i from the country c, with
positive and negative impact on social aspects, respectively.
. V]\“,i’ ¢ and Vy;, ¢: Normalized indicators, respectively.
VMAX: The highest value for the indicador i in the sample.
MIN. The lowest value for the indicator i in the sample.

3.4. Weights

After an intensive analysis of previous contributions, the DEA was
deemed the most appropriate method to measure the efficiency of each
participating unit and determine objective weights by reference to the
observational data (Charnes et al., 1978). DEA is extensively used at
macroeconomic levels for supporting sustainable development policies
(Bianchi et al., 2020). Over the years, different DEA models have been
developed for various applications, including sustainability research. In
terms of building a composite indicator, DEA has been widely accepted
(Zhou et al., 2018). There are two different approaches to DEA. One
approach is the traditional DEA, where the model identifies a set of
performance measures that are termed as inputs and outputs. Then, it
constructs an efficient frontier formed by a set of participating units that
represent the best performances. Finally, it assigns the weights to each
participating unit to achieve the efficiency level according to their dis-
tances to the efficient frontier (Zhou et al., 2018).

A more innovative approach does not take inputs and only takes
outputs (or performance measures) that transform into benefit or cost
type variables. This approach defines an objective aggregated indicator
for each assessed participating unit. The weights are determined
endogenously through an optimization method. This method is named
DEA-BoD (Benefit-of-Doubt) approach; it allows varying weights of each
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participating unit according to an optimal solution to look for the
maximum or minimum benefit for each participating unit under analysis
(Cherchye et al., 2007). Numerous authors have widely used the DEA-
BoD to develop composite indicators to measure social inclusion in
European Countries (Giambona and Vassallo, 2014), to assess the
progress of the European Union towards Europe’s targets (Verbunt and
Rogge, 2018; Wiist and Rogge, 2021), to assess the sustainable perfor-
mance of different industries (Aparicio et al., 2020; Aparicio and
Kapelko, 2019; Fukuyama et al., 2020; Oliveira et al., 2020), among
others.

The DEA-BoD approach is designed to increase the discriminating
powers of the DEA method, improving the comparisons among different
entities (Zhou, 2008). There are two versions of the DEA-BoD approach:
the optimistic and pessimistic versions (Rogge, 2018). The goal of the
pessimistic version is to minimize the efficiency, assigning the maximum
weights to the worst performance indicators in a country (Zhou et al.,
2007). The pessimistic version represents the methodological approach
of this research and the basis for the development of the weighting
method. This optimization problem aims to minimize the efficiency,
assigning the maximum weights in the composite indicator to the worst
performance indicators in a country. This approach has been widely
defined by authors such as Zhou et al. (2007), Cherchye et al. (2008),
Zhou (2008), and Rogge (2018). The basic idea of the DEA-BoD
approach is to put the data of the country indices in a relative
perspective by comparing them to a benchmark (Rogge, 2018).

The following model of equations defines the weighting method. Eq.
(3) seeks to define the weights (w;c) in the country ‘c’ for each National
index (V;) to achieve the minimum value of SI;. Additionally, three
conditions have to be satisfied: (1) a normalization constraint to guar-
antee that, when the weights defined for country ‘c’ are applied to any
other country in the sample, none of these countries can obtain a value
in the weighted sum lower than one (Eq. (4), 2) the weights cannot be
negative (Eq. (5)); and, (3) the sum of these weights has to be equal to
1.00 (Eq. (6)). This way, the weighting problem is performed for each
country independently, and the benchmark of each country will be taken
from the observed sample itself. Therefore, the country ‘c’ benchmark
will be the country ‘j’ that, having applied the weights of the country ‘c’,
obtains the maximum value of the composite indicator SI¢ (Rogge, 2018;
Verbunt and Rogge, 2018). Additionally, ‘proportional share re-
strictions’ were included (see Egs. (7) and (8)). According to Zhou et al.
(2007), Zhou (2008), Cherchye et al. (2008), and Rogge (2018), ‘pro-
portional shared restrictions’ are needed to guarantee that every indi-
cator is considered and to ensure that a proper weighting scheme is
established.
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e SI.: Result of the composite indicator. It shows the social perfor-
mance of the country ‘c’.

e wj.: Weight assigned to the indicator’ i’ in the country ‘c’.

e Vj.: Value for country ‘c’ on the proxy indicator ‘i’ i =1, ...., n; n'is
the number of indicators in the model).

o Vj;: Value for the country ‘j° on the proxy indicator i’ (j =1, ....,m; m
is the number of countries in the sample).

e oj and f;: Lower and upper limits in the ‘proportional share
restrictions’.

Based on these equations, the authors performed the following pro-
cess to define the optimal weights for each country. First, analyze the
weighting method without the ‘proportional share restrictions’ to verify
its proper performance. Second, add the ‘proportional share restrictions’
to study the influence of aj and f; in the model; and, third, calculate the
weights based on a specific scenario of @; and f; taking into account that
the aim is to define the weights of each indicator based on the social
weaknesses that exist in a country but being able to adapt to the needs of
each procurer, agency, or government.

3.5. Composite indicator

The definition of a composite indicator (CI) entails three stages. First,
the CSR indicators must be normalized to be integrated into a CL. Ac-
cording to Tokos et al. (2012) and Zhou et al. (2012), normalization
using benchmarks ensures that all indicators are transformed trans-
parently and comparably. The external benchmark can be defined based
on the values of measurements and standards in the construction in-
dustry, local legal regulations, GRI reports for the construction industry,
and other relevant documents (Zhou et al., 2012). In this regard, this
study recommended using GRI reports to define the benchmark because
the GRI guideline is the world’s most widely used standardized sus-
tainability reporting framework (Roca and Searcy, 2012; Tokos et al.,
2012). Following the recommendations of Tokos et al. (2012) and Zhou
et al. (2012), the CSR indicators with a positive effect (maximization)
were normalized using Eq. (9), and indicators with a negative effect
(minimization) were normalized using Eq. (10); where, I denotes the
value of a CSR indicator, I is the normalized CSR indicator, and A is the
benchmark of each indicator.

I

1=t ©
, 1

1:177 (10)

Second, the CSR indicators are clustered according to the national
indices, since these indices act as proxy of the CSR indicators and the
weights have been defined according to them. Finally, the composite
indicator is built (see Eq. (11)). Clcsg jc represents the result of the
composite indicator for the construction company j’ in the country ‘¢’
where the project is procured; I ;; is the value of the company indicator
1'’; for the construction company j’; and, wj. is the weight assigned to
the indicator I’ ’; for the country ‘c’. The weights must be between 0 and
1 (0< wj <1), and the sum of the weights must be equalto 1 (3", w; =
1).

n
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4. Implementation

This section illustrates the proposed method for building composite
indicators for CSR assessment in public procurement. Once the authors
set the CSR indicators to include in the CI, the proposed method is
implemented for the 28 European countries. First, the national indices
are selected by experts and associated with the CSR indicators. Second,
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the weights are calculated through the DEA-BoD method. Finally, the CI
is built. The following sub-sections gather each of these steps in-depth.

4.1. National indices

The selection of national indices was based on a top-down approach.
First, the ‘theoretical assessment’ resulted in the selection of 37 national
indices. Second, the focus group performed the ‘practical assessment’
and chose 24 national indices to be used as proxy indicators of the CSR
indicators. Table 3 shows the result of the focus group. To bring stability
to the method, the experts proposed that the values considered for each
national index should be the average of the three last years. In our study,
the authors took the data from 2017, 2018, and 2019. The focus group,
trying not to duplicate information, selected all those national indices
related to each CSR indicator’s general concept. Seven national indices
were proposed as proxy indicators of new staff hiring (I;). The focus
group tried not to limit excessively the number of national indices in this
stage. The reason was based on allowing the correlation analysis to
reject the national indices with multicollinearity. Regarding the CSR
indicators investment in the health of employees (I4) and parental leave
(Is), the focus group decided to cover them with the same proxy indi-
cator: public health expenditure. They considered that these CSR in-
dicators depend on the law of each country and the national policies
concerning the investment of governments in public health (CIRIA,
2001; United Nations, 2008a; GRI, 2018). Finally, the focus group
decided that the national indices ‘death rate due to chronic diseases’,
‘fatal accidents at work’, and ‘non-fatal accidents at work’ may be proxy

Table 3
National indices assigned by the focus group to each CSR indicator.
CSR Indicator National indices Source
I;: New staff hiring Unemployment with advanced ILOSTAT
education
Unemployment with basic education ILOSTAT
Unemployment with intermediate ILOSTAT
education
Unemployment rate ILOSTAT
Long-term unemployment rate Eurostat
Youth unemployment rate ILOSTAT
Unemployment rate by foreign-born Eurostat
Io: Temporary contracts Temporary employment Eurostat
I5: Employee turnover Job tenure ILOSTAT
14 Investment in the health ~ Public health expenditure Eurostat
of employees
I5: Parental leave Public health expenditure Eurostat
Ie: Training on health and Death rate due to chronic diseases Eurostat
safety Fatal accidents at work Eurostat
Non-fatal accidents at work Eurostat
17: Certificates in health Death rate due to chronic diseases Eurostat
and safety Fatal accidents at work Eurostat
Non-fatal accidents at work Eurostat
Ig: Fatalities Fatal accidents at work Eurostat
Ig: Accidents Non-fatal accidents at work
I;0: Occupational disease Death rate due to chronic diseases Eurostat
I;1:Working days lost Non-fatal accidents at work Eurostat
I;,: Social value Human Development Index Eurostat
I;3: Female labor force Ratio of female to male labor force ILOSTAT
participation participation
Unemployment, female ILOSTAT
114: Wage gap Ratio of female to male salary Eurostat
I;5: Women in executive Employed women being in managerial Eurostat
management positions positions
I;¢: Disabled people Unemployment rate of disabled people
I7: Salary distribution Employed persons at-risk-of-poverty rate  Eurostat
I1g: Technical training Employed persons participating in job- Eurostat
related non-formal education and
training in the past 12 months
I19: Social ethics, social Corruption perception index Eurostat
awareness, and human
rights
I50: Research and Patent applications Eurostat
Development Research and development expenditure Eurostat

Environmental Impact Assessment Review 96 (2022) 106844

indicators of the CSR indicators Ig (training on health and safety), I,
(certificates health and safety), Ig (fatalities), Iy (accidents) and I;q
(occupational disease). The reason was that occupational health and
safety performance reflects the health and safety management and
training systems that exist in an organization (GRI, 2018).

The statistical analysis identified the national indices with multi-
collinearity (Kendall’s correlations >0.8) (see Table 4). The index ‘un-
employment total’ was highly correlated with ‘long-term unemployment
rate’, ‘unemployment female’, ‘youth unemployment rate’, ‘unemploy-
ment rate by foreign-born’, ‘unemployment with advanced education’,
‘unemployment with intermediate education’, and ‘unemployment with
basic education’. Similarly, the national index ‘patent application’ was
highly correlated to ‘research and development expenditure’. Conse-
quently, only the national indices ‘unemployment total’ and ‘research
and development expenditure’ were considered.

Table 5 gathers the normalized national indices. The minimum and
maximum values are in bold.

4.2. Weights

The first step to defining the optimal weights for each country was
analyzing the weighting method without the ‘proportional share re-
strictions’. The reason was to verify the proper performance of the
method. Without ‘proportional share restrictions’, the weighting
method must assign the maximum weights to the worst performance
indicators for each country, and the rest of the indicators must get
weights equal to zero.

The second step entailed the analysis of the influence of the lower (a;)
and upper (4) limits of the ‘proportional share restrictions’. To char-
acterize the influence of a; and f; on the model, these were analyzed
independently. First, §; was set at 1.00, representing that upper re-
striction does not exist in the model. Consequently, only the influence of
the lower restriction was analyzed for different scenarios of o; (0.01,
0.02, 0.03, 0.04, 0.05, and 0.06). The maximum value of o; was 0.06
because the model has 16 indicators; thus, the maximum weight that can
be assigned to each indicator is 0.062. Although the restrictions were
defined based on proportion constraints and these are not direct re-
strictions on weights, it was considered that a higher value of a; could
unduly limit the flexibility of the model (Rogge, 2018). The analysis of

Table 4
Kendall’s correlations of national indices characterized by multicollinearity.

Correlated indicators Unemployment, Research and
total development
expenditure
Long-term Correlation 0.802
unemployment rate coefficient
p-value 0.000
lati
Unemployment, Corrﬁ? 2.1 ton 0.886
female coefficient
p-value 0.000
Correlation
Yorl:ltt}el unemployment coefficient 0.821
p-value 0.000
lati
Unemployment rate Corre- a.mon 0.802
by Foreign-born coefficient
Y p-value 0.000
lati
Unemployment with Corre- a}tlon 0.837
advanced education coefficient
p-value 0.000
Unemployment with Correlation
; ; . 0.820
intermediate coefficient
education Sig. (2-tailed) 0.000
Correlati
Unemployment with orre' a} ton 0.857
basic education coefficient
p-value 0.001
o Corre'le.1t10n 0.813
Patent applications coefficient
p-value 0.000
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Table 5
Normalized national indices.

Country Vi Vo Vs Va4 Vs Ve N Vg Vo Vio Vi1 Vi Vis Via Vis Vie

Austria 1.92 1.70 1.42 1.66 1.84 1.78 1.53 1.77 1.74 1.25 1.47 1.94 1.72 1.75 1.70 1.85
Belgium 1.81 1.68 1.67 1.57 1.87 1.67 1.50 1.78 1.67 1.94 1.54 1.72 1.92 1.84 1.72 1.65
Bulgaria 1.83 1.88 1.68 1.25 1.30 1.22 2.00 1.00 1.64 1.56 1.72 1.50 1.62 1.15 1.00 1.10
Croatia 1.52 1.23 1.50 1.48 1.43 1.58 1.86 1.27 1.58 1.84 1.38 1.39 1.85 1.37 1.17 1.11
Cyprus 1.54 1.41 1.08 1.00 1.97 1.43 1.89 1.49 1.84 1.59 1.22 1.72 1.69 1.30 1.33 1.01
Czech Republic 2.00 1.66 1.68 1.55 1.64 1.52 1.89 1.64 1.47 1.21 1.31 1.42 1.98 1.95 1.46 1.51
Denmark 1.89 1.60 1.00 1.69 1.83 1.93 1.43 2.00 1.91 1.53 1.35 1.68 1.89 1.63 2.00 1.89
Estonia 1.87 1.92 1.34 1.45 1.56 1.53 1.79 1.56 1.64 1.00 1.61 1.28 1.55 1.87 1.60 1.47
Finland 1.76 1.44 1.27 1.36 1.88 1.89 1.40 1.74 1.95 1.42 1.55 1.78 2.00 2.00 1.97 2.00
France 1.70 1.41 1.58 1.61 1.87 1.47 1.13 1.78 1.77 1.53 1.53 1.60 1.72 1.69 1.58 1.62
Germany 2.00 1.55 1.53 1.89 1.81 1.84 1.30 2.00 1.73 1.22 1.41 1.61 1.60 1.71 1.82 1.84
Greece 1.00 1.61 1.69 1.18 1.78 1.62 1.94 1.60 1.44 1.66 1.33 1.48 1.35 1.00 1.09 1.11
Hungary 1.94 1.67 1.43 1.19 1.00 1.47 1.97 1.34 1.42 1.57 1.79 1.22 1.68 1.36 1.13 1.31
Ireland 1.81 1.72 1.45 1.44 1.88 1.57 1.84 1.99 1.56 1.60 1.63 1.30 1.90 1.91 1.67 1.41
Italy 1.61 1.49 1.68 1.46 1.96 1.59 1.69 1.67 1.16 1.98 1.35 1.83 1.49 1.47 1.18 1.29
Latvia 1.72 1.92 1.42 1.17 1.18 1.74 1.98 1.28 1.68 1.45 2.00 1.33 1.68 1.55 1.31 1.08
Lithuania 1.79 1.98 1.22 1.40 1.16 1.03 1.96 1.42 1.78 1.59 1.76 1.00 1.65 1.54 1.36 1.18
Luxembourg 1.89 1.69 1.55 1.46 1.95 1.82 1.16 1.79 1.71 1.99 1.00 2.00 1.48 1.87 1.66 1.31
Malta 1.96 1.78 1.63 1.61 1.88 1.28 1.48 1.45 1.00 1.75 1.39 2.00 1.86 1.64 1.30 1.14
Netherlands 1.91 1.24 1.51 2.00 1.90 2.00 1.68 1.99 1.75 1.50 1.30 1.80 1.88 1.90 1.70 1.56
Poland 1.89 1.00 1.64 1.23 1.54 1.71 1.94 1.44 1.44 1.90 1.84 1.65 1.53 1.58 1.50 1.17
Portugal 1.64 1.20 1.44 1.35 1.81 1.00 1.00 1.36 1.76 1.46 1.60 1.49 1.53 1.37 1.44 1.33
Romania 1.90 2.00 2.00 1.40 1.14 1.00 2.00 1.07 1.26 2.00 1.51 1.83 1.00 1.22 1.36 1.00
Slovak Republic 1.70 1.66 1.55 1.33 1.35 1.76 1.98 1.41 1.78 1.34 1.55 1.25 1.83 1.83 1.19 1.14
Slovenia 1.80 1.37 1.58 1.56 1.72 1.32 1.65 1.72 1.52 1.89 1.80 1.73 1.81 1.74 1.40 1.74
Spain 1.21 1.05 1.18 1.52 1.91 1.48 1.15 1.70 1.68 1.57 1.47 1.02 1.40 1.50 1.33 1.28
Sweden 1.84 1.40 1.13 1.86 2.00 1.96 1.84 1.92 2.00 1.60 1.78 1.75 1.74 1.79 1.90 1.97

United Kingdom 1.96 1.82 1.39 1.67 1.82 1.95 1.85

1.90 1.75 1.27 1.65 1.70 1.68 1.90 1.81 1.44

Note: V;: unemployment rate; Vo: temporary employment; V3: job tenure; V4: public health expenditure; Vs: death rate due to chronic diseases; Vg: fatal accidents at
work; V;: non-fatal accidents at work; Vg: human development index; Vo: ratio of female to male labor force participation rate; V,: ratio of female to male salary; V:
employed women being in managerial positions; V;,: unemployment rate of disabled people; V;3: employed persons at-risk-of-poverty rate; Vi4: employed persons
participating in job-related non-formal education and training in the past 12 months; V;s: corruption perception index; V;¢: research and development expenditure

Table 6
Minimum and maximum weights in the sample for each scenario of oj.

Table 7
Minimum and maximum weights in the sample for each scenario of f};.

Scenarios Weights in a; scenarios Scenarios Weights in ; scenarios
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these scenarios of ¢; highlighted that @; controls the minimum weight
assigned to each indicator. Table 6 shows the minimum and maximum
weights considering all countries and indices for every scenario. As can
be seen, the more o; increases, the more the minimum value of the
weights grows.

After characterizing aj, the second step was analyzing the role of f; in
the weighting method. &; was set at 0.01 and scenarios varying f; (1.0,
0.8, 0.6, 0.4, 0.2, 0.1) were analyzed. The results of these scenarios are
summarized in Table 7 and highlights that the maximum weights
decrease with f; to satisfy the restriction; however, the minimum
weights in the different scenarios are not affected by f;. The role of f§; in
the model manages the number of indicators that should be emphasized
for each country.

Therefore, the lower (a;) and upper (4 limits of the ‘proportional
share restrictions’ are parameters to adapt the weighting method to the
requirements of a procurer, agency or government. Based on this, a

hypothetical scenario was defined and ¢; and f§; were set to guarantee a
minimum weight of 0.03 (3%) for each indicator, and at least four in-
dicators with weights over 0.10 (10%). Under these premises, the third
step was performed and the optimal weights for each European country
were defined considering o; equal to 0.05, and f; equal to 0.10. The
optimal weights defined in this scenario are gathered in Table 8. In this
table, the cells highlighted in grey and bold font represent the worst
indicators for each country. As can be seen, these cells received the
maximum weights of each country. On the other hand, the cells high-
lighted in grey and italics font are the worst following indicators for each
country. These indicators received weights over 0.10, guaranteeing a
minimum of four indicators with weights over 0.10 for each country.
Results show that Greece and Romania are the countries with the
worst social performance (SI = 1.29); and Belgium is the country with
the best social performance (SI = 1.68) followed by Sweden (SI = 1.67),
the United Kingdom (SI = 1.63), and the Netherlands (SI = 1.62).
Regarding the weights, Romania needs to focus its efforts on boosting
fatal accidents at work (I"¢), social value (I"g), salary distribution (I";3),



Table 8
Weights with aj equal to 0.05, and Bj equal to 0.1 and SI results.

Country W, W, W3 W, W5 Ws Wy Ws Wo W1 Wi Wi, Wis Wi Wis Wie S|

Austria 0.04 0.05 0.11 0.05 0.04 0.05 0.11 0.05 0.05 0.13 0.11 0.04 0.05 0.05 0.05 0.04 1.61
Belgium 0.05 0.05 0.05 0.11 0.05 0.05 0.11 0.05 0.05 0.04 0.11 0.05 0.04 0.05 0.05 0.10 1.68
Bulgaria 0.04 0.03 0.04 0.05 0.05 0.05 0.03 0.13 0.04 0.04 0.04 0.04 0.04 0.11 0.13 0.12 1.31
Croatia 0.05 0.11 0.05 0.05 0.05 0.04 0.04 0.11 0.04 0.04 0.05 0.05 0.04 0.05 0.12 0.12 1.38
Cyprus 0.04 0.05 0.12 0.13 0.03 0.05 0.04 0.04 0.04 0.04 0.11 0.04 0.04 0.05 0.05 0.13 1.32
Czech Republic 0.04 0.05 0.05 0.05 0.05 0.05 0.04 0.05 0.05 0.13 0.12 0.11 0.04 0.04 0.10 0.05 1.53
Denmark 0.04 0.05 0.16 0.05 0.04 0.04 0.11 0.04 0.04 0.10 0.12 0.05 0.04 0.05 0.04 0.04 1.56
Estonia 0.04 0.04 0.11 0.10 0.05 0.05 0.04 0.05 0.04 0.15 0.05 0.11 0.05 0.04 0.05 0.05 1.46
Finland 0.05 0.06 0.13 0.12 0.04 0.04 0.11 0.05 0.04 0.11 0.05 0.04 0.04 0.04 0.04 0.04 1.60
France 0.05 0.11 0.05 0.05 0.04 0.10 0.14 0.04 0.04 0.10 0.05 0.05 0.04 0.05 0.05 0.05 1.53
Germany 0.04 0.05 0.10 0.04 0.04 0.04 0.12 0.04 0.05 0.13 0.11 0.05 0.05 0.05 0.04 0.04 1.58
Greece 0.13 0.04 0.04 0.05 0.04 0.04 0.03 0.04 0.04 0.04 0.05 0.04 0.05 0.13 0.12 0.12 1.29
Hungary 0.03 0.04 0.05 0.11 0.13 0.05 0.03 0.05 0.05 0.04 0.04 0.11 0.04 0.05 0.12 0.05 1.35
Ireland 0.04 0.05 0.11 0.11 0.04 0.05 0.04 0.04 0.05 0.05 0.05 0.12 0.04 0.04 0.05 0.11 1.59
Italy 0.05 0.05 0.04 0.05 0.04 0.05 0.04 0.04 0.13 0.04 0.11 0.04 0.05 0.05 0.12 0.11 1.45
Latvia 0.04 0.04 0.05 0.12 0.12 0.04 0.04 0.11 0.04 0.05 0.04 0.05 0.04 0.05 0.05 0.13 1.40
Lithuania 0.04 0.03 0.06 0.05 0.12 0.13 0.03 0.05 0.04 0.04 0.04 0.13 0.04 0.04 0.05 0.11 1.34
Luxembourg 0.04 0.04 0.05 0.10 0.04 0.04 0.13 0.04 0.04 0.04 0.15 0.04 0.05 0.04 0.04 0.11 1.49
Malta 0.04 0.04 0.04 0.04 0.04 0.11 0.05 0.05 0.14 0.04 0.05 0.04 0.04 0.04 0.11 0.13 1.43
Netherlands 0.04 0.13 0.11 0.04 0.04 0.04 0.05 0.04 0.05 0.11 0.12 0.04 0.04 0.04 0.05 0.05 1.62
Poland 0.04 0.14 0.04 0.12 0.05 0.04 0.04 0.05 0.10 0.04 0.04 0.04 0.05 0.05 0.05 0.12 1.44
Portugal 0.04 0.11 0.05 0.05 0.04 0.13 0.13 0.05 0.04 0.05 0.04 0.04 0.04 0.05 0.05 0.10 1.32
Romania 0.03 0.03 0.03 0.05 0.06 0.13 0.03 0.12 0.05 0.03 0.04 0.04 0.13 0.05 0.05 0.13 1.29
Slovak Republic 0.04 0.04 0.05 0.11 0.05 0.04 0.04 0.05 0.04 0.05 0.05 0.12 0.04 0.04 0.12 0.13 1.43
Slovenia 0.04 0.12 0.05 0.05 0.05 0.12 0.05 0.05 0.10 0.04 0.04 0.05 0.04 0.05 0.11 0.05 1.58
Spain 0.05 0.12 0.11 0.04 0.03 0.04 0.11 0.04 0.04 0.04 0.04 0.13 0.05 0.04 0.05 0.05 1.30
Sweden 0.05 0.12 0.15 0.04 0.04 0.04 0.05 0.04 0.04 0.10 0.05 0.05 0.10 0.05 0.04 0.04 1.67
United Kingdom 0.04 0.04 0.12 0.05 0.04 0.04 0.04 0.04 0.05 0.13 0.10 0.05 0.05 0.04 0.05 0.11 1.63

Note: W;: unemployment rate; W»: temporary employment; Ws: job tenure; Wy4: public health expenditure; Ws: death rate due to chronic diseases; We: fatal accidents at work; W: non-fatal accidents at work;
Wg: human development index; Wo: ratio of female to male labor force participation rate; Wy : ratio of female to male salary; W1;: employed women being in managerial positions; W15: unemployment rate of
disabled people; W;3: employed persons at-risk-of poverty rate; W1 4: employed persons participating in job-related non-formal education and training in the past 12 months; W;s: corruption perception index;
Wie: research and development expenditure; SI: Social performance of each country
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and research and development (”1¢). On the other hand, Sweden needs
to work on temporary contracts (I”3), employee turnover (I”3), wage gap
(I"10), and salary distribution (I"13).

4.3. Composite indicator

To define the composite indicator, the CSR indicators must first be
normalized using benchmarks. Second, the normalized CSR indicators
(I'y)) are clustered according to the national indices (see Table 9). The
experts proposed that the CSR indicators training on health and safety
(Ig), certificates health and safety (I;), fatalities (Ig), accidents (I),
occupational disease (I;0), and working days lost (I;1) may be clustered
into three indicators: fatal accidents at work, non-fatal injuries at work,
and chronic disease. Table 9 gathers the definition of each company
indicator and the allocated national index. Finally, the composite indi-
cator can be applied according to Eq. (11) defined in Section 3.5.

5. Simulation

A simulation analysis was performed to evaluate the capabilities of
the CSR composite indicator to compare construction companies. The
simulation analyzes whether the composite indicator is feasible and
applicable for assessing one individual company and the evaluation and
comparison of two or more companies, similar to a procurement pro-
cedure. The simulation was applied to Spain. The data of the CSR in-
dicators and benchmarks were extracted from Montalban-Domingo et al.
(2021). These authors gathered CSR performances of Spanish con-
struction companies from GRI reports. Table 10 collects the values for
each CSR indicator of each company. As can be seen, not all the

Table 9
CSR indicators clustered according to the national indices.

CSR Indicators Metric National index
clustered
1"1: New staff hiring I =r V;: Unemployment rate
1”,: Temporary I'y=T1, V,: Temporary employment
contracts
1”3: Employee I'3=T5 V3: Job tenure
turnover
1" 4: Benefits 1., , V4: Public health expenditure
Iy =5(L+1)
I"5:Chronic disease Iy = Vs: Death rate due to chronic
1, , . . diseases
P (I +1; + 139 +1yq)
I" s:Fatal accidents at 1. , , Ve: Fatal accidents at work
otk Iy =30+ +15)
I"7:Non-fatal injuries r, = V;: Non-fatal accidents at work
at work 1. . . ,
7 (T + T, + 1o +1;)
I"g:Social value I'g =11, Vg: Human development index
I"g:Female labor force  I"g =113 Vo: Ratio of female to male labor
participation force participation rate
"10:Wage gap I"og=1T14 V;0: Ratio of female to male
salary
I"11:-Women in I'vy =145 Vi1: Employed women being in
executive managerial positions
management
positions
I"15:Disabled people I'yy =T Vi2: Unemployment rate of
disabled people
I"43:Salary I"3=T17 V13: Employed persons at-risk-
distribution of-poverty rate
I"14:Technical I'4=1T1g V14: Employed persons
training participating in job-related non-
formal education and training in
the past 12 months
I"15:Social ethics, I"is=T19 Vys: Corruption perception

social awareness, index

and human rights
I"16:Research and

Development

I"ie =Ty Vie: Research and development

expenditure

Note: I';: normalized CSR indicator.

Environmental Impact Assessment Review 96 (2022) 106844

information about each indicator in each company was found in the
reports (see empty cells in the table). This happened because GRI
guidelines are recommendations; therefore, using these indicators is not
mandatory and may be excluded or not considered by the company
(Tokos et al., 2012). Following the recommendations of Tokos et al.
(2012) and Zhou et al. (2012), to determine the normalization param-
eter (the benchmark), the maximum value for each CSR indicator was
selected, except for parental leave (Is), female labor force participation
(I13), wage gap (I14), and women in executive management positions
(I15). Regarding parental leave, none of the analyzed reports offers this
data. Then, the maximum was fixed at 1, representing that every man
and woman entitled to parental leave, take leave, and return to work to
the same or a comparable position, securing, thus, their employment,
remuneration, and career path (GRI, 2011). Concerning female labor
force participation, the maximum value was 0.48. Therefore, consid-
ering that the goal of the EU is to achieve equality between women and
men workforce, the normalization parameter was fixed at 0.50 (Euro-
pean Comission, 2016). The wage gap in GRI reports was 0.95. Thus, to
achieve equality between women and men workforce, the normalization
parameter was fixed as 1.00 (European Commision, 2014). Finally, the
maximum of women in executive management positions was 0.36;
however, to achieve equality between women and men workforce, the
normalization parameter was fixed at 0.50 (European Comission, 2016).

Since a high number of values were lacking, following the process
defined by Montalban-Domingo et al. (2021), three possible values were
assigned to each empty cell: 1.00 (represent the best performance), 0.50
(represent medium performance), and 0.00 (represent the worst per-
formance). The authors selected the Taguchi orthogonal array to
calculate the company scenarios. This method reduces the number of
scenarios without significantly affecting the outcomes (Mia et al., 2018).
The Taguchi orthogonal array design is a general fractional factorial
design that allows considering a selected subset of combinations of
multiple factors at multiple levels. This method focuses on defining
balanced scenarios to ensure that all levels of all factors are considered
equally (Narayana et al., 2019). This technique has been widely used in
many fields such as physics, management and business, medicine,
chemistry, environmental science, etc. (Bolboaca and Jantschi, 2007).
The scenarios of each firm were defined using IBM SPSS Statistics 23.0.
Implementing the Taguchi Orthogonal Array, the number of combina-
tions for each firm were: 25 scenarios for firm 1; 49 scenarios for firm 2;
81 scenarios for firm 3; 27 scenarios for firm 4; 49 scenarios for firm 5;
81 scenarios for firm 6; 81 scenarios for firm 7; and, 25 scenarios for firm
8 (see Table 11).

The results are displayed in Fig. 2. As can be seen, all the scenarios of
firm 1 are ahead of the rest of the firms. This is because firm 1 is a
multinational enterprise (MNE) with high social awareness. This figure
shows that the method is valid for comparing construction companies’
CSR performances. However, more detail is needed to determine
whether the methodology is helpful in comparing SMEs with MNE
concerning their performances.

The following task aimed to assess the effort the SME (firm 8) should
make to obtain better performances than the MNE (firm 1). To that end,
different social measures (SMs) were defined:

e SM A: Firm 8 has one disabled worker in the workforce.

e SM B: Firm 8 gets an OHSAS 18001, ISO45001:2018, or equivalent
certificate.

SM C: Options A and B are satisfied.

SM D: Firm 8 hires a disabled worker.

SM E: Firm 8 hires a woman disabled worker.

SM F: Firm 8 hires a woman disabled worker, and the firm is certified
by OHSAS 18001, ISO45001:2018, or equivalent.

These six SMs were compared to both original scenarios of firm 1 and
firm 8. The results are shown in Fig. 3. Results demonstrate that the
method is valid to compare the CSR performance of construction
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Table 10
Normalized CSR indicators for each Spanish construction companies.

CSR indicators (I';) Firm 1 (MNE) Firm 2 (Large) Firm 3 (Large) Firm 4 (Large) Firm 5 (Large) Firm 6 (Large) Firm 7 (Large) Firm 8 (SME) Benchmark

I 1.00 0.04 0.28 0.72 0.02 0.15 0.12 0.00 0.35
I’y 0.75 0.00 0.21 0.67 0.52 0.68 0.64 1.00 0.71

15 0.63 0.54 - 0.00 0.64 0.70 0.80 1.00 0.13

Iy - - - - - - - -

Iy - 1.00 - 0.67 - - - - 0.06

I - - - - - - - - 1

I's 0.34 - - - - - - 0.61

I 1.54E-03 - - 4.15E-03 1.7E-03 - 5.30E-04 1.90E-03 4.15E-03
I/ 1.00 - - - - - - 0.00 1.00

Lo 0.04 - - - - - - 0.00 0.04

I 7.15 2.30 4.03 5.16 - - - 0.00 7.15

I's 0.79 - - - - - - 0.49

I 1.54E-03 - - 4.15E-03 1.7E-03 - 5.30E-04 1.90E-03 4.15E-03
I/ 1.00 - - - - - - 0.00 1.00

I's 0.00E+00 - - 1.10E-08 - 1.89E-08 3.65E-08 0.00E+00 3.65E-8
1, 0.54 - - - - - - 0.61

I 1.54E-03 - - 4.15E-03 1.7E-03 - 5.30E-04 1.90E-03 4.15E-03
I/ 1.00 - - - - - - 0.00 1.00

Iy 3.90 18.56 8.34 20.00 13.50 5.15 2.00 0.00 20.00
oLy 7.15 2.30 4.03 5.16 - - - 0.00 7.15

I's - 0.01 - - 1.00 - - - 2.81E-4
I'y 0.68 0.80 0.26 0.58 0.65 0.95 0.69 0.40 0.50

I'1 0.95 - - - - - - 0.91 1.00

I'n 0.61 0.22 0.73 0.58 0.33 - 0.40 0.67 0.50

' 1.00 0.85 - - 0.85 0.85 - 0.00 0.04

I'13 - - - 0.00 - - - 0.96 28.83
I'4 1.00 0.61 0.28 - - - - - 840.32
I'1s 0.67 1.00 - - 0.82 - - - 4.75E-4
I'16 1.00 0.06 0.13 0.15 0.07 0.11 0.11 0.00 2.70E-2

Note: MNE: multinational enterprise; Large: large enterprise; SME: small and medium-sized enterprise.

CSR indicators: I’y : New staff hiring; I’, : Temporary contracts; I'3 : Employee turnover; I, : Benefits; I’ :Chronic disease; I'q : Fatal accidents at work; I'; : Non-
fatal injuries at work; I's : Social value; I’y : Female labor force participation; I’y : Wage gap; I’y; : Women in executive management positions; Iy, : Disabled; I"y3 :
Salary distribution; I’4 : Technical training; I’;s : Social ethics, social awareness and human rights; I'16 : Research and Development.

Source: Montalban-Domingo et al. (2021).

Table 11
Number combinations implementing Taguchi orthogonal array.
Firm 1 Firm 2 Firm 3 Firm 4 Firm 5 Firm 6 Firm 7 Firm 8
Scenarios 25 49 81 27 49 81 81 25
0.8 0.85
0.6 1 ey
o o
& b5
1% L 0.65 o
E_,;’ 0.4 o G = o
) o
o
S = 055
0.2 J
o
o
o
0.45
0.0 Firm1 Firm8 Firm8 Firm8 Firm8 Firm8 Firm8 Firm8

T ! ! ! ! ! ! ! SMA SMB SMC SMD SME  SMF
Firm1 Firm2 Firm3 Firm4 FirmS Firm6 Firm7 Firm8 .
i Firms
Firms

Fig. 3. Social responsibility performance of firm 1 and firm 8 depending on the

Fig. 2. Corporate social responsibility performance. defined social measures
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companies, regardless of their size, and the social behavior of the con-
struction companies significantly influences their CSR performance re-
sults since firm 8 could obtain better results than firm 1, improving its
social performance.

6. Discussion

Over time, social considerations have become relevant in public
procurement (Sanchez-Graells, 2018). Initially, countries such as the
United States of America and Canada defined specific programs based on
social goals to promote supplier diversity, involve less-competitive
bidders, and create employment opportunities for those workers
generally excluded from the labor market. This approach was criticized
by the European Union (EU) for years because this type of action created
discrimination among economic operators and was, therefore, contrary
to full and open competition (Cravero, 2017). However, in 2014, Europe
promoted a change concerning the inclusion of social criteria in public
procurement. The 2014 directives (Directive 2014/24/EU, Directive
2014/25/EU, and Directive 2014/23/EU) provided an increased scope
for contracting authorities to include social considerations in the design
and execution of public tenders. Although there has been a switch of
direction, if the EU wants to achieve the commitments of the Sustainable
Development Goals, more efforts are needed to make public procure-
ment more effective (Eurostat, 2019). Therefore, the current drawbacks
have to be overcome since the current public procurement legislation,
guidance, and practices in the EU fall short of what is needed to move
the different industries towards sustainability (O’Brien et al., 2018).

The construction sector has been criticized for irresponsible practices
that harm society and for the need to promote, through public pro-
curement, the curtailment of this harmful behavior and improve the
reputation in the area of social responsibility (Olanipekun et al., 2020).
CSR reflects the attitude of the company towards its employees, sup-
pliers, contractors, and customers (Krajnc and Glavic, 2005a). Promot-
ing social responsibility for contractors and subcontractors has been
claimed to prevent and mitigate negative social impacts in the supply
chain and society (CIRIA, 2001; Veleva and Ellenbecker, 2001; Popovic
et al., 2018). Thus, implementing CSR practices will add social value to
the business (European Commission, 2010). This social value entails
enhancing skills and knowledge among the professional community and
training and raising community awareness about sustainable develop-
ment (GRI, 2011; ISI, 2015; Abdel-Raheem and Ramsbottom, 2016). To
achieve CSR of construction companies, significant efforts must be
addressed to eliminate discrimination (United Nations, 2008a) and
promote diversity, equality, and fair wages (GRI, 2016a, 2016b). These
actions can directly generate significant benefits for both the workers
and organizations (DVFA, 2009; Popovic et al., 2018; United Nations,
2008b) and are essential for guaranteeing stability and prosperity in
communities and attracting more skilled, productive, and loyal em-
ployees (Popovic et al., 2018). Actions such as promoting the personal
development of individual employees can contribute to skills manage-
ment and to the development of human capital within the organization
(GRI, 2016c); and, training of employees reflects in their skills and ca-
pabilities, improving their performance and productivity (CIRIA, 2001;
Veleva and Ellenbecker, 2001; Popovic et al., 2018).

According to the European Commission (2019), public buyers are
responsible for selecting the most appropriate way to include social
considerations in a tender. Although public buyers have become aware
of the relevance of CSR, they may not know how to include social issues
in tendering decisions (Walker et al., 2008). Moreover, contractors
perceive social issues in tendering procedures as contractual obstacles
due to the high level of subjectivity and uncertainty in the assessment
procedure (Murphy and Eadie, 2019). Therefore, defining a composite
indicator to assess CSR in public procurement can help public buyers to
deal with the complexity of boosting social issues in the construction
industry (Montalban-Domingo et al., 2021). Additionally, it would guide
decision-making and new policy guiding instruments to better integrate
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social issues in the procurement process (Pham et al., 2021). This
composite indicator is composed of quantitative indicators since
decision-makers need to measure the social progress of companies to
know whether they are meeting the goal of social responsibility in the
construction industry (Krajnc and Glavic, 2005b; Montalban-Domingo
et al., 2018). These indicators are helpful in assessing the social re-
sponsibility of companies, set targets, and help the decision-maker
visualize what actions will need to be emphasized in the future
(Krajnc and Glavic, 2004).

An important topic for researchers and public buyers is developing
tools that help adjust the level of importance of social criteria according
to the social shortcomings of each specific context (Iles and Ryall, 2016).
The results of this research have demonstrated that each country’s social
performance can vary significantly (Joint Research Centre-European
Commission, 2008); social weaknesses can be identified through the
use of national indices and by a cross-country comparison. These results
are aligned with previous research Montalban-Domingo et al. (2020)
and Resce and Schiltz (2021), who highlighted the differences in terms
of sustainability among European countries.

National indices can be a proxy of indicators defined at the company
level; techniques such as DEA-BOD can be helpful in determining the
weights of each indicator according to the social needs of each country
(Resce and Schiltz, 2021). Through the association between national
indices and CSR indicators: (1) public buyers can address the direction of
change in the social sustainability of the national industry through
public procurement (Cook et al., 2017; Roman, 2017, 2) public buyers
can have guidance about the level of importance of each social indicator
to maximize the social performance of the country (Montalban-Domingo
et al., 2020); and, (3) the subjectivity within the procurement procedure
can be minimized using a transparent decision-making process (Resce
and Schiltz, 2021).

In terms of CSR implementation, large construction firms are leading
practitioners (Zhang et al., 2022b); however, SMEs tend not to be aware
of CSR practices, and do not have the same level of resources to
implement it (Tesovicova and Krchova, 2022). SMEs represent most of
the population in the construction market (Zhang et al., 2022b), and the
European Commission (2010) has claimed that award criteria should not
hinder the participation of SMEs in public procurement. In this regard,
authors such as Zhang et al. (2022a), Blay Jnr et al. (2022), and
Tesovicova and Krchova (2022) highlight that CSR proposals must be
defined to guarantee the SME participation. Promoting SMEs in public-
works procurement is a need to improve local economies (Walker et al.,
2012), and enhancing corporate social awareness and responsibility
among SME:s in the construction sector is a crucial aspect of moving the
construction sector towards sustainable development (Hossain et al.,
2018).

7. Conclusions

This research defines a composite indicator to measure the corporate
social responsibility of construction companies in public- procurement.
First, quantitative CSR indicators are defined at the company level.
Second, national indicators are gathered as proxies of the CSR indicators
to determine the weights of the composite indicator depending on the
social weaknesses that exist in the country where the contract is pro-
cured. The weighting system is based on the DEA-BOD approach;
therefore, the level of importance of the social criteria depends on the
cross-efficiency of European countries. The results demonstrated that
the composite indicator provides a transparent decision-making tool for
public buyers to assess and measure social issues objectively. The
quantitative indicators will be helpful for companies to evaluate their
social performance. Through that knowledge, companies will be able to:
(1) identify their social weaknesses and work on them to achieve
improved corporate sustainability in both the short and long term; and
(2) boost the socio-economic benefits of the construction industry.

Regarding the study limitations, the composite indicator does not
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include any indicator to assess the social responsibility of subcontractors
and suppliers. Subcontractors and supply suppliers can comprise a sig-
nificant amount of work on specific projects. This information was not
included because the quality of this type of data cannot be guaranteed.
Future work is needed to establish standard procedures to collect data
from subcontractors and suppliers. A second limitation stems from the
fact that the national indices have been selected based only on infor-
mation from European countries. A similar approach could be consid-
ered to include other counties in the analysis. It is worth noting that the
definition of weights depends on the availability and quality of national
indices. Therefore, developing national indices with quality assurance
frameworks is essential for measuring countries’ social progress. Finally,
the simulation has been performed only for Spain and with data from a
few construction companies; a broader simulation should be performed
previously to implement the method in a real scenario.

Future research should gather information about companies’ CSR in
the construction industry and develop industry-based national indices to
assess social performance in the construction industry. Additionally,
implementing social sustainability criteria in public-works procurement
may confuse practitioners in specific applications. Therefore, studying
the strengths and weaknesses of integrating CSR award criteria in
different scenarios would be recommended.
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