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Abstract

Construction organizations in developing nations constantly lag in embracing changes in innovation, environmental sustainability, and
safety, amongst others. Their contributions to environmental degradation, resulting in health-related consequences for construction
stakeholders, are also alarming. Implementing environmental management tools such as environmental management systems (EMS) is
often advocated to address the negative environmental impacts of construction organizations. Construction firms in developed nations have
embraced EMS and implemented it to enhance construction business, environmental performance, and construction workers' health, while
similar evidence is not recorded in developing nations. Therefore, this study investigated the barriers to EMS implementation through a
survey of construction professionals in the Nigerian construction industry. 106 valid data were analyzed using factor analysis, Cronbach’s
alpha test, and fuzzy synthetic evaluation (FSE). The results of the factor analysis revealed four groups of barriers to EMS implementation,
which are prioritized in the order of knowledge-related, stakeholders-related, process-related, and cultural-related barriers with FSE. The
relationships between the four classes of barriers were determined using interpretive structural modelling (ISM) in which “knowledge-related
barriers” are indicated as the core barrier to EMS implementation. To address the barriers to EMS implementation, organizing training,
providing the needed resources for environmental education, collaborating with construction stakeholders, providing a reward system, and
others were recommended. This study contributes theoretically and practically to environmental-related discourses in the construction
industry. Theoretically, utilizing FSE provides an interesting insight that acknowledges the unique challenges of developing nations in the
domain. Practically, this study gives an actionable focus for construction stakeholders to domesticate EMS within the local construction
environment, thereby improving knowledge of the importance of environmental sustainability and pro-environmental behaviors.

Keywords: Barriers, construction industry, developing nations, environmental management system, interpretive structural modeling,
sustainability

1. Introduction

All industries contribute to the deplorable environmental state of any given nation!!"?l however, the construction industry has the
lion’s share in the environmental menacel®>l. The construction industry accounts for significant material waste, about 40% of material
and energy use, 80% of air pollution, noise pollution, and 40% of water pollution!®’l. These various environmental contaminants
generated via construction activities threaten the ecosystem, construction workers, stakeholders, and society!®°l. Therefore,
managing environmental pollutants becomes imperative for the sustenance of the ecosystem, the safety of humans, the reduction of
waste, and the judicious utilization of limited construction resources. Addressing the construction industry’s environmental
management patterns and practices is also important because of its central role in transforming various materials into built assets!'°l.
Although the positive impact of the industry on economic growth is indispensablel'!], the environmental squalor of the industry is
also alarming!'?, especially in developing nations.

In developed nations, environmental-mindedness has fuelled the implementation of environmental management tools such as
environmental management systems (EMS) to manage the environmental impact of construction firms!'*!!l. The goal of EMS
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implementation, which is to continually enhance organizational practice for delivering free pollution services in compliance with
pro-environmental legislation!'], also aids the actualization of sustainable development goals!!®l. Although the construction sector of
developed nations such as Australia, Germany, the USA, and others have promulgated and adopted EMS tools!!”!8], developing nations
are yet to play a significant active role in environmental management practices. Interestingly, most of the world’s nations which are
still developing states, are backwards in embracing environmental sustainability. Understandably, industrialization and economic
development may be prioritized in developing nations, which could contribute to poor environmental conditions; however,
pragmatic and complementary environmental management efforts are essential. Although Sakr et al.l'”l opined that the EMS
implementation is gaining momentum in construction firms of developing nations, some barriers still hinder comprehensive EMS
implementation.

It is also important to note that the lack of EMS implementation in developing countries can continually contribute to environmental
degradation, which arises from urbanization and industrialization!?’l. Recalling that the urban population is estimated to increase to
70% by 2050?1], ensuring environmental management strategies while meeting both present and perhaps future infrastructure needs
is essential. The balance between environmental protection and economic growth is also a notable problem in which developing
nations appear to embrace economic growth without proper consideration of the environmental impact!*?l. In addition, the global
call for environmental consciousness is not receiving laudable attention in developing nations. Therefore, investigating the barriers
to EMS implementation is deemed important.

Past studies have investigated the driver?>?%l, benefits!>>2°l, and barriers!*’-?!] of EMS implementation. The non-implementation of EMS
in construction organizations in developing countries is obvious and still needs to be addressed?”). The study by Ojo et al.l*’! identified
some barriers to EMS in the Nigerian construction industry and grouped them into three. Meanwhile, some key barriers were
intentionally omitted in the classifications based on a chosen metric in their analysis. Therefore, re-classification is vital for a
comprehensive overview of the barriers. Owolana and Booth!?’! used a limited sample size, which may be insufficient to generalize
the findings. Besides, some barriers to EMS implementation were not included in the investigation of Owolana and Booth?’l. Hence, it
is important to further investigate the barriers to EMS implementation in the construction industry. Prioritizing the barriers is also
essential to providing practical recommendations for relevant stakeholders in the industry. Moreover, the fundamentals of the
barriers can be well understood for prompt action in the industry. Through the findings of this study, stakeholders in the
construction industry of developing nations can be well informed on the proactive steps to tackle the barriers to EMS
implementation.

To effectively address the fundamental barriers hindering the implementation of EMS in the construction industry of developing
countries, this study is designed with specific objectives. Initially, it aims to assess the various obstacles that impede EMS adoption
within the sector. Following this assessment, the study will categorize these barriers, helping to organize them into coherent groups
for better analysis. Subsequently, these categorized barriers will be prioritized to identify which obstacles are most significant and
require immediate attention. Finally, the study seeks to determine the interrelationships between these groups of barriers, providing
insights into how different challenges may influence one another and impact the overall feasibility of EMS implementation in the
construction industry.

By realizing the aforementioned objectives, this study is intended to significantly enhance the theoretical and practical
understanding of EMS implementation within the construction industry of developing nations. Theoretically, it addresses gaps in the
existing literature by providing a structured classification of barriers that were previously overlooked or inadequately explored due
to methodological limitations such as small sample sizes or selective metrics. By offering a more comprehensive and detailed
framework, this study is intended to deepen the readers’ understanding of the specific challenges faced in the implementation of
sustainable practices across varying economic contexts, thereby enriching the global discourse on environmental management.

Practically, this research provides stakeholders in the construction industry—ranging from policymakers to company executives and
environmental managers—with essential insights for effectively addressing the barriers to EMS implementation. By identifying and
prioritizing the most pressing barriers and clarifying their interdependencies, the study lays out a strategic pathway for targeted
interventions. This guidance is particularly valuable in developing countries, where it supports efforts to balance industrial growth
with environmental sustainability, thereby contributing to the achievement of global sustainability goals.

2. Literature Review

2.1 Environmental management system

Environmental management principles originated from the first United Nations (UN) conference on the Human Environment[?°-*°l. The
conference led to the establishment of the World Commission on Environment and Development, various environmental ministries,
parastatals, and commissions in developed nations!®!l. Since then, developed countries have been actively involved in environmental
sustainability and the provision of funds to further investigate ways of enhancing environmental performance. Hence, environmental
consciousness, sustainable development, and production rapidly permeate their various sectors. Although the environmental
performance in developed nations can be linked to the pollution haven hypothesis, which may leave developing nations in a
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deplorable environmental statel*?], the proactiveness of developed countries to environmental management issues cannot be
undermined3l,

The bedrock of EMS, which depicts responsible and accountable enterprises’ actions towards the environment and business
operations’ improvement simultaneously**%°l has been gaining wide attention. The required responsiveness and responsibility of
organizations to the ecosystem have sparked scholarly debates between scholars and practitioners for decades!*%37l. As the tides of
the event have always been, countries with sensitive and actionable stances promulgated policy and enforcement strategies to
ensure the commitment of organizations to environmental consciousness. Some stakeholders also ensured that their organizations
implemented environmental management strategies for business practices in consonance with government requirements!*?l. Thus,
organizations are forced to embrace environmental management tools such as EMS to enhance ecological resilience and economic
viability. Although it is often believed that large-sized organizations are often proactive in implementing EMSP8], the knowledge and
awareness of EMS in other smaller organizations in developed nations cannot be compared with that of developing economies.

According to Lo-lacono-Ferraira et al.’l, EMS is described as a systematic process for an organization’s environmental impact
management towards attaining sustainable practices. The coordinative framework of EMS can assist organizations in complying with
environmental regulations. The advocacy for EMS implementation often hinges on ethical, commercial, legal, and economic
reasons!‘®*1l and also assists organizations to see from the environmentalist lens. As the movement for environmental consciousness
gains more attention, leading to training, internal environmental audits and reviews, and so on!*?), there is a paucity of similar
records in some developing nations because of some barriers. Therefore, identifying the barriers to EMS may be essential for
categorization and prioritization for stakeholders to take action.

2.2 Barriers to environmental management system

The barriers to EMS implementation in any organization or domain could be detrimental to achieving environmental performance.
The barriers include the high cost required to implement EMS which has been indicated in various past studies!'®*3*4l, The financial
requirement for EMS implementation covers the cost of certification and assessment, purchase of materials and technology,
maintenance, engaging expert consultants, human resources, and so on!?3%51. Although the initial capital outlay of EMS
implementation may be high, the resultant effect of its implementation, such as pollution reduction, waste minimization, and
enhanced productivity points at reduced lifecycle cost?®l. According to the research of Kola-Lawal et al.[>’], the high cost of EMS
implementation is regarded as a critical barrier militating pro-environmental behavior, which also scares organizations.
Organizations with forthright impetus to embrace pro-environmental initiatives may also be faced with resistance to change from
the employees, who are indispensable in achieving the organization’s environmental objectives!‘®l. On the other hand, an
organization may be responsible for the resistance to changel’’l. In the study Owolana and Booth?’], employee resistance to change is
more prevalent, which depicts the poor attitude of the construction professionals to environmental management initiatives.

Top management may determine flagrant resistance or acceptance of EMS implementation!?!l. Provision and approval of facilities for
training and education for EMS implementation by top management officers can effectively help achieve pro-environmental goals at
all levels of the organization. However, a lack of top management support would not only hinder EMS implementation but discourage
subordinates’ environmental consciousness and further worsen the environmental performance of the organization!*sl. From a
broader perspective, a lack of government support is also a grave barrier to EMS implementation!?’l. The poor and ineffective
response of the governments in many nations to environmental hazard contributions from various sectors can fuel the unwillingness
to implement EMS. Logically, the lack of government support can also sustain other barriers to EMS implementation, such as difficulty
in dealing with environmental issues[?®], possibly because of the government’s influential capacity to coordinate various sectors,
stakeholders, and international organizations to overcome any issues in the construction industry.

Furthermore, the ambiguity in interpreting EMS has also been indicated as a potential barrier to EMS implementation!*’l, which
requires precision in interpretation for all categories of stakeholders!‘®l. According to the research of Zutshi and Sohall*’], the
ambiguous scope of EMS is a major drawback that hinders many organizations from the initiative. Johnstonel>” also corroborates the
ambiguity of interpreting the EMS and how best to go about the implementation, especially in SMEs. Therefore, it can be inferred that
the dearth of specialists in environmental-related issues can contribute to the ambiguity in the interpretation of EMS. In present
decades of innovation and internet connectivity, it is believed that the presence of specialists may outweighs instruction manual or
procedural processes to a large extentl>!l, Interestingly, it has also been indicated in past studies that a lack of specialists is a
significant barrier to EMS implementation in the construction industry of developing countries!?’>?. The low awareness of EMS is also
reported in construction organizationsl>?, even among influential construction project contractors in developing nations!'l. The low
awareness of EMS may be hinged on other barriers, such as a lack of knowledge of certifier systems, which has been reported in the
construction industry of Singapore, China, Slovenia, and Egypt!'?->*>% or lack of training and education about EMSP?728], Interestingly,
the pressure and persistent demand for environmentally sustainable practices from stakeholders led to EMS implementation in some
developed nations!'’l. Thus, limited pressure from stakeholders or perhaps lack of pressure from relevant stakeholders in developing
countries may be regarded as a barrier to EMS implementation.
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Many of the barriers to EMS are linked to inadequate or lack of training and education?®>3 because of its essentiality in implementing
a new system in a business environment[?!l. The knowledge required for employees, employers, and stakeholders to cultivate
environmental management initiatives can be acquired through training and education[?’l, An environmental-compliant
establishment can be a product of knowledge received via seminars, conferences, practicum, or symposiums from experts in the
domain. Although reimbursement for training and education fees to employees in construction organizations in developing nations
may be uncommon!?”), top officials in construction companies can support the training of key staff who in turn would pass the
knowledge to in-house members of the companies. Furthermore, the poor environmental culture in the construction industry has
been reported to be a barrier to EMS implementation>°l, Non-consideration of environmental impacts due to the weak
environmental culture of construction activities also hinders innovation among construction stakeholders. Therefore, Ojo et al.l**!
advocated for an environmental-friendly philosophy among construction stakeholders to realize the advantages.

The high disintegration of the construction process can also account for the barriers to EMS implementation. Therefore, developed
nations such as Sweden have actively ensured that environmental impacts are taken into consideration in all construction
processes!®. The involvement of multi-disciplinary professionals and stakeholders in different phases of construction projects may
also contribute to the barrierl>’l. Besides, it may be difficult to pinpoint the stakeholder with the most resultant negative impacts and
contributions to poor environmental performance. The lack of leading initiatives in multi-national companies can also militate EMS
implementation in a given country or sector!’l. More importantly, communicating environmental initiatives from leading
construction companies to other followers may be advantageous to permeate an industry with the knowledge of EMS benefits!?->%l.
The barrier of complex documentation process noted with EMS implementation!>>*°1 may also be minimized through the involvement
of leading organizations in the same environmental goals. In fact, leading international organizations can provide the knowledge
transfer for SMEs to be part of an environment-friendly move. A summary of the barriers to EMS implementation obtained from
extant literature is captured in Table 1.

Table 1. Summary of barriers to environmental management system implementation.

Barriers 10431 l16] 3[23] 4l27]1 gl19] gl9] 70491 gl48] g[50]1 1l53]1 qq[6] 120441 130561 14[771 1578] qgl38]
BR1-High costs of EMS implementation. L A A A A Vo v v v v
BR2-Organization resistance to change. L A v v

BR3-Difficult in dealing with environmental v v v v

issues.

BR4-Ambiguity in interpretations of EMS. v vy v
BR5-Multi-layered sub-contracting bottleneck. v v v v

BR6-Low awareness of EMS. v v v v v oy v

BR7-Unclear guidelines for EMS v v

implementation.

BR8-Lack of leading initiative among v vy

construction companies.

BR9-High disintegration of construction v v

process.

BR10-Time consuming for improving v v v Vo v v
environmental performance.

BR11-Lack of specialists in environmental vy vy v Vv Vv
issues.

BR12-Lack of top management support. VoY vy
BR13-Limited pressure from stakeholders. vy v v v v
BR14-Complex documentation process. Vo v Vo

BR15-Lack of training and education about Vo Vo v oY

EMS.
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BR16-Weak environmental management Vo v v v v v v
culture.

BR17-Negative attitudes of employees. vy v

BR18-Lack of knowledge of certifier systems. v vy v v v
BR19-Lack of environmentally friendly vy v v Vv
technologies and materials.

BR20-Lack of government/ legislative support. v VoYYV Vo v v Vv

EMS: environment management system.

3. Methodology

3.1 Research design

This study investigates the barriers to EMS implementation for prioritization and identifies their interrelationships accordingly. To
achieve this, a survey research design was adopted to garner quantitative data through a questionnaire. A survey research design was
used in this study because of its notable advantage of obtaining large responses from the target sample within a considerable
period®?l. On the other hand, survey research design also aligns with polyadic theory, in which responses on a domain of
investigation can be obtained from various professions, groups, and organizations!®>%3l. Therefore, the designed survey of this study
was administered to construction professionals in the Nigerian construction industry to elicit their opinions on the barriers to EMS

implementation.

3.2 Sampling

The target construction professionals in the study were architects, builders, engineers, project managers, and quantity surveyors in
Lagos State, Nigeria. These professionals have requisite roles, competence, and skills in sustainable development and environmental
management in the construction industryl®!l. Lagos State was also chosen because of its uniqueness as the economic centre of
construction activities and the seat of many construction head offices and construction professionals in Nigerial®, and convenient
sampling was adopted to administer the questionnaire to the target respondents. The respondents employed to assess the
relationships between the barriers after conducting some fundamental analyses were purposely selected. The flowchart of the
research methodology for the study is presented in Figure 1.

| Quantitative research approach |

I

| Questionnaire survery |

| Data analysis |

To classify the variables of the barriers to EMS

I Factor analysis ) e
implementation into smaller groups.

To check the internal consistency of the variables

h alph.
| Cronbach alpha test grouped into the same components.

To prioritize the components of the barriers to EMS
implementation.

T1 T

I Fuzzy synthetic evaluation (FSE)

r .
| Experts’ opinion

| | Interpretive structural modelling (ISM)

:

components of the barriers to EMS implementation.

To determine the relationships between the I

Discussion and Recommendations

Figure 1. Flowchart of research methodology. EMS: environment management system.
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3.3 Questionnaire development and data collection

The development of a questionnaire kick-off with an extensive literature review to identify barriers to EMS implementation in the
construction industry. The outcome of the literature review led to the identification of twenty barriers to EMS implementation used
to elicit the opinions of construction professionals in this study. The questionnaire comprised two sections: 1) background
information such as profession, size of the employee in the organization, type of organization, year of experience, and so on, and 2)
the twenty barriers to EMS implementation. The questions on the barriers were asked on a 7-point Likert scale in which 1 = strongly
disagree, 2 = disagree, 3 = somewhat disagree, 4 = neither agree or disagree, 5 = somewhat agree, 6 = agree, and 7 = strongly agreel®°l,
The 7-point Likert scale was chosen in this study because of its detailed granularity compared to a lesser-range Likert scalel®’l. The
respondents were assured anonymity and confidentiality of the data provided in the survey to minimize any potential bias in
self-reporting.

A total of 205 copies of the questionnaire were successfully administered, while 110 copies were retrieved. A careful investigation of
the returned data led to the discovery of 4 questionnaires that were not fit for analysis, therefore, they were discarded, leaving us
with 106 copies of the questionnaire. Of the respondents, 61.1 quantity surveyors, 11.6% were engineers, 15.8% were architects, 7.4%
were project managers, and 4.2% were builders. The majority of the respondents worked in quantity surveying firms (42.1%); others
were working for client organizations (8.4%), contracting organizations (10.5%), architectural firms (13.7%), and engineering consulting
firms (25.3%). Over 50% of them had more than five years of work experience in the construction industry as division head of a
department in the organization (3.2%), technical staff (20%), professional staff (75.8%), and clerical staff (1.1%). A total of 4.2% had
doctorate degrees, master’s degrees (16.8%), 67.4% (bachelor’s degree), and 11.6% had diploma certificates.

3.4 Methods of data analysis

The 106 valid data received were analyzed with both descriptive and inferential statistics. The background information of the
respondents was analyzed using frequency and percentage. The 20 barriers to EMS implementation were categorized using factor
analysis with a minimum factor loading of 0.3 ensured since the sample-to-item ratio was considered satisfactory?®l. The internal
consistency of the variables grouped into each principal component was checked with Cronbach’s alpha. Based on the results of the
factor analysis, the components generated were prioritized using soft computing techniques called fuzzy synthetic evaluation (FSE) to
draw necessary conclusions in the study. The relationships between the groups of the barrier were determined using the interpretive
structural modelling (ISM) approach with the opinions of five experts in environmental management. The five experts comprised
three academics, one environmental management advocate group leader, and a construction professional with background
knowledge in environmental studies and published articles in refereed journals.

4., Results

4.1 Categorization of EMS barriers

The barriers to EMS implementation in this study were factor analyzed using varimax rotation (eigenvalue-1 cut-off), which is
essential to determine principal components of elements in a factor group!®®l. The sampling adequacy of the dataset was checked
using Kaiser-Meyer-Olkin, and a value of 0.853 was obtained at a significant level of 0.000. Table 2 shows the results of the factor
analysis of the barriers to EMS implementation. Of all the factor loading, ‘lack of government/legislative support (BR20)’ has an
unacceptable value below the minimum threshold of 0.3. Therefore, it was deleted. Based on past studies, the variables with
unsatisfactory factor loading can be deleted without conducting a second round of factor analysis!®], while another school of thought
conducted the second round of factor analysis to check if all the variables are still grouped in the same componen!®. In this study, a
cross-check of the grouping of the variables in the same component was determined in the second round of the factor analysis. Since
all the variables in the second-factor analysis are above the minimum threshold of 0.3, and all the variables are still grouped in their
original components, a new table to report the results was not provided because of the word limit in scholarly articles. However, the
‘lack of government/legislative support (BR20)’ was not considered in the subsequent analyses to avoid negative impacts on the
reliability and validity of the construct!"l.

Table 2. Factor analysis of Barriers to EMS Implementation.

Factors Variables Factorloading Alpha value
KMO = 0.854
KB1-Process-related barriers BR14-Complex documentation process 0.790 0.824
BR5-Multi-layered sub-contracting bottleneck 0.769
BR1-High costs of EMS implementation 0.757

BR19-Lack of environmentally friendly technologies and materials 0.402
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KB2-Knowledge-related barriers BR6-Low awareness of EMS 0.854 0.884

BR3-Difficulty in dealing with environmental issues 0.778

BR11-Lack of specialists in environmental issues 0.763

BR18-Lack of knowledge of certifiers systems 0.724

BR15-Lack of training and education about EMS 0.504

BR7-Unclear guidelines for EMS implementation 0.414
KB3-Culture-related barriers BR13-Limited pressure from stakeholders 0.672 0.822

BR17-Negative attitudes of employees 0.588

BR4-Ambiguity in interpretations of EMS 0.568

BR9-High disintegration of construction process 0.504

BR10-Time consuming for improving environmental performance 0.456
KB4-Stakeholders-related barriers BR2-Organization resistance to change 0.667 0.799

BR12-Lack of top management support 0.537

BR8-Lack of leading initiative among construction companies 0.509

BR16-Weak environmental culture 0.485

BR20-Lack of government /legislative support 0.276

Italic variable: the barrier that was deleted in subsequent analyses because of low factor loading; KMO: Kaiser-Meyer-Olkin; BR: barriers; EMS: environment management
system.

The internal consistency of the variables in each component was checked using Cronbach’s alpha value and shown in Table 2. The
alpha values generated were 0.824 for process-related barriers, 0.884 for knowledge-related barriers, 0.822 for culture-related
barriers, and 0.799 for stakeholders-related barriers. The alpha values generated are above 0.6 and can be considered acceptable to
measure the reliability of the variables grouped in each factorlsl,

The four factors generated are process-related, knowledge-related, industry culture-related, and stakeholders-related barriers. Since
giving names to factors generated in factor analysis is more of an art, the authors used their judgment to label the factors. The name
largely reflects the constituting variables in each component and can be considered acceptable for the study.

4.2 Prioritization of EMS barriers

Table 3 shows the mean score of the variables that constitute the barriers, the main factors generated, and associated weightings
calculated using equations (1) and (2), respectively necessary for prioritizing the barriers. The mean values of all the barriers to EMS
implementation range from 4.874 to 6.080. The mean value of the factor generated is the total sum of all the mean scores of the
constituting elements. For example, the value of stakeholders-related barriers (KB4) is the addition of the mean scores ‘organization
resistance to change (BR2, M = 5.700)", ‘lack of top management support (BR12, M = 5.874)’, ‘lack of leading initiative among
construction companies (BR8, M = 5.550)’, and ‘weak environmental culture (BR16, M = 5.883)’.

Table 3. Mean score, weighting and membership function of the EMS barriers.

Barriers Mean Weighting MFs (Level 2) MFs (Level 1)

KB1-Process-related barriers 22.355 0.208 0.012 0.018 0.040 0.102 0.242 0.330 0.261
BR14-Complex documentation 5,510 0.246 0.02 0.01 0.05 0.11 0.24 0.33 0.25

process

BR5-Multi-layered sub-contracting 5.514 0.247 0.01 0.01 0.05 0.13 0.26 0.34 0.20

bottleneck

BR1-High costs of EMS 5581 0.250 0.02 0.02 0.03 0.08 0.26 0.34 0.26

implementation

BR19-Lack of environmentally 5750 0.257 0.00 0.03 0.03 0.09 0.21 0.31 0.33
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friendly technologies and materials

KB2-Knowledge-related barriers 35.070 0.326

0.007 0.017 0.028 0.088 0.195 0.366 0.311

BR6-Low awareness of EMS 6.080 0.173 0.00 0.01 0.03 0.07 0.13 0.36 0.41
BR3-Difficulty in dealing with 5664 0.162 0.01 0.04 0.01 0.09 0.19 0.43 0.25
environmental issues
BR11-Lack of specialists in 5.870 0.167 0.01 0.01 0.03 0.06 0.22 0.39 0.29
environmental issues
BR18-Lack of knowledge of 5770 0.165 0.01 0.01 0.06 0.08 0.25 0.32 0.28
certifiers systems
BR15-Lack of training and 5942 0.169 0.01 0.02 0.01 0.09 0.19 0.32 0.37
education about EMS
BR7-Unclear guidelines for EMS 5744 0.164 0.00 0.01 0.03 0.14 0.19 0.38 0.26
implementation
KB3-Culture-related barriers 27.051 0.252 0.013 0.045 0.039 0.125 0.251 0.322 0.211
BR13-Limited pressure from 5590 0.207 0.00 0.05 0.02 0.09 0.29 0.32 0.23
stakeholders
BR17-Negative attitudes of 5352 0.198 0.03 0.05 0.01 0.17 0.24 0.27 0.24
employees
BR4-Ambiguity in interpretations of 5.484 0.203 0.00 0.03 0.07 0.15 0.18 0.39 0.19
EMS
BR9-High disintegration of 5751 0.213 0.00 0.03 0.01 0.08 0.29 0.36 0.23
construction process
BR10-Time consuming for 4.874 0.180 0.04 0.07 0.09 0.14 0.25 0.26 0.16
improving environmental
performance
KB4-Stakeholders-related 23.007 0.214 0.002 0.007 0.032 0.109 0.245 0.350 0.258
barriers
BR2-Organization resistance to 5.700 0.248 0.01 0.03 0.04 0.08 0.22 0.33 0.29
change
BR12-Lack of top management 5.874 0.255 0.00 0.00 0.02 0.08 0.24 0.43 0.25
support
BR8-Lack of leading initiative 5550 0.241 0.00 0.00 0.03 0.19 0.23 0.38 0.18
among construction companies
BR16-Weak environmental culture 5.883 0.256 0.00 0.00 0.04 0.09 0.29 0.26 0.31
BR: barriers; EMS: environment management system.
.| ileiYi 1
MeanScorel ui | = — @
v . i . .
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l'able 3 also indicates the FSE of the variables of the barriers to EMS implementation and the associated principal components. For
example, the percentage of the rating for the variable ‘lack of top management support (BR12)’ is 0.0%, 0.0%, 1.9%, 7.5%, 23.6%, 42.5%,
and 24.5%, respectively. Thus, the MF using equation (3) are (0.00, 0.00, 0.02, 0.08, 0.24, 0.43, 0.25) in which MFmv which stood for the
MF of a variable mv; Xbmv (b = 1, 2, 3, 4, 5, 6, 7) represents the percentage of a score the respondents assigned to a variable mv; and
Xbmv/Vb explains the relation between Xbmv and its associated grade alternative based on the rating scale.

X v X Imy X 3my, X. 4my, X Smy, X Smy, X Smy,
MEyy= M, + M, M + My Ms Mg * M; 3

The MF of a principal component (Ci) is calculated as a product of the fuzzy matrix of the MFs (Ri) of its associated variables and the
weighting indices. Di and Ri can be computed using equations (4) and (5), respectively. The MF of the four factors generated
explaining the barriers to EMS implementation was also calculated using equations (4) and (5). Therefore, the MF of
stakeholders-related barriers (KB4) is (0.002, 0.007, 0.032, 0.109, 0.245, 0.350, 0.258).

MFmil leil X2mi1 X3mi1 X4mi1 XSmil
MF,p| (X2 Xomz Xamiz Xamz Xsmiz
= = 4
Dl MFmi3 lei3 X2mi3 X3mi3 X4mi3 XSmB ( )
F mi X Imin X 2min X 3min X 4min X Smi
X Imil X 2mil X 3mil X 4mil X Smil
X 1mi2 X 2mi2 X 3mi2 X Ami2 X Smi2
Pi = Wi ' Di = (Wl’ WZ’ W3’ o Wn) ' lei3 X2m13 X3mi3 X4mi3 XsmB = (ril’ rl?) ri3’ o rn) (5)

Finally, Table 4 shows the computation of the significant index, and the ranks of the factors generated, illustrating the barriers to EMS
implementation using equation (6). The significance index of the principal component is a multiplication of the fuzzy evaluation
matrix (Pi) and the grade rating scale (Mi). Based on the computation, the knowledge-related barrier (KB2) is ranked highest with a
significant index of 5.825, followed by stakeholders-related barriers (KB4), and process-related barriers (KB1), while the
culture-relatedbarriers (KB3) are the least with a significant index of 5.384.

Table 4. Significant index computation of principal components of EMS barriers.

Factors  Significant Index Calculation SIL Rank
KB1 (0.012x1)+(0.018 x 2) + (0.040 x 3) + (0.102 x 4) + (0.242 x 5) + (0.330 x 6) + (0.261 x 7) 5593 3
KB2 (0.007 x 1)+ (0.017 x 2) + (0.088 x 3) + (0.195 x 4) + (0.366 x 5) + (0.366 x 6) + (0.311 x 7) 5825 1
KB3 (0.013x 1) +(0.045 x 2) +(0.039 x 3) +(0.125 x 4) + (0.251 x 5) + (0.322 x 6) + (0.211 x 7) 5384 4
KB4 (0.002 x 1) +(0.007 x 2) + (0.032 x 3) + (0.109 x 4) + (0.245 x 5) + (0.350 x 6) + (0.258 x 7) 5679 2

KB1: process-related barriers; KB2: knowledge-related barrier; KB3: culture-related barriers; KB4: stakeholders-related barriers; EMS: environment management system.

Significant index = Z (P.XM)) (6)

n
=n

From the results of the significant index in Table 4, the prioritized order of EMS barriers includes knowledge-related barriers (KB2),
stakeholders-related barriers (KB4), process-related barriers (KB1), and culture-related barriers (KB4), respectively. The conceptual
pattern of the barriers to EMS implementation in the construction industry based on their significant index is also illustrated in

Figure 2.
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Culture-related barriers:

« Limited pressure from stakeholders.

« Negative attitude of employees.

« Ambiguity in interpretation of EMS.

« High disintegration of construction process.

« Time consuming for environmentally
technologies and materials.

Knowledge-related barriers:

* Low awareness of EMS.

« Difficulty in dealing with environmental
issues.

* Lack of specialists in environmental issues.

* Lack of knowledge of certifier systems.

« Lack of training and education about EMS.
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EMS

Implementation
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Process-related barriers:

« Complex documentation process.

« Multi-layered sub-contracting bottleneck.

« High cost of EMS implementation.
« Lack of environmentally friendly
technologies and materials.

* Unclear guidelines for EMS implementation.

1

Stakeholders-related barriers:

« Organisation resistance to charge.

« Lack of top management support.

« Lack of leading initiative among
construction process.

* Weak environmental culture.

v

)

Figure 2. Prioritization of the barriers to EMS implementation in the construction industry. EMS: environment management system.

4.3 Relationships between the barriers to EMS implementation

To determine the relationships between the four components of barriers, ISM was adopted in this study. ISM combines words;
digraphs; and discrete mathematics for structuring complex phenomenal’!l. The methodology entails five major steps, namely
developing structural self-interaction matrix (SSIM), initial reachability matrix, final reachability matrix, partitioning of levels, and
Matriced’ Impacts Croise’s Multiplication Appliquée a UN Classement (MICMAC) analysis!’>73l, which were followed to develop an
ISM-based model for the barriers to EMS implementation in this study.

4.3.1 Structural self-interaction matrix

The use of four symbols/alphabets (V, A, X and O) was employed to develop SSIM to indicate the direction of the relationship between
A’ implies that barrier § will

o, ¢

two barriers, i’ and ‘j’. Alphabet ‘V’ means that barrier ‘i’ will dominate in the direction of barrier ‘j’;
X’ implies that both barriers ‘i’ and ‘j” will dominate in the direction of each other; and ‘O’

i3,

dominate in the direction of barrier i’;
symbolizes that the barriers i’ and " are not related to each other. The development of SSIM for components of the barriers to EMS
implementation is shown in Table 5. The explanation with the use of the above symbols is as follows: KB1 dominates to KB3 therefore,
symbol ‘V’ was inserted in cell (KB1-KB3) of SSIM table; KB4 dominates to KB3, so symbol ‘A’ has been inserted in cell (KB3-KB4), and so
on.

Table 5. Structural self-intersection matrix (SSIM) for the barriers to EMS implementation.

Group of barriers KB4 KB3 KB2 KB1
KB1: Process-related barriers X \ A X
KB2: Knowledge-related barriers \Y \Y X

KB3: Culture-related barriers A X

KB4: Stakeholders-related barriers X

KB1: process-related barriers; KB2: knowledge-related barrier; KB3: culture-related barriers; KB4: stakeholders-related barriers; EMS: environment management system.

4.3.2 Initial reachability matrix

The SSIM obtained in Table 5 was converted into an initial reachability matrix by replacing the four symbols (V, A, X and O) with
binary digits (0 and 1) using the following rules:

1. If the (i, j) entry in the SSIM is V, the (i, j) entry in the reachability matrix becomes 1 and the (j, i) entry becomes 0.
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2. If the (i, j) entry in the SSIM is A, the (i, j) entry in the reachability matrix becomes 0 and the (j, i) entry becomes 1.
3. If the (i, j) entry in the SSIM is X, the (i, j) entry in the reachability matrix becomes 1  and the (j, i) entry becomes 1.
4. If the (i, j) entry in the SSIM is O, the (i, j) entry in the reachability matrix becomes 0 and the (j, i) entry becomes 0.

Table 6 shows the initial reachability matrix of the barriers to EMS adoption.

Table 6. Initial reachability matrix of the barriers to EMS implementation.

Group of barriers KB4 KB3 KB2 KB1
KB1: Process-related barriers 1 1 0 1
KB2: Knowledge-related barriers 1 1 1 1
KB3: Culture-related barriers 0 1 0 0
KB4: Stakeholders-related barriers 1 1 0 1

KB1: process-related barriers; KB2: knowledge-related barrier; KB3: culture-related barriers; KB4: stakeholders-related barriers; EMS: environment management system.

4.3.3 Final reachability matrix

The initial reachability matrix was checked for transitivity rule to form the final reachability matrix. The transitivity rule explains: if
barrier 1 relates to barrier 3, and barrier 3 relates to barrier 4; then barrier 1 necessarily relates to barrier 4. This was checked in the
initial reachability matrix (Table 6), to produce the final reachability matrix (Table 7). The driving power and dependence power were
calculated by adding the number of 1s on the rows and columns respectively. The summation of the driving power and dependence
power were finally computed for cross-checking.

Table 7. Final reachability matrix of the barriers to EMS implementation.

Group of barriers KB1 KB2 KB3 KB4 Driving power
KB1: Process-related barriers 1 0 1 1 3

KB2: Knowledge-related barriers 1 1 1 1 4

KB3: Culture-related barriers 0 0 1 0 1

KB4: Stakeholders-related barriers 1 0 1 1 3
Dependence power 3 1 4 3 11711

KB1: process-related barriers; KB2: knowledge-related barrier; KB3: culture-related barriers; KB4: stakeholders-related barriers; EMS: environment management system.

4.3.4 Partitioning of levels

The final reachability matrix was used for the partitioning of levels. This was necessary to identify the important levels of a group of
barriers to EMS implementation. Table 8 shows the first iteration in the process of partitioning of levels. The reachability set consists
of the barrier itself and other barriers it may impact, and the antecedent set consists of the barrier itself and other barriers that may
impact it[’*l. The intersection set is the barriers that constitute the barriers that are reflected in both the reachability set and the
antecedent set. The barriers with the same intersection and reachability sets were assigned level 1 in the ISM hierarchy and thus
discarded in the subsequent iterations. Table 9 shows that “culture-based barriers (KB3)” had the same reachability and intersection
set. Therefore, it was assigned the top level (level 1) of the ISM hierarchy. The iteration was repeated, and both process-related
barriers (KB1) and stakeholders-related barriers (KB4) were assigned to the second level (Table 9) accordingly.

Table 8. First iteration for partitioning of levels of the barriers to EMS implementation.

Group of barriers Reachability set Antecedent set Intersection set Level
KB1: Process-related barriers 134 1,24 1.4

KB2: Knowledge-related barriers 1234 2 2

KB3: Culture-related barriers 1 1,234 1 First level
KB4: Stakeholders-related barriers 134 1,24 14

KB1: process-related barriers; KB2: knowledge-related barrier; KB3: culture-related barriers; KB4: stakeholders-related barriers; EMS: environment management system.
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Table 9. Final iteration for partitioning of levels the barriers to EMS implementation.

Group of barriers Reachability set Antecedent set Intersection set Level

KB1: Process-related barriers 14 124 14 Second level
KB2: Knowledge-related barriers 124 2 2 Third level
KB4: Stakeholders-related barriers 14 124 14 Second level

KB1: process-related barriers; KB2: knowledge-related barrier; KB3: culture-related barriers; KB4: stakeholders-related barriers. EMS: environment management system.

4.3.5 MICMAC analysis

The aim of conducting MICMAC analysis was to validate the developed ISM-based model. The analysis involved the classification of
each barrier into four parts, namely autonomous, linkage, independent, and dependent based on the driving and dependence power.
Autonomous barriers represent barriers with weak driving power and weak dependence power; linkage barriers imply barriers with
strong driving power and strong dependence power; dependent barriers denote barriers with weak driving power and strong
dependence power, while independent barriers represent barriers with strong driving power and weak dependence powerl’l. The
classification of the barriers in the MICMAC analysis is shown in Figure 3. In this study, two groups of barriers (KB1 and KB4) reflected
strong driving and dependence power and were thus classified under linkage factors. “Knowledge-related barriers (KB2) were
classified under dependent factor, while "culture-related barriers (KB3)” were classified as independent barriers based on their
driving and dependence power.

5
KB2 Independent‘ ‘ Linkage
4 °
KB1
5 3 o &
§ KB4
(o]
€ 2
2
(=)
Autonomous Dependent
1 OKB2
0
0 0.5 1 15 2 25 3 35 4 45 5

Dependence power
Figure 3. Digraph and MICMAC analysis of the groups of barriers. MICMAC: Matriced' Impacts Croise’s Multiplication Appliquée a UN Classement.

4.3.6 ISM-based model formation of the barriers to EMS implementation

The different levels of each group of barriers to EMS implementation indicated in Table 8 and Table 9 were used to develop an
ISM-based hierarchical model. As shown in Figure 4, “knowledge-related barriers (KB3)” are shown at the bottom of the ISM
hierarchy (level 3), implying that it is the most critical of the group of barriers. Figure 4 also shows that both stakeholder-related
barriers (KB4) and process-related barriers (KB1) are at level two, while culture-related barriers occupy the first level of the ISM
hierarchy.

Level | Culture-related barriers (KB3)
Level Il | Stakeholders-related barriers (KB4) H Process-related barriers (KB1) E
Level lll I Knowledge-related barriers (KB2) I

Figure 4. ISM-based model of the barriers to EMS implementation in the construction industry. ISM: interpretive structural modelling; EMS: environment management

system.
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5. Discussion

From the results of the FSE (Table 4) and the ISM-based model (Figure 4), the barriers to EMS implementation are discussed in the
order of knowledge-related barriers (KB2), stakeholders-related barriers (KB4), process-related barriers (KB1), and culture-related
barriers (KB4) respectively.

5.1 Knowledge-related barriers

The ‘knowledge-related barriers (KB2)’ comprised of low awareness of EMS (BR6), difficulty in dealing with environmental issues (BR3),
lack of specialists in environmental issues (BR11), lack of knowledge of certifiers systems (BR18), lack of training and education about
EMS (BR15), and unclear guidelines for EMS implementation (BR7). Interestingly, all the barriers in this group show a knowledge
deficiency of EMS implementation strategies in the construction industry and are denoted as critical in both FSE and ISM analyses.
The limited awareness of EMS and its indispensable advantages to society can be linked to the level of knowledge on
environmental-related matters among construction professionals in developing and developed nations such as Egypt['’! and
Swedenl’l. It can also be an indication of a knowledge gap, such as in access to environmental information on the detrimental impacts
of construction processes between construction establishments in developed and developing nations. The deficient knowledge of the
awareness of EMS can culminate in other factors identified in this group. It is logical for a lack of knowledge of EMS in developing
nations or construction establishments to culminate in difficulty in dealing with environmental issues!'®l. Organizations with
pro-environmental mindsets and concepts may find practical solutions for materials and construction processes that endanger the
environment. However, the impetus to overcome environmental consequences in an organization can emanate from the awareness
of EMS tools such as ISO 14,000 series and BS7750, amongst others!'32°l. Therefore, the paucity of knowledge can be referred to as a
key barrier to EMS implementation in construction organizations.

It is also interesting to note that the lack of specialists in environmental issues (BR11) dovetailed into knowledge-related barriers in
this study. It is not uncommon for construction professionals to seek professional certification to become specialists in areas of
innovation and safety concernl’®l. Although construction professionals are recently seeking green certification!’”-7%l, the awareness
level and knowledge of EMS remain minimal. It is normal for the availability of specialists to inform the need for a unique certifier
system and possibly the domestication of a certification system for the construction environment!®>!l. This can also create a platform
for the need for training and education about EMS to construction professionals interested in enhancing their pro-environmental
knowledge and other construction stakeholders who lack knowledge of EMS. Although unclear guidelines for EMS implementation
have the least factor loading in this study, they can also be a crucial barrier to EMS implementation in the construction industry.
Guidelines are pathways to undertake activities and processes, especially for innovative methodologies or approachesl>!l. Therefore,
the non-availability of the guideline may impede the implementation of EMS.

5.2 Stakeholders-related barriers

In this study, ‘stakeholders-related barriers (KB4)’ entail organization resistance to change (BR2), lack of top management support
(BR12), lack of leading initiative among construction companies (BR8), and weak environmental culture (BR16). It is worth noting that
all four barriers (BR2, BR12, BR8, and BR16) encompass environmental issues that hover around key stakeholders such as
organizations, top management, and construction professionals. Construction stakeholders play indispensable roles in actualizing
environmental sustainability!'!l. Resistance of both organizations and construction professionals to change from the traditional
pattern and work process is constantly reported in the construction industry!'??3%, The pro-environmental behavior of construction
stakeholders to embrace the EMS initiative (stakeholders without resistance to change) may be hindered by a lack of top management
support!*/l. Therefore, top management officers play a crucial role in EMS implementation. The lack of leading initiatives among
construction companies has also been revealed as a key barrier to EMS implementation in the construction industry. Taking the lead
in pro-environmental initiatives may be daunting in a region where the need to be environmentally conscious is not well regarded?"..
Although large-sized construction companies may be capable of leading in environmental concerns!'’l, most construction firms in
developing nations are medium-, small- or micro-sized enterprises!®!l. Therefore, large-sized construction establishments may not be
proactive, or the impact of their leading role may not be well embraced or well felt in the industry. On the other hand, the nonchalant
environmental culture of the construction industry may also jeopardize the need for EMS implementation.

5.3 Process-related barriers

Based on the analyses, complex documentation process (BR14), multi-layered sub-contracting bottleneck (BR5), high costs of EMS
implementation (BR1), and lack of environmentally friendly technologies and materials (BR19) point to ‘process-related barriers (KB1)’
in this study. As indicated in past studies, EMS implementation entails a complex documentation process because the right
infrastructure is required for its effectiveness. The multi-layered sub-contracting bottleneck of EMS implementation has been
regarded as a key barrier in previous investigations[?’l. Perhaps because of the limited electronic and internet connectivity in
developing nations, the multi-layered bottlenecks may persist to hinder the process of EMS implementation in the construction
industry. Interestingly, the high cost of EMS implementation is also grouped as a process-related barrier in this construct. EMS
implementation requires significant financial expenses to procure pro-environmental materials, environmental certification, and
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assessment costs, amongst others!?3l. Because most construction enterprises in developing nations are SMEs who may be more
concerned with organizational growth and survival, their level of embracing EMS may be low. In other words, the high cost required
for EMS implementation can contribute to financial stress on most construction organizations in developing countries!*’l. On the
other hand, the fact that some environmentally friendly materials are often imported may also constitute barriers to EMS
implementation. This does not imply that environmentally friendly materials cannot be locally sourced, but the lack of technologies
to uplift the primitive facade of local materials to a close par with other imported materials may be a key hindrance.

5.4 Culture-related barriers

Five of the barriers, namely limited pressure from stakeholders (BR13), negative attitudes of employees (BR17), ambiguity in
interpretations of EMS (BR4), high disintegration of the construction process (BR9), and time-consuming for improving environmental
performance (BR10) are labelled ‘culture-related barriers (KB3)’. Certain organizational or industry culture attributed to the
construction industry contributes to the slow implementation of innovative methodologies or approaches. Construction clients can
be reluctant to utilize pro-environmental construction materials and construction processes, possibly because of the high initial
cost!'®38], On the other hand, the negative attitude of employees and the reluctance of construction professionals to embrace new
initiatives has also been reported in past studies!?’*’l. Therefore, negative attitudes could be regarded as a common norm for
professionals in the construction industry. The numerous construction parties and supply chains involved in the execution of typical
construction projects, which describe the high disintegration of the construction process, may culminate as a barrier to EMS
implementation. This can also explain the time required for improving or canvassing environmental performance among
construction stakeholders!!-0,

6. Recommendations and Theoretical Implications

6.1 Recommendations

Based on the findings of this study, the barriers to EMS implementation in the construction industry are knowledge-related barriers,
stakeholder-related barriers, process-related barriers, and culture-related barriers, respectively. To address these four-pronged
barriers to EMS implementation, practical recommendations are essential to construction professionals, stakeholders, construction
establishments, and others.

First, knowledge-related barriers are revealed as foundational problems to EMS implementation in the construction industry. To
minimize the deficient knowledge of EMS in the construction industry of developing nations, there is a need to provide training and
adequate resources to construction professionals and organizations. To further ensure the deliverability and effectiveness of the EMS
training to professionals and other stakeholders, trainers should use knowledge management tools. It is crucial to embrace and
utilize the guidelines documented in the ISO 14001 standard or other standards in construction organizations to manage their
environmental impact adequately. The results of this study also indicated that stakeholder-related barriers are significant barriers to
EMS implementations. Therefore, it is suggested that all construction stakeholders involved in the supply chain of construction
projects be adequately briefed on the importance of EMS to their business practices and society. The top management officials should
also be educated on the benefits and opportunities of EMS in construction organizations through case studies, especially from
developed nations. Through this, subordinates in construction organizations can easily embrace pro-environmental behaviors in the
daily delivery of professional services.

The third group of barriers noted in this study is process-related barriers, comprising complications of EMS implementation. To
address the process-related barriers, collaborations between construction organizations in developed and developing nations can be
useful in learning the stepwise process of EMS implementation. Collaboration between construction establishments, professional
bodies, and higher institutions is also important to minimize the barriers in this classification. It is also important to note that the
high cost of EMS implementation, regarded as a process-related barrier, can be addressed through the assistance of government
organizations to provide subsidies on environmentally friendly materials. The government should also encourage manufacturing
organizations to refurbish local construction materials that are environmentally friendly for use in construction projects. The
government could construct an experimental building with refurbished local materials and provide details of the advantages,
production cost, and lifecycle costs in comparison to similar projects constructed with materials that are not environmentally
friendly. The sensitization of the results of the experimental projects could encourage construction clients and construction
organizations to embrace local environmentally friendly construction materials.

Lastly, culture-related barriers to EMS implementation identified in this study also require practical recommendations. The limited
pressure from stakeholders may result from a lack of government policy on EMS implementation. Therefore, it is advised that the
government formulate policy with enforcement strategies for EMS implementation in the construction industry. Education and
pro-environmental training and practicum, seminars, and conferences can be useful to combat some of the culture-related barriers.
It is also important to suggest that construction organizations encourage employees with reward systems to address the negative
attitude of construction professionals towards environmental sustainability.
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6.2 Theoretical implications

This study contributes theoretically to EMS literature by identifying the barriers to EMS implementation and utilizing them for
comprehensive classification, prioritization, and interrelationships. The ISM-based model of barriers to EMS implementation could
help to understand the significant challenges facing EMS implementation in the construction industry of developing nations. Drawing
from the results of the soft computing analysis (FSE) adopted and ISM in this study, construction stakeholders can understand the
importance of addressing the barriers of EMS in the construction industry. The practical recommendations proposed in the study can
be useful in curbing the barriers confronting EMS implementation in developing nations and developing a curriculum to address the
paucity of knowledge on EMS implementation in the construction industry.

7. Conclusions, Limitations and Future Studies

The adverse effects of various construction material pollutants on construction workers’ health and the entire society have received
laudable criticism and investigations. As a result of this, developed nations have been proactive in addressing anti-environmentally
compliant construction processes. This has led to the proposition of various mitigative measures, such as the use of nanomaterials
and the promulgation of EMS tools often embraced in the construction industries of developed countries. Meanwhile, the
construction industry in developing nations appeared not to be environmentally concerned due to some militating barriers.
Therefore, this study investigated the barriers to EMS implementation through a survey of construction professionals to propose
practical steps to ameliorate the barriers. The results of the exploratory factor analysis revealed the barriers to EMS implementation
can be grouped into four. In the same view, the results of the soft-computing analysis indicated the order of significance, namely
knowledge-related barriers, stakeholders-related barriers, process-related barriers, and culture-related barriers. The ISM also
indicated that knowledge-related barriers are the core impediments to EMS implementation. Based on the findings, practical
recommendations such as comprehensive training and education, collaborations among all construction stakeholders to enhance
communication of EMS and provision of reward systems for pro-environmental practices were posited.

Although this study achieved the intended objectives, some limitations that can inform future studies were identified. The inputs from
the government and legislation are crucial in the construction industry and other sectors!’’l, and a lack of support from the
government and their agencies could impact EMS implementation. Meanwhile, lack of government/legislative support (BR20) is not
considered in the second round of factor analysis and FSE in this study because of the low factor loading. Therefore, it may be
important to further understand the perceptions of construction professionals on the government’s stand for EMS implementation.
Perhaps the construction professionals opined that stakeholders might need to take the front lead in embracing pro-environmental
practices, making the government’s involvement easier to support the initiative.

This study investigated the barriers to EMS implementation in developing countries using the opinions of construction professionals
in the Nigerian construction industry. One of the limitations of the study concerns the non-generalization of the results obtained
because of the geographical limitation. Although the Nigerian construction industry represents a commercial hub in Africa and
among developing nations, the fundamental barriers to EMS implementation may vary in other developing countries. In other words,
EMS may be region-specific and may not apply to other regions or contexts. Therefore, investigating the fundamental barriers in
different developing countries and comparing them with the results of this study is essential.

Another limitation of this study relates to the sample size. Although the 106-sample size used is justifiable to achieve the objectives of
the study and the data analysis methods adopted, namely factor analysis and FSE, a larger sample size may allow for the conducting of
more sophisticated analyses, such as structural equation modelling (SEM). The use of SEM can confirm the variables that converged
into various EMS factors and use them to determine relationships with outcomes such as operational, financial, environmental and
organizational performance metrics.

The study employed a quantitative approach using a survey to obtain the opinions of respondents on the barriers to EMS
implementation obtained from the extant literature. Although anonymity and confidentiality of data provided by the target
respondents were ensured in the survey, there may be bias based on the self-reporting method of data collection. Therefore, future
studies can explore the barriers to EMS implementation in construction organizations using other methods such as observation or
third-party reportsl’’l,

Future studies can also investigate the impact of EMS implementation on the outcomes of construction projects using multiple
regression analysis, or SEM, among others. Future research can also consider a comprehensive study on the pros and cons of EMS
implementation in the construction industry to encourage wide applications of pro-environmental construction materials and
practices using a scientometric, bibliometric or systematic review process. Qualitative studies via case studies, focus groups and
interviews of relevant stakeholders, government, construction professionals, construction workers, professional bodies, academia,
and environmental advocates, among others, may be essential to identify other barriers that may not be included in this study.
Furthermore, the order of priority or importance of individual barriers may also be confirmed via interpretive structure modelling in
future studies rather than the groups of EMS barriers indicated via factor analysis. This can provide more interesting findings that can
unveil other research enquiries.
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