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There has been a drive for urban sustainability on
various frontiers, with the human-oriented viewing
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Integrating building technology systems into urban green buildings is an
emerging building movement in developed countries to create a paradigm of a
human-oriented built environment inside workspaces. This paper aims at the
conversion of green buildings to smart-green facilities, initiated to develop an
employee-oriented built environment in urban green office buildings using
decision-making models. The study identifies the factors affecting employee
satisfaction as building-related factors, non-building-related factors, Multiple
Criteria Decision Analysis (MCDA), and Structural Equation Model (SEM)
through a comprehensive literature review. Extensive bibliographic research
has been conducted over 21 years to understand the relationship between
decision-making models and employee satisfaction in green office buildings.
This paper provides an overall ideology of the impact of green office buildings
and the conversion to buildings focusing on employee satisfaction. The study
concludes by introducing an integrated MCDA and SEM method to create a less
complex hybrid decision-making model to create an improved employee-
friendly built environment.

Correspondence: papers@team.geios.com — Qeios will ~ platform receiving unprecedented attention and

increasing emphasis on the expediency, performance,
and efficacy of sustainable measures in recent years (Fu
et al, 2021). In response to the global environmental
protection movement, carbon neutrality and energy
efficiency have become the core of the building
industry’s sustainability agenda. These targets have
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thus reinforced the importance of green building policy
(Altomonte et al., 2016; Ravindu et al., 2015). In order to
offer people a healthy, acceptable, and efficient use
space that is also in harmony with nature, green
buildings are described as those that save resources
(energy, land, water, and materials) to the greatest
extent possible (Ding et al., 2018). Concerning office
buildings, one of the commercial building sectors
contributing to higher operational costs, the need to
build green offices is of more importance (Juan et al.,
2010).

However, it is seen that green office building growth is
at a considerably satisfactory level from a global
perspective. Adapting intelligent technologies to
buildings is one of the leading emerging trends in the
developing world. Advanced technologies updated in
the world daily have led to their incorporation into the
management and operations of buildings. This move
has led to more highlighted benefits for green buildings
with real-time monitoring integrated intelligent
systems (Chew et al., 2020).

The industrial revolutions in past centuries were
technological transformations with economic and
societal changes (Ejsmont, 2021). The fourth industrial
revolution emerged in the past few decades, allowing
better collaboration by connecting physical work with
digital, contributing to establishing sustainable smart
cities across the globe. Industrial 4.0 requires digital
platforms and nurtured employee capital to achieve its
improved objectives compared to the other industrial
revolution stages (Agolla, 2018). Employee comfort in
office buildings plays a vital role in an industry's work
efficiency and helps maintain technological revolutions
to tremendous success. Since green buildings
specifically consider occupant satisfaction as an
element in their certification criteria (Building Research
Establishment Environmental Assessment Method—
BREEAM, Leadership in Energy and Environmental
Design - LEED, etc.), this review has been focused on
introducing green buildings to the smart-green
buildings system while increasing employee comfort to
create an intelligent and sustainable work environment.

Generally, the concept of ‘green buildings’ can be
elaborated as a collection of core principles such as
resource conservation, energy efficiency, lifecycle
effects, human health, and building performance
(Howe, 2011; Zuo and Zhao, 2014). Yet, with the
emerging technological advancement come concepts
like ‘Industry 4.0, ‘smart manufacturing’, and
‘intelligent buildings’, which integrate technology with
key industrial components; machines, data, and people
to achieve industrial automation. Industry 4.0 is a
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fusion of technologies that overlap in physical, digital,
and biological circles (Terziyan et al., 2018).

An innovative sustainable design approach derived
recently is the Intelligent Green Buildings (IGP). This
concept has been widely accumulating interest among
architects, building owners, and engineers (X. Yang et
al., 2020). Green buildings in the current world require
the assistance of scientific and technological support,
which, in other words, explains the green buildings
being smart with the updated technologies of the world.
This integration of green building construction and the
intelligent building industry is essential in verifications
and controls over the building management and the
smooth process, which results in less maintenance due
to the real-time monitoring of the building (B. Yang et
al., 2022).

Smart or intelligent buildings have been established to
achieve this automation component. Even though the
literature availability is abundant on intelligent
buildings, the proper definition of the terminology is
questionable, as much of the early reports were
criticized for focusing exclusively on the technological
component but not on the user and building
interactions (Mofidi and Akbari, 2020, Wong and Wang,
2005). Conversely, recent approaches to establishing
intelligent buildings have focused on enhancing
consumer satisfaction and adding cognitive learning
aspects ((Alanne, (2021; Rameshwar et al., 2020).

The immaturity in the prior industrial stages generally
constitutes a barrier to adopting Industry 4.0 in
developing countries (Krawczynski et al., 2016). Hence,
the theory of ‘diffusion of innovations’ has been
broadly discussed in the contemporary literature,
emphasising its role in developing countries where
proximity factors generally limit the transfer of
knowledge; economic, cultural, and geographical
(Gluszak et al., 2019). In conclusion, this implies that the
spread of innovation is centred among the developed
countries; thus, achieving Industry 4.0 goals in
developing countries should consider alternative
approaches.

In third-world developing countries, achieving Industry
4.0 appears to be more challenging given that the level
of technology, capital investment, strategic planning,
resource scarcity, and expert labour requirements are
lacking (Bogoviz et at., 2019; Raj et al., 2020; Roodt, and
Koen, 2020). Thus, as a more sustainable solution, we
believe that adding automation components to green
buildings serves more towards employee satisfaction
than vice versa in developing countries. The concept of
‘Green Smart Buildings’, where the integration of green
buildings and the smart grid concept has been well
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discussed in previous literature (Adalberth et al., 2001;
Jadhav, 2016; Rameshwar et al., 2020).

The objective of this study is to provide an overall
ideology of the impact of green office buildings and the
conversion to buildings focusing on employee
satisfaction. The paper tries to highlight the most used
decision model structures and propose an integrated
decision-making model framework to enhance the
working environment of the employees. Despite the
number of prior research on occupancy evaluation in
green buildings and many decision-making models
that have been experimented with in the past few
decades for different aspects, a system to influence
structures to enhance employee comfort has not yet
been comprehensively explained. The literature review
discusses the impact of working in a green building on
employees in different aspects. This study investigates
the most cited multi-criteria decision-making analysis
(MCDA) and structural equation modelling (SEM)
methods used related to employee comfort and green
buildings to propose a hybrid decision-making model
framework.

Methodology

The study is driven by a systematic literature review
and bibliographic analysis to perform three main
approaches: (i) to identify main factors and existing
decision-making models, (ii) to conduct a bibliographic
analysis and thematic mapping (2000-2022), and (iii) to
present the most appropriate methods for a hybrid
decision-making model framework. An extensive
literature review was conducted to identify the factors
related to employee comfort and SEM, MCDA models
which have been demonstrated to have many
theoretical and practical applications in decision-
making in green buildings and employee satisfaction. A
quantitative analysis based on two-dimensional maps
was carried out to understand which decision models
have been applied more in building-related applications
and the topics related to occupant satisfaction.
VOSviewer (version 1.6.16) was the tool selected to
perform the bibliometric analysis in this study, ArcGIS
(version 2.6) for the global publications map, and
NodeXL for the correlation of satisfaction factors and
publications. Figure 01 describes the methodology of
the study.
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Figure 1. The research flow of the study

Identifying the factors for
enhancing an employee-oriented
built environment in green
buildings

Office buildings are one of the commercial building
sectors that need the most excellent attention in
providing a well-managed work environment for
employees; on the other hand, this sector consumes the
highest number of resources during its operational
period since employees spend 80% of their time inside
these buildings. Office buildings are among the highest
energy consumers compared to other building types.
Moreover, the work pressure in this sector is critically
increasing (Wu et al,, 2021). Therefore, the need for a
suitable office environment has arisen to improve work
efficiency by enhancing occupant comfort with an
optimised indoor climate. Research has concluded that
work efficiency could be increased by 15% - 20% with
an improved green office environment (Esfandiari et al.,
2017). Apart from the specific benefits of a green office
building, such as energy-saving, water-saving, etc., the
employees’ health and comfort, along with an energy-
efficient environment, are paramount. These factors
have been shown to result in lower absenteeism (Wu et
al,, 2021).

Green rating tools have been initiated to accelerate the
transformation of the building sector towards a more
environmentally friendly model (Roderick et al., 2009).
All green building rating tools share the same concept
to maximise energy and resource efficiency and
improve occupant health and well-being (Gou & Xie,
2017). However, the role of green rating tools in
improving indoor environmental quality and occupant
experience in green buildings is uncertain (S Altomonte
et al., 2016; Gou et al., 2014).

Employee satisfaction is of great importance for many
organisations, particularly commercial organisations
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and institutions, as it helps elevate employee work
performance and productivity (Veitch et al, 2007).
Employee satisfaction can also be correlated with
turnover intentions and retaining a talented and skilled
workforce (Van Dick et al., 2004). The review of global
evidence depicts a contradictory body of knowledge
regarding the impact of green buildings on occupant
satisfaction. Therefore, the success of a sustainable
building relies on its indoor environmental quality
(IEQ), which directly affects the quality of the
employee’s life. It is, thus, essential to assess whether
green-certified buildings are genuinely successful as
sustainable buildings by evaluating the satisfaction of
their employees.

Numerous post-occupancy studies have investigated
the relationship between green -certifications and
occupant/employee satisfaction. Most green building
occupant satisfaction studies come from the U.S. and
the UK, and recent studies are emerging from Asia (Liu
et al., 2018; Ravindu et al., 2015).

As reflected in the majority of the literature, indoor air
quality (IAQ) in LEED buildings is perceived to be
higher when compared with non-green buildings
(Abbaszadeh et al., 2006; Huizenga et al., 2005; Issa et
al, 2011, Kim et al,, 2015; Lee & Kim, 2008; Turner,
2006). Studies conducted on green buildings in China
(Lin et al., 2016; Pei et al., 2015) and Taiwan (Liang et al.,
2014) reported a higher perceived IAQ in green
buildings.

However, post-occupant evaluations conducted on
BREEAM buildings have reported lower satisfactory
IAQ than their conventional counterparts (S Altomonte
et al., 2016; Adrian Leaman & Bordass, 2007). Results
reported from Australia (Paul & Taylor, 2008), South
Korea (Sediso & Lee, 2016), and Sri Lanka (Ravindu et
al., 2015) have indicated no significant difference in the
IAQ of green buildings compared to non-green
buildings. Furthermore, some studies on LEED
buildings (Sergio Altomonte & Schiavon, 2013) have also
indicated that the IAQ of green buildings is comparable
with that of conventional buildings. Incidentally, Gou,
Lau, & Zhang (2012) reported that green buildings
perform better in summer but worse in winter. This
study is supported by (Gou, Lau, & Shen, 2012), who
reported that the summer performance of LEED
buildings in Hong Kong concerning IAQ was much
better than their winter performance.

Regarding lighting performance, most research has
detected no significant difference in LEED buildings
(Abbaszadeh et al., 2006; Sergio Altomonte & Schiavon,
2013; Huizenga et al, 2005). However, some studies
have indicated a higher satisfaction score (Issa et al,

doi.org/10.32388/700GM8.5

2011, Kim et al., 2015; Turner, 2006), whereas others
have reported a lower satisfaction score in LEED
buildings (Brown et al., 2010; Lee & Kim, 2008).
Similarly, in BREEAM buildings, some studies have
perceived a higher satisfaction score (Baird et al., 2012;
Zhang & Altan, 2011), while others have reported no
significant differences (S Altomonte et al., 2016, Adrian
Leaman & Bordass, 2007) in satisfaction between green
and non-green groups.

In the Chinese context, two studies (Gou, Lau, & Shen,
2012; Gou, Lau, & Zhang, 2012) have reported no
significant differences in lighting performance,
whereas another study (Pei et al., 2015) indicated higher
perceived lighting scores in green buildings compared
to their conventional counterparts. Post-occupancy
evaluation surveys conducted on Green Star buildings
in Australia (Khoshbakht et al., 2018; Paul & Taylor,
2008) have reported no significant differences in
lighting performance between green and non-green
facilities. However, studies conducted in South Korea
(Sediso & Lee, 2016) on G-SEED buildings (Green
Standard for Energy and Environmental Design) have
reported higher perceived satisfaction in lighting
performance in green buildings.

Concerning literature, green buildings are the least
successful in terms of noise performance. The majority
of papers have reported either no significant differences
(Abbaszadeh et al., 2006; Sergio Altomonte & Schiavon,
2013; Huizenga et al., 2005) or lower satisfaction scores
(Brown et al., 2010; Issa et al., 2011; Lee & Kim, 2008;
Turner, 2006) in LEED buildings in comparison with
non-LEED structures. A study on higher education
buildings in Australia (Khoshbakht et al., 2018) has also
reported lower satisfaction levels with noise in Green
Star-certified buildings. Similarly, post-occupant
evaluations conducted on BREEAM buildings (S
Altomonte et al., 2016; Adrian Leaman & Bordass, 2007;
Zhang & Altan, 2011), Green Star buildings (Paul &
Taylor, 2008), G-SEED facilities in South Korea (Sediso
& Lee, 2016), and LEED buildings in Sri Lanka (Ravindu
et al., 2015) have reported no significant differences in
the noise performance of green and non-green
buildings. Contrarily, some studies (Liang et al., 2014;
Newsham et al., 2013) have indicated a higher perceived
satisfaction score in the noise performance of green
buildings.

Regarding thermal comfort, most studies have detected
higher performance in green buildings compared to
conventional buildings. Post-occupant evaluations
conducted on LEED buildings (Brown et al, 2010;
Huizenga et al.,, 2005; Issa et al,, 2011; Kim et al., 2015;
Newsham et al, 2013; Zhang & Altan, 2011) have
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indicated greater thermal comfort compared to their
conventional counterparts. In the Chinese context,
most studies (Gou et al.,, 2014; Lin et al., 2016; Pei et al.,
2015) have reported higher thermal satisfaction in
green buildings. Similarly, studies conducted in Taiwan
(Liang et al., 2014) and South Korea (Sediso & Lee, 2016)
reported that green buildings significantly outperform
non-green buildings concerning thermal comfort.

However, few studies have been conducted on LEED
buildings (Sergio Altomonte & Schiavon, 2013),
BREEAM buildings (S Altomonte et al, 2016), China
Three Star buildings (Gou, Lau, & Zhang, 2012), and
Green Star buildings (Menadue et al., 2014; Paul &
Taylor, 2008). These studies have reported comparable
thermal satisfaction in green and non-green buildings,
with no significant differences.

Contradictory results on the perceived thermal
performance of green buildings have also been
reported. Baird et al. (2012) reported lower satisfaction
scores in BREEAM buildings than in non-BREEAM
buildings.

An Australian-based study (A Leaman et al., 2007) said
Green Star buildings underperformed their
conventional counterparts regarding thermal comfort
satisfaction. Similarly, a survey conducted in Sri Lanka
(Ravindu et al., 2015) reported lower perceived thermal
comfort in green buildings.

According to Singh et al. (2010), the “honeymoon”
effect, a short period after occupancy, can impact when
rating the experience of the building. The occupant
satisfaction studies considered have been conducted in
various countries with different socio-economic
backgrounds. In developed countries like the U.S. and
UK., where standards are very high and stringent,
improvements brought by green building designs may
be marginal (A. Darko et al.,, 2017, Amos Darko et al.,
2017). Therefore, modifications to occupant satisfaction
might be minimal. However, building design and
service standards are relatively low in developing
countries like China and Sri Lanka. In these countries,
the improvements brought by green building concepts
can significantly improve building design and
operation (He et al., 2014; Zhao et al., 2015).

As reflected in the literature, Building Design and
Facilities Management (BD&FM) of green buildings are
perceived to be better than those of conventional
buildings. Studies conducted on LEED buildings (Brown
et al., 2010; Kim et al., 2015; Lee & Kim, 2008; Newsham
et al,, 2013) and BREEAM buildings (Baird et al., 2012)
have recorded more satisfactory performance in green
buildings. In the Chinese context, higher perceived
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satisfaction scores were achieved in green buildings in
terms of operation and maintenance (Lin et al., 2016),
health (Gou et al., 2014), and productivity (Gou et al,
2014). Furthermore, green buildings in Sri Lanka
(Ravindu et al., 2015), South Korea (Sediso & Lee, 2016),
and Green Star buildings in Australia (Khoshbakht et
al.,, 2018) have shown satisfactory performance in terms
of BD&FM parameters when compared with non-green
facilities. Issa et al. (2011) also reported that student and
staff absenteeism in green schools was 2-75% lower,
and students’ performance was 8-19% higher when
compared with conventional schools. However, one
study conducted in China (Gou, Lau, & Zhang, 2012)
indicated that occupant satisfaction in green and non-
green buildings was comparable. A summary of the
literature findings detailed above is given in Table 1.
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Table 1. Review of Previous Research on Green
Buildings and Employee Comfort

The review of global evidence in Table 01 depicts a
contradictory body of knowledge regarding the impact
of green buildings on occupant/employee satisfaction.
This proves that there should be a verified decision-
making model that can help decision-makers evaluate
employee satisfaction and implement the necessary
adjustments.

Figure 2 depicts the factors that affect building user
satisfaction according to the different publications
published in the past 20 years.
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Figure 2. Identified factors affecting user comfort in
buildings
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The red nodes illustrate the factors recorded in different
studies, and the line colours represent each paper. Two
fundamental approaches characterised the main
features of the factors: (i) Building-related elements and
(i) non-building-related factors (Figure 03).

This study identifies the building-related factors to
consider when determining the decision-making
model.
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Building Related Factors
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Indoor Air Quality
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Office layout
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Workspace colours and textures

Non-building Related Factors

Gender
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lob category

Mood
Office Furnishing
Duration of working in the building

Figure 3. Identified factors affecting employee satisfaction in office buildings

Incorporation of Decision-making
Models to Enhance Employee
Satisfaction in Green Buildings

Decision-making models are considered pivotal in the
process of automating green buildings. During the early
90s, Linear Programming models, a mathematical
modelling technique in which a linear function is
maximised or minimised when subjected to various
constraints, were first used to make quantitative
decisions in industrial processes (Fdre et al.,, 1992). Yet,
with the advancement of technologies, the use of
single-criterion optimisation techniques was limited by
the consideration of secondary consequences that
require multiple criteria (Green et al, 2011). Thus,
Multiple-Criteria Decision Analysis (MCDA) methods
have evolved as a tool for analysing alternatives based
on various dissimilar factors/criteria and collective
evaluation of those criteria to rate or rank the other
options (Greco et al, 2016; Huang et al, 2011).
Depending on the problems’ discrete or continuous
nature, the MCDA can be classified into two categories:
Multi-Objective Decision Making (MODM) and Multi-
Attribute Decision Making (MADM).

MADM is more appropriate for analysing isolated
problems using a cluster of criteria and thus evaluating
or ranking a predetermined and yet limited number of
alternatives. MADM models are of three types. The first
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category is the MADM models with explicit values,
developed to support decision-making processes to
evaluate, select, and improve. Secondly, MADM models
with fuzzy values account for errors and uncertainties.
The third category integrates MADM models with other
methods. Recently, hybrid MADM methods combining
different MADM methods have become popular.
Conversely, in analysing ongoing problems associated
with designing or planning to acquire desired goals
within given constraints, MODM methods are used
(Medic et al., 2019).

Thus, here we discuss Structural Equation Modeling
(SEM) as a powerful tool to be integrated with the
MADM. SEM is a statistical technique used to measure,
analyse, and evaluate relationships amongst multiple
variables, both latent and observable (Fan et al., 2016).

Various MCDA and SEM methods were initially chosen
to investigate the most appropriate MCDA and SEM
models to create the hybrid model. A bibliographic
analysis was conducted to understand the research on
decision-making models in the building sector. There
are numerous MCDA methods such as the Analytic
Hierarchy Process (AHP), Goal Programming (GP),
Fuzzy AHP, Data Envelopment Analysis (DEA), Multi-
attribute utility theory, Scoring methods, Electra,
Technique for order of preference by similarity to ideal
solution (TOPSIS), VIKOR: stepwise procedure, and
many more (Mohamadali & Garibaldi, 2012).
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Many SEM estimation methods exist, such as
generalised least squares (GLS), weighted least squares,
maximum likelihood (ML), and partial least squares
(PLS) (Fan et al., 2016). Various statistical software exist
for performing statistical analysis, including R-
programming, Statistical Package for Social Sciences
(SPSS), Minitab, STATA, SAS, SEM-AMOS, WarpPLS, and
SEM-SmartPLS (Hanafi et al., 2010).

In recent years, hybrid decision-making models have
become more prevalent, given their ability to evaluate
and determine the most preferred alternative based on
multiple criteria analysis (Kumar et al., 2021). Likewise,
when the technology integration level and complexity
are higher, the Industry 4.0 adoption requires more
complex and combined decision-making approaches
rather than framing one or two critical available models
(Medi¢ et al., 2010; Sansana et al., 2021). In addition,
most conventional multi-criteria decision analysis
approaches are not applicable when multi-layered
interactions and competing criteria are available in the
decision-making process.

Bibliographic analysis
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Figure 4. Selected Keywords for the Study

The keywords were chosen from green building-related
employee comfort factors (Figure 4), MCDA methods
(AHP, GP, Fuzzy AHP, DEA, Multi-attribute utility theory,
Scoring methods, Electra), and SEM methods (SEM-PLS
and SEM-GLS) only were considered in this study. The
MCDA and the SEM software model methods were
cross-analysed with the employee comfort factors. The
analysis was conducted in Google Scholar,
ScienceDirect, Web of Science, and Scopus journal
sources. The publication’s keywords for the past 21
years were analysed (2000-2021).

The two-dimensional keyword distribution map for
MCDA and SEM methods was created for the total
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publications in the past 21 years to discuss the total
number of published papers in the journal sources. The
size of the circles in Figure 5 depicts the total number of
publications done in the past 21 years for the keywords’
combination of “Selected decision-making models” +
“the employee comfort/satisfaction related keywords”
and “selected decision-making models” + ”study-
focused keywords”. According to Figure 5, the total
publications were higher in Google Scholar. AHP and
DEA have been practised prominently among the MCDA
methods, and the PLS-SEM method was prominently
used among SEM methods.

Goal
ming
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Scoring
methods
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Fuzzy AHP
Data
GLS-SEM
PLS-SEM

Envelopment
Analysis (DEA)

utility the

o [Mutti-attribute

@ | Frogram
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Figure 5. 2-D map to illustrate the number of
publications in journal sources from 2000-2021 for
MCDA and SEM methods used in keywords related to
building factors and study-focused keywords

A two-dimensional keyword distribution map was
organised for the employee comfort/satisfaction-related
and study-focused keywords to reflect the number of
papers from 2000-2021 published for decision-making
methods used for certain factors (Figure 6). The
“Energy efficiency” keyword was significant among the
others, implying that many energy efficiency-related
decision-making models have been developed in the
past 21 years. Coloured document frequency matrices
were prepared for the keywords to reflect the number of
articles published in the past 21 years in Google Scholar.

Acoustic comFort

' Employee satisfaction

Energy efficiency

Indoor air quality
“ -

Visual comfort

) Thermal comfort Green building

Figure 6. 2-D: number of papers published on
decision-making models for selected "Employee
comfort-related keywords"
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research keywords (see Figure 7). The map depicts that == . .
developed countries like China, the USA, Japan, and
South Korea contributed to the decision_making Table 3. Total publications from 2000-2021 of selected
models and employee-related  studies  more decision-making models with the employee comfort-
prominently than other countries. Developing countries related keywords
such as India, Taiwan, Turkey, and Iran have made a
progressive contribution, and there are fewer
publications in the Asian region. This proves that D=
decision-making models to enhance employee comfort aaine

are yet to be researched deeply worldwide, and many

developed countries have already started to see the e - dissem teoocs seppance mose
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hybrid model. Table 03 depicts the total publications

from 2000-2021 of selected decision-making models

with the employee comfort-related keywords.
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M, VOSviewer

Table 3 explains the number of publications done under
selected keywords. The AHP method records most of
the publications under all the relevant keywords in all
the journal sources except Web of Science. The Scoring
method was used in most of the Web of Science, and the
DEA method was used more frequently for decision-
making in energy efficiency than AHP.

Figure 8. Co-occurrence network map of PLS-SEM
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Figure 9. Co-occurrence network map of AHP

The bibliographic analysis concludes to select AHP as
MCDA and PLS-SEM as SEM to create the hybrid
decision-making model to enhance employee comfort
in green buildings. The bibliographic analysis
continued to profoundly investigate the cited keywords
with the AHP and PLS-SEM decision-making methods
to create the hybrid model. Network maps (Figures 8
and 9) were organised to illustrate the correlation
between the cited keywords, AHP, and PLS-SEM.

The maps depict the co-occurrence network of AHP and
PLS-SEM. The thematic map is clustered with the nodes
to illustrate the connection of the main keywords. Both
of the maps highlight the connectivity of occupant
satisfaction and decision-making. Also, the model
methods are further correlated with technology
acceptance, sustainability, and human behaviour.

Conclusion

A literature review into employee-oriented
environments in green-certified buildings discloses a
contrary body of research. As described, there is no
consistent global evidence to prove that green buildings
are more satisfactory than non-green buildings. Based
on most of the research, green buildings provide
improved IAQ and thermal comfort compared to
conventional buildings. Regarding lighting
performance, a higher inconsistency was observed,
with over 50% of the research indicating no difference
or poorer performance in green buildings than in
conventional structures. Based on the findings, acoustic
performance in green buildings was comparable to
non-green facilities in most of the reported work.
Regarding the design of the building and management

of the facility parameters, most papers indicated better
performance in green buildings, particularly in
furnishing, cleanliness, and operation and
maintenance. The contradicting results in the literature
review can be attributed to various reasons influencing
employee evaluations.

1. The period of employment: If the survey was
conducted on a newly constructed green building,
or if the employee is newly recruited to the
building, a short period after employment, it could
manifest artificially higher satisfaction measures.
Therefore, the period of employment can bias the
evaluation and influence employee satisfaction
measures.

2. Socio-economic background: Modifications to
employee satisfaction in developed countries
might be minimal. However, building design and
service standards are relatively low in developing
countries. This will lead to considerable
improvements in their satisfaction. Therefore, the
socio-economic background of the nations must
also be considered when evaluating the
parameters.

3.Green building features vary from building to
building. This could be another contributing factor
to the inconsistent results in satisfaction observed
in the literature.

4. The sample size and characteristics will also affect
the findings. If the number of respondents in
green and non-green buildings is
disproportionate, this asymmetry might lead to
biases when comparing their responses.
Therefore, the effect of sample size must be given
due consideration.

The building owner or facility management can control
the building-related factors and hence can be
appropriately monitored and measured in a decision-
making model. The literature review of employee
satisfaction in green buildings verifies that building
owners/employers should have a method to understand
the implications to enhance employees’ satisfaction.
The study proves that many models have been
considered in the energy efficiency aspect but receive
more secondary consideration in the visual comfort and
acoustic comfort aspects. This paper demonstrates that
the factors affecting an  employee-oriented
environment are not unbiasedly evaluated, and there is
a necessity emerging to draw researchers’ attention to
enhancing employee comfort in office green buildings.
The two selected decision-making methods can be
incorporated to create an integrated decision-making
model. The AHP was chosen considering the frequency
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of publications under all selected keywords. However,
the DEA method has also been prominently used for
decision making, specifically for energy efficiency
aspects. It is recommended to conduct a proper
demographic and social study of employees before
creating a decision-making model to ensure fewer
model errors are affected by non-building-related
factors. It is well illustrated that developing countries
moving forward to modified green building approaches
to achieve the future of sustainable buildings and
creating fewer complex models, as suggested, can
encourage other developing countries, especially in the
Asian region, to apply the measures to enhance the
employee environment. This study opens up the
reviewed path for future researchers to identify the
most cited decision-making model methods in various
green building aspects and provides an opportunity to
apply them in the real world according to the chosen
parameter. Also, it revealed the research gaps in
essential factors related to employee
satisfaction/comfort, which should be addressed
immediately to achieve the user-industry-environment
friendly concept.
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