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Abstract: Buildings account for the highest carbon dioxide emissions during their operation
stage, primarily due to high energy use for heating, cooling, and lighting, which in turn
contribute to global warming and climate change. Such impact can be considerably reduced
through crafting sustainable design (SusD) in buildings. So, availability of relevant
information, professional guidance to clients, and appropriate decision-making are crucial. A
study summarized the findings from a questionnaire survey conducted in Brunei with 122
responses. The results revealed that architects, consultants, and government are more important
stakeholders to assist with SusD adoption, while clients and developers are important
stakeholders in decision-making. The results appreciate the roles of clients and architects to a
higher degree, despite a comparatively higher number of private projects in Brunei with
relatively more influence of contractors. This was interpreted as having a good degree of
awareness of the survey participants towards the role of SusD and who actually can better
contribute to SusD adoption. However, the outcome also revealed inconsistent perception
among the respondents, both within and between different groups based on their affiliations
and nature of job. This inconsistency implies the need for appropriate training or education to
enhance awareness of SusD, make pertinent information available, and develop appropriate
skills.

Keywords: buildings; carbon dioxide emissions; energy consumption; sustainable design

1. Introduction

The construction industry is blamed for its adverse impact on the natural
environment [ 1], owing to high energy consumption and environmental pollution [2].
Buildings account for a large proportion of these, which are rapidly increasing due to
the increase in population, extended building use, and demand for comfort and
satisfaction. As a result, global greenhouse gas (GHG)/ carbon dioxide (CO»)
emissions throughout the building life cycle are also increasing, which has been
estimated to reach 42.4 billion tonnes/year by 2035, 43% more than the 2007 level [3].
This is considered one of the key reasons for global warming and climate change. It is
reported that 80%—90% of such emissions occur during the building operation stage,
mainly due to energy use for space heating and cooling, lighting, and other
applications. Such energy use and relevant GHG emissions can be considerably
reduced by adopting various energy efficiency measures and sustainable design
approaches at the design stage [4—6].

Sustainable design (SusD) uses two natural elements (i.e., the sun and wind) and
focuses mainly on reducing energy consumption and CO, emissions. Other benefits
include reducing water and material use and improving indoor air quality and occupant
comfort [7]. This is achieved by applying ‘passive’ principles in various architectural
and structural design methodologies that exploit the design and properties of the
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building envelope to reduce energy demand and maximize or minimize heat losses and
heat gains [8]. Such passive design is associated with longer life spans or durability,
lower life cycle costs, and higher benefits in energy saving [9,10] that can reduce
energy consumption of up to 50%—-60% [11-13]. Despite such benefits, the knowledge
and awareness of construction stakeholders about SusD appears to be limited.

A crucial condition for the adoption of SusD is the availability of relevant
information, knowledge, and interest among construction professionals and/or
stakeholders [14], since a lack of adequate knowledge of SusD applications and their
benefits may hinder the professional guidance, which can negatively influence the
building owners to adopt SusD [15]. Lack of awareness and relevant knowledge plays
a critical role in decision-making on adopting SusD. Prior knowledge, information,
and understanding could make better decisions whether to adopt SusD, but their
absence makes it impossible, as they do not know who to take the decision of adopting
SusD [16,17]. Admittedly, effective adoption of SusD requires the knowledge,
understanding, consciousness, and commitment of all stakeholders in their individual
actions [18], especially potential building owners, to know who (i.e., which
stakeholder or party) can help them with proper information and guidance on SusD so
that they can select that party for their buildings and who actually should influence or
take the decision of adopting SusD.

Unfortunately, hot and humid developing countries like Indonesia, Malaysia, and
Brunei are facing these issues, which prevent them from adopting SusD. For example,
the low level of awareness and knowledge of SusD is one of the challenges to early
adoption of SusD practices in Malaysia [19]. The situation in Brunei Darussalam is
not different. As such, in an attempt to assess the awareness of the local industry, the
present study focused on identifying the suitable stakeholders who can help potential
building owners to consider SusD by providing relevant information and who can
guide them to adopt SusD. In addition to generating some degree of awareness among
the industry participants, the findings of the study are expected to help the stakeholders
in understanding and making decisions about, and selecting the right party for helping
with, adopting SusD. The following sections present the relevant literature review, the
methodology adopted, results and discussions, and finally, the conclusions.

2. Literature review

The study was undertaken in two stages: a structured literature review focusing
on relevant past empirical studies and the practice of SusD. This review is exclusively
based on relevant papers published in academic journals. A systematic literature
search was performed using three academic listings, namely Science Direct, Taylor &
Francis, and Emerald Insight. In order to collect relevant papers for this study, the
following five keywords were used: ‘residential building’, ‘energy efficiency’, ‘low
carbon building’, ‘passive design’, and ‘optimization’. These were searched within the
title, abstract, and contents of the initially identified articles [20,21]. A total of 156
relevant papers were considered valid for further analysis. Each of the selected papers
was analyzed for a wider study, in terms of identifying SusD features, motivators,
challenges, and strategies for SusD adoption [20-22]. This also covered
stakeholders/parties or roles who could help potential building owners/clients with
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relevant knowledge and information to adopt SusD and who can guide to make
decision to adopt SusD, which are being dealt with in this paper.

It was observed that the adoption of SusD in buildings by construction
stakeholders is hampered by a number of challenges, including unfamiliarity with
SusD technology [23], lack of relevant information [24], and insufficient professional
knowledge and expertise [25]. In this regard, the following subsections provide a
review of relevant segments of literature on the influence/ability of various
stakeholders in terms of providing appropriate information and guidance to potential
building owners and helping them to decide if to adopt SusD.

2.1. Assistance to building owners

Many stakeholders or parties can help potential building owners adopt different
types and degrees of SusD. According to their roles or skills, they include the project
team members like architects, design engineers, contractors, owners or clients, and
project managers, as well as building occupants, financial experts, cost consultants,
and government agents [26—28]. These project team members deploy their expertise
and knowledge to ensure effective collaboration and decision-making and provide
owners with relevant information. Their involvement also promotes communication
and coordination among different stakeholders, eventually enhancing the overall
project outcomes [29]. They are responsible for identifying and implementing SusD,
monitoring and evaluating the project’s environmental impact, and advocating for
sustainable practices [30]. They also contribute to the development of SusD building
codes and regulations, ensuring compliance with sustainability standards [29].
Additionally, they actively participate in educating and raising awareness about
sustainable practices within the construction industry and society as a whole [26].
Their involvement is crucial in driving the adoption of sustainable practices and
achieving long-term environmental goals in construction projects [27]. However, the
design team (i.e., architect and/or engineer) and the construction team (i.e., contractor
or builder/constructor) are the key stakeholders for SusD adoption because they can
help the owner to oversee all phases of construction [28]. On the other hand, local
governments and contractors are particularly powerful in several key phases of the
construction process [29]. In the design and build system, cooperation between
contractor and designer starts early, even during the invitation to tender phase. The
involvement of financial experts in this phase helps settle disputes and prevent
potential problems [30]. Local governments and contractors are crucial for ensuring
that construction projects adhere to environmental and social standards. Their
collaboration can lead to innovative solutions to minimize the project’s impact on the
surrounding community and ecosystem [30-32].

Marichova [33] mentioned that the government plays a major role, along with the
contractor and design team in the construction market, in order to ensure the efficient
use of technology, which in turn accelerates its adoption. Moreover, the government
and client generally have a major role to play both at the project and industry level
[34]. Furthermore, consultants also play a role in the SusD adoption, along with the
design team and on behalf of the client. The consultants play a greater role with the
government in incorporating green or sustainable components early in the design stage
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so that a more holistic SusD is achieved [35]. Additionally, consultants play a crucial
role in determining project success and technical aspects of performance. It is also
argued that clients and architects are the most important stakeholders to be involved
during the pre-feasibility phase, whereas government, contractors, and consultants are
the least important during the pre-construction stage [30,34]. However, these
stakeholders bring expertise in environmental regulations, energy efficiency, and
SusD practices, making their roles essential [31]. Structural designers/consultants
collaborate closely with architects and clients to ensure that sustainable goals are
achieved, providing guidance on material selection, energy systems, and SusD
strategies [34]. Their involvement throughout the project lifecycle ensures that SusD
principles are seamlessly integrated into the construction process [35].

2.2. Decision-making

A “group” of individuals and groups is typically involved in the decision-making
of a building project, including clients, users, building professionals, and external
parties [36,37]. It is reported that the decision of whether to build green (that is, to use
SusD) is made early in a project’s development process by stakeholders like
developers, investors, and the client. Early participation of key project stakeholders
(i.e., client, designer, and contractor) leads to earlier completion of the project and
more savings. These stakeholder groups have the highest influence on the decision-
making of a project [38,39].

Menassa and Baer [40] argued that stakeholders’ involvement in sustainable
building construction is increasingly important for their cooperation and end-users’
requirements. Tran [41] observed that developers are the key stakeholders in the
decision-making process of adopting green building technologies in Vietnam.
However, such a decision is likely to be dependent on the readiness level of other
project partners, such as the government, designers, and contractors. Nevertheless, the
decisions to adopt green buildings are typically taken internally by the developer,
client, and investor and rarely include outside consultants [42], although the level of
investors’ participation in the decision to adopt sustainable features may be
insignificant [43]. In addition to their decision-making role, stakeholders are also
responsible for setting goals, implementing sustainable development practices,
monitoring progress, and engaging with other stakeholders [33]. Moreover,
stakeholders contribute substantially to the overall success of sustainable development
adoption by providing support, resources, and expertise [34]. Therefore, it is crucial
for developers to actively involve key stakeholders throughout the decision-making
process to ensure a collaborative and comprehensive approach to sustainability [37].

On the other hand, it was observed in Malaysia that clients and developers are
the core parties in construction to make decisions, followed by contractors and
investors [44]. However, in a design and build contract, the developer and contractor
are key parties in the final decision-making [45]. This is because the complete
development of the project belongs to the client or developer, so it is important that
they are the ultimate decision-makers [46]. If the client’s decision-making process is
delayed, it has an impact on the project and the contractor’s job. Therefore, although
various studies observed different outcomes, every stakeholder is important, with the
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changing order of importance according to the stage and needs of the project. Thus,
construction practitioners may have different perspectives about risks depending on
their particular role in the projects [47].

2.3. Roles in focus

The above literature review identified nine stakeholders, namely consultants,
financial experts, engineers, architects, government, contractors, clients, developers,
and investors. The first seven parties appear to help/assist, and guide potential building
owners by providing knowledge and information on SusD, and the last four parties
help in decision-making for adopting SusD.

3. Methodology

3.1. Questionnaire development

The information gathered from the literature review guided the design of a
questionnaire [48], which was divided into distinct sections. Section A explained the
purpose and objectives of the questionnaire. Section B asked for ethical consent and
anonymous details of the respondents for the sample composition. Section C listed
various stakeholders/parties and asked potential respondents to prioritize who could
help the building owner (with information and knowledge) in considering SusD and
making the decision to adopt it. Respondents were asked to rank their priorities on a
scale from 1 to 5, where 1 = most important, 2 = more important, 3 = average, 4 = less
important, and 5 = least important. This means that the lower the eventual score of a
party, the higher the importance of that party. The respondents were also requested to
add any other relevant party/parties that is/are not listed. In addition, potential
respondents were asked to provide any further comments or suggestions relating to the
need/priority of the stakeholders and the role they play.

3.2. Data collection and potential respondents

The target population for this study was construction professionals from
contractors, consultants, and clients (within the design and development phase of a
building project). They were identified from the lists of professionals in Brunei
Darussalam issued by the Ministry of Development (MoD) and Public Works
Department (PWD) and via the purposive random sampling method. Initially, 399
invitations were sent to construction professionals via email, which included 133 each
for clients, contractors, and consultants. The invitation contained a description of the
research and its aim. It was also made clear where and how the outcomes of the study
will be used. A Microsoft Word file containing a web link was added in the invitations
for the respondents to respond using the Word file or online. However, some
invitations were bounced back, and the actual distribution was reduced to 381. In order
to increase the number of responses and develop interest, potential respondents were
offered summary results of the survey. They were reminded each week from the first
contact to increase the chance of responding. A total of 142 responses were received,
but 20 were excluded due to incomplete or repetitive responses. The remaining 122
responsive responses (as seen in Table 1) were used for analysis. This registered a
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32% rate of response (122/381), which is more than the average of 30% in most
construction management studies [49,50]. So, the rate of response was regarded as

acceptable.
Table 1. Demographic profile of respondents.
Variables Category Client Consultant Contractor Total %
ProfessionGroup Architectural 0 27 0 27 22.1
Engineering 15 35 8 58 47.5
Management 14 8 15 37 30.3
Total 29 70 23 122 100.0
Experience in SusD <5 projects 19 41 15 75 61.5
projects 6-10 projects 7 17 2 26 213
11-15 projects 2 6 1 9 7.4
> 15 projects 1 6 5 12 9.8
3.3. Data analysis

3.3.1. Testing for reliability

Data were analyzed using the SPSS (Statistical Package for Social Sciences,
version 27) software. The analysis started with determining the Cronbach’s alpha
coefficient to measure the reliability or internal consistency of the survey items or
factors used in the questionnaire [51]. The Cronbach’s alpha coefficient ranges in
number from 0 to 1, and the higher the score, the more reliable the survey items or
factors/options are, and they consistently measure the same characteristic. To be
acceptable, Taber [52] suggested that the Cronbach’s alpha value should be higher
than the threshold of 0.70, which was found for this study in the range of 0.793 to
0.965, indicating that the data collected was reliable and consistent and therefore
suitable for further analysis, as presented in the following subsections.

3.3.2. Testing for normality

There are several methods to assess normality assumptions, including the
Shapiro-Wilk test, the Kolmogorov-Smirnov test, and the skewness and kurtosis tests.
Kim [53] argued that there is no current gold standard method to assess the normality
of data. Shapiro-Wilk test and Kolmogorov-Smirnov test are unreliable for large
samples (more than 100), while Skewness and kurtosis test may be relatively correct
in both small and large samples [54]. So, for this study, skewness and kurtosis tests
were used. It is widely argued that the normality assumption is fulfilled when the
skewness and kurtosis coefficient are within the range of —2 to +2 [55-57]. The
relevant values obtained from the collected sample were found between —0.053 and
+1.071, indicating that respondents agreed on their opinions, which also reduced the
occurrence of outliers, so the collected data may be considered as normally distributed.
Therefore, the parametric test was employed, as presented in this paper.

3.3.3. Mean score ranking (M)

This study used the mean score ranking technique to prioritize the roles of
different parties who can help potential building owners with relevant information and
assist in making the decision to adopt SusD. Such an approach is widely used in
construction management research, i.e., to rank the relative importance of specific
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survey items or ‘factors’ [58]. The mean scores of individual parties were calculated
and prioritized with ranks for the total sample and different respondent groups
according to their affiliation (i.e., clients, contractors, and contractors) and nature of
job (i.e., architectural, engineering, and managerial).

3.3.4. One sample T-test and analysis of variance (ANOVA)

The one-sample T-test compares the mean of sample data to a known value to
determine whether a population mean is significantly different from a hypothesized
value [59]. This is done by comparing the mean score found in an observed sample to
some predetermined or hypothetical value. Typically, this hypothetical value is the
population mean or some other theoretically derived value, such as the middle of the
measuring scale. The study therefore considered one sample T-test to measure the
statistical significance of the mean values for the whole sample and the groups based
on affiliation and nature of job. The one-sample t-test was conducted at a 95%
confidence interval with the corresponding p-value of 0.05.

One-way ANOVA is a suitable method for comparing the mean scores of more
than two groups. In this study, ANOVA was used to check the significant differences
in means between the groups based on affiliation and nature of job of the respondents,
as explained above.

4. Results and discussions

4.1. Survey demographics

Table 1 shows the respondents’ information in two-way groupings: (i) in terms
of their affiliation (i.e., 29 clients, 70 consultants, and 23 contractors), and (ii)
profession/nature of job (27 architectural, 58 engineering, and 37 management),
totaling to 122. The table also shows respondents’ experience/involvement in terms of
the number of projects considered SusD.

It is seen that respondents’ involvement in practicing SusD is much less, with
61.5% in <5 projects and 82.8% (i.e., 61.5 + 21.3) in <10 projects. Only 17.2% of
them had involvement in >10 projects. This indicated that the respondents are aware
of SusD, but the concept may be relatively new to them, or there is no sufficient
demand for SusD from the clients. Nevertheless, all the respondents have some degree
of experience on SusD, hence the relevance, quality, and acceptability of their
responses to various survey items (i.e., factors and options).

4.2. Client demand

Tables 2 and 3 compare the respondents’ opinions on clients’ demand for
providing SusD in their buildings, based on different groups of affiliation and nature
of job, respectively. It is seen that clients have demand of either ‘always’ or ‘often’
for SusD only in 30.0% (12.3 + 18.0 = 30.0) cases, in both way groupings based on
affiliation and nature of job. The demand in the remaining 70% cases ranges from
‘never’ to ‘sometimes’. This was considered an overall poor or less demand for SusD
in Brunei Darussalam, which is also indicated in Table 1 with relative less experience
of the respondents. This situation could be blamed on the existence of numerous
challenges in the industry, like justified/additional fees for architects and/or
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consultants, a higher initial cost of construction, a lack of expertise, and many more
[60—62]. This may also be indicative that some clients are still having difficulty
transitioning from traditional to new methods of design. In addition, this may also
relate to a general lack of interest in undertaking relevant education and technical
trainings, which in turn might have resulted from a poor/low awareness of SusD.

Table 2. Demand for sustainable design based on affiliation.

Category Client Consultant Contractor Total %
Always 3 6 6 15 123
Often 8 12 2 22 18.0
Sometimes 14 30 6 50 41.0
Rarely 2 20 7 29 23.8
Never 2 2 2 6 4.9

Table 3. Demand for sustainable design based on professional groups.

Category Architectural  Engineering Management Total %
Always 2 8 5 15 12.3
Often 3 11 8 22 18.0
Sometimes 13 22 15 50 41.0
Rarely 8 14 7 29 23.8
Never 1 3 2 6 4.9

4.3. Assistance to building owners

In terms of which party can best help the building owners with relevant
information and knowledge and guide to adopt SusD, Tables 4 and 5 present the mean
values, ranks, and significances obtained from the one-sample t-tests within the total
sample and different groups of respondents based on affiliation and nature of job,
respectively, along with their relevant ANOVA results. All such results (Tables 4-7)
have been arranged in order of the ranks in the total sample.

Table 4. Assisting SusD adoption: opinion of different groups based on affiliation.

Total Client Contractor Consultant
Parties A
M R  Sig. M R  Sig. M R  Sig. M R Sig.
Architects 2.01 1 0.000 1.83 1 0.000 1.70 2 0.000 2.20 2 0.000 0.16
Consultant 2.09 2 0.000 2.70 3 0.496 1.52 1 0.000 1.96 1 0.000 0.00
Government 2.36 3 0.000 2.46 2 0.170 2.67 5 0.260 2.23 3 0.000 0.46
Client 2.61 4 0.014 2.92 5 0.775 2.47 3 0.154 2.51 4 0.031 0.51
Engineer 2.67 5 0.005 3.07 6 0.712 2.59 4 0.143 2.52 5 0.004 0.13
Financial experts 2.86 6 0.377 2.89 4 0.670 2.92 6 0.820 2.88 6 0.537 0.91
Contractor 3.42 7 0.002 4.00 7 0.000 3.61 7 0.064 3.06 7 0.739 0.01
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Table 5. Assisting SusD adoption: opinion of different professional groups.

Architectural Engineering Management
Parties A
M R Sig. M R Sig. M R Sig.
Architects 2.00 2 0.000 211 1 0.000 1.86 1 0.000 0.65
Consultant 1.80 1 0.000 2.18 2 0.000 2.17 2 0.001 0.39
Government 232 4 0.065 227 3 0.000 2.54 3 0.102 0.74
Client 219 3 0.028 282 5 0455 2.63 4 0.16l 0.30
Engineer 270 5 0259  2.69 4 0.071 2.64 5 0.079 0.98
Financial experts 2.71 6 0.385 2.97 6 0.899 2.80 6 0.519 0.77
Contractor 314 7 0589 335 7 0.107 3.69 7 0.004 0.29

Table 6. Deciding SusD adoption: opinion of different parties based on affiliation.

Parties Total Client Contractor Consultant A

M R Sig. M R Sig. M R Sig. M R  Sig.
Client 1.52 1 <0.001 1.76 1 0.000 1.22 1 0.000  1.53 1 0.000  0.089
Developer 2.37 2 <0.001 2.76 3 0.129 2.35 2 0.001 221 2 0.000  0.016
General contractor 2.70 3 0.002 197 2 0.000 3.09 4 0.648  2.87 3 0.295  <0.001
Investors 3.11 4 0301 345 4 0.030 3.04 3 0.862  2.99 4 0916  0.174

Table 7. Deciding SusD adoption: opinion of different professional groups.

Parties Architectural Engineering Management A

M R Sig. M R Sig. M R Sig.
Client 1.41 1 0.000 1.55 1 0.000 1.57 1 0.000 0.738
Developer 2.15 2 0.000 236 2 0.000 254 2 0.005 0.201
General contractor 3.19 4 0284 247 3 0.000 270 3 0.110 0.011
Investors 2.74 3 0283 3.17 4 0255 327 4 0.115 0.152

It is seen that six out of seven parties have relatively low scores with mean values
of less than 3.0 (i.e., the middle of the measuring scale, or average), implying their
higher importance. The highest importance has been placed on architects with the least
score 0f 2.01/5.00, indicating they are the most important party in assisting the owners
by supplying the relevant information and knowledge and guiding them to adopt SusD.
This is followed by consultant (score 2.09, rank 2), government (score 2.36, rank 3)
and client (score 2.61, rank 4). This is simply the reflection of industry practice, as
architects and consultants come first/earlier in the project environment to formally
interact with and suggest the owners/clients on buildings’ design and all other issues,
based on clients’ affordability and other choices, and in compliance with government
regulations or initiatives [63]. They are also considered the ‘home’ of knowledge and
expertise of SusD [64].

Such industry response may be reflecting their good sense of awareness towards
SusD, despite the fact that Brunei has been recently experiencing building construction
mostly in the private sector, where the roles of architects and consultants are minimal
[65]. For the private buildings, they merely furnish the initial architectural and
structural design/drawings, and then contractors become the most important party to
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do the remaining works. Nevertheless, contractors cannot change the design, and
therefore their role in crafting sustainability aspects in the design is minimal. This is
seen to have been clearly expressed by the respondents, as the role of the contractor is
seen as the lowest among all the parties with a score of 3.42/5.00, which is also the
only party with a score of more than 3.0 (i.e., the average for the measuring scale).
Significance levels obtained from the t-tests show that the mean values of all parties
in the total sample are significantly important, except for financial experts, indicating
the respondents’ opinion that financial experts cannot help with the required
information and knowledge on SusD, despite their ‘more than average’ importance
with a score of 3.42/5.00.

Table 5 also shows that the scores for individual parties within the three groups
of respondents based on ‘nature of job’ are clearly different, with different highest and
lowest scores. However, their relative ranks are somewhat similar to those in the total
sample. Expectedly, contractor and ‘financial experts’ occupy the bottom of the list,
and ‘consultant’ and ‘architecture’ occupy the top of the table in all three groups. The
only slight exception is seen in the ‘client’ group, in terms of the relative importance
of ‘financial experts’ (rank 3) and ‘consultant’ (rank 5). This might be due to the reason
that clients (as investors) may value the business aspect of their investment more than
the technical aspects suggested by the consultants [66]. Significance levels obtained
from the t-tests show that the scores of most of the parties are insignificant in general.
For example, only the scores of ‘contractor’ and ‘architect’ are significant in the client
group. Similarly, only the scores of ‘consultant’ and ‘architect’ are significant in the
contractor group. On the other hand, scores for ‘contractor’ and ‘financial experts’ are
insignificant only in the consultant group. Thus, contrary to that in the total sample,
the levels of importance of SusD attributed to different parties by the three groups of
respondents (based on affiliation) are broadly insignificant or inconsistent. However,
amidst such conflicting agreement on the mean scores, ANOVA results show that the
three groups agree on the relative importance of all the parties, except for ‘contractor’
and ‘consultant’. This might be due to the differential degree of importance expressed
by the parties. For example, contractors scored consultants with 1.52, compared to
2.93 by clients, a difference of [(2.93 — 1.52)/4 = 35.25%]. Similarly, consultants
scored contractors with 3.06, compared to 4.00 by clients, a difference of [(4.00 —
3.06/4) = 23.5%)].

As seen in Table 5, the scores by the three groups according to ‘nature of job’
are different, but their ranks are similar to those in the total sample. Significance levels
obtained from the t-tests show that the scores of only three parties are significant and
the other four parties are insignificant in all three groups. It is also seen that only the
scores of ‘architects’ and ‘consultants’ are significant in all three groups, indicating
agreement or consistency. The scores of the other five parties are insignificant, at least
in two groups. Despite such conflicting agreement of the mean scores, the ANOVA
results indicate agreement of the three groups on the relative importance of all the
parties. This may be indicative of some degree of consistency or overall awareness at
the industry level, but lack of clear knowledge or awareness on specific roles by
different parties within different ‘professional’ groups, as seen in the case of different
groups based on affiliation.

10
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The overall results appear to suggest that the Brunei construction industry
participants need to be re-trained in terms of specific roles and contributions of various
construction project stakeholders. For example, architects and consultants come first
in the project scenario. They are knowledgeable and ‘home’ of relevant expertise, so
it is invaluable to provide suitable information and suggest the owners/clients to adopt
SusD [67]. However, contractors execute the job, so they need to interact with
architects and consultants during the design stage to ensure issues like constructability
and reduce the occurrence of conflicts and misunderstandings [68]. Roles and
responsibilities of other parties should also be appreciated, since SusD is expected to
be practiced under a supportive policy by the government and the willingness of the
owners/clients, for example. Also, the role of government may vary depending on its
effectiveness; in particular, since the government (or local government) is also the
client in public buildings, there may be different regulations or support than in private
projects. In fact, contractors, designers (i.e., consultants, architects, and engineers),
and clients are directly involved in the execution of a project [69], and they are also
the major participants who have a great deal of power that can influence and shape the
progress of any project [70].

4.4. Decision-making

In terms of which party can best help in decision-making to adopt SusD, Table 6
presents the mean values, ranks, and significances obtained from the one-sample t-
tests within the total sample and three respondent groups of client, contractor, and
consultant, along with their ANOVA results. It is seen in the total sample that ‘client’
plays the most important role in deciding if to adopt SusD, followed by ‘developer’
(rank 2), ‘general contractor’ (rank 3), and ‘investor’ (rank 4). The preference of the
‘consultant’ group is the same with the total sample. However, client group considers
‘general contractors’ (rank 2) are more important than ‘developers’ (rank 3), while
contractor group considers ‘investors’ (rank 3) are more important than ‘general
contractors’.

Nevertheless, the scores of the parties both in the total sample and in different
groups are mostly less than the average of the measuring scale (i.e., 3.00), and only a
very few are slightly more than the average. This may be indicative of the general
importance of all the parties in decision-making towards adopting SusD, both within
the total sample and individual groups. It therefore conforms to the industry norm that
clients are the most important party for any relevant decision-making on building
design during the early project stage, while other parties can help with their supporting
roles [71].

Significance levels obtained from the t-tests in the total sample show that the
scores of three parties are significant and one party (i.e., investor) is insignificant,
implying ‘investors’ are not relevant to decision-making for SusD adoption. This is
contrary to Brunei’s recent experience with building construction, which has largely
occurred in the private sector, where the role of investors is important [ 72]. Developers
of private sector projects often borrow funds from financial institutions, so the investor
may appraise the project and see what is included in the project. In any case, investors
have taken the bottom of the table with a score of 3.11/5.00, which is also the only
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role with a score of more than 3.0 (i.e., the middle of the measuring scale), with a
relevant importance level of ‘less than average’. Moreover, the score of ‘developer’ in
the client group is insignificant, while that for ‘general contractor’ and ‘investors’ in
the contractor and consultant groups is insignificant. Moreover, ANOVA results show
that the three groups agree on the relative importance of ‘client’ and ‘investors’ and
disagree for ‘developer’ and ‘general contractor’.

Such partial consistencies within the total sample (or, in other words, at the
industry level) and both within and between different groups may be indicative of
partial awareness both at the industry and group levels. The comparisons between
different professional groups are also similar (see Table 7). The ranks of different
parties in different groups are broadly similar to those in the total sample. Results from
one-sample t-tests and ANOVA also show partial consistency within the industry and
both between and within different groups of respondents. Interestingly, the three
groups agree on the consistency of the scores of ‘client’, and disagree on the scores of
investors.

The overall outcome appears to suggest that the practitioners in Brunei need to
undertake suitable training or education in order to develop an appropriate level of
awareness on SusD in general and decision-making for SusD adoption in particular.
This is expected to allow industry participants to consistently assess the importance
levels of various parties and their relative ranks, e.g., on deciding SusD adoption and
when to include which party in the SusD process [73]. Usually, clients considerably
contribute to the project’s original decision-making process regarding design [74],
more commonly appoint and engage architects and consultants for incorporating
SusD, and typically allow contractors to enter the construction phase [73], after
significant decisions have been made [74]. However, contractor involvement in the
decision-making from the early design stage improves project performance, which is
why they are influential stakeholders along with investors and clients [75].

4.5. Discussions and implications

The study revealed relatively less demand for SusD from clients (Tables 2 and
3), some disparity on the role of different parties to provide information and guide the
potential building owners (Tables 4 and 5), as well as to help decision-making towards
SusD adoption (Tables 6 and 7). All these together may be indicating many potential
reasons, like lack of interest [4], cultural inertia [17], lack of training and education
[76], lack of suitable fee [77], and lack of information and guidance [17,78]. This may
help relevant authorities to look into the issues and design suitable policies to generate
a higher level of awareness, information dissemination, create healthy demand for
SusD, appropriate training and education, and may result in increased pay/fee for the
consultants, as SusD requires more work from the consultants. A common platform
may be suitable for such activities.

The findings suggest that construction professionals in Brunei, in particular,
would benefit from training on the roles and responsibilities of stakeholders involved
in the implementation of SusD. This training would improve communication and
collaboration among stakeholders, leading to more successful implementation of SusD
in construction projects. Stakeholders also need a clear understanding of the
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advantages and potential challenges of SusD to effectively advocate for its adoption.
By promoting knowledge sharing and continuous learning, stakeholders can
collaborate to develop more environmentally friendly and efficient buildings in
Brunei. Incorporating SusD in building projects will help reduce the environmental
impact of construction activities, including carbon emissions, waste generation, and
resource depletion. This will contribute to a more sustainable future for Brunei.
Embracing SusD can also help construction professionals attract environmentally
conscious clients, creating new business opportunities and enhancing competitiveness
in the industry. Therefore, prioritizing ongoing education and training in SusD is
crucial for establishing an environmentally responsible and economically viable
construction sector in Brunei.

5. Conclusions

Sustainable design (SusD) is a global strategy for building design that aims to
reduce energy consumption and carbon dioxide emissions in buildings. However, it is
not gaining momentum in developing countries, particularly in hot and humid regions.
One potential reason for this is the inadequate knowledge and awareness of the main
stakeholders of building construction projects. As such, the present study attempted to
address this issue by investigating the level of awareness of SusD within the local
industry and identifying the most suitable parties to guide potential building owners
in considering SusD and relevant decision-making to its adoption. It was revealed that
the respondents consistently agree on the importance of architect and consultant roles
in providing support and guidance on SusD, while the client role is the most important
to decision-making for adopting SusD. This is in compliance with the existing industry
practice.

However, different groups of respondents appear to lack the clear perception of
the degree of importance of other roles, both within and between specific groups. This
needs to be addressed through carefully designed actions/programmes by the
regulatory bodies, namely the government departments, as they develop relevant rules
and regulations. They are also the largest clients in developing countries. So, other
parties (like architects and consultants) will comply with cliental requirements if to do
business and remain in business in the industry. As such, the outcomes of this study
will assist the appropriate authorities in comprehending the actions that must be taken
to adopt SusD, such as raising awareness to the appropriate degree, making essential
information available, and setting appropriate training/education schemes for each
interest group of parties to facilitate its implementation and move towards a more
carbon-responsive construction industry. The study outcomes and relevant
discussions/suggestions are specific to Brunei construction industry, so those may not
be applicable elsewhere. However, the methodology developed can be repeated for
similar issues elsewhere, with much-needed country- or region-specific adjustments.

Author contributions: Conceptualization, NAHJ and MMR; methodology, NAHJ;
software, NAHIJ; validation, NAHJ, MMR and RAA; formal analysis, NAHJ;
investigation, NAHJ; resources, NAHJ, MMR and RAA; data curation, NAHJ;
writing—original draft preparation, NAHJ; writing—review and editing, MMR and

13



Building Engineering 2024, 2(1), 561.

RAA; visualization, NAHJ and MMR; supervision, MMR and RAA; project
administration, NAHJ; funding acquisition, MMR. All authors have read and agreed
to the published version of the manuscript.

Conflict of interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Susorova I. Green facades and living walls: Vertical vegetation as a construction material to reduce building cooling loads.
In: Pacheco-Torgal F, Labrincha JA, Cabeza LF, Granqvist CG (editors). Eco-Efficient Materials for Mitigating Building
Cooling Needs: Design, Properties and Applications. Woodhead Publishing; 2015. pp. 127-153. doi: 10.1016/b978-1-78242-
380-5.00005-4

Zhou C, Wang Z, Chen Q, et al. Design optimization and field demonstration of natural ventilation for high-rise residential
buildings. Energy and Buildings. 2014; 82: 457-465. doi: 10.1016/j.enbuild.2014.06.036

Zuo J, Read B, Pullen S, et al. Achieving carbon neutrality in commercial building developments — Perceptions of the
construction industry. Habitat International. 2012; 36(2): 278-286. doi: 10.1016/j.habitatint.2011.10.010

Zainul Abidin N, Yusof N, Othman AAE. Enablers and challenges of a sustainable housing industry in Malaysia.
Construction Innovation. 2013; 13(1): 10-25. doi: 10.1108/14714171311296039

Saridaki M, Haugbelle K. Towards sustainable design: Integrating data from operation of buildings in design practices. IOP
Conference Series: Earth and Environmental Science. 2020; 588(5): 052051. doi: 10.1088/1755-1315/588/5/052051
Elbeltagi E, Wefki H, Khallaf R. Sustainable Building Optimization Model for Early-Stage Design. Buildings. 2022; 13(1):
74. doi: 10.3390/buildings13010074

Ma C, Liu Y, Wang D. Analysis of thermal performance and energy saving strategy of rural residential buildings in
Northwest China.Architecture and Technology. 2015; 47: 427-432.

Shi F, Wang S, Huang J, et al. Design strategies and energy performance of a net-zero energy house based on natural
philosophy. Journal of Asian Architecture and Building Engineering. 2019; 19(1): 1-15. doi:
10.1080/13467581.2019.1696206

Dahlstrem O, Sernes K, Eriksen ST, et al. Life cycle assessment of a single-family residence built to either conventional- or
passive house standard. Energy and Buildings. 2012; 54: 470-479. doi: 10.1016/j.enbuild.2012.07.029

Zhang N, Bi Y. The development and application of passive architecture in China. E3S Web of Conferences. 2020; 165:
04019. doi: 10.1051/e3sconf/202016504019

Rana K. Towards Passive Design Strategies for Improving Thermal Comfort Performance in a Naturally Ventilated
Residence. Journal of Sustainable Architecture and Civil Engineering. 2021; 29(2): 150-174. doi:
10.5755/j01.sace.29.2.29256

Moret Rodrigues A, Santos M, Gomes MG, et al. Impact of Natural Ventilation on the Thermal and Energy Performance of
Buildings in a Mediterranean Climate. Buildings. 2019; 9(5): 123. doi: 10.3390/buildings9050123

Sharma L, Kishan Lal K, Rakshit D. Evaluation of impact of passive design measures with energy saving potential through
estimation of shading control for visual comfort. Journal of Building Physics. 2017; 42(3): 220-238. doi:
10.1177/1744259117742989

Amos-Abanyie S, Akuffo FO, Kutin-Sanwu V. Effects of Thermal Mass, Window Size, and Night-Time Ventilation on Peak
Indoor Air Temperature in the Warm-Humid Climate of Ghana. The Scientific World Journal. 2013; 2013: 1-9. doi:
10.1155/2013/621095

Berardi U. Stakeholders’ influence on the adoption of energy-saving technologies in Italian homes. Energy Policy. 2013; 60:
520-530. doi: 10.1016/j.enpol.2013.04.074

Shen W, Tang W, Siripanan A, et al. Critical Success Factors in Thailand’s Green Building Industry. Journal of Asian
Architecture and Building Engineering. 2017; 16(2): 317-324. doi: 10.3130/jaabe.16.317

Mohamad Bohari AA, Skitmore M, Xia B, et al. Insights into the adoption of green construction in Malaysia: The drivers
and challenges. Environment-Behaviour Proceedings Journal. 2016; 1(4): 37. doi: 10.21834/e-bpj.v1i4.165

Loosemore M, Lim BTH. Linking corporate social responsibility and organizational performance in the construction
industry. Construction Management and Economics. 2016; 35(3): 90-105. doi: 10.1080/01446193.2016.1242762

14



Building Engineering 2024, 2(1), 561.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Rais SLA, Bidin ZA, Bohari AAM, et al. The Possible Challenges of Green Procurement Implementation. IOP Conference
Series: Materials Science and Engineering. 2018; 429: 012023. doi: 10.1088/1757-899x/429/1/012023

Juffle NAH, Rahman MM. An overview of motivators and challenges of passive design strategies. IOP Conference Series:
Earth and Environmental Science. 2023; 1195(1): 012039. doi: 10.1088/1755-1315/1195/1/012039

Juffle NAH, Rahman MM, Asli RA. Adopting Passive Design Strategies: A Brief Review. In: Proceedings of the 8th Brunei
International Conference on Engineering and Technology 2021; 8—10 November 2021; Bandar Seri Begawan, Brunei
Darussalam.

Juffle NA, Rahman MM. Sustainable Building Design Strategies: A Review Summary. UniMAP; 2022.

Ayarkwa J, Joe Opoku DG, Antwi-Afari P, et al. Sustainable building processes’ challenges and strategies: The relative
important index approach. Cleaner Engineering and Technology. 2022; 7: 100455. doi: 10.1016/j.clet.2022.100455
Héakkinen T, Belloni K. Barriers and drivers for sustainable building. Building Research & Information. 2011; 39(3): 239-
255. doi: 10.1080/09613218.2011.561948

Toriola-Coker LO, Alaka H, Bello WA, et al. Sustainability Barriers in Nigeria Construction Practice. IOP Conference
Series: Materials Science and Engineering. 2021; 1036(1): 012023. doi: 10.1088/1757-899x/1036/1/012023

Jin X, Zhang G, Liu J, et al. Major Participants in the Construction Industry and Their Approaches to Risks: A Theoretical
Framework. Procedia Engineering. 2017; 182: 314-320. doi: 10.1016/j.proeng.2017.03.100

Saleh RM, Al-Swidi A. The adoption of green building practices in construction projects in Qatar: a preliminary study.
Management of Environmental Quality: An International Journal. 2019; 30(6): 1238-1255. doi: 10.1108/meq-12-2018-0208
Aapaoja A, Haapasalo H. A Framework for Stakeholder Identification and Classification in Construction Projects. Open
Journal of Business and Management. 2014; 02(01): 43-55. doi: 10.4236/0jbm.2014.21007

Ahmed N, Hussain A, Ahmed S. Sustainable Structural Design. IIREAS. 2012; 2(10).

Kubba S. Components of Sustainable Design and Construction in Handbook of Green Building Design and Construction.
Elsevier; 2017.

Albino V, Berardi U. Green Buildings and Organizational Changes in Italian Case Studies. Business Strategy and the
Environment. 2012; 21(6): 387-400. doi: 10.1002/bse.1728

Svenfelt A, Engstrém R, Svane O. Decreasing energy use in buildings by 50% by 2050 — A backcasting study using
stakeholder groups. Technological Forecasting and Social Change. 2011; 78(5): 785-796. doi:
10.1016/j.techfore.2010.09.005

Marichova A. Role of the Government for Development of Sustainable Construction. Ovidius University Annals of
Constanta-Series Civil Engineering. 2020; 22(1): 53-62. doi: 10.2478/ouacsce-2020-0006

Lenard D, Abbott C. The Role of Government in Supporting the Construction Industry in the United Kingdom. Available
online:

https://www.researchgate.net/publication/265537156_ THE ROLE OF GOVERNMENT IN SUPPORTING THE CONS
TRUCTION INDUSTRY IN THE UNITED KINGDOM (accessed on 2 January 2024).

Farivar S, Agharabi A. Impact of Atrium and Glazed balcony on residential building energy consumption in cold semi-arid
climate: case study in Mashhad, Iran. Journal of Solar Energy Research. 2021; 6(2): 726-739.

Akinshipe O, Oluleye IB, Aigbavboa C. Adopting sustainable construction in Nigeria: Major constraints. [OP Conference
Series: Materials Science and Engineering. 2019; 640(1): 012020. doi: 10.1088/1757-899x/640/1/012020

Mok KY, Shen GQ, Yang R. Stakeholder complexity in large scale green building projects. Engineering, Construction and
Architectural Management. 2018; 25(11): 1454-1474. doi: 10.1108/ecam-09-2016-0205

Hwang BG, Lim ES]J. Critical Success Factors for Key Project Players and Objectives: Case Study of Singapore. Journal of
Construction Engineering and Management. 2013; 139(2): 204-215. doi: 10.1061/(ASCE)CO0.1943-7862.0000597
Delgado-Hernandez DJ, Aspinwall E. A framework for building quality into construction projects — Part II. Total Quality
Management & Business Excellence. 2010; 21(7): 725-736. doi: 10.1080/14783363.2010.483089

Menassa CC, Baer B. A framework to assess the role of stakeholders in sustainable building retrofit decisions. Sustainable
Cities and Society. 2014; 10: 207-221. doi: 10.1016/j.s¢5.2013.09.002

Tran Q. Challenges in managing green building projects from the view of the contractors: An exploratory study in Vietnam.
IOP Conference Series: Materials Science and Engineering. 2020; 869(6): 062030. doi: 10.1088/1757-899x/869/6/062030
Wen S, Qiang G. Managing Stakeholder Concerns in Green Building Projects with a View Towards Achieving Social
Sustainability: A Bayesian-Network Model. Frontiers in Environmental Science. 2022; 10. doi: 10.3389/fenvs.2022.874367

15



Building Engineering 2024, 2(1), 561.

43.

44.

45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

55.

56.
57.

58.

59.
60.

61.

62.

63.

64.

65.

66.

Oyewole MO, Komolafe MO, Gbadegesin JT. Understanding stakeholders’ opinion and willingness on the adoption of
sustainable residential property features in a developing property market. International Journal of Construction Management.
2021; 23(2): 358-370. doi: 10.1080/15623599.2021.1874676

Algadami AT, Zakaria R, Abdullah R, et al. Challenges of Stakeholders’ Expectations to Develop Residential High-Rise
Green Buildings in Malaysia. Advanced Science Letters. 2018; 24(6): 4496-4501. doi: 10.1166/as1.2018.11633

Badawy UlI, Alastal Al, Jawabrah MQ, et al. Adoption of, the Palestine Green Building Design Approach, with the Help of
Checklist Tools. Journal of Environmental Protection. 2021; 12(01): 49-74. doi: 10.4236/jep.2021.121005

Chigozie Osuizugbo I, Oyeyipo O, Lahanmi A, et al. Barriers to the Adoption of Sustainable Construction. European Journal
of Sustainable Development. 2020; 9(2): 150. doi: 10.14207/ejsd.2020.v9n2p150

Feng W, Zhang Q, Ji H, et al. A review of net zero energy buildings in hot and humid climates: Experience learned from 34
case study buildings. Renewable and Sustainable Energy Reviews. 2019; 114: 109303. doi: 10.1016/j.rser.2019.109303
Saunders M, Lewis P, Thornhill A. Research Mehtods for Business Students, 5th ed. Pearson Education Limited; 2009.
Dosumu O, Iyagba R. An Analysis of the Factors Responsible for Errors in Nigerian Construction Documents. Ethiopian
Journal of Environmental Studies and Management. 2013; 6(1). doi: 10.4314/ejesm.v6i1.6

Julayhe N, Rahman MM. Dwellers’ perception on challenges and motivators of greening existing buildings in Brunei
Darussalam. Built Environment Project and Asset Management. 2021; 11(5): 870-887. doi: 10.1108/bepam-08-2020-0147
Tavakol M, Dennick R. Making sense of Cronbach’s alpha. International Journal of Medical Education. 2011; 2: 53-55. doi:
10.5116/ijme.4dfb.8dfd

Taber KS. The Use of Cronbach’s Alpha When Developing and Reporting Research Instruments in Science Education.
Research in Science Education. 2017; 48(6): 1273-1296. doi: 10.1007/s11165-016-9602-2

Kim HY. Statistical notes for clinical researchers: assessing normal distribution (2) using skewness and kurtosis. Restorative
Dentistry & Endodontics. 2013; 38(1): 52. doi: 10.5395/rde.2013.38.1.52

Waulandari D, Sutrisno S, Nirwana MB. Mardia’s Skewness and Kurtosis for Assessing Normality Assumption in
Multivariate Regression. Enthusiastic: International Journal of Applied Statistics and Data Science. Published online April
21,2021: 1-6. doi: 10.20885/enthusiastic.voll.iss1.artl

Memon MA, Ting H, Cheah JH, et al. Sample Size for Survey Research: Review and Recommendations. Journal of Applied
Structural Equation Modeling. 2020; 4(2). doi: 10.47263/JASEM.4(2)01

George D, Mallery P. IBM SPSS Statistics 26 Step by Step, 7th ed. Routledge; 2019.

Sarstedt M, Ringle CM, Hair JF. Partial Least Squares Structural Equation Modeling. In: Handbook of Market Research.
Springer International Publishing; 2022.

Tebeje Zewdu Z. Causes of Contractor Cost Overrun in Construction Projects: The Case of Ethiopian Construction Sector.
International Journal of Business and Economics Research. 2015; 4(4): 180. doi: 10.11648/j.ijber.20150404.11

Sekaran U, Bougie R. Research Methods for Business: A Skill-Building Approach, 7th ed. John Wiley & Sons Ltd; 2016.
Sorgato MJ, Melo AP, Lamberts R. The effect of window opening ventilation control on residential building energy
consumption. Energy and Buildings. 2016; 133: 1-13. doi: 10.1016/j.enbuild.2016.09.059

Mahar WA, Verbeeck G, Reiter S, et al. Sensitivity Analysis of Passive Design Strategies for Residential Buildings in Cold
Semi-Arid Climates. Sustainability. 2020; 12(3): 1091. doi: 10.3390/su12031091

Omrani S, Garcia-Hansen V, Capra BR, et al. On the effect of provision of balconies on natural ventilation and thermal
comfort in high-rise residential buildings. Building and Environment. 2017; 123: 504-516. doi:
10.1016/j.buildenv.2017.07.016

Siva J, London K. Architects and their Clients: Relationship Analysis using Habitus Theory. The International Journal of
Interdisciplinary Social Sciences: Annual Review. 2009; 4(3): 131-146. doi: 10.18848/1833-1882/cgp/v04i03/52874
Dansoh A, Frimpong S. Client perspectives on relationships with architects on private house projects. International Journal
of Qualitative Research in Services. 2016; 2(3): 155. doi: 10.1504/ijqrs.2016.082643

Hj Abu Bakar R. Government construction projects expected to slow down’, The Scoop, 20 March. Available online:
https://thescoop.co/2023/03/20/government-construction-projects-expected-to-slow-down/ (accessed on 21 December 2023).
Bizon-Gorecka J, Gorecki J. Influence of Selected Stakeholders of Construction Investment Projects on the Course of
Project. IOP Conference Series: Materials Science and Engineering. 2017; 245: 072018. doi: 10.1088/1757-
899x/245/7/072018

16



Building Engineering 2024, 2(1), 561.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Lee ZP, Rahman RA, Doh SI. Success Factors of Design-Build Public Sector Projects in Malaysia. IOP Conference Series:
Materials Science and Engineering. 2020; 712(1): 012045. doi: 10.1088/1757-899x/712/1/012045

Masengesho E, Wei J, Niyirora R, et al. Relationship between Project Consultants’ Performance and Project Success in the
Rwandan Construction Industry. World Journal of Engineering and Technology. 2021; 9(1): 138-154. doi:
10.4236/wjet.2021.91011

Octaviani DS, Susanto D, Suganda E. The performance of the building envelope in high-rise residential related to occupant’s
comfort. [OP Conference Series: Earth and Environmental Science. 2020; 452(1): 012028. doi: 10.1088/1755-
1315/452/1/012028

Hussin JM, Abdul Rahman I, Memon AH. The Way Forward in Sustainable Construction: Issues and Challenges.
International Journal of Advances in Applied Sciences. 2013; 2(1). doi: 10.11591/ijaas.v2i1.1321

Ramabodu MS, Verster JJIP. Factors that influence cost overruns in South African public sector mega-projects. International
Journal of Project Organisation and Management. 2013; 5(1/2): 48. doi: 10.1504/ijpom.2013.053153

Bolomope M, Amidu AR, Ajayi S, et al. Decision-Making Framework for Construction Clients in Selecting Appropriate
Procurement Route. Buildings. 2022; 12(12): 2192. doi: 10.3390/buildings12122192

Maudet N, Leiva G, Beaudouin-Lafon M, et al. Design Breakdowns. In: Proceedings of the 2017 ACM Conference on
Computer Supported Cooperative Work and Social Computing; 25 February-1 March 2017; Portland, Oregon, USA. pp.
630-641. doi: 10.1145/2998181.2998190

Saferi MM, Mohamad Bohari AA, Bidin ZA, et al. Green Procurement for Construction Project: The Roles of Stakeholder
Values. IOP Conference Series: Materials Science and Engineering. 2018; 429: 012024. doi: 10.1088/1757-
899x/429/1/012024

Glass J, Haroglu H, Thorpe T, et al. Contractors’ influence within the design process of design-build projects. In: Ghafoori N
(editor). Challenges, Opportunities and Solutions in Structural Engineering and Construction, 1sted. CRC Press; 2009. doi:
10.1201/9780203859926.ch113

Zainul Abidin N. Investigating the awareness and application of sustainable construction concept by Malaysian developers.
Habitat International. 2010; 34(4): 421-426. doi: 10.1016/j.habitatint.2009.11.011

Nasereddin M, Price A. Addressing the capital cost barrier to sustainable construction. Developments in the Built
Environment. 2021; 7: 100049. doi: 10.1016/j.dibe.2021.100049

Ipsen KL, Pizzol M, Birkved M, et al. How Lack of Knowledge and Tools Hinders the Eco-Design of Buildings—A
Systematic Review. Urban Science. 2021; 5(1): 20. doi: 10.3390/urbansci5010020

17



