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A Framework to Evaluate Sustainable Construction Principles in
Government Building Projects: The Case of Jordan
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10 ABSTRACT

Purpose - This study aimed to provide a framework that includes the principles of
16 sustainable construction to evaluate their application in the construction of government
18 building projects in various environmental, economic, and social aspects distributed

20 over the project phases throughout its life cycle.

25 Design/Methodology/Approach - Qualitative methods from literature review and

27 analysis of sustainability assessment tools were used to design the framework. The
designed framework included six main categories, comprising 19 indicators that include
32 sustainable building principles to assess application levels in government construction
34 projects. It was used to evaluate the application of sustainability practices in Jordanian
government construction projects. 133 questionnaires were distributed to a convenience
39 sample of three government institutions concerned with the design, implementation, and

41 management of government buildings in Jordan.

Findings- After collecting the quantitative data, the results showed that there is an

48 application of six sustainability principles during the initial planning, analysis, and

50 design stages of Jordanian government construction projects. The results focused on the
application levels in social sustainability principles versus environmental and

55 economical, especially in the operating stages during the project life cycle.
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Originality- This study contributes by providing a tool to evaluate the sustainability of
government construction projects and increase the efficiency and effectiveness of these
types of buildings in both the short and long term by making them more sustainable.
Subsequently, recommendations are made on reorienting government construction

projects toward a sustainable building approach.

Keywords Sustainable construction, Evaluating projects, Framework development,
Governmental buildings, Jordan.

Paper type Research paper

1. INTRODUCTION

Sustainable construction is related to environmental, economic, and social
development (Maywalda and Riesserb, 2016). The concept of sustainability is beginning
to enter the construction sector to improve traditional building patterns, reduce
environmental and economic impacts, and increase the quality of life (Dutil et al.,
2011). The government construction sector is one of the largest sectors that face many
challenges to meet the population’s needs for service construction projects and social
development, which leads to increased economic burdens and depletion of
environmental resources. As a result, there is a need to apply sustainability principles in
the government construction sector (Hussin et al., 2013). This application requires
standards and an integrated management approach (Morfaw, 2014). Therefore, Building
Sustainability Assessment Systems (BSASs) was developed to assess sustainability
practices and promote its goals (Lazar and Chithra, 2020).

This study focuses on evaluating the application of sustainability principles in

government construction projects and directing this sector towards adopting a
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sustainable construction approach by defining the principles and indicators of
sustainability that governments and government construction professionals must be
aware of during the implementation and operation of construction projects. In a review
of the published studies, there was a focus on sustainable construction in private sector
buildings or projects and a lack of research on the government construction sector.
Therefore, the importance of this study lies in providing an integrated assessment of the
dimensions of sustainability in government construction projects and verifying the
application of sustainability principles in this sector.

This study aims to provide a framework for evaluating the application of sustainable
building principles to government building projects; it also aims to identify the
principles of sustainable construction applied in government construction projects. In
addition, it evaluates the level of application of sustainable building principles in

government construction projects.

2. LITERATURE REVIEW

An objective strategy was used to organize the literature review of sustainable
development. It is divided into central topics, including sustainability concept
development, the triple bottom line (TBL) of sustainability, and integrating
sustainability in the construction sector. In addition, indicators and assessments are

considered for assessing the sustainability of construction.

2.1 Sustainability Models and Sustainable Development: Sustainability is one of the
terms that receive the most attention regarding various activities, and it has often been
difficult for researchers to define its concepts (Kuhlman and Farrington,2010). It was

initially known as ‘environmental sustainability, i.e., the concept was limited to
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preserving nature and the ecosystem (Yan et al.,2009). A questionnaire survey
conducted by (Oladokun et al., 2020) showed that the awareness level of sustainability
practices among construction professionals is high in Nigeria. However, it did not
develop a model or a framework to enhance the construction practitioners’ knowledge
of this topic. However, the case of Tanzania (Kongela, 2021) showed a low level of
awareness among key stakeholders regarding their potential awareness of sustainability
and the built environment.

Hermann Daly's definition included additional needs regarding social justice and
economic prosperity (Al-Alhaddi, 2015). One study defined sustainability in a complete
phrase as the development that meets the needs of the present without compromising the
ability of future generations to meet their own needs' (Kuhlman and Farrington, 2010).
Sustainable development requires integrated strategies for balancing environmental,
economic, and social requirements. However, its challenges have become a source of

new practices for contributing to building a better society.

2.2 Sustainability in Building Construction Works: Construction contributes
significantly to the development of countries by providing infrastructure, housing, and
other human resources (Durdyev and Ismail, 2016). Owing to recent developments in
the construction industry, it has become one of the industries consuming the most
natural resources and raw materials (Vyas et al., 2014).

'Sustainable Building' is a broad and complex concept involving a long-term
thinking process related to constructing and managing built environments with a life
cycle aspect (Ortiz et al., 2009). Researchers believe that governments can play a
valuable and essential role in promoting sustainable development in the construction

sector (Yung and Chan, 2002). Governments can set stricter legislation for companies to
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protect the environment and urge them to adhere to sustainability considerations in their
projects.

In the construction industry, sustainable construction has attracted the attention of many
countries and organizations. The type of buildings that sustainable construction
produces provide reduced consumption of materials (land, energy, water) and a lower
percentage of pollution during the entire life of the building. Therefore, by
understanding the root causes of construction waste, stakeholders (primarily customers
and contractors) can better identify areas for improvement to reduce construction waste
in countries that desperately need minimal resources and are facing economic hardship
(Sweis et al., 2021). Thus, a sustainable building is an integrated structure that can be
designed, built, managed, and reused to create harmony with the environment and save
significant resources (Kibert, 2016).

The public or government sector is considered one of the critical sectors for
construction and infrastructure projects. The government sector must replace the
traditional low-cost approach by focusing on the cost-effectiveness of the life cycle
during a project's life.

Jordan is considered a developing country suffering from many environmental and
economic problems (Ali and Nsairat, 2009). In 1992, the Jordanian government became
increasingly aware of environmental issues (Al-Rashdan et al.,1999). According to
AlKilani and Jupp (2012), the Institute for Sustainable Development Practices (ISDP)
was created based on an energy-efficient building code. Thus, in 2015, Jordan began

defining its strategic goals for sustainable development at all levels (Fakhoury, 2015).

2.3 Assessment of Sustainability in Buildings and Rating Systems. Sustainable

construction is seen as a tool that contributes to development at the international and
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local levels (Chandratilake and Dias, 2013). As a result, it is necessary to assess the
sustainability of built environments. The sustainability of construction works, and
buildings are assessed by studying the performance of the building using indicators
(Kamali and Hewage, 2015). An environmental impact assessment (EIA) includes three
types of tools; The first type is based on a system of standards and assigns scores
ranging from 'small' to 'significant' in terms of the impact on the environment, the
second type includes life cycle assessment (LCA) base tools that consider the product's
environmental impact, and the third type is a mixture of standard and LCA systems
(Forsberg, 2004).

LCA is a method used to verify the environmental impact of a particular product
or process throughout its life cycle (Finnvedern et al., 2009). Researchers in the
construction industry seeks to reduce buildings' environmental impacts by conducting
an EIA using an LCA (Odey et al., 2021). An LCA contributes to the sustainability
process from the design stage to the operation and demolition stages (Caruso et al.,
2017). This assessment aims to integrate environmental, economic, and social
considerations during the life cycle within the decision-making process (Hu et al.,
2013).

According to Guinée and Heijungs (2011), an LCA includes three methods for
integrating the three dimensions of sustainability; From an economic perspective, the
cost life cycle (LCC) is an effective tool for evaluating costs on a long-term basis for
buildings (Petrovic et al., 2021). According to Finkbeiner et al. (2010), a life cycle
sustainability assessment (LCSA) is defined as a comprehensive approach that
contributes to measuring the environmental impacts of the life cycle of any product
from environmental, economic, and social perspectives. Regarding social life cycle

assessment (S-LCA) development which is a new approach being studied and
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developed; In recent years, organizations and researchers have developed systems for
assessing sustainability in a built environment that includes social impact on
construction sustainability (Lazar and Chithra, 2020).

Most of these systems focus on the environmental dimension of sustainability
and less on the economic and social dimensions (Bernardi et al., 2017). However,
investing in green buildings (for UAE schools) is a lucrative project in a relatively short
period so that it can arouse the interest of various stakeholders. In addition, investments
in water conservation, energy upgrades, and solar installations can pay off in three to
four years. As a result, there is a need to promote sustainable practices in the
construction sector and consider a realistic assessment of the sustainability of buildings
(Elkhapery, et al., 2021), While (Dabash et al., 2020) conducted a study to compare
local green building rating systems with established international green building rating
systems (LEED) to find its effects on cost; the study didn’t consider the rating systems
mentioned above. Green building rating systems in a manner that encompasses the
mechanism, categories, place of establishment, similarities, and differences between
both rating systems (Dabash et al., 2020). In general, a BSAS evaluates the level of
building sustainability by representing the performance of a building through a set of
sustainability indicators. Each system adopts a particular set of indicators depending on
the social and cultural environment, making each tool differ from the others. Indicators
vary according to different societies, cultures, and environments. Several indicators
have been developed for assessing all dimensions of environmental, economic, and

social sustainability (Kallaos, 2012).

Previous Studies: Table I summarize previous studies that have been conducted on

developing frameworks in sustainable building assessments:
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Table I: Previous studies on developing frameworks in sustainable building assessment

Although previous studies have included sets of sustainability principles, some
principles fall under more than one category, and the view provides an opportunity for
other, more nuanced interpretations and applications to other construction sectors.
Previous studies have focused on four global sustainability assessment systems.
Nevertheless, studies have indicated that global sustainability assessment systems cover

urban, community, and infrastructure projects (Bernardi et al., 2017).

2.5 Research Gap:

Based on the above literature, discussion, and previous related studies, there is a high
percentage of global studies on sustainable construction on private sector buildings or
projects, while there is a lack of studies on the government construction sector (as
represented by service and community buildings). Few studies have focused on
verifying the application of sustainability principles on the ground or concerning
specific projects in the business and governments sectors (Valdivial et al., 2021), and
the need for more studies that focus on building performance evaluations (Neij et al.,
2021) Locally, no similar studies in Jordan focused on or evaluated sustainable building
practices in government projects. Government projects in Jordan generally lack the use
of critical categories during construction and typically focus on things like energy
savings and insulation, emphasizing LEED principles more than others. This study
attempts to fill the gaps by providing an integrated framework by adopting a wide range

of sustainability assessment tools to study government projects.

3. RESEARCH METHODOLOGY

http://mc.manuscriptcentral.com/ecaam
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3.1 Research Design: The study comprised two main stages, as shown in Figure 1. The
first stage concerned developing a framework for evaluating the sustainability of
government construction projects. The second stage concerned using the designed
framework to evaluate the application of sustainability practices in Jordanian
government construction projects. This study used various quantitative and qualitative
methods to reach its study objectives. The qualitative approach used in the first stage
allowed drawing connections between concepts and coverage of reports, books, and
peer-reviewed sustainability assessment tools. In the second phase of the study, the
quantitative approach made verification more reliable and less open to controversy,
interpreted the data and presented results directly, and was less error-prone and
subjective.

The study was intended to provide an empirical basis for drawing conclusions
about government building project construction and operation management through
quantitative research method. However, many other government institutions participate
in implementing and managing other types of construction projects, such as the Ministry

of Public Works and Housing, which did not include in the research sample.
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governmental building projects in
Qualitative Analysis Jordan?
Recognize the principles of Framework Development | Design a framework for
sustainable building assessing sustamability in
applied in govermment government construction
construction projects. projecis ]
Data Collection Q2: What are the sustaimable
Quantitative and Qualitative Analysis constmction principles thatare
(O ireand Expert implemented in governmental
- i = ibmldmg projects in Jordan?
| Q3: What are the levels of use of
| each sustainable construction

Assessing the extent 1o Evaluation the Implementation of | pnneiples in governmental building

which government Framework in Governmental Determuning the | peojects in Jordan?
construction projects apply Building Project in Jordan Fastaitiable ’
the principles and Duildings
indicators of sustainable puinciples and
indicators

construetion,

Figure 1: Research diagram adopted in evaluating sustainable construction in Jordanian governmental
building projects

3.2 Framework Development: The study relied on a qualitative approach to develop a
framework for assessing the application of sustainability principles to government
construction projects, where the literature was reviewed for previous studies, analysis of
sustainability assessment tools, classification of global sustainability systems to study
the previous frameworks, and access to the final version of the proposed framework.
New categories of sustainability principles applied to government construction projects
have been arrived at. Five new classification systems were added to the results of
previous studies and analyzed with greater precision. Figure 2 shows the approach

adopted to develop the study framework.
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The design of the framework focused on three basic principles; the first principle
is specificity in the choice of principles ,including sustainability principles related to
different types of development and service projects for government construction, the
second principle concerns the integration of the three dimensions of sustainability; the
framework includes environmental, economic, and social considerations, the third
principle is inclusivity in the framework design.

The final framework contained six main categories, 19 indicators, and 132 criteria for

determining the framework’s indicators. The main categories and indicators were

selected based on environmental, economic, and social considerations, as distributed
over the three main phases of the project and throughout the life cycle. Figure 3 shows
the critical categories and indicators distributions over the project phases. The selection
of framework categories and indicators was based on three main objectives of the
sustainability assessment process for government construction projects, as follows:

o Adaptability and flexibility: This can be achieved through a planning process
incorporating specific strategies for changing the current and future course of the
project.

o The efficiency of solutions and choices: This can be achieved through
environmental studies and the development of design and implementation
solutions for the analysis, design, and implementation stages.

o Measurement and quality of performance: This can be achieved by ensuring
occupant satisfaction and the effectiveness of approaches to environmental
issues and by measuring the life cycle performance of the project in the

operation, maintenance, and demolition phases.
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19 * Waste Disposal Management
* Encrgy Consumption
20 * Water Management
21 I |
22 Life Cycle Management
+ Operational Services management
23 + Long-term costs management

24 ‘—I
25

27 Figure 3: Basic structure of the proposed framework

31 Table II shows the main categories and indicators of the sustainability assessment

33 framework.

38 Table II: Suggested sustainability assessment categories and indicators

42 3.3 Data Collection: The implementation phase of the framework designed to assess the
44 sustainability of government construction projects relied on a variety of quantitative and
qualitative methods, including questionnaire design and expert interviews.

49 A pilot study of the questionnaire was conducted and distributed to 14 engineers.
51 In addition to four expert interviews with construction experts in the government
construction sector to help understand the status of government construction projects

56 and their compatibility with the principles of sustainable construction. The scope of the
58 research includes three government institutions responsible for more than 50 regions

covering the entire Kingdom.
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The sample size was determined using a confidence level (95%) and margin of error
(5%).

The population size was determined based on the statistics of the human resources
departments and the heads of departments in the concerned institution. Finally, the

required relative sample size was calculated as follows (Kotrlik and Higgins, 2001):

[SS=Z2XPXx(1—P)/CY ., (1)

Where:

SS: Sample Size

Z: The value of Z (e.g., 1.96 or 95% confidence level)

P: Percentage picking a choice, expressed as a decimal (0.5 used for SS needed)

C: Confidence interval, expressed as a decimal (e.g., 0.05= £ 5)

o [SSadjusted = SS/(1 + (S§ — 1) /Pop)] -vevvevve... )

One hundred thirty-three questionnaires were distributed; 25 were electronic
questionnaires (designed by Google Form), and the rest were on paper. The Greater
Amman Municipality included the most significant number of samples, representing
86% of the total number of questionnaires. Of the 133 questionnaires, 114 (86%) were
answered in the departments among three governmental institutions (Amman, Irbid, and
Karak) in greater municipalities. Cronbach's alpha was used to test the reliability of each
set of questionnaire dimensions. The minimum required for this research to achieve
reliability was between 0.70 and 0.80, according to Bland and Altman (1997). The
reliability of the survey questions was 0.954 - higher than the imposed minimum for the

initial variables (Planning and Development, Ecological Conditions, Sustainable
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Design, Occupants’ satisfaction, Environmental Issue Management, and Life Cycle
Management).

A one-sample #-test with a 95% confidence level was used to assess whether
respondents significantly agreed or disagreed with the application of Sustainability
Assessment Framework categories. If the significance value is less than the
significance level of 0.05, it can be concluded that there are statistically significant
differences between the respondents' answers to the questions. In contrast, there are
no significant differences if the significance value is greater than this level.
Therefore, respondents broadly agreed with applying these indicators and factors. A
one-way analysis of variance (ANOVA) was performed to compare the differences
in the means between three or more groups. In addition, a Levene's test for
homogeneity with an F distribution was performed for each group that was tested

using the statistical package for the social sciences (SPSS®) 28.0.

4. DATA ANALYSIS, RESULTS, AND DISCUSSION

This study evaluated the sustainability principles and the extent of their application to
Jordanian government building projects. The respondents included 109 engineers and
five department heads. The most significant numbers of respondents had experience
over ten years (39.5%) and five-to-ten years (36.5%). However, nearly half (46.5%) of

respondents had good knowledge regarding sustainable building projects. (39.5%) of the
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respondents agreed that the percentage of projects applying sustainable building
principles in government institutions is less than 10%. This may indicate the low level
of application of sustainability principles. Therefore, the respondents were asked to
evaluate whether the indicators and factors of these categories were applied. The results
highlight the most-applied sustainability principles in government buildings and their
application levels.

Results may indicate that the focus on applying sustainability principles is
centered in the early stages of the project. As shown in Table III, the Sustainable Design
category ranks first, with the highest average value of 3.2917. The Life Cycle
Management category and management of environmental issues rank last for

application.

Table III: Descriptive statistics and t-test of the government buildings sustainability assessment
categories

Table IV shows descriptive statistics for each of the six major category indicators. The
categories are arranged according to the mean values, where the secure surroundings
indicators analyze the surrounding. The indicators for material use, waste disposal

management, and long-term cost management have the lowest average values.

Table IV: Descriptive statistics of the government buildings’ sustainability assessment indicators

The results in Table V indicate an application of the Requirement Study indicator with
an average value of 3.4965, i.e., higher than 3. In contrast, according to the respondents'
opinions, the Future Expectation indicator with an average value of 2.6462 (less than

three) is not applied.
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1

2

3 Table V: Descriptive statistics and t-test of Planning and Development Category

4

5

6 . . . . . .

7 Results from applying the factors of the requirement study indicator indicate that
8

9 the factor of studying the general feasibility ranks first, whereas managing and reducing
10

1; the time required for on-site factors ranks last. The results shed light on the importance
13 . . . T .

14 of the planning and development stages in achieving sustainability principles. Although
15

16 the results show applying sustainability principles for achieving a lower initial cost

17

:g within this stage, the respondents disagree significantly regarding this application. The
20 . .

21 t-test results show that there are differences between the respondents’ answers regarding
22

23 applying this factor. As a result, it can be concluded that there is an application of the
24

25 principles for reducing the project's initial cost, but other practices may also be reducing
26

;é this cost. Results of the t-test confirm that respondents disagree with sustainability

29

30 principles associated with minimizing future costs through energy efficiency, water

31

32 quality, and noise pollution.

33

gg Results may show that the focus on sustainability-related principles for reducing
36 ) . . . . s

37 environmental impacts and preserving natural systems is not applied within government
38

39 building projects. However, the final decision on this can only be obtained by studying
40

j; applying the factors for these indicators. Table VI presents the results from the analysis
43 . .. . T

44 of the Ecological conditions category and its three indicators.

45

46

47 . . . . . ..

48 Table VI: Descriptive statistics and t-test of Ecological Condition Category

49

50 . . . . eqe . .

51 Results show that government institutions apply sustainability principles to meet
52

53 the needs of the local community in terms of services. This may contribute to promoting
54

gg social development and creating new projects. A one-sample t-test was used to check

57

58 whether respondents significantly agreed with applying these factors; results indicate

59

60 the respondents did not significantly agree. These results show a disparity in the focus
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on sustainability principles related to protecting natural systems. Table VII presents the

results from the analysis of the two indicators of the Sustainable Design category.

Table VII: Descriptive statistics and t-test of Sustainable Design Category

The #-test for the Sustainable Design category indicates significant differences in
the respondents' opinions on applying these indicators. The ratio between the building
area and total land area ranks first, whereas the outdoor landscape design factor ranks
last. Results confirm that sustainability-related principles can be applied to the
development of architectural solutions. A one-sample t-test was used to check whether
the respondents highly agreed with applying these factors.

Table VIII shows the descriptive statistics and t-test results for questions related
to applying the Occupants' satisfaction category indicators. Results show no agreement
on applying the daylighting and interior lighting indicator within government building

projects. This can be explained by studying applying each indicator's factors.

Table VIII: Descriptive statistics and t-test of Occupants’ satisfaction Category

According to the respondents' responses, there is an agreement that all factors of
the secure surroundings indicator are applied at high rates. The factor concerning
providing effective system and design specifications against fires ranks first; the
provision of these systems has become a prerequisite from the General Directorate of
Civil Defense for designing government projects. Therefore, it can be considered that
the sustainability principles for providing safe environments for users are applied within

government building projects.
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The results related to the thermal comfort index factors indicate that the factor of
providing sunshades and louvers in open spaces, corridors, and parking is the one factor
higher than 3, at 3.1228. A one-sample t-test was used to examine whether respondents
highly agree with applying these factors within government building projects; the results
indicate that the respondents agree that there are differences between the respondents'
answers to these questions.

In general, it can be concluded that sustainability principles related to the
conservation of resources are not applied in government building projects. The Waste
Disposal Management indicator ranks first in terms of the weakness of applying its

factors. Table IX summarizes respondents' opinions on these indicators.

Table IX: Descriptive statistics and t-test of Environmental issues management Category

Material usage indicator factors were weakly applied in governmental building projects.
The factors related to recycling had the lowest mean values among all factors. Adopting
traditional procurement methods and buying materials from unreliable local sources
may be why the reason for this non-application. It can be concluded that there is a lack
of awareness of the importance of choosing materials.

Respondents' opinions on the application of waste disposal management factors
are not applied to a large extent. The results do not mention any application of
sustainability principles for making design decisions for the reuse of materials or
building structures. This could be interpreted as a lack of awareness of the importance
of waste sorting and recycling. Using energy-saving lighting systems is the factor
ranked first, with an average value of 3.5263 (i.e., higher than 3). The factor of the
effective use of space and management of cooling and heating sources ranks last. This

indicates an effort to apply the principles of sustainability related to reducing energy
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consumption. Results show that sustainability-related principles for reducing water
consumption are applied within government building projects in more than one way.
However, results do not show any sustainability-related principles related to recycling,
rainwater reuse, and wastewater treatment on-site; this may be due to a lack of
awareness. The t-test was used to assess whether the respondents agreed with applying
these indicators and factors; the results indicate that respondents disagree significantly
with applying these factors.

The implementation of the Operational Service Management category was
examined. The respondents were asked to rate the level of application of these factors
and their opinions of the factors. Results indicate a p-value of <.001, i.e., less than 0.05,
for this analysis. Table X provides the results from the t-test on applying these
indicators to the Life Cycle Management category. Developing operating and
maintenance plans for the building in partnership with facility management has the
highest mean value, while periodically monitoring the energy and water consumption
throughout the building has the lowest mean value. The results indicate a partial
application of sustainability principles to improve the performance of the building. At
the same time, the results of a review of government organizations' sustainability plans
and performance show that they cannot balance these plans with the actual performance

of construction projects.

Table X: Descriptive statistics and t-test of Life Cycle Management Category

As a result, they cannot achieve sustainability goals in the operating stages of
building projects and the planning stages. This shows that there is a partial application

of these principles to improve the performance of the building, but this performance is
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not sufficient to ensure sustainability within the operational stages and achieve the
desired benefits.

Table XI shows the ANOVA analysis that was performed to assess whether
respondents' responses were statistically different within the three geographical regions
(central, north, and south of the Kingdom) concerning the six main categories of
assessment, i.e., planning and development, environmental conditions, sustainable
design, occupant satisfaction, and management of environmental issues, and life cycle
management. Results from Levene's test for homogeneity indicate homogeneity in the
variance between the respondents’ answers for the six categories. The results of the
ANOVA test indicate that all F values are less than the tabular F value of 3.078, and all
of them carry significance values greater than 0.05. There are statistical differences
between respondents' answers within the three geographical areas regarding the
category of Ecological condition. This indicates statistically significant differences
between the respondents' answers in the three geographical regions for this category. As
for the rest of the categories, there are no statistically significant differences within the
three geographical regions. The difference in application between these areas can be
attributed to the temporary lack of financial costs and efforts to select project sites in the

northern region of the Kingdom.

Table XI: ANOVA test results for geographical areas group

Table XII presents the statistical test results to determine whether there are
differences in the respondents’ opinions within the five sections in which the survey
questions were distributed in different government institutions regarding the six main

evaluation categories. Levene's homogeneity test results indicate homogeneity (equal
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variances) among the respondents' opinions in the five government institutions sections
for these categories. Results from the ANOVA test show that the F values for the
categories Planning and Development, Ecological condition, and Sustainable Design are
greater than the tabular F value of 2.46. Results indicate differences between the
respondents' opinions from the department of studies and design and all other
departments. The respondents' opinions differ between the departments of government
institutions to which the survey was distributed. This could indicate a lack of
coordination between these departments regarding sustainability in the planning,
analysis, and design stages of government building projects. In addition, there is a
difference between the opinions of the department of buildings in both the Ecological

condition category and Sustainable Design category.

Table XII: ANOVA test results for departments group

Based on the interviews, the focus of government institutions is on exploiting
construction without looking out for the environmental benefits. This is owing to a
low focus on studying the green areas, despite their limited presence in the area
where construction is carried out. Social projects are not selected sustainably, as
departments study the effects of projects retroactively after their implementation.

This indicates a misapplication in the initial planning of such projects.

5. CONCLUSION AND RECOMMENDATIONS

Quantitative and qualitative that were used in the research methodology aimed to

present an integrated framework comprising six main categories, 19 indicators and 132

factors that reflect sustainability principles within the stages of the project during its life
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1

2

i cycle. This is to verify the application of sustainability principles in government

Z building projects and to assess their status based on the analysis. The results conducted
573 on Jordanian government building projects indicated that there are applications of some
9

1? sustainability principles in the early stages of the project, including the planning stage,
:; the analysis stage, and the design stage. In addition, the results indicated that the most
1: applied sustainability principles in these projects could be found among the

16

17 requirements study indicators, Perimeter analysis, safe surroundings, and architectural
18

;g design solutions.

21

22 According to the engineers and experts who have more than 13 years of

gz experience in the government construction sector and who were interviewed, the

;? construction of Jordanian government buildings is primarily to meet the local

;g community's needs and promote social development. This can be explained by the

2(1) insufficient budget for government construction projects. The objective of government
32

gi institutions has been to meet ongoing local demand for these projects, provide spaces
22 for local participation and reduce upfront costs.

2373 Survey results show a lack of application and management of principles related
39

2(1) to long-term cost management, material reuse, and recycling. Increasing pressure on
25 communities and service projects due to population increase has led to an insufficient
2: budget for government construction projects. This is due to the lack of a particular

EZ department responsible for this type of project and the existence of a specialized

gg database for sustainable construction.

g; The survey's results conflict with the implementation and management

gi principles related to long-term cost management, material reuse, and recycling in

55

g? Jordanian government construction projects which were emphasized in the basic

gg structure of the proposed framework illustrated in Figure 2 and 3. It was also noted that
60
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there is a difference in the application of the principles of sustainability within the
geographical regions of the Kingdom and the departments of government institutions.
The interviewed experts indicated that this is due to the lack of a responsible private
administration and specialized database for sustainable building issues. Therefore, it is
recommended to increase the awareness of these institutions of the importance of
implementing sustainable practices and increase government support for sustainable
building issues.

This study; the case of Jordan, can fill the gaps of similar studies that were referred to in
the literature review and provide decision-makers in the government construction sector
with a tool to identify and evaluate the current sustainability of government building
projects and increase their efficiency and effectiveness to reduce costs on government
budgets and support sustainable development strategies for countries. The application of
sustainability principles in government construction projects is like any noticeable
changes in public institutions, requiring a cultural change and raising awareness among
decision-makers in these institutions to change the current situation. It will be necessary
to recruit development-seeking specialists to implement the models within these
institutions. This study has some limitations, but it can apply the results to other
countries with similar environmental, economic, and social conditions or re-evaluate
government construction projects in other countries. This study's results can be
considered a basis for further research on the applications of sustainability in the
government construction sector Future work may include developing frameworks that

consider infrastructure projects.

6. REFERENCES

http://mc.manuscriptcentral.com/ecaam



Page 25 of 38

oNOYTULT D WN =

Engineering, Construction and Architectural Management
Accepted Manuscript
Version of record at: https://doi.org/10.1108/ECAM-01-2022-0040

Akhanova, G. Nadeem, A. Kim, J.R. and Azhar, S. (2019), A Framework of Building
Sustainability Assessment System for the Commercial Buildings in Kazakhstan.
Sustainability, 11(17), 4754.

Alhaddi, Hanan (2015), Triple Bottom Line and Sustainability: A Literature Review.
Business and Management Studies, 1(2), 2374-5916.

Ali, H. and Nsairat, S. (2009), Developing a green building assessment tool for
developing countries — Case of Jordan. Building and Environment ,44(5),1053—
1064.

Alkilani, S.G. and Jupp, J.R. (2012), ‘paving the road for sustainable construction in
developing countries: a study of the Jordanian construction industry’.
Australasian Journal of Construction Economics and Building, Conference
Series, 12 (1) ,84-93.

Al-Rashdan, D. Al-Klloub, B. Dean A. and Al-Shammari T. (1999), Environmental
impact assessment and ranking the environmental projects in Jordan. European
Journal of Operational Research,118(1),30-45.

Bernardi, E. Carlucci, S. Cornaro, C. and Bohne, R. (2017), An analysis of the most
adopted rating systems for assessing the environmental impact of buildings.
Sustainability, 9(7),1226.

Bland, J.M. and Altman, D.G. (1997), Statistics notes: Cronbach’s alpha. BMJ,
314(7080), 572.

C. Maywalda, A. Riesserb. Sustainability — The Art of Modern Architecture, Procedia
Engineering. 155, 238-248 (2016).

Caruso, M.C. Menna, C. Asprone, D. Prota, A. and Manfredi, G. (2017), Methodology
for Life-Cycle Sustainability Assessment of Building Structures. ACI Structural
Journal,114(2), 323-336.

Casal, R.C. and Gomez, E.B. (2017), Adjustments in Municipal Fiscal Crises. Are They

Different According to the Gender of the Mayor? . Local Government Studies,
44,255-74.

Chandratilake. S.R., & Dias W.P.S., (2013). ‘Sustainability rating systems for buildings:
Comparisons and Correlations’. Energy (59), 22-28.

Conte, Emilia (2018), Sustainable Use and Management of Natural Resources in
Buildings and in the Built Environment. Sustainability, 10(7), 2472.

http://mc.manuscriptcentral.com/ecaam



oNOYTULT D WN =

Engineering, Construction and Architectural Management Page 26 of 38
Accepted Manuscript
Version of record at: https://doi.org/10.1108/ECAM-01-2022-0040

Daly, H. E. (1993), Sustainable growth: an impossible theorem. Valuing the earth:
Economics, Ecology, Ethics, Edited by Townsend K. N., (2nd ed.), MA USA:
The MIT Press.

Del Campo, A.G. Gazzola, P. and Onyango, V. (2020), The mutualism of strategic
environmental assessment and sustainable development goals. Environmental
Impact Assessment Review,82.

Ding, G. K. C. (2008), Sustainable construction — The role of environmental assessment
tools. Journal of Environmental Management, 86,451-464.

Durdyev, S.and Ismail, S. (2016), On-site construction productivity in Malaysian
infrastructure projects. Structural Survey 34 (4/5), 446—462.

Dutil,Y. and Rousse, D., Quesada, G. (2011), Sustainable Buildings: An Ever Evolving
Target. Sustainability, 3(2), 443-464.

Elkhapery, B., Kianmehr, P., & Doczy, R. (2020). Benefits of retrofitting school
buildings in accordance to LEED v4. Journal of Building Engineering, 101798.
doi:10.1016/j.jobe.2020.101798

Fakhoury, Imad N. (2015), Jordan statement at the UN sustainable development
summit, UN Headquarter, New York, USA: The ministry of planning and
international cooperation.

Fernandez-Sanchez, G. and Rodriguez-Lopez, F. (2010), A methodology to identify
sustainability indicators in construction project management—Application to
infrastructure projects in Spain. Ecological Indicators,10(6), 1193-1201.

Goran Finnveden, Michael Z. Hauschild, Tomas Ekvall, Jeroen Guinée, Reinout
Heijungs, Stefanie Hellweg, Annette Koehler, David Pennington, Sangwon Suh,
Recent developments in Life Cycle Assessment,Journal of Environmental
Management, doi.org/10.1016/j.jenvman.2009.06.018

Forsberg, A.; von Malmborg, F. (2004), Tools for environmental assessment of the
built environment. Building and Environment, 39, 223-228.

Gan,X. Fernandez, I.C. Guo,J. Wilson,M. Zhao,Y. Zhou,B. and Wu,J.(2017),When to
use what: Methods for weighting and aggregating sustainability indicators.
Ecological Indicators,81,491-502.

http://mc.manuscriptcentral.com/ecaam


https://www.sciencedirect.com/science/article/abs/pii/S1470160X17303357#!
https://www.sciencedirect.com/science/article/abs/pii/S1470160X17303357#!
https://www.sciencedirect.com/science/article/abs/pii/S1470160X17303357#!
https://www.sciencedirect.com/science/article/abs/pii/S1470160X17303357#!
https://www.sciencedirect.com/science/article/abs/pii/S1470160X17303357#!
https://www.sciencedirect.com/science/article/abs/pii/S1470160X17303357#!
https://www.sciencedirect.com/science/article/abs/pii/S1470160X17303357#!

Page 27 of 38

oNOYTULT D WN =

Engineering, Construction and Architectural Management
Accepted Manuscript
Version of record at: https://doi.org/10.1108/ECAM-01-2022-0040

Gibberd, Jt. (2005),Assessing sustainable buildings in developing countries - The
sustainable building assessment tool (SBAT) and the sustainable building
lifecycle (SBL).The 2005 World Sustainable Building Conference, Tokyo, 27-29
September 2005.

GOJ (2015), The national vision of Jordan (Jordan Vision 2025), Government of Jordan.

Guinée, J.B and Heijungs, R. (2011), Life cycle sustainability analysis: Framing
questions for approaches. Journal of Industrial Ecology, 15(5), 656-658.

Harmon, J. Bucy, F. Nickbarg, S. Rao, G. and Wirtenber, J. (2009). When it all Comes
Together. In: Wirtenberg, J. Russell, W. and Lipsky, D. (Ed.1), The Sustainable
Enterprise Fieldbook. (pp.89-115). New York: Greenleaf Publishing.

Hussin, J., Rahman, 1. and Memon, A. (2013), The Way Forward in Sustainable
Construction: Issues and Challenges, International Journal of Advances in
Applied Sciences (IJAAS), Vol.2, No.1, ISSN: 2252-8814.

Islam, H. Jollands, M. Setunge, S. Ahmed, I. and Haque, N. (2014),Life cycle
assessment and life cycle cost implications of wall assemblages’ designs.Energy
and Buildings,84,33-45.

Jordan Times (2017), Regional conflicts could affect Jordan’s sustainable development,
Amman, Jordan.

Kallaos, J. (2012), Indicators for a Sustainable Built Environment.Norwegian University
of Science and Technology.

Kamali, M. and Hewage, K.N. (2015), Performance indicators for sustainability
assessment of buildings. 5th International/11th Construction Specialty
Conference, Vancouver, British Columbia, June 8 to June 10, 2015.

Kang, H.J. (2015), Development of a systematic model for an assessment tool for
sustainable buildings based on a structural framework. Energy and Buildings
,104, 287-301.

Kibert, C.J. (2016), Sustainable Construction: Green Building Design and Delivery,
John Wiley & Sons: Hoboken, NJ, USA.

Kongela, S.M. (2021), "Sustainability potential awareness among built environment
stakeholders: experience from Tanzania", International Journal of Building
Pathology and Adaptation

http://mc.manuscriptcentral.com/ecaam


https://www.researchgate.net/profile/Jt-Gibberd

oNOYTULT D WN =

Engineering, Construction and Architectural Management Page 28 of 38
Accepted Manuscript
Version of record at: https://doi.org/10.1108/ECAM-01-2022-0040

Kotrlik, J. and Higgins, C. (2001), Organizational research: determining appropriate
sample size in survey research’, Information Technology, Learning Performance
Journal, 19(1), 43-50.

Kuhlman, T. and Farrington, J. (2010), What is Sustainability?.
Sustainability, 2(11),3436-3448.

Lazar, N. and Chithra, K. (2020), A comprehensive literature review on development of
Building Sustainability Assessment Systems. Journal of Building Engineering,
32(5),101450.

M Dabash (2019). A comparative study of local and international green building rating
systems [Master of Science thesis, American University in Dubai, Dubai,
123456789/129]

M Dabash et al 2020 IOP Conf. Ser.: Earth Environ. Sci. 588 052009

ME (2017) A National Green Growth Plan for Jordan. Amman, Jordan, Ministry of
Environment.

MEMR (2015), Energy sector strategy 2015-2025, The Ministry of Energy and Mineral
Resources, Amman, Jordan.

Mohd Isa, N.K. Abdul Samad, Z. and Alias, A. (2014), A Review on Sustainability
Principles of Building: Formulation of a Theoretical Framework. Journal of
Surveying, Construction and Property (JSCP), 5(1), 1985-7527.

Morfaw, J. (2014). Fundamentals of project sustainability. Paper presented at PMI®
Global Congress 2014—North America, Phoenix, AZ. Newtown Square, PA:
Project Management Institute.

Lena Neij, Sofie Sandin, Mats Benner, Maria Johansson, Per Mickwitz, Bolstering a
transition for a more sustainable energy system: A transformative approach to
evaluations of energy efficiency in buildings, Energy Research & Social
Science, Volume 72, 2021,

Nilashi, M. Cavallaro, F. Mardani, A. Zavadskas, E.K. Samad, S.and Ibrahim, O.
(2018), Measuring country sustainability performance using ensembles of neuro-
fuzzy technique. Sustainability,10(8).

http://mc.manuscriptcentral.com/ecaam



Page 29 of 38

oNOYTULT D WN =

Engineering, Construction and Architectural Management
Accepted Manuscript
Version of record at: https://doi.org/10.1108/ECAM-01-2022-0040

Odey, G. Adelodun, B. Hyun Kim, S. Choi, K. (2021), Status of Environmental Life
Cycle Assessment (LCA): A Case Study of South Korea. Sustainability, 13(11),
6234.

Oladokun, M.G., Isang, .LW. and Emuze, F. (2021), "Towards sustainability practices
deployment in building construction projects in Nigeria", Smart and Sustainable
Built Environment Vol. 10 No. 4, pp. 759-780

Ortiz, O., Castells, F.and Sonnemann, G. (2009), Sustainability in the construction
industry: A review of recent developments based on LCA Constr. Construction
and Building Materials ,23(1),28-39.

Petrovic, B. Zhang, X. Eriksson, O. and Wallhagen, M. (2021), Life Cycle Cost
Analysis of a Single-Family House in Sweden. Buildings ,11(5),215.

Pope, J. Annandale, A. and Morrison-Saunders, A. (2004). Conceptualising
sustainability assessment. Environmental Impact Assessment Review, 24,595-
616.

Portalatin, M. Roskoski, M. and Shouse, T. (2015), Sustainability How-To Guide,
IFMA on green building rating systems.

Scamans, S. (2016). Fast fashion and sustainability. Unpublished Bachelor's Thesis,
Helsinki Met. Univ. of Applied Sciences.

Shaikhab, P.H. Bin Mohd.Norb, N. Sahito, A.A Nallagownden, P. Elamvazuthi, 1.
Shaikhc M.S. (2017), Building energy for sustainable development in Malaysia:
A review. Renewable and Sustainable Energy Reviews,75,1392-1403.

Sweis GJ, Hiari A, Thneibat M, Hiyassat M, Abu-Khader W, S., R. J. Sweis.
Understanding the causes of material wastage in the construction industry,
Jordan. Journal of Civil Engineering 2021;15(2):180-92.

Valdivia, S., Backes, J.G., Traverso, M. et al. Principles for the application of life cycle
sustainability assessment. Int J Life Cycle Assess 26, 1900-1905 (2021).

Vyas, S. Ahmed, S. and Parashar, A. (2014), BEE (Bureau of energy efficiency) and
GREEN BUILDINGS, International Journal of Research, 1(3), 23 -32.

Yan, W. Chen, C. and Chang, W. (2009). An investigation into sustainable product
conceptualization using a design knowledge hierarchy and Hopfield network.
Computer and Industrial Engineering, 56(4), 617-626.

http://mc.manuscriptcentral.com/ecaam


https://www.researchgate.net/profile/Bojana-Petrovic-4
https://www.researchgate.net/profile/Xingxing-Zhang-12
https://www.researchgate.net/profile/Ola-Eriksson-2
https://www.researchgate.net/profile/Marita-Wallhagen

oNOYTULT D WN =

Engineering, Construction and Architectural Management
Accepted Manuscript
Version of record at: https://doi.org/10.1108/ECAM-01-2022-0040

Yung, E. and Chan, E.H.(2002), Evaluating Environmental Management Policies:
International Trend. Development of Construction Management and Real
Estat,100-111.

http://mc.manuscriptcentral.com/ecaam

Page 30 of 38



Page 31 of 38

Engineering, Construction and Architectural Management

Accepted Manuscript

Version of record at: https://doi.org/10.1108/ECAM-01-2022-0040

1
2
3 Table I: Previous studies on developing frameworks in sustainable building assessment
4
3 Type of | Author
6 Country Objectives Methods Findings P "
7 Projects | (year)
8 Develop a more Proposed a framework | Private
9 comprehensive tool that | Primary of basic building Sector | Gibberd
10 includes sustainability goals and | stages and set specific , Jt.
n considerations in indicators activities for each (2005)
12 developing countries stage
1 i Global Classificati Private

studies . . on systems | Created a framework | Sector
15 Design a logical .
16 . and for the sustainable Kang,

performance evaluation .. o !
17 reviewing building evaluation H.J.
framework for )
18 sustainablbpfldings the system in a (2015)
19 & research programmed manner
;? groups
% Developed a Private
23 framework with Sector
24 Formulate a theoretical Content principles that include Mohd
25 Malaysia | framework that contains analvsis the three dimensions Isaet al.
26 sustainability principles Y of sustainability for (2014)
27 Malaysian
28 construction
29 : -
30 Design a framework for Private
.o S Proposed a framework
31 building sustainability . Sector | Akhano
Kazakhst Content for assessing the
32 assessment for . o va et al.
an . e analysis sustainability of

33 commercial buildings in commercial buildines (2019)
34 Kazakhstan &
35
36
37
38 Table I1: Suggested sustainability assessment categories and indicators
39
40 Code Suggested Categories Suggested Indicators
41
42 P.D Planning and Development P. D1 Requirement Study

43 P. D2 Future Expectation

44 E.C Ecological condition E.C1 Analyze the Surrounding.

22 E.C2 Location identification.

47 E.C3 Natural Systems Protection

48 S.D Sustainable Design S. DI Initial Environmental Studies.
49 S. D2 Architectural design solutions.
50 0.S Occupants’ satisfaction 0O.S1 Secure Surroundings.

51 0.S2 Convenience and Wellbeing spaces.
gg 0. S2.1 Space layout.

54 0. S2.2 Thermal comfort.

55 0. S2.3 Indoor Ventilation
56 Efficiency.

57

58

59
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0. S2.4 Noise and Acoustics Control.
0. S2.5 Daylighting and Interior

Lighting.
EM Environmental issues E.M1 Material Usage.
management E.M2 Waste Disposal Management.
E.M3 Energy Consumption.
E.M4 Water Management.
LC.M  Life Cycle Management LC.M1 Operational Services management

LC.M2Long-term costs management

Table III: Descriptive statistics and t-test of the government buildings sustainability assessment categories

Sustainable Assessment Categories Rank Mean S.t d'.
Category Deviation
Indicators Planning and Development 3 3.1776 43234
Ecological condition 4 3.1502 43425
Sustainable Design 1 3.2917 42263
Occupants’ satisfaction 2 3.1971 29635
Environmental issues management 6 2.5691 34771
Life Cycle Management 5 2.6458 .30683
t df  Sig. (2-tailed)
Sustainable Assessment Categories -2453 113 016

Test Value = 3

Table IV: Descriptive statistics of the government buildings sustainability assessment indicators

Category Sustainable Assessment Categories Rank Mean
Indicators 1. Requirement Study 4 3.4965
2. Future Expectation 15 2.6462
3. Analyze the Surrounding 2 3.6520
4. Location identification 9 3.0123
5. Natural Systems Protection 13 2.7632
6. Initial Environmental Studies 16 2.5906
7. Architectural design solutions 3 3.5253
8. Secure Surroundings 1 3.8567
9. Space layout 5 3.4620
10. Thermal comfort 12 2.7661
11. Indoor Ventilation Efficiency 6 3.3441
12. Noise and Acoustics Control 8 3.0478
13. Daylighting and Interior Lighting 10 2.9156
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14. Material Usage 17 2.4376
15. Waste Disposal Management 18 2.3825
16. Energy Consumption 11 2.7785
17. Water Management 14 2.6673
18. Operational Service Management 7 3.1151
19. Long-term costs management 19 2.1765
Table V: Descriptive statistics and t-test of Planning and Development Category
. Rank Std.
Category Planning and Development Mean Deviation
Indicators Requirement Study 1 3.4965 41582
Future Expectation 2 2.6462 .65669
3.1776 43234
Sig. (2- Mean
t df tailed) Difference
Planning and Development 4.387 113 <.001 17763
Test Value =3
Table VI: Descriptive statistics and t-test of Ecological Condition Category
. ‘o Rank Std.
Category Ecological condition Mean Deviation
Indicators Analyze the Surrounding 1 3.6520 .61109
Location identification 2 3.0123 48575
Natural Systems Protection 3 2.7632 .63373
3.1502 43425
Sig. (2- Mean
t df tailed) Difference
Ecological condition 3.692 113 <.001 15015

Test Value =3

Table VII: Descriptive statistics and t-test of Sustainable Design Category
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. . Rank Std.
Category Sustainable Design Mean Deviation
Indicators Initial Environmental Studies 2 2.5906 .85765
Architectural design solutions 1 3.5253 37170
3.2917 42263
Sig. (2- Mean
t df  tailed)  Difference
Sustainable Design 7.368 113  <.001 29167

Test Value =3

Table VIII: Descriptive statistics and t-test of Occupants’ satisfaction Category

Rank Std.
Category Occupants’ satisfaction Mean Deviatio
n
Indicators Secure Surroundings 1 3.8567 .42528
Convenience and Wellbeing spaces
o Space layout 2 3.4620 .44844
o Thermal comfort 6 2.7661 .61115
o Indoor Ventilation Efficiency 3 3.3441 37715
o Noise and Acoustics Control 4 3.0478 .37831
o Daylighting and Interior Lighting 5 2.9156 .35100
3.1406 .31340
3.1971  .29635
. Mean
i;%ie(clz)- Differenc
t df e
Occupants’ satisfaction 7.103 113 <.001 .19714

Test Value =3

Table IX: Descriptive statistics and t-test of Environmental issues management Category

Category Environmental issues Rank Mean S'td..
management Deviation
Indicators Material Usage 3 2.4376 .57655
Waste Disposal Management 4 2.3825 45744
Energy Consumption 1 2.7785 58134
Water Management 2 2.6673 32943
2.5691 34771
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1

2

i Sig. (2- Mean
5 t df tailed) Difference
p - - EE)

° Environmental issues 13.232 113 <001 _ 43089
8 management

9 Test Value =3

10

11

12

13

14

15

16

17 Table XI: ANOVA test results for geographical areas group

18

19 Test of Homogeneity ANOVA Tukey HSD

;? Catesor Groups Levene N Subset for
22 gory P Sig. F Sig. alpha=0.05
23 Planning and  Northern Jordan 22 3.0568

;g Development Central Jordan 062 1.199 305 84 3.1994

26 Southern Jordan 8 3.2813

27 Sig. 299

;g Ryan-Einot-Gabriel-
30 Welsch

31 N Subset for
g; alpha=0.05
34 . Northern Jordan 22 2.9679

35 Ecological o1 ordan § 30221 30221
36 condition Southorn Jordan 002 3206 .044 84 32107
2; Sig. 759 235
39 Tukey HSD

2(1) N Subset for
42 alpha=0.05
43 Sustainabl Northern Jordan 84 3.3264

44 ustainable

45 Design Central Jordan 160 1.175 313 22 3.1742

46 Southern Jordan 8 3.2500

47 Sig. 557

23 Ryan-Einot-Gabriel-
50 Welsch

31 N Subset for
o alpha=0.05
54 Occupants’ Northern Jordan 22 3.1065

55 satisfaction Central Jordan 8 3.1447

56

57

58

59

60 http://mc.manuscriptcentral.com/ecaam
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Southern Jordan 84 3.2259
.008 1.565 214
Sig. 214
Tukey HSD
N Subset for
alpha=0.05
Environmental Northern Jordan 84 2.5915
issues Central Jordan 076 1.061 350 22 2.4723
management  Southern Jordan 8 2.6006
Sig. 541
Northern Jordan 84 2.6622
Life Cycle Central Jordan 330 467 628 22 2.5938
Management  Southern Jordan 8 2.6172
Sig. .800

Tabled F =3.078

Table XII: ANOVA test results for departments group

Ryan-Einot-Gabriel-

Test of Homogeneity ANOVA Welsch
Category Groups Le\.'ene F Sig. N Subset for
Sig. alpha
Planning and Maintenance and sustain 2 25625
Development building department <001 9223 <001
Department of buildings 17  3.0368
Department of 47  3.0426
supervision and project
management
Department of planning 10 3.0625
Department of Studies 38 3.4704
and Design
Sig. 374 1.000
. Maintenance and sustain  <.001  6.629 <.001 2 2791
Ecological buildine department
o uilding departmen
condition Department of buildings 17 2.9689
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Department of 47  3.0063
supervision and project
management
Department of planning 10 3.3000 3.3000
Department of Studies 38 3.3885
and Design
Sig.  .122 .849
Maintenance and sustain  .016  4.347 .003 2 2.8750
building department
Sustainable  Department of buildings 17  3.0882
Design Department of 47 3.2110
supervision and project
management
Department of planning 10 3.3917 3.3917
Department of Studies 38 3.4781
and Design
Sig.  .179 .860
Tukey HSD
N  Subset for alpha
Maintenance and sustain  .151  2.655 .037 17 3.1130
building department
Occupants’  Department of buildings 2 31184
satisfaction  Department of 47 3.1299
supervision and project
management
Department of planning 10 3.2237
Department of Studies 38 3.3151
and Design
Sig.  .679
Maintenance and sustain ~ .356 725 577 17 24778
. building department
E.nv1r0nmenta Department of buildings 47  2.5423
l issues
Department of 2 25854
management . .
supervision and project
management
Department of planning 38 2.6175
Department of Studies 10 2.6634
and Design
Sig.  .855
Life Cycle g/Iginj[enance and sustain 2 24375
Manasement uilding departme?nt' 533 615 653
8 Department of buildings 17  2.6140
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Department of 47  2.6237
supervision and project
management
Department of planning 10 2.6438
Department of Studies 38 2.6990
and Design

Sig.  .505

Tabled F =2.46
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