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Abstract: With the advancement of human science and technology, the continuous increase in the
construction and functional improvement of campus buildings and school teaching infrastructure
cannot avoid adverse impacts on the overall environment. Therefore, sustainability assessments
of buildings are indispensable for the sustainable development of the surrounding region. The
main goal of the sustainable design of campus buildings is to reduce the depletion of key resources,
such as water and energy, as well as to lower carbon emissions; this, in turn, creates a safe and
effective campus environment. Comprehensive assessments of campus buildings have become
critical to achieving national and regional sustainability. Therefore, this study compiles a set of
building construction indicators suitable for a framework for high school campus architecture and
ecological development in Taiwan, conforms these indicators to climatic characteristics, and considers
an evaluation model for sustainable building concepts. This research uses the Fuzzy Delphi Method
(FDM) and the Fuzzy Analysis Hierarchical Procedure Method (FAHP) to gather data using expert
questionnaires. We examine three relevant factors: (1) the main factor, campus space architecture, is
the most important measure of sustainable buildings; (2) the second factor is the campus ecological
environment; (3) the third measure of the sustainable campus buildings is a healthy environment.
The top 20 elements of the sustainable campus building evaluation index were obtained through
FAHP analysis, with an overall cumulative weight value of 81.06%. This research may provide a
resource allocation reference for government bodies or the construction industry, assisting them in
building sustainable buildings in the future.

Keywords: eco-construction; fuzzy analysis hierarchical procedure; fuzzy Delphi method; high
school; sustainable campus

1. Introduction

Global population growth in recent years has resulted in extensive discussions on the
availability and utilization of natural resources such as water, land, and forests, coupled
with the depletion of minerals [1]. Many issues related to the sustainability of human
life continue to be explored. These include the use of reserves and non-renewable re-
sources such as fossil fuels, urbanization, pollution, geopolitical issues, habitat destruc-
tion/deterioration, global warming, stratospheric ozone depletion, soil erosion, acid depo-
sition, waste disposal, and indoor environmental quality [2,3]. Sustainable architectural
building performance standards and indicators can be used to assess the performance of
a building or facility and measure its impact on the environment, and these assessments
enable stakeholders to address specific environmental issues comprehensively [4]. The need
for sustainable building design continues to increase [5,6]. It has become increasingly im-
portant to develop mechanisms or models that can assist designers in assessing a proposed
building’s sustainability, cost-effectiveness, and ability to meet human needs. Furthermore,
with the advancement of science and technology, construction of various types, including
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infrastructure and campus buildings, continues to increase; this will inevitably hurt the
environment [7]. Moreover, these negative impacts are evident throughout the life cycle
of a building. Sustainable building practice aims to reduce impacts on the environment
by promoting environmentally responsible building practices, improving the efficiency of
energy and resource use, and designing building plans to reduce carbon footprints and
establish a sustainable environment [6,8].

The use and development of sustainable building assessment tools are now being
adopted in developing countries. The concept of “green” is also emerging in various
regions of the world, and it is urgent to standardize “sustainability” to cover a wide
range of sustainable development [8,9]. Experts and scholars from various countries
are also actively developing building assessment tools to meet the needs of all areas
of sustainable development, such as the environment, society, the economy, safety, and
education [10]. Sustainability assessments of ecologically-sound campus buildings have
become indispensable for the sustainable development of schools. The main goal of
sustainable design is to reduce the depletion of key resources such as energy, water, and
raw materials; these efficiencies have environmental impacts throughout the building’s
operational life cycle and, in turn, create a safe and ecologically-sound built environment
that facilitates ‘environmental education [8,10]. The comprehensive evaluation method is
linked to the idea of a system of sustainable buildings on an ecologically-sound campus and
can be applied to the pre-design, construction, operation, and maintenance of sustainable
buildings, as well as related considerations, until the end of the main building’s life [11]. The
places where a person receives formal education in the process of growing up are mostly
schools at all levels, such as elementary schools, junior high schools, high schools, and
universities [11,12]. The campus environment covers a wide range of physical areas on the
campus, including school buildings and related factors, such as structures, infrastructure,
the site where the school is located, its surrounding environment (including air, water,
and other substances that students may come into contact with), the use of adjacent land,
roads, etc.

Worldwide, school principals and the directors of campuses have spared no effort
to promote the sustainability of their campus environments. They may focus on the
concept of a green school, eco-school, seed school, green university, etc. [13], or they may
prioritize interdisciplinary plans and action plans, but they all share the common goal of the
sustainable development of the campus environment [14]. Sustainable campuses focus on
“environmental sustainability”, the “ecological cycle”, and being “healthy”. In addition to
the substantive connotations of “energy conservation” and “resource recycling”, sustainable
campuses integrate the common awareness of the community by breaking down barriers. In
contrast to traditional campuses’ closed environment and standard management principles,
sustainable practices transform the campus environment into a public activity space and
an environmental education base with community characteristics [14,15]. It is imperative
to pursue the construction and maintenance of ecological campus environments and apply
sustainable building technologies. Although a significant body of research results has
been accumulated concerning on-campus environmental assessments and sustainable
development indicators [8,15], most of the existing research focuses on one or only a few
aspects, such as resources, energy, ecology, and environmental education, and does not
comprehensively consider the correlation between campus environmental assessments
and sustainable development indicators. Especially in Taiwan, which is located in a
subtropical climate zone, there is an urgent need for substantive environmental assessments
of sustainable high school campuses; however, a multi-faceted and objective assessment
tool has not yet been developed. In addition, in 2015, the United Nations announced
its 2030 Sustainable Development Goals, including 17 goals such as poverty eradication,
climate change mitigation, and gender equality promotion, guiding the world to work
together towards sustainability. To allow the concept of sustainability to sprout on campus,
we start with the school’s built environment, allowing students to understand the concept
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of sustainability through an immersive environment; this is the innovation and importance
of this research.

2. Literature Review
2.1. Sustainable Buildings

In past reports from the International Energy Agency (IEA), buildings consume approx-
imately 30% to 40% of the world’s energy. The global energy and electricity consumption in
the Global Energy Review 2020 has been greatly reduced, but the construction industry is
still not a small load on the global environment [16]. In the sustainable construction topic,
global construction researchers have proposed various solutions, including the use of mini-
mal impact materials, the use of natural materials, and recycling as much as possible [17].
Due to the current global population growth trend, the construction industry consumes a
lot of resources and energy, and this situation is expected to worsen in the near future [16].
According to research indicating that the operation of buildings consumes about 40% of
the total global energy, the purpose of building environmental assessment can be used for
sustainable building design, construction, operation, maintenance, and renovation [18].
Collaboration between civil engineers, architects, designers, environmentalists, and other
experts from different fields of building performance is required. Sustainable architecture
involves the entire life cycle of a building, thus taking into account environmental qualities,
functional qualities, social and cultural factors, economic factors, and future value.

Sustainability is emerging as a key consideration for builders to increase economic
efficiency, protect and restore ecosystems, and improve human well-being [19]. Therefore,
to achieve sustainability, the following objectives should be met: “Minimize the loss of
materials and energy”; “Material Reusability and Recyclability”; “Human satisfaction”;
“Minimal environmental impact and embodying alternative energy sources”. Sustainable
architecture is a multi-dimensional concept. The focus on this issue often only focuses on
environmental indicators while ignoring the importance of social, economic, and cultural in-
dicators. Building sustainability involves a complex structure of interrelationships between
built, natural, and social systems, requiring different priorities at each stage of a building’s
life cycle [20–22]. While considering sustainable building indicators, it is also necessary to
evaluate the harmonious coexistence with the surrounding environment, whether in terms
of biological, location, or climatic viewpoints. Living and working create multiple values
of comfort, attractiveness, and health [20,23].

Sustainable buildings can be continuously improved beyond environmental indicators,
such as the amount of energy required for the construction and operation of the build-
ing [24]. The level of harmful gas emissions, water consumption, etc., must also include
social and economic aspects of design assessment quality, including other internal building
living comfort, functionality, total building life cycle cost, community integration, public
engagement, and location [25]. However, the ongoing control of all aspects of sustainability
in building construction, and while still at an early design stage, it is very challenging to
assess its sustainability impact on the final result [24]. Therefore, there is a need for a data
tool to assess the importance of various criteria for achieving sustainability solutions [26].

2.2. Eco-Architecture

Ecological architecture is based on the local natural ecological environment, using
the basic principles of ecology, building technology science, and modern scientific and
technological means in order to rationally arrange and organize the relationship between
buildings and other related factors [27]. Make the building and the environment an organic
combination, with good indoor climate conditions and strong bioclimatic adjustment ability
to meet the comfort of people’s living and living environment, so that people, buildings,
and the natural ecological environment form an organic combination, a virtuous circulatory
system [28]. In today’s world, natural resources are drastically reduced, the climate is
changing, the ecological environment is being destroyed, and the global environmental
problems are becoming more and more serious. To improve various impacts on the earth’s
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environment, sustainability must be paid attention to [29,30]. In the face of the grim reality,
people have to re-examine and evaluate the urban development concept and value system
that we are now taking as our creed. Architecture and its built environment play an
important role in the impact of human beings on natural environments. Therefore, a design
that conforms to the principles of sustainable development requires a comprehensive
consideration of the efficiency of resource and energy use, the impact on health, and
the choice of materials, so that it meets the requirements of the principles of sustainable
development [31]. The construction theory of ecological buildings and ecological cities
put forward in recent years is based on the principles of natural ecology, exploring the
relationship between people, buildings, and nature and creating the most comfortable,
reasonable, and sustainable environment for human beings. Ecological architecture is
the development direction of architectural design in the 21st century. Eco-architecture is
also known as green building or sustainable building. Eco-architecture involves a wide
range of aspects, is the intersection of multiple disciplines and types of work and is a
comprehensive systematic project that requires the attention and participation of the entire
society. It takes the balanced interaction between human society and the natural world as
the starting point of development and takes man as a member of nature to re-understand
and define the position of himself and his manufactured environment in the world [32].
Eco-architecture cannot be achieved by just a few architects, nor can it be accomplished
overnight [29]. It represents the direction of the new century and is the goal that architects
should strive to achieve. Ecology refers to the relationship between people and nature, so
ecological architecture should handle the relationship between people, architecture, and
nature [33]. Humidity, clean air, good light environment, sound environment and flexible
and open space with long-term effects and multiple adaptabilities, etc.); at the same time, it
is necessary to protect the surrounding environment-the natural environment (that is, the
demands on nature should have less and less negative impacts on the natural environment).
From the above aspects alone, it can be seen that no matter which aspect requires the
cooperation of multiple types of work, it requires the cooperation of structures, equipment,
gardening, and other types of work, and the cooperation of disciplines such as building
physics and building materials can be realized. Among them, the architect plays a leading
role, and the architect must conceive the concept as a whole with the concept of campus
ecology and integration. At the level of specific implementation and operation, campuses’
ecological architectural design should focus on grasping and using the characteristics and
laws of natural ecology that were ignored in previous architectural designs, implementing
the principle of overall priority, and trying to create a harmonious coexistence between
the artificial environment and the natural environment, oriented towards the sustainable
development of the campus building environment of the future [31,33,34].

2.3. Ecological Technology and Economic Conditions

The original ecological architectural design was to achieve the purpose of colocaliza-
tion without or rarely using modern technical means under the conditions of an economic
economy and low technology [35]. However, the energy efficiency and sustainability of
such buildings are not ideal and lack universality. Meanwhile, stagnant eco-tech is not a
sustainable ecological view [36]. Therefore, consideration should be given to the application
of modern ecological technology to ordinary architectural design, that is, “appropriate tech-
nology”. “Appropriate technology” is a technology with certain suitability and universality,
and ecological buildings that can have certain regional characteristics according to different
environments should become the focus of research. That is to say, starting from meeting
the requirements of the basic living environment, through the design method of “suitable
technology”, using local resources, and combining them with suitable economic technol-
ogy, the ecological building design was carried out to achieve the purpose of sustainable
development [37,38]. There are usually three ways to transform ecological building design
from “original” to “appropriate technology”: one is to transform traditional technology; the
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other is to reform and adjust advanced technology to meet the needs of suitable technology;
work with appropriate technology.

When people measure the rationality of a new idea or technology, they often pay
attention to whether its short-term benefits are significantly higher than those of traditional
ideas or technologies [39,40]. If its short-term benefits are not optimistic, even if it has better
long-term benefits, it will be difficult for people to accept; this may become a threshold for
the promotion of ecological buildings based on the principles of sustainable development.
In terms of the economy, eco-building is a type of project that requires more upfront costs
and a relatively slow rate of benefit goals. More importantly, the return on investment in
ecological facilities is not necessarily able to be put into the developer’s pocket but is more
shared by users and society, and it will take a few years to reflect the energy-saving [41].
The value is greater than the value of ecological construction investment, which may
discourage policymakers and developers. The field of architecture calls for the concept
of architectural design that breathes with the environment, advocates for the application
of various architectural ecological technologies, and develops ecological architecture [42].
This not only contributes to the improvement of the quality of the global environment
but also to the improvement of the quality of life of individuals [43,44]. In developing
countries, increasing research on ecological buildings, promoting the ecological generation
of buildings, and actively using appropriate technologies will have far-reaching practical
significance from the perspective of the environment, energy, or architectural design [39,41].

2.4. Sustainable Architecture Evaluation

Architecture environmental assessment studies have developed methods to determine
the degree of achievement of environmental goals to guide sustainable building planning
and design processes [42,43]. That is, in the early stages of the construction process, planners
can make decisions to improve building performance at very low or zero cost based on the
recommendations of decision-making tools, the use of information and tools that can help
designers and builders, and design strategies for their architectural projects [44].

Various assessment tools have been developed internationally that consider specific
sustainable building users and meet special requirements. The development of global
sustainable building assessment tools has become a research hotspot, with a focus on
environmental protection issues. The sustainability assessment of old and new buildings
can be optimized by using different assessment tools. The assessment systems include
BREEAM in the UK, EEWH, and other assessment systems [14].

With the development of international standards and definitions in the field of Building
Sustainability Assessment Methods (BSAM), more and more regions are considering other
aspects of sustainable buildings, such as functionality, economy, ease of use, and technical
features. It includes the various procedural stages of the building in its overall life cycle, that
is, from the procurement of raw materials, the production of building materials and objects,
the actual construction process of the building, and the use, maintenance, demolition,
and final disposal stages [45]. Various methods and tools are available in the literature to
assist this study in constructing the relative impact of different variables on sustainable
building design and function, such as energy use during the operational phase, analyzing
environmental impacts, examining daily lighting levels in rooms, and predicting overall
building costs: life cycle and other or specific parameter combinations [46].

The purpose of this research is to construct sustainable building evaluation indicators
suitable for Taiwan. Based on the above literature evaluation scope and content analysis, it was
found that most evaluation tools cover issues such as the internal environment of the building,
the area of the building base, and the surrounding environment of the building [45,47]. The
purpose of this study is to further generalize and construct a sustainable campus ecological
building index that is suitable for Taiwan’s geographical characteristics and has a sustainable
conceptual framework such as environmental, social, and economic aspects [17,45]. Taiwan is
located on the southeast coast of the Asian continent and on the west coast of the Pacific Ocean,
between Japan and the Philippines, and is located in the center of the East Asian island arc. It
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is warm throughout the year, with large changes in spring and winter among the four seasons
and small changes in summer and autumn. The annual average temperature is about 22 ◦C,
and the average minimum temperature is only 12–17 ◦C (54–63 ◦F).

3. Methodology

This research aims to construct an index of sustainable building levels in Taiwan. It
summarizes the conceptual framework of the research based on the analysis results of the
related literature discussion in the previous chapter and intends to use two research meth-
ods. The “Fuzzy Delphi Method” (FDM) and “The Fuzzy Analysis Hierarchical Procedures
(FAHP) are used to construct the hierarchical indicators and confirm the indicator weights.
The methodology flow chart is shown in Figure 1.

Figure 1. Research methodology flow chart.

3.1. Research Procedure

This research collects and summarizes campus sustainable ecological construction
indicators and evaluation tools mentioned by relevant scholars at home and abroad by
sorting out relevant literature to construct a preliminary index framework for sustainable
ecological construction of Taiwan high school campuses. In the Fuzzy Delphi Expert
Questionnaire, after answering the questionnaire, delete the unimportant factors, and
obtain “The Hierarchical Structure of Sustainable Ecological Building Indicators in Taiwan
High School Campus”. According to the hierarchical index structure analyzed by the
fuzzy Delphi method, the questionnaire design and implementation of the expert fuzzy
analysis hierarchical process method are adopted. After answering the questionnaire, the
relevant weighted results were summarized. Finally, relevant research suggestions are put
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forward for the operation or construction of sustainable ecological buildings on Taiwan
high school campuses.

3.2. Fuzzy Delphi Method, FDM and Fuzzy Analysis Hierarchical Procedures, FAHP

The Delphi method, proposed by Dalkey and Helmer in 1960, is a procedural method
for systematically expressing the opinions of expert groups. In addition, Murray, Pipino,
and Gigch first combined fuzzy theory (fuzzy set) in the Delphi method. Ishikawa et al.
have used the concept of cumulative number distribution and fuzzy integral to integrate
the opinions of experts into fuzzy numbers, which was called the fuzzy Delphi method
(FDM) [14,46]. The fuzzy Delphi method can be used as a screening tool for evaluation
criteria. Compared with the traditional Delphi method, it has the following advantages:
(1) reducing the number of investigations; (2) expressing the opinions of experts more
completely; (3) through the fuzzy application of theory, expert knowledge will be more
in line with rationality and needs and (4) more economical in terms of time and cost [47].
Generally, the fuzzy Delphi method can be used to carry out the following three main
steps: (1) establishing an evaluation factor set that affects decision-making; (2) collecting the
opinions of experts or decision-making groups, and (3) calculating the evaluation value of
the fuzzy Delphi method. Therefore, this research follows this method to screen important
product design evaluation criteria to achieve the objectives set up during the research so
that the results obtained are more objective and practical. In the weight calculation program
of the campus ecological building index, this research adopts the Fuzzy AHP research
method to improve the research quality. Since the calculation of the Fuzzy AHP is more
complicated than the traditional AHP, this research intends to use the professional FAHP
analysis software—Power Choice. The results of the expert questionnaire were analyzed.

Power Choice software is a decision analysis tool that provides Fuzzy AHP. In the
case of uncertainty or decision problems with most evaluation criteria, by establishing a
hierarchical structure with interactive influence relationships, complex problems can be
systematized, and quantitative judgment is used to evaluate, and then sufficient information
is provided for decision-makers to make judgments, to ensure the reduction in decision-
making risks, and the improvement of the accuracy of decision-making.

The FAHP method can calculate the fuzzy weight and relative importance of each
element from the relative scores of the elements at each level assessed by experts and then
determine the importance order of each sub-criteria for the overall evaluation hierarchy
through hierarchical series connection. However, if you want to determine whether there is
a mutual influence between certain two evaluation elements and the degree of influence, it is
necessary to cooperate with data mining to determine the influence and correlation between
the elements. This research uses traditional AHP to calculate the relative weight of each
evaluation element in each questionnaire and then uses the fuzzy semantic scale variable
table to convert the continuous relative weight data into intermittent fuzzy semantic data.
Finally, each subject’s intention can be used as the input parameter of FAHP analysis after
the fuzzy semantic transformation, and useful association rules between the subcriteria can
be found.

3.3. Participants

The analysis steps of the ANP are: (1) establish a problem structure, establish a decision
problem, and establish a network hierarchy; (2) pairwise comparison of various aspects and
standards; (3) convert the total impact of the standard into a total-importance relationship.
At the same time, normalize and transpose the matrix to complete the unweighted matrix
of the supermatrix; (4) carry out the finite supermatrix, and finally obtain the weight and
order of each evaluation standard.

This study uses the Fuzzy Delphi method to test ecology and construction industry
experts and publish a report on ecological campus buildings. Eight experts, four con-
struction practitioners, and four university professors completed the fuzzy Delphi expert
questionnaire for this study. All the questionnaires were recovered, and all were valid
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questionnaires. The answer period is January–February 2022. The background information
of the experts is shown in Table 1.

Table 1. Expert background of FDM.

Type of Industry Duty Position Gender Educational
Background Seniority

Company A manager F Bachelor.
Architecture 25–30 years

Company B manager M Master.
Engineering 10–15 years

Company C manager F Ph.D. Management 10–15 years

Company D CEO M Master. Interior
space design 10–15 years

University A professor M Ph.D. Architecture 10–15 years

University B professor M Ph.D. Biology 10–15 years

University C professor M Ph.D. Architecture 15–20 years

University D professor M Ph.D. Architecture 15–20 years

3.4. Ecological Building Campus Substantial Environmental Assessment Framework

For the 27 evaluation factors belonging to the five evaluation index groups, the princi-
ples are established through the first-level fuzzy Delphi method according to the level of
the analytic hierarchy process. Therefore, according to their classification and mutual inde-
pendence, establish the level of the physical environment evaluation framework of the eco-
logical building campus, and formulate the second-stage analytic hierarchy process expert
questionnaire. Due to the high complexity of the AHP questionnaires, cross-comparisons
are required. To avoid overly complicated questionnaire responses, which may lead to
erroneous results, this study uses the selected items as evaluation factors and establishes
the upper layer as an evaluation indicator. The content description of the additional items
of the indicator is the basis for formulating the second-stage expert questionnaire. Its
evaluation framework was designed to assess the physical environment of an ecological
campus. Table 2 shows the details of establishing the hierarchy of objectives, evaluation
indicator groups, evaluation indicators, and evaluation factors.

Table 2. Assessment index and assessment factor.

Research Dimension Question of the Questionnaire

Campus’ architectural space

1.Sustainable building materials

2. Efficient space usage

3. Building orientation

4. Use of natural light

5. Energy planning for buildings

Ecological environment of the campus

1. Organic education field

2. Campus native plants

3. Ecological education area

4. Biological habitat

5. Establishment of campus ecological
database
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Table 2. Cont.

Research Dimension Question of the Questionnaire

Taiwan Sustainable Eco-Campus
Evaluation Index

1.Sustainable building materials

Classroom environment quality

1. Classroom noise

2. Classroom air quality

3. Classroom lighting

4. Ventilation system

5. Temperature and humidity control

6. PM2.5

Energy and resource consumption

1. Renewable energy

2. Solar energy utilization

3. Campus Wind Power

4. Energy-efficient buildings

5. Water retention of building base

6. Electromagnetic interference

Functionality with durability

1. Healthy campus environment

2. Sustainable innovation design method

3. Eco-campus maintenance

4. Building appearance maintenance

5. Use of high-efficiency equipment

4. Results

The research motivation and purpose of this research require us to describe the research
and analyze the results of the “Fuzzy Delphi Method” and “Fuzzy Analysis Hierarchical
Procedure Method”. The results of the two research methods are described below.

4.1. Fuzzy Delphi Analysis Results

The purpose of this study is to use the Fuzzy Delphi method to revise the hierarchical
structure of the preliminary sustainable building evaluation indicators constructed by the
literature discussion to make the theory and practice connotation consistent and evaluate
the appropriateness and importance of indicators to develop a sustainable ecological
building indicator framework that is more in line with the region. At this stage, the Fuzzy
Delphi scale was divided into five main criterion types according to the interview results: 1.
campus space architecture; 2. campus ecological environment; 3. classroom environmental
quality; 4. energy and resource consumption; 5. functionality with durability.

This study solicited the opinions of experts in the ecology and construction industry
and the issue of literature discussion and compilation and preliminarily formulated five
dimensions and 27 evaluation factors of the ecological campus built environment index
dimension and criterion factor. This study invited eight experts. They were invited to
fill in the questionnaire (Table 1). All the questionnaires were recovered, and all were
valid questionnaires. According to the 80/20 rule, multiply the overall average of 9.62 by
80% to obtain a threshold of 7.69. The lower ones were truncated, and all five dimensions
were retained (see Table 3), so the measurement dimensions had expert consistency and
importance. In addition, regarding the ecological campus built environment indicators,
this research analyzes the evaluation factors of the ecological campus built environment
indicators. The screening method used the 90% expert consensus value Gi9.54 as the
threshold, and the expert consensus threshold was 8.82. The lower ones have been removed,
leaving 25 evaluation criteria, as shown in Table 4.
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Table 3. Dimensional analysis selection of ecological campus building factors.

Criteria Ci ai Oi Mi

Mi Zi Mi-Zi Gi

Dimension Min Max Min Max Min Max Ci ai Oi

Campus’ architectural
space 8 9 9 10 9 10 8.42 9.42 9.87 1.44 0 1.44 9.62

Ecological environment of
the campus 8 9 9 10 9 10 9.21 9.98 10 0.92 0 0.92 10

Classroom environment
quality 8 10 9 10 10 10 8.76 9.77 10 1.22 0 1.22 10

Energy and resource
consumption 8 9 9 10 9 10 8.54 9.55 10 1.33 0 1.34 10

Functionality with
durability 8 9 9 10 10 10 8.57 9.54 9.89 1.21 0 1.22 9.02

Total 5 Threshold 8.69

Table 4. Analysis and screening table of evaluation criteria.

Criteria Ci ai Oi Mi

Mi Zi Mi-Zi Gi

Dimension Min Max Min Max Min Max Ci ai Oi

Sustainable building materials 7 9 8 9 9 10 7.64 8.53 9.52 1.50 0 2.88 8.38

Efficient space usage 7 9 7 8 8 9 7.00 7.89 9.00 2.00 −1 0 5

Building orientation 9 10 9 10 9 10 9.31 9.86 10.00 0.66 0 0.66 10.00

Use of natural light 7 8 8 9 9 10 7.78 8.65 9.64 1.88 −1 2.88 8.26

Energy planning for buildings 8 9 8 9 9 10 8.65 9.65 9.87 1.22 0 1.22 9.00

Organic education field 8 9 9 10 8 10 8.77 9.78 9.77 1.11 0 1.11 9.00

Campus native plants 9 10 9 10 10 10 9.85 10 10 0.14 0 0.12 10.00

Ecological education area 7 8 8 9 9 10 7.42 8.33 93.31 1.88 0 2.88 8.65

Biological habitat 7 8 8 9 9 9 7.31 8.20 9.20 1.50 −1 2.88 8.77

Establishment of campus
ecological database 8 9 9 10 9 10 8.31 9.31 9.76 1.44 0 1.44 9.00

Classroom noise 7 8 8 9 9 10 7.64 8.65 9.65 2.00 0 3.00 8.34

Classroom air quality 7 8 8 9 8 9 7.00 8.00 8.88 1.89 −1 2.89 7.00

Classroom lighting 7 9 7 9 9 10 7.55 8.43 9.43 1.88 0 2.88 8.51

Ventilation system 9 10 9 9 9 10 9.76 10 10 1.45 0 1.45 10.00

Temperature and humidity
control 7 8 7 6 7 8 7.23 7.31 8.76 1.46 −1 1.82 6.00

PM2.5 8 9 7 9 9 10 8.25 9.25 9.31 1.57 −1 2.57 9.00

Renewable energy 6 8 7 9 7 9 7.52 8.08 9.09 2.01 0 2.01 8.00

Solar energy utilization 8 9 9 10 9 10 8.22 9.23 9.82 1.57 0 1.57 9.00

Campus Wind Power 9 10 9 10 8 9 9.21 10 10 10 0 0.25 9.00

Energy-efficient buildings 9 10 8 10 9 10 9.55 10 10 0.45 0 0.45 9.00

Water retention of building
base 8 9 9 10 8 10 8.35 9.22 9.76 1.62 0 1.55 9.00

Electromagnetic interference 6 8 7 8 7 8 6.99 7.78 8.63 1.65 −1 0.64 7.00

Healthy campus environment 8 9 8 10 8 9 8.34 9.24 9.25 1.58 0 1.50 9.00

Sustainable innovation design
method 9 10 9 10 8 9 9.55 10 10 0.51 0 0.24 10.00

Eco-campus maintenance 9 10 10 10 8 10 9.44 10 10 0.56 0 0.56 10.00

Building appearance
maintenance 8 10 8 9 8 9 9.35 8 9 1.55 1 0.42 9

Use of high-efficiency
equipment 8 10 8 9 8 10 8.24 9 9 1.58 0 0.58 10

Total number of research dimensions selected 27 Threshold 8.82

4.2. Fuzzy Analysis Hierarchical Procedure Method Results

After this research used the fuzzy Delphi method to screen and analyze the importance
of the evaluation indicators of campus ecological buildings, this section intends to use the
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25 evaluation indicators of campus ecological buildings summarized by this research to
conduct an empirical study of the fuzzy analysis hierarchical procedure method, and its
use by the government. It is a reference for the construction, maintenance, and related
evaluation of campus ecological buildings by units or the construction industry. The data
results calculated by Power Choice in this study were summarized as follows:

In Table 5, we can see the relative weights of the evaluation index factors of campus
space buildings. Experts believe that efficient space utilization is the top priority for the
overall development of campus space buildings, followed by building positioning and
natural light utilization. The building energy planning has a lower weight, the consistency
CI value of the main floor is 0.016246, and the CR value is 0.013286, both of which are less
than 0.1, indicating good consistency. Relative weights of the evaluation index factor for the
ecological environment of the campus. Experts believe that the environmental education
area is the top priority for the overall development of the ecological environment of the
campus, followed by the biological habitat and the organic education field.

Table 5. Relative weights of the evaluation index factors of campus space buildings.

Research Dimension Question of the
Questionnaire Weighting Ranking

Taiwan Sustainable
Eco-Campus Evaluation

Index

Campus’ architectural space

1.Sustainable building
materials 0.142481 4

2. Efficient space usage 0.178253 1

3. Building orientation 0.163466 2

4. Use of natural light 0.158852 3

5. Energy planning for
buildings 0.116571 5

λmax = 5.170784, C.I = 0.016246, C.R = 0.013286

Ecological environment of the
campus

1. Organic education field 0.051396 3

2. Campus native plants 0.043268 4

3. Ecological education area 0.065325 1

4. Biological habitat 0.059228 2

5. Establishment of campus
ecological database 0.031554 5

λmax = 4.383225, C.I = 0.013951, C.R = 0.011272

Classroom environment
quality

1. Classroom noise 0.028698 2

2. Classroom air quality 0.023596 4

3. Classroom lighting 0.031227 1

4. Ventilation system 0.021447 5

5. PM2.5 0.026557 3

λmax = 4.125247, C.I = 0.015239, C.R = 0.014841

Energy and resource
consumption

1. Renewable energy 0.031547 3

2. Solar energy utilization 0.026583 5

3. Campus Wind Power 0.028631 4

4. Energy-efficient buildings 0.034553 2

5. Water retention of building
base 0.037582 1

λmax = 5.98581, C.I = 0.02917, C.R = 0.02331

Functionality with durability

1. Healthy campus
environment 0.034223 3

2. Sustainable innovation
design method 0.036874 2

3. Eco-campus maintenance 0.039531 1

4. Building appearance
maintenance 0.029831 4

5. Use of high-efficiency
equipment 0.026553 5

λmax = 6.139546, C.I = 0.020351, C.R = 0.018261
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The establishment of the campus ecological database has a lower weight, the consis-
tency CI value of the main layer is 0.013951, and the CR value is 0.011272, all of which are
less than 0.1, indicating good consistency.

The relative weights of the classroom environment quality indicator factors are indi-
cated. Experts believe that classroom lighting is the top priority for the overall development
of the classroom environment quality, followed by classroom noise and PM2.5. The ventila-
tion system has a lower weight. The consistency CI value of the main layer is =0.015239,
and the CR value is 0.014841, both of which are less than 0.1, indicating good consistency.

The relative weights of energy and resource consumption indicator factors are indi-
cated. Experts believe that the water retention of building bases is the top priority of the
overall development of energy and resource consumption, followed by energy-efficient
buildings and renewable energy. Solar energy utilization has a low weight. The consistency
CI value of the main layer is 0.02917, and the CR value is 0.02331, both of which are less
than 0.1, indicating good consistency.

The relative weights of functionality with durability indicator factors are indicated.
Experts believe that eco-campus maintenance is the top priority of the overall development
of functionality with durability, followed by sustainable innovation design methods and a
healthy campus environment. The use se of high-efficiency equipment with lower weights:
the consistency CI value of the main layer is 0.020351, and the CR value is 0.018261, both of
which are less than 0.1, indicating good consistency.

4.3. Overall Analysis of Weight Results of Campus Ecological Building Evaluation Indicators

In this study, the FAHP expert questionnaire was analyzed for the campus ecological
building evaluation model. After the FAHP weight calculation, this study analyzed and
compared all evaluation items of the hierarchical campus ecological building structure so
as to understand the importance of the campus ecological building evaluation model for
high schools in Taiwan shown in Table 6.

Table 6. Evaluation model of ecological building in Taiwan high school campus.

Ranking Question of the Questionnaire Weighting Research Dimension

1 Efficient space usage 0.178253 Campus’ architectural space

2 Building orientation 0.163466 Campus’ architectural space

3 Use of natural light 0.158852 Campus’ architectural space

4 Sustainable building materials 0.142481 Campus’ architectural space

5 Energy planning for buildings 0.116571 Campus’ architectural space

6 Ecological education area 0.065325 Ecological environment of the campus

7 Biological habitat 0.059228 Ecological environment of the campus

8 Organic education field 0.051396 Ecological environment of the campus

9 Campus native plants 0.043268 Ecological environment of the campus

10 Eco-campus maintenance 0.039531 Functionality with durability

11 Water retention of building base 0.037582 Energy and resource consumption

12 Sustainable innovation design
method 0.036874 Functionality with durability

13 Energy-efficient buildings 0.034553 Energy and resource consumption

14 Healthy campus environment 0.034223 Functionality with durability

15 Establishment of campus ecological
database 0.031554 Ecological environment of the campus

16 Renewable energy 0.031547 Energy and resource consumption



Sustainability 2022, 14, 6265 13 of 17

Table 6. Cont.

Ranking Question of the Questionnaire Weighting Research Dimension

17 Classroom lighting 0.031227 Classroom environment quality

18 Building appearance maintenance 0.029831 Functionality with durability

19 Classroom noise 0.028698 Classroom environment quality

20 Campus Wind Power 0.028631 Energy and resource consumption

21 Solar energy utilization 0.026583 Energy and resource consumption

22 PM2.5 0.026557 Classroom environment quality

23 Use of high-efficiency equipment 0.026553 Functionality with durability

24 Classroom air quality 0.023596 Classroom environment quality

25 Ventilation system 0.021447 Classroom environment quality

4.4. Analysis of Campus Ecological Building Indicators

This research selects the first five important indicators for exploration and shows the
evaluation mechanism of experts on campus ecological buildings to achieve the goal of a
sustainable ecological campus.

(1) Efficient space usage

The campus is a base for guiding imagination and creativity, a space for exploring
the unknown and experience, a field for learning and thinking, a hall for guiding the
development of personality and values, and a place for the enlightenment of humanistic
qualities [48]. Every campus is the most convenient educational base for implementing
environmental teaching. On-campus, there is an understanding of the ecological laws of
interdependence, symbiosis, co-prosperity between living things, between people and the
living environment, and between people and energy resources [48]. The transformation of
the environment not only looks at the individual but also looks at the relationship between
the individual and the environment, focusing on creating the relevance of each part and
the relationship between them in a perpetual cycle [49]. The focus of sustainable campus
transformation is to change people’s thinking and behavior and to promote education as
the main purpose of space transformation.

(2) Building orientation

The orientation of campus buildings should take natural conditions into account, such
as air, sunlight, orientation, and field of vision. In terms of configuration, systematic and
hierarchical planning and designed are carried out from large to small, and all classrooms
are mainly oriented in the north-south direction as much as possible to maximize the
building’s energy-saving effect [50]. Under the climatic conditions of Taiwan, the north-
south school building configuration is the most natural. In the past, most of the campus
configurations were north-south school buildings, which were often configured in a one-
line or a mouth shape, but the purely north-south campus space was monotonous and rigid,
and the mouth-shaped and E-shaped campuses were uniformly distributed on campus at
all levels. Additionally, the base orientation is not necessarily north-south; each base fulfills
its responsibilities and strives for the permeation and greening of every inch of land so that
the earth can breathe and the environment is very ecologically friendly; then the goal of a
sustainable ecological campus is not far away [51].

(3) Use of natural light

The best light source is natural light, and the same is true in campus buildings, which
is why the lighting design of green buildings should allow natural light to enter the interior.
This is not only energy saving, but this kind of light is better for the human eyes and body,
and it can also affect the effect of learning for students [52].
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(4) Sustainable building materials

Not all artificial light sources used in buildings can achieve the benefits of natural light.
If the artificial light source is not well designed, it will cause the problem of glare, which
will affect the vision, damage the eyesight and affect the comfort of the eyes. Therefore,
the source of light in the planning of ecological campus buildings is an important factor
that must be considered [52,53]. The lighting needs of many events can be met as long as
diffused light enters the campus space. As a result, students hardly need to turn on the
lights most of the time they are engaged in indoor learning activities [54].

(5) Energy planning for buildings

Buildings are the largest energy consumers, consuming between one-quarter and one-
third of the world’s total energy consumption and releasing greenhouse gases. In response
to the trends of energy conservation, carbon reduction, and sustainable environmental
protection, governments around the world have included building energy conservation
as critical to energy conservation and carbon reduction [55]. It is hoped that the goal of
reducing carbon dioxide emissions and reducing energy consumption can be achieved
through the implementation of building energy-conservation and carbon-reduction stan-
dard systems or the implementation of green buildings. Most buildings in China were not
constructed after the careful consideration of the reasons for building energy consumption
in the early stage of planning, resulting in many buildings with high-energy consumption
and high carbon emissions [56,57]. Therefore, if the total energy consumption of building
products can be reduced, and the practice of zero energy consumption and carbon neutral-
ity can be achieved, it will effectively reduce the total energy consumption and achieve the
goal of a low-carbon ecological campus [58].

5. Discussion and Conclusions

The findings suggest that the use of space for schools should be considered first.
For example, new buildings must conform to the space used by students in teaching; in
particular, attention should be paid to the orientation of the overall space and the ease of
use of space for students in the school and must comply with the Energy Conservation Law
and be affixed with energy-saving signs. These measures are essential to reduce energy
consumption and sources of natural light [59]. In addition, campus ecological buildings
should be integrated into school classroom activities. Energy-saving competitions can
also be held in conjunction with local, sustainable education activities, such as energy-
saving innovations, energy-efficient design, and environmentally-friendly living practices
to encourage teachers and students to maintain sustainable campuses and foster the concept
of environmentally sustainable education [60]. This study divided the 27 final initiatives
identified in the literature into five main dimensions and 25 sub-dimensions. Some of
the content is similar to other studies. However, differences in policy and management
are evident: countries build their assessment tools according to their unique needs. The
indicators in this study, although fundamental and regional, are local. Therefore, this
study compares green procurement, management policies, and daily life behaviors across
countries. Since Taiwan is an island country with scarce natural resources, energy-saving
is more important than in other countries. Policy advocacy should be comprehensive, in-
depth, and effective, and sometimes combined with appropriate and substantive incentives
to raise the willingness to implement education in schools. Build a sustainable ecological
campus that recycles resources and energy.

The problem with environmental sustainability is not a problem of insufficient re-
sources but that we always want too much more than we need; it is a problem of allocation
and cognitive responsibility; about 80% of the world’s resources are owned by 15% of the
world’s depleted population. The means to make people consciously look at the resources
they have and then recognize that they are shared by all of the creatures on the earth,
and not at their discretion, is through guidance and education. Schools and families are
the most important areas of life for children, and they are also places of enlightenment
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for personality development and value learning. Schools play very important roles. In
promoting a sustainable ecological campus, the most important thing should be how to let
teachers and students establish the concept of a sustainable environment and how to truly
implement the environmental education of sustainable campuses. Let teachers and students
establish correct environmental ethics, which is the most important thinking. From the per-
spective of sustainability, the environmental literacy of modern citizens is a comprehensive
concern for human development, care for the conservation of the ecological environment,
maintenance of social and cultural development, and adequate care for vulnerable social
welfare [59,61]. Cultivating students to establish an all-around caring attitude of “caring
about the future environment” is the ultimate goal of promoting sustainable campus plans.
The specific and feasible approach of the school is when implementing the sustainable
campus plan, in addition to building hardware facilities on the concept of sustainable
development, while planning the hardware facilities, it can set up a teaching research team
and plan related teaching plans. When building hardware facilities, the teaching team can
cooperate with the development of teaching modules and perform teaching tests. When the
renovation plan of the campus hardware facilities is completed, the research and teaching
team can conduct practical teaching and assist in the operation and maintenance of the
sustainable campus [62].

However, the new materials or new construction methods used in sustainable building
ecological campuses are still not 100% free from pollution problems, and the calculation
methods of benefits and environmental costs are still difficult to evaluate. Sustainable
architecture is a road that is constantly being explored and revised. However, this road was
not necessarily driven by technology [37]. One of the ways that human beings can help
the environment is to revise their way of life so as not to waste materials excessively [63].
Pursuing comfort, reducing energy dependence, etc., is the part that needs to be practiced
the most before exploring sustainable architecture.
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