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Abstract: School buildings and facilities constitute essential educational infrastructure and have a
formative impact on the safety, development, and socialization of students. However, many existing
school buildings are increasingly aging and deteriorating, requiring urgent refurbishment, raising the
need to assess and develop a quality function to propose strategies for improved school building
reconstruction. Apart from the initial planning phase, the reconstruction design process usually
requires detailed information regarding owner/user demands and is often presented in terms of user
dissatisfaction. This paper applies fuzzy quality function deployment (FQFD) to transform actual
user needs into an improved technical strategy that can be realized by the design unit through the
sequence of the matrix method. The resulting framework identifies a total of eight major components
of user dissatisfaction, along with three key school-design improvement strategies, including the
use of environmentally sound materials, overall quality of design and planning, and playground
planning. In terms of technology improvement strategies, the prioritized design improvement
strategies for increasing school reconstruction satisfaction include considerations of practicality
and constructability, planning use points and maintenance methods, designing the site according
to the local terrain, and using materials that match the layout of the environment. The approach
proposed in this study can be used to enhance the efficiency of the reconstruction of aging buildings
and the research results can also augment ontological knowledge on the reconstruction of aging
campus buildings.

Keywords: fuzzy quality function deployment (FQFD); user satisfaction; school reconstruction;
design quality expansion

1. Introduction

Formal education in schools requires the provision of school buildings that are safe,
comfortable, and well-suited to school activities [1]. The quality and safety of school
facilities have a direct impact on student health and behavior, requiring effective and
continuous management of the school environment. Aging buildings that pose potential
safety concerns require structural reinforcement, refurbishment, or replacement to ensure a
learning environment that is healthy, safe, and comfortable.

In the design of school buildings, function is prioritized above form [2], but considers
the need for educational success such as child achievement. Aging and poorly maintained
school buildings have a negative significant influence on children’s behavior and achieve-
ment [3]. In addition to contributing to accidents and physical security concerns [4], failure
to maintain school buildings properly and effectively can also negatively impact student
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health and safety [5]. As such, aging school buildings must be maintained and periodically
renewed to ensure a healthful and effective learning environment. The regular mainte-
nance, renovation, and reconstruction of school buildings extends the service life of such
educational infrastructures. Such maintenance must also consider responses to disasters or
construction flaws.

As with any construction project, reconstruction usually begins with the design phase
overseen by the architects and designers, followed by project delivery and construction
execution overseen by the contractors. The final result of the construction project is then
turned over to the user, and ends with the operation and maintenance phases [6]. These
stages represent the building construction project life cycle. The level of user satisfaction
with school building construction is assessed based on the expectations of users and school
facility managers in comparison to actual conditions. The resulting level of user satisfaction
can be influenced by the implementation of planning, design, and construction.

Reconstruction projects are much more complex than general new construction projects
in terms of complexity due to the limitations imposed by the existing structures. The current
users of facilities slated for reconstruction provide important insight into the function
of such buildings through their rich usage experience. In addition, user satisfaction of
reconstructed facilities is more difficult to achieve than that of general users. This study aims
to enhance the quality function of school building design in Taiwan, using fuzzy quality
function deployment (FQFD). In this study, FQFD is used to measure user satisfaction with
a school reconstruction project. The developed model seeks to make the quality function
more systematic, enabling it to meet real user needs better. The approach uses the matrix
method to transform the outputs into a sequence of improved technical strategies. This
study introduces the concept of fuzzy theory, and ranks technology improvement strategies
based on their respective levels of ambiguity, in order to help decision-makers identify the
improvement plan best suited to their priorities.

2. Literature Review

The performance requirements of school buildings are determined by the needs of
the owners and users. There are at least two main aspects when evaluating school facility
performance: technical (e.g., thermal comfort, visual and acoustic performance, and air
quality) and functional (design of various spaces including assembly areas, classrooms,
hallways, and restroom) [7–9]. User needs should play a significant role in determining
the design of school facilities. For example, a classroom with a standard area of 63.80 m2

provides sufficient space for the classroom-centered learning of 22 students [5]. The results
of a user satisfaction survey may indicate the need to redesign a facility such as a library
due to changes in usage as a result of the proliferation of online library services [10,11].
In addition to spatial layout, the choice of construction materials can directly impact the
brightness of a room, along with the thermal environment and humidity [12,13], thus
affecting user satisfaction [14].

The satisfaction of building users (also referred to as “customers”) is a function of
the difference between their initial performance expectations and the actual final perfor-
mance [15]. Yi and Nataraajan [16] refer to this as “positive disconfirmation” and “negative
disconfirmation”. A provider of goods/services needs to satisfy their customer’s needs
and provide desired benefits, for example by bringing in new customers for the service
providers [17]. Furthermore, in construction projects, there is a close relationship between
the user and owner’s satisfaction and the work quality provided by the contractor and
designer [15,18,19]. Quality is measured in terms of product durability, while satisfaction
describes the fulfilment of needs through the timely execution of the planning, delivery,
and construction processes. This study measures customer satisfaction based on a concept
developed at the Ross School of Business, University of Michigan [20]. The concept starts
from extracting information about customer expectations and perceived quality, which
produces any perceived value. In the end, it boils down to whether the customer either
complains about the resulting product or develops loyalty to them (Figure 1).
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In the construction project cycle, the design phase is sometimes overlooked and lacks
detailed supervision. Chen et al. [21] developed a model for evaluating client satisfaction
using professional construction management (PCM) services based on elementary school
reconstruction projects. They concluded that PCM services should focus primarily on the
planning and design phases of school building reconstruction projects. Ahmed et al. [22]
evaluated the performance of three post-occupancy school buildings in the UK to improve
the contractor and designer understanding of client satisfaction, based on the argument that
designers and contractors should be responsible for post-handover and post-occupancy
evaluation (POE). After finding that such handovers were rarely carried out for school
buildings, focus moved to the provision of building services (such as heating, lighting, air
conditioning, and ventilation) and it was found that the design process provided adequate
client satisfaction. These findings were consistent with those of Roberts et al. [23], who
specifically proposed improved collaboration between architects, designers, and contractors
with the post-construction (handover) facilities management (FM) team in order to conduct
POE throughout the building life cycle [24].

The clients referred to in this study are managers and users of school facilities (build-
ings). In Taiwan, the principal/general director has full authority to supervise and evaluate
school building performance, and is responsible for the overall management of school
building reconstruction projects [25]. However, user satisfaction must also be explored
from the perspective of school staff and students, as they are the parties most deeply
impacted by the day-to-day usability of school facilities. In New Zealand, the property
management of all school assets (building structures, services, and infrastructure) is con-
ducted by a school board consisting of the principal, staff representatives, and parent
representatives [26,27]. This includes a full review of the role of technical and maintenance
staff. Such staff are frequently overlooked in the school architectural design stage, despite
their close knowledge of critical financial, pedagogic, and hygienic considerations [2]. In a
study on the school building renovation process, Farsäter and Olander [28] emphasized
the importance of including the perspective of school building users when determining
renovation project goals during the goal formulation and design stages, thereby better
managing user expectations and optimizing user satisfaction. School project sustainability
is also typically understood from the project contractor and manager perspectives, rather
than that of the client [29], although the design process should begin by identifying and
defining client needs [30].

Several studies have sought to measure user satisfaction for property and related
services, including building facilities and school buildings, using data collected comes
from the surveys (questionnaires and interviews) of customers, users, owners, and con-
sumers [21,31–33], as well as designers, manufacturers, and contractors [34,35]. Kärnä
et al. [36] surveyed 831 construction projects to identify seven clusters of factors that typi-
cally drive customer satisfaction, finding that management quality and cooperation are the
most important factors, indicating a shift in construction towards a service orientation by
adopting modern service management methods. However, “soft” measurement tools, such
as customer satisfaction, are still relatively underdeveloped in the construction domain,
and key construction project stakeholders (e.g., clients and contractors) do not always
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agree on how to define “satisfaction” and its determinants [37]. Aluko et al. [38] found
that perceived service quality has a significant impact on client satisfaction in construction
projects, with design economy, budget compliance, and timely delivery being significant
determinants of perceived service quality, as well as effectiveness of management collabo-
ration and coordination, integrity and trust, regular site visits, and project management
knowledge and skills. Thus, service delivery process factors should focus on enhancing
overall client satisfaction, and the technical expertise and skills of project architects should
be continuously upgraded through training in order to better understand the project envi-
ronment. Most of the existing literature on customer satisfaction focuses on new structures,
with little or no focus on reconstruction projects. This results in significant gaps in relevant
knowledge in this area of construction ontology.

For data analysis, some studies have used QFD to translate customer requirements
into final products within the product development life cycle of general products [39] and
specifically in building design [30,40]. QFD is a series of activities related to product devel-
opment, process planning, and production planning oriented toward customer needs. QFD
has been used to understand user needs, thus reducing product requirement uncertainty
among designers and engineers [41]. The quality function is then used to transform user
requirements into improved technologies. The systematic use of the quality function can
effectively transform owner needs into design elements through House of Quality (HoQ)
operations as a central position in QFD [42]. Figure 2 presents a conceptual diagram of
the extension of the quality function. The needs of the owner and user are tracked by
collecting data to identify items of need and satisfaction. Furthermore, the data are used in
the expansion of functions by the HoQ, and a design product is produced as the output.
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Figure 2. Concept map of QFD.

In general, the process of distributing the quality function can be divided into four
stages as described by Govers [43] with the visualization developed by Yang et al. [30],
as presented in Figure 3. The stages are sequential, namely: (1) product planning—using
the HoQ to develop customer requirements into detailed product engineering features;
(2) component expansion—product engineering characteristics are extended to compo-
nent characteristics; (3) process planning—extending component characteristics to process
operations; and (4) job planning—deploying process operations to the framework of the
operation. Figure 4 depicts House of Quality, which is the main tool for implementing QFD,
as developed by Akao [43,44]. HoQ is used to process the input data of user requirements
and the technical requirements (specifications) using the matrix method to produce a prior-
ity order of technical items. Therefore, the HoQ matrix is complex enough to translate user
needs and the resulting outputs answer those needs.

Fuzzy numbers have been widely applied to QFD as FQFD [32,33,35,45] because
they are considered more applicable to nonlinear real-world systems. Furthermore, FQFD
has been hybridized with other approaches such as evidential reasoning (ER), for exam-
ple in prioritizing transportation designs in the development of interaction trapezoidal
weights [46]. On the other hand, FQFD has also been combined with the Kano model to
provide an integrated framework to increase satisfaction levels [34], while the combination
with quantitative Kano (QKNO) also provides the same results [44]. A hybrid combining
FQFD and fuzzy grey relational analysis (FGRA) was implemented to increase satisfaction
with advertising services, using user survey questionnaire data [31]. Finally, a hybrid of
fuzzy logic, QFD, and genetic algorithm (GA) was used to select the best combination of
priority projects to provide business benefits [47].
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3. Methodology

This study started with a perception of user dissatisfaction with school reconstruction
projects. A review of the relevant literature was followed by questionnaire distribution to
collect information on user dissatisfaction with school facilities. An analysis was performed
to determine the appropriate weight of each evaluation item, followed by the expansion
of the design quality function. This case served to develop two aspects: the design and
construction quality functions. However, the paper only focused on the development
of the design quality function. The technology development stage was carried out via
sensitivity analysis. Next, the architect determined the correlation matrix to discover the
correlation between customer requirements and technical improvement strategies. After
determining the sequence of design improvement technical strategies, the next step was to
introduce fuzzy concepts to eliminate the need for architects. Analysis of the correlation
matrix uncertainty using different values improved the order of the technical strategy. The
implementation stages of this study are introduced in Figure 5.

Figure 6 shows the data collection and confirmation process, followed by data analysis
(complete with the tools used). We started by determining the evaluation framework and
factors, followed by the weights of the evaluation items and the level of user satisfaction,
and then developed corrective actions for user dissatisfaction.

The HoQ concept was applied for quality development through the following steps [40]:

• Step 1: List customer requirements (What)—what do customers want? Customer-
demand information is sourced through a questionnaire with guidance from contractor
staff. The questionnaire is used to investigate and analyze customer actions to under-
stand quality requirements and to review previous customer requests and complaints.
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• Step 2: Glossary of technical terms (How)—how to achieve the requirements? Any
technical statement must directly affect the customer’s perception of the product and
must be stated in measurable terms.

• Step 3: Develop a matrix of relationships between customer requirements and technical
characteristics. The relationship matrix must correctly describe the degree of mutual
influence between quality requirements and quality elements. Given the large number
of quality requirements and elements, this step may take some time.

• Step 4: Develop relationships between technical terms (How). The squares in the trian-
gular table (on the roof of the quality house) represent the degree of interrelationship
between the technical term items and the degrees can be represented by symbols. For
example, “##” represents a strongly positive relationship, “#” represents a positive
relationship, “×” represents a negative relationship, and “××” represents a strongly
negative relationship.

• Step 5: Prioritize customer needs. After market research and customer feedback, we
provide a score for each customer’s request, representing the relative importance of
the request to the customer compared with all of the other product demand items.

• Step 6: Prioritize technical statements. The quality function development team needs
to determine what needs must be met and which technical requirements must be
improved. The priority list of technical terms consists of the following four items:
(1) identify technical difficulties, (2) set the target value, (3) calculate the absolute score,
and (4) calculate the relative score. The method of assessing the order of priority of
the technical statement items depends on the purpose of solving the problem.
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Fuzzy theory [48] shows that the α-cut set of fuzzy sets is a clear set of fuzzy set, which
is the α-cut set for the confidence interval of fuzzy numbers. The α is the membership
strength of the fuzzy number (α value is from 0 to 1). The larger the value, the higher the
membership strength [49]; the higher the threshold quality, the more accurate the definite
value, and the less the value in the corresponding interval. Otherwise, it means judgment
is more ambiguous. The range it forms is as follows [50,51]:
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1. A =
{

x ∈ X|µ ∼
A
(x) > α

}
,α ≥ 0 is the cut set of A;

2. When α ≤ µ ≤ 1, X ∈ A (α), and α is a threshold value;

Buildings 2023, 13, x FOR PEER REVIEW 6 of 18 
 

architects. Analysis of the correlation matrix uncertainty using different values improved 
the order of the technical strategy. The implementation stages of this study are introduced 
in Figure 5. 

 

Figure 5. Research flow chart. 

Figure 6 shows the data collection and confirmation process, followed by data 
analysis (complete with the tools used). We started by determining the evaluation 
framework and factors, followed by the weights of the evaluation items and the level of 
user satisfaction, and then developed corrective actions for user dissatisfaction. 

Descriptive 
statistics

Factor 
analysis & 
reliability

AHP Simple weight 
method

Model 
evaluation QFD

Confirm 
framework 

& 
evaluation 

factors

Questionnaire 
stability, determining 

the order of 
evaluation methods

Determine 
relative weight 

of sub-
dimensions

Determine 
the weight of 

the 
evaluation 

factor items

Identification 
and evaluation 

of 
dissatisfaction 

items

Develop 
corrective 
actions for 

dissatisfaction 
items

First questionnaire Second questionnaire Third questionnaire

 
Figure 6. Stages and analysis tools. 

The HoQ concept was applied for quality development through the following steps 
[40]: 
• Step 1: List customer requirements (What)—what do customers want? Customer-

demand information is sourced through a questionnaire with guidance from 
contractor staff. The questionnaire is used to investigate and analyze customer 
actions to understand quality requirements and to review previous customer 
requests and complaints. 

Problem identification 

Literature review: 
- Satisfaction definition 
- Parameter weighting 
- QFD 
- Fuzzy 

Questionnaire survey & 
evaluation item weighting 

Case data analysis: 
QFD to determine the order of design 

improvements 

Technology development stage 

Conclusions & recommendations 

Figure 6. Stages and analysis tools.

The type of triangular fuzzy number is represented by three numerical values (a, b,
and c), where b is the representative of the fuzzy set (mode or middle number), and the
degree of membership is the largest; (b) = 1, α-cut is equal to 1, and the corresponding
value is a single real value; a and c are the upper and lower limits of fuzzy numbers, with
the lowest membership degree, with α-cut equal to 0 (shown in Figure 7).

Buildings 2023, 13, x FOR PEER REVIEW 8 of 18 
 

 

Figure 7. Triangular ambiguity. 

In this study, α-cuts in the fuzzy analysis method are used to represent changes in 
decision making, and semantic variables are divided into several different degrees (11 α-
cuts) to represent the variability of the decision-making environment. The results of the 
selection will be analyzed and described in detail to determine the priority sequence for 
technical project improvements. Figure 8 summarizes the sequence of quality technology 
deployment strategies. 

 

Figure 8. Technology strategy sequence pattern flow chart. 

4. Results and Discussion 
4.1. Determining the Evaluation Factor Weight 

The review of the related literature was used to define the evaluation factors for the 
school project design satisfaction. The initial questionnaire design contained 19 evaluation 
factors, and was reviewed by multiple subject matter experts who helped improve the 
design. The results analysis included descriptive statistical analysis and tests of the 
stability and consistency of the questionnaire. Further factor analysis and reliability 
analysis were used to confirm the framework and factors of the satisfaction assessment, 
extract common elements, and name evaluation factors. The results of these analyzes were 

a 

α-cut 

1 

b c x 

μA(x) 

0 

List of required items 

Design aspects Demand satisfaction rate Determine the 
weight of the 

request 

Relationship 
matrix 

Fuzzy 

Defuzzification 

Confirm order of technical upgrade 

Figure 7. Triangular ambiguity.

The upper limit of the α-cut set is 1 and the lower limit is 0. The larger the value, the
higher the membership strength, thus the clearer the decision-making environment and
the more accurate the selected results. Therefore, the larger the α-cut set used, the smaller
the interval. When α = 1, the corresponding value is a single real value (β). α-cut is an
important concept of the fuzzy set because it converts a fuzzy set into a clear set. As these
elements (α, β, γ) are set in a fuzzy environment, this limit concept is α-cut. The main use
of α-cut is to find a clear set of fuzzy sets as a reference value for decision making.

In this study, α-cuts in the fuzzy analysis method are used to represent changes
in decision making, and semantic variables are divided into several different degrees
(11 α-cuts) to represent the variability of the decision-making environment. The results of
the selection will be analyzed and described in detail to determine the priority sequence for
technical project improvements. Figure 8 summarizes the sequence of quality technology
deployment strategies.
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4. Results and Discussion
4.1. Determining the Evaluation Factor Weight

The review of the related literature was used to define the evaluation factors for the
school project design satisfaction. The initial questionnaire design contained 19 evaluation
factors, and was reviewed by multiple subject matter experts who helped improve the
design. The results analysis included descriptive statistical analysis and tests of the stability
and consistency of the questionnaire. Further factor analysis and reliability analysis were
used to confirm the framework and factors of the satisfaction assessment, extract common
elements, and name evaluation factors. The results of these analyzes were verified against
the correlation of evaluation factors to determine the order of evaluation modes and the
number of items.

When performing factor analysis, we initially used the KMO (Kaiser−Meyer−Olkin),
where a value above 0.9 indicates good suitability for factor analysis. Based on the factor
analysis and assessment, 19 item evaluation factors were organized into three groups with
eigenvalues greater than or equal to 1. This study also compiled the factor loadings of
the 19 items and extracted three sub-dimensions for the assessment of school design sat-
isfaction: (1) overall design of classroom space, (2) campus planning and design, and
(3) implementation of equipment and environmental protection concepts. Each sub-
dimension had a Cronbach’s alpha value greater than 0.7, indicating high reliability.

The completed questionnaire containing 19 satisfaction evaluation items was dis-
tributed to school principals and general administrators supervising school reconstruction
projects. The questionnaire measured school reconstruction project design satisfaction
using a five-point Likert scale, from 5 “very important” to 1 “not at all important”. Of the
293 questionnaires distributed, a total of 148 valid responses were received.

To determine the relative weight of each sub-dimension, we performed a weight
analysis using the pair-wise comparison method using the analytic hierarchy process
(AHP) method, in the same way as Gorgani et al. [52]. Once the eigenvector weights of each
sub-dimension had been determined, the consistency index (CI) and consistency ratio (CR)
were found to have values below 0.1, indicating consistency in respondent answers [41,53].
Therefore, the weight value of each sub-dimension has reference significance and can be
applied for the construction of evaluation weights. The relative weights of the resulting
design satisfaction were 0.265, 0.352, and 0.383 for the three sub-dimensional sequences,
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respectively. Meanwhile, the weight of each evaluation factor item was determined using a
simple weighting method after integrating the average value of the evaluation items in the
questionnaire and assigning it based on the sub-dimensional weights of the AHP results.
Table 1 summarizes the weights of the school design satisfaction evaluation model.

Table 1. Weights of design satisfaction evaluation factors.

Sub-Dimensions Factor Code Evaluation Factor Evaluation
Factor Weights * Average Value Standard

Deviation

Overall design of
classroom space

(0.265)

F-1 Floor layout of the classroom 0.038 3.778 0.795

F-2 Building evaluation of
the classroom 0.039 3.844 0.824

F-3 Classroom equipment design 0.037 3.822 0.716
F-4 Classroom color use 0.038 3.667 0.798

F-5 Classroom natural
lighting design 0.038 3.822 0.806

F-6 Classroom flooring and
wall materials 0.038 3.622 0.650

F-7 Classroom electricity
and lighting 0.037 3.644 0.484

Campus Planning
and Design

(0.352)

F-8 Landscaping design
configuration 0.043 3.556 0.586

F-9 Project construction schedule 0.044 3.822 0.535

F-10 Building exterior
material design 0.047 3.822 0.535

F-11 Design incorporates
local opinions 0.043 3.800 0.548

F-12 Playground planning 0.042 3.467 0.505

F-13 Overall style of
school buildings 0.046 3.756 0.484

Implementation of
equipment and
environmental

protection concepts
(0.383)

F-14 Barrier-free
environment design 0.042 3.622 0.535

F-15 Overall quality of design
and planning 0.045 3.378 0.490

F-16 Auxiliary teaching
equipment 0.099 3.511 0.549

F-17 Using of environmentally
friendly materials 0.098 3.178 0.535

Mean 3.630

* Evaluation factor weight = relative weight of sub-dimension × average value of items ÷ sum of average value
of items in the sub-dimension.

4.2. Satisfaction Valuation

A total of 19 evaluation factors were used to measure project satisfaction. We calculated
the satisfaction score based on the respondents’ rate of satisfaction with the design quality
(i.e., satisfaction score = evaluation factor weight × satisfaction rating based on the Likert
scale score). Finally, the satisfaction scores of each evaluation factor were summed to
produce a satisfaction score of each evaluation factor (see Table 1). The average value of
satisfaction was then used as the evaluation standard. If the evaluation item was higher
than the average, this meant that the item met the user’s needs. If not, the item needed to
be improved.

School reconstruction projects frequently overlook the needs of users and maintenance
staff. Fully considering and integrating user needs into building design will increase user
comfort and overall reconstruction project satisfaction. The design aspect satisfaction
results were found to be lower than the overall mean value, indicating the need for further
attention and improvement from the designing architect. A total of eight design evaluation
items had negative values (Figure 9), all of which fell under the design quality requirements



Buildings 2023, 13, 1239 10 of 17

of the House of Quality development. Thus, the architects will need to provide a technical
strategy to upgrade the facilities of the new school project.
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Figure 9. Design quality satisfaction.

These results establish design satisfaction as the main consideration for user needs. We
then used quality characteristic ratings to measure user satisfaction with school facilities,
and user needs were then prioritized based on ranking quality characteristics, where a
smaller difference with the overall average indicated a higher priority. After ranking quality
characteristics based on the items in Figure 9, the priority order of items for improvement
was determined, as shown in Table 2. Table 2 shows that “use of environmentally friendly
materials”, “overall quality of design and planning”, and “playground planning” were the
top three priorities for school design improvement.

Table 2. School design satisfaction ranking.

Factor Code Evaluation Factor Gap Ranking

F-6 Classroom flooring and wall materials −0.01 7
F-8 Landscaping design configuration −0.07 5

F-12 Playground planning −0.16 3
F-14 Barrier-free environment design −0.01 7
F-15 Overall quality of design and planning −0.25 2
F-16 Auxiliary teaching equipment −0.12 4

F-17 Using of environmentally
friendly materials −0.45 1

F-18 Using of reclaimed water −0.03 6

4.3. Technical Improvement Strategies for School Satisfaction with HoQ

Based on the literature review and analysis of the collected data, we proposed im-
provement strategies to address user dissatisfaction with project facility design quality. In
addition to user data, this study also referenced improvement strategies proposed by the
architects to increase user satisfaction. Referring to user needs and the quality technology
development results, this research developed a House of Quality focused on describing
the relationship matrix defining the degree of correlation between quality expansion and
technical strategy expansion. House of Quality was used to determine implementation
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prioritization of the technical strategy components and to determine the technology im-
provement strategy.

A relationship matrix was jointly created by the architects, school principals, and
administrators of other relevant units. The data acquisition matrix was part of the architect’s
subjective experience assessment. This study applied four levels of correlation to the
implementation of quality and implementation of technical strategies. A 0 score indicated
no correlation, while a three-point score indicated a low correlation between user needs
and technical strategies, suggesting that technology implementation could only slightly
improve on current user dissatisfaction. A five-point score indicated a good correlation,
while a seven-point score indicated a strong correlation.

This study explored user satisfaction with school reconstruction projects by allowing
architects to fill out a functional House of Quality questionnaire related to the design
aspects. This step was implemented to determine the correlation between “user quality
requirements” and “technology improvement strategies”. A total of 34 valid questionnaire
responses were received, and were used to develop a technology improvement strategy.

4.4. Fuzzy Quality Function Expansion Method

The strength of the relationship between dissatisfied items and corrective actions is a
semantic value that needs to be quantified to be measured, and so it is more appropriately
described using fuzzy numbers [54–56] (see Table 3). This study used the semantic values
of triangular fuzzy numbers and membership functions (see Figure 10). α-cut indicates
the accuracy factor of the correlation matrix. The higher the α-cut, the more accurate
the information obtained, and vice versa. The accuracy of the information obtained was
used to determine the sequence of technical improvement strategies to optimize school
reconstruction project satisfaction effectively.

Table 3. Relationship of semantic values with fuzzy numbers.

Semantic Intent Slight Correlated Slightly Relevant Highly Correlated

Fuzzy numbers L̃ = (0, 3, 5) M̃ = (3, 5, 7) H̃ = (5, 7, 10)

Fuzzy equation µ(L̃) =

{ x
3 , 0 ≤ x ≤ 3
5−x

3 , 3 ≤ x ≤ 5
µ(M̃) =

{ x
2 , 3 ≤ x ≤ 5
7−x

2 , 5 ≤ x ≤ 7
µ(H̃) =

{ x−5
2 , 5 ≤ x ≤ 7

10−x
3 , 7 ≤ x ≤ 10
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Fuzzy numbers were used to express the strength of the relationship between unsatis-
factory items in the school reconstruction projects and technical improvement measures.
Next, the product design attribute fuzzy number was calculated. By integrating the results
of the 34 architect questionnaires and multiplying the weights, the average fuzzy number
for design improvement and defuzzification technology (α = 0) could be obtained, as shown
in Table 4. Defuzzification was calculated using the formula for the fuzzy integral value of
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the triangle, as shown in Equations (1) and (2). Based on the defuzzification results shown
in Table 4, the graph presents school design items in descending order of importance, with
the top five items identified as strategic priorities.

I(s̃) = (1 + α)
∫ 1

0
[a + (ba)]dy + α

∫ 1

0
[c + (bc)y]dy, (1)

I(s̃) =
1
2
[(1− α)(a + b) + α(b + c)], (2)

An example of one of the calculations is as follows

I(s̃) =
1
2
[(1− 0)(2.2 + 3.6) + 0(3.6 + 5.2)] = 2.90

Table 4. Design improvement technique for average fuzzy number and defuzzification.

No. Code Design Quality Technology Improvement
Strategies Average Fuzzy Number Defuzzification

(α = 0)

A Materials that match the layout of the environment (2.2, 3.6, 5.2) 2.90
B Planning use points and maintenance methods (2.6, 4.1, 5.9) 3.38
C Select alternative materials and solutions (1.9, 3.4, 4.9) 2.62
D Design location according to local terrain (2.3, 3.8, 5.4) 3.04
E Review of school premises (1.8, 3.1, 4.6) 2.47
F Consider the suitability of access and interior space (1.3, 2.6, 3.8) 1.97
G Consider detailed sound and light effects (1.1, 2.2, 3.2) 1.64
H Planning indoor and outdoor venues (1.3, 2.5, 3.6) 1.89
I Consider versatility (1.5, 2.6, 3.8) 2.04
J Planning to separate the site (1.1, 1.9, 2.8) 1.47
K Overall quality of pipeline planning (1.6, 2.6, 3.8) 2.08
L Consideration of practicality (2.7, 4.2, 6.1) 3.46

M Consideration of ecological diversity and biological
characteristics (1.1, 1.8, 2.6) 1.42

N Replace inappropriate tree species (0.7, 1.1, 1.7) 0.90

O Consideration of the current situation and improve
according to the specifications (1.2, 2.2, 3.2) 1.70

P Design considers constructability (2.2, 3.6, 5.3) 2.90

Buildings 2023, 13, x FOR PEER REVIEW 13 of 18 
 

 

4.5. Discussions 
In the satisfaction assessment results, the three items from the design aspect that were 

found to be in greatest need of improvement are “using of environmentally friendly 
materials”, “overall quality of design and planning”, and “playground planning”. The use 
of environmentally friendly materials has emerged as an important discourse among 
researchers and stakeholders, and the overall quality of design and planning must be 
considered in efforts to protect and improve school environment quality [57]. Hwang et 
al. [58] proposed using energy-saving materials and room thermal comfort on the roofs of 
school buildings in Taiwan. Playgrounds are integrated into campus facilities to shape and 
develop student character, discipline, and morality [59], and must be improved in the 
school design phase. In fact, schools can be seen as an adequate playground from the 
perspective of economic and social sustainability [60]. The findings of this study 
demonstrate the need to improve playground design, where the post-disaster 
reconstruction of some of the schools surveyed had playgrounds that were not designed 
according to pre-disaster conditions. 

The quality technology implementing strategy in school design is satisfactory if it 
motivates stakeholders to improve the effectiveness of the school infrastructure, as was 
achieved in this study. This argument is in line with studies that examined the concept of 
the relationship between the functionality and aesthetic appearance of school buildings 
[2], as well as school building renovation decisions [28]. These studies finally encouraged 
the integration of a comprehensive way of thinking to accommodate the priorities of the 
client (school) as the user and the architect as the designer. Poor school building 
maintenance management results from schools and technical teams not being 
simultaneously involved in the design and construction phase [61]. The present study 
focused on developing a strategy for the effective implementation of technology based on 
school users other than the architects through the development of HoQ. 

Of the three sub-dimensional school design assessments, “implementation of 
equipment and environmental protection concepts” and “campus planning and design” 
were found to be the most urgent sub-dimensions in need of improvement. Through the 
use of defuzzification techniques, this research prioritized the implementation of quality 
technology deployment strategies, deriving five key quality improvement suggestions: 
1. Consideration of practicality 

3.46
3.38

3.04
2.90
2.90

2.62
2.47

2.08
2.04

1.97
1.89

1.70
1.64

1.47
1.42

0.90

L
B
D
A
P
C
E
K
I
F
H
O
G
J

M
N



Buildings 2023, 13, 1239 13 of 17

4.5. Discussions

In the satisfaction assessment results, the three items from the design aspect that
were found to be in greatest need of improvement are “using of environmentally friendly
materials”, “overall quality of design and planning”, and “playground planning”. The
use of environmentally friendly materials has emerged as an important discourse among
researchers and stakeholders, and the overall quality of design and planning must be
considered in efforts to protect and improve school environment quality [57]. Hwang
et al. [58] proposed using energy-saving materials and room thermal comfort on the roofs of
school buildings in Taiwan. Playgrounds are integrated into campus facilities to shape and
develop student character, discipline, and morality [59], and must be improved in the school
design phase. In fact, schools can be seen as an adequate playground from the perspective of
economic and social sustainability [60]. The findings of this study demonstrate the need to
improve playground design, where the post-disaster reconstruction of some of the schools
surveyed had playgrounds that were not designed according to pre-disaster conditions.

The quality technology implementing strategy in school design is satisfactory if it
motivates stakeholders to improve the effectiveness of the school infrastructure, as was
achieved in this study. This argument is in line with studies that examined the concept of
the relationship between the functionality and aesthetic appearance of school buildings [2],
as well as school building renovation decisions [28]. These studies finally encouraged the
integration of a comprehensive way of thinking to accommodate the priorities of the client
(school) as the user and the architect as the designer. Poor school building maintenance
management results from schools and technical teams not being simultaneously involved
in the design and construction phase [61]. The present study focused on developing a
strategy for the effective implementation of technology based on school users other than
the architects through the development of HoQ.

Of the three sub-dimensional school design assessments, “implementation of equip-
ment and environmental protection concepts” and “campus planning and design” were
found to be the most urgent sub-dimensions in need of improvement. Through the use of
defuzzification techniques, this research prioritized the implementation of quality technol-
ogy deployment strategies, deriving five key quality improvement suggestions:

1. Consideration of practicality Analysis results favor this strategy, indicating that the
architect’s lack of understanding of the school’s basic operational needs result in the
designed facilities failing to maximize practical functionality. Before approving a
school reconstruction project, the architect should actively solicit input from school
users regarding their needs, which are then integrated as much as possible into the
actual project design. Architects should also better understand the unique usage
characteristics of school buildings as opposed to general public buildings. Aside from
aesthetic considerations, school facilities must meet needs determined by pedagogic-
administrative logic [2].

2. Planning use points and maintenance methods Some of the schools surveyed had
historical experience of post-disaster reconstruction using inappropriate designs and
materials to accelerate reconstruction. In addition, suppliers (e.g., lighting fixtures)
often provided discontinued stock items, which complicated future replacement. Ar-
chitects should give greater consideration to long-term sustainable use and guide
school users in maximizing facility lifespans through regular and appropriate mainte-
nance and repair.

3. Design the site according to the local terrain Prior to the design stage, the architect
must have a strong understanding of the school location and the surrounding environ-
ment, thus ensuring that the ensuing design makes full use of the terrain to maximize
cost and energy savings. Architects must seek to preserve pre-existing resources in
the school area (e.g., natural resources in the form of water, grass, and trees), and
potential energy sources around the site must be protected for future use. In principle,
architects should explore green building concepts further in the design process [60] in
consultation with school users.
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4. Use materials that match the layout of the environment The choice of materials needs
to account not only for building codes, but also for actual usage patterns. Today’s
architects should have a sufficient understanding of environmental, economic, and
social sustainability concepts and practices, as well as the wide array of green con-
struction materials and technologies that are available for use. Extreme temperature
changes can negatively impact building material quality, but conversely, the selection
of building materials can also affect room temperature and thus building energy
efficiency. Currently, all parties, including designers and contractors, are required
to participate in minimizing negative environmental impacts due to construction.
It is important to note that environmental performance and building comfort are
interrelated and mutually influential [3].

5. Consideration of constructability Architects not only produce designs in the form
of building and landscape drawings, but must consider construction costs and de-
sign feasibility. Furthermore, overall project planning encompasses environmental
planning, work methods, and the necessary models. Therefore, the architect must
maintain a close relationship with on-site construction managers during the entire
reconstruction project, thereby maximizing the efficacy of problem resolution [62].

5. Conclusions and Recommendation

User satisfaction is a key driver for user retention, and is widely seen as a key challenge
for quality improvement in the construction industry, which must develop improved strate-
gies for understanding client concerns and priorities, thereby optimizing the deployment
of capital and other resources.

This study explores user satisfaction with school reconstruction outcomes in central
Taiwan. While satisfaction is determined by both construction and design quality, this
research focuses on the quality of school design. Questionnaires were distributed to
teachers, school administrators, and architects to collect data that were then analyzed
using the quality function expansion method to prioritize technical improvement strategies.
Fuzzy concepts were utilized to eliminating the uncertainty of the correlation matrix,
thereby enhancing the extension of the quality function. When calculating the weight
of quality requirements, characteristic evaluation is utilized to rank priorities for school
design improvement. The fuzzy concept can reduce the fuzzy degree of the correlation
matrix from 0 to 1.

School reconstruction projects often fail to account for the actual requirements of
facilities users and maintenance, thus reducing user comfort and overall project satisfaction,
which is measured using 19 evaluation factors. For school reconstruction design improve-
ment, the top three priorities are “using of environmentally friendly materials”, “overall
quality of design and planning”, and “playground planning”. The present study focuses
on identifying strategies for optimizing the implementation of technologies using HoQ to
integrate the views of the architect as a project user. Defuzzification is used to prioritize
quality technology deployment strategies, producing five key quality improvement sugges-
tions: (1) consideration of practicality, (2) planning use points and maintenance methods,
(3) design the site according to the local terrain, (4) use materials that match the layout of
the environment, and (5) consideration of constructability.

To improve school design quality, this paper suggests certain quality technology
deployment strategies: adopt designs that consider practicality based on actual school
users’ needs, prioritize the use of materials and components with reliable future supply,
design schools according to local terrain characteristics to maximize efficiency, consider
ease of construction in school design, and prioritize the use of environmentally friendly
construction materials. In addition to improving user satisfaction, these proposed strategies
will also provide concrete environmental benefits. Moreover, formalizing architect and
designer consultation with users and owners in the design stage will help manage user
expectations and maximize user satisfaction.
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While not typically used in traditional design approaches, the QFD method can be
used to reduce design errors effectively and is thus worthy of further exploration. In terms
of QFD operations, this study did not consider constraints such as resources, budgets, and
schedules. Given the importance of such considerations in the effective implementation of
technology improvement strategies, further research should consider resource limitations
so as to increase the practicality of the Ho Q approach.

The proposed approach could be used to enhance the efficiency of the reconstruction
of aging buildings in Taiwan and elsewhere, and the present research results can also
address ontological gaps regarding the reconstruction of aging campus buildings. The
data collected in this study are specific to central Taiwan and thus the findings can not
necessarily be generalized to the rest of Taiwan; therefore, additional research is warranted.
In addition, although the main clients of this study are school principals and administrators,
schools have other types of stakeholders who can provide useful insight. Students, for
example, are intimately familiar with facilities and equipment design, and their parents
and nearby residents also have a high degree of interest in school facilities and equipment.
Therefore, future work should seek to include data from such stakeholders to capture
relevant and detailed user feedback for integration into future facility design decisions.
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