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ABSTRACT. Reusing abandoned public buildings is a positive strategy in sustainable urban 
development. An appropriate assessment method is needed to reduce the risks of redeveloping 
derelict public properties. The Delphi method is an optimal group decision-making technique; 
whereas the analytical hierarchy process (AHP) method is useful for solving multicriteria 
decision-making problems. In addition, fuzzy logic manages artificial uncertainty and ambi-
guity, where an explicit number or ratio can express the level of preference. This study uses 
the Delphi method, fuzzy logic, and AHP (DFAHP) as a risk assessment model to redevelop 
derelict public buildings. The DFAHP provides an objective reference for investment decisions 
and is beneficial in reducing the risk of the public sector investing in the reuse of abandoned 
public buildings, in aiding in reuse cases that revitalize urban economic development, and in 
appreciating the value of sustainable city development.
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1. INTRODUCTION

Sustainable development is one goal of many 
redevelopment projects intending to improve 
older urban spaces (Dale and Newman, 2009). 
Redeveloping derelict public buildings in urban 
areas has been a crucial focus of such develop-
ment. In general, derelict public buildings are 
either obsolete or unusable and severely affect 
the appearance of cities. Building demolition 
projects must consider the economy, culture, 

alternative usage, urban development, and 
environmental influences, such as the treat-
ment and management of building pollution 
(Begum et al., 2009), environmental pollu-
tion and damage (Cheng et al., 2006; Moodley 
et al., 2008), and resource use and pollution 
control (Briassoulis, 2001). According to Ding 
(2008), construction may cause environmental 
problems ranging from excessive consumption 
of global resources, both in terms of construc-
tion and building operations, to the pollution 
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of the surrounding environment. From an 
environmental perspective, demolishing such 
buildings is not the best option. Rossi (2003) 
claimed that reconfiguring existing buildings 
for entirely new functions and benefits has 
many positive outcomes.

Among 309 townships in Taiwan, approxi-
mately 230 new construction sites may be 
derelict public buildings. Of these, 119 new 
construction sites are closed and unused, with 
28 failed development projects. Consequently, 
147 new construction sites qualify as derelict 
public buildings. The total construction cost is 
approximately NTD 47.4 billion (Yao, 2010). 
According to Taipei County’s Government Eth-
ics Monthly issued in May 2006, reasons for 
the disuse of public buildings include failure 
to pre-assess the use rate, inadequate plan-
ning and design, lack of funds for follow-up 
execution or repair, remote location of facili-
ties, and failure to meet public needs (Taipei 
County Government, 2006). These buildings 
waste public resources; they also cause envi-
ronmental pollution and seriously compromise 
security. When professional decision-making 
groups consistently repeat similar mistakes, 
the construction industry develops a poor ethi-
cal reputation in the public eye. It is also gen-
erally accepted that the construction industry 
leads to immoral behavior in society, by en-
gaging in fraud and bribery (Moodley et al., 
2008). Before approving public building pro-
jects, professional governmental departments, 
politicians, engineers, and scholars from pro-
fessional fields must review them. Theoreti-
cally, the number of derelict public buildings 
should be minimal.

Such a serious circumstance demonstrates 
the lack of an effective risk assessment mod-
el during decision-making processes (Hsueh 
et al., 2007) and indicates substantial profes-
sional and ethical defects during the overall 
review process. When people further obtain 
ethics-related knowledge, they uphold an ethi-
cal attitude (Hungerford and Volk, 1989) and 
are thus willing to exhibit positive ethical be-
havior (Glazer and Glazer, 1989). As long as 

professionals strongly believe in and insist 
on professional values and emphasize the im-
portance of expertise during implementation, 
people with more knowledge or who exhibit an 
aggressive attitude are responsible for their 
behavior (Hines et al., 1987).

Planning and assessing the development of 
derelict public buildings is difficult because re-
newal analysis of such buildings is a complex 
process (Antucheviciene and Zavadskas, 2008). 
Pre-assessing risk is highly critical; moreover, 
risk analysis and management should perme-
ate the entire spectrum of project activities 
(Jaafari, 2001). Varying concerns among peo-
ple of different positions cause problems in 
reuse selection. Solving such problems neces-
sitates an effective knowledge communication 
tool that enables decision-makers to under-
stand more clearly the complex relationships 
of the relevant attributes in reuse selection 
problems. This may subsequently improve the 
final decision (Wang and Zeng, 2010).

Numerous implemented redevelopment pol-
icies have often been ineffective (Kim et al., 
2004), because of the difficulty of harmonizing 
everyone’s opinions, the majority of problems 
addressed by urban renewal (Lee and Chan, 
2008), neighborhood renewal (Fung and Yau, 
2009), or the development of abandoned public 
buildings are complex. Additionally, in the ur-
ban regeneration process, city planning is an 
extremely difficult problem (Yau and Chan, 
2008). Accordingly, the interests of numerous 
people are addressed. By contrast, the rede-
velopment of derelict public buildings is a case 
of single, independent architectural space or 
single, independent construction, with limited 
influence on private interests. In addition, the 
decision-making teams for the redevelopment 
of derelict public buildings are typically tempo-
rary and infrequently make optimal decisions 
during the assessment process. 

This study combines Delphi’s group deci-
sion-making technique (Murry Jr. and Ham-
mons, 1995; Ziglio and Adler, 1996) with a 
fuzzy logic technique for processing quantita-
tive values (Zadeh, 1983; Perng et al., 2005) as 
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well as an AHP multicriteria decision-making 
technique (Saaty, 1980; Saaty and Takizawa, 
1986) to develop a DFAHP (Delphi-Fuzzy-
AHP) risk assessment model for redeveloping 
derelict public buildings. The DFAHP model 
has the implicit co-research characteristics of 
Delphi experts and can increase the reliability 
of the model. Additionally, the DFAHP model 
includes multicriteria quantitative process-
ing functions, as well as fuzzy inference func-
tions, and is an artificial intelligence model. 
Although the single AHP analysis method 
also has quantitative decision-making func-
tions, it lacks inference functions and quan-
titative functions for processing natural hu-
man language. Related studies on applying 
the DFAHP method include Chen and Wang 
(2010), who suggested developing global busi-
ness intelligence.

2. MODEL OVERVIEW

The U.S. RAND Corporation developed the 
Delphi method as a tool for assisting manage-
ment in predicting the future; however, it is 
not restricted to this application (Ziglio and 
Adler, 1996). Obtaining the latest professional 
knowledge from expert groups (Hsueh and 
Yan, 2011) is the best method for increasing 
research reliability.

Zadeh (1965, 1987, 1988) proposed fuzzy 
theory as a concept based on set theory. Fuzzy 
logic can accept the ambiguous information of 
human natural language, such as uncertainty, 
complexity, and the tolerance of imprecision 
(Zadeh, 1976, 1996). Fuzzy set theory applies 
to a wide range of domains where information 
is incomplete or imprecise, such as the good, 
bad, like, dislike, in natural language. Moreo-
ver, membership functions help quantify the 
meaning of linguistic values, denoting the de-
gree of membership of an element in a given 
set with values between 0 and 1 (Bingul et al., 
2000). Various fields have successfully and 
comprehensively applied fuzzy logic theory. 
Previous studies have used it to investigate 
decision-making and evaluate new technology 

in the construction industry (Chao and Skib-
niewski, 1998), by selecting an architecture-
engineering team (Nguyen et al., 2008), select-
ing the most efficient maintenance approach 
(Al-Najjar and Alsyouf, 2003; Mechefske and 
Wang, 2003; Tahir et al., 2008), and evalu-
ating industrial robotic systems (Kahraman 
et al., 2007). Fuzzy logic theory is suitable for 
assessing complicated and hard-to-quantify 
decision-making problems (Hsueh and Yan, 
2011), especially those that involve group deci-
sion-making (Hadi-Vencheh and Mokhtarian, 
2011; Li and Yang, 2004; Li, 2010; Chen and 
Lee, 2010; Chen and Niou, 2011).

Saaty was the first to propose AHP, which 
is currently and widely used in social policy 
and engineering decision-making (Saaty, 1980, 
1990, 1994). Using AHP is considered suitable 
for solving complex multiobjective decision-
making problems with multifactor conditions 
(Lee and Kim, 2000). Using AHP can inves-
tigate multi-criteria decision-making research 
concerns in the construction industry, such as 
managing projects (A1-Harbi A1-Subhi, 2001), 
selecting contractors (Fong and Choi, 2000), 
evaluating advanced construction technology 
(Skibniewski and Chao, 1992), and estimating 
and choosing building investments (Dziadosz, 
2008).

Combining the Delphi method, fuzzy theory, 
and AHP is successful in investigating relevant 
research concerns, such as performing fuzzy 
hierarchical analysis (Buckley, 1985), selecting 
optimum maintenance strategies (Wang et al., 
2007), selecting suitable bridge construction 
methods (Pan, 2008), planning large-scale pro-
jects (Chang et al., 1995), selecting managerial 
talent (Chang et al., 2000), and selecting main-
tenance strategies (Jafari et al., 2008). This 
study examined building operations relative to 
the pollution of the surrounding environment, 
by combining these three methodologies to de-
velop a DFAHP multicriteria decision-making 
risk assessment model (Figure 1) as the basis 
for choosing or assessing the redevelopment 
projects of derelict public buildings. After ob-
taining additional professional knowledge and 
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appropriate criteria to understand the effect 
of each criterion on the hierarchy, a DFAHP 
figure or ratio can assist decision-making , is 
highly adaptive, and would be easy to main-
tain or revise in the future.

The Delphi experts assisting in this study 
have been practically engaged in relevant 
fields of industry, government, and academia 
for more than 15 years. Among these, five 
served at public departments, five were schol-
ars, three were local public representatives, 
and three were CEOs of property development 
companies, comprising 16 Delphi experts. 
Group decision-making information obtained 
from these experts was essential in develop-
ing the DFAHP model for this study. Select-
ing the appropriate criteria from complicated 
affecting factors was necessary. The DFAHP 
is only effective after completing the hierar-
chy of each criterion, selecting the member-
ship functions used to quantify natural lan-
guage, determining the fuzzy sets, fuzzy scale, 
and linguistic values, and completing the IF-
THEN rules base of the fuzzy logic inference 
system (FLIS).

This assessment model includes two major 
parts: (1) developing the model and (2) ap-
plying the model n (Figure 1). Applying the 

Delphi-AHP and Delphi-fuzzy models requires 
four steps:

Step 1: Investigate relevant previous stud-
ies and arrange the relevant criteria affecting 
the redevelopment of derelict buildings. There-
after, use the Delphi group decision-making 
method to select the appropriate criteria.

Step 2: Use Delphi-AHP to establish the 
hierarchical framework of the cause-and-effect 
relationship among various criteria, confirm 
the main criterion and subcriterion, and com-
plete the AHP questionnaire.

Step 3: Use Delphi-fuzzy to determine the 
fuzzy sets and fuzzy scale of the subcriterion, 
and choose appropriate membership functions 
to describe the linguistic values.

Step 4: Develop the IF-THEN rules re-
quired by the rules base to complete the FLIS.

Applying the model requires four calcula-
tion steps:

Step 1: Assess one or several projects.
Step 2: Use AHP to calculate the weight-

ing value (wi) of the main criterion as the im-
portance parameter for calculating decision-
making.

Step 3: Use FLIS to calculate the fuzzy out-
put value, and input the descriptions of uncer-
tainty and ambiguity into the criteria (xi) us-

Figure 1. DFAHP Multicriteria risk assessment model
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ing natural language to obtain a figure or ratio 
to denote them. Use the scientific calculation 
provided by FLIS to obtain the values of f(xi) 
and f(yi) easily.

f (yi) = Weighting value (wi)* Output value 
(f(xi))

Step 4: Calculate Σf(yi) as the basis for 
choosing projects, and determine if the select-
ed project is worthy of redevelopment.

3. THE FUZZY LOGIC INFERENCE 
SYSTEM

The fuzzy logic inference system (FLIS) in-
volves two output systems, mamdani and sug-
eno. The output values of mamdani are contin-
uous, whereas those of sugeno are discrete. To 
understand the change in continuous outputs, 
this study uses the mamdani system. The es-
tablishment process of FLIS requires: (1) in-
putting the selected criterion and the defini-
tion of fuzzy sets; (2) inputting the definition 
of the fuzzy sets of output values; (3) establish-
ing the rule base of IF-THEN; (4) considering 
membership functions; and (5) obtaining the 
corresponding quantitative output value (fig-
ure or ratio) after FLIS de-fuzzification (Hsueh 
and Yan, 2011).

3.1. Selecting initial criteria

Developing public buildings and redeveloping 
recreational facilities and derelict buildings 
are intended to serve the public. Effectively 
distributing and utilizing these services is an-
other concern (Erkip, 1997). Inadequate devel-
opment may easily lead to derelict buildings, 
affecting the appearance of cities and leading 
compromised security. Redeveloping derelict 
public buildings and abandoned sites is an 
example of a sustainable urban revitalization 
alternative. However, such an initiative in-
cludes complicated environmental, social, and 
economic concerns (Zavadskas and Antuche-
viciene, 2006).

Because derelict buildings are categorized 
as real estate, real estate project efficiency 
evaluations (Ginevicius and Zubrecovas, 2009) 
should be performed before selecting the re-

development project. For example, factors 
such as location (Leitham et al., 2000), public 
facilities (Thisse and Wildasin, 1992; Aitken 
and Fik, 1998; Jeon and Amekudzi, 2005; Lit-
man, 2007), urban planning and development 
(Shukla and Waddell, 1991), cultural action 
(Newman and Smith, 2000; Oakes, 2006; Ma-
tarasso, 2007), tourism (Ap and Crompton, 
1998), adaptive reuse (Heath, 2001; Rossi, 
2003; Bullen and Love, 2011), social interaction 
(Cattell et al., 2008), rehabilitation costs, and 
construction time (Campbell, 1996), should be 
considered. Derelict buildings are useless un-
til they are repaired or partially reconstructed. 
Refurbishment work involves improvements, 
upgrades, renovations, retrofits, and repairs 
(Juan et al., 2009). Refurbishing derelict pub-
lic buildings also entails financial and follow-
up operational and management concerns. 
Relevant affecting factors include innovative 
design (Gruber and Imhof, 2007), multidesign 
(Benford et al., 1998), sustainable development 
(Dale and Newman, 2009; Zavadskas and An-
tucheviciene, 2006; Laefer and Manke, 2008), 
building facility management and mainte-
nance (Taillandier et al., 2009; Thiel, 2008), a 
reduction in energy consumption (Thiel, 2008), 
green buildings (Pearce et al., 2007), and green 
open spaces (Van Herzele and Wiedemann, 
2003; Wu and Plantinga, 2003; Choumert, 
2010). The purpose of development projects for 
derelict buildings is to provide the public with 
accessible spaces. As a result, it is necessary to 
attach importance to public decisions (Gordon, 
2007), to the people closely involved (Grove-
White, 2005; Taylor, 2008), and to public-pri-
vate partnerships (Tang et al., 2010).

Numerous complex factors may affect the 
redevelopment projects of derelict buildings. 
The AHP questionnaire data were completed 
with the assistance of 16 Delphi experts. Based 
on group decision-making, the Delphi experts 
assisting in this study suggest considering 
building conditions first, such as development 
convenience, high-quality public facilities, and 
rehabilitation costs. Attaching importance to 
enhancing sustainable development is neces-
sary; therefore, energy consumption should be 



338 S. L. Hsueh et al.

considered. Consequently, selected criteria in-
clude adopting multidesign, recycling building 
materials, and developing green buildings. Fi-
nally, Delphi experts follow the research of Van 
Herzele and Wiedemann (2003), who suggested 
that green spaces attract the public, maintain-
ing that redevelopment projects must have at-
tractive features. Additionally, Delphi experts 
cite the research of Grove-White (2005), who 
suggested the influence of the perspective of 
someone closely involved in society. In addition, 
Delphi experts cite Owen and Merna (1997) 
and Heald (2003) in presenting private finance 
initiative (PFI) projects, which use private 
funds to engage in public construction. Thus, 
based on harmonious consensus, the enthusias-
tic participation of the masses and harmonized 
opinions can be combined. This is beneficial to 
creating local characteristics. Therefore, select-
ed criteria include cultural attractions, tour-
ism, and the people closely involved. The model 
for reviewing the project should be as simple 
and comprehensible as possible, because profes-
sional teams will have discussed the details of 
derelict buildings (cost, design, the construc-
tion process and purpose of use) several times. 
Therefore, this study assesses the redevelop-
ment process of derelict buildings, investigat-
ing the differences in time and space between 
the past and the present, and thus considers 

factors different from those for assessing de-
velopment projects. This study also collected 
critical affecting factors from relevant studies. 
The experts in this study added other factors, 
amended them, and selected appropriate crite-
ria to assess redevelopment of derelict public 
buildings (Table 1). Table 2 shows calculations 
of the weighing value of the main criteria. Be-
cause this study investigated the overall feasi-
bility assessment of redevelopment, and FLIS 
can transform different entered scenario map-
ping into quantified output values, we omitted 
the subcriteria weighting value calculation. 
Figure 2 shows the hierarchical framework of 
the cause-and-effect relationship among vari-
ous criteria.

Table 1. Consistently agreed upon criteria based on expert group decision-making

Main criteria Subcriteria
Building condition Development convenience, good public facilities, rehabilitation costs
Sustainable development Multi-design, recycling of building materials, green building
Attractive feature Cultural attractions, people closely involved, tourism

Table 2. Weighting value of main criteria 

Comparisons of building condition, sustainable development, and attractive feature
Attributes Building condition Sustainable development Attractive feature
Building condition 1 1/2 1/5
Sustainable development 2 1 1
Attractive feature 5 1 1
Eigenvector 0.14 0.37 0.49

Figure 2. Hierarchy of each criterion and 
weighting value of the main criteria

Development convenience
Building  
Condition Good public facilities

Rehabilitation costs

Recycling of building materials

Multi-design

Green building

Cultural attractions

Tourism

People closely involved

Overall  
Assessment

Sustainable  
Development

Attractive  
Feature

1.00

0.14

0.37

0.49



339DFAHP multicriteria risk assessment model for redeveloping derelict public buildings

3.2. Defining the fuzzy sets, fuzzy scale, 
and membership functions of the 
subcriteria

The researchers in this study calculated the 
fuzzy values of the three main criteria (build-
ing condition, sustainable development, and 
attractive features). Fuzzy sets and the mem-
bership functions of each criterion of the sub-
criteria quantified the assessed concerns. Be-
cause each factor’s effect on redevelopment 
assessment varied, the researchers in this 
study defined the fuzzy sets and membership 
functions of each assessment factor to reflect 
the corresponding relationships among various 
scenarios and fuzzy output values.

The quantitative upper and lower values 
of the fuzzy sets and fuzzy scale of each cri-
terion of the subcriteria and of the output 
values were defined by obtaining the Delphi-
fuzzy experts’ consistent approval (Tables 3 to 
5). These relevant data result from the Delphi 

process. In addition, good, ordinary, and poor 
can be used as input values.The measurement 
scale defined in fuzzy logic is an artificially 
established fuzzy scale. Fuzzy logic accepts 
the complexity and imprecision of natural lan-
guage. The multidesign criterion of the sub-
criterion of Table 4 indicates this, in which 
a score of 90 points and above denotes “very 
good”, 80 points denotes “good”, 70 points de-
notes “ordinary”, 60 points denotes “poor”, and 
50 points and under denotes “very poor”. A 
score of 75 points denotes “good” or “ordinary”. 
In the fuzzy scale, membership functions were 
used to define a level of “good” or “ordinary”. 
To operate FLIS normally, the rule base had 
to be completed. Although different calcula-
tion units and defined values were used in the 
fuzzy scale of each criterion, an appropriate 
figure or ratio presented the assessment result 
of the input scenario after defuzzifying FLIS to 
be assessed according to preference level.

Table 3. Fuzzy set of the subcriteria of building conditions and output value

Input scenario Fuzzy output value
Subcriteria Value range Fuzzy sets Description Fuzzy sets
Development convenience 0–100 good

ordinary
poor

Quantitative value good (80% ↑)
ordinary (60%)
poor (40% ↓)
(0–100%) Good public facilities 0–100 good

ordinary
poor

Rehabilitation costs 10%–30%
(–30)–(–10)

good
ordinary
poor

Table 4. Fuzzy set of the subcriteria of sustainable development and output value

Input scenario Fuzzy output value
Subcriteria Value range Fuzzy sets Description Fuzzy sets
Multidesign 0–100 very good

good
ordinary
poor
very poor

Quantitative value very good (90 %↑)
good (80%↑)
ordinary (70%)
poor (60%↓)
very poor (50%↓)
(0–100%) Recycling of building ma-

terials
0–30% good

ordinary
poor

Green building 0–10 good
ordinary
poor
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Table 5. Fuzzy set of the subcriteria of attractive features and output value 

Input scenario Fuzzy output value
Subcriteria Value range Fuzzy sets Description Fuzzy sets
Cultural attractions 0–10

(Impact; Level)
very good
good
ordinary
poor
very poor

Quantitative value very good (90 %↑)
good (80%↑)
ordinary (70%)
poor (60%↓)
very poor (50%↓)
(0–100%)Tourism 0–30%

(Expected net 
income)

good
ordinary
poor

People closely involved 0–100% good
ordinary
poor

3.3. Selection of membership function

A membership function characterizes a fuzzy 
linguistic term by giving its support value or 
degree of membership. The membership value 
varies from 0 to 1, representing none to full 
membership. Common membership functions 
include triangular and bell-shaped functions 
(Yu and Skibniewski, 1999). The researchers 
in this study selected applicable membership 
functions based on expert group decision-
making. The experts in this study suggested 
that the Taguchi loss function could explain 
the phenomenon of customer satisfaction with 
a product. Customer satisfaction decreases 
when product quality fails to meet the custom-
ers’ target value (Yacout and Boudreau, 1998). 
The Taguchi loss function explains individual 
preferences and feelings based on the changes 
in a curve. Because a bell-shaped curve can be 
used to simulate Taguchi loss functions, this 
study used bell-shaped functions to simulate 
membership functions. Exploiting the toler-
ance for imprecision is central to using words 
in computing (Zadeh, 1996).

3.4. Establishing the rules base of FLIS

The fuzzy logic inference system quantified 
the input scenario to be assessed according 
to the rule base this study established, and 
yielded distinct quantitative output values af-
ter defuzzification. The established rule base 
completed the systemic and logical mutually-

corresponding relationships between the input 
criterion and the fuzzy output value to com-
plete the definition of the IF-THEN rules.

There were a total of three input criteria: 
multidesign, recycling of building materials, 
and green buildings in sustainable develop-
ment. The fuzzy sets of multidesign were com-
posed of “very good”, “good”, “ordinary”, “poor”, 
and “very poor” using natural language, with 
five different scenarios. Moreover, three ad-
ditional scenarios, good, ordinary, and poor, 
using natural language, represented the fuzzy 
sets of criteria input from the recycling of build-
ing materials and green buildings. Therefore, 
a total of 5*3*3 = 45 different input scenarios 
assessed the pros and cons of sustainable de-
velopment. The rule base resembles a human 
brain in the overall FLIS. Therefore, FLIS 
could be used in an inference operation, after 
using it to complete the If-Then rule base. As 
long as a decision-maker input a value for each 
criterion, FLIS could automatically calculate 
the quantitative assessment value. Because 
the attractive-feature and sustainable-develop-
ment criteria shared similar fuzzy sets, there 
were also 5*3*3 = 45 different input scenarios 
for attractive features. Therefore, there were 
three input criteria for building conditions, 
and three scenarios, “good”, and “poor”, pre-
sented the fuzzy sets of each criterion, using 
natural language. Therefore, there were a 
total of 3*3*3 = 27 compositions of the input 
scenarios.
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4. INPUT AND OUTPUT MAPPING

For calculation of Σf(yi), the weighing value wi 
of each main criterion and the fuzzy quanti-
tative output value f(xi) were calculated first. 
The values of Σf(yi) were compared and used to 
select redevelopment projects of derelict public 
buildings. The larger the Σf(yi) value is, the 
higher the quality of the assessed project. Fig-
ure 3 is a 3D diagram of the input and output 
mapping. Tables 4 and 6, respectively, show the 

Figure 3. Input and output mapping

Table 6. Each subcriteria optimal and worst output value

Subcriteria Worst Optimal Subcriteria Worst Optimal Subcriteria Worst Optimal

Development 
convenience

Poor good Multidesign poor good Cultural attrac-
tions 

poor good

Good public 
facilities

poor good Recycling of building
materials

poor good Tourism poor good

Rehabilitation 
costs

poor good Green building poor good People closely 
involved

poor good

Output value 27.7 83.8 Output value 25.1 93 Output value 26 86.8

largest and smallest quantitative output val-
ues. The input scenarios in Table 6 could be 
either quantitative values or imprecise terms 
in natural language, such as “good” (high), “or-
dinary” (medium), and “bad” (low). This model 
could provide decision-makers with a scientific 
calculation to compare quantitative values as 
the basis for decision-making before assessing 
projects. The model improves the efficiency and 
effect of decision-making, and reduces the risk 
of inappropriate decision-making.
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5. CASE STUDY

Local governments usually spend large 
amounts of money on development projects 
for derelict public buildings in cities, creating 
a financial burden. However, redevelopment 
and reuse of derelict public buildings promotes 
sustainable urban development, and improves 
the appearance of cities. Annual government 
budget restrictions make it difficult to choose 
appropriate development projects: inadequate 
development may waste budgets, increase fu-
ture management and maintenance expenses, 
and arouse criticism. To reduce public con-
struction investment risk, the government 
must use a fair, just, open, and efficient as-
sessment procedure. The case study (Table 7) 
verifies the practicability and reliability of this 
assessment model. Redevelopment projects 
were selected based on scientific calculation. 
Results from the two cases (Table 7) explain 
how project selection was based on comparing 
quantitative values, allowing further analysis 
of whether the selected projects possessed high 
redevelopment value. For example, Project 1 
in Table 7 was a newly-constructed public 
building that still failed after redevelopment. 
Calculation of this assessment model demon-
strated that the building no longer possessed 
value for redevelopment. After the project was 
completed, the usage rate of the building was 
extremely low. Moreover, although the total 
score Σf(yi) of Project N was higher than that 

of Project 1, their corresponding fuzzy output 
values in the two criteria of sustainable devel-
opment and attractive features were both ordi-
nary. Therefore, the model assessed them both 
as projects with no redevelopment value. The 
previous case studies shows that this model 
is applicable in assessing the redevelopment 
of single derelict public buildings. It is also 
applicable in selecting assessments of rede-
velopment projects for multiple derelict public 
buildings. The output values for each criterion 
of the case studies listed in Table 7 can be the 
fuzzy linguistic terms of humans or quantified 
values, such as good, ordinary, or poor. For the 
convenient explanation, Table 7 lists numbers 
as input values.

6. CONCLUSIONS

Urban construction projects are a critical fac-
tor triggering economic development. However, 
inadequate development may lead to formida-
ble problems, such as wasting land resources, 
governmental budgets, and energy, or envi-
ronmental damage. However, public construc-
tion investment may easily lead to repeated 
mistakes, and may also lead to public disap-
pointment with regular defects. An effective 
pre-development group decision-making model 
may affect assessments of public construction 
investments. Because reusing derelict public 
buildings is a positive strategy in sustainable 

Table 7. Case study (Project 1- Project N) 
Main criteria wi Subcriteria Project 1 Project N

xi f(xi) f(yi) xi f(xi) f(yi)
Building condition  
(wi = 0.14)

Development 
convenience

80 81.5 81.5*0.14 = 
11.41

85 83.3 83.3*0.14 = 
11.662

Good P. F. 80 90
Rehab. C. –6% –5%

Sustainable development  
(wi = 0.37)

Multid. 65 74.6 74.6*0.37 = 
27.602

75 76.1 76.1*0.37 = 
28.157Rec. B. M. 18% 19%

Green B. 6 6
Attractive features  
(wi = 0.49)

Cult. A. 5 62.7 62.7*0.49 = 
30.723

6 68.5 68.5*0.49 = 
33.565Tourism 12% 15%

People C.I. 60% 75%
Σf(yi) Σf(yi) = 11.41 + 27.602 + 30.723 = 69.753 11.662 + 28.157 + 33.565 = 73.384
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urban development, the DFAHP group deci-
sion-making assessment model presented in 
this study belongs to the artificial intelligence 
category and can process the assessment of 
complex and high-risk derelict building rede-
velopment plans. Additionally, the proposed 
model has a high degree of objectivity, practi-
cality, and adaptability and can aid in reduc-
ing the investment risk of derelict buildings. 
This study provides practical reference value 
for policy makers and key decision makers. 
The proposed model can bring economic ben-
efit to communities and resolve potential prob-
lems in the urban environment.

REFERENCES

Aitken, S. C. and Fik, T. J. (1988) The daily journey to 
work and choice of residence, Social Science Journal, 
25(4), pp. 463–475. http://dx.doi.org/10.1016/0362-
3319(88)90025-0 

Al-Najjar, B. and Alsyouf, I. (2003) Selecting the most 
efficient maintenance approach using fuzzy multi-
ple criteria decision making, International Journal 
of Production Economics, 84(1), pp. 85–100. http://
dx.doi.org/10.1016/S0925-5273(02)00380-8 

A1-Harbi A1-Subhi, K. M. (2001) Application of the AHP 
in project management, International Journal of 
Project Management, 19(1), pp. 19–27. http://dx.doi.
org/10.1016/S0263-7863(99)00038-1 

Antucheviciene, J. and Zavadskas, E. K. (2008) Model-
ling multidimensional redevelopment of derelict 
buildings, International Journal of Environment 
and Pollution, 35 (2–4), pp. 331–344. http://dx.doi.
org/10.1504/IJEP.2008.021364 

Ap, J. and Crompton, J. L. (1998) Developing and test-
ing a tourism impact scale, Journal of Trav-
el Research, 37(2), pp. 120–130. http://dx.doi.
org/10.1177/004728759803700203 

Begum, R. A., Siwar, C., Pereira, J. J. and Jaafar, A. H. 
(2009) Attitude and behavioral factors in waste 
management in the construction industry of Malay-
sia, Resources, Conservation and Recycling, 53(6), 
pp. 321–328. http://dx.doi.org/10.1016/j.rescon-
rec.2009.01.005 

Benford, S., Greenhalgh, C., Reynard, G., Brown, C. and 
Koleva, B. (1998) Understanding and constructing 
shared spaces with mixed-reality boundaries, ACM 
Transactions on Computer-Human Interaction, 5(3), 
pp. 185–223. http://dx.doi.org/10.1145/292834.292836 

Bingul, Z., Cook, G. E. and Strauss, A. M. (2000) Ap-
plication of fuzzy logic to spatial thermal control 
in fusion welding, IEEE Transactions on Industry 

Applications, 36(6), pp. 1523–1530. http://dx.doi.
org/10.1109/28.887202 

Briassoulis, H. (2001) Sustainable development and 
its indicators: through a (planner’s) glass dark-
ly, Journal of Environmental Planning and 
Management, 44(3), pp. 409–427. http://dx.doi.
org/10.1080/09640560120046142 

Buckley, J. J. (1985) Fuzzy hierarchical analysis, Fuzzy 
Sets and Systems, 17(3), pp. 233–247. http://dx.doi.
org/10.1016/0165-0114(85)90090-9

Bullen, P. and Love, P. (2011) Factors influencing the 
adaptive re-use of buildings, Journal of Engineering, 
Design and Technology, 9(1), pp. 32–46. http://dx.doi.
org/10.1108/17260531111121459 

Campbell, J. (1996) Is your building a candidate for adap-
tive reuse? Journal of Property Management, 61(1), 
pp. 26–35.

Cattell, V., Dines, N., Gesler, W. and Curtis, S. (2008) 
Mingling, observing, and lingering: everyday public 
spaces and their implications for well-being and so-
cial relations, Health & Place, 14(3), pp. 544–561. 
http://dx.doi.org/10.1016/j.healthplace.2007.10.007

Chang, I. S., Tsujimura, Y., Gen, M. and Tozawa, T. 
(1995) An efficient approach for large scale project 
planning based on fuzzy Delphi method, Fuzzy 
Sets and Systems, 76(3), pp. 277–288. http://dx.doi.
org/10.1016/0165-0114(94)00385-4

Chang, P. T., Huang, L. C. and Lin, H. J. (2000) The fuzzy 
Delphi method via fuzzy statistics and membership 
function fitting and an application to human resourc-
es, Fuzzy Sets and Systems, 112(3), pp. 511–520. 
http://dx.doi.org/10.1016/S0165-0114(98)00067-0

Chao, L. C. and Skibniewski, M. J. (1998) Fuzzy logic 
for evaluating new construction technology, Jour-
nal of Construction Engineering and Management-
ASCE, 124(4), pp. 297–304. http://dx.doi.org/10.1061/
(ASCE)0733-9364(1998)124:4(297)

Cheng, E. W. L., Chiang, Y. H. and Tang, B. S. (2006) 
Exploring the economic impact of construction pol-
lution by disaggregating the construction sector of 
the input–output table, Building and Environment, 
41(12), pp. 1940–1951. http://dx.doi.org/10.1016/j.
buildenv.2005.06.020

Chen, M.-K. and Wang, S.-C. (2010) The use of a hybrid 
fuzzy-Delphi-AHP approach to develop global busi-
ness intelligence for information service firms, Expert 
Systems with Applications, 37(11), pp. 7394–7407. 
http://dx.doi.org/10.1016/j.eswa.2010.04.033

Chen, S.-M. and Lee, L.-W. (2010) Fuzzy multiple at-
tributes group decision-making based on the in-
terval type-2 Topsis method, Expert Systems with 
Applications, 37(4), pp. 2790–2798. http://dx.doi.
org/10.1016/j.eswa.2009.09.012

Chen, S.-M. and Niou, S.-J. (2011) Fuzzy multiple attrib-
utes group decision-making based on fuzzy prefer-
ence relations, Expert Systems with Applications, 
38(4), pp. 3865–3872. http://dx.doi.org/10.1016/j.
eswa.2010.09.047

http://dx.doi.org/10.1016/0362-3319(88)90025-0
http://dx.doi.org/10.1016/0362-3319(88)90025-0
http://dx.doi.org/10.1016/S0925-5273(02)00380-8
http://dx.doi.org/10.1016/S0925-5273(02)00380-8
http://dx.doi.org/10.1016/S0263-7863(99)00038-1
http://dx.doi.org/10.1016/S0263-7863(99)00038-1
http://dx.doi.org/10.1504/IJEP.2008.021364
http://dx.doi.org/10.1504/IJEP.2008.021364
http://jtr.sagepub.com/search?author1=John+Ap&sortspec=date&submit=Submit
http://dx.doi.org/10.1177/004728759803700203
http://dx.doi.org/10.1177/004728759803700203
http://dx.doi.org/10.1016/j.resconrec.2009.01.005
http://dx.doi.org/10.1016/j.resconrec.2009.01.005
http://dx.doi.org/10.1145/292834.292836
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=19171
http://dx.doi.org/10.1109/28.887202
http://dx.doi.org/10.1109/28.887202
http://dx.doi.org/10.1080/09640560120046142
http://dx.doi.org/10.1080/09640560120046142
http://dx.doi.org/10.1016/0165-0114(85)90090-9
http://dx.doi.org/10.1016/0165-0114(85)90090-9
http://dx.doi.org/10.1108/17260531111121459
http://dx.doi.org/10.1108/17260531111121459
http://dx.doi.org/10.1016/j.healthplace.2007.10.007
http://www.sciencedirect.com/science/journal/01650114
http://www.sciencedirect.com/science/journal/01650114
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235637%231995%23999239996%23195383%23FLP%23&_cdi=5637&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=772b5afbef5c2ad0206ac432c8cb4010
http://dx.doi.org/10.1016/0165-0114(94)00385-4
http://dx.doi.org/10.1016/0165-0114(94)00385-4
http://dx.doi.org/10.1016/S0165-0114(98)00067-0
http://dx.doi.org/10.1061/(ASCE)0733-9364(1998)124:4(297)
http://dx.doi.org/10.1061/(ASCE)0733-9364(1998)124:4(297)
http://dx.doi.org/10.1016/j.buildenv.2005.06.020
http://dx.doi.org/10.1016/j.buildenv.2005.06.020
http://dl.acm.org/author_page.cfm?id=81466642132&coll=DL&dl=ACM&trk=0&cfid=89964104&cftoken=71800192
http://dl.acm.org/author_page.cfm?id=81443596367&coll=DL&dl=ACM&trk=0&cfid=89964104&cftoken=71800192
http://dx.doi.org/10.1016/j.eswa.2010.04.033
http://dx.doi.org/10.1016/j.eswa.2009.09.012
http://dx.doi.org/10.1016/j.eswa.2009.09.012
http://dx.doi.org/10.1016/j.eswa.2010.09.047
http://dx.doi.org/10.1016/j.eswa.2010.09.047


344 S. L. Hsueh et al.

Choumert, J. (2010) An empirical investigation of pub-
lic choices for green spaces, Land Use Policy, 27(4), 
pp. 1123–1131. http://dx.doi.org/10.1016/j.landuse-
pol.2010.03.001

Dale, A. and Newman, L. L. (2009) Sustainable develop-
ment for some: green urban development and af-
fordability, Local Environment, 14(7), pp. 669–681. 
http://dx.doi.org/10.1080/13549830903089283 

Ding, G. K. C. (2008) Sustainable construction—the role 
of environmental assessment tools, Journal of Envi-
ronmental Management, 86(3), pp. 451–464. http://
dx.doi.org/10.1016/j.jenvman.2006.12.025

Dziadosz, A. (2008) Estimation and selection of building 
investment using AHP, Czasopismo Techniczne, 
1-B2, pp. 41–51.

Erkip, F. (Beler) (1997) The distribution of urban public 
services: the case of parks and recreational services 
in Ankara, Cities, 14(6), pp. 353–361. http://dx.doi.
org/10.1016/S0264-2751(97)00026-7

Fong, P. S.-W. and Choi, S. K.-Y. (2000) Final contrac-
tor selection using the Analytical Hierarchy Process, 
Construction Management and Economics, 18(5), pp. 
547–557. http://dx.doi.org/10.1080/014461900407356 

Fung, W. B. and Yau, Y. (2009) Weightings of decision-
making criteria for neighbourhood renewal: perspec-
tives of university students in Hong Kong, Journal of 
Urban Regeneration and Renewal, 2(3), pp. 238–258.

Ginevicius, R. and Zubrecovas, V. (2009) Selection of the 
optimal real estate investment project basing on mul-
tiple criteria evaluation using stochastic dimensions, 
Journal of Business Economics and Management, 
10(3), pp. 261–270. http://dx.doi.org/10.3846/1611-
1699.2009.10.261-270 

Glazer, M. P. and Glazer, P. M. (1989) The whistle-blow-
ers: exposing corruption in government and industry. 
New York: Basic Books.

Gordon, S. (2007) Public decisions: solidarity and the sta-
tus quo, Games and Economic Behavior, 61(2), pp. 
225–241. http://dx.doi.org/10.1016/j.geb.2007.03.006

Grove-White, R. (2005) Uncertainty, environmental policy 
and social learning, Environmental Education Re-
search, 11(1), pp. 21–24. http://dx.doi.org/10.1080/1
350462042000328712 

Gruber, P. and Imhof, B. (2007) Transformation: struc-
ture/space studies in bionics and space design, Acta 
Astronautica, 60(4–7), pp. 561–570. http://dx.doi.
org/10.1016/j.actaastro.2006.09.032 

Hadi-Vencheh, A. and Mokhtarian, M. N. (2011) A 
new fuzzy MCDM approach based on centroid of 
fuzzy numbers, Expert Systems with Applications, 
38(5), pp. 5226–5230. http://dx.doi.org/10.1016/j.
eswa.2010.10.036

Heald, D. (2003) Value for money tests and accounting 
treatment in PFI schemes, Accounting, Auditing & 
Accountability Journal, 16(3), pp. 342–371. http://
dx.doi.org/10.1108/09513570310482291 

Heath, T. (2001) Adaptive re-use of offices for residential 
use: the experiences of London and Toronto, Cities, 

18(3), pp. 173–184. http://dx.doi.org/10.1016/S0264-
2751(01)00009-9

Hines, J. M., Hungerford, H. R. and Tomera, A. N. (1987) 
Analysis and synthesis of research on responsible 
environmental behaviour: a meta-analysis, Journal 
of Environmental Education, 18(2), pp. 1–8. http://
dx.doi.org/10.1080/00958964.1987.9943482 

Hsueh, S.-L., Perng, Y.-H., Yan, M.-R. and Lee, J.-R. 
(2007) On-line multi-criterion risk assessment model 
for construction joint ventures in China, Automation 
in Construction, 16(5), pp. 607–619. http://dx.doi.
org/10.1016/j.autcon.2007.01.001

Hsueh, S.-L. and Yan, M.-R. (2011) Enhancing sustainable 
community developments: a multi-criteria evaluation 
model for energy efficient project selection, Energy 
Procedia, 5, pp. 135–144. http://dx.doi.org/10.1016/j.
egypro.2011.03.025

Hungerford, H. R. and Volk, T. L. (1989) Changing learner 
behavior through environmental education, Journal 
of Environmental Education, 21(3), pp. 8–21.

Jaafari, A. (2001) Management of risks, uncertainties and 
opportunities on projects: time for a fundamental 
shift, International Journal of Project Management, 
19(2), pp. 89–101. http://dx.doi.org/10.1016/S0263-
7863(99)00047-2 

Jafari, A., Jafarian, M., Zareei, A. and Zaerpour, F. (2008) 
Using fuzzy Delphi method in maintenance strategy 
selection problem, Journal of Uncertain Systems, 
2(4), pp. 289–298.

Jeon, C. M. and Amekudzi, A. (2005) Addressing sus-
tainability in transportation systems: definitions, 
indicators, and metrics, Journal of Infrastructure 
Systems, 11(1), pp. 31–50. http://dx.doi.org/10.1061/
(ASCE)1076-0342(2005)11:1(31)

Juan, Y. K., Kim, J. H., Roper, K. O. and Castro-Lacouture, 
D. (2009) GA-based decision support system for hous-
ing condition assessment and refurbishment strate-
gies, Automation in Construction, 18(4), pp. 394–401. 
http://dx.doi.org/10.1016/j.autcon.2008.10.006

Kahraman, C., Çevik, S., Ates, N. Y. and Gülbay, M. 
(2007) Fuzzy multi-criteria evaluation of industrial 
robotic systems, Computers and Industrial Engineer-
ing, 52(4), pp. 414–433. http://dx.doi.org/10.1016/j.
cie.2007.01.005

Kim, J. I., Lee, C. M. and Ahn, K. H. (2004) Dongdaemun, 
a traditional market place wearing a modern suit: 
the importance of the social fabric in physical rede-
velopments, Habitat International, 28(1), pp. 143–
161. http://dx.doi.org/10.1016/S0197-3975(03)00036-5

Laefer, D. F. and Manke, J. P. (2008) Building reuse as-
sessment for sustainable urban reconstruction, Jour-
nal of Construction Engineering and Management-
ASCE, 134(3), pp. 217–227. http://dx.doi.org/10.1061/
(ASCE)0733-9364(2008)134:3(217)

Lee, G. K. L. and Chan, E. H. W. (2008) The Analytic 
Hierarchy Process (AHP) approach for assessment of 
urban renewal proposals, Social Indicators Research, 
89(1), pp. 155–168. http://dx.doi.org/10.1007/s11205-
007-9228-x 

http://dx.doi.org/10.1016/j.landusepol.2010.03.001
http://dx.doi.org/10.1016/j.landusepol.2010.03.001
http://dx.doi.org/10.1080/13549830903089283
http://dx.doi.org/10.1016/j.jenvman.2006.12.025
http://dx.doi.org/10.1016/j.jenvman.2006.12.025
http://dx.doi.org/10.1016/S0264-2751(97)00026-7
http://dx.doi.org/10.1016/S0264-2751(97)00026-7
http://dx.doi.org/10.1080/014461900407356
http://dx.doi.org/10.3846/1611-1699.2009.10.261-270
http://dx.doi.org/10.3846/1611-1699.2009.10.261-270
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236805%232007%23999389997%23670584%23FLP%23&_cdi=6805&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=a9ccc7657db61603b26cb6d1fa0a63d3
http://dx.doi.org/10.1016/j.geb.2007.03.006
http://www.eric.ed.gov/ERICWebPortal/search/simpleSearch.jsp;jsessionid=fPxxoheuKCz6nQBy1yga9Q__.ericsrv004?_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Grove-White+Robin%22
http://dx.doi.org/10.1080/1350462042000328712
http://dx.doi.org/10.1080/1350462042000328712
http://dx.doi.org/10.1016/j.actaastro.2006.09.032
http://dx.doi.org/10.1016/j.actaastro.2006.09.032
http://dx.doi.org/10.1016/j.eswa.2010.10.036
http://dx.doi.org/10.1016/j.eswa.2010.10.036
http://dx.doi.org/10.1108/09513570310482291
http://dx.doi.org/10.1108/09513570310482291
http://dx.doi.org/10.1016/S0264-2751(01)00009-9
http://dx.doi.org/10.1016/S0264-2751(01)00009-9
http://dx.doi.org/10.1080/00958964.1987.9943482
http://dx.doi.org/10.1080/00958964.1987.9943482
http://dx.doi.org/10.1016/j.autcon.2007.01.001
http://dx.doi.org/10.1016/j.autcon.2007.01.001
http://dx.doi.org/10.1016/j.egypro.2011.03.025
http://dx.doi.org/10.1016/j.egypro.2011.03.025
http://dx.doi.org/10.1016/S0263-7863(99)00047-2
http://dx.doi.org/10.1016/S0263-7863(99)00047-2
http://dx.doi.org/10.1061/(ASCE)1076-0342(2005)11:1(31)
http://dx.doi.org/10.1061/(ASCE)1076-0342(2005)11:1(31)
http://dx.doi.org/10.1016/j.autcon.2008.10.006
http://dx.doi.org/10.1016/j.cie.2007.01.005
http://dx.doi.org/10.1016/j.cie.2007.01.005
http://www.sciencedirect.com/science/journal/01973975
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235899%232004%23999719998%23465613%23FLA%23&_cdi=5899&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=a41c5781d8236bf35da7b3e45b772919
http://dx.doi.org/10.1016/S0197-3975(03)00036-5
http://dx.doi.org/10.1061/(ASCE)0733-9364(2008)134:3(217)
http://dx.doi.org/10.1061/(ASCE)0733-9364(2008)134:3(217)
http://dx.doi.org/10.1007/s11205-007-9228-x
http://dx.doi.org/10.1007/s11205-007-9228-x


345DFAHP multicriteria risk assessment model for redeveloping derelict public buildings

Lee, J. W. and Kim, S. H. (2000) Using analytic network 
process and goal programming for interdependent 
information system project selection, Computers 
and Operations Research, 27(4), pp. 367–382. http://
dx.doi.org/10.1016/S0305-0548(99)00057-X

Leitham, S., McQuaid, R. W. and Nelson, J. D. (2000) The 
influence of transport on industrial location choice: 
a stated preference experiment, Transportation Re-
search Part A: Policy and Practice, 34(7), pp. 515–
535. http://dx.doi.org/10.1016/S0965-8564(99)00030-0

Li, D.-F. (2010) A new methodology for fuzzy multi-attrib-
ute group decision making with multi-granularity 
and non-homogeneous information, Fuzzy Optimiza-
tion and Decision Making, 9(1), pp. 83–103. http://
dx.doi.org/10.1007/s10700-010-9071-4 

Li, D.-F. and Yang, J.-B. (2004) Fuzzy linear program-
ming technique for multiattribute group decision 
making in fuzzy environments, Information Scienc-
es, 158(1), pp. 263–275. http://dx.doi.org/10.1016/j.
ins.2003.08.007

Litman, T. (2007) Developing indicators for comprehen-
sive and sustainable transport planning, Trans-
portation Research Record: Journal of the Trans-
portation Research Board, pp. 10–15. http://dx.doi.
org/10.3141/2017-02

Matarasso, F. (2007) Common ground: cultural action as 
a route to community Development, Community De-
velopment Journal, 42(4), pp. 449–458. http://dx.doi.
org/10.1093/cdj/bsm046 

Mechefske, C. K. and Wang, Z. (2003) Using fuzzy lin-
guistics to select optimum maintenance and condi-
tion monitoring strategies, Mechanical Systems and 
Signal Processing, 17(2), pp. 305–316. http://dx.doi.
org/10.1006/mssp.2001.1395

Moodley, K., Smith, N. and Preece, C. N. (2008) Stake-
holder matrix for ethical relationships in the con-
struction industry, Construction Management 
and Economics, 26(6), pp. 625–632. http://dx.doi.
org/10.1080/01446190801965368 

Murry, J. W. Jr. and Hammons, J. O. (1995) Delphi: a 
versatile methodology for conducting qualitative 
research, Review of Higher Education, 18(4), pp. 
423–436.

Newman, P. and Smith, I. (2000) Cultural production, 
place and politics on the South Bank of the Thames, 
International Journal of Urban and Regional Re-
search, 24(1), pp. 9–24. http://dx.doi.org/10.1111/1468-
2427.00233 

Nguyen, T. H., Shehab, T. and Gao, Z. (2008) Selecting 
an architecture-engineering team by using fuzzy 
set theory, Engineering, Construction and Architec-
tural Management, 15(3), pp. 282–298. http://dx.doi.
org/10.1108/09699980810867433 

Oakes, T. (2006) Cultural strategies of development: 
implications for village governance in China, The 
Pacific Review, 19(1), pp. 13–37. http://dx.doi.
org/10.1080/09512740500417616 

Owen, G. and Merna, A. (1997) The private finance ini-
tiative, Engineering, Construction and Architec-

tural Management, 4(3), pp. 167–177. http://dx.doi.
org/10.1108/eb021046 

Pan, N.-F. (2008) Fuzzy AHP approach for selecting the 
suitable bridge construction method, Automation 
in Construction, 17(8), pp. 958–965. http://dx.doi.
org/10.1016/j.autcon.2008.03.005

Pearce, A. R., DuBose, J. R. and Bosch, S. J. (2007) Green 
building policy options for the public sector, Journal 
of Green Building, 2(1), pp. 156–174. http://dx.doi.
org/10.3992/jgb.2.1.156

Perng, Y.-H., Hsueh, S.-L. and Yan, M.-R. (2005) Evalua-
tion of housing construction strategies in China us-
ing fuzzy-logic system, International Journal of Stra-
tegic property management, 9(4), pp. 215–232. http://
dx.doi.org/10.1080/1648715X.2005.9637538 

Rossi, J. M. (2003) Adaptive reuse: reusing buildings for 
future generations while maintaining connections to 
the past, Bulletin, 71(3), pp. 34–39.

Saaty, T. L. (1980) The analytical hierarchy process: plan-
ning, priority setting, resource allocation. New York, 
NY: McGraw-Hill Book Co.

Saaty, T. L. (1990) How to make a decision: the ana-
lytic hierarchy process, European Journal of Op-
erational Research, 48(1), pp. 9–26. http://dx.doi.
org/10.1016/0377-2217(90)90057-I

Saaty, T. L. (1994) How to make a decision: the analytic 
hierarchy process, Interfaces, 24(6), pp. 19–43. http://
dx.doi.org/10.1287/inte.24.6.19 

Saaty, T. L. and Takizawa, M. (1986) Dependence and in-
dependence: from linear hierarchies to nonlinear net-
works, European Journal of Operational Research, 
26(2), pp. 229–237. http://dx.doi.org/10.1016/0377-
2217(86)90184-0

Shukla, V. and Waddell, P. (1991) Firm location and land 
use in discrete urban space: a study of the spatial 
structure of Dallas-Fort worth, Regional Science and 
Urban Economics, 21(2), pp. 225–253. http://dx.doi.
org/10.1016/0166-0462(91)90035-L

Skibniewski, M. J. and Chao, L.-C. (1992) Evaluation of 
advanced construction technology with AHP meth-
od, Journal of Construction Engineering and Man-
agement-ASCE, 118(3), pp. 577–593. http://dx.doi.
org/10.1061/(ASCE)0733-9364(1992)118:3(577) 

Tahir, Z., Prabuwono, A. S. and Aboobaider, B. M. (2008) 
Maintenance decision support system in small and 
medium industries: an approach to new optimization 
model, International Journal of Computer Science 
and Network Security, 8(11), pp. 155–162.

Taillandier, F., Sauce, G. and Bonetto, R. (2009) Risk-
based investment trade-off related to building facil-
ity management, Reliability Engineering & System 
Safety, 94(4), pp. 785–795. http://dx.doi.org/10.1016/j.
ress.2008.09.005

Taipei County Government (2006) Derelict buildings. 
[Online]. Government Ethics Monthly. Available 
at: http://www.ethics.ntpc.gov.tw/web66/_file/1263/
ABdownload/1146467170879file.doc

Tang, L. Y., Shen, Q. and Cheng, E. W. L. (2010) A review 
of studies on public–private partnership projects in 

http://dx.doi.org/10.1016/S0305-0548(99)00057-X
http://dx.doi.org/10.1016/S0305-0548(99)00057-X
http://dx.doi.org/10.1016/S0965-8564(99)00030-0
http://dx.doi.org/10.1007/s10700-010-9071-4
http://dx.doi.org/10.1007/s10700-010-9071-4
http://dx.doi.org/10.1016/j.ins.2003.08.007
http://dx.doi.org/10.1016/j.ins.2003.08.007
http://trb.metapress.com/content/120399/
http://trb.metapress.com/content/120399/
http://trb.metapress.com/content/120399/
http://dx.doi.org/10.3141/2017-02
http://dx.doi.org/10.3141/2017-02
http://cdj.oxfordjournals.org/search?author1=Fran%C3%A7ois+Matarasso&sortspec=date&submit=Submit
http://cdj.oxfordjournals.org/content/42/4.toc
http://dx.doi.org/10.1093/cdj/bsm046
http://dx.doi.org/10.1093/cdj/bsm046
http://dx.doi.org/10.1006/mssp.2001.1395
http://dx.doi.org/10.1006/mssp.2001.1395
http://www.informaworld.com/smpp/title~db=all~content=t713664979
http://www.informaworld.com/smpp/title~db=all~content=t713664979
http://www.informaworld.com/smpp/title~db=all~content=t713664979~tab=issueslist~branches=26#v26
http://dx.doi.org/10.1080/01446190801965368
http://dx.doi.org/10.1080/01446190801965368
http://dx.doi.org/10.1111/1468-2427.00233
http://dx.doi.org/10.1111/1468-2427.00233
http://dx.doi.org/10.1108/09699980810867433
http://dx.doi.org/10.1108/09699980810867433
http://dx.doi.org/10.1080/09512740500417616
http://dx.doi.org/10.1080/09512740500417616
http://dx.doi.org/10.1108/eb021046
http://dx.doi.org/10.1108/eb021046
http://dx.doi.org/10.1016/j.autcon.2008.03.005
http://dx.doi.org/10.1016/j.autcon.2008.03.005
http://dx.doi.org/10.3992/jgb.2.1.156
http://dx.doi.org/10.3992/jgb.2.1.156
http://dx.doi.org/10.1080/1648715X.2005.9637538
http://dx.doi.org/10.1080/1648715X.2005.9637538
http://www.eric.ed.gov/ERICWebPortal/search/simpleSearch.jsp?_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Rossi+John+M.%22
http://dx.doi.org/10.1016/0377-2217(90)90057-I
http://dx.doi.org/10.1016/0377-2217(90)90057-I
http://dx.doi.org/10.1287/inte.24.6.19
http://dx.doi.org/10.1287/inte.24.6.19
http://www.sciencedirect.com/science/journal/03772217
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235963%231986%23999739997%23472982%23FLP%23&_cdi=5963&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=40f7a02030f037c27c41301118847c72
http://dx.doi.org/10.1016/0377-2217(86)90184-0
http://dx.doi.org/10.1016/0377-2217(86)90184-0
http://dx.doi.org/10.1016/0166-0462(91)90035-L
http://dx.doi.org/10.1016/0166-0462(91)90035-L
http://dx.doi.org/10.1061/(ASCE)0733-9364(1992)118:3(577)
http://dx.doi.org/10.1061/(ASCE)0733-9364(1992)118:3(577)
http://dx.doi.org/10.1016/j.ress.2008.09.005
http://dx.doi.org/10.1016/j.ress.2008.09.005
http://erm.lib.kuas.edu.tw:2103/science/article/pii/S0263786309001422?_alid=1784562436&_rdoc=40&_fmt=high&_origin=search&_docanchor=&_ct=3456&_zone=rslt_list_item&md5=99960d243e7b5a3d8f74181f921eeee7
http://erm.lib.kuas.edu.tw:2103/science/article/pii/S0263786309001422?_alid=1784562436&_rdoc=40&_fmt=high&_origin=search&_docanchor=&_ct=3456&_zone=rslt_list_item&md5=99960d243e7b5a3d8f74181f921eeee7


346 S. L. Hsueh et al.

the construction industry, International Journal 
of Project Management, 28(7), pp. 683–694. http://
dx.doi.org/10.1016/j.ijproman.2009.11.009

Taylor, P. (2008) Where crocodiles find their power: learn-
ing and teaching participation for community devel-
opment, Community Development Journal, 43(3), pp. 
358–370. http://dx.doi.org/10.1093/cdj/bsn017 

Thiel, T. (2008) Decision aiding related to maintenance 
of buildings: technical, economic and environmen-
tal aspects, International Journal of Environment 
and Pollution, 35(2/3/4), pp. 158–170. http://dx.doi.
org/10.1504/IJEP.2008.021353 

Thisse, J.-F. and Wildasin, D. E. (1992) Public facility 
location and urban spatial structure: equilibrium 
and welfare analysis, Journal of Public Economics, 
48(1), pp. 83–118. http://dx.doi.org/10.1016/0047-
2727(92)90043-F

Van Herzele, A. and Wiedemann, T. (2003) A monitoring 
tool for the provision of accessible and attractive ur-
ban green spaces, Landscape and Urban Planning, 
63(2), pp. 109–126. http://dx.doi.org/10.1016/S0169-
2046(02)00192-5

Wang, H.-J. and Zeng, Z.-T. (2010) A multi-objective 
decision-making process for reuse selection of his-
toric buildings, Expert Systems with Applications, 
37(2), pp. 1241–1249. http://dx.doi.org/10.1016/j.
eswa.2009.06.034 

Wang, L., Chu, J. and Wu, J. (2007) Selection of optimum 
maintenance strategies based on a fuzzy analytic 
hierarchy process, International Journal of Produc-
tion Economics, 107(1), pp. 151–163. http://dx.doi.
org/10.1016/j.ijpe.2006.08.005

Wu, J. J. and Plantinga, A. J. (2003) The influence of 
public open space on urban spatial structure, Jour-
nal of Environmental Economics and Management, 
46(2), pp. 288–309. http://dx.doi.org/10.1016/S0095-
0696(03)00023-8

Yacout, S. and Boudreau, J. (1998) Assessment of quality 
activities using Taguchi’s loss function, Computers 
and Industrial Engineering, 35, pp. 229–232. http://
dx.doi.org/10.1016/S0360-8352(98)00071-0

Yao, R. C. (2010) LSD, Mirage: disused public property in 
Taiwan. Garden City Publishers.

Yau, Y. and Chan, H. L. (2008) To rehabilitate or rede-
velop? A study of the decision criteria for urban re-
generation projects, Journal of Place Management 
and Development, 1(3), pp. 272–291. http://dx.doi.
org/10.1108/17538330810911262 

Yu, W. D. and Skibniewski, M. J. (1999) A neuro-fuzzy 
computational approach to constructability knowl-
edge acquisition for construction technology evalua-
tion, Automation in Construction, 8(5), pp. 539–552. 
http://dx.doi.org/10.1016/S0926-5805(98)00104-6

Zadeh, L. A. (1965) Fuzzy sets, Information and Control, 
8(3), pp. 338–353. http://dx.doi.org/10.1016/S0019-
9958(65)90241-X

Zadeh, L. A. (1976) A fuzzy-algorithmic approach to 
the definition of complex or imprecise concepts, 
International Journal of Man-Machine Studies, 
8(3), pp. 249–291. http://dx.doi.org/10.1016/S0020-
7373(76)80001-6

Zadeh, L. A. (1983) A computational approach to fuzzy 
quantifiers in natural languages, Computers & 
Mathematics with Applications, 9(1), pp. 149–184. 
http://dx.doi.org/10.1016/0898-1221(83)90013-5

Zadeh, L. A. (1987) Fuzzy sets and applications: selected 
papers by L. A. Zadeh. New York, NY: John Wiley 
& Sons.

Zadeh, L. A. (1988) Fuzzy logic, Computer, 21(4), pp. 83–
93. http://dx.doi.org/10.1109/2.53

Zadeh, L. A. (1996) Fuzzy logic = computing with words, 
IEEE Transactions on Fuzzy Systems, 4(2), pp. 103–
111. http://dx.doi.org/10.1109/91.493904 

Zavadskas, E. K. and Antucheviciene, J. (2006) Develop-
ment of an indicator model and ranking of sustain-
able revitalization alternatives of derelict property: 
a Lithuanian case study, Sustainable Development, 
14(5), pp. 287–299. http://dx.doi.org/10.1002/sd.285 

Ziglio, E. and Adler, M. (1996) Gazing into the Oracle: The 
Delphi method and its application to social policy and 
public health. London: Jessica Kingsley, pp. 1–33.

http://erm.lib.kuas.edu.tw:2103/science/article/pii/S0263786309001422?_alid=1784562436&_rdoc=40&_fmt=high&_origin=search&_docanchor=&_ct=3456&_zone=rslt_list_item&md5=99960d243e7b5a3d8f74181f921eeee7
http://dx.doi.org/10.1016/j.ijproman.2009.11.009
http://dx.doi.org/10.1016/j.ijproman.2009.11.009
http://dx.doi.org/10.1093/cdj/bsn017
http://dx.doi.org/10.1504/IJEP.2008.021353
http://dx.doi.org/10.1504/IJEP.2008.021353
http://dx.doi.org/10.1016/0047-2727(92)90043-F
http://dx.doi.org/10.1016/0047-2727(92)90043-F
http://dx.doi.org/10.1016/S0169-2046(02)00192-5
http://dx.doi.org/10.1016/S0169-2046(02)00192-5
http://dx.doi.org/10.1016/j.eswa.2009.06.034
http://dx.doi.org/10.1016/j.eswa.2009.06.034
http://dx.doi.org/10.1016/j.ijpe.2006.08.005
http://dx.doi.org/10.1016/j.ijpe.2006.08.005
http://dx.doi.org/10.1016/S0095-0696(03)00023-8
http://dx.doi.org/10.1016/S0095-0696(03)00023-8
http://dx.doi.org/10.1016/S0360-8352(98)00071-0
http://dx.doi.org/10.1016/S0360-8352(98)00071-0
http://search.books.com.tw/exep/prod_search.php?cat=F01&key=Mirage %3A Disused Public Property in Taiwan
http://search.books.com.tw/exep/prod_search.php?cat=F01&key=Mirage %3A Disused Public Property in Taiwan
http://dx.doi.org/10.1108/17538330810911262
http://dx.doi.org/10.1108/17538330810911262
http://dx.doi.org/10.1016/S0926-5805(98)00104-6
http://dx.doi.org/10.1016/S0019-9958(65)90241-X
http://dx.doi.org/10.1016/S0019-9958(65)90241-X
http://dx.doi.org/10.1016/S0020-7373(76)80001-6
http://dx.doi.org/10.1016/S0020-7373(76)80001-6
http://dx.doi.org/10.1016/0898-1221(83)90013-5
http://dx.doi.org/10.1109/2.53
http://dx.doi.org/10.1109/91.493904
http://dx.doi.org/10.1002/sd.285

	_GoBack

