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The Application of Multi-Criteria Decision Analysis for the Assessment
of Sustainable Development to Residence Community
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Abstract

When the trend of development and management of human residence environment becomes
focusing on the concept of sustainable development (SD) over the world, the concept of “thinking
globally, action locally” needs to be transferred into specific and practicable implementations.
Hence, in order to fulfill SD to residence environment effectively, local action principle needs to
be established based on the location’s characteristics. Besides, in the implementation, the
correspondence of the concept for the geographical space must be distinguished firstly, and then
the objective and effective evaluation method must be developed. With the rapid changing time
and dense population with small land area, the dwelling in Taiwan has been developed toward the
type of housing with high-rise, high density and centralization. In addition, industrialization,
urbanization and globalization have pushed traditional community, which possessed the
characteristics of high social interaction, shared ties, and geographical location mixed-use, into
“housing community (HC).” The HC emphasizes the satisfaction of personal living quality,
privacy and safety, and is in the form of cluster and single-use. In order to guide and implement
SD effectively, this paper first searches the relevant possible impact factors (PIFs) of the SD for
the HC. Fuzzy Delphi method (FDM) is applied next to extract the factors for further analysis.
Furthermore, since there is complex interdependence among objectives and among criteria, this
research examines the relationship thorough expert group discussion and form the evaluation
model. The analytic network process (ANP) method, which can solve multi-attribute decision



analysis (MADA) problems effectively, is employed next to solve the model. Through the
systematic analysis, a subjective and qualitative perception problem can be transformed and
solved in an objective and quantitative evaluation model. As a result, the abstract concept of SD
can be applied in a distinct network model suitably. The conclusion and results obtained from the
operation of the evaluation model not only can be a foundation to implement the sustainable
concept and a recommendation for government’s related policy making, but also can be a
guidance for planning and practicing in the future.

Keywords: Fuzzy Delphi method (FDM); Analytic network process (ANP); Collective residence
environment sustainable development; Housing community (HC)



1. Introduction

Sustainable development (SD) has been focused on residential environment in the world in
turns of development and management in the past twenty years. Awareness of its
concept/definition is abstract. Conceptual work of “thinking globally, action locally”, therefore,
should be transferred into specific and applicable approach. Implementation of SD effectively in
residence environment should have two structural concerns (Chan & Wu, 2003; Chan & Huang,
2004). First, the concept of space of geographical scale for action should be included (Lee &
Huang, 2007). Second, an objective and valid measurement method should be developed.

Housing community (HC) designed with collective dwelling type has become a basic
construction unit in residential environment and urban development. This is due to the limitation
of land and condensed population in Taiwan. Furthermore, government should define residence
and community clearly in order to move toward SD under rapid transition based on highly
urbanization, industrialization and technology (National Council for Sustainable development,
2000). In other words, HC is the response to space of geographical scale for action (Beatley &
Manning, 1997; Forman, 1995).

Establishment of evaluating indicators is an essential work to transfer the concept effectively
into developing space units (Frasera et al. 2006; Spangenberg et al., 2002). Evaluation model can
then be developed (Lin & Lee, 2005; Yuan et al. 2003). Nevertheless, in the process of operating
performance model, there are complicated interrelationships existing among various factors
(Chan & Huang, 2004; Maclaren, 1996). Such a characteristic belongs to multi-attribute decision
analysis (MADA). Many works done on MADA (see Chen & Liu, 2007; Lee & Li, 2006) showed
that the fuzzy Delphi method (FDM) can extract definite factors effectively from related
attributes. The extracted factors can then be criteria for measurement. In addition, the analytic
network process (ANP) has the ability to handle interdependency among attributes and criteria.

The purpose of this paper is to establish a distinct, objective and applicable evaluation model
that transforms abstract SD concept based on characteristics and requirements of local basic unit.
The results could examine the implementation of the SD concept more specifically and
practically. Moreover, it will also offer sufficient planning and executing guidance to local
residential environment development in the future.

2. Literature review
2.1 Transition of Community

Due to the influence of traditional neighborhood unit theory, community in the past not only
provided function of residence but also work, culture, education, social life and certain scale of
commercial activity. It was a mixed-use living environment and a basic unit for social
development and urban construction (Churchill & Baetz, 1999; Mason & Cheyne, 2000).

With swift changing in time, industrialization reduces the dependence of people on community.
Convenient transportation under urbanization also lengthens the distance between working
location and residence. Frequent communication and network cooperation in globalization
collapse the pattern of living interaction (Birkeland, 2002). These trends change the living style
from the traditional community with characteristics of social interaction, shared ties and
geographical location (Hillery, 1955) to self-satisfaction, privacy, and an emphasis on
occupational interest than community interest, and gradually to an isolated and sterile
accommodation (Wight, 1995; Churchill & Baetz, 1999). In Taiwan, a small island with
condensed population, the transition becomes even apparent and housing community (HC) has
become a dominant developing form. However, due to broadened phenomena of contemporary
community (e.g. increased mobility and electronic communication) and conceptual abstract
association (e.g. scientific community) (Birkeland, 2002), group residential livelihood in the past
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gradually evolves into self-satisfaction, independent livelihood with indifference and rare
interaction (Hung & Wang, 2006). HC, a basic unit of development with local characteristic,
reflects an appropriate correspondence with the geographical space unit.

2.2 Sustainability Indicators and Impact Factors

Since 1980s, SD has emerged as a popular solution to the problem of meeting the material
needs of a rapidly growing population (Bridger & Luloff, 1999). Many scholars attempt to apply
sustainability to the issues of residence community ( Bridger & Luloff, 1999; Barton, 2000;
Lafferty, 2002; Weber, 2003, Chan & Huang, 2004).There were many research works have
explored the restriction and utilization of resources and ecology, the living attitude/style and
needs/quality of residents, and the policies and management in operation and development. As
a result, concepts, such as “green community” (Lin & Lee, 2005), “ecology community” (Zhang
& Shyng, 2004) and “healthy community” (Farmer et al., 2003), are developed. However, no
matter what the research results are, as stated by Lee & Huang (2007), it is necessary to establish
evaluation criteria for creating a more livable and compatible environment.

Before SD was defined by WCED in 1987, Van der Ryn & Calthorpe (1986) had already
discussed sustainable community. Later on, many works also studied the issue. The Sustainable
Seattle (1998) listed 40 indicators of sustainable community under four dimensions: environment,
population & resources, economy, and culture & society. Beatley (1998) claimed that a
sustainable community should contain principles of safety, environmentally-friendly, symbiosis,
consensus, ethic, and equity. Moreover, Bridger & Luloff (1999) proposed that typical and ideal
sustainable community should be defined in five dimensions, such as self reliance etc. Barton
(2000) also listed five dimensions to explore the local sustainability (e.g. social equity and health).
In addition to the above works, numerous researches have similar analysis and detailed discussion,
including Roseland (2000), Weber (2003), Farmer et al. (2003), and ODPM (2004).

Some researches focused on local indigenous needs and characteristics are found. Chan & Wu
(2003) and Chan & Huang (2004) listed eight rules, such as self-regulation and
multiple-utilization, of bio-cybernetic to define 26 variables to be criteria of sustainable
community. Lin & Lee (2005) believed community is the basic administrative unit for people
living, work and enjoy their life. From questionnaire analyses and group discussions, the authors
established core indicators of sustainable community indicators, including three main dimensions,
five sub-categories, and ten indicators. Moreover, Wu et al. (2006) presented four dimensions and
associated benchmarks to evaluate sustainable community management.

2.3. Existed Evaluation Models and Methods

From literature review, we can understand that there are extensive influencing dimensions and
attributes for the SD of HC. Thus, this is a MADA problem. There were numerous methods
conducted in the past, such as ranking technique, scoring, AHP, and mathematical models
including goal programming, dynamic programming and so on (Wey & Wu, 2007).The above
methodologies can deal with simple and simplified thinking models. However, to solve the
complex interrelationship among criteria for the abstract SD concept, the above techniques are
not adequate enough.

Most of the measuring approaches and evaluation models focusing on this field tried to
establish influencing factors, indicators/criteria first (see Innes & Booher, 1999; Andrew &
Carroll, 2001; Bell & Morse, 2004). Reed et al. (2006) set up a learning process by integrating
approaches of top-down from expert-led and bottom-up from community-based. The criteria and
SD goal of HC form a loop structure, and community-driven participatory methods (CDPM) is
adopted for evaluation. Chan & Hung (2004) considered variables for community development,
and then engaged in systematic evaluation research by sensitivity model (SM). Moreover, Taylor
(2001) made a comparison between employment based analysis (EBA) and cost-benefit analysis
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(CBA) on HC activity.

Even though operation models and techniques for MADA problem have been developed
extensively, interdependency among criteria and alternatives may exist in real practice (Weber et
al., 1990). An evaluation model with only top-down relationship or one-way loop form cannot
appropriately represent the connections among the factors. As long as there is interrelationship
among criteria and alternatives, the relationship should be shown as a network. Thus, the ANP
(Saaty, 1996), which aims to tackle network problems, is adopted in this research to solve the
interdependency problem of SD in collective residence environment.

3. Methodologies
3.1 Fuzzy Delphi Method (FDM)

To deal with the uncertainty of experts’ subjective opinions effectively, Murray et al. (1985)
first applied the fuzzy theory to the traditional Delphi Method. Ishikawa et al. (1993) employed
the cumulative frequency distribution function and the fuzzy integration to integrate experts’
estimation into fuzzy numbers, and utilized the “gray zone”, the intersection of the fuzzy numbers,
to develop the Max-Min FDM and the FDM via Fuzzy Integration (FDMFI).

Thereafter, Chang et al. (1995) and Chang & Wang (2006) extended the fuzzy number to the
triangular fuzzy numbers (TFNSs) to acquire the similarity degree among tolerable scope to select
the critical factors from a list of possible factors. Moreover, Cheng (2001) and Hsiao (2006),
based on Ishikawa et al. (1993), used TFNs to combine experts’ cognitions and applied gray zone
test to examine whether the cognitions has reached convergence. Zheng (2001), by revising the
method of Cheng (2001), employed the geometric mean of experts’ judgment to express the two
TFNs for integrating comments and did the gray zone test. This paper bases on Zheng (2001) and
the above some related researches, to find the critical factors. The proposed procedure is as
follows:

Step 1: Collect all possible impact factors (PIFs) u, .U:{ui,izlz..,n}.

Step 2: Collect estimated score of each factor from each expert. The score is denoted as S' by K
experts; S =(C,i,of< ),i =12,...,n;k=12,...,K.C}(0Q}) is the lowest (highest) score of
the kth expert to the ith factor, and both Cc| and O] have a range from 1 to 10 (Zheng,
2001).

Step 3: Calculate the minimum c! (0O!), the geometric mean (GM) ci, (0}, ) and the
maximum ¢/ (o)) values of c! (0}) for each factor.

Step 4: Establish the TFNs. The most conservative cognition value of a TFN is ¢' =(c{,c},.c}, ),
and the most optimistic cognition value is o' =(0},0},,0} ). The overlap section of the
two TFNs is called the gray zone, as shown in Figure 1 (Cheng, 2001; Hsiao, 2006).

Step 5: Inspect the consensus among experts’ opinions. The gray zone of each factor is
used to calculate the “important degree of consensus” (G') by Equation (1).

G'={Y| ugigxy (V) (1)

(1) If there is no overlap between the two TFNSs, this indicates that the experts’ opinions
possess consensus, and G' =(C}, +0},)/2 (Zheng, 2001).

(2) If there is overlap between the two TFNs (the gray zone (z') exists): to compare the
z' and M', wherezi =cj,-0' and M'=0},-Ci,, G' is calculated by Equation (2)
and Equation (3) (Zheng, 2001).

Fi(xj-)z{)j({min[Ci(Xj),Oi(Xj)}}dX}:jEU (2)



Giz{Xj‘maX,uFi(Xj)},jeU (3)

Step 6: Extract critical factors from U, compare G' with the threshold value (S). If G'>sS,
select factor i; and if G'<S, eliminate factor i (Chang et al., 1997; Zheng, 2001). In
general, the threshold value is determined by decision makers subjectively (Chang et al.,
1997).

3.2 Analytic Network Process (ANP)

The ANP is the generalization of the analytic hierarchy process (AHP) by replacing hierarchies
with networks (Saaty, 1996) and allowing more complex interrelationships in a network system.
The ANP has been widely used in multi-criteria decision making (MCDM) problems in various
fields such as strategic decision, project selection, product planning (Chung et al. 2005a), and so
on.

The structural difference between a hierarchy and a network is depicted in Figure 2, where a
node represents a component with elements inside it and an arc denotes the interaction between
two components (Karsak et al., 2002). The direction of an arc represents dependence between
two components; a two-way arrow indicates interdependency between two components; and a
loop shows the inner dependence of elements within a component (Saaty, 1996; Chung et al.,
2005b).

Degree of Ahierarchy A network
»

Membership
A
oc c, o co, 0}, g f
}T{ Cognition Value

Gray Zone Figure 2. A hierarchy and a network
Figure 1. Two TFNs (Zheng, 2001) (Chung et al., 2005b)

Saaty (1996) introduces the “supermatrix” to handle the interdependence characteristics, and a
standard supermatrix form is as follows:
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Let the components of a network system be Cy, k =1, ..., N, and let each component k has n
elements, denoted by e,,.e,,....,&,, - The influence of a set of elements belonging to a component
on any element in another component can be represented as a priority matrix (Wj;) by applying
pairwise comparisons in the same way as in the AHP. Wij shows the influence of the elements in
the jth component to the elements in the ith component, and vice versa. In addition, if there is no
influence, then Wj; = 0 (Huang et al., 2005; Chung et al., 2005b). The process of ANP is

described as follows (Chung et al., 2005b; Saaty, 1996; Sarkis, 2003):

Step 1: Model construction and problem structuring. An example is shown in Figure 3. (Momoh
& Zhu, 1998).

Step 2: Pairwise comparisons matrices and priority vectors. Like AHP, decision elements at each
component are compared pairwisely with respect to their importance towards their control
criterion, and the components themselves are also compared pairwisely with respect to
their contribution to the goal (Chung et al., 2005b).

Alternatives

Figure 3. A network example(Momoh & Zhu, 1998)

Step 3: Supermatrix formation. To obtain global priorities in a system with interdependent
influences, the obtained local priority vectors and matrices from Step 2 are entered in a
matrix to form a “supermatrix” as follows:

Goal Cri Alt
Goal 0 0 0 (%)

Criteria |Wy W, 0
Alternatives| 0 W, |

where “I” is the identity matrix, and entries of zeros correspond to those elements that
have no influence. Next, in order to achieve a convergence on the importance weights, the
supermatrix is raised to limiting powers by Equation (6) to obtain the limit matrix, which
shows the global priority weights.
Iim W2k+1 (6)
k— o

Step 4: Selection of best alternatives. The priority weights of alternatives can be found in the
column of alternatives in the normalized supermatrix (Sarkis, 2003; Chung et al., 2005b).

4. Evaluation Framework
4.1 Determination of Evaluating Criteria by FDM

In this research, nineteen experts from industry, government departments, and professional
scholars from related area formed to contribute their expertise. Based on literature reviews,
consideration of actual needs and characteristics of local area, we are able to list five major
dimensions that influence SD of HC: (1) social level, (2) natural environment, (3) living use, (4)
management and service, and (5) technology application. Moreover, 26 PIFs are generalized and
categorized under the five dimensions (see Table 1).
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TABLE 2. Factor extraction results
PIFs G O CMs | g
Min [ Mx | Min | Max | C' o'
F 4 8 8 10 | 612 | 918 | 7.65
F 3 8 6 10 | 670 | 913 | 741
F; 5 9 8 10 | 681 | 917 | 835
F4 3 7 5 10 | 498 | 793 | 6.18
Fs 3 7 5 10 [ 504 | 820 | 624
Fe 3 7 5 10 | 438 | 737 | 595
F 2 7 5 10 | 431 | 717 | 589
Fs 2 8 5 10 | 428 | 744 | 6.19
Fq 4 8 6 10 586 | 881 | 7.14
Fo 3 9 7 10 | 638 | 883 | 7.84
Fu 4 8 8 10 615 | 901 | 758
Fi 3 8 6 10 | 532 | 817 | 6.90
Fis 3 8 6 10 | 574 | 863 | 7.08
Fu 3 8 8 10 | 598 | 913 | 755
Fis 4 9 7 10 6.38 [ 900 | 7.87
Fis 5 9 8 10 | 708 | 940 | 842
Fiy 5 8 7 10 | 6.09 | 883 | 7.49
Fig 3 8 7 10 505 | 877 | 738
Fig 3 8 6 10 | 569 | 862 | 7.06
Fx 3 8 7 10 556 | 874 | 742
Fx 3 9 7 10 | 636 | 895 | 7.85
Fx» 3 8 6 10 570 | 860 | 7.06
Fx 2 7 5 10 | 423 | 737 | 592
Fo 3 9 8 10 | 528 | 923 | 825
Fx 3 8 7 10 | 572 | 917 | 7.49
Fs 3 7 6 10 | 437 | 806 | 6.44

TABLE 1. Dimensions and
possible impact factors
Dimensions Possible impact factors
(Ds) (PIFs)
Community ideology (F;)
Health (F,)
Safety (F3)
Social level [Culture education (F,)
(Dy) Construction of style & features (Fs)
Justice & opportunities (Fg)
Properties of community constitution (F)
Community connection (Fg)
Land use (Fo)
Energy use (Fio)
N'atural Clean & recycling (F1;)
Environment — -
(D») Preserve biodiversity (Fi,)
Natural resources (Fi3)
Pollution prevention (Fi4)
Greenery open space (Fis)
- Good dwellings & built environment (Fy6)
Living use n —
(Dy) Pupllc fa_ulltles (F17)
Satisfaction & comfort (Fy3)
Traffic service system (Fyo)
Management Policies & ordinances (F)
. Organizational operation (F,;)
and service -
) Spontfflnelty .management (F2)
Effective guidance of government (F;3)
Technology [Community network (Fzs)
Application |Security control system (Fs)
(D5) Digital life use (Fz)

Numbers: 13 (G' = S (7.40), shown in gray )

Next, FDM is applied to extract the factors from the PIFs. A convergence of experts’ opinions
is obtained, and 13 factors are extracted. In this research, we subjectively set 7.40 as the threshold
value. The results are shown in Table 2, and the factors shaded in gray are selected.

4.2 Construction of Evaluation Model by ANP

With the results from FDM, a group meeting is carried out again to build up an evaluation
model based on the ANP network structure proposed by Saaty (1996). In the process, the
complete evaluation model is constructed as shown in Figure 4. In the evaluation model, the
objectives and criteria correspond respectively to the 5 dimensions and 13 extracted factors from

Subsequently, the operational steps of ANP proceed based on the evaluation model. Three HCs
(A1, Az, and Aj3) are selected from Hsinchu area to examine the practicality of the proposed model.
Seven experts are asked to fill out a set of pairwise comparison questionnaire. Based on the

+ Li—Security control system (C13)

Figure 4. Evaluation model

the FDM.
e Doy oy (C0 S
- Social level : i_Health (Cy) E?—
ol | o) P Losafety (C) —
= ! | FEIIIIsEEEsiizasaaasssaaassissizassassizasaaas 3 — HCi (A1)
Z ; - , -:—Energy use (Cy)
= - Natural environment 1. Clean & recycling (Cs) i
AR E (O 5 —:E’p_'!tft_lpﬁ_PrffY?DEtQ@_(_C_s).........................f
g : ; -.—Greenery open space (C;) ;‘?
b ; '—'\2'89 )use i Good dwellings & built environment (Cg) L HC: (A2)
=N 2 i Li_Public facilities (Co) ;
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_g | [ Management & Service | | | ;
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pairwise comparison results, priority/eigenvalue (EV) in each component and interdependencies
in the model is calculated, and consistency (CR = 0.1) is tested. Because there are numerous
pairwise comparisons matrices (PCM), only partial calculation is illustrated (G-O;-C3-A) in Table
3.

Table 3. Representation of PCM

G |0 O, O3 0O Os EV C, C, C, Cs EV
O |1 3 2 4 6 0.419 C 1 5 3 0.627
o, |13 1 12 2 3 0.155 C, 1/5 1 1/4 0.094
O; |12 2 1 4 5 0.282 Cs 1/3 4 1 0.280
O, |14 12 14 1 2 0.089 CR=0.074
Os |16 13 15 12 1 0.055
CR=0.014

0, | C C, Cs EV C, Ay A, As EV
C| 1 6 2 0.600 Ay 1 2 1/4 0.218
C, | 1/6 1 1/3  0.100 A, 1/2 1 1/3 0.152
C; | 1/2 3 1 0.300 A 4 3 1 0.630

CR=0 CR=0.093

All the priorities calculated from the pairwise comparison matrices are entered in the initial
supermatrix (see Table 4) using Equation (5). However, the supermatrix does not have column
stochastic. Each block in that column is multiplied by 0.5 to make the column stochastic. By this
way, a weighted supermatrix is formed. The weighted supermatrix is then raised to limiting
powers by Equation (6) to capture all the interactions and to obtain the limit supermatrix (see
Table 5). The alternative with the largest priority should have the best overall performance. The
performance of the three alternatives is: A; (0.394) > A, (0.324) >~ A;(0.281).

Table 4. Initial supermatrix

G O 0 O3 04 Os C C G C G G C Cg Gy Ciwp Cu C» Cis AlAVA;

G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00O
O, ]0.419 0.475 0.304 0.103 0.318 0.230 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0O
O, ]0.155 0.072 0.489 0.062 0.159 0.000 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 0O
O3 ]0.282 0.122 0.070 0.295 0.045 0.000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0O
O, 10.089 0.287 0.137 0.540 0.392 0.122 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0O
Os ]0.055 0.045 0.000 0.000 0.086 0.648 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0O
C: 0 0.600 O 0 0 0 0.627 0.582 0.230 0 0 0 0 0 0 0 0 0 0 0 0O
C, 0 0100 O 0 0 0 0.09401100122 0 0 0 0 0 0 0 0 0 0 0 0O
Cs 0 0300 O 0 0 0 0.2800.309 0.648 0 0 0 0 0 0 0 0 0 0 0 0O
Cy 0 0 0648 0 0 0 0 0 0 0.5400.3000.128 © 0 0 0 0 0 0 0 00O
Cs 0 0 0230 0 0 0 0 0 0 0.297 0.600 0.276 O 0 0 0 0 0 0 00O
Cs 0 0 0122 0 0 0 0 0 0 0.1630.1000.595 0 0 0 0 0 0 0 00O
C, 0 0 0 0258 0 0 0 0 0 0 0 0 054002390111 0 0 0 0 0 0O
Cs 0 0 0 0637 0 0 0 0 0 0 0 0 0.297 0.6250.222 O 0 0 0 0 00O
Cy 0 0 0 0105 O 0 0 0 0 0 0 0 0.1630.137 0667 0 0 0 0 00O
Cpo| O 0 0 0 0333 0 0 0 0 0 0 0 0 0 0 0.750 0.667 O 0 0 0O
Cul| O 0 0 0 0667 O 0 0 0 0 0 0 0 0 0 02500333 0 0 0 00O
C| O 0 0 0 0 0143 0 0 0 0 0 0 0 0 0 0 0 020003330 0 0
Cs| O 0 0 0 0 0857 0 0 0 0 0 0 0 0 0 0 0 0.8000667 0 0 O
Ay 0 0 0 0 0 0 0.218 0.137 0.701 0.726 0.122 0.122 0.082 0.070 0.162 0.100 0.096 0.098 0.648 1 0 0
A, 0 0 0 0 0 0 0.152 0.239 0.193 0.172 0.230 0.230 0.603 0.604 0.770 0.600 0.210 0.187 0.230 0 1 0
As 0 0 0 0 0 0 0.630 0.625 0.106 0.102 0.648 0.648 0.315 0.326 0.068 0.300 0.694 0.7150.122 0 0 1
SUM|1.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 1 1 1

5. Results and conclusions

This research combines the FDM and the ANP to develop an evaluation model for SD of
collective residence environment. The results of this research are briefly listed here.

First, through the process of FDM, a large number of abstract, qualitative and sensational PIFs
are effectively extracted into a limited number of representative evaluation criteria. In this
research, 26 initial PIFs are extracted into 13 criteria.
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Table 5. The limit sunermatrix

|G 0. 0, O3 O, Os C C C3 Ci Cs Co C Cg Cyg Ci Cu Cip Cizs Al Ay Ag
G 10.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
04 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0, [0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
03 [0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0,4 10.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
05 [0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C, [0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C, [0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C5 [0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C, [0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C5 [0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Cg [0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C- 10.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Cg [0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C, [0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C10/0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C11/0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C1,[0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
C13/0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
A1 10.281 0.330 0.380 0.147 0.193 0.462 0.298 0.261 0.593 0.562 0.221 0.182 0.089 0.080 0.142 0.099 0.097 0.304 0.562 1.000 0.000 0.000
A, 0.324 0.240 0.236 0.506 0.355 0.236 0.163 0.207 0.189 0.188 0.220 0.224 0.621 0.620 0.733 0.549 0.346 0.203 0.223 0.000 1.000 0.000
A310.394 0.430 0.384 0.347 0.453 0.302 0.540 0.532 0.218 0.250 0.559 0.594 0.291 0.300 0.125 0.351 0.557 0.493 0.215 0.000 0.000 1.000

Second, the ANP is adopted to further analyze the results from the FDM. With a network
structure, the method systematically reflects the interdependence existing in each evaluation
components and calculates the importance of components and alternatives through objective
mathematical matrix manipulation. The outcome of the evaluation network model displays the
interdependence among the five objectives and inner dependence in each criteria cluster.
Furthermore, the model can calculate the ranking of the three HCs under the main goal (HCs
(0.394) ~ HC, (0.324) = HC; (0.281)), and also the performances of each HC under each
objective or under each criterion. These outcomes recommend a developing direction toward SD
for each HC under the study.

To sum up, this paper sets up a network evaluation model, which can transform the abstract
concept of SD into an applicable approach. Subjective qualitative characteristics and needs in
local HC can be converted into objective numerical weights for reference. In addition, the model
is theoretical correct and easy to operate. The results from this research not only can be
fundamental reference for future development application, but also can be guidelines for project
planning and development in practice. Furthermore, the results can be useful references for
relevant policy making in public sectors.

References

Andrews, S. S., & Carroll, C. R. (2001). Designing a soil quality assessment tool for sustainable
agro-ecosystem management. Ecological Applications, 11, 1573-1585.

Barton (Ed.). (2000). Sustainable community: the potential for eco-neighbourhoods. London,
Earthscan.

Beatley, T. (1998). The vision of sustainable communities, In Burby, R. J. (Ed.): Cooperating with
Nature. Washington, DC: Joseph Henry Press.

Beatley, T., & Manning, K. (1997). The ecology of place. Washington, D.C.: Island Press.

Bell, S., & Morse, S. (2004). Experiences with sustainability indicators and stakeholder
participation: a case study relating to a ‘Blue Plan’ project in Malta. Sustainable Development,
12, 1-14.

Birkeland, J. (2002). Design for sustainability. London: Earthscan.

8



Bridger, J. C., & Luloff, A. E. (1999). Toward an interactional approach to sustainable
community development. Journal of Rural Studies, 15, 377-387.

Chan, S. L., & Huang, S. L. (2004). A system approach for the development of a sustainable
community—the application of the sensitivity model (SM). Journal of Environmental
Management, 72, 133-147.

Chan, S. L., & Wu, S. P. (2003). A system approach for the development of a sustainable
community: a case study of Ping-Ding community. Journal of City and Planning, 30 (1),
63-86 (in Chinese).

Chang, I. S., Tsujimura, Y., Gen, M., & Tozawa, T. (1995). An efficient approach for large scale
project planning based on fuzzy Delphi method. Fuzzy Sets and Systems, 76, 277-288.

Chang, P. C., & Wang, Y. W. (2006). Fuzzy Delphi and back-propagation model for sales
forecasting in PCB industry. Expert Systems with Applications, 30, 715-726.

Chang, Y. H., Hsu, T. H., & Chen, S. L. (1997). Evaluation Process in Selecting Airport Location.
Transportation Planning Journal, 26 (1), 37-67, (in Chinese).

Chen, C. S., & Liu, Y. C. (2007). A methodology for evaluation and classification of rock mass
quality on tunnel engineering. Tunnelling and Underground Space Technology, 22, 377-387.

Cheng, J. H. (2001). Indexes of competitive power and core competence in selecting Asia-Pacific
ports. Journal of Chinese Institute of Transportation, 13 (1), 1-25, (in Chinese).

Chung, S. H., Lee, A. H. I, & Pearn, W. L. (2005a). Analytic network process (ANP) approach
for product mix planning in semiconductor fabricator. International Journal of Production
Economics, 96, 15-36.

Chung, S. H,, Lee, A. H. I., & Pearn, W. L. (2005b). Product mix optimization for semiconductor
manufacturing based on AHP and ANP analysis. The International Journal of Advanced
Manufacturing Technology, 25 (11-12), 1144-1156.

Churchill, C. J., & Baetz, B. W. (1999). Development of design support system for sustainable
community design. Journal of Urban Planning and Development, 125 (1), 17-35.

Farmer, J., Lauder, W., Richards, H., & Sharkey, S. (2003). Dr. John has gone: assessing health
professionals’ contribution to remote rural community sustainability in the UK. Social
Science & Medicine, 57, 673-686.

Forman, R. (1995). Land Mosaic: the ecology of landscapes and regions, Cambridge, Cambridge
University Press.

Frasera, E. D. G, Dougilla, A. J., Mabeeb, W. E., Reeda, M., & Alpinec, P. M. (2006). Bottom up
and top down: Analysis of participatory processes for sustainability indicator identification as
a pathway to community empowerment and sustainable environmental management. Journal
of Environmental Management, 78, 114-127.

Hillery, G. A. (1955). Definitions of community: areas of agreement. Rural Sociology, 20,
111-123.

Hsiao, T. Y. (2006). Establish standards of standard costing with the application of convergent
gray zone test. European Journal of Operational Research, 168, 593-611.

Huang, J. J., Tzeng, G. H., & Ong, C. S. (2005). Multidimensional data in multidimensional
scaling using the analytic network process. Pattern Recognition Letters, 26, 755-767.

Huang, Y. P., & Wang, W. M. (2006). A Preliminary study of the evaluation to the development of
sustainable community: the community of technology employees in Hsin-Chu. In 2006
Technology, Science & Society Academic Conference, Hsin-Chu, Taiwan, (in Chinese).

Innes, J. E., & Booher, D. E. (1999). Indicators for sustainable communities: a strategy building
on complexity theory and distributed intelligence. Working Paper 99-04, Institute of Urban
and Regional Development, University of California, Berkeley.

Ishikawa, A., Amagasa, T., Shiga, T., Tomizawa, G., Tatsuta, R., & Mieno, H. (1993). The
Max-Min Delphi method and fuzzy Delphi method via fuzzy integration. Fuzzy Sets and
Systems, 55, 241-253.

Karsak, E. E., Sozer, S., & Alptekin, S. E. (2002). Product planning in quality function

9



deployment using a combined analytic network process and goal programming approach.
Computers & Industrial Engineering, 44, 171-190.

Lafferty, W. M. (Ed.). (2002). Sustainable community in Europe. London: Earthscan.

Lee, T. R.,, & Li, J. M. (2006). Key factors in forming an e-marketplace: an empirical analysis.
Electronic Commerce Research and Applications, 5, 105-116.

Lee, Y. J.,, & Huang, C. M. (2007). Sustainability index for Taipei. Environmental Impact
Assessment Review, 27, 505-521.

Lin, S. C., & Lee, Y. J. (2005). Sustainable Community Indicators: Case of Mingshan Community,
Taipei, Taiwan. In (APSA 2005) the 8" International Conference of the Asian Planning
Schools Association. Penang, Malaysia.

Maclaren, V. W. (1996). Urban sustainability reporting. Journal of the American Planning
Association, 62 (2), 184-202.

Mason, P., & Cheyne, J. (2000). Residents’ attitudes to proposed tourism development. Annals of
Tourism Research, 27(2), 391-411.

Momoh, J. A., & Zhu, J.Z. (1998). Application of AHP/ANP to unit commitment in the
deregulated power industry. 1998 IEEE International Conference on Systems, Man, and
Cybernetics, Vol. 1, 817-822.

Murray, T. J., Pipino, L. L., & Van Gigch, J. P. (1985) A pilot study of fuzzy set modification of
Delphi. Human Systems Management, 5, 76-80.

National Council for Sustainable Development. (2000). Taiwan Agenda 21: Vision and Strategies
for National Sustainable Development. Taipei: Executive Yuan Republic of China (Taiwan).
ODPM. (2004). The Egan Review: Skills for Sustainable Communities. London: Office of the

Deputy Prime Minister.

Reed, M. S., Fraser, E. D. G.., & Dougill, A. J. (2006). An adaptive learning process for
developing and applying sustainability indicators with local communities. Ecological
economics, 59, 406-418.

Roseland, M. (2000). Sustainable community development: integrating environmental, economic,
and social objectives. Progress in Planning, 54, 73-132.

Saaty, T.L. (1996). Decision making with dependence and feedback: the analytic network process.
Pittsburgh, RWS Publications.

Sarkis, J. (2003). A strategic decision framework for green supply chain management. Journal of
Cleaner Production, 11 (4), 397-4009.

Spangenberg, J. H., Pfahl, S., & Deller, K. (2002). Towards indicators for institutional
sustainability: lessons from an analysis of Agenda 21. Ecological Indicators, 2, 61-77.

Sustainable Seattle. (1998). The sustainable Seattle 1998 indicators of sustainable community: a
report to citizens on long-term trends in our community. Seattle, WA: Sustainable Seattle.

Taylor, D. F. (2001). Employment-based analysis: an alternative methodology for project
evaluation in developing regions, with an application to agriculture in Yucata'n. Ecological
Economics, 36, 249-262.

Van der Ryn, S., & Calthorpe, P. (1986). Sustainable Communities. San Francisco, CA.: Sierra
Club Books.

Weber, E. P. (2003). Bring society back in: grassroots ecosystem management, accountability,
and sustainable communities. Cambridge: The MIT Press.

Weber, R., Werners, B., & Zimmerman, H. J. (1990). Planing models for research and
development. European Journal of Operational Research, 48, 175-188.

Wey, W. M., & Wu, K. Y. (2007). Using ANP priorities with goal programming in resource
allocation in transportation. Mathematical and Computer Modelling, 46, 985-1000.

Wight, 1. (1995). New urbanism vs. conventional suburbanism. Plan Canada, Ottawa, 35 (5),
20-22.

Wu, K. Y., Wey, W. M., & Lin, W. Z. (2006). Using fuzzy analytic hierarchy process evaluates
10



sustainable community management in Miaoli city of Taiwan. WSEAS Transactions on
environment and development, Issue 6, 2. 792-799.

Yuan, W., James, P., Hodgson, K., Hutchinson, S. M., & Shi, C. (2003). Development of
sustainability indicators by communities in China: a case study of Chongming County,
Shanghai. Journal of Environmental Management, 68, 253-261.

Zhang, H., & Shyng, J. H. (2004). A study on the conduction performance of ecological
community concept-the rural communities in Tainan County for example. Journal of
architecture and planning, 5(1), 29-47, (in Chinese).

Zheng, C. B. (2001). Fuzzy assessment model for maturity of software organization in improving
its staff’s capability. Master Thesis, Taiwan University of Science and Technology, (In
Chinese).

R R
- FIPFERVIEZNPRR
AEE P hastiE 4 kg gﬁf%: ﬁ:;ﬁ ) i AR P K,lrt#;:ﬁFuzzy Delphi method
(FDM) £ Analytic network process (ANP) = j# en32 3 ~ k(T /222 #5878 F > { BB 4p
Fﬁ%ﬁﬁé% ﬁ? mﬁg‘_hﬂ V] g‘ﬁgb N T? | #* b5 gpﬁvm%,ﬂ“\zuﬁv 28 . g,@é‘rﬁﬁ"“ nE 73 = >
lfi’/%!ﬁé??‘ 5 E] i
- f‘;ail%i B Rl emd 20 % g Fuzzy Delphi method:#-1p B < A= 3 ~ 3 % FRaZ
PR RE FREG R BRF 2R IV IRERRIRF RS
RN
(= )R 1%. Bt e ﬁd Analytlc network process = i if 7 # K FE riaE 2 2 3
B 2 AL R AR T R hidp T R M G PR - RRRE T
ATt > & L B Y~ LA T 3R 105 (Evaluation Model) -

Cﬁ?%ﬁﬁﬁﬁﬁi@?*ﬁa‘%%uwwﬂ%’;%ﬂ%%w*ﬁ%ﬂﬁﬁiﬁm

i%ﬁ—g‘_g{fﬁﬁq%ﬁ s A}gjpaﬁ#‘, =L 415%‘“,] ﬁ*/‘ﬁm'ﬁ-{ WE R o~ TR g,;,g’gy.ﬁ?
gf'—f%"ﬁ:;‘v’ R ER LR ZIRRE PR KR T x-—x]%?sa%ﬁy\agnb" w B L { ek 2 P

FE5 o
3.@;‘5&%1?5&
(= )7t ™ & EARE AR A 4T 2R A BRI R - TR g
gg?i&fﬂimnxf
(C)FMEEET SMEF LT BRERT - FRY AR R &7 RS
FORpa 30 ~ 2 Ap MR E ot e R RE R R R Y AAH
IR R X

A3t H 2 PR S % e A T REA € (2007 APMC - 2008 BAI) = & ~ 3 & £ 4g 1 SCI
Z2_®¥ dp 7] (Expert Systems With Applications) - % » %540

(-)R%FH §
1.Wei-Ming _Wang, Ding-Tsair Chang, and Amy H. I. Lee, (2007). Preliminary
Evaluation Modeling for Sustainable Development of Collective Residence
Environment: Scope in Taiwan’s Housing Community. The 13th Asia Pacific
Management Conference, November 18-20, 2007, pp. 743-752, Melbourne, Australia.

11



2.Wei-Ming Wang, (2008). MCDM Applied to the Assessment of Sustainable
Development for Taiwan’s Collective Residence Environment. 2008 International
Conference on Business and Information, July 7-9, 2008, Disc pp. 1-12, Seoul, South
Korea.

(= )R%EH
1.Wei-Ming Wang, Amy H. I. Lee, and Ding-Tsair Chang, (2008). An Integrated
FDM-ANP Approach for Evaluating Sustainable Development of Taiwan's Collective
Residence Environment. Expert Systems With Applications. pp. 1-29. (SCI;

2008.08.06 #. 45 > " ).

12



xﬁfi_
FRERTFELR GHHRP & RS E A RET L R 2

97 & 7 * 21 p

, voEL S
o o\
E - I & A th*i*% BRAT PEE
gk e
= R = v
¢ % = 97.07.07.~97.07.09. e $65 (39:: 0;)9;610())33672 %
; o o .07.11.
B 8 Seoul, South Korea | 4728 = 5. | (\s¢ 96-2415-H-216-005-5SS)
g 3% (¥ =)
R (® <) International Conference on Business And Information 2008
# (¢ =)
Ei (# <) MCDM APPLIED TO THE ASSESSMENT OF SUSTAINABLE
18P DEVELOPMENT FOR TAIWAN’S COLLECTIVE RESIDENCE
ENVIRONMENT

FPRFRSFTAEA

-~ S R

AAT 06 pFE g EHCIE0 rrfssiE South Korea» %4 7 7p 32 7% 9pd
Academy of Taiwan Information Systems Research ** Seoul city ” JW Marriott Hotel Seoul”
#1# {7 e “the 2008 International Conference on Business and Information” (The BAI 2008
Conference) Bl *##34 ¢€ -

EEA € 0 M E R A £ % 4~ “Management Information System” ... % 24 58 3 %80 &
PP ORATAMIOBRFT0 L ERH TR G SR EFT AT 465 K T A= R
A2 ot AL~G7 £ 53 B 7 =t 7% %o~ 4“7 £ 2 "MCDM APPLIED TO THE
ASSESSMENT OF SUSTAINABLE DEVELOPMENT FOR TAIWAN’S COLLECTIVE
RESIDENCE ENVIRONMENT* # <~ - 4 4&*t "Social Issues in Management” - % > ¥ 4%
(A et 2§ L &oide A 4% 4 d 222 Far Eastern + & Peithe Ma Salva
FAREE SR PG R TR 0 2UCHD Bo (TELHIE B R RN F 843
Ll T L iiﬁ%%a’,ﬁﬁk°

AAHY BN EERE TR I AHFE E (Sustainable Development) )z 2 i 27 4%
o FENOREERBROF RS R BT E | A AREEAHE T F i
Ao BFET2HLY v p2FR | DEFMAT > SEHF FFBEFPEG 2 ¥
FRAGLHBEAORFT (TR EEZAT Do E2pLER TR E7HRIFED
3% #05% (Evaluation Model ) o § 3F 4 S & pF > S 5lac h 7 ¢ B2 BB S R
Bt A o B SEE BN AF L LT ARV LR RRPR T
Bl E: LN “f TR AR P RRAES AN BB FENSHS “f
BT BB AT BT 2 B R B B B Y M AR 2

1;3;6—%;24; o

9




_ \_l,éi?g.u/fg'

BEAXREF G AR AR R D s R F 2 EARE R L
%@g@pﬂf%*ﬁé%PﬁE@ B0 AR s i

E RS e RRRS Y P E S HEE N mpi‘*%ﬁﬁy?
L %,xf—wwq‘;w_%\mﬂ@ ho R A RAT AT L RALE 2K
.ru"‘v;‘;fﬂi*ml*’ﬁ%’”*m}éz’;‘*’ﬁ““L“*”?iir?%?ﬁﬂﬁﬁig‘%'?a@&%‘»
ﬁ?,ﬁ‘é—é‘._&i’@lt’mﬁﬂl" J'}"@ m_g{_,g:r;c,g NI 1]:3_~\7 ;PJ% , F’“;P rJ-ptaE:rmﬁ
oot - PR AR BREBAFTT S 22 R T EAEE RS ER éﬁﬁﬂzﬁ Fév g
2 g8k

w\«:;

2
&

= j’] gg}ﬁfé@(«,ﬁ ‘5—'\;@- /’éﬁj’ﬁ % “é)
23K
%A 3t € 4 Academy of Taiwan Information Systems Research (ATISR)#72 9% ¢+ & & %

S € 0 T E RppT A & B R .ﬁ,arlg;bg,—r‘ #E "}ﬁ%&%éﬁﬁﬁﬁ’“ s
Lo R R S s REEEE A < 1 J-FL,}-S_, S AL AR A h \g,{h‘ﬁdg —_—
3 - TARRZ BRSNS LR o AN VIERR R B RE PRI R B2 W)
M EpRELE B meE 22 AL AH S BT P T f,zf.i,gr,gglmgixﬁ
TANE RN ST S R R O

Ak S
(- )Proceedings of Business And Information 2008 (ISSN:1729-9322) (¢ + )
(=)~ kag (2 7))
(=) Contemporary Management Research Vol.4, No.1 March 2008 (ISSN:1813-5498) (z # )
(=) Contemporary Management Research Vol.4, No.2 June 2008 (ISSN:1813-5498) (z # )
() International Journal of BUSINESS & INFORMATION Vol.2, No.1 June 2007
(ISSN:1728-8673) (¢ # )

(=) International Journal of Cyber Society and Education Vol.1, No.1 March 2008
(ISSN:1995-6649) (¢ # )




i iE =
MCDM APPLIED TO THE ASSESSMENT OF
SUSTAINABLE DEVELOPMENT FOR TAIWAN’S COLLECTIVE
RESIDENCE ENVIRONMENT

Wei-Ming Wang
Department of Architecture and Urban Planning, Chung-Hua University
707, Sec 2, WuFu Rd, Hsinchu City 300, Taiwan ROC
weiming@chu.edu.tw

ABSTRACT

When sustainable development (SD) becomes the global trend on collective residence
environment, it needs to transform the abstract concept into specific and practicable
implementations. Hence, the correspondent of the concept to geographical space must be
distinguished first, and the objective evaluation method on regional property must be developed
next. The major type of Taiwan’s dwelling is housing with high-rise, high density and
centralization. Besides, urbanization has pushed traditional “community” into “housing
community”, which emphasizes the satisfaction of personal living quality, privacy and safety. For
implementing SD effectively, this paper first searches the relevant possible impact factors.
Moreover, the characteristics of location development and dwellers’ actual demand are integrated
by the fuzzy Delphi method (FDM) to extract the aspects and criteria for assessment. Since there
is complex interdependence among assessment aspects/criteria, the analytic network process
(ANP) method, which can solve such multi-criteria decision making (MCDM) problem
effectively, is employed. The series of operations can transfer the subjective and qualitative
perception problems into the objective and quantitative evaluation achievements. The results can
be not only the foundation to implement the sustainable conception, but also the consultation and
guidance for planning and practicing in the future.

Keyword: Sustainable Development, Housing Community, Fuzzy Delphi Method, Analytic
Network Process

INTRODUCTION

With swift changing in time, industrialization reduces the dependence of people on community.
Convenient transportation under urbanization also lengthens the distance between working
location and residence. Frequent communication and network cooperation in globalization
collapse the pattern of living interaction (Birkeland, 2002). These trends change the living style
from the traditional community with characteristics of social interaction, shared ties and
geographical location (Hillery, 1955) to self-satisfaction, privacy, and an emphasis on
occupational interest than community interest, and gradually to an isolated and sterile
accommodation (Churchill & Baetz, 1999; Schneider, 1992; Wight, 1995).

Since 1980s, sustainable development (SD) has emerged as a popular solution to the problem of
meeting the material needs of a rapidly growing population (Bridger & Luloff, 1999). Many
scholars attempt to apply sustainability to the issues of residence community (Barton, 2000;
Bridger & Luloff, 1999; Chan & Huang, 2004; Lafferty, 2002; Paterson & Connery, 1997; Weber,
2003). Based on the environment, social and economy impacts that were emphasized in the 1996
Habitat 11 Conference, many research works have explored the restriction and utilization of
resources and ecology, the living attitude (style) and needs (quality) of residents, and the policies
and management in operation and development. As a result, concepts, such as “green
community” (Lin & Lee, 2005; Young, Makoni, & Christiansen, 2001), “ecology community”
(O’Hara & Stagl, 2002; Roseland, 1997; Zhang & Shyng, 2004) and “healthy community”
(Farmer, Lauder, Richards, & Sharkey, 2003; Raphael, Renwick, Brown, Steinmetz, Sehdev, &
Phillips, 2001), are developed.



When the trend of development and management of human residence environment becomes
focusing on the concept of SD over the world, the abstract concept of “thinking globally, action
locally” needs to be transferred into specific and practicable approach. Implementation of SD
effectively in residence environment should have two structural concerns. First, the appropriate
space of geographical scale for action should be included. Second, an objective and valid
measurement method should be developed (Chan & Huang, 2004; Chan & Wu, 2003).

Due to the limitation of land and condensed population in Taiwan, housing community designed
with collective dwelling type has become a basic construction unit in residential environment and
urban development. Furthermore, the government should define residence and community clearly
for moving toward SD under rapid transition based on highly urbanization, industrialization and
technology (National Council for Sustainable Development, 2000). That is to say, housing
community is the corresponding to space of geographical scale for action as well as the
foundation to extend overall development (Chan & Wu, 2003).

A number of studies (Frasera, Dougilla, Mabeeb, Reeda, & Alpinec, 2006; Maclaren, 1996;
Spangenberg, Pfahl, & Deller, 2002; UNSDC, 1997) have shown that the establishment of
evaluating indicators/criteria is an essential work for effectively transferring the concept into
developing space units. Evaluation model can then be developed (e.g. Deakin, 2003; Lin & Lee,
2005; Yuan, James, Hodgson, Hutchinson, & Shi, 2003). Nevertheless, in the process of
operating performance model, there are complicated interrelationships existing among various
factors (Chan & Huang, 2004; Maclaren, 1996). Such a characteristic belongs to multi-attribute
decision analysis (MADA). Many works done on MADA (Chen, Li, & Wong, 2005; Lee & Kim,
2001; Lee & Li, 2006; Sarkis, 2003) showed that the fuzzy Delphi method (FDM) can extract
definite factors effectively from related attributes. The extracted factors can then be criteria for
measurement. In addition, the analytic network process (ANP) has the ability to handle
interdependency among attributes and criteria. It can also transform subjective and qualitative
ISsues into an objective and quantitative model for evaluation (Meade & Presley, 2002).

The purpose of this paper is to establish an explicit, objective and applicable evaluation model
that transforms abstract SD concept based on characteristics and requirements of local basic unit.
The results shall show that the quantitative weights of each component in the model are objective
in nature. When the alternatives are added into the evaluation model, it could examine the
implementation of the SD concept more specifically and practically. Moreover, it will also offer
sufficient planning and executing guidance to overall local residential environment development
in the future.

EXISTED EVALUATION MODELS AND METHODS

From literature review, we can understand that there are extensive influencing dimensions and
attributes for housing community SD. Thus, when engaging measurement and evaluation, this is a
MADA problem. In general, a MADA problem must have a simple but clear goal as well as
objectives and/or criteria connecting under the goal. There were numerous methods conducted in
the past, such as ranking technique (Buss, 1983), scoring (Lucas & Moor, 1976), AHP
(Muralidhar & Santhnanm, 1990), multivariable analysis method, and mathematical models
including goal programming, dynamic programming, zero-one goal programming and so on
(Nemhauser & Ullman, 1969; Reiter & Rice, 1966; Roper-Low & Sharp, 1990; Saaty, 1996;
Sanathanam & Kyparisis, 1996; Santhanam, Muralidhar, & Schniederjans, 1989). The above
methodologies can deal with simple and simplified thinking models. However, to solve the
complex interrelationship among factors for the abstract SD concept, the above techniques are not
adequate enough. Therefore, in recent years, a few works have been undertaking on this topic
using various methods or models.



Most of the measuring approaches and evaluation models focusing on this field tried to establish
influencing factors, indicators or criteria first (Andrew & Carroll, 2001; Bell & Morse, 2004).
Reed, Fraser & Dougill (2006) set up a learning process by integrating approaches of top-down
from expert-led and bottom-up from community-based. It is the foundation for local
sustainability evaluation criteria which are stakeholder-led oriented. The criteria and SD goal of
housing community form a loop structure, and community-driven participatory methods (CDPM)
is adopted for evaluation. Chan & Hung (2004) considered variables for community development
and set up influencing factors, and then engaged in systematic evaluation research by sensitivity
model (SM). Moreover, Taylor (2001) made a comparison between employment based analysis
(EBA) and cost-benefit analysis (CBA) on housing community activity.

Even though operation models and techniques for MADA problem have been developed
extensively, interdependency among criteria and alternatives may exist in real practice (Weber,
Werners & Zimmerman, 1990). An evaluation model with only top-down relationship or one-way
loop form cannot appropriately represent the connections among the factors. As long as there is
interrelationship among criteria and alternatives, the relationship should be shown as a network.
Thus, the ANP (Saaty, 1996), which aims to tackle network problems, is adopted in this research
to solve the interdependency problem of SD in collective residence environment.

FRAMEWORK AND METHODS

The framework of this paper consists of several parts as shown in Figure 1. First, related aspects
and attributes for SD of residential/housing community are identified through relevant literature
review and local characteristics. The critical evaluation criteria are determined by the FDM next.
After constructing the evaluation network model by the experts’ group discussion, we can
calculate the priorities/weights of critical criteria by applying the ANP method. The final ranking
results of the empirical case for housing community SD are obtained. The detailed descriptions of
each part of the framework are presented in the following sub-sections.

Evaluation of SD for Degree of
Housing Community : Membership
¢ thergture A
Reviews

Collection of Possible

Impact Factors [———>
v FDM . Ci o'

Determination of
Evaluating Criteria

<
<«

\ 4

Determination of - - - — -
. L. ANP 0 i i i i i i
Evaluating Criteria CL Cuw O C)Oy Oy

< }T{ Cognition Value
A 2

| Discussion of Results | Gray Zone

v

FIGURE 1. Research Framework FIGURE 2. Two TFNs (Zheng, 2001)

Fuzzy Delphi Method (FDM)

To deal with the uncertainty of experts’ subjective opinions effectively, Murray, Pipino, & Van
Gigch (1985) first applied the fuzzy theory to the traditional Delphi Method. Ishikawa, Amagasa,
Shiga, Tomizawa, Tatsuta, & Mieno (1993) employed the cumulative frequency distribution
function and the fuzzy integration to integrate experts’ estimation into fuzzy numbers, and
utilized the “gray zone”, the intersection of the fuzzy numbers, to develop the Max-Min FDM
and the FDM via Fuzzy Integration (FDMFI). Other works on FDM include Chang, Tsujimura,
Gen & Tozawa (1995), Chang & Wang (2006), Cheng (2001), Hsiao (2006), Wang, Chang, &
Lee (2007) and Zheng (2001).



This paper bases on the FDM developed by Ishikawa et al. (1993) and Zheng (2001) to find the
critical factors. The proposed procedure is as follows (Wang et al., 2007):

Step 1: Collect all possible factors ui.

Step 2: Collect estimated score of each factor (u;) from each expert. The score is denoted as S;

by k experts, S, ={(Cy,04 )}. Ci is the lowest score of the kth expert to the ith
factor,; O, Is the highest score, and both C, and O, have a range from 1 to 10

(Chang & Wang, 2006; Zheng, 2001).
Step 3: Calculate the extreme values of C, and O, for each factor. A group average is

calculated for both C; and O, and calculate the minimum ci (o), the geometric
mean (GM) c|, (o,,)andthe maximum c! (o/)of c| (o}).

Step 4: Establish the TFNs. There are two TFNs: denoted as c'=(ci,cj,.ci ) and
o' :(oiL,oiM .0}, ) The overlap section of the two TFNs is called the gray zone, as shown

in Figure 2 (Zheng, 2001).

Step 5: Inspect the consensus among experts’ opinions. The gray zone of each factor is used to
calculate the “important degree of consensus” (G'), and the higher value of G', the higher
significance of ui.

(1) If there is no overlap between the two TFNs (¢! <o!)this indicates that the

experts’ opinions possess consensus (Zheng, 2001), and G'=(C!, +0},)/2-
(2) If there is overlap (¢ >0! ), the gray zone (z') exists:
(a) If Z'<M', wherez' =c} -0 and m'=0i,-ci,, G'is calculated by Equation (1)
and Equation (2).

e 0g)={ | fminf! 00,0 0xp T v ®

G' = {v |max ,uFi(Y)},ieU ?)

(b) If Z'>M', there are discrepancies among the experts’ opinions. Repeat Step 2 to
Step 5 until a convergence is attained. _
Step 6: Extract critical factors from U, compare G' with the threshold value (S). If G'=S, select
factor i; and if G' <'S, eliminate factor i (Zheng, 2001). In general, the threshold value is
determined by decision makers subjectively (Chang, Hsu, & Chen, 1997).

Analytic Network Process (ANP)

The ANP is the generalization of the analytic hierarchy process (AHP) by replacing hierarchies
with networks (Saaty, 1980, 1996, 2005) and allowing more complex interrelationships in a
network system. The ANP has been widely used in multi-criteria decision making problems in
various fields such as strategic decision (Raisinghani & Meade, 2005; Sarkis, 2003), project
selection (Eddie & Li, 2005; Meade & Presley, 2002), product planning (Chen et al., 2005;
Chung, Lee, & Pearn, 2005a), and so on.

The process of ANP is described as follows (Chung et al., 2005a; Saaty, 1996; Wang et al.,

2007) :

Step 1: Model construction and problem structuring. The problem should be stated clearly and
decomposed into a rational system like a network, which would indicate the relationship
of feedback or interdependence among the components, by decision makers.

Step 2: Pairwise comparisons matrices and priority vectors. Like AHP, decision elements at
each component are compared pairwisely with respect to their importance towards their
control criterion, and the components themselves are also compared pairwisely with
respect to their contribution to the goal (Chung , Lee, & Pearn, 2005b). The relative
importance values are determined with a scale of 1 to 9, and an eigenvector can be
obtained.



Step 3: Supermatrix formation. To obtain global priorities in a system with interdependent
influences, the obtained local priority vectors and matrices from Step 2 are entered in a
matrix to form a “supermatrix” as follows:

Goal Cri Alt
_ Goal 0 0 0
~ Criteria |W21 W22 0 (3)

Alternatives| 0 W32 |

where “I” is the identity matrix, and entries of zeros correspond to those elements that
have no influence. After forming the supermatrix, a weighted supermatrix is derived by
transforming all columns sum to unity; i.e. like the concept of Markov chain for ensuring
the column stochastic equals to 1 (Huang, Tzeng, & Ong, 2005). Next, in order to achieve
a convergence on the importance weights (Huang et al., 2005), the weighted supermatrix
is raised to limiting powers by Equation (4) to obtain the limit matrix, which shows the
long-term stable weighted values (Chung et al., 2005a) and the global priority weights.
The detail of mathematical processes of the ANP approach can refer to Saaty (1996).

k~>DO

Step 4: Selection of best alternatives. If the supermatrix formed in Step 3 covers the whole
network, the priority weights of alternatives can be found in the column of alternatives in
the normalized supermatrix (Chung et al., 2005b, Sarkis, 2003).

EVALUATION FRAMEWORK

Determination of Evaluating Criteria by FDM

In this research, a committee with experts from industry, government departments, and
professional scholars from related area is formed to contribute their expertise in sustainable
development of collective residence environment. Based on literature reviews, consideration of
actual needs and characteristics of local area, and the results of the first group discussion of the
committee, we are able to list five major dimensions that influence SD of housing community: (1)
social level, (2) natural environment, (3) living use, (4) management and service, and (5)
technology application. Moreover, 26 possible impact factors are generalized and categorized
under the five dimensions. The five dimensions and their possible impact factors are listed in
Table 1 (Huang & Wang, 2006; Wang et al., 2007).

Next, FDM is applied to extract the factors from the possible impact factors. An anonymous
questionnaire is prepared to let the committee members evaluate the importance of each possible
impact factor. A convergence of their opinions is obtained, and 13 factors are extracted. In this
research, we subjectively set 7.40 as the threshold for the geometric mean of experts’ consensus
value (G'). The results are shown in Table 2 (Huang & Wang, 2006; Wang et al., 2007), and the
factors shaded in gray are selected.

Construction of Evaluation Model by ANP

With the results from FDM, a group discussion of experts is carried out again to build up an
evaluation model based on the ANP network structure proposed by Saaty (1996). In the process,
experts agree that there is certain interdependence and feedback among the goal, objectives and
criteria and that alternatives (different housing communities) should be evaluated in the network.
The committee reaches a consensus that there is interdependence among the dimensions, and the
factors under different dimensions (clusters) have interdependence too. However, the
interdependence of the dimensions has adequately captured the interdependence of the factors
under different dimensions (clusters). As a result, we can assume an independency of the factors
under different dimensions (clusters), and thus only study the interdependence among the factors
under the same dimension. The complete evaluation model is constructed as shown in Figure 3.
In the evaluation model, the objectives and criteria correspond respectively to the five dimensions
and 13 extracted factors from the FDM in the previous sub-section.
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TABLE 1. Dimensions and TABLE 2. Factor extraction results

possible impact factors oI Cue O GMs n
Dimensions Possible impact factors
o9 (Pl‘,)zs) F.| 4] 8 | 8 | 10 [612]0918] 765
Community ideology (F,) F. | 3| 8 | 6 | 10 [670] 913 741
Health (F,) F; 5 9 8 10 | 681 [ 917 | 835
Safety (F.) F. | 3] 7 | 5 | 10 [498] 793 618
Social level [Culture education (F,) ES g ; g 18 igg 35(7) ggg
(Dy) Construction of style & features (Fs) b : : -
- — F 2 7 5 10 | 431 | 717 | 589
Justice & opportunities (Fg) 5 > 5 5 10 1228 722 [ 619
Properties of community constitution (F;) g 2 5 5 0 5.8 3 8.81 7'14
Community connection (Fg) Fo - - -
Land use (F5) Fi & 9 7 10 | 638 | 888 | 7.84
Energy use (Fx) Fu 4 8 8 10 | 615 | 901 | 758
Natural o Fo | 3 [ 8 [ 6 [ 10 [532]817]6%
- Clean & recycling (F11)
Environment Preserve biodiversity (F) Fis 3 8 6 10 | 574 | 863 | 7.08
(02) Natural resources (Fi3) 3 Fu 3 8 8 10 1598 £ 913 || 7.56
- - Fis 4 9 7 10 | 638 | 900 | 7.87
Pollution prevention (F4)
Fis 5 9 8 10 | 708 | 940 | 842
Greenery open space (Fis) F 5 8 7 0 1609 1 883 | 749
. Good dwellings & built environment (Fi6) = : :
Living use Public facilit Fis 3 8 7 10 | 505 | 877 | 7.38
(D3) ublic facilities (Fyr) Fo | 3 | 8 | 6 | 10 [ 569 862 | 706
Satisfaction & comfort (Fys) F19 3 3 = i 5'5 = 8.74 7'42
Traffic service system (Fio) = : : -
Policies & ordinances (F) Fa | 8 - I L LE B0 ft
Management — - Fy 3 8 6 10 | 570 | 860 | 7.06
. Organizational operation (F,;)
and service S - = Fx 2 7 5 10 | 423 | 7.37 | 592
(Ds) pontaneity management () Fu | 3 | 9 | 8 | 10 | 5240924 825
Effective guidance of government (Fys) 2 : - :
n Fxs 3 8 7 10 | 576 | 913 | 7.49
Technology |Community network (Fas) 5 3 7 5 0 | 439 | 801 | 622
Application |Security control system (Fs) El - : : :
(D5) Digital life use (Fy) Numbers: 13 (G' 2 S (7.40), shown in gray )

e " =—Community ideology (Cy) _@
L Social level : E Health (C,) ——
511 () Lesafety Co) ] [ HCS
N ; —Energy use (Cy) — [ A
*é' | | Natural environment ; —Clean & recycling (Cs) i
2 || (O,)  Lponution prevention(©y_____ —|
= ; ; -.—Greenery open space (Cy) ;
8 ; Living use ; 5 Good dwellings & built environment (Cg) f |(_,|AC)2
E’ ; (03) -.—Publlc facilities (Co) 5 2
7 H ' kz==zzzz==z2zz====zzz==2=2z22====zz====z2z2z===2z=z2z=2=22z22223
3 i i I—Policies & ordinances (C —
2 | | Management & Service || . (Cr) é?
— T T
8 ; (O | ||_Organizational operation (Ciy) | HC,
2 ' — : "—Communlty network (Cy,) — (As)
| i { Technology application | |: | ;
: (Os) 5. -—Secu rity control system (Cy3)

FIGURE 3. Evaluation model

Subsequently, the operational steps of ANP proceed based on the evaluation model. Three
housing communities (represented as A1, Az, and Ag) are selected from Hsinchu area to examine
the practicality of the proposed model. The requirements of housing community under the study
are as follows: building construction completed in the last 5 years, well developed, fully
residential occupied, similar scale and characteristics, and maintained by community/property
management agents. Experts, including professionals with the specialty of architecture design,
urban planning, community management, and government official and familiar with the
management of the three communities, are asked to discuss and fill out a set of pairwise
comparison questionnaire. Then, based on the comparison results, priority/eigenvalue (EV) in
each component and interdependencies in the model is calculated, and consistency (CR < 0.1)
Is tested.



All the priorities calculated from the pairwise comparison matrices are entered in the appropriate
places in the initial supermatrix using Equation (3). A weighted supermatrix is formed and then
raised to limiting powers by Equation (4) to capture all the interactions and to obtain a
steady-state outcome. Result shows the alternative with the largest priority should have the best
overall performance (see TABLE 3.). The performance of the three alternatives are: A; (HC;:
0.281), A, (HC;: 0.324), A3 (HCs: 0.394).

TABLE 3. The limit supermatrix

G o 0, 0 0 0 ¢ ¢ ¢ ¢ € ¢ € Cy € Cy Cpy Cp Cn Al
G |0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0
0, ]0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0O
0, ]0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0O
0,]0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0O
0,]0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O
0;]0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0O
C,0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0O
C,(0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O
C,]0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0O
C410.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O
C;]0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0O
C4]0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O
C-10.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0O
Cg10.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O
C,0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0O
Cp{0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O
Cy3{0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0
Cy2[0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O
C13{0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0
A1]0.281 0.330 0.380 0.147 0.193 0.462 0.298 0.261 0.593 0.562 0.221 0.182 0.089 0.080 0.142 0.099 0.097 0.304 0.562 1
A2]0.324 0.240 0.236 0.506 0.355 0.236 0.163 0.207 0.189 0.188 0.220 0.224 0.621 0.620 0.733 0.549 0.346 0.203 0.223 0
A3]0.394 0.430 0.384 0.347 0.453 0.302 0.540 0.532 0.218 0.250 0.559 0.594 0.291 0.300 0.125 0.351 0.557 0.493 0.215 O
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RESULTS AND CONCLUSIONS
This research combines the FDM and the ANP, as well as the consensus opinions of experts, to
develop an evaluation model for sustainable development of collective residence environment.
The results of this research are briefly listed here.

First, through the objective and simple process of FDM, a large number of abstract, qualitative
and sensational possible impact indicators/factors are evaluated and extracted into a limited
number of representative evaluation criteria. In this research, 26 initial possible impact factors are
extracted into five dimensions and 13 factors. The consensus value of G' from the experts shows
the importance of the possible impact factors. For example, the top rankings include Good
dwellings & built environment (8.42)* Safety (8.35)> Community network (8.25) > Greenery
open space, and Organizational operation , etc. This reveals that the priority of sustainable
development of housing community is to construct a fundamental residential environment with
safety and high quality, thereafter, to extend to meet satisfaction of community living
requirements. Finally, modern technology could be applied in organizational operation for
practical management service.

Second, the ANP, which has the core characteristic of effectively dealing with the interdependent
relationship among factors, is adopted to further analyze the results from the FDM. With a
network structure, the method systematically reflects the interdependence existing in each
evaluation components and calculates the importance of components and alternatives through
objective mathematical matrix manipulation. The outcome of the evaluation network model
displays the interdependence among the five objectives and inner dependence in each criteria
cluster. Furthermore, the model can calculate the performances of the three alternatives under the
main goal (A: (0.281), A, (0.324), Az (0.394)) simultaneously, then rank these alternatives
(As>~ A2~ A;p) to compare and choose the best one (As).

To sum up, this paper sets up a network evaluation model, which can transform the abstract
concept of sustainable development into an applicable approach. Subjective qualitative
characteristics and needs in local housing community can be converted into objective numerical
weights for reference. In addition, the results can be not only the foundation to implement the



sustainable conception, but also the consultation and guidance for planning and practicing in the
future.
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