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ABSTRACT. Performance assessment is an important task for the property management company to
measure the performance of site, to evaluate and rank the sites, and to trace the main indices resulting
in worse performance. Therefore, this study proposes a multi period performance assessment model. A
performance scale with twelve indices is adopted to measure the site performance. The raw data can
be transformed to be comparable by the proposed linear preprocessing method with specification limits.
The priority is ranked by the integrated method with the technique for order preference by similarity
to ideal solution and the signal-to-noise ratio. Finally, the main indices resulting in worse performance
can be identified by the proposed tracing method. An illustrative example of real case is adopted to
demonstrate the feasibility and practicability of the proposed model. Results show the proposed model
can obtain a more reliable result.

KEYWORDS: Multi-attribute decision-making; Performance scale; Signal-to-noise ratio; Site property

management; Technique for order preference by similarity to ideal solution

1. INTRODUCTION

Owning to the limited land resource, the propor-
tion of new building construction is decreasing in
the city, but the proportion of building mainte-
nance and repair is increasing as the continuous
development of urbanization. The market of prop-
erty management is also growing. Besides, people
now have more and more requirements in living
quality. Not only the outer appearance or the
building structure, but also the variety and con-
venience of service are paid attentions. Therefore,
to assess the site performance is important to the
property management company for its sustainable
development.

Property management industry has the inher-
ent characteristic that the company and the sites
are in different locations. Every site can be regard-
ed as a long-term project. Services are provided to
residents (customers) in the site. Hence, the per-
formance assessment of site not only can reflect
the residents’ satisfaction to the service but also
can assist the property management company to
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sort the sites and to control the worse performance
sites. The performance assessment is also the basic
of self-evaluation and continuous improvement for
the sites. Therefore, an effective assessment model
1s important for all the stakeholders to realize the
property management performance of the sites.
For this purpose, the authors had developed
a performance scale for site property manage-
ment (Pan, Liu 2010). The proposed site property
management performance scale focused on the
residence and community. In the definition of key
indicators, eleven senior experts were invited to
discuss the indicators several times and nineteen
indicators were collected. After that, the appropri-
ateness of the nineteen indicators were analyzed
via twice fuzzy Delphi method. Finally, the twelve
key indicators were synthesized (listed in Table 1).
In the definition of dimensions, the affinity dia-
gram was used to cluster the key indicators. The
clustered three dimensions were named via their
characteristics, i.e., the general affair, the environ-
ment quality, and the personal quality. Besides,
the analytic network process (ANP) was used to
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Table 1. Site property management performance scale

Dimension Evaluation indicator Weight
General affair Contract extension fee (I1) 0.065
Property management fee (I2) 0.063
Grants application (I3) 0.045
Data completeness (14) 0.063
Financial structure (I5) 0.083
Environment quality Facilities maintenance and environment (I6) 0.025
Burglar event (17) 0.054
Community empowerment (I8) 0.030
Personal quality Service attitude (19) 0.077
Crisis management (110) 0.189
Dispute management (I11) 0.160
Resident complaint (112) 0.147

define the weight of each indicator. Table 1 shows
the site property management performance scale
and the indicator weight. In practice, this scale can
be adopted as the inner audit criteria in the prop-
erty management company.

The performance scale is often used with the
integration of the multi-attribute decision making
methods, e.g., the technique for order preference
by similarity to ideal solution (TOPSIS). TOPSIS
has been widely employed in various fields for its
four advantages: (i) a sound logic that represents
the rationale of human choice; (ii) a scalar value
that accounts for both the best and worst alter-
natives simultaneously; (ii1) a simple computa-
tion process that can be easily programmed into
a spreadsheet; and (iv) the performance measures
of all alternatives on attributes can be visualized
on a polyhedron, at least for any two dimensions
(Kim et al. 1997). TOPSIS has been successfully
integrated with performance scales to solve vari-
ous decision making problems, e.g., the factory
location analysis, the construction process evalua-
tion, the human resource management, the trans-
position decision, the product design, the manu-
factory analysis, the water resource management,
the quality control, and the critical path definition
et al. Yoon, Hwang 1985; Leu, Yang 1999; Kwong,
Tam 2002; Janic 2003; Chen, Tzeng 2004; Srdjevic
et al. 2004; Milani et al. 2005; Yang, Chou 2005;
Zammori et al. 2009).

Although TOPSIS has demonstrated its appli-
cability in performance scale, two problems are
still encountered in practices. The first problem is
the data preprocessing. Unit vector preprocessing
method is used in TOPSIS, but this preprocess-
ing method might change the linear relationship
in the raw data and further influence the priority

of alternatives. Besides, no matter the unit vector
preprocessing method or other linear preprocess-
ing methods can not consider the interested region
of decision makers, i.e., the specification limits of
indices, in the transformation functions. Take the
customer satisfaction indicator for example. The
score of customer satisfaction indicator ranges from
0 to 100, and higher score means higher customer
satisfaction. Decision makers are interested in the
region of [80, 100], meaning 80 is the lower speci-
fication limit of customer satisfaction indicator,
1.e., the unacceptable level. Unit vector processing
method and other methods can not consider this
interested region to reflect the decision makers’
real concerns.

The second problem is the number of evalua-
tion periods. Single period is commonly used in the
traditional performance evaluation, but only one
period might be not enough to obtain a reliable
result. Besides, the multi period evaluation result
can provide information not only for decision-mak-
ing but also for tracing worse indices resulting in
worse performance. Therefore, to obtain a reliable
and useful result, multi period evaluation ought to
be considered.

Hence, this study proposes a multi period as-
sessment model for site property management.
The performance of site can be measure by the per-
formance scale. The measured values are preproc-
essed by the proposed linear transformation with
specification limits, and the determination of speci-
fication limit is defined by the fuzzy Delphi ques-
tionnaires of senior managers. Then, the closeness
to ideal solution is calculated by the TOPSIS. The
closeness of multi period can be used to rank the
site performance and trace the main indices result-
ing in worse performance.
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In evaluating the comprehensive performance,
arithmetic mean or geometric mean are the com-
monly used methods. However, in addition to the
mean, the variance of multi period closeness ought
to be concerned. Therefore, this study uses the sig-
nal-to-noise ratio (SN ratio) to both consider the
mean and the variance of multi period closeness.

The remaining sections are organized as fol-
lows. In section 2, the TOPSIS, the fuzzy Delphi
method, and the SN ratio are discussed. Based on
the discussions in Section 2, the multi period as-
sessment model is proposed in Section 3. Then, an
illustrative example of real case is used to dem-
onstrate the feasibility and practicability of the
proposed model in Section 4. Finally, Section 5
concludes this study.

2. LITERATURE SURVEY

2.1. TOPSIS

TOPSIS is a widely used method to deal with mul-
ti attribute decision making (MADM) problems.
TOPSIS can rank a finite number of feasible alter-
natives in order of preference and select a suitable
alternative that conforms to the decision makers’
ideal. The selected alternative will have the short-
est Euclidean distance from the ideal solution and
the farthest Euclidean distance from the anti-ideal
solution. Assume the multi attribute decision mak-
ing data, D, to be:

Xq ) Xq 2 Xq (m)
Do x,(1) x9(2) ... x5(m) ,
x,(1) x,(2) x, (m)

where: D is composed of n alternatives and m at-
tributes; x;(j) denotes the value of the i-th alterna-
tive in the j-th attribute. The procedure of TOPSIS
can be expressed in the following six steps (Hwang,
Yoon 1981).

Step I: Preprocess the raw data.

To make the attributes be comparable, the raw
data has to be preprocessed (normalized). The unit
vector method is used in TOPSIS as:

h(j) = = (1)
NEIE
j=1

In Equation (1), r;;. is the preprocessed value of X
Step 2: Weight the preprocessed data.
The weighted preprocessed data can be denoted
as v;(j) = w(j)r;(j), where: w(j) is the weight of the

Jj-th attribute and z;n:lw( Jj)=1. The analytic hi-

erarchy process (AHP) and the analytic network
process (ANP) methods are commonly used to de-
termine the weights in the TOPSIS (Wang et al.
2009; J. K. Chen, I. S. Chen 2010; Torfi et al. 2010;
Wu et al. 2010).

Step 3: Determine the ideal and the anti-ideal
solutions.

The ideal solution is a hypothetical alternative
in which all attribute values correspond to the best
level. If the ideal solution is exactly one of the fea-
sible alternatives, there is no need for decision
making. However, this situation is rarely seen in
the real problems. The values of alternatives are
often found to be higher in some attributes and
lower in the other attributes. Thus, decision mak-
ers should consider and calculate cautiously all the
attributes in order to select a suitable compromise
alternative. On the contrary, the anti-ideal alter-
native is also a hypothetical alternative in which
all attribute values correspond to the worst level.
Denote the ideal solution (A") and the anti-ideal
solution (A7) as:

A" ={(maxv,()]j ), (minv(]j e )| ien |-

(vf,vg,...,v;;l)

and
A= {(mvinvi(j)|j eJ*), (maxv,(j)jeJ )| ien }=
14 Vi

(vl‘,v?j,...,v,‘n)

respectively. J © and JJ ~ are the attribute sets of
the larger-the-better type and the smaller-the-bet-
ter type, respectively.

Step 4: Calculate the separations.

The separation of each alternative from the
ideal solution, d;, can be calculated by the m-
dimensional Euclidean distance function as:

d = \/Z}l[vi(i) ~o ] @)

Similarly, the separation from the anti-ideal
solution, d;, is given as:

d = \/Z;.":l[vi h-v | 3)

Step 5: Calculate the closeness to the ideal so-
lution.
The closeness to the ideal solution of the i-th
alternative, C;, is defined as:
d-

CtH=—=~-—. 4
boodf+d; @
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Since d} >0 and d; >0, then, clearly,
Cr €[0,1].

Step 6: Rank the preference order.

A set of alternatives then can be ranked by pref-
erence according to the descending order of C;"; in
other words, larger C means better alternative.

Although the TOPSIS has demonstrated well
applicability in various studies, it’s performance
still can be improved, especially the preprocessing
method. As shown in Equation (1), the unit vector
method is not a linear transformation method. The
linear relationship in the raw data will be changed
and that will influence the final priority. There-
fore, the linear transformation ought to be consid-
ered in the applications of TOPSIS.

2.2. Fuzzy Delphi method

Fuzzy Delphi Method was proposed by Ishikawa
et al. (1993), and it was integrated with the tra-
ditional Delphi technique and fuzzy set theory.
Fuzzy Delphi method is an useful and commonly
used tool to conclude the experts’ opinions, espe-
cially in the group decision making. Therefore,
this study adopts the fuzzy Delphi method to de-
termine the specification limits. In the procedure
of the fuzzy Delphi method, experts are allowed
to provide interval evaluations, ®x = [g, 97], and
then the fuzzy numbers of maximum value and
minimum value are used to aggregate the evalu-
ation result.

Figure 1 shows the function of fuzzy Delphi
method. In Figure 1, the triangular fuzzy numbers
N and 7 are composed of the maximum values
and the minimum values of experts’ interval evalu-
ations, respectively. x; and x; are the maximum
value and the minimum value of the i-th expert.
N =(L,M,U), where: L =min(%;), U =max(%;)

Vi Vi

14 1

Membership degree
-~

1

Fig. 1. Fuzzy Delphi method function

and M is the geometric mean of x;. Similarly,
A=(l,m,u), where I=min(x;), u-= max(x; ),
and m is the geometric meah of x; . v

Two tests ought to be conducted before deter-
mining the cross point (CP) in Figure 1 and are
described as follows.

(1) Test whether the overlap region exists, i.e.,
L<u.

(2) Test whether the overlap region is reason-
able, i.e., (u—L)<(M -m).

Therefore, if L<u and(u-L)<(M -m), the
cross point can be calculated and regarded as the
evaluation.

Noorderhaben (1995) pointed that the fuzzy
Delphi method can be used to solve the fuzziness
of common understanding of expert opinions in
group decision. Owing to the applicability of the
fuzzy Delphi method, it has been used in many
studies and demonstrated well applications (Hsu
et al. 2010; Kuo, Chen 2008; Liu, Wang 2009).

2.3. Signal-to-noise ratio

The signal-to-noise ratio is an important measure
in the Taguchi method and is developed from the
quality loss function (Y. G. Cho, K. T. Cho 2008;
Chen, Kao 2009; Liao, Kao 2010). In the defini-
tion of quality loss function, it has the minimum
loss when the measured value is equal to the ideal
value. The loss increases with the separation from
the ideal value. If L(y) is the quality loss function
of the measured value (y) separated from the ideal
value (m), then L(y) can be described by the Taylor
series as:

L'(m) L"(m)
TR
According to the definition of the quality loss
function, L(m)=0 and L'(m)=0 when y = m and
the high-order polynomials are ignored, L(y) can be
further described as:

L(y)=L(m) + (y—-m)? +...

L'(m
L) = - m)? = by - m)?,
where: k is the quality loss coefficient and
k= Lz(:n) . L(y) is named the nominal-the-best

(NTB) duality loss function and is shown as Fi-

gure 2.

However, L(y) is the quality loss function of a
product, but the quality loss function of a batch of
products ought to be more considered in practice.
Lypp denotes the quality loss function of n prod-
ucts and 1s defined as:
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Fig. 2. The nominal-the-best quality loss function

_E N )2 — Tom)2 12| =
LNTB—n;(y m)? =k[(y-m)? +s2 |
k[ MSDyqp -

As shown in the definition, the mean square de-
viation (MSD) is the core of Lyp. In the Taguchi
method, MSD is transformed as the SN ratio to
evaluate the quality loss in the Taguchi method.
The nominal-the-best SN ratio is denoted as:

~101og;o (¥ —m)? + 82). (5)

As shown in Equation (5), SNy considers
both the average (y) and the variance (S,%) of the
measured values. Therefore, in the multi period
evaluations, a more stable and reliable result can
be obtained by applying the SN ratio. In the real
application of performance evaluation, the larger-
the-better SN ratio and the smaller-the-better SN
ratio are more commonly used. The larger-the-
better SN ratio and the smaller-the-better SN ra-
tio are denoted as Equation (6) and Equation (7),
respectively:

n
Y

o i
SNz =-10log,, 1nl , 6)

SNy =-10logy, (52 + s,zl) _ 7

2.4. Analytic network process

Determining the weights of the indicators is im-
portant in the decision making problems. The AHP
and the ANP are two commonly used methods
(Saaty 1980, 1996). Although the AHP method has
been widely used, the AHP method assumes that

the indicators listed in the hierarchical structure
are independent. However, this is not always a
reasonable assumption. Therefore, the AHP meth-
od and the ANP method are suggested to solve the
problem of independence among indicators and the
problem of dependence among indicators (Lee, Kim
2000).

The ANP method is constructed via the pair-
wise comparison matrices and the priority vectors.
The pairwise comparison matrices and the priority
vectors in the ANP method can be derived as an
estimate of the relative importance associated with
the indicators (or dimensions) being compared by
solving the following equation (Chung et al. 2005;
Tseng et al. 2009):

Axw=2r, xw. ®

In Equation (8), A is the matrix of pairwise
comparison, w is the eigenvector, and A is the
largest eigenvalue of A.

To obtain the global priorities with interde-
pendent indicators, the local priority vectors are
entered in the appropriate columns of a matrix. As
a result, a supermatrix is developed, where each
matrix segment represents a relationship between
two dimensions. A standard supermatrix is de-

noted as: D, D D
n
€11€12.. Ciml €21€2 .. Coum2 €n1 €n2 .. Cnmn

en
€n

Dy Wi Wi, Wi,
€1ml
€1
D

Wy Wy Wa,

W=

€m
€n
€m
D n.

S W W W,
Cmn

In the standard supermatrix, there are n di-
mensions, Dy, Dy, ..., D,, ..., D,, and each dimen-
sion has mk indicators, denoted by e, ., ..., €1
The local priority vectors are grouped and placed
in the appropriate positions in the supermatrix
based on the flow of influence from one dimension
to another (or itself).

To achieve convergence on the importance
weights, the weighted supermatrix is raised to the
power of an arbitrarily large number. The final
matrix is called the limit supermatrix. The final
priorities of all indicators can be obtained by nor-
malizing each dimension of this supermatrix.
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3. METHODOLOGY

For the purposes of effectively (1) measuring the
property site performance, (i1) defining the specifi-
cation limits of indices, (ii1) considering the multi
period evaluations, and (iv) tracing the main fac-
tors of worse sites, this study proposes a multi
period evaluation model for site property manage-
ment performance (as shown in Figure 3). First,
the site performance for every period is measured
by Table 1. Then, the raw data will be transformed
by the proposed linear preprocessing method with
specification limits. The closeness of site is calcu-
lated by TOPSIS, and the comprehensive evalua-
tion result is determined by the SN ratio. Also, the
SN ratio is used to trace the main factors causing
worse performance.

Assume the site performance measurement
data at the ¢-th period, X® , to be:

A0 x0@ .. 2 (m)
o _| PO L@ . xPm) |
201 20@) .. xPO(m)

X® is composed of n sites and m performance
indices (m = 12 in this study). The proposed linear
preprocessing method with specification limits and
the evaluation model are stated as follows.

3.1. Linear preprocessing method
with specification limits

This study takes the comprehensive grey generat-
ing method (Chang 2000) as the basic and inte-
grates the specification limits in it to propose the
linear preprocessing method. In the comprehensive
grey generating method, the larger-the-better pre-
processing and the smaller-the-better preprocess-

Site performance
indicators

Linear preprocessing
with specification limits

ing are defined as Equation (9) and Equation (10),
respectively:

ri(j)zw(l_al)Jral_ )
max Xnin
. x;(J) —x,;
n(j) =12 i g g ). 10)
Xmax ~ ®min
X = nbiin(xi(j)) and x_, = mva}x(xi(j)).
. X x
Besides, o, =2 and o, = ——22% + 2. In prac-

max X min

tical applications of the comprehensive grey gener-
ating method, x . is commonly defined as 0, and

min x, (])

then a; is equal to 0. Hence, n(Jj) = in the

max

larger-the-better preprocessing. Similarly, in the

% (J)

smaller-the-better preprocessing, r,(j) = —x—+ 2
min
when substituting a, — _Zmax | 9 into Equation
Xmin
(10) (Lin et al. 2009; Zhang, Liu 2011).

This study integrates the lower limit (LL) and
the upper limit (UL) in the larger-the-better pre-
processing and the smaller-the-better preprocess-
ing, respectively. The structures of the proposed
larger-the-better preprocessing and the smaller-
the-better preprocessing are shown in Figure 4(a)
and 4(b), respectively. Equation (11) and Equation
(12) define the larger-the-better preprocessing and
the smaller-the-better preprocessing.

x;(J) = LL(j)

@) () —

r% (]> - xmax _LL(]) ’ (11)
. UL(j)-x"(j)

(t) _ 7T M7

r7(J) = ULG) -z (12)

Closeness evaluation for multi period Main factors tracing

). 4

O O O O
C

j

Fig. 3. The structure of the propose multi period evaluation model
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y ()
LL K max
(a) The larger-the-better

»x())
xmin UL
(b) The smaller-the-better

Fig. 4. Linear preprocessing method with specification limits

In Equations (11) and (12), LL(j) and UL())
are the lower limit and the upper limit of the j-th
performance indicator, respectively. As shown in
Figure 4, the negative value might exist after pre-
processing the raw datum. The negative value does
not influence the following calculations and the fi-
nal priority. Furthermore, the negative value can
point out whether the measured value is out of
the specification limit. The fuzzy Delphi method is
used in this paper to calculate the cross points of
lower limit or upper limit.

3.2. Site performance evaluation and tracing

After preprocessing X® , the TOPSIS is used to
calculate the closeness of site at the ¢-th period,
Ci(t)*. Then, the closeness of site at each period
can be collected and the comprehensive evaluation
result can be determined by using SN ratio. The
number of periods depends on the control require-
ments. In this study, the current period is defined
as t = 0, and the last period and the last two period
are defined as t = 2 and ¢ = 3, respectively.

In the evaluation of multi period performance,
Equation (6) is used because the closeness C* is
belonged to the larger-the-better type. Therefore,
the multi period performance evaluation of site, p;,
can be denoted as:

Y
;(qﬁm)Z

T (13)

p; =-10log,

In Equation (13), T is the considered number
of periods. A stable and reliable result considering
both the mean and the variance of the closeness
can be obtained by Equation (13). Finally, the pri-

ority of sites can be rank by p,, i.e., larger p, means
better performance.

This study also proposes a method to trace the
main indices causing worse performance. Multi pe-
riod measurements are also considered in the trace
of main indices. Assume the preprocessed values of
indices at each period in the worse site, R, to be:

ni1 hg Rr
I I T
21 22 2T
R =
Tm1 Tma PnT

R is composed of m indices and T periods. Tit is
the preprocessed value of the j-th evaluation indi-
cator at the ¢-th period. However, the preprocessed
value might be negative. Both the larger-the-bet-
ter SN ratio and the smaller-the-better SN ratio
will result in misjudgment when dealing with the
negative values. Therefore, the nominal-the-best
SN ratio is adopted in this study to trace the main
indices. The multi period performance evaluation
of indicator, pj, can be defined as:

p; = ~10logy | (7, ~m) +3 | a1

In Equation (14), the ideal of the processed
value is equal to 1, i.e., m = 1. 7, and s? are the
mean and variance of rj; » respectively. Similarly,
larger p; means better indicator. Therefore, the
main indices resulting in worse performance are
the indices with lower o

4. ILLUSTRATIVE EXAMPLE

A real case of thirteen sites (S1 ~ S13) of a prop-
erty company in Taiwan is adopted to demonstrate
the feasibility and practicability of the proposed
model. Twelve evaluation indices, shown in Ta-
ble 1, were employed in the company to meas-
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Table 2. Analysis of the fuzzy Delphi questionnaires
Dimension Evaluation indicator x x (M- m)-
vw-L CP
! m u L M U (w-1)
General Contract extension fee -20% -14.3% -12% -15% -9.7% -7% 3% 1.6% -12.9%
affair Property management fee  73%  76.5% 82%  80%  81.5% 85% 2%  2.9% 80.4%
Grants application 6 7.7 11 10 10.8 15 1 2.2 10.2
Data completeness 65% 67.7%  70% 67% 72.5% 75% 3% 1.7% 69.1%
Financial structure 63% 66.6%  72% 68% 71.8% T1% 4% 1.2% 69.7%
Environment Facilities maintenance 75 78.1 82 80 82.6 85 2 2.4 80.8
quality and environment
Burglar event 1 1.2 3 2 2.5 3 1 0.3 2.2
Community empowerment 70 73.1 77 75 78.1 82 2 2.9 75.9
Personal Service attitude 60 65.3 70 65 70.5 75 5 0.2 67.7
quality Crisis management 70 75.2 80 76 80.1 85 4 0.9 77.8
Dispute management 75 7.7 81 80 81.7 85 1 3.0 80.4
Resident complaint 5 5.8 8 7 9.1 11 1 2.3 7.5
Table 3. Specification limits and features of indices
Dimension Evaluation indicator Specification limit Feature
LL UL
General affair Contract extension fee -12.9% - LTB
Property management fee 80.4% - LTB
Grants application 10.2 - LTB
Data completeness 69.1% - LTB
Financial structure 69.7% - LTB
Environment quality Facilities maintenance and environment 80.8 - LTB
Burglar event - 2.2 STB
Community empowerment 75.9 — LTB
Personal quality Service attitude 67.7 - LTB
Crisis management 77.8 - LTB
Dispute management 80.4 - LTB
Resident complaint - 7.5 STB

ure and audit the site performance. Three period
measurements (T = 3) of these thirteen sites are
used in this study.

In the definition of specification limits, this
study used the fuzzy Delphi questionnaire to in-
terview twelve senior experts in the company. Ex-
perts were allowed to provide a possible region of
the specification limit of each indicator. Table 2
shows the cross points of indices and Table 3 shows
the specification limits (lower limit or upper limit)
and features (nominal-the-best, larger-the-better,
or smaller-the-better) of indices.

Table 4, Table 5, and Table 6 are the preproc-
essed data of the current period, the last period,
and the last two period, respectively, by substitut-
ing the raw measurement data of the thirteen sites
into Equations (10) or (11). Parts of preprocessed

values are negative, meaning they are out of the
specification limits and ought to be noticed.

After that, the preprocessed values and the
weights of evaluation indices are substituted into
Equation (4) to calculate the closeness of site at
each period. The multi period performance evalu-
ations of the sites are then calculated by Equation
(13) and are shown in Table 7. To verify the ef-
fectiveness of the proposed evaluation model, the
mean of multi period is also listed and compared
the priority with p,.

As mentioned above, most multi-attribute deci-
sion making methods (e.g., TOPSIS) can only deal
with one-period decision making problems. In each
period, as shown in Table 7, S4, S1, and S12 are
the best sites in the first, second, and third peri-
ods, respectively. Although the average values of
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Table 4. The first period preprocessed data

I1 12 13 14 15 16 17 18 19 110 111 112
S1 1.00 0.48 0.71 0.54 0.33 1.00 1.00 0.80 1.00 0.30 1.00 0.45
S2 1.00 0.69 0.26 0.27 0.18 0.05 1.00 -0.76 0.59 -0.39 0.57 0.09
S3 0.61 —-0.57 —-0.03 —-0.01 0.18 0.52 1.00 -0.17 -0.37 -0.81 0.79 0.82
S4 1.00 0.69 -0.18 0.45 0.33 —-0.90 0.10 —-0.56 0.32 0.72 1.00 0.64
S5 0.46 —-0.46 0.12 0.08 0.10 -1.38 1.00 0.02 0.32 0.30 —-0.50 0.45
S6 1.00 0.58 0.71 0.27 0.63 0.05 1.00 0.22 0.73 0.02 0.36 1.00
S7 1.00 1.00 1.00 0.17 0.40 -0.43 0.55 -0.95 1.00 -0.12 -0.07 0.82
S8 0.61 —-0.46 0.26 1.00 0.93 0.29 1.00 —-0.56 0.73 -0.39 —-0.50 0.09
S9 1.00 0.16 -0.18 0.91 0.55 0.52 1.00 0.61 0.59 0.30 -0.29 0.45
S10 1.00 0.27 —-0.03 0.45 0.10 —-0.67 0.10 -1.15 0.32 0.44 -0.07 0.64
S11 1.00 0.48 0.12 0.27 1.00 0.52 1.00 -0.17 0.04 0.58 0.14 0.27
S12 0.23 —-0.04 0.26 -0.10 0.25 -0.90 1.00 1.00 0.18 1.00 0.57 0.09
S13 1.00 0.69 0.41 0.08 0.40 -1.38 0.55 0.80 0.59 0.58 0.79 —-0.09

Table 5. The second period preprocessed data

I1 12 13 14 15 16 I7 18 19 110 111 112
S1 1.00 1.00 0.66 0.49 0.56 0.09 1.00 0.51 0.68 1.00 0.79 0.45
S2 0.85 0.39 0.48 0.37 0.38 -0.36  1.00 0.76 0.89 0.76 0.57 1.00

S3 1.00 -0.06 0.14 0.24 0.30 -1.72  0.55 -0.70  1.00 -0.68 0.36 0.82
S4 0.46 0.70 0.31 0.37 0.21 -1.27  1.00 -0.21  0.25 0.52 0.79 0.09
S5 1.00 -0.06 0.31 0.11 0.65 -2.63  1.00 0.03 0.57 0.76 1.00 0.45
S6 1.00 0.70 0.66 0.24 0.38 0.09 0.55 -1.19 0.46 -0.20 0.14 0.64
S7 1.00 1.00 1.00 0.37 1.00 0.55 1.00 -1.43 0.25 -0.68  0.57 0.27
S8 1.00 -1.28 0.83 1.00 0.47 1.00 1.00 1.00 0.68 -1.16  -0.07 0.82

S9 1.00 -0.06  0.48 0.87 0.21 0.09 0.55 -0.21  0.79 0.52 -0.50 0.64
S10 1.00 0.09 -0.21  0.75 1.00 -0.36  1.00 0.03 0.57 0.76 0.57 0.27

S11 1.00 0.54 0.31 0.49 0.47 -0.82  1.00 -0.70  0.68 -0.68 0.79 0.09
S12 1.00 -0.37 048 0.37 0.38 -1.72  1.00 -0.46 0.46 -1.16  1.00 0.82
S13 0.61 0.70 0.31 0.75 0.30 -1.27  1.00 0.27 0.36 0.04 -0.07 0.27

Table 6. The third period preprocessed data

1 I2 13 I4 15 Ie I7 I8 19 110 I11 112
S1 1.00 0.85 0.47 0.32 0.47 -1.72  1.00 0.02 0.73 0.03 0.45 0.33
S2 1.00 0.09 0.74 0.55 0.65 -0.36  1.00 -0.17  1.00 0.42 0.73 0.55
S3 1.00 0.24 0.47 0.32 0.30 0.09 1.00 -0.56  0.86 -0.16  1.00 0.11

S4 1.00 1.00 1.00 0.66 0.38 1.00 -0.34 -095 045 -1.561 -146 0.78
S5 1.00 0.24 0.21 0.21 1.00 -3.09 1.00 -0.37  0.59 -0.35 -0.09 1.00
S6 1.00 0.39 0.74 0.32 0.47 -1.72 1.00 0.61 0.73 -0.74 -0.64  0.55
S7 0.61 0.24 0.74 0.66 0.65 -2.63  0.55 0.80 0.45 0.03 -0.37 0.11
S8 0.85 0.24 0.21 0.44 0.56 0.09 1.00 1.00 0.86 0.23 -0.92 0.78
S9 0.07 -0.52  0.47 0.66 0.38 1.00 1.00 -0.76  0.18 0.61 -0.09 0.55
S10  0.23 0.09 0.21 1.00 0.47 -3.09 0.55 0.41 0.59 0.42 0.18 0.33
S11 1.00 0.24 -0.05 0.66 0.65 0.09 1.00 0.02 0.04 0.81 -0.37  1.00

S12 1.00 0.24 0.21 0.55 0.56 -0.36  1.00 -0.37 0.86 1.00 0.18 0.78
S13 1.00 0.85 1.00 0.44 0.12 -2.63  1.00 -0.76  1.00 0.03 0.45 0.55
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Table 7. Multi period evaluations of the sites

CW+ @+ Cc®+ Mean D; Priority by Priority by p;
l : i mean

S1 0.687 0.822 0.646 0.718 -3.009 1 1

S2 0.421 0.790 0.769 0.660 —4.739 2 3

S3 0.398 0.382 0.641 0.474 -7.159 12 11

S4 0.730 0.659 0.235 0.541 —8.702 9 12

S5 0.421 0.729 0.517 0.556 —5.743 8 8

S6 0.578 0.481 0.365 0.474 -6.941 11 10

S7 0.472 0.434 0.517 0.474 —6.542 10 9

S8 0.300 0.295 0.525 0.373 —9.422 13 13

S9 0.501 0.554 0.656 0.570 —5.039 6 5

S10  0.528 0.719 0.654 0.634 —4.184 3 2

S11 0.593 0.425 0.673 0.564 —5.474 7 7

S12 0.650 0.391 0.777 0.606 -5.460 4 6

S13  0.630 0.490 0.645 0.588 —4.814 5 4

Table 8. The main indices tracing results

Dimension Evaluation indicator i Tis Tis p; Priority

General affair Contract extension fee 0.040 0.065 0.055 0.475 5
Property management fee -0.029 -0.081 0.015 -0.280 10
Grants application 0.012 0.037 0.009 0.170 7
Data completeness 0.063 0.063 0.028 0.454 6
Financial structure 0.077 0.039 0.046 0.481 4

Environment quality Facilities maintenance and environment 0.007 0.025 0.002 0.100 9
Burglar event 0.054 0.054 0.054 0.482 3
Community empowerment -0.017  0.030 0.030 0.122 8

Personal quality Service attitude 0.056 0.052 0.066 0.521 2
Crisis management -0.075 -0.219 0.043 -0.759 12
Dispute management -0.081 -0.012 -0.146 -0.683 11
Resident complaint 0.013 0.120 0.114 0.730 1

the three periods can be calculated, the stability
of performance still can not be revealed. Take the
comparison of S2 and S10 in Table 7 as an exam-
ple. Although the multi period mean of S2 (0.660)
is larger than that of S10 (0.634), the range of S2
(0.369) is double larger than that of S10 (0.191),
meaning the performance of S2 is less stable. In
the comprehensive consideration, the performance
of S10 ought to be better than that of S2. In Ta-
ble 7, the p; value of S10 is larger than that of S2,
demonstrating the priority by p, is more reason-
able. Also, as shown in Table 7, the worst three
sites are sequentially S8, S4, and S3.

This study takes S8 as an example to trace the
main indices resulting worse performance. Table 8
shows the preprocessed values of indices at three
periods of S8, and the multi period performance

evaluation of indicator (pj) is also calculated by
Equation (14). The priority of indices is ranked by
;. As shown in Table 8, crisis management (110),
dispute management (I11), and property man-
agement fee (I2) have the lowest three p; values,
meaning they are the main indices needed to be
improved.

5. CONCLUSIONS

From the results in this study, the following five
conclusions can be drawn:

1. This study has adopted the site property

management performance scale, the TOP-

SIS, and the SN ratio to build a multi period

evaluation model. The proposed model not

only can obtain a reliable result by consider-
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ing the multi period evaluations, but also can
trace the main indices resulting in worse per-
formance in order to take further improve-
ment actions.

2. The first contribution of the propose model is
to consider the interested region of managers
into the preprocessing method. The proposed
linear preprocessing method with specifica-
tion limits not only can avoid distorting the
linear relationship of the raw data, but also
can point out the differences of indices. The
fuzzy Delphi method is used to define the re-
liable specification limits.

3. The second contribution is to propose a mul-
ti period evaluation method. The evaluation
model is based on the larger-the-better SN
ratio and the closeness of site at each peri-
od. The mean and variance of multi period
closeness can be both considered to provide
a more reliable result.

4. The third contribution is to propose a main
indices tracing method. The tracing method
is based on the nominal-the-best SN ratio
and the preprocessed values of indices at pe-
riods. The nominal-the-best SN ratio is used
to avoid misjudgments when using the larg-
er-the-better SN ratio or the small-the-better
SN ratio on negative values.

5. An illustrative example of real case is used to
demonstrate the feasibility and practicabil-
ity of the proposed model. Results show the
proposed model can effectively deal with the
multi period performance assessment prob-
lem and can be easily used in similar prob-
lems.

6. In the further research, the proposed model
can applied to assess the residents’ satisfac-
tion degree, the quality management system
audit, and the maturity of property man-
agement system etc. In the improvement of
methodology, the weights of different periods
can be considered in the future studies. If the
performance of the latest periods are paid
more attentions, the better method is to give
larger weights on the recent periods.
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