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Abstract. Under industry globalization and the intensely competitive environment, a
company’s competitiveness must constantly be upgraded in order to achieve the goal
of sustainability. Therefore, the correct and valid evaluation of companies’ sustainable
performance has become an important issue. The main purpose of this study is to discuss
and establish a sustainable performance evaluation criteria and model for companies.
First, the measurements of companies’ financial, credit risk, environmental and social
responsibility are integrated to create sustainable business performance evaluation criteria.
Then, we integrate grey relational analysis and an improved TOPSIS method to construct
a sustainable performance evaluation model for companies. In order to verify the find-
ings of this study, we adopt Taiwan’s high-tech listed companies as the research object to
explore sustainable operating performance and ranking in 2011. The empirical results will
help companies to build future business strategies and can also be used as an important
reference for investor and bank credit auditing.

Keywords: credit risk, environmental, social responsibility, sustainable performance
evaluation, grey relational analysis, TOPSIS method.
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Introduction

In recent years, high-tech companies face the challenges of global competition and a
rapidly changing operating environment. To pursue the goal of sustainable development,
they need to establish an objective, impartial and convenient performance evaluation
model. More reliable performance evaluation results will help company management to
understand their own operating conditions and whether or not resources are being used
effectively, and also help to develop future resource allocation and targets.

Traditionally, company’s operating results are reflected in financial statements, which
provide information for measuring operating performance. While financial ratios pro-
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vide a good indication of a company’s financial status, they offer one-sided assessment.
As a result, investors and authorities cannot get the overall assessment results. There-
fore, financial ratios cannot provide a complete explanation of a company’s operating
performance.

When only using financial ratios to assess a company’s operating performance, the
company may still fall into an operating crisis. Therefore, since the 2008 financial cri-
sis, companies’ risk awareness and control have gradually increased. For investors, a
company’s credit status is also related to the conduct of pricing investment and financing
decisions. Within financial markets, credit rating has been listed as an important refer-
ence for credit risk assessment. Because credit rating may reflect the performance of
a company, and is a comprehensive credit risk indicator, it can also be regarded as an
indicator for assessing a company’s operating performance.

Companies in the pursuit of profit produce a lot of pollution that is not conducive to
social and environmental development. And indeed, environmental and social contribu-
tions help a company’s business, bring operational benefits to the company, and also
serve as a source of competitiveness for the future development. In recent years, the
banking industry also acts in accordance with the Equator Principles, the integration
of environmental criteria and social responsibility in their lending decisions. This has
made the assessment of a company’s sustainable capacity an important reference for
credit reviews. Therefore, properly evaluating a company’s sustainability performance
has become an important issue.

Gamble (1989) mentioned that performance evaluation should include both financial
and non-financial measures. Up to now, there is no reliable literature that explains how
to select the appropriate criteria for evaluating the corporate sustainability performance
of a company. Therefore, the main purpose of this study is to establish a sustainable
performance evaluation model by integrating financial and non-financial criteria to as-
sess companies’ sustainability performance.

Many evaluation criteria affect a company’s sustainable performance. These criteria
sometimes come into conflict with each other, making it difficult to find a way to satisfy
all the criteria at the same time. Through the multiple criteria decision making (MCDM)
method, a compromise solution can be reached between conflicting assessment criteria
to assist decision makers in the decision-making process. We use a number of evalua-
tion indicators to evaluate the sustainable performance of different companies and make
comparisons between different companies, so MCDM is a good choice for this study.

Behzadian et al. (2012) mentioned that the TOPSIS method is a well-known tradi-
tional MCDM method, and has received much interest from researchers and practition-
ers. Eshlaghy and Kalantary (2011) pointed out that although the TOPSIS method is
a powerful technology, it has certain weaknesses. Ozturkoglu and Turker (2013) indi-
cated the TOPSIS method can be widely applied to both science and management area.
M. K. Cetin and E. I. Cetin (2010) mentioned that the financial performance evalua-
tion of companies is a type of MCDM problem. Therefore, this study uses the TOPSIS
method to evaluate the sustainable performance of companies.
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TOPSIS, which was first developed by Hwang and Yoon in 1981 as a ranking meth-
odology, has been used for many real-world applications in science and engineering.
The traditional TOPSIS uses full implementation of attribute information, provides a
cardinal ranking of alternatives, and does not need attribute preferences to be completely
independent. To use this technique, attribute values must be numeric, monotonically
decreasing or increasing, and have commensurable units (Yoon, Hwang 1995). In order
to overcome the shortcomings of the traditional TOPSIS method, this study proposes
a modified TOPSIS method for the sustainable performance evaluation of companies.

In order to verify the applicability of the modified TOPSIS method proposed here,
we take Taiwan’s listed high-tech companies as an example. By the modified TOPSIS
method, we construct a sustainable performance assessment of the decision-making
model to conduct a comprehensive evaluation. Thus, the contribution of this study is
twofold. First, we combine financial ratios, risk, environment and corporate social in-
dicators to establish a comprehensive sustainable evaluation criterion. Second, we have
established a modified TOPSIS method to overcome the shortcomings of the traditional
model, and constructed a sustainable performance evaluation decision making model to
conduct comprehensive evaluations.

1. Literature review of performance evaluation and ranking studies

Studies of the companies’ operating performance in the past have mostly concentrated
on financial performance evaluation and ranking. For example, Alam et al. (2011) evalu-
ated the financial performance of Pakistani leasing companies between the years 2008
and 2010 via financial ratio analysis. Cheng et al. (2012) used the fuzzy integral and
ordered weight average methods to evaluate the financial performance of the semi-
conductor industry. Yalgin et al. (2012) applied fuzzy MCDM methods for financial
performance evaluation of the Turkish manufacturing industry.

However, the traditional evaluation of financial performance is not an effective or com-
prehensive measure. Choi and Mueller (1992) mentioned that performance evaluation
should consider both financial and non-financial parameters. Therefore, in addition to
financial performance criteria, many researchers have also integrated non-financial per-
formance criteria to make a more comprehensive assessment of companies’ perfor-
mance. For example, Se¢me et al. (2009) used the fuzzy analytic hierarchy process and
TOPSIS methods to rank banks. The results show that not only financial performance
but also non-financial performance should be taken into account in a competitive en-
vironment.

However, from the company perspective, sustainable development takes into account
the environment, ecology and resources in the pursuit of the sustainable management of
the company. Elkington (1997) proposed the triple bottom line theory, i.e., a company’s
performance evaluation should include the company’s economic, environmental and
social performance indicators. Companies should publish financial, environmental and
social performance reports. Comprehensive assessment of a company’s performance
can be carried out using these three types of reports. Therefore, in order to achieve the
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sustainable performance evaluation of company, in addition to considering financial
performance criteria, we must also consider the non-financial performance, such as the
measure of environment and corporate social responsibility (CSR), in order to obtain a
comprehensive assessment.

2. The evaluation criteria of a company’s sustainable performance

2.1. Criteria for financial performance

Financial ratio analysis is commonly used as a financial performance analysis method.
It requires the use of the same industry and the same ratio to make comparisons. There-
fore, this study only takes Taiwan’s listed high-tech companies as the research object.

When measuring a company’s financial performance, up to now, there is no reliable
theory that explains how to select the appropriate financial ratios as indicators for evalu-
ation. Therefore, this study according to Hsu (2014), financial ratios can be classified
into following three categories: operating ability, solvency and profitability, 22 financial
ratios were selected (Table 1).

Table 1. The financial indicators on three categories

Category Financial ratios

Operating  Total assets turnover ratio (O1), Accounts receivable turnover (O2), Inventory
ability turnover (O3), Fixed assets turnover (O4), Turnover of networth (O5), Days-
A/R turnover (06), Days-inventory turnover (O7)

Solvency Cash flow adequacy ratio (S1), Cash reinvestment ratio (S2), Current ratio (S3),
Quick ratio (S4), Long-term capital ratio (S5), Times interest earned (S6), Oper.
income/Capital (S7), Pre Tax Income/Capital (S8), Liabilities (S9)

Profitability Return on assets (P1), Return on equity (P2), Profit margin (P3), Operating
margin (P4), Net profit margin (P5), Earnings per share (P6)

2.2. Criteria for risk assessment

A company credit risk assessment reflects credit rating agencies’ assessment of the
company’s overall credit risk and debt fulfillment. The main reason is the general in-
vesting public may not have a financial background, making it difficult for them to read
financial information.

In Taiwan, in 1991, the Taiwan Economic Journal (TEJ) began to build a credit risk in-
dicator mechanism. It covers the credit risk of the banking sector based on three causes:
accounting quality, industry prospects, and operating risk factors and credit ratings for
the listed companies and public companies. Based on these factors, the TEJ established
the Taiwan Corporate Risk Index (TCRI). Lu (2012) mentioned that the TCRI is a
good credit risk proxy for companies in Taiwan. Therefore, this study uses TCRI as the
company’s credit risk measurement indicator.

2.3. Criteria for company’s sustainable development performance

In recent years, the Taiwanese government has encouraged and supported more listed
companies in voluntary disclosing CSR reports. The disclosure of CSR reports can
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increase the transparency of corporate governance, which enables stakeholders to under-
stand the social, economic and environmental impact of a company’s operation. Arshad
et al. (2012) showed that a significant positive relationship exists between the extent
of CSR information disclosure and corporate performance. Ratanajongkol et al. (2006)
used the number of words used to measure the level of CSR and examine the extent
and nature of the CSR practices of the 40 companies in Thailand. Therefore, we use the
number of words disclosed in CSR reports as the measure of CSR disclosure (CSRD).

Suttipun and Stanton (2012) used the annual reports of 75 listed companies in Thailand
to test the relationships between the amount of environmental disclosure and a number
of company characteristics. Therefore, this study uses the total number of words in the
content of environmental information disclosure in annual reports as a measure of the
degree of environmental information disclosure (EID).

More investment in environmental pollution control research can increase a company’s
emphasis on environmental quality. Environmental protection expenditure is an indica-
tor of whether a company places great emphasis on environmental protection. Therefore,
this study uses environmental intensity (EI = Environmental protection expenditures /
Sales) as a measure of environmental performance.

As companies face increasing competition in the market, innovative research drives
companies forward. This type of research is the foundation for developing sustainability.
In this study, we consider high-tech industries facing a high degree of competition and
significantly shortened life cycles. Therefore, developing sustainable management is
an important policy option resulting from R&D innovation activities. Suh et al. (2013)
used R&D intensity to measure innovation capability and to investigate the effects of
European firms’ innovative capabilities and experience on their acquisition performance.
Therefore, this study uses R&D intensity (RDI = R&D expenditures / Sales) as a meas-
ure of companies’ innovation capability.

3. Method

3.1. Grey relational analysis

The GRA can be normalized based on the characteristics of the data, which can be
divided into three types (Hsu 2014):

(1) the-larger-the-better

. X — ml_m X
xij = . s (1)
max x; —minx;
i i

where x;; is the original sequence, maxx; is the largest value of X miln x; s the
smallest value of x;;, !
(2) the-smaller-the-better

= 2)

m'le xl'j - 1’1’1111’1 xij
l
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(3) the-nominal-the-better

Xm0 Tl 3)

[

1
where max x; > x; > minx;, x,,, is the target value of x;.

The globalized GRA is ‘described below:
Step 1. Calculate the grey relational coefficient:
min min A, +gmax max Ap.
x; (k), x;(k)) = — L , 4
y(x:(0), x; () 80+ i, @)
where Aij(k):‘xi(k)—xj(k) , k=1,2,---.n, i=1,2,---,m, j€i, ¢ is a distinguishing

coefficient, g €[0, 1]. Generally, the ¢ is taken as 0.5.

Step 2. Determining the grey relational matrix.

Suppose that there are m reference sequences and n comparison sequences, the grey
relational matrix can be established as follows:

Fll l—‘12 Flm
1—‘21 FZZ FZ

Rme = : . . :m s (5)
| I I TR mxm

1

n
where the grey relational grade I';; =T'(x;,x;) = Zﬁky<xl~ (k),x~(k)) , represents the
k=1
degree of correlation between the reference and comparison sequences. B3, represents
n

the weighting value of the kth indicator, and Z By =1.
k=1

3.2. The proposed modified TOPSIS method

For the purpose of improving the three shortcomings of the traditional TOPSIS method,
this article proposes a modified TOPSIS method. The details are described below.

3.2.1. The normalization method

In the traditional TOPSIS, the vector normalization method has been utilized. Unfortu-
nately, it makes no difference when normalizing between positive attributes and nega-
tive attributes. The different methods used by the traditional TOPSIS in constructing
a standardized decision matrix have significant impact on the final assessment results.
Therefore, we used the Minimum-Maximum based normalization function (Zeng et al.
2004) to improve the normalization method in the traditional TOPSIS method. The
normalization functions are described as follows: 1) for the positive attributes (i.e. the-
larger-the-better), the functions are the same as those in Eq. (1). 2) For the negative
attributes (i.e. the-smaller-the-better), the functions are the same as those in Eq. (2).
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3.2.2. The weighted Euclidean distance measure

Olson (2004) mentioned that when the TOPSIS method is used to calculate the separa-
tion, the m-dimensional Euclidean distance is not the most appropriate. Shyur and Shih
(2006) mentioned the shortcoming of TOPSIS is that the calculation of the separation
doubles the attributes’ weights. To overcome this problem, we adopt the weighted Eu-
clidean distance to measure the distance. The weighted Euclidean distance used in this
study is defined as follows

1
>
dj:{iwj(vij—v})z} =12, m, (6)

Jj=1

N | =

n 2
dl.:{zwj(vij—vj) } ,i=12,...,m. (7
j=1

3.2.3. The improved method for weight determination
of the evaluating indicators

This study uses a combination weighting method, combined with the grey entropy
method, grey relational matrix method, and CRITIC method to determine the weight,
as described below.

(1) Grey entropy method
The grey entropy method is described in brief as follows:

Step 1. Construct a decision matrix B. When there are m alternatives and »n evaluation
indicators in a MCDM problem, we can construct a decision matrix:

X111 X2 ot X
Xa1 Xo2 X

B=| : oo - , )]
Xl Xm2 " X en

where i=1,2,--.m, j=12,--,n.

Step 2. Normalize the decision matrix using the Egs. (1)—(3). The normalized decision
matrix R:

* * 3
11 X2 o Xy
x X X
R=| o ©)
* * *
Xl Xm2 " X L pn

Step 3. Calculation of the entropy of each evaluation criteria (¢):

1 & *

where ¢; represents the entropy value of the jth evaluation criteria,
m

W,=xel™ +(1-x)el™ -1, B, =3 x;, j=1,2,.., n.
i=1
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Step 4. Calculation of the weight of each evaluation criteria (w)):
(1—e))/(n~E)
) 210 e)/(n=E)]
where E = Zej. =l
Jj=1

(2) Grey relational matrix method

The steps of the grey relational matrix based on globalized GRA are described as fol-
lows:

Step 1. According to Egs. (1)—(5), obtain grey correlation matrix R.
Step 2. Calculate the eigenvalue Aq,A,,---,A,, from the grey relational matrix.
Step 3. Calculate the eigenvectors of a matrix P, where P~'RP = diag{h, Ly, ", X, } -

Step 4. Choose the largest eigenvector corresponding to the largest value A and the

weight is the eigenvector of each corresponding element.
(3) CRITIC method
The steps of the CRITIC method are as follows (Diakoulaki et al. 1995):

Step 1. Establish the normalized sequence.

max’

Step 2. Calculate the normalized values to the amount of information according to the
C, values:

n
Ck=6k2(1_r]g‘)7 k=1a25”'7n9 (12)
J=1
where 6 is the standard deviation of criterion £, T is the correlation coefficient between
criteria k and ;. ‘
Step 3. Calculate the objective weight of criterion k(w,):
G

2. Ci
k=1

Wy =

(13)

(4) Combined weight method

We used Spearman rank correlation coefficient objective weighting method as the com-
bined weight method of the three objective weights. Spearman’s rank correlation coef-
ficient weighting method can be divided into the following four steps:

Step 1. Calculating Spearman’s rank correlation coefficient. This coefficient is defined

as:
62( %,

h=l- L ik=12,m, j=12,m, 14
T | Y / (14

where p;; is the Spearman’s rank correlation coefficient between the ith weighting meth-
od and kth, w;, i is the ith method for calculating the weight of the jth indicators and Wy
is the kth method for calculating the weight of the jth indicators.
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Step 2. Find the relative consistency of the highest weighting method. First, find out
the maximum value of p; , pyy =max{p; }. Then, compare the weight methods U
and V and other Spearman’s rank correlation coefficient values and select the largest.
We assume that method U will be selected. That is, among all the weight methods, the
method U consistency has the highest weight values. Together, the other weighting
methods and method U of the Spearman’s rank correlation coefficient can construct

vector py = (PyysPaus-+sPuu) -

Step 3. Obtain the weight vectors after normalization. We get the normalized weight
vectors (W) via normalization p,;:

W=w,ws,...,w,), (15)

m
where w; = Pij ZpiU .
i=l
Step 4. Calculate the combined weight. Calculate the combined weight 6 = (6,,6,,...,6,,);

that is:
Wi W2 oW

m
War W 0 W
0=[w,wy, -, W, ] :m . (16)
Wil Wm2 Winm

3.2.4. Steps of the modified TOPSIS method

The modified TOPSIS method is summarized as follows:
Step 1. Construct a normalized decision matrix D:

1 N2 = Mg
r 7 N

p=| 3t T, (17)
Fml Tm2 " Ton

where the normalized value Tip i=1,2,---,m, j=12,---,n, X is the ith object in the
jth evaluation attribute of the original value (Egs. (1) and (2)).

Step 2. Calculate attribute weights by combining weight methods (Eqgs. (14)-(16)).

Step 3. Calculate the weighted normalized decision matrix v =[v; ], :

Vi =Wity, i=L2m, j=12,---,n, (18)

ij ij>

where w; is the jth attribute weighting value.

Step 4. Determine the positive ideal and negative ideal solution, ¥ * and V'~ :

Ve ={vi,vy,....,vy :{(maxvij jeJ),[minvl-j jeJ'j}, (19)
‘ i

1
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Vz{vl,vz,...,vn}z{(m_inv[j jeJ),(maxvi]- jeJ’j}, (20)
i 1 X

where J is the index set of benefit attributes and J' is the index set of cost attributes.

Step 5. Calculate the weighted Euclidean distances from the positive ideal solution d;
(Eq. (6)), and the negative ideal solution d; (Eq. (7)).

Step6. Calculate the relative closeness coefficient C; :
o9 i1 m, Q1)
dif +d;
where 0<C; <1. The larger the C; value, the better the performance of the alterna-
tives.

Step7. Rank the alternatives according to the relative closeness coefficient.

4. Sample and data source

Currently, in the CSR reports database site of Taiwan’s Gretai Securities Market
(GTSM), only 97 listed companies from different industries have disclosed their CSR
reports. Therefore, this study selected 30 high-tech companies among these 97 compa-
nies in Taiwan as the research objects. In order to analyze the sustainable development
performance evaluation and ranking of the 30 listed companies, this study uses 2011
financial ratios, CSR disclosure, R&D intensity, environmental information disclosure,
environmental intensity, and TCRI data as the evaluation indicator.

Among the evaluation indicator, the data of CSR reports are adopted from the database
of the Business Council for Sustainable Development of Taiwan (BCSD-Taiwan) and
the Taiwanese GTSM. For each company, environmental information disclosure, envi-
ronmental intensity, R&D intensity, TCRI and financial ratios data were retrieved from
the TEJ database and annual report.

5. Empirical analysis
5.1. The results of selecting representative financial indicators

Table 1 shows the 22 financial ratios were divided into three main categories, operating
ability, solvency and profitability, and the globalized GRA based grey entropy method
is used to select the representative financial indicators. Because the value of the finan-
cial ratios may be positive or negative, so the first step of the GRA based grey entropy
method is to normalize the data (data normalize between 0 and 1). Among the 22 fi-
nancial ratios, the Day-A/R turnover and the Days-inventory turnover involved in the
operating ability category and the liabilities involved in the solvency category are “the
smaller-the-better” type indicators. The other 20 ratios are “the-larger-the-better” type
indicators. The results of the normalization can be obtained according to Eqs (1) and (2).
Then, we set the distinguishing coefficient as 0.5, and use Eq. (4) to calculate the grey
relational coefficient. In order to improve the traditional globalized GRA, in accordance
with Egs. (8)—(11), this study calculates the entropy weight and substitutes it into Eq.
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(5) to obtain the grey relational matrix. The results are shown in Table 2. We set the
threshold value as 0.7 to select the evaluation indicators from each category. Based on
the results of Table 2, we present clustering results for each category, as shown in Table
3. The final results show that indicators O1, 02, O5, O6 and O7 are selected in the op-
erating ability category, indicators S2, S6 and S9 are selected in the solvency category
and indicators P2 and P6 are selected in profitability category (shown in Table3).

Table 2. The grey relational matrix of three categories

Operating ability

(@] 02 03 04 05 06 07
O1 1 0.6832 0.7324 0.7150 0.8205 0.6270 0.6574
02 0.6723 1 0.6419 0.7328 0.7421 0.5386 0.6316
03 0.7520  0.6792 1 0.6684 0.7638 0.6338 0.6589
04 0.7043  0.7328 0.6319 1 0.8011 0.4992 0.5378
05 0.8133 0.7431 0.7346  0.8020 1 0.5717  0.6020
06 0.6213  0.5465 0.6013 0.5072 0.5778 1 0.6372
o7 0.6451 0.6316 0.6223 0.5378 0.6005 0.6297 1

Solvency

S1 S2 S3 S4 S5 S6 S7 S8 S9
S1 1 0.6093 0.6584 0.6819 0.7599 0.8340 0.5145 0.5263 0.6329
S2  0.6182 1 0.7258 0.6965 0.5757 0.5796 0.6933 0.7137 0.7402
S3  0.6697 0.7269 1 09155 0.6570 0.6305 0.6510 0.6767 0.7861
S4  0.6927 0.6977 0.9155 1 0.6790 0.6435 0.6340 0.6540 0.7585
S5 0.7587 0.5623 0.6438  0.6666 1 0.7990 0.4975 0.5118 0.5977
S6  0.8337 0.5667 0.6163 0.6296  0.7990 1 0.4646 0.4824 0.5776
S7 0.5226 0.6916 0.6477 0.6307 0.5089 0.4761 1 0.9347 0.7069
S8 0.5216 0.7022 0.6627 0.6392 0.5102 0.4808 0.9314 1 0.7071
S9  0.6281 0.7290 0.7752 0.7465 0.5963 0.5761 0.6965 0.7071 1

Profitability
Pl P2 P3 P4 P5 P6
P1 1 0.6794 0.6501 0.7582 0.8462 0.8527

P2 0.5891 1 0.8905 0.6168 0.6057 0.6029
P3 0.5367 0.8841 1 0.5787 0.5710  0.5535
P4 0.6690 0.6016 0.5787 1 0.6931 0.7245
P5 0.8274 0.6631 0.6470 0.7573 1 0.9127
P6 0.8323 0.6561 0.6279 0.7801 09114 1
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Table 3. The classification financial ratios and select the representative indicators

Categories  Groups Indicators within each group Representative indicator of each group
Operating Gl 01, 04 O1: Total assets turnover ratio
ability G2 02, 03 02: Accounts receivable turnover

G3 05 O5: Turnover of networth
G4 06 06: Days-A/R turnover
G5 o7 0O7: Days-inventory turnover
Solvency G6 S1, S4, S5, S6, S7 S6: Times interest earned
G7 S2, S3, S8 S2: Cash reinvestment ratio
G8 S9 S9: Liabilities
Profitability G9 P2, P3, P4 P2: Return on equity
G10 P1, PS5, P6 P6: Earnings per share

5.2. The empirical results of the modified TOPSIS method

In this study, first make sure that the object i is 30 high-tech companies in Taiwan
(company C1 to C30). The evaluation attribute j stands for 15 sustainable development
performance evaluation indicators. The step-by-step instructions for the opening process
are as follows.

Step 1. Construct the normalized decision matrix. Among the 10 representative financial
ratios, Day-A/R turnover, Days-inventory turnover and liabilities are “the smaller-the-
better” type indicators, while the rest of the ratios are the larger-the-better. Therefore,

using Egs. (1) and (2),

[0.8413
0.7096
0.7776
0.6352
0.8182
0.8446
0.6879
0.7458
0.7185

1
0.6915
0.6849
0.2934
0.4036
0.5184

“10.6117
0.7082
0.5852
0.9431
0.0050
0.6409
0.7133
0.7621
0.8633
0.8627

0
0.6143
0.7205
0.9135

10.9475

0.7057
0.5045
0.4659
0.5255
0.5194
0.5310
0.4630
0.4146
0.5380
1
0.4422
0.5764
0.3196
0.3560
0.3781
0.4097
0.4502
0.3913
0.4248
0
0.4459
0.4794
0.5310
0.5911
0.4103
0.1344
0.3940
0.4320
0.6195
0.4818

0.3443
0.4189
0.5907
0.4707
0.3973
0.6950
0.5766
1
0.6035
0.7568
0.3900
0.2929
0.2424
0.1814
0.5012
0.5289
0.7608
0.8399
0.0498
0.3034
0.6172
0.5401
0.6481
0.5610
0.5369
0.5429
0.3206
0
0.5823
0.4755

0.0694 0.8031 0.0844
0.0524 0.5798 0.1139
0.0514 0.3989 0.3122
0.0662 0.9077 0
0.0755 0.4657 0.2321
0.0343  0.4311 0.1857
0.0309 0.41838 0.1224
0.0633  0.3557 0.7764
0.1559 0.8199 0.1350
0.3789 1 0.0633
0.0733  0.5627 0.3460
0.2949 0.6858 0.0084
0.0133  0.1220 0.3586
0.0069 0.1909 0.5823
0.0194 0.2172 0.8903
0.0276  0.6341 0.2911

1 0.8192  0.4599
0.0297 0.6337 0.5781
0.0278 0 0.6160
0.0071 0.2896 0.0506
0.0333  0.6065 0.1350
0.0694 0.7650 0.2743
0.0457 0.5142 0.1224
0.0791 0.6569 0.1857
0.0367 0.0907 1

0 0.1679 0.1308
0.0306 0.3324 0.8059
0.0389 0.4688 0.4346
0.0836 0.7108 0.2236
0.0545 0.3802 0.5359

1
0.1775
0.1408
0.2542
0.1085
0.1739
0.0246
0.0817
0.1965
0.4817
0.1782
0.3444
0.4908
0.1246
0.2570
0.1507
0.4563
0.2873
0.1880
0.5021
0.0690
0.0599
0.0873

0
0.1901
0.2789
0.3810
0.1366
0.3359
0.1549

0.0312
0.0661
0.1974
0
0.1303
0.1303
0.1010
0.5061
0.0463
0.0170
0.1605
0.0113
0.3824
0.4788
0.6780
0.1379
0.1586
0.2606
0.8130
0.0840
0.0727
0.1001
0.0784
0.0869
1
0.1586
0.4325
0.2597
0.0897
0.3173

we can get the normalized decision matrix Ds,s:

0.8099 1 0.8571 0.5261 0.2904 0.6706 0.0184]
0 0.5304 0.5714 1 0.2179 02718 0.1505
0.7137 0.4615 0.7143 0.0213 0.0283 0.6734 0.1296
0.7234 0.6412 0.5714 0.3869 0.0457 0.3461 0.5259
0.7709 0.3887 1 0.4720 0.0402 0.4724 0.3745
0.5696 0.5240 0.7143 0.0775 0.2044 0.5948 0.2422
0.5771 0.1174 0.4286 0.2954 0.0155 0.3512 0.0601
0.9576 0.3173 0.8571 0.0498 0.0179 0.3375 0.0864
0.9489 0.5619 0.7143 0.0282 0.1335 0.0705 0.2037
0.7978 0.8297 1 0.4561 1 1 0.5172
0.1536 0.5324 0.5714 0 0 0.2323  0.1582
0.1601 0.7334 0.5714 0.1753 0.0594 0.3945 1
0.6958 0.8349 0.2857 0.0014 0.1188 0.4079 0.1572
0.8747 0.4271 0.8571 0 0.2728 0.4429 0
0.9407 0.6447 0.5714 0.0015 0.1614 0.1987 0.1027

0.3317 0.4825 0.5714 0.0200 0.1226 0.3028 0.1216 | (22)

0.4658 0.8149 0.5714 0.0118 0.1405 0.4244 0.2226
0.5493 0.6789 0.5714 0.0066 0.2132 0.2263 0.1604
0.8802 0.5485 0.8571 0.0028 0.0717 0.4861 0.0392
0.8950 0.8411 0 0.1007 0.0385 0.6842 0.4811
0.5868 0.2803 0.5714 0.0015 0.1521 0.2093 0.2326
0.5755 0.2495 0.5714 0.0245 0.0473 0.2451 0.0386
0.8499 0.3328 0.7143 0.1073 0.0483 0.4008 0.1302
0.6595 0 0.5714 0.0128 0.0725 0.0492 0.2989
1 0.5515 0.7143 0 0.0752  0.4890 0.0995
0.8015 0.6698 0.5714 0.0282 0.0017 0.5812 0.1203
0.8709 0.7633 0.5714 0.0001 0.0075 0 0.0948
0.8180 0.4533 0.7143 0.0074 0.0150 0.2349 0.2155
0.0608 0.7260 0.5714 0.0022 0.0025 0.3259 0.5392
0.7681 0.4906 0.7143 0 0.0214 03041 0.2718 |

85



L.-C. Hsu et al. A comprehensive performance evaluation and ranking methodology under ...

Step 2. This study uses the Spearman rank correlation coefficient objective weighting
method to obtain the combined weight by applying the grey entropy method, grey re-
lational matrix method and CRITIC method, as follows:

(1) Results of the grey relational matrix method: The grey relational matrix is calcu-
lated based on Egs. (1)—(5), as shown in Table 4. Then, by calculating the eigenvalue
and eigenvector of the matrix, the largest eigenvalue we can obtain is A, =9.8754.
Finally, find the eigenvector that corresponds to the largest eigenvalue and normalize
to 1. We can get the weight of the grey relational matrix method, as shown in Table 5.
Of which, indicators CSRD (0.0710), S2 (0.0707) and M2 (0.0706) are the three most
important variables affecting companies’ sustainable development performance.

(2) Results of the CRITIC method: The objective weight of 15 sustainable development
performance evaluation indicators can be calculated according to Eqs (12) and (13), as
shown in Table 5. Table 5 shows the objective weight results when using the CRITIC
method, and the indicators M1 (0.0949), M6 (0.0917) and M5 (0.0864) are the three
most important variables affecting the sustainable performance of a company.

(3) Results of the grey entropy method: Substituting Eq. (22) into (10) and (11), we
obtain the entropy weight of the 15 sustainable development performance evaluation
indicators, as shown in Table 5. The results show that the indicators S6 (0.0691), Envint
(0.0688) and Envd (0.068) are the three most important variables affecting the sustain-
ability performance of a company.

(4) Results of the Spearman rank correlation coefficient objective weighting method: Based
on the weight values obtained by the grey entropy method, grey relational matrix method
and CRITIC method from Table 5, this study ranks and calculates the Spearman rank cor-
relation coefficient matrix between the three methods, as shown in Table 6. First calcu-
late the average degree of consistency from Table 6, p;;; = (0.268+0.357) /2 =0.3125,
Poy =(0.268+0.114)/2=0.1911, p;3; =(0.357+0.114)/2=0.2357. Then nor-
malizing it to lie between zero and one, we can get wy =0.4227, w, =0.2585, and
wy =0.3188, and substituting into Eq. (16) we obtain:

0.0665 0.0407 --- 0.0703
0=[0.4227,0.2585,0.3188]| 0.0635 0.0406 --- 0.0671 . (23)
0.0659 0.0656 --- 0.0667 |, .

Finally, the combined weights of the 15 sustainable development evaluation indicators
can be calculated, as shown in Table 5. The results show that the indicators CSRD
(0.07482), M1 (0.07476) and S9 (0.0701) are the three most important variables affect-
ing the sustainability performance of a company.

Table 5 shows that the results of the ranking determined by three weight methods are
quite different. However, the ranking results of the proposed combined weight method
are quite different than those of the grey relational matrix method and grey entropy
method, but similar to the CRITIC method, with a Spearman rank correlation coefficient
of 0.975 (p < 0.01).
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Table 4. The grey relational matrix of evaluation criteria

P2 P6 S2 S6 S9 Ml M2 M5 M6 M7 TCRI EID

EI CSRD RDI

P2

1 0.704 0.671 0.473 0.707 0.579 0.504 0.714 0.679 0.648

0.817 0.482

0.505

0.581

0.502

P6

0.702 1 0.745 0.551 0.777 0.655 0.635 0.598 0.628 0.736

0.754 0.574

0.599

0.737

0.633

S2

0.678 0.753 1  0.577 0.737 0.603 0.617 0.598 0.652 0.694

0.743  0.581

0.590

0.675

0.628

S6

0.483 0.564 0.578 1 0.575 0.667 0.769 0.448 0.485 0.541

0.483 0.833

0.843

0.631

0.772

S9

0.706 0.778 0.730 0.565 1 0.571 0.611 0.663 0.597 0.708

0.706 0.583

0.596

0.653

0.641

M1

0.591 0.667 0.607 0.669 0.584 1 0.688 0.487 0.639 0.662

0.614 0.610

0.685

0.672

0.668

M2

0.512 0.645 0.617 0.768 0.619 0.685 1 0.521 0.548 0.633

0.544 0.722

0.767

0.731

0.794

M5

0.723 0.613 0.602 0.450 0.675 0.487 0.525 1 0.649 0.641

0.666 0.469

0.471

0.567

0.506

M6

0.689 0.641 0.656 0.488 0.609 0.639 0.552 0.649 1 0.642

0.744 0.494

0.505

0.630

0.518

M7

0.656 0.744 0.694 0.539 0.715 0.659 0.633 0.637 0.638 1

0.684 0.540

0.555

0.721

0.612

TCRI

0.818 0.758 0.740 0.477 0.709 0.605 0.538 0.658 0.738 0.680

1 0.488

0.508

0.641

0.530

EID

0.494 0.589 0.584 0.834 0.596 0.610 0.725 0.469 0.494 0.544

0.498 1

0.809

0.662

0.748

EI

0.512 0.610 0.590 0.842 0.604 0.681 0.767 0.467 0.501 0.556

0.513 0.806

1

0.688

0.773

CSRD

0.578 0.737 0.665 0.620 0.651 0.660 0.723 0.553 0.617 0.713

0.636 0.649

0.679

1

0.684

RDIt

0.513 0.646 0.630 0.773 0.651 0.667 0.795 0.504 0.516 0.614

0.538 0.747

0.774

0.695

1

Table 5. Weight of criteria by four methods

Grey

relational
matrix
method

P2 P6 S2 S6 S9

M1

M2

M5

0.0665 0.0407 0.0707 0.0674  0.0705

0.0687

0.0706

0.0627

M6 M7 TCRI EID EIl

CSRD

RDI

0.0657 0.0700  0.0689 0.0673  0.0692

0.0710

0.0703

P2 P6 S2 S6 S9

M1

M2

M5

CRITIC  0.0635  0.0406 0.0661 0.0612  0.0743
method M6 M7 TCRI EID EI

0.0949

0.0599

0.0864

CSRD

RDI

0.0917  0.0687 0.0510 0.0694  0.0457

0.0596

0.0671

Grey

entropy

P2 P6 S2 S6 S9

Ml

M2

M5

0.0659 0.0656  0.066  0.0691 0.0661

0.0665

0.0664

0.0654

method M6 M7 TCRI EID EI

CSRD

RDI

0.0655 0.0657 0.0658  0.0688  0.068

0.0662

0.0667

P2 P6 S2 S6 S9

M1

M2

M5

Combined  0.0655 0.0486 0.0680 0.0663  0.0701

weight

0.07476

0.0665

0.0697

method M6 M7 TCRI EID EI

CSRD

RDI

0.0641  0.0683 0.0633  0.0683  0.0627

0.07482

0.0683
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Table 6. Spearman rank correlation coefficient matrix

Grey relational CRITIC Grey entropy

matrix method method method
Grey relational matrix method 1 0.268 0.357
CRITIC method 0.268 1 0.114
Grey entropy method 0.357 0.114 1

Step 3. Determine the positive ideal and negative ideal solutions, ¥* and V'~ . In this
Study, V+ = [1, 1,‘ . ‘,l]lxls and V_ = [O, O,‘ . "O]IXIS .

Step 4. Calculate the weighted Euclidean distances from the positive ideal solution d;"
(Eq. (13)), and the negative ideal solution d; ; the results are shown in Table 7.

Step 5. Calculate the relative closeness coefficient C: ; the results are shown in Table 7.

Step 6. Table 7 shows the sustainable development performance ranking results for 30
listed high-tech companies in Taiwan. The sustainability performance ranking of the top
five of the 30 companies is C10, C20, C24, C19 and C26. That is, these five companies
are associated with better sustainability performance among the 30 companies. For a
fund manager or investor who wants to choose among 30 companies, these five com-
panies can be selected as priority investment targets. The performance of the worst five
are ranked as follows: C8, C15, C18, C27 and C17. That is, these five companies with
poor performance on sustainable development should be avoided by those considering
investment targets.

Table 7. The results of modified TOPSIS method

Company  d; d; C/  Rank Company d; d; C; Rank
Cl 0.5898 0.0301 0.0486 10 Cl16 0.7161 0.0340 0.0453 22
C2 0.7035 0.0354 0.0479 12 C17 0.5732  0.0244 0.0408 30

c3 0.6764 0.0323 0.0456 21 C18 0.6473 0.0289 0.0428 28
C4 0.6588 0.0344 0.0497 7 CI9 0.6991 0.0371 0.0504 4
(O8] 0.6463 0.0300 0.0444 24 C20 0.7709 0.0438 0.0537 2

Co 0.6578 0.0329 0.0477 13 C21 0.7334 0.0379 0.0492 8
C7 0.7534 0.0375 0.0474 14 C22 0.7336 0.0355 0.0462 20
C8 0.6559 0.0298 0.0435 26 C23 0.7062 0.0356 0.0480 11
C9 0.6900 0.0337 0.0466 18 C24 0.7551 0.0403 0.0507 3

Cl10 0.4703 0.0271 0.0544 1 C25 0.6416 0.0316 0.0470 17
Cll 0.7342 0.0343 0.0447 23 C26 0.7655 0.0405 0.0502 5
Cl2 0.6711 0.0353 0.0500 6 C27 0.6933 0.0295 0.0409 29
C13 0.7205 0.0351 0.0464 19 C28 0.7233  0.0359 0.0473 15
Cl4 0.7078 0.0350 0.0471 16 C29 0.6821 0.0349 0.0487 9
Cl15 0.6620 0.0301 0.0435 27 C30 0.6644 0.0304 0.0438 25
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5.3. Sensitivity analysis

We follow the idea of Moghassem (2013) and decrease and increase the combined
weights for the top three evaluation criteria of 10% (we do not change the ranking of 15
evaluation criteria), and then use the modified TOPSIS method to calculate the ranking
and analysis of its sensitivity. We take small changes in weight to understand the impact
on the results of performance ranking. The results can be used as a basis for a company
to examine whether the performance evaluation ranking is reliable. The results of the
increase and decrease in weight of the modified TOPSIS method are shown in Table 8.

In this study, we compare the results of performance ranking between Table 7 and Table
8 by using a Spearman rank correlation coefficient test. The results shows that according
to the Spearman rank correlation coefficient, the increase and decrease of weight for the
modified TOPSIS method were 0.981 (p < 0.01) and 0.993 (p < 0.01), respectively. This
shows that with a small variation in the combined weights, the sustainable development
performance ranking of the 30 companies do not change significantly.

Table 8. The results of sensitivity analysis

Increase in weight method Decrease in weight method

Company Rank Company Rank Company Rank Company Rank

Cl 8 Cl6 22 Cl 11 Cl6 22
C2 12 C17 30 C2 10 C17 30
C3 21 C18 28 c3 21 CI18 28
C4 4 C19 5 C4 8 C19 5
Cs 23 C20 2 (O8] 24 C20 1
C6 13 C21 9 C6 13 C21 7
C7 14 C22 20 C7 16 C22 19
C8 27 C23 10 C8 26 C23 12
C9 16 C24 7 C9 20 C24 4
Cl10 1 C25 15 C10 2 C25 17
Cl1 24 C26 6 Cl11 23 C26 3
Cl2 3 Cc27 29 Cl2 6 C27 29
C13 17 C28 19 C13 18 C28 15
Cl4 18 C29 11 Cl4 14 C29 9
Cl15 25 C30 26 Cl15 27 C30 25
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Conclusions

In this study, we first create a globalized GRA based grey entropy method by cluster-
ing to select 10 representative financial ratios among 22 financial ratios. And then we
combine credit risk and four sustainability performance indicators, making a total of 15
indicators within the sustainability performance evaluation criteria. Finally, we propose
a modified TOPSIS method for sustainability performance evaluation and ranking of 30
listed high-tech companies in Taiwan. The main results are as follow: 1) the results of
the three weights models based on grey entropy method, grey relational matrix method
and CRITIC method are significantly different; 2) The result of proposed combined
weight method is similar with the CRITIC method, but the results of the other two
methods are quite different; 3) The results of the modified TOPSIS method show that
among the 30 listed high-tech companies in Taiwan in 2011, the performance ranking
of the top five of the 30 companies is C10, C20, C24, C19 and C26. The sustainability
performance ranking of the worst five is C8, C15, C18, C27 and C17; 4) Sensitivity
analysis results show that the proposed modified TOPSIS method is stable and reliable
for performance ranking.

The empirical results of this study will help fund managers or general investors to
choose investment targets. Therefore, investors facing numerous investment instruments
can calculate performance ranking based on the proposed model, and choose the top
ranked companies as investment targets. This ensures that a company can achieve sus-
tainable development and reduce risk, and, thereby ensure profitability.
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