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Abstract
Approximately 40% of pension funds for military officials, civil servants, and educators
in Taiwan are entrusted to international and domestic management funds. However, the
average return rate for domestically outsourced funds is not greater than the earnings of self-
managed funds. This study establishes a selection mechanism for pension fund outsourcing
that conforms to current outsourcing management policies and accounts for both safety and
profitability. This study conducts a network data envelopment analysis with considerations
of dynamism to gauge the internal management efficiency and investment performance of
37 investment trust companies in Taiwan, thereby accurately measuring the links between
internal economic activities and improving overlooked internal productivity activities. The
results of this study indicate the internal and external corporate learning benchmarks, which
are sequenced to assist the optimal outsourcing measures by applying rough set theory con-
cepts. This study also provides suggestions for the Public Service Pension FundManagement
Board in Taiwan in terms of future operations in domestic investment trust companies.
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1 Introduction

The present study aims to develop an evaluation and selection mechanism for fund commis-
sioners and propose methods to increase return on investment and reduce investment risk.
The Public Service Pension Fund Management Board (PSPFMB) in Taiwan aims to utilize
the asset management experience, rigorous investment decision-making, and risk control sys-
tems of investment trust companies (ITCs) to reduce risks, enhance management, increase
efficiency, and boost the investment performance for the public service pension fund. To
date, more than NT$177.7 billion of the funds (34.24%) is commissioned by domestic and
international ITCs. According to annual reports released by the PSPFMB, over the past
10 years, domestic fund management commissions reported only five annual percentage
yields exceeding the target annual yield and four annual percentage yields that exceeded that
achieved through PSPFMB management.

Fund managers face gradually increasing risks during assets management in the current
increasingly liberalized financial markets wherein public administration systems hire profes-
sional and licensed ITCs as public fund managers, and they play prominent roles to ensure
returns and maintain efficiency. Therefore, the use of ITCs to manage funds maintains long-
term returns and offers flexibility in the selection of investment opportunities. Moreover, the
use of different ITCs to manage funds can diversify the risks.

The literature has indicated substantial examination of the basic questions about the
individual- and institutional-level performance of ITCs, particularly pertaining to the per-
formance of mutual funds (Shu et al. 2002; Brandouy et al. 2015; Zhou et al. 2017), and the
factors determining the performance (Ferreira et al. 2013). Despite being a booming market,
institutional-level research regarding the ITC performance in Taiwan is lacking because of
data unavailability. Moreover, Khorana et al. (2005) noted that a country’s securities trading
environment is imperative for providing investors with a positive impression of the optimum
investment vehicle. Therefore, an individual examination of the performance of ITCs can
offer an insight into the performance of financial institutions in the country.

Tomeasure the operating performance of an organization, multiple indicators are required
to prevent inappropriate managerial decisions. Data envelopment analysis (DEA) estimates
production frontiers that measure productive efficiency by constructing a multifactor finan-
cial performance model for multiple inputs and outputs through linear programming (Cooper
et al. 2006). However, scholars have adopted the traditional one-stage DEA while evaluat-
ing an organization’s operating performance. This method does not indicate the effects of
intermediate indicators and connecting movement, and therefore, cannot provide the entire
management information by using the productive efficiency. Recent studies have increas-
ingly utilized two-stage DEA to measure organizations’ operating performance in various
industries (Liu et al. 2013b). In the present study, a two-stage DEA procedure is constructed
to estimate the operating performance of ITCs commissioned to manage the public service
pension fund in Taiwan. The evaluation results can help the PSPFMB to select adequate
ITCs.

The ITCs’ efficiency can only be ranked using the derived DEA scores while disregarding
the effects of the condition attribute on the sensitivity of inclusion/exclusion or different
combinations of inputs, intermediates, and outputs. However, rankings derived using the
overall efficiency of the DEA approach may be subject to the multicollinearity problem, thus
resulting in biased rankings. Rough set theory, which uses imprecise information, balances
other mathematical techniques using the same rough information (Walczak and Massart
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1999; Greco et al. 2001; Pawlak 2002). Therefore, rough set theory complements the DEA
approach, particularly in terms of rankings.

The aims of the present study are as follows: (1) To construct a two-stage dynamic oper-
ating performance evaluation procedure to gauge the internal management efficiency and
investment performance of 37 ITCs commissioned to manage the public service pension
fund in Taiwan from 2007 to 2011, the present study applies the dynamic two-stage slacks-
based measure (SBM) of DEA (Tone and Tsutsui 2014). (2) To combine rough set theory and
DEA for ranking the efficiency of the ITCs, the present study develops a selection mecha-
nism to determine companies that are appropriate for the commission, and provide a practical
reference for the PSPFMB and domestic ITC managers; the 5-year data is averaged, and the
network DEA is used for further analysis, whereas the rough set method is used to explore
the relative importance of different inputs to the overall efficiency analysis while ranking the
ITCs.

This study contributes the following findings to the literature. The study illustrates how
combining DEA and rough set theory provides improved measurement and ranking for ITC
performance. The DEA approach uses a dynamic two-stage DEAmodel that not only simul-
taneously incorporates various performance indicators while evaluating the ITC performance
but also reveals the black box of the ITC performance across various times. Rough set the-
ory ranks the ITC performance after considering the effects of the condition attribute on
the sensitivity of inclusion/exclusion or different combinations of inputs, intermediates, and
outputs. In other words, this study provides improvements for the DEA approach and incor-
porates a complementary theory. These improvements eliminate the potential for biased
rankings because the relative significance of different inputs to the overall efficiency analysis
is explored in this study. Therefore, the study findings can provide an increasingly detailed
guideline to help the Taiwanese PSPFMB identify an ITC for the management of pension
funds. This study also highlights the integration and adoption of rough set theory and theDEA
approach, and hopes to provide a solution for practitioners, such as mutual fund managers,
to identify the best ITC for managing the public service pension funds in Taiwan.

The following section presents a literature review, followed by a description of this study’s
research design. The study findings are presented in the proceeding section and the final
section details the conclusion of the study.

2 Literature review

2.1 Overview of the pension fund in Taiwan

In 1995, to reduce the considerable financial burden caused by pension payments to retired
public servants (i.e., military, government, and teaching personnel), Taiwan’s central govern-
ment altered the public servant pension system from a superannuation pension plan (i.e., a
noncontributory plan that entitles public servants to a pension without deductions from their
wage or salary) into a contributory pension plan and established a public service pension
fund. The PSPFMB is legally responsible for the budgeting, management, and allocation of
the pension fund. The public service pension fund is appropriated to recipients on a regular
basis and is a medium-to-long-term fund that fulfills future payment obligations. Therefore,
the allocation of this fund should provide both protection and guarantee to recipients. In
2011, the PSPFMB published the ratio of expenditure to income per capita for the public
service pension fund for government (61%), teaching (75%), and military (107%) personnel;
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these figures indicated signs of deterioration in the management of this fund. Figures from
the end of 2012 indicated that the ratio for government (73%), teaching (85%), and military
(118%) personnel further deteriorated; the figures had increased by 10–12% from those of
the preceding year. Therefore, improving themanagement of Taiwan’s public service pension
fund has become an urgent and critical task.

Before 2001, the PSPFMB managed the public service pension fund itself. However,
insufficient manpower, immature brokerage skills, and considerable pressure because of the
minimumyield threshold guarantee led to excessively conservative investment decisions, low
long-term return on investment, and poor fundmanagement performance. To increase market
capital flows, the government opened this business up to private investment companies. In
response to this change in government fiscal policy and to internationalize the development of
the public service pension fund, thePSPFMBbegan commissioningprivate ITCs inDecember
2003.

ITCs are currently categorized as foreign, financial holding, and domestic ITCs. For-
eign ITCs with abundant capital and investing experience usually enter Taiwan’s investment
trust market through mergers and acquisitions or joint ventures with enterprises in Taiwan.
They receive assistance from their parent companies, which is helpful for global resource
integration. Financial holding ITCs feature diversified business, large-scale organization,
and centralized equity ownership; their unified resource planning and sales and distribution
channels facilitate local development. By contrast, domestic ITCs have existed in the local
market for a longer time, have fewer cultural barriers for business development, and have
enough experience in issuing and underwriting business. In addition, they have a deeper
understanding of the characteristics of the securities market in Taiwan, have developed a
market reputation and flexible distribution strategies, and have advantages, such as knowl-
edge of Taiwan’s status quo, development of retail investors, and ownership of comprehensive
product lines.

Since the establishment of the public service pension fund, Taiwan has experienced the
1997 Asian financial crisis, the collapse of the Internet bubble in 2000, the 2003 SARS
outbreak, the 2007 subprime mortgage crisis, and the 2008 financial crisis. These crises have
resulted in constant changes in the public service pension fund asset allocation. Studies on the
management of this fund have indicated that the fund expenditure is constantly exceeding
its income and is on the brink of bankruptcy. Therefore, the present study formulates a
commission selection method to identify adequate ITCs with professional brokers that can
appropriately manage the public service pension fund, thereby reducing external investment
risks, increasing fund management effectiveness using the fund’s economy of scale, and
accumulating stable fund assets.

2.2 ITC performance

Because this study focuses on estimating ITC performance, this section reviews studies that
focus on the adoption of the DEA approach. Murthi et al. (1997) examined the mutual fund
industry in the United States; they noted that funds with higher efficiency are those that
feature “growth,” “asset allocation,” “equity income,” and “income type” and that larger
funds demonstrate higher efficiency because of their lower conversion costs. Galagedera and
Silvapulle (2002) examined theAustralianmutual fundmarket and revealed that the efficiency
of mutual funds is positively affected by time and, in particular, that the efficiency of mutual
funds is higher when the issuance period is longer. Basso and Funari (2003) adopted the DEA
approach and a traditional performance indicator to investigate 47 Italian mutual funds; their

123



www.manaraa.com

Annals of Operations Research

findings indicated that the DEA approach delivers superior results and provides more useful
information for investors than do traditional mutual fund performance evaluation techniques.
Furthermore, Haslem and Scheraga (2003) noted increased efficiency in Morningstar’s 500
large-capmutual funds in theUnited States; likewise, Haslem and Scheraga (2006) found that
large-cap mutual funds have increased efficiency and that only 11 out of 58 of Morningstar’s
500 small-cap mutual funds in the United States are efficient. Gregoriou (2006) evaluated
the largest stocks, bonds, and balanced funds in the United States for the period 1990–2005
and argued that the DEA approach can effectively evaluate mutual fund performance.

The efficiency of financial institutions has been extensively discussed, and DEA has
become one of the most frequently applied techniques (Liu et al. 2013a, b). Sherman and
Gold (1985) adopted the CCR model (CCR, 1978) to conduct an efficiency evaluation of the
14 branches of a savings bank. Favero and Papi (1995) used the two-stage contextual method
to gauge the efficiency of 174 banking institutions in Italy and their findings indicated that
productive specialization, size, and location can be used to explain efficiency. Elyasiani and
Mehdian (1990) analyzed changes in efficiency in 191 large banks in the United States and
compared the banks’ production frontier for the period 1980–1985. In a similar vein, stud-
ies (Berg et al. 1992, 1993) employed the Malmquist productivity index to examine bank
productivity in Nordic countries. Furthermore, Kantor and Maital (1999) combined DEA
with activity-based accounting to measure the performance and costs of a large Middle East
bank and its 250 branches. Du et al. (2018) examined the performance of banks using DEA.
In their attempt to evaluate financial corporations’ performance, several studies examined
banking efficiency in a two-stage DEA process (Seiford and Zhu 1999; Luo 2003; Paradi
and Schaffnit 2004; Liu and Lu 2010; Wang et al. 2014). In this regard, Liu (2011) focused
on the performance of financial holding companies in Taiwan, whereas Premachandra et al.
(2012) examined the US mutual fund families’ efficiency. Similarly, Galagedera et al. (2016)
inserted a new dimension to the two-stage model proposed by Premachandra et al. (2012)
by adding total cash flow or reward to investors as the output of the first-stage efficiency,
thereby decreasing the discriminatory power of the model. Recently, Galagedera et al. (2018)
developed a general multiplier-based three-stage DEA model for mutual fund performance
evaluation, which further improved the discriminatory power regarding mutual fund perfor-
mance.

Overall, the aforementioned studies have highlighted the development of the DEA
approach; however, despite the numerous studies that have examined two-stage efficiencies
in the financial services industry, evidence regarding ITC performance in Taiwan is limited.
The exception is the study conducted by Lu et al. (2016), in which the additive efficiency
decomposition approach in DEA was applied. The present study evaluates the management
and investment efficiencies of ITCs in Taiwan for the period 2007–2011.

3 Researchmethodology and data

3.1 ITC production process

Evaluating the operating performance of a company is a complex process. Multiple indica-
tors are required to measure internal linking activities within the organization and prevent
inappropriate management decisions. The financial statements of ITCs indicate that they first
invest in resources (e.g., employees, operating expenses, and fixed assets), amongwhich fixed
assets are carried over from one financial year to the next, to generate intermediates (e.g.,

123



www.manaraa.com

Annals of Operations Research

Management 
performances

Investment 

performance

Fixed assets

(Carry-over t-1)

Employees

Operating expenses

Direct transaction 

costs

Management fees

Custodian fees

Stock Fund 

Balanced Fund 

Fixed-Income Fund 

Other Fund 

Internal management efficiency Investment performance

Management 
performances

Investment 

performance

Employees

Operating expenses

Direct transaction 

costs

Management fees

Custodian fees

Stock Fund 

Balanced Fund 

Fixed-Income Fund 

Other Fund 

Time t

Time (t+1)

Fixed assets

(Carry-over t)

Fixed assets

(Carry-over t+1)

Fig. 1 Two-stage dynamic production process for ITCs

management fees, custodian fees, and direct transaction costs), and then utilize intermedi-
ate resources to manage the mutual fund investments (e.g., equity, balanced, fixed-income,
and other funds). Under most conditions, the fundamental process between the input and
output includes two stages of network structure (Chen et al. 2010a). The outputs from the
first stage are regarded as the inputs to the second stage. The two-stage network DEA model
was proposed by Seiford and Zhu (1999) to analyze how profitable and marketable the 55
largest US commercial banks are. Therefore, the present study evaluates the performance of
ITCs by applying the production process concept to develop a continuous network frame-
work (Fig. 1). During the first stage, the management performances of ITCs are measured,
and their fund investment performance is evaluated in the second stage. To accomplish this
evaluation, this study treats fixed assets as a carry-over input.1 A dynamic network DEA
model is applied to examine how efficient ITCs manage their inputs, such as employees,
operating expenses, and fixed assets and generate intermediates such as direct transaction
costs, management fees, and custodian fees, which are used to produce investment outputs
such as stock funds, balanced funds, fixed-income funds, and other funds. The first stage is
known as “internal management efficiency,” whereas the second stage is called “investment
performance.” The present study derives an overall efficiency of each ITC and summarizes
the two aforementioned efficiencies. Table 1 presents descriptions of the input and output
indicators and their reference sources.

1 This is an item known as “permanent account” in the accounting field; it is accumulated and continuously
carried over from one financial year to the following one.
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Table 1 Definitions of the input and output indicators

Indicators Definitions Units References

Inputs

Employees Year-end total number of
employees

Person Xu et al. (2009); Ray and Das
(2010)

Operating expenses Year-end operating expenses
for deducting payroll costs,
as well as rental expenses,
utilities, depreciation etc

NTD10,000 Hu and Fang (2010); Ray and
Das (2010)

Carry-over

Fixed assets Opening properties, plants
and equipment

NTD10,000 Ho and Wu (2009)

Intermediates

Management fees Fund asset management
service fees

NTD10,000 Gregoriou (2006)

Custodian fees Fund asset management
custodian fees

NTD10,000

Direct transaction costs Fund transactions fees and
taxes

NTD10,000 Ho and Wu (2009); Sueyoshi
et al. (2009); Chen et al.
(2010b)

Output

Investments The difference between the
year-end and opening
amounts of equity,
balanced, fixed-income, and
other types of funds,
respectively

NTD1 million Gregoriou (2006)

3.2 Research subjects, study period, and data sources

The research subjects are ITCs in Taiwan and the (secondary) data sources are the
current conditions of the domestic fund industry reported by the Securities Investment
Trust and Consulting Association and the financial statements of ITCs published by the
Taiwan Stock Exchange Market Observation Post System. Based on the availability of
the data sources and data, 2007–2011 is established as the study period; ITCs with
insufficient annual data and those that did not operate within the specified period are
excluded. A total of 37 ITCs (decision-making units [DMUs]) are selected and evalu-
ated.

The weighted average of the inputs and outputs of each company during 2007–2011 is
calculated to effectively evaluate their performance. Their descriptive statistics are sum-
marized in Table 2. The values over the last 5 years (see Panel A, Table 2) are compared
with those of 2011 (see Panel B, Table 2). The comparison results indicate that several
countries have reduced their interest rates on national debt to mitigate economic prob-
lems caused by various global financial crises (i.e., the 2007 subprime mortgage crisis
caused by the collapse of Freddie Mac and Fannie Mae, the 2008 financial crisis caused
by the Lehman Brothers’ bankruptcy, and the 2010 European debt crisis that began in
Greece) and the declining raw material and energy prices resulting from a weak global
economy. Therefore, investors who favor high-risk and high-yield equity funds or secure
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Table 2 Descriptive statistics of
DEA indicators

Indicators Mean S.D. Median Maximum

Panel A: 2007–2011

Employee 107 66 98 322

Operating expenses 24,768 24,145 15,265 141,666

Fixed assets 8262 11,970 1566 53,392

Management fees 18,699 18,762 11,839 84,747

Custodian fees 43,359 43,362 28,421 191,737

Direct transaction costs 6270 6065 4574 26,962

Equity funds 17,689 21,042 8443 101,952

Balanced funds 1601 3226 285 18,209

Fixed-income funds 15,875 21,058 6611 82,688

Other funds 13,994 24,347 3700 175,770

Panel B: 2011

Employee 113 74 93 322

Operating expenses 26,893 23,218 21,718 90,347

Fixed assets 7705 12,129 1518 51,187

Management fees 15,755 15,898 11,275 59,145

Custodian fees 44,164 42,679 34,172 155,936

Direct transaction costs 6255 5835 4892 22,585

Equity funds 15,213 17,153 7602 65,484

Balanced funds 869 1732 140 8114

Fixed-income funds 2899 4713 563 19,478

Other funds 27,804 34,256 15,268 175,770

and robust fixed funds have been encouraged to shift their investment strategy toward
other defensive asset funds, including money market, real estate investment trust, and index
funds.

Golany and Roll (1989) proposed a DEA isotonicity hypothesis, which states that the
output should not decrease when the input increases and a correlation analysis is required
to verify whether the input and output indicators have an isotonic relationship. Table 3
presents the results of the Pearson correlation coefficient matrix analysis for the input and
output indicators used in the two evaluation stages (on management and investment per-
formance). These results reveal a significant positive relationship between the input and
output indicators in both stages, thus supporting the requirement to select DEA indica-
tors.

Golany and Roll (1989) recommended that the minimum number of DMUs should be two
times the sum of the inputs and outputs. Therefore, in the present study, the total number
of DMUs is 37>2× (3 + 3 + 4) � 20. Cooper et al. (2006) determined that the minimum
number of DMUs should be three times the sum of the inputs and outputs; the present study
also satisfies this requirement: 37>3× (3 + 3 + 4) � 30.

The number of DMUs employed in the present study exceeds the minimum thresh-
olds proposed in the literature. The correlation coefficient analysis of the input and
output indicators also satisfies the isotonicity and homogeneity requirements for a DEA
model. Therefore, the sample and data fulfill the requirements of the construct validity for
DEA.
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Table 3 Correlation coefficient matrix of DEA indicators

Stage Indicators Direct
transaction costs

Management fees Custodian fees

1 Employees 0.734
(p � 0.000)

0.821
(p � 0.000)

0.826
(p � 0.000)

Operating
expenses

0.564
(p � 0.000)

0.845
(p � 0.000)

0.858
(p � 0.000)

Fixed assets
(carry-over)

0.407
(p � 0.000)

0.406
(p � 0.000)

0.418
(p � 0.000)

Indicators Equity funds Balanced funds Fixed-income
funds

Other funds

2 Direct
transaction
costs

0.776
(p � 0.000)

0.617
(p � 0.000)

0.549
(p � 0.000)

0.265
(p � 0.000)

Management
fees

0.913
(p � 0.000)

0.678
(p � 0.000)

0.426
(p � 0.000)

0.308
(p � 0.000)

Custodian fees 0.887
(p � 0.000)

0.665
(p � 0.000)

0.457
(p � 0.000)

0.326
(p � 0.000)

3.3 Measure performance

DEA models can gauge efficiency in a relative manner (Liu et al. 2016; Charnes and Cooper
1984; Ali and Lerme 1997; Seiford 1997). Traditional DEA models neglected the connec-
tivity of inner economic activities and could not indicate the management messages of those
activities. These inner economic activities are considered a “black box.” Lu et al. (2012) clas-
sified the stagedDEAmodels into fourmain groups: separate DEAmodel, separate two-stage
DEAmodel, network DEAmodel, and integrated two-stage DEAmodel. The integrated two-
stage DEA model has been proven to be an effective approach for evaluating two stages of
performance in a single implementation (Liu 2011; Vaz et al. 2010). Cook et al. (2010) listed
extensive details regarding these models. SBM network DEA, which was proposed by Tone
and Tsutsui (2009), evaluates individual and overall performances of a staged performance
evaluation framework. The SBM approach uses slacks in ITCs and recognizes the nonpro-
portional characteristic of worsening ITC performance. Other advantageous characteristics
of the SBM model are (i) its unit invariance (i.e., the measure is invariantly related to the
unit of measurement for DEA inputs and outputs) and (ii) its monotone behavior (i.e., the
measure monotonically decreases with each increase of slacks in inputs and outputs) (Wen
2015; An et al. 2015).

Therefore, this study uses SBM network DEA (Tone and Tsutsui 2009) to evaluate man-
agement performance and changes in ITC performance in the consecutive network activities.
The DEA approach can precisely evaluate the inner structures of companies and mitigate the
neglect of production capability in the inner activities while evaluating companies’ perfor-
mances. Furthermore, ITC resources can be divided into internal management efficiency and
investment performance, thereby analyzing the main resource of performance contribution,
and building the evaluation mechanism of an ITC’s inner network production structure.

In addition, studies have applied methods, such as window analysis (Klopp 1985) and
the Malmquist index (Färe et al. 1994), for gauging dynamic efficiency. However, these
studies considered the effect of time variation, but not the connecting carry-over movement.
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Moreover, thesemethods aim to attain local optimization in an independent periodic analysis.
The present study integrates both two-stage SBMDEA and dynamic SBM or two-stage DEA
with considerations of dynamism (Tone and Tsutsui 2014) to gauge the internal management
efficiency and investment performance over a period. This approach involves the use of a
two-stage DEA model with considerations of dynamism, which not only simultaneously
incorporates various performance indicators while evaluating the ITC performance but also
reveals the black box of the ITC performance across various times.

Referring to the dynamic two-stage production processes in Fig. 1, assume there are n
ITCs (j � 1,…,n) with two stages (k � 1, 2) over T periods (t � 1, . . . , T ). At each period,
ITCs employ m inputs (i � 1, . . . ,m) to generate D outputs (d � 1, . . . , D) for the first
stage. These D outputs, which are referred to as intermediate measures, become the inputs
for the second stage. ITCs use D intermediate measures to produce s outputs (r � 1,…, s)
for the second stage. Additionally, H variables (h � 1, . . . , H) at stage 1 are carried over
from time t to time t + 1.

xti j (i � 1, . . . ,m; j � 1, . . . , n; t � 1, . . . , T ) is input i to DMUj for stage 1 at time t ,
and ytr j (r � 1, . . . , s; j � 1, . . . , n; t � 1, . . . , T ) is output r to DMUj for stage 2 at time
t . ztd j (d � 1, . . . , D; j � 1, . . . , n; t � 1, . . . , T ) links intermediate products of DMUj

from stage 1 to stage 2 at time t . c(t,t+1)
hj (h � 1, . . . , H ; j � 1, . . . , n; t � 1, . . . , T ) is the

carry-over of DMUj at stage 1 from time t to time t + 1. Let xti j , ytr j , and ztd j indicate the
input, output, and connector from stage 1 to stage 2 values of ITC j, which consists of two
stages at period t. The c(t,t+1)

hj signifies carry-overs from t to t + 1 for stage 1.
The present study derives the efficiency by solving the nonoriented function as follows:

φo � Min
1

2T

∑
T
t�1

[
1 − 1

m

(
∑m

i�1

st
−
io

x tio

)]
+

[
1

/[
1 +
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s
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∑s
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c(t,t+1)
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(6)
c(t,t+1)
ho �
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j�1
c(t,t+1)
hj λtjk + s(t,t+1)

ho , (h � 1, . . . , H ; t � 1, . . . , T − 1; k � 1, 2), (7)
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λtjk � 1, (k � 1, 2; t � 1, . . . , T ),

λtjk ≥ 0, st
−
io ≥ 0, st

+

ro ≥ 0, stdo and s(t,t+1)
ho ∈ f ree. (8)

where st
−
io and st

+

ro are, respectively, input and output slacks, stdo is the slack of the free link

value, and s(t,t+1)
ho is the carry-over deviation, λtjk is the intensity corresponding to stage k at

at time t . The inequality and equality symbols in links and carry-overs correspond to their
characteristics as explained in the following. Equations (2) and (3) are the input at stage 1 and
output constraints at stage 2. Equations (4) and (5) suggest that the linking activities are freely
determined when continuity between inputs and outputs is maintained. Therefore, this case
can verify whether the current link flow is appropriate in the light of other DMUs. The link
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flow may increase or decrease in the optimal solution of the linear programs. Equations (6)
and (7) indicate that this corresponds to the carry-over that DMUs can use freely; its value can
be increased or decreased from that of the observed one. The deviation from the current value
is not directly reflected in the efficiency evaluation, but the continuity condition between two
periods detailed below exerts an indirect effect on the efficiency score. Equation (8) represents
the assumption of variable returns to scale at stages.

Equations (2), (3), (4), (5), (6), (7), and (8) designate the production possibility set
for the objective DMUo((o � 1, . . . , n)). An optimum solution of Eq. (1), account-
ing for Eqs. (2), (3), (4), (5), (6), (7), and (8), are written as follows:{λt∗jk, j �
1, . . . , n; st

−∗
io , i � 1, . . . ,m; st

+∗
ro , r � 1, . . . , s; st∗do, d � 1, . . . , D; s(t,t+1)∗

ho ; h � 1, . . . ,

H ; k � 1, 2; t � 1, . . . , T

}
. The present study derives the overall dynamic efficiency,

which ranges from zero to unity, by solving the nonoriented function in terms of T for the
objective DMUo as follows:

φ∗
o � Min

1

2T

∑
T
t�1

[
1 − 1

m

(
∑m

i�1

st
−∗
io

x tio

)]
+

[
1

/[
1 +

1

s

(
∑s

r�1

st
+∗
ro

ytro

)]]
, (9)

Equation (9) is an extended SBM model (Tone 2001) under a nonoriented function, which
accounts for superfluous inputs and carry-overs. The dividend of the fraction is the average
input-related efficiency, and the divisor is the average inverted output-related efficiency.

The present study derives the periodic efficiency for the objective DMUo as follows:

π t∗
o � 1

2

([
1 − 1

m

(
∑m

i�1

st
−∗
io

x tio

)]
+

[
1

/[
1 +

1

s

(
∑s

r�1

st
+∗
ro

ytro

)]])
, (∀t) (10)

The present study derives the staged efficiency for the objective DMUo as follows:

ηk�1∗
o � 1

T

∑
T
t�1

[
1 − 1

m

(
∑m

i�1

st
−∗
io

x tio

)]
, (11)

ηk�2∗
o � 1

T

∑
T
t�1

[
1

/[
1 +

1

s

(
∑s

r�1

st
+∗
ro

ytro

)]]
, (12)

The present study derives the periodic-staged efficiency for the objective DMUo as fol-
lows:

ϕk�1∗
ot �

[
1 − 1

m

(
∑m

i�1

st
−∗
io

x tio

)]
, (∀t) (13)

ϕk�2∗
ot �

[
1

/[
1 +

1

s

(
∑s

r�1

st
+∗
ro

ytro

)]]
, (∀t) (14)

The notation for data and variables is summarized in Table 4.

3.4 Rankings based on rough set theory

Based on the concept of boundary region, Pawlak (1982, 2012) proposed rough set theory
for dealing with uncertainties and ambiguities. This differs from the general use of statistical
inference analysis techniques (Pawlak et al. 1995). Rough set theory has been commonly
used in numerous classification issues in recent years because it can effectively deal with data
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Table 4 Data and variables

Data Variables

Input xti j Input i to DMUj for stage
1 at time t

Input slack st
−
io Slack of input i of DMUo

for stage 1 at time t

Output ytr j Output r to DMUj for
stage 2 at time t

Output slack st
+
ro Slack of output r of DMUo

for stage 2 at time t

Link ztd j Link d to DMUj from
stage 1 to stage 2 at time t

Link Slack stdo Slack of link d of DMUo
from stage 1 to stage 2 at
time t

Carry-over c(t,t+1)hj Carry-over h to DMUj
from time t to time t + 1

Carry-over s(t,t+1)ho Slack of carry-over h of
DMUo form time t to
time t + 1

Intensity λtjk Intensity of DMUj
corresponding to stage k
at time t

reduction, develop inductive reasoning, and convey the relevance and classification of data.
Themain advantages of this theory include the analysis of informationwithout pre-processing
information, its ability to deal with qualitative and quantitative data, and the processing of
uncertainties. The main advantages of this theory include the analysis of information without
pre-processing information, its ability to deal with qualitative and quantitative data, and the
processing of uncertainties (Bai et al. 2017; Greco et al. 2010, 2011; Huang et al. 2014;
Li et al. 2009). Most importantly, rough set theory enables the present study to rank ITCs
based on different combinations of inputs and outputs, wherein the individual effects of
inputs, intermediaries, and outputs on the efficiency values of the ITCs can be observed to
distinguish efficient DMUs.

Data analysis using rough set theory begins with an information table wherein the data
are discretized to determine the irreplaceable relationship between the objects’ attributes.
Therefore, the decision rules of this tool can be summarized in five steps: (i) constructing
an information table that is made up of events or objects (rows) and attributes (columns)
(Pawlak 2002); (ii) determining the indiscernibility relation; (iii) approximating the lower
and upper approximation of the rough sets; (iv) determining the core and reduct attributes;
and (v) setting decision rules using coverage or strength.

In the present study, the DEA approach is combined with rough set theory. The steps
implemented using MATLAB are as follows:

Step 1 A two-stage production process for ITCs is established as indicated in Fig. 2. This
study utilizes a two-stage SBM DEA model (Tone and Tsutsui 2009), with internal linking
activities in a single implementation, to evaluate the internal management efficiency and
investment performance of the ITCs. This study employs n ITCs ( j � 1, . . . , n) and two
stages (k � 1, 2). The numbers of inputs, intermediate measures, and outputs are m, D, and
r , respectively. The nonoriented two-stage SBMmodel under the free link activities program
problem is as follows:

ηo � Min
1

2

[[
1 − 1

m

(
∑m

i�1

s−
i

xio

)]
+

[
1

/[
1 +

1

s

(∑s

r�1

s+r
yro

)]]]

S.T .
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Fig. 2 Two-stage production process for ITCs

xio �
∑n

j�1
xi jλ j1 + s−

i , i � 1, . . . ,m

yro �
∑n

j�1
yr jλ j2 − s+r , r � 1, . . . , s

∑n

j�1
zd jλ j2 �

∑n

j�1
zd jλ j1, d � 1, . . . , D,

zdo �
∑n

j�1
zd jλ j1+ sdo, d � 1, . . . , D,

∑n

j�1
λ jk � 1, k � 1, 2,

λkj ≥ 0, s−
i ≥ 0, s+r ≥ 0, , (15)

where xi j is the input i to ITC j at stage 1; zd j is the linking of intermediate product d from
stage 1 to stage 2 to the ITC j ; yr j is the output r to ITC j at stage two;

∑n
j�1 λ jk � 1

suggests that the constructed best practice frontier exhibits variable returns to scale at stage
k (Banker et al. 1984). This program problem can be solved through transformation into a
linear program using the Charnes and Cooper transformation (Tone 2001).

If η∗
o � 1 in Eq. (1), the observed ITC is called the overall efficiency. The stage k efficiency

score is defined as

ηk�1∗
o �

[
1 − 1

m

(
∑m

i�1

s−∗
i

xio

)]
(16)

ηk�2∗
o �

[
1

/[
1 +

1

s

(∑s

r�1

s+∗
r

yro

)]]
(17)

where s−∗
i and s+∗

r are the optimal input slacks and output slacks in Eq. (1). If ηk�1∗
o � 1,

then the target ITC is technically efficient at stage 1. If ηk�1∗
o is lower than one, then the

target ITC is technically inefficient.
Step 2 This study examines 10 possible different combinations of inputs and outputs

for each DMU while calculating their respective efficiency. In the present study, the two-
stage production process for ITCs is completed using three inputs, three intermediaries, and
four outputs. In the case of fixed intermediaries and outputs, the present study examines
the individual effect of input indicators on the efficiency values of the ITCs. Therefore, a
total of 10 � (3 + 3 + 4) groups of data are obtained. These 10 DEA analyses with different
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combinations of inputs, intermediaries, and outputs are also used to distinguish efficient units
(see Appendices A and B for the derived efficiency scores).2

Step 3 Using the efficiency values obtained in Step 2, the present study selects the com-
binations of performance indicators in the case of fixed inputs, intermediates, and outputs,
respectively. This enables the present study to observe the effects of DEA indicators on the
sensitivity of inclusion/exclusion of inputs, intermediates, and outputs, which is defined as
the condition attribute of the present study. The efficiency analysis model is used to analyze
the inputs and outputs of the two stages, and the efficiency values of all possible combina-
tions of inputs and outputs in both stages are obtained. This step enables the present study to
extract the most information and determine the advantages and disadvantages of the potential
sets of combination from the analyses.

Step 4 The continuous value is transformed into a discrete state, the efficiency values
generated by the different combinations are defined as the discrete numerical ranges, and
are replaced by equivalents; for example, the efficiency values are divided into (i) 1–0.9, (ii)
0.9–0.6, (iii) 0.6–0.3, (iv) 0.3–0, and (v) 0, and are replaced by the values 4, 3, 2, 1, and 0,
respectively.

Step 5 The overall dynamic efficiency of the two-stage production process for ITCs is
regarded as the decision attribute of the present study. The overall dynamic efficiency scores
are classified into five ranges, viz. (i) 1.00–0.90, (ii) 0.90–0.60, (iii) 0.60–0.30, (iv) 0.30–0.00,
and (v) 0, which are substituted by the values of 4, 3, 2, 1, and 0, respectively to construct
an information table based on rough set theory.

Step 6 The significance of each condition attribute is calculated based on the decision
attribute’s degree of dependence on the condition attribute.

Definition 1 Information systems In rough set theory, information systems are used to present
knowledge. An information system S � (U , A, V , f ) consists of: U , a nonempty, finite set
named universe, which is a set of objects,U � {dm1, dm2, . . . , dmn}; A, a nonempty, finite
set of attributes, A � C ∪ D, in which C is the set of condition attributes and D is the set
of decision attributes; V � ⋃

a∈A
Va , the domain of a; and f : U × A → V , an information

function. For each a ∈ A and dm ∈ U , an information function f (dm, a) ∈ Va is defined;
thus, for each object dm in U , f specifies its attribute value.

Definition 2 Lower and upper approximation Let A � (U , R) be an approximation space
and let DM be any subset of U . The R-lower approximation of DM , denoted R− (DM), and

R - upper approximation of DM, R̄(DM) are defined by

R− (DM) � ∪{
[dm]R ∈ U

/
R :[dm] ⊆ DM

}
(18)

and

R̄(DM) � ∪{
[dm]R ∈ U

/
R :[dm] ∩ DM �� φ

}
. (19)

Definition 3 Dependability Suppose S � (U , A, V , f ) is a decision table. The dependability
between condition attribute C and decision attribute D is defined as:

k � γC (D) � card(POSC (D))

card(U )
, (20)

where card(U ) represents the cardinal number of sets.

2 Data will be made available upon request.
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Definition 4 Significance of single attribute and attribute sets In the aforementioned decision

table, the significance of condition attribute subset C
′(
C

′ ⊆ C
)
related to D is defined as:

σCD
(
C ′) � γC (D) − γC−C ′(D). (21)

In particular, C
′ � {a}, the significance of a single attribute a ∈ C related to D is defined as

follows:

σCD
(
C ′) � γC (D) − γC−{a}(D). (22)

Step 7 Based on the results of Step 6, the condition attribute with a value of 0 is deleted
to reduce excess attributes and simplify the calculation process.

Step 8 The significance of the rough set is converted into a value through the weighted
average method, whereby the average weight between the input and output combinations is
calculated.

Step 9Rank the ITCs based on theweight values in descending order to provide a reference
for selecting ideal ITCs to manage the public service pension fund.

4 Empirical analysis

4.1 ITC performance analysis

To evaluate the overall dynamic operating performance and internal linking activities of the
37 ITCs during 2007–2011, the NDSBM (Tone and Tsutsui 2014) is employed to analyze the
efficiency of the ITCs’ production process (i.e., the performance evaluation of the internal
management efficiency and investment performance). Performancewithin the preceding year
is regarded as short-term performance, within 3 years as medium-term performance, and over
3 years as long-term performance. An observation period of 3–5 years is required to ensure
the objectivity and dynamism of the observed fund management performance. The short-
(≤1 year), medium- (≤3 years), and long-term (≤5 years) performances of the participating
ITCs are analyzed based on the overall efficiency, internal management, and investment, and
align with the findings of Kao (2016).

As discussed in Sect. 3.1, the performance of ITCs in the present study is evaluated
through internal management efficiency and investment performance, both of which can
be summarized into overall efficiency. Table 5 presents an analysis of the ITCs’ overall
efficiency, particularly the average efficiency scores of 0.792, 0.793, and 0.800 for their
short-, medium-, and long-term performances, respectively. The average standard deviation
for the last 5 years with a score of 0.091 indicates stable and low-volatility growth in the
ITCs. Domestic ITCs reported the strongest performance for all durations. Financial holding
ITCs exhibited stronger short- and medium-term performances than foreign investment ITCs
did, and the long-term performance of foreign investment ITCs exceeded those of financial
holding ITCs.An examination of the long-termoverall efficiencies of the companies indicates
that JP Morgan, Capital Investment Trust Corporation, and Union Securities Investment
Trust Corporation are the most efficient companies. Therefore, these companies should be
prioritized if the overall operating performance of ITCs is emphasized among the criteria for
selecting commissions for the public service pension fund.

Table 6 presents an analysis of the ITCs’ internal management efficiency. The companies
exhibited average efficiency scores of 0.769, 0.771, and 0.775 for their short-, medium-, and
long-term management performance, respectively. The average standard deviation for the
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last 5 years with a score of 0.119 suggests that management performance in the operation of
these companies are not receiving enough attention, which exhibits substantial differences in
volatility. Among the three types of ITCs, domestic ITCs reported the highest scores in man-
agement performance, and their short-, medium-, and long-term efficiency scores exceeded
the average scores. Foreign investment ITCs exhibited stronger performance in medium-
and long-term management and volatility control than financial holding ITCs did, but no
significant differences were detected between their short-term management performances.
An examination of the long-term management performances of the companies reveal that
JP Morgan, Capital Investment Trust Corporation, and Union Securities Investment Trust
Corporation are the most competent companies. Therefore, these companies should be pri-
oritized if the overall management performance of ITCs is emphasized among the criteria
for selecting commissions for the public service pension fund.

Table 7 presents an analysis of the ITCs’ investment performance. The companies received
average efficiency scores of 0.897, 0.874, and 0.875 for their short-, medium-, and long-term
investment performances, respectively. The average standard deviation for the last 5 years
with a score of 0.102 suggests that all the subject companies employ high-yield strategies
to attract investors and generate additional income. Among the three types of ITCs, domes-
tic ITCs exhibited the highest scores for management performance for all durations, with a
volatility score of 0.057. Financial holding ITCs presented stronger performance in medium-
and long-term investment performance and volatility control than foreign investment ITCs
did, with little differences between their short-term investment performances. An examina-
tion of the long-term investment performances of the companies revealed that seven of the
ITCs (i.e., Yuanta Securities Investment Trust Corporation, Cathay Securities Investment
Trust Corporation, JP Morgan, Capital Investment Trust Corporation, Fuh Hwa Securities
Investment Trust Corporation, Ontario Securities Investment Trust Corporation, and Union
Securities Investment Trust Corporation) are themost competent companies. Therefore, these
companies should be prioritized if high-yield investment performance is emphasized among
the criteria for selecting commissions for the public service pension fund.

4.2 Rough set-based rankings

Before discussing the results of the rough set-based rankings, this study performs Spearman
rank-order correlation analyses, which is a nonparametric measure of the degree and sign of
association between two ordinal-scale variables. First, as shown in Table 8, this study finds
that the rough set-based rankings are highly and significantly correlated with the ordinary
rankings of derived DEA scores in both stages (Stage 1: coefficient � 0.918, p value<0.05;
Stage 2: coefficient � 0.982, p-value<0.05). These results indicate proximity between the
two rankingmethods. The rough set-based rankings can thus be used to substitute the ordinary
rankings by virtue of the feature of rough set theory in considering the effects of the condition
attribute on the sensitivity of inclusion/exclusion inputs, intermediates, and outputs. Second,
the Spearman rank-order results in Table 8 show that the correlation between Stage-1 rough
set-based rankings and Stage-1 network-based rankings is significant (coefficient� 0.642, p-
value<0.05), but that between Stage-2 rough set-based rankings and Stage-2 network-based
rankings is not significant (coefficient� 0.290, p-value>0.05). The inconsistent significance
of correlations between the two models suggests that both sets of estimates are dissimilar.
Although network-based ranking method3 has been shown by Liu et al. (2014) to be effective

3 Readers are encouraged to refer Liu et al. (2009), Liu and Lu (2010), and Liu and Lu (2012) for more
information about the network-based ranking method.
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Table 8 Spearman rank-order
correlation analyses

Rough set-based Network-based Ordinary

Stage 1—Internal management efficiency

Rough set-based 1.000

Network-based 0.642* 1.000

Ordinary 0.918* 0.668* 1.000

Stage 2—Investment performance

Rough set-based 1.000

Network-based 0.290 1.000

Ordinary 0.982* 0.317 1.000*Denotes the five per cent
significance level

in discriminating efficient DMUs, the method ranks only efficient DMUs, suggesting incom-
plete rankings. In contrast, the rough set-based ranking method takes into consideration all
DMUs under investigation, as well as different combinations of inputs, intermediates, and
outputs.

Specifically, rough set theory emphasizes the capacity for data classification and data
pattern identification, which is helpful for obtaining specific information from uncertain or
unclear data and for examining the classification quality and accuracy of the analysis results.
Therefore, rough set theory is widely used in areas such as decision analysis, knowledge
discovery fromdatabases, expert systems, and pattern recognition in decision support systems
(Pawlak 2002). In the present study, a network dynamic DEA model is first constructed to
measure the performance of the companies; these companies are then ranked based on their
efficiency after incorporating rough set theory to eliminate the drawbacks of traditional DEA
models. Tables 9 and 10 present the empirical results.

The ranking of the management efficiency scores (Table 9) indicate that three companies
(i.e., Capital Investment Trust Corporation, Union Securities Investment Trust Corporation,
and JP Morgan) are the most competent companies in terms of internal management and
utilization of organizational resources. Their ability to obtain the maximum returns on the
invested resources is a quality that the other companies should develop. Resources are a
crucial element for the organization of a company and serve as a critical catalyst for cor-
porate development and the establishment of a competitive edge. In addition to superior
quality resources, companies require the ability to maximize the utility of these resources to
gain profits. The synergistic results obtained by combining the feasible resources are more
valuable, rare, and inimitable than the effects generated by individual resources. The afore-
mentioned three companies should be prioritized if the deployment of investment strategies
for ensuring stable fund growth is emphasized among the criteria for selecting commissions
for the public service pension fund. The findings of the first stage can also serve as a refer-
ence for ITCs intending to improve their management or resource allocation approaches to
enhance operating and management performance.

The ranking investment performance scores (Table 10) also identify the three strongest
companies as Capital Investment Trust Corporation, Union Securities Investment Trust Cor-
poration, and JP Morgan. These companies have a positive reputation, their investor market
comprises domestic legal persons, they feature a wide range of marketing channels and prod-
uct lines, they provide comprehensive financial assets and various investment platforms, and
they have developed an understanding of industrial trends and investment opportunities in
Taiwan and can satisfy investors’ market hedging requirements. Therefore, their investment
performance is significantly stronger than that of their peers, and these three companies

123



www.manaraa.com

Annals of Operations Research

Table 9 Rankings analysis based on Stage 1—Internal management efficiency

Name Weight Rankings Name Weight Rankings

Capital 1.000 1 Mega International 0.792 17

Union 1.000 1 Deutsche Far Eastern 0.791 18

JPMorgan 1.000 1 Yuanta 0.776 19

UBS 0.997 2 Allianz 0.750 20

Value Partners Concord 0.997 2 PineBridge 0.714 21

Truswell 0.992 3 Fuh Hwa 0.679 22

Cathay 0.991 4 Hua Nan 0.662 23

Jih Sun 0.988 5 Ontario 0.654 24

FIL 0.981 6 Alliance Bernstein 0.652 25

Polaris 0.979 7 Uni-President 0.641 26

Schroder 0.967 8 Invesco 0.619 27

Fubon 0.933 9 Reliance 0.614 28

Taishin 0.875 10 ING 0.605 29

Shin Kong 0.873 11 Blackrock 0.561 30

Mirae Asset 0.869 12 Prudential 0.552 31

SinoPac 0.867 13 Franklin Templeton SinoAm 0.515 32

Paradigm 0.852 14 Eastspring 0.504 33

First Securities 0.824 15 HSBC 0.441 34

Manulife 0.806 16

Table 10 Rankings analysis based on Stage 2—Investment performance

Name Weight Rankings Name Weight Rankings

Capital 1.000 1 SinoPac 0.301 18

Union 1.000 1 Prudential 0.283 19

JPMorgan 1.000 1 Reliance 0.239 20

FIL 0.982 2 Alliance Bernstein 0.224 21

UBS 0.954 3 Hua Nan 0.189 22

Fuh Hwa 0.936 4 Fubon 0.166 23

Cathay 0.910 5 Manulife 0.108 24

Polaris 0.884 6 Invesco 0.098 25

Truswell 0.847 7 Paradigm 0.097 26

Eastspring 0.829 8 Schroder 0.096 27

First Securities 0.766 9 Mirae Asset 0.096 27

Jih Sun 0.717 10 PineBridge 0.071 28

Mega International 0.556 11 Uni-President 0.055 29

Yuanta 0.508 12 Blackrock 0.038 30

Allianz 0.478 13 Deutsche Far Eastern 0.037 31

HSBC 0.477 14 Value Partners Concord 0.020 32

Shin Kong 0.473 15 Ontario 0.010 33

ING 0.454 16 Franklin Templeton SinoAm 0.001 34

Taishin 0.390 17
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should be prioritized if the deployment of investment strategies for obtaining high returns
is emphasized among the criteria for selecting commissions for the public service pension
fund.

5 Conclusion

Based on a dynamic network DEA model, this study constructs a performance evaluation
mechanism to assess the production processes of ITCs in Taiwan by analyzing the internal
linking activities of these ITCs over a period and incorporating rough set theory into the
procedure to rank their efficiency. The present study’s results not only serve as a reference
for the PSPFMB to select ideal ITCs to manage the public service pension fund but also assist
investment trustmanagers andboarddirectors in improving corporate operating efficiency and
developing new management approaches and investment strategies. In addition, the results
can be analyzed and used to further assist ITCs to adjust their internal resource allocation and
increase the objectivity and rationality of their management decisions on a long-term basis.

Domestic ITCs exhibited the highestmanagement scores over all durations. Foreign invest-
ment ITCs presented stronger performance in medium- and long-term management and
volatility control than financial holding ITCs did. Domestic ITCs exhibited higher invest-
ment performance scores and less volatility than the other two types of ITCs over all durations.
Financial holding ITCs performed significantly better in medium- and long-term investment
and volatility control than foreign investment ITCs did.

This study incorporates rough set theory into a dynamic two-stage evaluation procedure
to rank ITCs based on their performance. The empirical analysis results indicate that, to pro-
mote fund safety and profitability, the PSPFM should commission Capital Investment Trust
Corporation and JP Morgan. The ITC selection mechanism devised in this study ranks these
companies as the highest in terms of management and investment performance, thus making
them the ideal companies for managing the public service pension fund. This selection mech-
anism can objectively judge the adequacy of ITCs based on their professional performance,
reduce external investment risks, increase fund management effectiveness, ensure steady
accumulation of fund assets, and achieve sustainable fund development. Future studies may
also adopt the innovative application of bothDEA and rough set theory or other types of fuzzy
sets to analyze the investment performance of companies in the financial industry. For exam-
ple, researchers can rank insurance companies based on different combinations of inputs,
intermediates, and outputs that are important for determining their investment efficiencies.

Appendix

See Tables 11, 12.
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