b

‘@jNDERSCIENCE PUBLISHERS

Linking academia, business and industry through research

n Econdfmics
and Development

International Journal of Education Economics and
Development

ISSN online: 1759-5681 - ISSN print: 1759-5673
https://www.inderscience.com/ijeed

Assessing and ranking the performance of higher education
institutions: a non-radial super efficiency DEA approach

Mushtaq Taleb, Ruzelan Khalid, Mamdooh Attallah, Qaiser Abdul Kareem, Razamin
Ramli

DOI: 10.1504/IJEED.2023.10044759

Article History:

Received: 20 December 2021
Accepted: 24 December 2021
Published online: 03 April 2023

Copyright © 2023 Inderscience Enterprises Ltd.


https://www.inderscience.com/jhome.php?jcode=ijeed
https://dx.doi.org/10.1504/IJEED.2023.10044759
http://www.tcpdf.org

Int. J. Education Economics and Development, Vol. 14, No. 2, 2023

213

Assessing and ranking the performance of higher
education institutions: a non-radial super efficiency
DEA approach

Mushtaq Taleb*

College of Administration and Economics,
University of Anbar,

Ramadi, Iraq

Email: mushtaqth78@uoanbar.edu.iq
*Corresponding author

Ruzelan Khalid

School of Quantitative Sciences,
Universiti Utara Malaysia,

Kedah, 06010 UUM Sintok, Malaysia
Email: ruzelan@uum.edu.my

Mamdooh Attallah

College of Administration and Economics,
University of Anbar,

Ramadi, Iraq

Email: mmaa.ffl@uoanbar.edu.iq

Qaiser Abdul Kareem

Department of Scientific Affairs,
University of Anbar,

Ramadi, Iraq

Email: isl.qaisarah@uoanbar.edu.iq

Razamin Ramli

Universiti Utara Malaysia,
Kedah, 06010 UUM Sintok, Malaysia
Email: razamin@uum.edu.my

Abstract: In this era of global competition, higher education institutions
(HEIs) are important institutions for social development and economic
sustainability of a country. Thus, the efficiency of HEIs should always be
evaluated to maintain their quality and improve their performance through
various strategic planning. Such efficiency evaluation can be performed using
data envelopment analysis (DEA). One of the prominent models of DEA
is a super efficiency slacks-based measure (SE-SBM) model that can

Copyright © 2023 Inderscience Enterprises Ltd.



214

M. Taleb et al.

simultaneously deal with input and output slacks. However, the model has not
much been used to evaluate the efficiency of HEIs. To address this gap, this
paper utilises SBM and SE-SBM models to assess the efficiency of 41 research
and teaching universities in Taiwan. The results showed that 25 universities
achieved the super efficiency status, with the top ranked are the best DMUs
consuming their educational inputs to produce their educational outputs.

Keywords: data envelopment analysis; higher education institutions; super
efficiency slacks-based measure; Taiwanese universities.
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1 Introduction

HEIs are organisations providing tertiary education and awarding professional certificates
or academic degrees. HEIs can include public or private universities, vocational and
technical colleges, polytechnics, community colleges and other collegiate-level
institutions (Taleb et al., 2019b). These institutions strive to provide society with
competent human resources in various fields of knowledge and skills. These human
resources are expectantly equipped with sufficient exposure to new research and
technology, creative and independent ideas, and leadership and teambuilding skills,
which are important in this extremely competitive job market. In spite of these benefits,
HEIs have now been facing some challenges. The challenges include decreased student
enrolment, financial difficulties and decreased government funding, which could put
pressure on them to sustain in this current challenging world.

HEIs are non-profit organisations since the prices of their inputs and outputs are
absent (Kao and Hung, 2008). The inputs can be human in terms of resources and
physical capital, while the outputs can be teaching and research activities and services
offered to the community (Avkiran, 2001; Hussain, 2017). All these inputs and outputs
are to be considered to ensure that HEIs produce high quality graduates having essential
knowledge and competent skills, who can face global competition for future political,
social and economic sustainability. Such quality graduates are important for national
development and economic growth of a country. In order to analyse the ability of HEIs to
achieve their goals, their efficiency has to be evaluated. To evaluate the efficiency of
non-profit organisations, a powerful approach called DEA is commonly used (Johnes,
2000).

DEA is a non-parametric technique utilising mathematical programming was
proposed by Charnes et al. (1978). Its primary purpose is to assess the relative efficiency
of a peer set of homogenous decision making units (DMUs) consuming multiple inputs to
produce multiple outputs (Hussain et al., 2015). The main DEA models utilised in a wide
range of real-world applications are radial and non-radial. The radial model consists of
two types of efficiency measures are CCR model, proposed by Charnes et al. (1978), and
BCC model; proposed by Banker et al. (1984). The CCR model assumes that returns to
scale of evaluated DMUs is constant (CRS). In contrast, the BCC model assumes that
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returns to scale is variable (VRS) due to the fact that a convexity constraint is imposed
into the model (Taleb et al., 2019a). However, the radial model ignores the input and
output slacks in efficiency scores since it assumes the proportional augmentation of
decreasing outputs (output-oriented) or the proportional reduction of increasing inputs
(input-oriented) (Taleb et al.,, 2022; Yang et al., 2014). This limitation may mislead
efficiency measures (Chiu et al., 2011; Cooper et al., 1999).

To address the issue of the radial model, several efficiency measures of non-radial
models have been proposed (e.g., Cooper et al., 1999; Fare and Knoxx Lovell, 1978;
Pastor et al.,, 1999). The models can deal with the slacks of inputs and outputs
disproportionally by reducing inputs and increasing outputs simultaneously. In other
words, the outputs and/or inputs are tolerable to increase and/or decrease
disproportionally. This fully independent reduction in inputs and augmentation in outputs
is the salient advantage of non-radial models over radial models. Fundamentally,
non-radial models are suitable for applications aiming input reduction and output
extension simultaneously (Cook et al., 2014; Taleb et al., 2019b). Both input reduction
and/or output augmentation guarantee that an evaluated DMU is Pareto-efficient', which
can be deemed as a prominent feature of non-radial models. In the same context, a novel
non-radial slacks-based measure (SBM) model was proposed by Tone (2001). The model
effectively discriminates efficient and inefficient DMUs since it directly deals with the
slacks of input excesses (how much inputs should be decreased) and output shortfalls
(how much outputs should be increased). However, the SBM model cannot rank high
performing DMUs.

To discriminate high performing efficient DMUs, Tone (2002) proposed a super
efficiency of a non-radial slacks-based measure (SE-SBM) model. The primary concept
of the model relies on that of the radial super efficiency model proposed by Andersen and
Petersen (1993). Both super efficiency models exclude each efficient DMU from its
efficient frontier, formed by efficient DMUs, to calculate its super efficiency score. In the
SE-SBM model, the excluded efficient DMU, from the reference set of the SBM model
measures a non-radial distance. This distance significantly affects the calculation of the
super efficiency score. Thus, the SE-SBM model increases inputs and decrease outputs
simultaneously. This feature has made the model more applicable in dealing with many
settings of real life. In spite of this fact, the model has rarely been utilised to evaluate the
efficiency of HEIs. Thus, the objective of this paper is to use the SBM model of Tone
(2001) and SE-SBM model of Tone (2002) to measure the efficiency of 41 research and
teaching universities in Taiwan. The models discriminate and ranks efficient and
inefficient universities. The discriminating process was achieved by calculating their
input savings (maximum allowable increase in inputs) and their output surpluses
(maximum allowable decrease in outputs) (Kasim et al., 2019).

This paper is organised as follows. Section 2 considers a brief literature review
related to efficiency studies in HEIs. The methodology for evaluating the efficiency of
41 research and teaching universities in Taiwan using the SBM and SE-SBM models is
explained in Section 3. Section 4 reports and discusses the efficiency results of the
evaluated universities, while Section 5 provides concluding remarks of this paper.
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2 Literature review

HEIs are the backbone of a country’s economy and society. However, their functionality
has now been impeded by many factors, such as shrinking public funds and investments,
increasing tuition fees and limited human resources. Thus, how HEIs utilise these limited
inputs to produce the targeted outputs — termed as efficiency — should continually be
tracked. Such operational efficiency measurement can help HEIs maintain their quality
and assist policy makers to get insight into the educational processes which can
eventually enhance the HEI systems. Scientific approaches which quantitatively measure
the efficiency and recommend empirical and practical actions are thus important.

Many scholars and researchers have assessed the efficiency of HEIs using DEA.
These include Bessent et al. (1983), Cardoso et al. (2021), Chen and Chen (2011), Johnes
(1996, 2006), Kuah and Wong (2011), Taleb et al. (2019b), and Tyagi et al. (2009).
However, all these studies were conducted based on radial models under the CRS or VRS
technology. The radial model is an oriented model: input-oriented or output-oriented. The
input-oriented concentrates on the proportional changes of a DMU’s inputs to reduce the
level of inputs, while maintaining the current level of outputs. In contrast, the
output-oriented concentrates on the proportional changes of a DMU’s outputs to increase
the level of outputs, while maintaining the current level of inputs (Cooper et al., 1999).
Thus, by reducing inputs or increasing outputs, an inefficient DMU can improve its
performance. The reduction of inputs and/or expansion of outputs of an inefficient DMU
can be identified via its input excesses and/or output shortfalls. Using this information,
the inefficient DMU can then be projected onto the efficient frontier (Kasim et al., 2019).
However, the value of the objective function of the radial model does not reflect all
inefficiency, since it ignores the slacks of inputs and outputs.

To simultaneously deal with input and output slacks, Charnes et al. (1985) proposed a
non-oriented additive model. However, the model cannot measure efficiency in-depth as
the oriented model, since its objective function is a non-commensurate (i.e., it depends on
the measurement units of inputs and outputs) (Du et al., 2010; Hussain, 2017). To rectify
this issue, Tone (2001) proposed an SBM model whose objective function does not
depend on the measurement units of inputs and outputs. Thus, its efficiency scores are
restricted between zero and one. The SBM model considers the reduction of inputs and
the augmentation of outputs concurrently by increasing input and output slacks. Since
then, the SBM model has been used by many studies to assess the efficiency of HEIs
(e.g., Abdullah et al., 2018; Johnes and Tone, 2017). However, these studies did not
consider ranking of efficient DMUs, since the model cannot discriminate among efficient
DMUs.

To discriminate and rank high performing DMUs, the radial super efficiency model
proposed by Andersen and Petersen (1993) has been used by some efficiency studies in
HEIs, such as Gnewuch and Wohlrabe (2018), Liu et al. (2018) and Ramzi and Ayadi
(2016). Due to the infeasibility issue of the radial model that may occur under some cases
of VRS, Tone (2002) proposed a novel non-radial SE-SBM model. The model offers
some salient features:

1 the input savings and output surpluses of efficient DMUs can simultaneously be
identified rectifying the infeasibility issue of the radial super efficiency model

2 its objective function is invariant
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3 its scalar measure immediately deals with the excesses of inputs and the shortfalls of
outputs.

To the best of authors’ knowledge, there are several studies introduced by Hussain et al.
(2016), Ken et al. (2009), Taleb et al. (2018) and Taleb et al. (2019a, 2019b) considered
the efficiency analysis of HEIs based on Tone’s (2002) model. However, there has been
no efficiency study considering the model of Tone (2002) to assess the efficiency of
research and teaching universities in Taiwan.

3 Data and methodology

This paper utilises the dataset of 41 research and teaching (R&T) universities in Taiwan
for year 2009. The dataset was retrieved from the efficiency study introduced by Chen
and Chen (2011). Each university was represented as an independent DMU. Three inputs
and five outputs were considered. The inputs were the number of domestic full
time-academic staff (x;), the number of international academic staff (x,) and the number
of domestic students (x3). The outputs were the number of graduates (y;), the number of
accepted and published articles in journals (),), the amount of financial support received
from National Science Council of Taiwan (y;), the number of research patents (y;) and
the number of cooperating foreign countries (ys). The descriptive statistics of the inputs
and outputs is reported in Table 1.

Table 1 Descriptive statistics of inputs and outputs
Variable Input index
X; X; X3

Mean 393,122 347.0488 11,233.51
Std. dev. 185.7297 442.4921 6,438.909
Minimum 133 13 2,578
Maximum 791 1,818 27,729
Variable Output index

Y1 Y2 V3 Y4 Vs
Mean 2,483.707 765.5854 34.07317 11.34146 15.63415
Std. dev. 1,446.539 1,433.816 36.32794 30.52426 13.92975
Minimum 444 0 3 0 1
Maximum 6502 5,861 156 136 64

To evaluate and analyse the efficiency of the universities, this paper relies on the SBM
model of Tone (2001) and the SE-SBM model of Tone (2002). The inputs and outputs of

the universities are denoted as matrices, which can be identified as follows:

X=[x¥-,-]=[x11,...,xm,,]e R Y=[yrj] =[y11,...,ysn]e R

The values of X and Y are positive. The production possibility set (PPS) which is the set

of all feasible production plans of the SBM model can be defined as follows:
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P={(X,\ V)X 2D X4, Y <D Yids, D 4y =1,4;20 (1)

= = =1
Suppose that there are n DMUs. Each DMU represents an independent university. DMU;j
(7 =1, ..., n) consumes m educational inputs x;(i = 1, ..., m) to produce s educational
outputs y,; (r = 1, ..., 5). A non-negative multiplier vector for constructing linear
programming of the universities is denoted by 4 = (4, ..., 4, Hence, the formula of the

SBM model under the VRS assumption to evaluate efficiency of DMU, (0 € {1, ..., n} is
presented as follows:

1~ s
DA

2

min 7 =

S.t.

E Xjh; =Xip =S i=1,...,m,

i=1

S
Zyrj/l,:ym+s;“ r=1,...,s,

r=1

sz:m].zo,s;zo,s:zo, j=1,....n

J=1

The difference between the current amount of inputs and outputs and their reference sets
is represented by the slacks of input excesses (si) and output shortfalls (s;,). The

resulted efficiency score of model (2) supports the property of unit invariant, considered
in Section 2. It is denoted by 7, where 0 < 7', < 1. The aim of input excesses and output
shortfalls is to decrease inputs and increase outputs in order to achieve the optimum level
of inputs and outputs of DMUs being evaluated. The optimal solution to model (2) can be
utilised for projection process of inefficient DMUs and setting of their targets to improve
performance by formulas in equation (3).

xll) xlO Sl (3)

Vro = Yro + 87
Definition 1: A DMU, is said to be fully-efficient in model (2) if its resulted efficiency
score is equal to one (7, = 1) This result can be achieved if and only if all of the input
and output slacks are zero (s,-‘ =g = 0). Otherwise, DMU, is inefficient.

It is possible that multiple DMUs in SBM model (2) achieve the fully efficient status
(Definition 1). To discriminate among efficient DMUs and rank them, the SE-SBM
model of Tone (2002) is used. The PPS of the model of Tone (2002) spanning by (x, y)
which exclude DMU, (x,, v,) from its reference set is defined as follows:
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P(%.30) ={EME= D 45 D vy DL 4 =L¥20,4,200 (4
J=l,j#o J=lj#o J=lj#o
Further, p(x,,y,) is a subset of p(x,, y,) which is defined as
ﬁ(x,,,y,,)zp(x,,,yn)ﬁ{)_Can andy <y, } &)

The values of inputs and outputs are assumed to be positive (i.e., x > 0, y > 0) and
P (x,,¥,) is not empty (see Tone, 2002).

According to formula (4), the status of super-efficient DMU, is defined by excluding
the efficient DMU, from its reference set of SBM model (2). Thus, the efficiency score of
the efficient DMU, is identified by measuring the distance between the efficient frontier
and the excluded efficient DMU,. The weighted non-radial distance /; from (x,, y,) to
(X0, 75)€ P(X0,¥,) is calculated by the index Jas presented in the following equation.

min ¢ =—=2""% (6)

Super efficiency measures of the efficient DMU, (x,, y,) are calculated by the following

formula:
)
. m ‘= Xio
min § =—= "2 @)
L ol
s = Yro
S.t.
D xyhy <X i=1,....m, (7.1)
Jj=l,j#o
D whzy r=1,...,s, (7.2)
J=l,j#o
X2x, and y<y,, y>0, (7.3)
Z A=1 (7.4)
Jj=l,j#o

A 20 j=1,...,n, j#o (7.5)
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By replacing x with x;, +z7 and y with y,, —z, model (7) can be represented as

follows
1 i“ Xio +Z,_
. m 1 Xio
min 0 =—"-———"< ®)
l Z(yro _Z:rj
s r=1 Yro
S.t.
n
Z x,j/lij,-[,+Z,-_ lzl, .., m,
Jj=l,j#o
n
z yr]’li Zyro_Z;r V=1,. SRIEED
J=Lj#o

- +
Xio + Zj inon Yro — Zr Syro
— o+
zi,zp 20,

constraints (7.4) and (7.5).

Definition 2: The status of an efficient DMU, resulted from model (2) is super-efficient if
the resulted super efficiency score in model (8) is greater than one, 6 > 1. This is
equivalent to x;, +zj, 2x;,, and y —z <y .

4 Empirical results and discussions

The two-stage SE-SBM approach was used to calculate the efficiency scores of 41
research and teaching universities in Taiwan. In the first stage, SBM model (2) was run to
discriminate between efficient and inefficient universities. The results of model (2) may
contain efficient DMUs. In the second stage, the efficient DMUs was then ranked using
SE-SBM model (8). The efficiency scores of inefficient and super-efficient universities
are tabulated in Table 2.

Based on the three considered inputs and five outputs, there are 25 technical efficient
universities out of the total 41 evaluated universities are as reported in Table 2. The
technical efficiency score for each technical inefficient university is less than one, while
that for each technical efficient university is equal to one, as presented in the ‘efficiency
score’ column—columns 2, 6 and 10 (see Definition 1). The efficient universities were
discriminated by calculating their super efficiency scores obtained by SE-SBM model
(8), as shown in the ‘Super efficiency score’ column — columns 3, 7 and 11. The ranking
of efficient and inefficient universities is presented in the ‘rank’ column — columns 4, 8
and 12. DMU# 33 is ranked first among the other efficient DMUs. This indicates that
DMU#33 has the highest performance in consuming its educational inputs to produce its
educational outputs. In other words, the top ranked DMU has the ability to keep its
efficiency status better than other efficient DMUs. Additionally, the super efficiency
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score reflects that the efficient DMU can increase its inputs and/or decrease its outputs
simultaneously. In contrast, the inefficient DMU# 11 is ranked the lowest compared to
the other evaluated DMUs since it has the smallest efficiency score. Each inefficient
DMU can improve its efficiency by decreasing inputs and/or increasing outputs using the
projection formula proposed by Tone (2001) [see equation (3)].

Model (2) rates 25 efficient universities (DMUs # 1, #2, #3, #4, #7, #9, #10, #12, #15,
#17, #18, #20, #22, #23, #24, #25, #26, #27, #29, #31, #33, #34, #35, #38, and #4). The
other DMUs are considered inefficient. In addition, the SBM model can identify
benchmarking for the inefficient universities to improve their performance. Their
benchmarks are tabulated in Table 3. For example, efficient DMU# 4 is a benchmark for
inefficient DMU# 8. The benchmark is based on an intensity value (i.e., /lj*). The value of
0 (/lj* = 0) reflects that an efficient university ‘j’ cannot be a benchmark for an inefficient
university. For example, efficient DMU# 1 cannot be a benchmark for any inefficient
DMU. In contrast, the positive intensity value (/lj* > 0) reflects that an efficient university
‘> can be a benchmark for an inefficient university. For example, efficient DMU# 7 is a
benchmark for inefficient DMUs #8 and #37. The last row of Table 3 presents the
number of times that each efficient university is benchmarked. For example, DMUs #1,
#2, #3, #9, #24, # 27, #29, #31 and #34 are not benchmarked by any inefficient
universities. DMUs #4, #7, #10, #17, #18, #20, #22, #25, #33, #38 and #41 are
benchmarked by few inefficient universities with low number of intensity values. The top
three referenced universities are DMUs #23, #26 and #35. They are respectively,
benchmarked by inefficient DMUs #14, #8 and #5. The top referenced university
DMU#23 has the highest level of educational resources.

Table 4 reports the efficient targets and the actual data for the considered inputs and
outputs, calculated by equation (3), for each inefficient university. The targets of some
inefficient universities (e.g., DMUSs #5, #14, #16, #19, #21, #28, #30, #32, #36 and #40)
for the domestic academic staff, graduates, published papers and patents are the same as
their actual input and outputs. This indicates that educational performance of these
inefficient universities regarding their input and outputs is close to targeted efficiency. In
contrast, the targets and the actual data of DMUSs #14, #16, #19, #21, #28, #30, #32, #36,
#37, #39 and #40 for the input of domestic students and the outputs of received financial
amounts and cooperating foreign countries are large difference. This indicates that these
universities are the most inefficient units regarding the input and outputs. In fact, a large
difference between the target and the actual output of cooperating foreign countries is
observed for all inefficient universities. This reflects that all of the inefficient universities
are most inefficient regarding their output of cooperating foreign countries.

Due to the non-oriented feature of the SE-SBM model, benchmarking can
simultaneously identify the optimum level of educational resources used and educational
outcomes produced to improve DMUSs. Benchmarking can also help decision makers find
the closest targets required to achieve efficiency from both sides of input reduction and
output augmentation. Information provided by the targets can generally be used to
suggest potential directions for inefficient universities to improve their educational
performance. For example, the most crucial factor of inefficiency of all inefficient
universities in the case study is the number of cooperating foreign countries. Hence, to
achieve efficiency, the number must be extended by all the inefficient universities. We
deduce that research and teaching universities in Taiwan are weak in their cooperating
with other foreign universities over the examined period.
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Efficiency measures of Taiwanese universities

Table 2
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Inefficient universities and intensity values of their benchmarks

Table 3
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Actual data and targets of inefficient universities

Table 4
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Actual data and targets of inefficient universities (continued)

Table 4
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5 Conclusions

The radial super efficiency model can technically discriminate efficient and inefficient
units, and then rank the efficient units. However, the model may face an infeasibility
issue in some cases of the VRS technology. To address this issue, an SE-SBM model that
can simultaneously deal with the slacks of input excesses and output shortfalls, as well as
the slacks of input saving (the amount of inputs that can be increased to achieve the
feasibility) and output surplus (the amount of outputs that can be decreased to achieve the
feasibility), was proposed by Tone (2002). The model discriminates efficient and
inefficient DMUs and ranks high performing DMUs via a two-stage procedure. This
paper utilises the SE-SBM model to measure the efficiency of 41 research and teaching
universities in Taiwan.

The empirical results showed that of the 41 universities, 25 universities achieved the
super efficiency status since they could increase their educational inputs and/or decrease
their educational outputs simultaneously to achieve the feasibility. The SE-SBM model
offers a higher power in discriminating among efficient universities over the radial model
since it considers the slacks of inputs and outputs. In addition, the ranking of efficient and
inefficient universities was performed. The top ranked university (i.e., DMU#33) reflects
its ability to increase its educational inputs and/or decrease its educational outputs better
than the other efficient universities enhances it to preserve the super efficiency status. In
contrast, the lowest ranked university (i.e., DMU#11) reflects that it has a significant gap
between the actual data and targets of its numbers of domestic students and published
articles compared with other inefficient universities. This information would be useful for
decision makers of the Taiwanese universities to develop new strategies and policies to
maintain the status of efficient universities.

In addition, the SBM model identified benchmarking and target setting for each
inefficient university to improve the consumption of its educational inputs and the
production of its educational outputs by identifying the optimum levels of inputs and
outputs. Based on the benchmarking and target setting, decision makers can identify the
closest target required by the inefficient universities to achieve the efficiency status and
then suggest various strategies for their efficiency improvement. As a matter of fact, all
of the efficiency measures were calculated in terms of VRS technology. If this
technology was dropped from the model by ignoring the convexity constraint, it would
then be run under the CRS technology to calculate the scale efficiency of the evaluated
universities to determine whether they are operating at their optimal sizes or not.
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