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Abstract: This paper examines the multi-dimensional efficiency of the Islamic banking sector and its
determinants, including the impacts of the COVID-19 pandemic. To do that, we use a novel approach
of two-stage data envelopment analysis (DEA) double frontiers to evaluate the overall efficiency
of 79 Islamic banks across 16 countries (2005–2020). In the first-stage analysis, we found that the
Islamic banking sector experienced an increasing trend in its efficiency and performance, even during
the recent pandemic, although it varied across banks and countries. Our empirical results of the
second-stage analysis further showed that economic development can help countries both withstand
the recent pandemic and improve the efficiency and performance of their (Islamic) banking system.
This, in turn, could help speed up the recovery process of the global economy. Since there is evidence
that the Islamic banking sector is resilient to the COVID-19 pandemic, it is expected that this sector
will be a driving force of such recovery.

Keywords: two-stage DEA double frontiers; Islamic banks; COVID-19; efficiency; determinants

1. Introduction

The ongoing COVID-19 pandemic has been affecting many countries, regions, and
sectors such as (public) healthcare, capital and financial markets, tourism, and banking
(Boubaker et al. 2022b; Elnahass et al. 2021; International Monetary Fund 2021). According
to Demirgüç-Kunt et al. (2021), it is thus important to examine the impacts of such events
on the efficiency and performance of the global banking sector. Boubaker et al. (2022b)
further argued that by analysing Islamic banks (IBs), which are arguably more resilient
than conventional banks during crisis times (Alqahtani et al. 2017; Ashraf et al. 2022;
Farooq and Zaheer 2015), one can understand the supportive role of the IBs and the global
banking sector in the recovery process of the World economy (International Monetary Fund
2021). This paper, therefore, aims to examine the efficiency of the IBs and its determinants,
including the impacts of the COVID-19 pandemic.

Measuring bank efficiency and performance is an important task for not only pol-
icymakers and bank managers, but also for researchers. For instance, a simple search
on Google Scholar using the keywords of “bank efficiency” AND “determinants” re-
sulted in about 16,000 articles; many of them using the multi-dimensional frontier analy-
sis approach of data envelopment analysis (DEA) and stochastic frontier analysis (SFA)
(Ben Mohamed et al. 2021; Boubaker et al. 2022b; Le et al. 2022b; Lu et al. 2018). Both DEA
and SFA have their own pros and cons; however, DEA is more popularly used in the bank
efficiency literature, thanks to its flexibility (Boubaker et al. 2020; Boubaker et al. 2022a;
Ho et al. 2021; P. H. Nguyen and Pham 2020; Vidal-García et al. 2018).
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Originally introduced by Charnes et al. (1978) to measure the relative efficiency of a set
of homogenous decision-making units (DMUs) using multiple inputs to produce multiple
outputs, DEA has been extended to various settings, including the variable returns to scale
assumption (Banker et al. 1984), slack-based optimization (Tone 2001), common weights
(Hammami et al. 2022), worst-frontier measurement (Paradi et al. 2004), the inverse model
(Boubaker et al. 2022b), and so on. Since DEA is sensitive to the characteristics of the
sampled DMUs (e.g., outliers, input/output selection, and the specific DEA methods)
(Hughes and Yaisawarng 2004; Tortosa-Ausina et al. 2008), it is argued that the relevant
interpretations or conclusions would benefit from multiple DEA results, rather than from
a single one (Wang et al. 2007). Particularly, Wang et al. (2007) and Azizi (2014), among
others, pointed out that while one can assess the efficiency of a DMU based on an optimistic
(i.e., ‘best practice’) frontier, one can also use a pessimistic (i.e., ‘worst practice’) frontier for
the same evaluation purposes. Accordingly, the overall efficiency of such a DMU should
account for both frontiers under a DEA double frontiers approach. This approach was
developed to measure the overall efficiency of DMUs operating in the manufacturing sector
(Wang and Chin 2009), supply chains (Badiezadeh et al. 2018), aviation (Cui et al. 2022),
and so on. However, it is worth mentioning that none of those studies has examined the
determinants of such DEA double frontiers efficiency scores.

The application of DEA double frontiers in the banking sector, however, is also scanty.
To the best of our knowledge, there was only a single study by Gölcükcü (2015) on 20 Turk-
ish banks. Due to data limitations, however, Gölcükcü (2015) could only examine the
single-dimension efficiency of the banks (i.e., the relationship between deposit rates and
loan rates) but not the multi-dimensional perspective of DEA (Charnes et al. 1978). Accord-
ingly, the contributions of this paper to the literature are as follows.

• It is the first cross-country study on the efficiency of Islamic banks using DEA double
frontiers to evaluate the overall efficiency, including both the optimistic and pessimistic
aspects, of the examined IBs. It, therefore, can provide more robust insight into the
performance of the IBs.

• For the first time, the determinants of such double frontier efficiency, including the
recent COVID-19 pandemic, are investigated under a two-stage DEA framework.

• It extends the applications of DEA double frontier in the banking efficiency literature.

The rest of this study is constructed as follows. Section 2 provides some reviews of
the relevant literature. Section 3 explains the data and methodologies used in this study.
Section 4 discusses our empirical findings, and Section 5 concludes.

2. Literature Review

In this section, we first review the relevant literature on banking efficiency and per-
formance. It is noted that financial ratios, such as net interest margin, returns over assets,
or nonperforming loan ratios, are commonly used for this purpose (Ramalho and Silva
2013; Salmi and Martikainen 1994; Tran and Ngo 2014). Because a single ratio can only
reflect a single aspect of the bank’s efficiency and performance, in recent decades, a multi-
dimensional approach of efficiency evaluation has become more popular (see, for example,
the surveys of Berger and Humphrey 1997; Emrouznejad and Yang 2018; Fethi and Pa-
siouras 2010). For instance, Liu et al. 2013 found that the banking sector accounts for the
highest number of studies and applications in the DEA literature. The basic idea of DEA in
banks is to measure the aggregated technical efficiency of a bank in combining all inputs to
produce all outputs (Charnes et al. 1978; Tran and Ngo 2014), without too much concern
about the specific technology of how these combinations occur, i.e., a bank is treated as
a ‘black box’. Although there are several approaches to unboxing this ‘black box’ using
network DEA, fuzzy DEA, or stochastic DEA (Avkiran 2015; Cui et al. 2022; Fukuyama and
Matousek 2017; Matthews 2013; Ngo and Tsui 2022; Tsionas 2021; Yang and Liu 2012), our
study is more focused on the sensitivity issue of DEA, and, thus, we only employ the basic
DEA model of Charnes et al. 1978 in our analysis.
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Although Islamic banking is still an emerging industry, compared to the CBs, the
performance of IBs, especially during economic turmoil such as the Asian Financial Crisis
1997 (AFC) and the Global Financial Crisis 2007 (GFC), has attracted increasing attention
from researchers. Studies on the efficiency of the IBs under COVID-19, although on an
increasing trend, are still limited (Ashraf et al. 2022; Boubaker et al. 2022b; Le et al. 2022a;
Mirzaei et al. 2022). According to Majeed and Zainab (2021), there is a mixed result on
the performance comparison between IBs and CBs using a single-dimensional perspective
(Ansari and Rehman 2011; Hassoune 2002; Iqbal 2001; Ramlan and Adnan 2016) and a
multi-dimensional one (Abdul-Majid et al. 2017; Bader et al. 2008; Ben Mohamed et al. 2021;
Kamaruddin et al. 2008; Kamarudin et al. 2014). One reason for this inconclusive finding
is that, according to Miah and Uddin (2017) and Boubaker et al. (2022b), the IBs and CBs
are operating under different principles (e.g., the Islamic laws of Shari’ah for the IBs). One
may argue that it is not a fair comparison between the IBs and CBs, for example, in terms
of a profitability evaluation, because the CBs are trying to maximize their profits, while the
IBs are not. Consequently, to have a better view of the Islamic banking sector, this study
focuses on the efficiency of the IBs within their own group, avoiding any comparisons
between the IBs and CBs. It could provide a more insightful view into the operations and
efficiency of the IBs themselves within their “Islamic world” (Khan 2010; Mastrosimone
2013). We consider it as filling a gap in the literature.

The second strand of literature that we also look at is the methodological aspect of those
studies. Except for single-dimension studies where a ratio (e.g., net profit margin or return
on assets) or several ratios were used to evaluate the IBs, multi-dimension studies often use
DEA for their investigations (Alexakis et al. 2019; Bahrini 2017; Belanès et al. 2015; Viverita
and Skully 2007; Yudistira 2004). A recent study by Boubaker et al. (2022b) examines
the global Islamic banking sector (consisting of 49 IBs for the 2019–2020 period) amid the
effects of COVID-19 but under an inverse DEA model. Particularly, this study argues
that the IBs, under COVID-19, faced difficulties in increasing or retaining their outputs,
such as operating incomes and earning assets. As such, to maintain the pre-COVID-19
levels of efficiency, those IBs needed to accordingly reduce their inputs (e.g., total deposits
and, especially, operating expenses). Another study by Mirzaei et al. (2022) used DEA to
examine the IBs and CBs together (and, thus, faces the previously discussed problem) and
also found that the IBs have evidently higher efficiency levels than their counterparts during
the COVID-19 crisis. Focusing on Indonesian IBs, Lantara et al. 2022 found that the sampled
banks improved their overall technical efficiency in the 2020–2021 period in three out of four
models. The resiliency of the IBs during the recent COVID-19 pandemic was also observed
in some other studies (Abdulla and Ebrahim 2022; Alabbad and Schertler 2022; Ashraf et al.
2022; Boubaker et al. 2022b; Rizwan et al. 2022). However, DEA studies on the efficiency
of the IBs amid COVID-19 are still limited (Boubaker et al. 2022b; Lantara et al. 2022;
Mirzaei et al. 2022); none of them has applied the double frontier approach, which is more
robust against the DEA sensitivity issue, and none has also examined the determinants of
the double frontier efficiency. We consider it as a methodological gap in the literature.

Given these two research gaps, in this paper, we develop a two-stage DEA double
frontier framework to examine the efficiency and its determinants of the global Islamic
banking sector (see Table 1). Generally, our first stage involves the use of DEA double
frontier to estimate the overall efficiency of a set of global IBs only; no comparison with
the CBs is needed. In the second stage, such overall efficiency is regressed on a set of
determinants, including the COVID-19 variable, to measure the impacts of those factors on
the IBs. The next section will present more details on our method and data.
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Table 1. The characteristics of our study.

Approaches in the
Literature Issues Research Gaps Our Solutions

Examine CBs and
IBs together

The two groups operate under
different principles

and settings
Practical Only examine the

IBs

Examine the IBs
under COVID-19

None has employed the DEA
double frontiers approach

Methodological
Using a two-stage

DEA double
frontiers approach

None has examined the
determinants of DEA

double frontiers

3. Data and Methodologies
3.1. Data

We follow Lozano-Vivas et al. (2002), Fujii et al. (2014), and Boubaker et al. (2022b),
among others, to select operating expenses (x1) and total deposits (x2) as the two inputs,
while operating income (y1) and other earning assets (y2) are the two outputs of our DEA
double frontiers model. In this sense, the IBs are treated as intermediaries between savers
and borrowers, whereas their objective is to use the least inputs to produce the most outputs
(Sealey and Lindley 1977). Such input/output variables are popularly used in the banking
efficiency literature (Alqahtani et al. 2017; Ben Mohamed et al. 2021; Berger et al. 1993;
Bonin et al. 2005; Dincer et al. 2019); the readers are encouraged to seek more information
on those variables therein. The data were consequently gathered from the Thomson Reuters
Eikon (2022) database.

To examine the determinants of the DEA double frontier efficiency scores, we further
collected macroeconomic data, such as GDP growth rate, inflation index (consumer price
index, base year 2010, as 100 points), and income levels (e.g., low-income or advanced
countries) from the World Economic Outlook (International Monetary Fund 2021). This
resulted in unbalanced panel data of 79 IBs in 16 countries for the 2005–2020 period, ranging
from a low of 42 banks in 2005 to a high of 64 banks in 2019, yielding a total of 783 bank-
year observations (see also the Appendix A). These countries include Bangladesh (BGD),
Bahrain (BHR), Egypt (EGY), Indonesia (IDN), Jordan (JOR), Kuwait (KWT), Malaysia
(MYS), Nigeria (NGA), Oman (OMN), Pakistan (PAK), Qatar (QAT), Saudi Arabia (SAU),
Sri Lanka (LKA), Sudan (SDN), the United Arab Emirates (ARE), and the United Kingdom
(GBR). While it is suggested that one should focus more on the IBs in countries where the
Islamic principles are more practiced (such as PAK, LKA, and GBR), our data limitations
prevent us from doing so. More importantly, since we would like to provide an examination
of the global Islamic banking sector, and how it can contribute to the recovery of the world
economy (International Monetary Fund 2021), a cross-country sample is more suitable for
our analysis. The descriptive statistics of our data are presented in Table 2 below.

Table 2. Descriptive statistics.

2A. The Inputs and Outputs of the DEA double Frontiers (in Million 2010USD)

Mean SD Min Max

x1: Operating Expenses 4318.00 11,946.09 0.21 266,712.00
x2: Deposits 225,993.36 1,518,259.62 25.46 30,683,515.00

y1: Operating Incomes 27,166.24 177,726.01 24.22 3,294,489.00
y2: Other Earning

Assets 106,524.24 790,691.29 19.97 16,980,369.00
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Table 2. Cont.

2B. The Determinants of DEA double Frontiers Efficiency Scores

Mean SD Min Max

GDPGR 4.55 3.70 −8.13 28.08
INF 129.12 68.05 20.19 283.71

ADVANCE 0.01 0.07 0 1
MIDDLEEAST 0.64 0.47 0 1

GFC 0.07 0.24 0 1
COVID 0.06 0.24 0 1

Notes: GDPGR, the annual economic growth rate; INF, the inflation index; ADVANCE is a dummy variable that
takes the value of 1 if the country that the IB operates in is an advanced economy (according to the categorization
of the IMF), and is otherwise equal to 0; MIDDLEEAST is a dummy variable that is equal to 1 if the country that
the IB operates in belongs to the Middle East and Central Asia region (according to the categorization of the IMF),
and is otherwise equal to 0; GFC is a dummy variable that takes a value of 1 for the year 2008 and 0 otherwise
(following Acemoglu 2009; Alexakis et al. 2019; Hasan et al. 2021); COVID is a dummy variable that takes a value
of 1 for the year 2020 and 0 otherwise; and SD stands for the standard deviation.

3.2. The Overall Efficiency of IBs: The DEA Double Frontiers

DEA is a popular tool for efficiency and performance evaluation in the banking sector
(Liu et al. 2013). The major reason is that DEA is more flexible with multiple inputs/outputs
and small sample situations, which is a common setting for many banking studies (Avkiran
2011; Ngo and Le 2019; Reinhard et al. 2000). Initially, DEA optimizes the weights of
the multiple inputs/outputs of the examined banks so that the banks can be closest to
the best-practice frontier, i.e., the so-called ‘optimistic DEA frontier’ (Charnes et al. 1978;
Schaffnit et al. 1997). Following Ngo and Le (2019) and Hammami et al. (2022), among
others, we formulate our optimistic DEA model as follows.

EFopt
j0

= max
m

∑
r=1

uryrj0 (1)

Subject to
∑s

i vixij0 = 1, ∀i
∑m

r uryrj −∑s
i vixij ≤ 0, ∀i, r, j

ur, vi ≥ ε, ∀i, r

where u and v are the vectors of weight of the j0-th bank’s outputs (y) and inputs (x),
respectively; and j runs from 1 to n, with n as the total number of IBs being examined (in a
certain year). It is noted that the higher the value of EFopt

j0
, the better the performance of

the IB, with EFopt
j0

= 1 indicating the most efficient.
On the other hand, one can also use DEA to measure the ‘pessimistic’ efficiency of

the IBs. In particular, an inefficient (or ‘worst practice’) frontier can be estimated; and the
banks further from this inefficient frontier are considered to be more efficient (Wang and
Chin 2009). In this sense, the higher the value of EFpes

j0
, the better the performance of the IB,

with EFpes
j0

= 1 indicating the less efficient. Following Azizi (2014), Badiezadeh et al. (2018),
and Cui et al. (2022), the pessimistic DEA model can be expressed as:

EFpes
j0

= min
m

∑
r=1

uryrj0 (2)

Subject to
∑s

i vixij0 = 1, ∀i
∑m

r uryrj −∑s
i vixij ≥ 0, ∀i, r, j

ur, vi ≥ ε, ∀i, r

Once both the optimistic and pessimistic DEA efficiency scores are estimated, one can
follow Wang et al. (2007) to compute the overall efficiency (OEFj,t) of bank j in year t as the
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geometric mean of EFopt
j,t and EFpes

j,t using Equation (3), with the higher the value of OEF,
the better the performance of the IB:

OEFj,t =

√
EFopt

j,t × EFpes
j,t (3)

where j denotes the bank, and t denotes the year.

3.3. The Determinants of the Overall Efficiency of IBs

To further examine the determinants of the overall efficiency of the IBs, we follow
the rich literature on the two-stage DEA approach (Boubaker et al. 2020; Boubaker et al.
2021; Casu and Molyneux 2003; Hoff 2007; K. M. Nguyen et al. 2012) and regress the
OEF against a set of macro-economic factors that can affect the performance of the IBs
(see Table 2B). For instance, (Heffernan and Fu 2010; Fang et al. 2019; Le and Ngo 2020)
showed that the economic status of the country, such as GDP growth (GDPGR) and inflation
(INF), can influence bank performance, where a higher GDPGR reflects an increase, and
a higher INF indicates a reduction in demand for banking services. To better capture the
other factors of economic status that were not reflected in GDPGR and INF, we also use
a dummy variable (ADVANCE) to distinguish between advanced and (under)developed
countries, since there is evidence that banks in advanced countries are more profitable
than their counterparts (Ngo and Le 2019; Yin et al. 2020). Furthermore, (Yudistira 2004;
Viverita and Skully 2007; Bahrini 2017) all found that the IBs performed differently across
regions. Consequently, Equation (4) estimates the relationship between the OEF of the IB j,
from country I, in year t (OEFj,i,t), and a set of control variables, including the economic
development of the country that the IB operates in (i.e., GDPGR, INF, and ADVANCE);
the regional effect (MIDDLEEAST), in which IBs outside the Middle East and Central
Asia region tend to outperform IBs from that region (Alexakis et al. 2019; Boubaker et al.
2022b; Viverita and Skully 2007; Yudistira 2004); and also the 2008 global financial crisis
(GFC) and the recent coronavirus pandemic (COVID-19) effects. Because the OEFj,i,t is not
restricted to be bounded between 0 and 1, and due to the existence of dummy variables
(e.g., ADVANCE or COVID) that prevents us from performing a fixed-effect estimation, we
instead employed a generalized least squares (GLS) random-effect panel regression in the
estimation of Equation (4).

OEFj,i,t = β0 + β1GDPGRj,i,t + β2 INFj,i,t + β3 ADVANCEj,i,t + β4MIDDLEEASTj,i,t
+β5GFC + β6COVID + ε

(4)

where j denotes the bank; i denotes the country; and t denotes the year.

4. Empirical Results and Discussion
4.1. DEA Double Frontiers Efficiency of the IBs (2005–2020)

We first report the average DEA efficiency scores of the sampled IBs in Table 3. As
observed from that table, the efficiency scores and ranks of the IBs are different under the
optimistic and pessimistic approaches, and, thus, it is justified to evaluate the IBs using
the double frontiers approach. By analysing the DEA double frontier’s OEF scores and
rankings, one can see that the top-three performer banks (for the whole 2005–2020 period)
include Bahrain Islamic Bank BSC (BISB.BH), Al Salam Bank Bahrain BSC (SALAM.BH),
and Sterling Bank PLC (STERLNB.LG), while the bottom three are Abu Dhabi Islamic Bank
PJSC (ADIB.AD), Al Baraka Bank Egypt SAE (SAUD.CA), and Bank of Punjab (BOPU.PSX).
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Table 3. Average efficiency of the examined IBs.

Code EFopt EFpes OEF Rank Code EFopt EFpes OEF Rank

ABBK.DH 0.456 1.504 0.812 43 ISLB.DH 1.000 2.235 1.483 5
ADCB.AD 0.545 1.610 0.902 27 ITHMR.BH 0.484 1.570 0.846 34
ADIB.CA 0.561 1.541 0.903 26 JMNB.DH 0.484 1.471 0.837 36
ADIB.AD 0.293 1.000 0.524 79 JOIB.AM 0.605 1.000 0.759 50
AFIN.KL 0.445 1.131 0.685 65 KHCB.BH 0.543 1.304 0.832 38
AUBB.BH 0.618 1.224 0.835 37 KFH.KW 0.592 1.809 0.967 19
BKME.KW 0.510 1.142 0.719 59 KIBK.KW 0.486 1.216 0.733 55
AJBNK.DU 0.468 1.099 0.708 60 MASB.DU 0.660 1.921 1.098 12
SAUD.CA 0.314 1.086 0.577 78 MARK.QA 0.640 1.109 0.829 39
BARKA.BH 0.479 1.473 0.816 42 AMZN.PSX 0.586 1.730 0.994 17
SALAM.BH 0.958 4.253 1.940 2 NATB.BH 0.472 1.124 0.680 67
SSUD.DU 0.589 3.322 1.366 6 NBKE.CA 0.376 1.270 0.676 68
AMLK.DU 0.397 1.498 0.738 53 NBKK.KW 0.473 1.323 0.740 52
AMMB.KL 0.525 1.350 0.802 44 NBOB.OM 0.573 1.083 0.727 57
ARBK.AM 0.513 1.643 0.864 32 PRBN.DH 0.565 1.607 0.944 22
ABCB.BH 0.635 1.420 0.924 23 PRBK.DH 0.526 1.596 0.897 28
ABCO.AM 0.633 1.586 0.974 18 PBBK.DH 0.599 1.777 1.019 15
BISB.BH 1.000 11.329 3.248 1 QIIB.QA 0.615 1.428 0.921 24

BAFL.PSX 0.570 1.840 0.997 16 QISB.QA 0.644 1.641 1.021 14
BKAL.DH 0.485 1.428 0.827 40 QNBK.QA 0.370 1.087 0.618 75
BKDB.OM 0.512 1.086 0.735 54 RHBC.KL 0.477 1.176 0.725 58
BIPL.PSX 0.706 1.768 1.100 11 1010.SE 0.438 1.343 0.727 56
BKMB.OM 0.757 1.228 0.947 21 SIBK.AM 0.709 1.196 0.919 25
BKNZ.OM 0.729 2.198 1.258 7 SIB.AD 0.621 1.277 0.886 30
BOPU.PSX 0.321 1.163 0.598 77 SILK.PSX 0.498 1.549 0.858 33

BRIS.JK 1.000 2.373 1.540 4 SOCI.DH 0.438 1.400 0.771 48
BOUK.KW 0.598 1.000 0.773 47 SAIB.CA 0.367 1.287 0.670 70
CIMB.KL 0.444 1.519 0.774 46 BKSB.OM 0.472 1.090 0.692 64
CTBK.DH 0.749 1.886 1.172 10 SONA.PSX 0.400 1.470 0.749 51
COMB.CM 0.524 1.801 0.953 20 SEBK.DH 0.397 1.153 0.673 69
CBKK.KW 0.581 1.268 0.818 41 STBL.DH 0.409 1.099 0.665 71
DHBK.DH 0.430 1.133 0.694 63 STAN.L 0.444 1.564 0.789 45
DISB.DU 0.557 1.391 0.844 35 STERLNB.LG 1.000 3.081 1.755 3
ENBD.DU 0.550 1.512 0.865 31 CANA.CA 0.376 1.228 0.659 72
EXPT.DH 0.390 1.032 0.630 74 SMBL.PSX 0.521 1.556 0.890 29
FAITA.CA 0.386 1.268 0.681 66 TRBK.DH 0.362 1.200 0.647 73
FAB.AD 0.481 1.164 0.704 62 UAB.AD 0.842 1.318 1.039 13

HMB.PSX 0.421 1.468 0.768 49 UBL.PSX 0.732 2.108 1.212 8
HNB.CM 0.679 2.165 1.186 9 WARB.KW 0.366 1.008 0.605 76
HLCB.KL 0.491 1.100 0.707 61

Note: The efficiency scores (EFopt, EFpes, and OEF) are subjected to the rounding effect.

All in all, Table 3 suggests that there are some significant differences in the efficiency
and performance of the examined IBs. For instance, Bahrain Islamic Bank BSC (top per-
former) has an OEF of 3.248, more than six-times higher than the efficiency of Abu Dhabi
Islamic Bank PJSC (worst-performer, OEF = 0.524). We, therefore, continue to look for the
country-wise picture of the DEA double frontiers efficiency, as reported in Table 4. Again,
we observed that IBs operating in different countries also perform differently. For example,
the six IBs in Egypt had the lowest (average) OEF scores, which may be due to the fact that
Egypt is one of the few Muslim countries where the government tends to support the CBs,
which puts more pressure on the Egyptian IBs (Galal Abdullah Mouawad 2009; Tammam
2019). It is, therefore, arguable that one should further examine which factors could lead to
the differences in the performance of the IBs, e.g., the macroeconomic environments or the
impacts of COVID-19. This question will be addressed in the next section.
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Table 4. Country-wise performance of the IBs.

Country Region Income
Level

Number of
IBs

Involved
OEF

Nigeria Africa EM 1 1.755
Indonesia Asia and Pacific EM 1 1.540
Sudan Middle East and Central Asia LIC 1 1.366
Bahrain Middle East and Central Asia EM 8 1.265
Sri Lanka Asia and Pacific EM 2 1.070
Pakistan Middle East and Central Asia EM 9 0.907
Jordan Middle East and Central Asia EM 4 0.879
Oman Middle East and Central Asia EM 5 0.872
Bangladesh Asia and Pacific LIC 14 0.862
Qatar Middle East and Central Asia EM 4 0.847
United Arab
Emirates Middle East and Central Asia EM 10 0.831

United Kingdom Europe AM 1 0.789
Kuwait Middle East and Central Asia EM 7 0.765
Malaysia Asia and Pacific EM 5 0.739
Saudi Arabia Middle East and Central Asia EM 1 0.727
Egypt Middle East and Central Asia EM 6 0.694

We further illustrate the changes in the OEF over time in Figure 1. It shows the
significant impact of the GFC when the OEF dropped to its lowermost value of 0.557 in
2008. This finding is consistent with the studies of Beck et al. (2013); Ftiti et al. (2013);
Belanès et al. (2015); and Miah and Uddin (2017) on the negative impacts of the GFC
on the IBs. The Islamic banking system has since recovered, with some struggles during
the 2012–2018 period, similar to what was found by Alqahtani et al. (2017), and also
experienced an increase in the OEF in 2019 and 2020, despite the recent pandemic. One may
thus argue that the IBs were more resilient during the COVID-19 outbreak (Ashraf et al.
2022; Boubaker et al. 2022b; Mirzaei et al. 2022). Such effects of the GFC and COVID-19
will be empirically examined in the following section.
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4.2. The Determinants of Islamic Banks’ Efficiency

It is noted that our model in Equation (4) is justified, since the Ramsey Regression
Equation Specification Error Test (RESET) results of our random-effects panel data regres-
sion (DeBenedictis and Giles 1998) cannot reject the null hypothesis of a good specification
(see Table 5). Table 6 consequently presents the regression results for the determinants of
the IBs’ efficiency. Several conclusions can be drawn from this table, as follows. First, the
economic growth (i.e., GDPGR) of the country can positively improve the performance
of the IBs operating within its territory (at a 1% level of significance). Second, the global
financial crisis in 2008 (i.e., GFC = 1) did have a negative impact on the performance of the
Islamic banking sector (as illustrated in Figure 1). Third, the efficiency of the IBs during
the COVID-19 pandemic (i.e., COVID-19 = 1) was higher than that of the previous years.
Lastly, we could not find any statistical evidence of the (positive) impact of inflation (i.e.,
INF), the (negative) impact of higher income levels (i.e., ADVANCE), and the geographical
characteristics (i.e., MIDDLEEAST) on the performance of the examined IBs.

Table 5. DeBenedictis and Giles (1998) Specification RESET Tests.

H0: Model is Specified vs. H1: Model is Mis-Specified

DeBenedictis & Giles Specification ResetL Test

The ResetL1 Test = 0.129 p-value > F(2, 773): 0.8789
The ResetL2 Test = 0.207 p-value > F(4, 771): 0.9346
The ResetL3 Test = 0.247 p-value > F(6, 769): 0.9605

DeBenedictis & Giles Specification ResetS Test

The ResetS1 Test = 0.251 p-value > F(2, 773): 0.7784
The ResetS2 Test = 0.132 p-value > F(4, 771): 0.9706
The ResetS3 Test = 0.293 p-value > F(6, 769): 0.9402

Table 6. Regression results.

Coefficient Standard Error t-Statistic p-Value

GDPGR 0.035 *** 0.004 9.170 0.000
INF 0.000 0.000 0.961 0.338

ADVANCE −0.067 0.389 −0.170 0.864
MIDDLEEAST −0.005 0.093 −0.055 0.954

GFC −0.227 *** 0.037 −6.164 0.000
COVID 0.091 ** 0.043 2.131 0.033

Constant 0.103 ** 0.042 2.469 0.014

Model Statistics

N = 783 Cross sections number = 79
Wald Test χ2

6 = 64.7369 p-value > χ2
6 = 0.0000

F-Test = 10.7895 p-value > F(6, 698) = 0.0000
R2 = 0.8517 R2-Adjusted = 0.8338

Log-likelihood = −308.6437 RMSE = 0.3801
Notes: ** and *** stand for 5% and 1% levels of significance, respectively.

We accordingly argue that maintaining good economic development not only helps
countries to withstand crises and pandemics (Acemoglu 2009), but it also helps improve
the efficiency and performance of the Islamic banking system. This, in turn, could help
speed up the recovery process of the global economy (Elnahass et al. 2021; International
Monetary Fund 2021). For instance, the International Monetary Fund (2021) projected
a 4.9 percent growth rate for the world economy in 2022, subject to the stability condi-
tions of the banking and financial sectors. We also expect that the Islamic banking sector
will be a driving force of such recovery, as the sector is more resilient to the COVID-19
pandemic and even improved its efficiency and performance in recent years (Ashraf et al.
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2022; Boubaker et al. 2022b; Mirzaei et al. 2022). It is thanks to the nature of the Islamic
banking model (Elnahass et al. 2021), the lessons that the IBs have learnt from the GFC
(Rehman et al. 2021), and the diversification approach of the IBs (Alabbad and Schertler
2022; Le et al. 2022a). The Islamic banking sector, in the near future, therefore, will be a
talking point for researchers, policymakers, managers, and investors.

5. Conclusions

Measuring the efficiency of the banking sector, including Islamic banks, and its deter-
minants is always an important task. The current literature, however, reveals two research
gaps: (1) the lack of studies on the IBs only, especially under COVID-19, and not in a
comparison with the CBs, as the two groups operate under different principles; and (2) the
nonexistence of a two-stage double DEA frontier for the IBs. We, therefore, have contributed
to the banking efficiency literature by empirically investigating the determinants of the
DEA double frontiers efficiency scores of the Islamic banking sector, given the utilization
of their inputs (i.e., operating expenses and total deposits) to produce the outputs (i.e.,
operating incomes and other earning assets), and the impacts of several macroeconomic
conditions, such as GDP growth rates, inflation, and the recent COVID-19 pandemic. In this
sense, this study extended the applications of the DEA double frontier approach (i) for the
Islamic banking sector and (ii) for a two-stage DEA of efficiency determinants, especially to
investigate the impacts of the recent COVID-19 pandemic on the efficiency of the examined
Islamic banks.

Our empirical results showed that economic development can help countries to both
withstand such crises as the recent pandemic and improve the efficiency and performance
of the (Islamic) banking system. This, in turn, could help speed up the recovery process of
the global economy. Given that the Islamic banking sector is more resilient to the COVID-19
pandemic, it is expected that this sector will be a driving force of such recovery, and, thus,
will soon be a talking point for researchers, policymakers, managers, and investors.

This study is not without limitations. Firstly, due to data limitations, we could not
examine IBs in more details at the country-level, especially for countries where the Islamic
principles are more practiced. It is also noted that this study only focused on the deter-
minants of efficiency at a macro-level (e.g., GDPGR or COVID-19) but not at the bank- or
country-level; we leave this task for future research. Secondly, it would also be interesting
to apply different DEA techniques, such as inverse DEA, network DEA, fuzzy DEA, or
stochastic DEA (Boubaker et al. 2022b; Ngo and Tsui 2022; Tsionas 2021; J. Zhu 2020), in
the first stage of the double frontier estimation. Thirdly, for the second-stage regression,
future studies may extend the sample and overcome the data limitations to perform richer
analyses with different settings of sub-sampling, variables selecting, and robustness test-
ing to confirm and improve our findings. Newer estimation techniques such as random
forest, artificial neuron network, or lasso regression (Chen et al. 2021; Thaker et al. 2021;
N. Zhu et al. 2020) should also be employed.
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Appendix A. List of Islamic Banks

No. Name Code No. Name Code

1 Riyad Bank SJSC 1010.SE 41 Hatton National Bank PLC HNB.CM
2 AB Bank Ltd. ABBK.DH 42 Islami Bank Bangladesh Ltd. ISLB.DH
3 Arab Banking Corporation BSC ABCB.BH 43 Ithmaar Holding BSC ITHMR.BH
4 Arab Banking Corporation Jordan PSC ABCO.AM 44 Jamuna Bank Ltd. JMNB.DH
5 Abu Dhabi Commercial Bank PJSC ADCB.AD 45 Jordan Islamic Bank Co PLC JOIB.AM
6 Abu Dhabi Islamic Bank PJSC ADIB.AD 46 KUWAIT FINANCE HOUSE K S C P KFH.KW
7 Abu Dhabi Islamic Bank Egypt SAE ADIB.CA 47 Khaleeji Commercial Bank BSC KHCB.BH
8 Affin Bank BHD AFIN.KL 48 Kuwait International Bank KSCP KIBK.KW
9 Ajman Bank PJSC AJBNK.DU 49 Masraf Al Rayan QPSC MARK.QA
10 Amlak Finance PJSC AMLK.DU 50 Mashreqbank PSC MASB.DU
11 AMMB Holdings BHD AMMB.KL 51 National Bank of Bahrain BSC NATB.BH
12 Meezan Bank Ltd. AMZN.PSX 52 National Bank of Kuwait Egypt SAE NBKE.CA
13 Arab Bank PLC ARBK.AM 53 National Bank of Kuwait SAKP NBKK.KW
14 Ahli United Bank BSC AUBB.BH 54 National Bank of Oman SAOG NBOB.OM
15 Bank Alfalah Ltd. BAFL.PSX 55 Pubali Bank Ltd. PBBK.DH
16 Al Baraka Banking Group BSC BARKA.BH 56 Prime Bank Ltd. PRBK.DH
17 Bank Islami Pakistan Ltd. BIPL.PSX 57 Premier Bank Ltd. PRBN.DH
18 Bahrain Islamic Bank BSC BISB.BH 58 Qatar International Islamic Bank QPSC QIIB.QA
19 Bank Asia Ltd. BKAL.DH 59 Qatar Islamic Bank QPSC QISB.QA
20 Bank Dhofar SAOG BKDB.OM 60 Qatar National Bank QPSC QNBK.QA
21 Bank Muscat SAOG BKMB.OM 61 RHB Bank BHD RHBC.KL

22 Ahli United Bank KSCP BKME.KW 62
Societe Arabe International De Banque

SAE
SAIB.CA

23 Bank Nizwa SAOG BKNZ.OM 63 Al Salam Bank Bahrain BSC SALAM.BH
24 Sohar International Bank SAOG BKSB.OM 64 Al Baraka Bank Egypt SAE SAUD.CA
25 Bank of Punjab BOPU.PSX 65 Southeast Bank Ltd. SEBK.DH
26 Boubyan Bank KSCP BOUK.KW 66 Sharjah Islamic Bank PJSC SIB.AD
27 Bank Syariah Indonesia Tbk PT BRIS.JK 67 Safwa Islamic Bank PSC SIBK.AM
28 Suez Canal Bank SAE CANA.CA 68 Silkbank Ltd. SILK.PSX
29 Commercial Bank of Kuwait KPSC CBKK.KW 69 Summit Bank Ltd. SMBL.PSX
30 CIMB Group Holdings BHD CIMB.KL 70 Social Islami Bank Ltd. SOCI.DH
31 Commercial Bank of Ceylon PLC COMB.CM 71 Soneri Bank Ltd. SONA.PSX
32 City Bank Ltd. CTBK.DH 72 Al Salam Bank Sudan PLC SSUD.DU
33 Dhaka Bank Ltd. DHBK.DH 73 Standard Chartered PLC STAN.L
34 Dubai Islamic Bank PJSC DISB.DU 74 Standard Bank Ltd. STBL.DH
35 Emirates NBD Bank PJSC ENBD.DU 75 Sterling Bank PLC STERLNB.LG
36 Export Import Bank of Bangladesh Ltd. EXPT.DH 76 Trust Bank Ltd. TRBK.DH
37 First Abu Dhabi Bank PJSC FAB.AD 77 United Arab Bank PJSC UAB.AD
38 Faisal Islamic Bank of Egypt SAE FAITA.CA 78 United Bank Ltd. UBL.PSX
39 Hong Leong Financial Group BHD HLCB.KL 79 Warba Bank KSCP WARB.KW
40 Habib Metropolitan Bank Ltd. HMB.PSX
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