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Abstract: There is evidence that ICT developments can improve bank efficiency and performance.
Previous studies often employ data envelopment analysis (DEA) to first examine bank performance
and then use a second-stage regression to explain the influences of other environmental factors,
including ICT, on such efficiency. Since DEA efficiency scores are bounded between the (0, 1]
intervals, Tobit and truncated regressions are commonly used in this stage. However, none has
accounted for the skewness characteristic of DEA efficiency. This paper applied a bootstrap-censored
quantile regression (BCQR) approach to triply account for the issues of a small sample (via bootstrap),
bounded intervals (via censored regression), and skewness (via quantile regression) in DEA analysis.
We empirically examined the efficiency and performance of 27 Vietnamese commercial banks in the
2007–2019 period. The efficiency scores derived from our first stage revealed that they are skewed
and thus, justify the use of the BCQR in the second stage. The BCQR results further confirmed that
ICT developments could enhance bank efficiency, which supports the recent policy to restructure the
Vietnamese banking sector toward innovation and digitalization. We also examined the impacts of
other factors such as bank ownership, credit risk, and bank size on efficiency.

Keywords: information and communication technology (ICT); data envelopment analysis (DEA);
bootstrap-censored quantile regression (BCQR); banking efficiency; Vietnam

1. Introduction

Banking efficiency is a long-term topic for many researchers (Tripe 2010; Aiello and
Bonanno 2016; Boubaker et al. 2022; Le et al. 2022b). While it is important to analyse how
efficient a bank or banking system is; however, it is even more important to examine the
determinants that can influence such efficiency and performance (Simar and Wilson 2007;
Gardener et al. 2011; Dao et al. 2021). In modern banking, the role of information, tech-
nology, and communication (ICT) is becoming more important and thus, ICT is receiv-
ing more attention (Berger and DeYoung 2006; Salim et al. 2010; Arora and Arora 2013;
Girmaye 2018).

On one hand, it is argued that technological developments for ICT can positively
improve bank profitability and productivity (DeYoung 2001; Berger and DeYoung 2006;
Beccalli 2007; Ho and Mallick 2010; Arora and Arora 2013)—such developments include,
but not limited to, investments on computer hardware and software (e.g., computers,
printers, operating systems, and applications), computer services (e.g., web hosting, data
processing services, and networks), communication services (e.g., voice and data services),
and communication equipment. On the other hand, the specific developments of ICT
including electronic banking applications and Automated Teller Machines (ATMs) can also
influence the bank’s operational and financial performance (Holden and El-Bannany 2004;
Hernando and Nieto 2007; Ciciretti et al. 2009; Sathye and Sathye 2017).
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Most previous studies employed data envelopment analysis (DEA), a nonparamet-
ric approach of efficiency measurement, to examine bank efficiency and performance
(Dong et al. 2014; Sathye and Sathye 2017; Hammami et al. 2020; Ho et al. 2021), because
such approach is suitable for small sample sizes and is more flexible for the compli-
cated setting of the banking industry (Berger and Humphrey 1997; Ngo and Le 2019;
Boubaker et al. 2020). It is also important to not only stop at analysing banking effi-
ciency but to also examine its determinants (Vidal-García et al. 2018; Ngo and Tsui 2020;
Dao et al. 2021), whereas a second-stage regression is often conducted to explain the influ-
ences of other environmental factors, including ICT, on such efficiency (Berger and Mester 1997;
Simar and Wilson 2007; Salim et al. 2010; Sathye and Sathye 2017; Boubaker et al. 2018).
Since DEA efficiency scores are bounded between the (0, 1] intervals, those studies mostly re-
lied on the use of Tobit or truncated regressions in this second stage (Simar and Wilson 2007).
While it is acknowledged that those scores are also skewed (Sowlati and Paradi 2004;
Gajewski et al. 2009; Santín and Sicilia 2017), however, none of the previous studies has
accounted for such skewness characteristic of DEA efficiency. To fill in this research gap,
this paper therefore applies a bootstrap-censored quantile regression (BCQR) approach
to triply account for the issues of a small sample (via bootstrap), bounded intervals (via
censored regression), and skewness (via quantile regression). As such, this paper does not
only contribute to the existing banking efficiency literature in terms of methodology but
also can provide more robust results regarding the determinants of bank efficiency—such
results will be of important to bank managers and policymakers.

The empirical analysis of this study utilised an unbalanced dataset consisting of
27 commercial banks operating in Vietnam during the 2007–2019 period. We select this
sample because (i) the number of studies on the Vietnamese banking sector is still lim-
ited (Ho et al. 2021), (ii) ICT plays an important role in improving banking efficiency
in emerging markets such as Vietnam (Arora and Arora 2013; Sathye and Sathye 2017;
Ngo and Le 2022), and (iii) there is clear evidence that the DEA efficiency scores of the
sampled banks are skewed (the details are presented in Section 4.1). Results from our BCQR
estimations show that ICT development, including the ones on information technology
infrastructure, human-related information technology, and strategies and policies regarding
ICT implementations, can enhance bank efficiency.

The rest of the paper is constructed as follows. We first present a brief literature review
of the recent studies on the role of ICT in bank performance in Section 2. We then describe
the methods of DEA and BCQR in Section 3, alongside the relevant data and variables of
interest. The results are presented and discussed in Section 4, while Section 5 concludes
the paper.

2. Literature Review

Although there is a vast literature on the determinants of bank efficiency
(Berger and Mester 1997; Simar and Wilson 2007; Salim et al. 2010; Sathye and Sathye 2017),
empirical evidence on the role of ICT is still limited and only started to grow in the recent
years (Scott et al. 2017; Appiahene et al. 2019; Dinçer and Yüksel 2020). According to
Le and Ngo (2020) and Ngo and Le (2022), there are two main streams regarding such
ICT examinations.

In the first stream, the topic of interest is the impacts of technological infrastructure and
developments on bank performance. Most of those studies found that ICT developments
can reduce bank costs and/or improve bank profits efficiency (Berger and DeYoung 2006;
Salim et al. 2010; Girmaye 2018). For instance, Berger and DeYoung (2006) suggested that
ICT helps US banks reduce agency costs, which makes banking services become more ap-
proachable to the customers and consequently increases bank profits. Further examinations
of US banks by Beccalli (2007) and Arora and Arora (2013) also found that ICT outsourcing
can improve their profit efficiency. Similar argument applies to commercial banks in Asia
(Dinçer and Yüksel 2020), Australia (Salim et al. 2010), Ghana (Appiahene et al. 2019), India
(Arora and Arora 2013), and Europe (Simper et al. 2019). Few studies, however, found the
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contrast. They provided the evidence that ICT investments did not help Spanish banks
improve their profits during the 1983–20003 period (Martín-Oliver and Salas-Fumás 2008).
Meanwhile, Ho and Mallick (2010) argued that the adoption and diffusion of ICT can lead
to a negative network competition effect in the US banking system, which hinders their
productivity and performance.

In the second stream, the focus is on the ICT-based services and applications such as phone
banking, internet banking, and Automated Teller Machines (ATMs). Generally, it is argued
that electronic banking services help improve bank performance (Hernando and Nieto 2007;
Ciciretti et al. 2009; Weigelt and Sarkar 2012), ATMs help increase bank profitability
(Holden and El-Bannany 2004; Le and Ngo 2020), while the combination of electronic pay-
ments and ATMs helps reduce bank costs (Valverde and Humphrey 2009). Such evidence
is found in Bangladesh (Siddik et al. 2016), Lebanon (Chedrawi et al. 2019), the Europe
(Akhisar et al. 2015; Tunay et al. 2015), Vietnam (Ngo and Le 2022), or even in a global con-
text (Le and Ngo 2020). Conflicting results, however, are occasionally found, as in the study
of DeYoung (2001), whereas internet-based US banks tended to earn lower non-interest
income and profits, compared to their counterparts. Sathye and Sathye (2017) found that
Indian banks with higher ATM intensity are associated with lower profitability due to the
higher cost of investment.

Nevertheless, the debate on the impacts of ICT on bank efficiency and performance is
still inconclusive. Addition empirical evidence, especially from emerging markets such
as Vietnam, where the banking sector has been rapidly expanded with the help of ICT
developments, is therefore important. We further argue that a possible reason for such
inconclusive result may be due to the use of mean regression method (detailed discussions
are in Section 3.2 below). We therefor apply a more robust method of BCQR for our
analysis—such method is explained in the next section.

3. Methodologies and Data
3.1. The First Stage: Evaluating Bank Efficiency Using Data Envelopment Analysis

The basic DEA model considers a set of n banks, with each bank j (j = 1, . . . , n) using
m inputs xij (i = 1, . . . , m) to produce k outputs yrj (r = 1, . . . , k). Its objective is to assign
the optimal weights for those inputs and outputs for each bank j0-th such that the bank’s
efficiency score (EFj0 ) as in Equation (1) below is maximized.

EFj0 = maxu,v
∑m

r uryrj0
∑k

i vixij0
Subject to,

∑m
r uryrj

∑k
i vixij

≤ 1, ∀j, j = 1, 2, . . . , n

ur, vi ≥ ε, ∀i, r

(1)

where EFj0 is the efficiency score of the bank j0 (j = 1, 2, . . . , n) under examination; ur is the
optimal weight assigned to the output yr (r = 1, 2, . . . , m) of the bank j0; vi is the optimal
weight assigned to the input xi (i = 1, 2, . . . , k) of the bank j0; and ε is a non-Archimedean
value designed to enforce positivity on those weights.

It is noted that Equation (1) examines the sampled banks under the constant returns
to scale assumption (Charnes et al. 1978); one may set up the DEA optimization problem
under different settings such as the variable returns to scale assumption (Banker et al. 1984),
the super-efficiency model (Avkiran 2011), or the slack-based measure (Tone 2001)—readers
are encouraged to look for more information from the mentioned literature and the refer-
ences therein. This study, however, follows the approach of Hammami et al. (2020) and
Ngo and Le (2022) to impose an Euclidean common set of weights (ECSW) for all banks
in the sample since it allows for the comparison of those banks under the same facet,
rather than allowing different banks to have different weights—such situation may bias the
process of examining the determinants of bank efficiency in the second stage analysis. For
instance, we may have two banks, of which the first one can reach its optimal efficiency



Int. J. Financial Stud. 2022, 10, 44 4 of 15

by utilising more employees whilst the second bank may be best using more operating
expenses/capital. Since the impacts of ICT on the two factors (i.e., number of employees
and amount of operating expenses) are clearly different, hence, its influences on the banks’
efficiency are also different. With a common set of weights, the efficiency of those banks is
evaluated consistently (among banks and among the inputs/outputs) so that the regression
analysis can provide better insights. To save space, we briefly explain the algorithm of the
ECSW methodology used in this study—their details are available in the original work of
Hammami et al. (2020). The algorithm of ECSW is as follows.

Step 1: Use the slack-based measure of DEA (Tone 2001), or any relevant DEA model,
to estimate the (independent) optimal weights for each bank in the sample. In a Euclidean
space, one can compute and define the optimal position of each bank based on those
optimal weights and the relevant data of the bank’s inputs and outputs.

Step 2: Start with an arbitrary ECSW. For each bank, compute the Euclidean distance
between its optimal position (derived from Step 1) and the virtual position resulting from
using the ECSW and its actual data of inputs/outputs. The ECSW that can minimize the
sum of all Euclidean distances is the optimal ECSW.

3.2. The Second Stage: Using Bootstrap-Censored Quantile Regression (BCQR) to Examine the
Determinants of DEA Efficiency

As discussed earlier, the ECSW efficiency scores are more suitable for the next step of
determinants analysis. Our second stage is therefore to examine the impacts of ICT and
its components on those ECSW efficiency. Such second-stage is popular in the banking
efficiency literature (Berger and Mester 1997; Simar and Wilson 2007; Salim et al. 2010;
Sathye and Sathye 2017), with most studies using the Ordinary Least Square (OLS), Tobit,
and truncated regressions for their analysis. However, the Tobit and truncated regres-
sions are often considered more appropriate than the OLS (Aiello and Bonanno 2016;
Ngo and Tsui 2020; Dao et al. 2021) because they can account for the censored/truncated
characteristic of the DEA efficiency scores derived from the first stage: by definition, such
scores are bounded between the (0, 1] intervals (see Equation (1)). Simar and Wilson (2007)
further argued that one should also utilize a bootstrap procedure to overcome the issue
of a small sample size (it is common that the banking sector in a country has less than
30 banks) as well as to correct for the biases resulting from the correlation between the
inputs/outputs of the first stage and the regressors of the second stage. In this paper,
we suggest that one should also account for the skewness of those DEA efficiency scores
by using quantile regression, which relies on the conditional quantiles rather than the
conditional means as in OLS (Angrist et al. 2006). As discussed in Angrist et al. (2006),
quantile regression can explain changes in distribution shape and spread, i.e., the skewness
of DEA scores. Due to the triple benefits of BCQR to account for the issues of a small
sample and bias-correction (via bootstrap), bounded intervals (via censored regression)
and skewness of efficiency scores (via quantile regression), it is suggested that the BCQR
would present more insightful information to researchers, compared to the traditional ones.

Following Koenker and Hallock (2001) and Baker (2014), among others, our BCQR has
the form of,

EFj = α + βICT j + γiXij + ε (2)

where EFj is the ECSW efficiency of bank j estimated from the previous stage, ICT rep-
resents the development of ICT (and its components) in bank j, Xij is a vector of control
variables that may also influence EFj, β and γi are the parameters to be estimated using
BCQR, and ε is the random errors. Data collection and the descriptive statistics of those
variables are presented in the following section.

3.3. Variable Selection and Data

The key variables of Equation (2) are EFj, ICTj, and Xij. While the former variable can
be estimated using the ECSW algorithm discussed in Section 3.1, which requires data on
the inputs and outputs of the sampled banks (see Equation (1)), the latter two variables can
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be collected as secondary data. We first define the variables of interest and then describe
our dataset.

DEA evaluates the efficiency of Vietnamese banks in terms of converting their inputs
into outputs. There are several ways to treat the bank as a production unit, an intermediary,
or a profit-making unit (Sealey and Lindley 1977; Avkiran 2011). In the first stage, we
treat Vietnamese banks as intermediaries between savers and borrowers, as it is the main
function of commercial banks (Koch and MacDonald 2010; Mishkin 2019). In this sense,
banks use two inputs (i.e., Employees and Operating Expenses) to produce two outputs
(i.e., Operating Incomes and Total Assets). Such inputs/outputs selection is popular in
the banking efficiency literature and sometimes is referred to as the core-profit model (e.g.,
Avkiran 2011; Fujii et al. 2014; Delis et al. 2017; Hammami et al. 2020).

In the second stage, we examine the ICT development at the bank-level by considering
both the overall ICT index (ICT) as well as its components, including the information tech-
nology infrastructure investment index (ITI I), the human-related information technology
investment index (HITI); the information technology applications index (ITA), and the
strategies and policies to implement and develop ICT index (SPIDIT). The vector of control
variables Xi then consists of factors that can influence banking performance, which has
been found in previous studies: the bank’s ownership status (SOCB, a dummy variable that
equals to 1 if the bank is state-owned, and 0 otherwise) (Avkiran 2011; Ho et al. 2021); the
loan loss provision ratio (LLP) representing its risk management (Berger and Mester 1997;
Dong et al. 2014); the value of off-balance sheet activities (OBS) representing its diver-
sification (Lozano-Vivas and Pasiouras 2010, 2014); and the number of bank branches
(BRANCH) representing its size and network development (Berger and DeYoung 2001;
Nguyen et al. 2018; Le 2021a).

The data used to investigate the determinants of bank efficiency in Vietnam were
collected from two main sources. First, we extract the bank-level data (e.g., ownership
and number of branches) from the Vietnamese banking database (Ngo and Le 2017).
Such database consists of 622 bank-year observations for up to 45 banks during the
2002–2021 period. Second, data on the ICT index and its components were obtained
from the Vietnam ICT Index Reports, a joint project between the Vietnam Association
for Information Processing (VAIP) and the Ministry of Information and Communications
(MIC) (MIC 2020). Those ICT reports cover from 20 to 40 domestic banks each year for
the 2005–2019 period, yielding a total of 298 bank-year observations. After matching the
two datasets, this arrived at an unbalanced panel data of 27 banks from 2007 to 2019,
consisting of 180 observations. It is argued that when the temporal dimension of the
panel (i.e., 13 years from 2007 to 2019) is shorter than the cross-sectional observations (i.e.,
27 banks), the classical OLS fixed-effect estimators regarding the time-effect tend to be
biased (Galvao 2011). It is therefore better to examine our data under a fixed-effect quantile
regression as this method allows the estimation of the key determinants on the (skewed)
DEA scores throughout their conditional distribution while controlling for individual and
time-specific confounders (Lamarche 2021). The descriptive statistics of variables used in
our two-stage DEA framework are presented in Table 1 below.
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Table 1. Descriptive statistics of variables used in this study.

First-Stage DEA

N Mean SD Min Max

Inputs
STAFF 180 8930.69 7706.57 523.00 38,240.00

OE 180 6770.00 7100.00 120.00 36,500.00
Outputs

OI 180 20,800.00 21,700.00 357.00 115,000.00
TA 180 265,000.00 294,000.00 2940.00 1,490,000.00

Second-Stage BCQR

N Mean SD Min Max

Control variables
ICT 180 0.52 0.12 0.25 0.81
ITII 177 0.47 0.12 0.24 0.82
HITI 177 0.47 0.24 0 1
ITA 177 0.51 0.20 0 1

SPIDIT 177 0.697 0.220 0 1
SOCB 180 0.228 0.421 0 1
LLP 180 1.285 0.511 0.193 3.702
OBS 180 0.180 0.241 0 1.390

BRANCH 180 5.297 0.920 3.367 7.723
Notes: STAFF, the number of staff (in persons); OE, the operating expenses (in millions VND); OI, the oper-
ating income (in millions VND); TA, total assets (in millions VND); ICT, the overall ICT development index;
ITII, information technology infrastructure investment index; HITI, human-related information technology in-
vestment index; ITA, information technology applications index; SPIDIT, strategies and policies to implement and
develop ICT index; SOCB, a dummy variable that equals 1 for a state-owned bank, and 0 otherwise; LLP, the ratio
of loan loss provision to total loans; OBS, the ratio of off-balance-sheet value to total assets; BRANCH, the natural
logarithm of total bank branches; SD stands for standard deviation and N stands for the number of observations.

4. Results and Discussions
4.1. The Efficiency of Vietnamese Banks under DEA

We first report the ECSW efficiency scores (EF) for the sampled Vietnamese banks as
they have been estimated in Ngo and Le (2022)—more information regarding the efficiency
and performance of those banks can be found therein. Our focus is not the value of EF
itself but its distribution. Figure 1 shows that the 10th and 90th quantile EF scores are
0.248 and 0.745, respectively, implying that bank efficiency may substantially differ across
quantiles. Figure 1 also indicates a skewed distribution of bank efficiency with a heavy right
tail. Such skewness is also found in other DEA studies, such as Sowlati and Paradi (2004),
Gajewski et al. (2009), and Santín and Sicilia (2017), among others. Since the EF does not
follow a normal distribution, OLS and Tobit/truncated regressions may not be appro-
priate. For instance, Galvao (2011) and Sun et al. (2016) argued that, compared to the
mean regression, quantile regression is more robust and can deal with data with various
distributions. We therefore argue that the second-stage regression, particularly for our
case, must not only account for the truncated/censored characteristic of EF but also its
skewed distribution. Consequently, a censored quantile regression approach (Baker 2014)
should be used here—the empirical results derived from such approach are presented in
the following section.
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Figure 1. Histogram for the efficiency scores (EF) of Vietnamese banks (2007–2019).

4.2. The Relationship between ICT and Bank Efficiency under BCQR

It is acknowledged that a two-stage DEA is one of the most common approaches used to
investigate the determinants of bank efficiency (Simar and Wilson 2007; Stewart et al. 2016;
Nguyen et al. 2019; Ngo and Le 2022). To better address the skewed distribution of
the efficiency scores of banks, as discussed previously, we employ a bootstrap-censored
quantile regression (BCQR) in this study. While the censored quantile regression model can
provide more insightful information about the determinants of the efficiency of Vietnamese
banks, including ICT and its components, compared to the traditional Tobit or truncated
regression (Angrist et al. 2006; Castellano and Ho 2013; Baker 2014), the double-bootstrap
technique can also help overcome the issue of small sample size and correcting for any bias
therein (Simar and Wilson 2007; Stewart et al. 2016). The correlation matrix reported in
Table 2 suggests no multicollinearity between our variables so the implementation of our
BCQR is justified.

Table 2. Correlation matrix of variables.

EFF

0.02 ICT

0.07 0.65 *** ITII

0.04 0.51 *** 0.22 *** HITI

−0.06 0.62 *** 0.22 *** 0.03 ITA

−0.04 0.75 *** 0.38 *** 0.25 *** 0.31 *** SPIDIT

0.09 0.56 *** 0.54 *** 0.07 0.44 *** 0.42 *** SOCB

−0.16 ** 0.34 *** 0.36 *** 0.06 0.24 *** 0.3 *** 0.53 *** LLP

−0.05 0.07 −0.01 −0.02 0.01 0.07 −0.03 0.18 ** OBS

−0.02 0.37 *** 0.28 *** −0.11 0.35 *** 0.33 *** 0.51 *** 0.19 ** 0.24 *** BRANCH

Notes: EFF, efficiency scores derived from first-stage DEA; ICT, the overall ICT development index; ITII, informa-
tion technology infrastructure investment index; HITI, human-related information technology investment index;
ITA, information technology applications index; SPIDIT, strategies and policies to implement and develop ICT
index; SOCB, a dummy variable that equals 1 for a state-owned bank, and 0 otherwise; LLP, the ratio of loan
loss provision to total loans; OBS, the ratio of off-balance-sheet value to total assets; and BRANCH, the natural
logarithm of total bank branches. *** and ** denote the statistical significance at 1% and 5% levels, respectively.

Table 3 shows the baseline findings of our BCQR results where five quantiles of EF
(the 25th, 50th, 75th, 80th, and 90th quantiles) are examined. It is observed that the positive
coefficients on ICT across those quantiles imply that ICT development could enhance bank
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efficiency. This finding supports the early suggestions of Appiahene et al. (2019) and
Le and Ngo (2020).

Table 3. The result of our baseline model (with EF as the dependent variable).

Quantiles 25th 50th 75th 80th 90th

ICT
0.17 *** 0.165 *** 0.184 *** 0.196 *** 0.16 ***
(0.009) (0.016) (0.014) (0.019) (0.013)

SOCB
0.143 *** 0.137 *** 0.13 *** 0.171 *** 0.145 ***
(0.002) (0.005) (0.008) (0.019) (0.007)

LLP
−0.092 *** −0.008 *** −0.067 *** −0.088 *** −0.096 ***

(0.005) (0.011) (0.002) (0.011) (0.016)

OBS
−0.052 *** −0.039 *** −0.046 *** −0.056 *** −0.072 ***

(0.01) (0.005) (0.007) (0.019) (0.018)

BRANCH
−0.05 *** −0.037 *** −0.037 *** −0.053 *** −0.001

(0.01) (0.007) (0.009) (0.01) (0.028)

Constant
−33.101 *** −33.08 *** −33.07 *** −33.07 *** −33.08 ***

(0.021) (0.012) (0.01) (0.012) (0.004)

Time fixed effect Yes Yes Yes Yes Yes
N 180 180 180 180 180

Notes: EF, ECSW efficiency scores derived from first-stage DEA; ICT, the overall ICT development index; SOCB, a
dummy variable that equals 1 for a state-owned bank, and 0 otherwise; LLP, the ratio of loan loss provision to
total loans; OBS, the ratio of off-balance-sheet value to total assets; and BRANCH, the natural logarithm of total
bank branches. *** denotes for statistical significance at 1 % level. Standard errors are reported in parentheses.
N stands for the number of observations.

When examining the ICT components, as shown in Table 4, bank efficiency is positively
associated with information technology infrastructure investment (ITI I), human-related
information technology investment (HITI), and strategies and policies to implement and
develop ICT (SPIDIT). The negative coefficients of information technology applications
index (ITA) across different quantiles suggest that increasing investment in ICT applications
tends to reduce bank efficiency. This can be explained by several reasons. First, the core
banking structure of many Vietnamese banks is outdated and rigid, so the implementation
of new ICT applications may not be fully synchronized and compatible. Therefore, this
complicated process is time-consuming, and more importantly, also costly (Dinh 2020).
When the increase in revenues is slower (and less) than those of bank costs, it is reasonable
that ICT applications may negatively associate with bank efficiency. Second, the use of
bank applications during the examined period was relatively low because Vietnamese con-
sumers still preferred to conduct their transactions over the counters. For instance, the cash
payment ratio in the Vietnamese economy was 11.33% in 2019, which is relatively higher
than that in other economies (GSO 2019). Along with the developing and maintaining
of bank applications, banks simultaneously enhance their services at the counters, thus
may increase their costs. To support the cashless payment program introduced by the
government (Vietnamese Government 2016a), banks are required to update their applica-
tions by adding more app services/features and offering promotions (e.g., higher deposit
rates if using their apps compared to over the counter) to attract new users and provide
more convenience for existing customers. Again, this may incur more costs for banks,
especially in terms of research and development expenditures. Third, the development
of ICT applications (e.g., mobile banking and internet banking) may require additional
ongoing costs to fix accelerating security leaking and improve their cyber security to deal
with hackers and cybercriminals.
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Table 4. The impact of ICT components on bank efficiency.

Quantiles 25th 50th 75th 80th 90th

ITII
0.101 *** 0.11 *** 0.11 *** 0.112 *** 0.081 ***

(0.01) (0.005) (0.009) (0.009) (0.018)

HITI
0.042 *** 0.038 *** 0.045 *** 0.031 0.075 ***
(0.003) (0.009) (0.008) (0.023) (0.018)

ITA
−0.042 *** −0.037 *** −0.04 *** −0.04 *** −0.064 ***

(0.002) (0.003) (0.006) (0.005) (0.007)

SPIDIT
0.039 *** 0.054 *** 0.066 *** 0.051 *** 0.093 ***
(0.013) (0.006) (0.011) (0.015) (0.014)

SOCB
0.164 *** 0.153 *** 0.126 *** 0.147 *** 0.116 ***

(0.01) (0.008) (0.026) (0.008) (0.015)

LLP
−0.082 *** −0.092 *** −0.103 *** −0.092 *** −0.062 ***

(0.009) (0.006) (0.009) (0.008) (0.014)

OBS
−0.049 *** −0.035 *** −0.041 *** −0.044 *** −0.017

(0.005) (0.007) (0.003) (0.012) (0.027)

BRANCH
−0.054 *** −0.041 *** −0.038 *** −0.036 *** 0.027

(0.011) (0.005) (0.005) (0.005) (0.037)

Constant
−34.18 *** −34.18 *** −34.16 *** −34.18 *** −34.19 ***

(0.002) (0.003) (0.02) (0.03) (0.01)

Time fixed effect Yes Yes Yes Yes Yes
N 177 177 177 177 177

Notes: ICT, the overall ICT development index; ITII, information technology infrastructure investment index;
HITI, human-related information technology investment index; ITA, information technology applications index;
SPIDIT, strategies and policies to implement and develop ICT index; SOCB, a dummy variable that equals 1
for a state-owned bank, and 0 otherwise; LLP, the ratio of loan loss provision to total loans; OBS, the ratio of
off-balance-sheet value to total assets; and BRANCH, the natural logarithm of total bank branches. *** denotes
for statistical significance at 1 % level. Standard errors are reported in parentheses. N stands for the number of
observations.

Regarding the control variables, the positive coefficients of SOCB in all quantiles imply
that SOCBs are generally more efficient than its counterparts. This finding is comparable
with Le and Nguyen (2020) and Ho et al. (2021). One main reason is that SOCBs have
received long-term support and subsidies from the Vietnamese government (Le et al. 2019;
Le 2021a). Tables 3 and 4 also show that bank efficiency is negatively associated with credit
risk (LLP), and thereby the bad luck hypothesis may hold in the case of the Vietnamese bank-
ing system. When banks face higher risk caused by external events, additional costs/inputs
are required to manage these problems. Nonetheless, this is in line with the findings of
Le (2018) and Simper et al. (2019). Additionally, the coefficients of OBS and BRANCH are
negative and significant in most quantiles (except the 90th one), suggesting that a higher de-
gree of bank diversification (OBS) and bank size (BRANCH) tend to reduce bank efficiency.
The former finding is consistent with those of (Lozano-Vivas and Pasiouras 2014), who
argued that costs for non-traditional activities might outweigh those for traditional ones.
The latter finding demonstrates that banks with larger size/network may exhibit a lower ef-
ficiency, indicating that diseconomies of scale exist in the Vietnamese banking system. This
finding is consistent with earlier results of Sun and Chang (2011), Gardener et al. (2011),
and Le et al. (2022a).

Given the significant impact of bank ownership, we further investigate whether the
relationship between ICT development and bank efficiency may differ among bank owner-
ship, as presented in Table 5. The negative coefficients on ICT ∗ SOCB across conditional
distributions suggest that state-owned commercial banks with greater ICT investments
tend to be less efficient than privately owned commercial banks. This reemphasizes that
SOCBs generally seem to be more efficient than its counterparts due to greater govern-
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ment supports, especially the discount rate received from the State Bank of Vietnam for
state-owned enterprises financing.

Table 5. The results of interaction terms between ICT and bank ownership.

Quantiles 25th 50th 75th 80th 90th

ICT
0.37 *** 0.381 *** 0.355 *** 0.358 *** 0.212 ***
(0.002) (0.014) (0.014) (0.012) (0.043)

SOCB
0.502 *** 0.499 *** 0.508 *** 0.483 *** 0.503 ***
(0.012) (0.014) (0.004) (0.014) (0.023)

ICT × SOCB
−0.617 *** −0.634 *** −0.67 *** −0.663 *** −0.574 ***

(0.013) (0.008) (0.026) (0.016) (0.021)

Constant
−32.88 *** −32.89 *** −32.85 *** −32.87 *** −32.83 ***

(0.002) (0.009) (0.02) (0.015) (0.031)

Time fixed effect Yes Yes Yes Yes Yes
Other control variables Yes Yes Yes Yes Yes

N 180 180 180 180 180
Notes: ICT, the overall ICT development index; SOCB, a dummy variable that equals 1 for a state-owned bank,
and 0 otherwise. Other control variables include LLP (the ratio of loan loss provision to total loans), OBS (the ratio
of off-balance sheet value to total assets), and BRANCH (the natural logarithm of total bank branches). *** denotes
for statistical significance at 1 % level. Standard errors are reported in parentheses. N stands for the number of
observations.

Furthermore, SOCBs have operated on a very large scale, especially in providing
banking products/services on a national basis covering rural areas. Thus, this requires a
substantially greater amount of money to implement ICT in the short run and ongoing
training of employees to adopt the new system and maintain the consistency of the whole
system. Table 6 shows the negative coefficients on ITI I × SOCB, HITA × SOCB, and
SPIDIT × SOCB, confirming the above explanations. As said, private- and foreign-owned
banks are the most market-oriented (Nguyen et al. 2018; Le 2020a, 2021b), so their capacity
to adapt to new ICT developments is much better than state-owned banks. Therefore, these
banks tend to be more efficient by increasing their shares in deposits and lending markets
away from the SOCBs (Le 2020b).

Table 6. The results of interaction terms between ICT components and bank ownership.

Quantiles 25th 50th 75th 80th 90th

ITII
0.207 *** 0.215 *** 0.221 *** 0.181 *** 0.242 ***
(0.008) (0.009) (0.01) (0.011) (0.026)

HITI
0.077 *** 0.114 *** 0.139 *** 0.135 *** 0.131 ***
(0.022) (0.007) (0.014) (0.015) (0.012)

ITA
−0.009 −0.026 *** −0.01 −0.017 ** −0.011
(0.006) (0.006) (0.011) (0.008) (0.008)

SPIDIT
0.047 *** 0.045 *** 0.061 *** 0.016 0.032 *
(0.003) (0.004) (0.007) (0.022) (0.019)

SOCB
0.441 *** 0.424 *** 0.444 *** 0.41 *** 0.428 ***
(0.009) (0.013) (0.008) (0.015) (0.009)

ITII × SOCB
−0.056 *** −0.054 *** −0.027 *** −0.054 *** −0.072 ***

(0.01) (0.008) (0.01) (0.01) (0.026)

HITI × SOCB
−0.313 *** −0.295 *** −0.306 *** −0.301 *** −0.296 ***

(0.008) (0.003) (0.015) (0.003) (0.008)
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Table 6. Cont.

Quantiles 25th 50th 75th 80th 90th

ITA × SOCB
0.004 −0.007 −0.01 −0.023 0.024

(0.009) (0.006) (0.008) (0.017) (0.017)

SPIDIT × SOCB
−0.228 *** −0.181 *** −0.204 *** −0.204 *** −0.178 ***

(0.023) (0.01) (0.015) (0.015) (0.016)

Constant
−30.688 *** −30.7 *** −30.67 *** −30.69 *** −30.7 ***

(0.005) (0.01) (0.014) (0.01) (0.013)

Time fixed effect Yes Yes Yes Yes Yes
Other control variables Yes Yes Yes Yes Yes

N 177 177 177 177 177
Notes: ICT, the overall ICT development index; ITII, information technology infrastructure investment index;
HITI, human-related information technology investment index; ITA, information technology applications index;
SPIDIT, strategies and policies to implement and develop ICT index; SOCB, a dummy variable that equals 1 for a
state-owned bank, and 0 otherwise. Other control variables include LLP (the ratio of loan loss provision to total
loans), OBS (the ratio of off-balance sheet value to total assets), and BRANCH (the natural logarithm of total bank
branches). ***, **, and * denote for statistical significance at 1%, 5%, and 10% level, respectively. Standard errors
are reported in parentheses. N stands for the number of observations.

5. Conclusions

It is argued that ICT developments can improve bank efficiency and performance.
Previous studies often employ DEA to first examine bank performance and then use a
second-stage regression to explain the influences of other environmental factors, including
ICT, on such efficiency. Since DEA efficiency scores are bounded between the (0, 1] intervals,
Tobit and truncated regressions are commonly used in this stage. However, none has
accounted for the skewness characteristic of DEA efficiency. This paper applied a bootstrap-
censored quantile regression (BCQR) approach to triply account for the issues of a small
sample (via bootstrap), bounded intervals (via censored regression), and skewness (via
quantile regression) in DEA analysis.

We empirically examined the efficiency and performance of 27 Vietnamese commercial
banks in the 2007–2019 period. The efficiency scores derived from our first stage revealed
that they are skewed and thus, justify the use of the BCQR in the second stage. The BCQR
results further confirmed that ICT developments could enhance bank efficiency, which
supports the recent policy to restructure the Vietnamese banking sector toward innovation
and digitalization (Vietnamese Government 2012b, 2017). Among the ICT components, the
information technology infrastructure investment, human-related information technology
investment, and strategies and policies to implement and develop ICT in the banks can
improve their efficiency; whilst the information technology applications index tends to
reduce bank efficiency. This negative impact is due to the costs of such implementation
may increase faster than its benefits, especially when the cash payment ratio (i.e., non-bank
transactions) in Vietnam is still high.

For other control variables, we observed that the state-owned banks are generally more
efficient than its counterpart, which is due to higher government supports (Le et al. 2019;
Le and Nguyen 2020). In fact, we further found that state-owned banks with greater
ICT investments tend to be less efficient than privately-owned banks, suggesting a lower
performance of the state-owned banks in terms of operations and investments. This finding
is consistent across different ICT components. Additionally, we also found that bank
efficiency is negatively associated with credit risk (i.e., the ‘bad luck hypothesis’), while
bank diversification and bank branches tend to reduce bank efficiency. It is therefore
suggested that non-traditional activities need to be better monitored because when the cost
of those activities is still higher than that of traditional ones then their efficiency will be
hindered (Lozano-Vivas and Pasiouras 2014). On the other hand, Vietnamese banks should
also consider downsizing or to restructuring their branches and networks to deal with
the diseconomies of scale problem. Consequently, our results support the restructuring
policy of the Vietnamese government toward the banking sector with a major focus on
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the privatization of SOCBs (Vietnamese Government 2012a, 2016b) and digitalization in
banking services (Vietnamese Government 2017).
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