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Abstract. Research on banking efficiency is abundant, yet studies typically focus on agency theory, which
yields mixed findings, or analyse the impact of COVID-19 on performance without accounting for own-
ership differences. This paper investigates the effect of the COVID-19 pandemic on the efficiency of the
Vietnamese banking system, with a focus on different ownership types. Using data from 28 Vietnamese
banks over 2016 to 2022, a bootstrap variant of data envelopment analysis is employed to assess effi-
ciency, and the Simar and Zelenyuk (2007) subgrouping test is used to compare bank performance by own-
ership and pandemic effects. Results show that private banks are significantly less efficient in providing in-
termediation services and generating profits, while state-owned and foreign banks perform better. Overall,
Vietnamese banks demonstrated resilience during the pandemic, but private banks lagged behind, indicat-
ing a need for targeted oversight to enhance sector efficiency. Regression analyses incorporating control
variables provide further insights. Credit growth has little impact on performance, nonperforming loans
improve operational efficiency, larger banks are more efficient,and a higher deposits-to-assets ratio nega-
tively affects efficiency. These findings suggest the need for policy measures such as careful assessment of
bank performance, targeted efficiency interventions for private banks, balancing risk and efficiency in lend-
ing, promoting bank growth, and diversifying funding sources. The results may also offer lessons for other
emerging economies, including ASEAN and Latin American countries.
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MCCNEOOBATE/IbCKAS CTATbA
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Y YuueepcuteT Maceu, . ManmepctoH-Hopr, Hosas 3enanaus,

Bnusnue kpusuca COVID-19 n Tuna co6cTBeHHOCTH Ha 3P PeKTUBHOCTL 6aHKOB
B pa3sBMBaOLWMXCA CTPaHax: SMNUpUYEcKoe uccnenosaHme BbeTtHama

AHHOTaumsa. HecMOTps Ha TO, 4TO 3PHEKTUBHOCT HAHKOB ABNSETCS NPEAMETOM MHOTOYUCEHHbIX UCCNEe-
[LOBaHWM, B CYLLECTBYIOLLEN NUTEPATYpe eCTb onpeaeneHHble npobenbl: aHanus nnbo GoKycnMpyeTcs Ha Te-
OPWM AreHTCTBA, YTO NPUBOAMT K HEOAHO3HAYHbIM pe3ynbTataM, b0 BAUSHME NaHLEMUU KOPOHaBMPYCa
aHanusnpyetcsa yepe3 HGaHKOBCKME Mokasatenu 6e3 yyeta TMNa cobcTBEHHOCTWU. B AaHHOM cTaTbe mccne-
[lyeTcs Bo34encTBne naHAeMMU Ha 3D dEKTUBHOCTb BAHKOBCKOM CMCTeMbl BbeTHaMa € akLEHTOM Ha TUMbl
cobcTBeHHOCTU. Ha ocHoBe AaHHbIX 28 BbeTHaMCKMX 6aHkoB 3a 2016-2022 rr. 3dbdeKTMBHOCTb U3MepSI-
Nnacb ¢ nomoLpbto ByTCTpan-BapuaHTa aHanmsa obonoukn aaHHbix (DEA), a ong cpaBHeHus rpynn no tmny
COBCTBEHHOCTM U BAMSIHWUIO NMAHAEMUM MPUMEHANCS TecT knactepusaumnm CuMapa u 3eneHtoka (Simar &
Zelenyuk, 2007). [Moka3aHo, 4TO YacTHble BAHKM 3HAUYMUTENBHO YCTYMAKT rOCYAapPCTBEHHbIM U MHOCTPAH-
HbIM KaK B NpeaoCTaB/eHUN MOCPEeAHUYECKMX YCAYT, TaK U B MAaHe peHTabenbHocTn. HecMoTpsa Ha obLuyto
YCTOMYMBOCTb BbETHAMCKOM GAHKOBCKOM CUMCTEMbI B MEPUOL NAaHAEMUU, YAaCTHble BaHKM MOKa3anu OTCTa-
BaHMeE, YTO YKa3blBAE€T HA HEOOXOAMMOCTb LiefieHanpaBAeHHOro peryiMpoBaHua Ans noBbileHns 3pdek-
TUBHOCTU AAHHOMO CErMeHTa. PerpeccroHHbI aHann3 ¢ KOHTPO/IbHbIMKU NMEPEMEHHbIMU BbISIBUT LLOMOSHU-
Te/lbHble 3aKOHOMEPHOCTU: POCT KPEAUTOBAHMS OKA3bIBAET HE3HAUMTENbHOE BAMSHUE HA 3DPEKTUBHOCTD,
HabnaaeTCs HeoUeBMAHAS MNONOXKUTENbHAS CBA3b MeX Ay NpobAeMHbIMU KpeanTamMu U 3DHEKTUBHOCTbIO,
6onee KpynHble 6aHkK paboTatoT addekTnBHEE, YeM Bonee MenKue, a BbICOKOE COOTHOLLIEHME AEMNO3UTOB
K aKTMBAaM HEraTMBHO CKa3blBAETCS Ha pe3ynbTaTMBHOCTU. Ha OCHOBaHWM 3TUX BbIBOLOB MpennarakoTcs
cnenyolme Mepbl roCyAapCTBEHHOM NONUTUKN: BHEAPEHWUE PEryNspHOM AeTaNbHON OLEeHKM AedTeNlbHOCTH
6aHKoB, pa3paboTka Lenesbix MporpamMm nosbiweHns 3G EeKTUBHOCTU A1 YaCTHbIX 6aHKOB, cbanaHcmpo-
BAHHbIM NOAXOA, K pUCKAM M [LOXOAHOCTM NPU KPeaUTOBaHUK, NOAAEPXKKA pocTa BaHKOB U AnBepCcUdUKaA-
LMS UCTOYHUKOB (DMHAHCUPOBaHMS. Pe3ynbTaTbl MCCNen0BaHWUS MOTYT NPeACTaBASTb MHTEPEC ANS perynu-
PYHOLLMX OPraHOB ApPYrMx pa3BMBAOLLMXCSA CTPaH, B YacTHOCTU rocyaapcte ACEAH v JlaTuHckon AMepuku.

KnioueBble cnosa: kpusuc COVID-19, apdekTMBHOCTL 6aHKOB, CO6CTBEHHOCTb, MeTo, DEA, 6yTcTpan, BobeTHam

[nsa umutupoBanusa: By, T. X. T., HryeH, B.,Jle, ®. T., Hro, T. (2025). Bnuanue kpusnca COVID-19 u Tvna cobcTBEHHOCTH Ha 3¢-
(eKTMBHOCTb BaHKOB B Pa3BMBAIOLLMXCS CTPaHaX: IMMMPUYECKoe nccnenoBaHme BoetHama. IkoHomuka peeuoHa, 21(4),1221-
1232. https://doi.org/10.17059/ekon.reg.2025-4-20

Introduction the COVID-19 crisis and its impact on the financial

The novel coronavirus (COVID-19), whose
outbreak started in Wuhan, China in December
2019, quickly spread globally. This pandemic has
had devastating effects not only on public health
but also on the global economy, disrupting supply
chains, prompting lockdowns, and enforcing
social distancing (Ashraf et al., 2022). As a result,
business activities were halted, and the financial
sector came under intense pressure. Previous
studies have compared the COVID-19 crisis with
financial crises such as the 1997 Asian Financial
Crisis (AFC), the 2008 Global Financial Crisis
(GFC), and the European Public Debt Crisis
(Shabir et al., 2023). A key distinction is that the
COVID-19 crisis was triggered by external factors,
whereas these financial crises arose from internal
ones (Batten et al., 2022). The unique nature of
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system therefore requires further investigation.

Banks, as key financial institutions, were heavily
affected by the COVID-19 pandemic (Berger &
Demirglic-Kunt, 2021). Quarantine measures
disrupted banking services and created difficulties
for customers in repaying loans. Bank managers
faced the challenge of optimizing operations amid
job cuts, branch closures, rising non-performing
loans,and declining revenues (Boubakeret al.,2023;
Horvath et al., 2023). Consequently, management
quality has become a critical factor in determining
bank stability and resilience to the COVID-19
shock. Although the pandemic affected banks
worldwide, regardless of location, development
level, or ownership, effective management remains
essential in mitigating its adverse impacts (Borri &
Di Giorgio, 2022).
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The quality of management can be measured
by using the efficiency standard. This criterion
demonstrates the capability of managers when
transforming inputs into outputs (Charnes et al.,
1978). However, in the context of COVID-19
pandemic, bank managers had to overcome
multiple challenges in utilizing inputs (for
example, labour, assets, deposits) to generate
outputs (for example, revenues, loans, investments
and securities) (Gulati et al., 2023). Specifically,
the lockdown and social distancing force
bank staff to stay at home and work remotely.
Customers, including enterprises and individuals,
were unable to repay their loans due to the loss
of jobs and disruption of business activities. The
managers imitated the new conditions by cutting
their interest rates, rescheduling repayment plans
and using advanced technology such as artificial
intelligence to allow remote banking transactions
(Horvath et al., 2023; Li et al., 2021). Accordingly,
the impact of COVID-19 on bank efficiency can be
positive or negative, depending on governments’
responses, quality of bank management and
resilience to external shocks of the particular
economies. For instance, there is evidence that
Islamic Banks performed better than conventional
ones (Boubaker et al., 2022; Rizwan et al., 2022),
with banks in different countries/regions got
affected differently (Ngo et al., 2025). Hence our
first hypothesis is as follows:

H1: The COVID-19 pandemic has a significant
effect on bank performance.

In emerging market economies, public
ownership is prevailing in their banking systems.
Subsequently, bank management and efficiency
are strongly influenced by ownership (Le et al.,
2019, 2022). The relationship between ownership
and bank performance is explained by the agency
problem, which arises from the separation of
ownership and management and suggests why
private banks often outperform state-owned
banks (Altunbas etal., 2001; La Porta etal.,
2002; Shleifer & Vishny, 1997). According to La
Porta et al. (2002), the government, as the owner
of state-owned banks, manages operations to
pursue policy objectives rather than the interests
of taxpayers, who are the actual owners. As a
result, state-owned banks pursue not only profit
but also political and social goals, sometimes
prioritizing non-profit objectives. In contrast,
private banks focus solely on profit, supported
by managerial mechanisms that allow owners to
directly participate in oversight through boards of
directors or internal control systems, or indirectly
through voting (De Andres & Vallelado, 2008).
In theory, this governance system should enable

private banks to perform better than state-
owned banks. However, several studies report the
opposite, finding that state-owned banks can be
more efficient than private banks under various
input/output approaches and estimation methods
(Das & Ghosh, 2006; Denizer et al., 2007; Karas
et al., 2010; Kraft et al., 2006; Le etal., 2019;
Robin et al., 2019). These findings raise questions
about the consistency and comprehensiveness of
agency theory in the banking sector.

Overall, the current literature either focuses
on agency theory, with inconclusive findings, or
on the impact of COVID-19 on bank performance
without considering ownership. This paper
addresses this gap by examining how COVID-19
affected bank efficiency across different ownership
types. We argue that ownership influences both
management quality and efficiency, and may also
shape how banks respond to the COVID-19 crisis
(Kryzanowski et al., 2023; Boubaker et al., 2024).
This leads to our second hypothesis:

H2: The efficiency of banks during the COVID-19
pandemic differs across ownership types.

Using a case study of the data set of 28
Vietnamese banks covering the years from 2016
to 2022, this study aims to evaluate the impact
of COVID-19 on bank efficiency across different
ownership types. Bootstrapped DEA is employed
to accurately measure and analyse bank efficiency
since it helps identify efficiency biases (Simar &
Wilson, 2007). The results show that Vietnamese
banks were, in fact, more efficient during the time
of COVID-19 crisis when compared with the pre-
COVID-19 period, under both the intermediation
and operating approaches. Furthermore, private
banks are less efficient than state-owned and
foreign banks and their efficiency declines in the
COVID-19 period.

The paper is organized as follows. Section 2
presents the methodological approach, Section
3 describes the data and proxies used, Section 4
discusses the empirical results, and Section 5
concludes with key findings.

Methodology
DEA Technical Efficiency

Consider an industry consisting of n firms. Each
firm employs p inputs to produce g outputs. Let
x € R? denote a (1 x p) vector of inputs and y e R?
denote a (1 x q) vector of outputs. Under a given
technology, the production set of the industry can
be defined by:

ga:{(x,y)e]Rﬁx]Rf :X can produce y} (1)
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Under the assumption of free disposability of
inputs and outputs and variable returns to scale,
the DEA estimate of the production set can be
measured:

(x,y) e R? xR :Zn:zky,’; >y,
k=1

n
. . i< yi
i=1,...,q; E Z,X, <X/,
k=1

o= 2)
j=1,...,p;
>z,=1,2,20
k=1

Simar and Wilson (2007) noted that the reciprocal
of the distance function (8) represents a Farrell-
type measure of technical efficiency. The DEA
output-oriented estimator of & can be expressed
as in Equation (3), where banks aim to maximize
their outputs y (3.1) given inputs x (3.2 under the
assumption of variable returns to scale (3.3):

5=5(x, yep) 3)
=max{8>0:zn:zky;; > 8y, i (3.1)
k=1
=1,...,q; Zn:zkx,f <x',j (3.2)
k=1
=1,...,p;zn:zk =1,z, 20} (3.3)
k=1

To measure group efficiency, aggregate or
mean efficiency scores can be used. Aggregate
scores weight individual firms according to their
contribution to total group output, whereas mean
scores assign equal weight to all firms, regardless
of their output share.

The Simar and Zelenyuk (2007) Test for
Differences in Efficiency between Two Groups

We use a bootstrap-based test, proposed by
Simar & Zelenyuk (2007),toinvestigatethe equality
of efficiency among different bank groups. In brief,
if there are two bank groups, say A and Z, we can

state the following set of hypotheses: H, :5* =&*
against H,:8*#5” where §* and & are the
ratios of weighted efficiency means (aggregate
efficiencies) and non-weighted efficiency
means (mean efficiencies) for groups A and Z,
respectively. Due to the multiplicative nature of
efficiency values, Simar and Zelenyuk (2007) were
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able to propose an RD ratio and its DEA estimate

& = &

RD,,= = RDaz = -
as 8" and 0° | respectively. The
bootstrap confidence intervals of the RD statistics
can be used to test the above hypotheses. HO can be
rejected if the confidence interval for RDA, Z does
not overlap with unity; otherwise, we do not reject
the null. If the confidence interval lies above unity,

then we can conclude that 3" > 8 , which means
that the efficiency score of group A is bigger than
that of group Z, and group A is less efficient than
group Z. If the confidence interval falls below one,
the conclusion regarding the efficiency difference
between the two groups is reversed (see Simar and
Zelenyuk, 2007 for details).

Regression Models

To examine the relationship between bank
ownership, COVID-19, and efficiency, the
following equation is employed:

0, =a+p.COVID+yJSB+0.X, +u, (4)

where §_ is the inefficiency score of bank i at the
year t; COVID is the dummy variable indicating
a bank operating in the COVID-19 period; JSB is
the dummy that indicates a private bank; X, are
control variables.

The interaction of COV and JSB dummies is
added in Equation (4) to investigate the influence
of the pandemic on a specific type of ownership.
Equation (4) is rewritten as below.

8, =o+ B.COVID +v.JSB + ¢.(COVID - JSB) +
+0.X +u,

©)

Several methods are utilized to regress bank
efficiency on environmental variables, including
pooled OLS, truncated regression proposed by
Simar & Wilson (2007), and Feasible Generalized
Least Squares (FGLS).

Simar and Wilson (2007) Method

It is argued that there may exist a relationship
between the bank inputs and outputs of DEA
calculations in Equation (3) and the environmental
variables of efficiency regression in Equation (5);
for example, foreign banks tend to have fewer
branches and staff than domestic banks. To account
for this issue, we used the double-bootstrap two-
stage DEA approach of Simar & Wilson (2007), in
which equations (3) and (5) were simultaneously
and repeatedly estimated for B times (normally
B > 1000). The averaged values of the coefficients
for Equation (5) derived from such a bootstrapping
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technique are thus bias-corrected and are closer
to the ‘true’ coefficients. The bootstrap algorithm
can be expressed as follows (for more details see
Simar and Wilson (2007)).

Step 1: Calculate DEA efficiency using Equation
3).

Step 2: Bootstrap B=2000 times of the following
steps,

Step 2a: Estimate the coefficients using
Equation (5).

Step 2b: Generate the random error ¢ (i.i.d.)
and use it to predict the outputs y using Equation
(5).

Step 2c: Re-estimate DEA efficiency using
Equation (3) using the new outputs y and old
inputs x.

Step 3: Calculate the bias-corrected DEA
efficiency and coefficients as averages of the
bootstrap results.

Data and Choice of Inputs/Outputs

Despite substantial research efforts there is
still a lack of agreement in identifying the outputs
and inputs of banks in literature (Gulati et al.,
2023; Kenjegalieva et al., 2009). Depending on the
banks’ functions and operations, two approaches
to inputs/outputs are widely used in previous
studies: the intermediation and the operation
approaches. The intermediation approach views
banks as intermediaries transferring funds between
savers and investors and relies on labour, capital
and deposits as inputs to generate loans and other

nontraditional assets (securities and investments)
as outputs. The operation approach considers
banks as businesses that pursue profit through
maximizing revenues as well as minimizing costs
in their operations. Accordingly, interest income
and non-interest income can be utilized as outputs,
while interest expenses and non-interest expenses
are treated as inputs.

In the first stage, input-output combinations
are used to construct the production frontier and
measure bank efficiency. In the second stage,
environmental variables potentially affecting
efficiency are identified. Considering the COVID-19
pandemic, several variables are included. The dummy
variable COV captures the pandemic’s impact, taking
the value of one for banks operating during 2020-
2022. To assess ownership effects, the dummy JSB
represents private banks. Control variables capture
other characteristics of Vietnamese banks: total
assets measure scale effects, credit growth rate
reflects changes in lending activity, and the deposits-
to-assets ratio proxies the banks’ ability to attract
capital from firms and consumers

Fortheempiricalanalysis,datawerecollected from
annual reports of 28 Vietnamese banks, including
four state-owned commercial banks (SOCBs), four
foreign banks (FBs), and 20 private banks (JSBs). The
balanced dataset spans 2016-2022, covering both
pre-COVID-19 (2016-2019) and COVID-19 (2020-
2022) periods, yielding 196 bank-year observations.
Statistical descriptions of the variables are presented
in Tables 1 and 2, highlighting heterogeneity among

Table 1
Descriptive Statistics of the Variables
Variables Min | Max | Mean S.D.
Inputs and outputs (in million VND)
Labour expenses 112,054 16,138,750 2,996,414 3,546,515
Fixed assets 29,538 11,436,627 2,810,441 3,327,110
Deposits 7,528,859 1,627,735,786 261,722,881 355,655,469
Loans 7,234,992 1,483,995,823 237,928,489 328,874,719
Non-traditional assets 356,161 241,354,320 49,406,572 51,384,830
Interest expense 139,647 68,625,103 12,576,315 16,025,771
Non-interest expense 158,766 31,515,723 6,766,455 7,903,952
Interest income 462,902 127,833,464 22,948,844 28,368,595
Non-interest income 77,881 23,981,489 4,601,857 6,085,705
Regressors

CcOov 0.0000 1.0000 0.4286 0.4961
JSB 0.0000 1.0000 0.7143 0.4529
dc -0.1132 0.5935 0.1736 0.1043
LLPR 0.0006 0.3781 0.1043 0.0763
LogA 7.1287 9.3265 8.2575 0.5204
DA 0.4279 0.9281 0.6936 0.1174

Notes: COV represents the COVID-19 dummy variable. J[SB _ a dummy represents Joint Stock Banks (private banks). LogA
represents the logarithm 10 form of bank assets. DA represents the deposits-to-assets ratio. LLPR represents the loan loss provisioning
cost to total cost ratio. dC represents the credit growth rate. (Source: Authors’ estimates based on banks’ financial reports)
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Table 2
Correlation Matrix
cov JSB dc LLPR LogA DA

CoVv 1.0000

JSB 0.0012 1.0000

dC -0.2712 0.0843 1.0000
LLPR 0.0444 —-0.0737 —0.1543 1.0000
LogA 0.1896 —0.2436 —-0.0152 0.3478 1.0000

DA —0.0298 —-0.1993 -0.2267 —-0.0518 0.2103 1.0000

Notes: COV represents the COVID-19 dummy variable. JSB,

a dummy represents Joint Stock Banks (private banks). LogA

represents the logarithm 10 form of bank assets. DA represents the deposits-to-assets ratio. LLPR represents the loan loss
provisioning cost to total cost ratio. dC represents the credit growth rate. (Source: Authors’ estimates)

banks. For example, due to commercialization and
development of the Vietnamese banking system
(Ngo & Tripe, 2017; Le et al., 2019, 2022),"' many
rural bank branches were transformed into urban
joint-stock banks in the early 2010s, which are
considerably smaller than state-owned banks. As
discussed in Section 2.4, this heterogeneity justifies
the use of bootstrap DEA in our analysis.

Results
Bank Efficiency Comparisons

Private Banks Versus State-Owned and
Foreign Banks

The Simar and Zelenyuk (2007) method is
applied to provide deeper insights into differences
in efficiency across bank groups. This approach
allows us to quantify efficiency levels and the
magnitude of differences between them. Table 3
presents the results, with Agg.Eff. and M.Eff.
representing aggregate and mean efficiency
measures, respectively. Under the intermediate
approach, the bootstrap values of Agg.Eff. and
M.Eff. are 1.1652 and 1.2938, while under the
operational approach, they are 1.2133 and
1.3473.2 These results indicate that banks could
increase the volume of intermediate services by
16.52 % using the aggregate measure or 29.38 %
using the mean measure. Similarly, the ability to
generate bank profits could improve by 21.33 %
under the aggregate measure or 34.73 % under the
mean measure.

The RD_ag, presented in Table 3, is the ratio
of JSBs aggregate efficiency scores to SOCBs and

! See also the Decree No. 59/2009/ND-CP on “Organization
and operation of Commercial Banks” and the Decision No.
254/QD-TTg on approving the scheme on “Restructuring the
credit institutions system in the 2011-2015 period” released by
the Vietnamese Government in 2009 and 2012, respectively.

2 This study examined banks’ output-oriented efficiency, where
higher scores (above one) indicate lower efficiency.
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foreign bank aggregate efficiency scores. Table 3
shows that at 1% level of significance, RD_ag
fluctuates between 1.0245 and 1.2060 for the
intermediation setting, and between 1.0164 and
1.2341 for the operation approach. All intervals are
above one, indicating that JSBs underperformed
compared to SOCBs and foreign banks in both
providing intermediate services and maximizing
profits. At the 1 % significance level, RD_mean—
the ratio of JSBs’ mean efficiency scores to those of
SOCBs and foreign banks—ranges from 1.0813 to
1.2660 under the intermediation approach and
from 1.1026 to 1.3132 under the operational
approach (Table 3). These values, being above one,
again confirm the superior efficiency of SOCBs and
foreign banks over JSBs, regardless of the input/
output approach used.

These findings contrast with studies suggesting
that private banks are more efficient than SOCBs
(e.g., Bonin et al., 2005; Fries & Taci, 2005).
However, they align with research in emerging
market economies, such as China and Vietnam,
where SOCBs outperform their counterparts
(Antunes et al., 2024; Boubaker etal., 2024;
Denizer et al., 2007; Karas et al., 2010; Kraft et al.,
2006).

Bank Efficiency Before and During the
COVID-19 Pandemic

Table 4 demonstrates estimates of aggregate
and mean efficiency of Vietnamese banks
before and during the pandemic. Under the
intermediation approach, aggregate efficiency
scores for the two periods are 1.1859 and 1.1324,
respectively, while the mean efficiency scores are
1.2849 and 1.2252. Under the operation approach,
aggregate efficiency scores are 1.2722 before
COVID-19and 1.1499 during COVID-19,with mean
scores of 1.3704 and 1.2913, respectively. In all
cases, inefficiency is higher in the pre-COVID-19
period, which means that banks performed more
efficiently during the pandemic.
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Table 3
Comparison of Vietnamese Bank Efficiency between JSBs and the Others (SOCBs and Foreign Banks)
Intermediation Approach Operating Approach
_S Confidence Interval Bounds E Confidence Interval Bounds
= 51
= g8 | &y < |gB|gf
S |85 88 R ZE|BE
= =} o = [}
a @ 95 % 99 % bl 95 % 99 %
& S
Agg.
Eff. |1.1761]0.0543 |1.2442|1.1932(1.2998|1.1724|1.3136 | 1.2004 | 0.0348 | 1.2887 | 1.2100 | 1.3469 | 1.1821 | 1.3599
JSBs
Agg.
Eff. |1.07110.0226 |1.1221|1.0696 | 1.1629 | 1.0526 | 1.1853| 1.0908 | 0.0232 | 1.1358 | 1.0801 | 1.1724 | 1.0520 | 1.1786
Others
[E%tg 1.1202 | 0.0469 | 1.1652 | 1.1486 | 1.2207 | 1.1355 | 1.2311 | 1.1434{0.0209 | 1.2133 | 1.1660 | 1.2472 | 1.1490 | 1.2543
I\I/IS]]Estf 1.2211 | 0.0992 | 1.3945 | 1.2473| 1.3622 | 1.2301 | 1.3779| 1.2940 | 0.0413 | 1.4152 | 1.3281 | 1.4836| 1.3059 | 1.5020
Cl\;lt}ifrfs 1.0952| 0.0219 | 1.1565 | 1.1053| 1.1894 | 1.0897 | 1.1966 | 1.0981 | 0.0184 | 1.1529| 1.1112 | 1.1830| 1.0956 | 1.1890
M.Eff. | 1.1851 | 0.0826 | 1.2938 | 1.2276| 1.3103 | 1.2150 | 1.3222{ 1.2380 | 0.0289 | 1.3473| 1.2876 | 1.3955| 1.2705 | 1.4073
RD ag|1.0980| 0.0955|1.1088 | 1.0483| 1.1859| 1.0245 | 1.2060| 1.1005 | 0.0394 | 1.1371 | 1.0555 | 1.2076 | 1.0164 | 1.2341
2:;;1 1.1346| 0.0352 | 1.2059| 1.1012| 1.2451 | 1.0813 | 1.2660 | 1.1698 | 0.0412 | 1.2152| 1.1315| 1.2911| 1.1026 | 1.3132

Notes: Agg.Eff. JSBs and Agg.Eff. Others represent the aggregate efficiency scores of ]SBs and of other banks (state-owned and foreign
banks), respectively, while Agg.Eff. denotes the aggregate efficiency score for the entire sample. M.Eff. JSBs and M.Eff. Others are the
mean efficiency scores of JSBs and other banks, respectively, with M.Eff. representing the mean score for the full sample. RD_ag is the
ratio of the aggregate efficiency of JSBs to that of other banks, and RD_mean is the corresponding ratio of mean efficiency scores. For
each significance level, two columns report the upper and lower bounds of the estimators. (Source: Authors’ estimates)

At the 5 % significance level, RD ag, the ratio
of aggregate efficiency during and before the
pandemic, ranges from 0.8522 to 0.9898 under
the intermediation approach and from 0.8225 to
0.9806 under the operating approach. Since both
intervals lie below one, the aggregate measure
indicates that Vietnamese banks were more
efficient during the COVID-19 period. However,
the RD_mean results, based on mean efficiency,
are not statistically significant.

Overall, across different efficiency measures
and approaches, the Simar and Zelenyuk (2007)
test supports Hypothesis 1, showing that the
COVID-19 pandemic had a significant and positive
impact on bank performance in Vietnam.

Bank Efficiency and its Determinants

Since the relationships among DEA efficiency
estimates are complex and unknown, conventional
inference methods such as OLS and Tobit tend to
yield biased results (Simar and Wilson, 2007). To
obtain unbiased estimates, we employ Feasible
Generalized Least Squares (FGLS) and the bootstrap
truncated regression models developed by Simar
and Wilson (2007) in the second-stage analysis.

Tables 5 and 6 report the statistical
relationships between bank efficiency and
environmental variables. In Table 5, the

coefficients of the COV dummy are negative and
significant in models (4) to (6), indicating that
the COVID-19 pandemic had a positive effect on
intermediation efficiency. Table 6 shows similar
results for operating efficiency, providing further
support for Hypothesis 1 that the pandemic had a
significant effect on bank performance.

The JSB dummy is positive and significant
at the 1 percent level across all models in
Tables 5 and 6, which means that private banks
underperformed relative to state-owned and
foreign banks under both the intermediation
and operating approaches. To examine how the
pandemic influenced the ownership-efficiency
relationship, we include an interaction term
between COV and JSB. The coefficients of this
interaction term are positive in models (4) to
(6) in both tables, suggesting that private banks
became less efficient during the COVID-19
period compared with the pre-pandemic period.
Thus, while the Vietnamese banking sector
as a whole became more efficient during the
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Table 4

Comparison of Vietnamese Bank Efficiency between Pre - and During-COVID-19 Periods

Intermediation Approach Operating Approach
g Confidence Interval Bounds g Confidence Interval Bounds
; = | E s
4 £ g = < | g 8 g o
< 23| 5.2 M2 | B8 8@
o = oH 95 % 99 % AR | f | SH 95 % 99 %
a » ) ©»
k: k:
/m 2]
Agg.
Eff. 1.0875|0.0223 | 1.1324|1.0852 [ 1.1757 | 1.0632 | 1.2009 | 1.1018 | 0.0260 | 1.1499 | 1.0882 | 1.1868 | 1.0587 | 1.1931
cov
Agg.
Erfi— 1.1546 | 0.0741 | 1.1859|1.1580 [ 1.2797 | 1.1249 | 1.2895 | 1.1947 | 0.0402 | 1.2722 | 1.1776 | 1.3356 | 1.1387 | 1.3498
cov
Igég. 1.1202 | 0.0206 | 1.6464 | 1.1402 | 1.2143 | 1.1281 [ 1.2302 | 1.1434 | 0.0227 | 1.2079 | 1.1574 | 1.2451 | 1.1348 | 1.2540
Ig[oli;f 1.16220.0328 | 1.2252 | 1.1585| 1.2809| 1.1301 | 1.2981 | 1.2006 | 0.0334 | 1.2913 | 1.2204 | 1.3456 | 1.1909 | 1.3640
M.Eff.
Pre- 1.2022|0.0806 | 1.2849| 1.2334 | 1.3478 | 1.2074 | 1.3624 | 1.2661 | 0.0417 | 1.3704 | 1.2845 | 1.4398 | 1.2597 | 1.4550
COoVv
M.Eff. [1.1851|0.0219|1.2565|1.2186|1.3065| 1.2088 | 1.3227| 1.2380 | 0.0322 | 1.3375| 1.2690 | 1.3902 | 1.2522 | 1.4047
RD_ag |0.94190.0508|0.9194 | 0.8522|0.9898| 0.8343 | 1.0192| 0.9222 | 0.0393| 0.9002 | 0.8225| 0.9806 | 0.7914 | 1.0041
ileja—n 0.9909 | 0.0543 | 0.9938 | 0.9123 | 1.0657 | 0.8837 | 1.0861 | 0.9743 | 0.0341 | 0.9926 | 0.9278 | 1.0600 | 0.9042 | 1.0824

Notes: Agg.Eff. COV and Agg.Eff. Pre-COV are aggregate efficiency scores during and before the pandemic; Agg.Eff. refers
to the full sample. M.Eff. COV and M.Eff. Pre-COV are mean efficiency scores during and before the pandemic; M.Eff. is the
full-sample mean. RD_ag is the ratio of aggregate efficiency in the pandemic to the pre-pandemic period, and RD_mean is the
corresponding ratio using mean scores. For each significance level, two columns present the lower and upper bounds of the

estimated intervals. (Source: Authors’ estimates)

pandemic, private banks experienced a decline
in efficiency.

These findings confirm Hypothesis 1 regarding
the significant impact of the pandemic on
bank efficiency and support Hypothesis 2 that
ownership types responded differently to the
COVID-19 shock.

Credit was substantially affected by the
COVID-19 pandemic; however, regression
results show no significant link between credit
growth and bank efficiency. Nonperforming
loans, proxied by the loan-loss provisioning to
total cost ratio, are positively associated with
operating efficiency, suggesting that banks
engaging in riskier lending may achieve higher
profitability. Bank size is positively related to
efficiency under both approaches, as larger
banks can provide more intermediation services
and earn higher profits using the same input
levels as smaller banks. Finally, the deposits-
to-assets ratio is negatively correlated with
both intermediation and operating efficiency,
indicating that banks relying more heavily on
deposits may show lower efficiency.

Ekonomika Regiona [Economy of Regions], 21(4), 2025

Model Validation and Robustness Checks

To ensure the validity of the empirical findings,
we conducted a series of diagnostic tests and model
comparisons. First, the risk of multicollinearity
was assessed through the mean Variance Inflation
Factor (VIF). All models returned low average VIF
values (ranging from 1.21 to 1.56) which are under
the conventional threshold of 10, indicating no
multicollinearity concerns among explanatory
variables.

To evaluate potential autocorrelation, the
Wooldridge test for panel data was applied, strongly
rejecting the null hypothesis of no first-order serial
correlation (F = 79.394, p = 0.001 in Table 5; F =
5.060, p = 0.033 in Table 6). This aligns with DEA
theory, where efficiency scores are inherently
dependent due to their calculation (see Equation
3). To address this, the two-stage double-bootstrap
method of Simar and Wilson (2007) is used, with
results reported in models (2) and (5) of Tables 5 and
6. Additionally, the panel model employs Feasible
Generalized Least Squares (FGLS) with correction
for groupwise heteroskedasticity, accommodating
both autocorrelation and heteroskedasticity.
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Table 5
The Impact of COVID-19, Ownership on Intermediation Efficiency
Pooled OLS Bootstrap DEA FGLS Pooled OLS Bootstrap DEA FGLS
6) @) ©) “) ©) )
Constant 1.433™ 1.752" 1.450™ 1.445™ 1.7627 1.490™
(.143) (.301) (.098) (.145) (-298) (.101)
cov -.014 —-0.025 -.010 —.041" -0.097" —-.028"
(.018) (.034) (.010) (.025) (.087) (.015)
ISB 138" 0.218™ 132" 123 0.187"" 119
(.017) (.050) (.011) (.024) (.055) (.013)
" 1197 0.087" 1217
COVTISB (.023) (.0577) (.013)
ac —-.035 —-0.003 .012 —-.037 —0.005 —-.005
(.102) (.148) (.070) (.103) (.147) (.071)
—0.182 .022 .022 -0.159 .040
LLPR 015(.148) (.233) (.064) (.147) (.231) (.064)
LogA -.110™" 0177 -111" -.110"™" -0.175"" —-.116™"
(.019) (.038) (.012) (.019) (.037) (.012)
DA .824™ 1.143™ .816™ 8307 1.1417 .833™
(.072) (.179) (.047) (.072) (.177) (.049)
Mean VIF 1.21 1.56
Wooldridge test | F—statistic = 79.394 p—value = 0.001 NA
Pesaran test CD-statistic = —0.827 p—value = 0.408 CD-statistic = —0.904 p—value = 0.366
AIC —254.482 NA —254.482 —253.378 NA —253.378
Observations 196 196 (B = 2000) 196 196 196 (B = 2000) 196

Notes: Pooled OLS, the Simar-Wilson (2007) truncated regression, and FGLS are used to regress bank efficiency on environmental variables.
* *% and *** denote significance at the 10 %, 5 %, and 1 % levels. COV is the COVID-19 dummy; JSB the Joint Stock Bank dummy;
LogA the base-10 log of assets; DA the deposits-to-assets ratio; LLPR the loan-loss provisioning cost ratio; dC the credit growth rate. VIF is
the variance inflation factor, AIC the Akaike information criterion, and NA indicates unavailable values. (Source: Authors’ estimates)

Table 6
The Impact of COVID-19, Ownership on Operating Efficiency
Pooled OLS | Bootstrap DEA FGLS Pooled OLS Bootstrap DEA FGLS
@ 2 (€)) @ 5) 6)
Constant 1.127™ 1.099° 1.067" 11117 1.082"" 1.090""
(132) (.234) (.102) (.131) (.233) (.104)
—0.069"" -.038" —-0.022 -.037"
cov —.057"" (.019) (025) Co11) —.021 (.033) (064 (023)
ISB 204 0.3017 203 225" 0.317° .204™"
(.019) (.038) (.014) (.023) (.046) (.018)
% 153" 0.056" 168"
COVTJSB (.025) (.047) (.018)
—.0755 -0.119 -.020 -0.119 —-.031
dc (.103) (.113) (.046) —072 (-102) (112) (.050)
—.597" -0.899™ —.556"" -0.901""" —.559™
LLPR (.114) (.186) (.073) —606 (.111) (.184) (.077)
-.027" -0.029 -.030" -0.029 -.031"
LogA (016) (.028) (013) —026°(:016) (.028) (013)
DA 418 0.510™" 489" 409" 0.509"" 478
(.083) (.110) (.048) (.083) (.109) (.051)
Mean VIF 1.21 1.56
Wooldridge test | F—statistic = 5.060 p—value = 0.033 NA
Pesaran test CD-statistic = 1.410 p—value = 0.159 CD-statistic = 1.356 p—value = 0.175
AIC —262.873 NA —262.873 —262.679 NA —262.679
Observations 196 196 (B = 2000) 196 196 196 (B = 2000) 196

Notes: Pooled OLS, the Simar-Wilson (2007) truncated regression, and FGLS are used to regress bank efficiency on environmental
variables. ", , and " indicate significance at 10 %, 5 %, and 1 % levels. COV is the COVID-19 dummy; JSB the Joint Stock Bank dummy;
LogA the base-10 log of assets; DA the deposits-to-assets ratio; LLPR the loan-loss provisioning ratio; dC the credit growth rate. VIF is the
variance inflation factor, AIC the Akaike information criterion, and NA indicates unavailable value. (Source: Authors’ estimates)
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The Pesaran test for cross-sectional dependence
was also conducted, yielding p-values of 0.408 and
0.366 in Table 5 and 0.159 and 0.175 in Table 6.
These results indicate that the null hypothesis of
cross-sectional independence cannot be rejected,
suggesting that cross-sectional dependence is
unlikely to bias the panel estimates.

Model performance was further compared
using the Akaike Information Criterion (AIC). The
AIC differences between models in Tables 5 and
6 are all below 2, confirming that the models are
comparable.

Overall, the combined evidence from diagnostic
testing and model selection criteria supports the
validity of the estimation results and affirms the
reliability of the conclusions drawn from the panel
models.

Conclusion

Agency theory suggests that bank ownership
affects performance, yet studies examining its role
during the COVID-19 pandemic remain limited.
This paper addresses this gap using data from the
Vietnamese banking system (2016-2022), where
ownership plays a key role in business operations
and performance (Ngo etal., 2019; Boubaker
et al., 2024). Using the Simar and Zelenyuk (2007)
subgrouping test, the study finds that private
banks underperformed in comparison with state-

owned and foreign banks in both intermediation
services and profit generation. While Vietnamese
banks generally demonstrated resilience during
the pandemic, private banks were an exception,
highlighting the need for stricter oversight to
improve overall banking efficiency.

Regression results with various control
variables provide further insights. Credit growth
had no significant effect on performance, while
nonperforming loans, proxied by the loan-
loss provisioning to total cost ratio, enhanced
operating efficiency. Bank size positively affected
both intermediation and operating efficiency,
whereas a higher deposits-to-assets ratio had a
negative impact.

These findings carry significant implications for
policy and regulatory measures. Bank performance
assessments should be approached cautiously,
as government and central bank support during
and after the pandemic may overstate efficiency.
Targeted policies to improve efficiency and
competition in private banks are needed. Banks
should balance risk and efficiency when engaging in
lending, increase their size to improve operational
efficiency, and diversify funding sources to reduce
reliance on deposits. These implications may also
apply to other emerging economies with conditions
similar to Vietnam, including ASEAN and Latin
American countries.

References
Altunbas, Y., Evans, L., & Molyneux, P. (2001). Bank ownership and efficiency. Journal of Money Credit and Banking,

33(4), 926. https://doi.org/10.2307/2673929

Antunes, |., Hadi-Vencheh, A., Jamshidi, A., Tan, Y., & Wanke, P. (2024). Cost efficiency of Chinese banks: Evidence from
DEA and MLP-SSRP analysis. Expert Systems with Applications, 237, 121432. https://doi.org/10.1016/j.eswa.2023.121432

Ashraf, B.N., Tabash, M.I., & Hassan, M. K. (2022). Are Islamic banks more resilient to the crises vis-a-vis conven-
tional banks? Evidence from the COVID-19 shock using stock market data. Pacific-Basin Finance Journal, 753, 101774.

https://doi.org/10.1016/j.pacfin.2022.101774

Batten, J.A., Choudhury, T., Kinateder, H., & Wagner, N. F. (2022). Volatility impacts on the European banking sector:
GFC and COVID-19. Annals of Operations Research, 330(1-2), 335-360. https://doi.org/10.1007/s10479-022-04523-8
Berger, A.N., & Demirgilic-Kunt, A. (2021). Banking research in the time of COVID-19. Journal of Financial Stability,

57, 100939. https://doi.org/10.1016/j.jfs.2021.100939

Bonin, J.P., Hasan, 1., & Wachtel, P. (2005). Bank performance, efficiency and ownership in transition countries. Journal
of Banking & Finance, 29(1), 31-53. https://doi.org/10.1016/].JBANKFIN.2004.06.015

Borri, N., & Di Giorgio, G. (2022). Systemic risk and the COVID challenge in the European banking sector. Journal of
Banking & Finance, 140, 106073. https://doi.org/10.1016/].JBANKFIN.2021.106073

Boubaker, S., Le, T.D. Q., & Ngo, T. (2023). Managing bank performance under COVID-19: A novel inverse DEA effi-
ciency approach. International Transactions in Operational Research, 30(5), 2436-2452. https://doi.org/10.1111/itor.13132

Boubaker, S., Le, T.D.Q., Manita, R., & Ngo, T. (2024). Balancing bank profits and nonperforming loans: A multiple ob-
jective programming approach. Annals of Operations Research, 346(2), 839-860. https://doi.org/10.1007/s10479-024-05831-x

Charnes, A., Cooper, W.W., & Rhodes, E. (1978). Measuring the efficiency of decision making units. European Journal
of Operational Research, 2(6), 429-444. https://doi.org/10.1016/0377-2217(78)90138-8

Das, A., & Ghosh, S. (2006). Financial deregulation and efficiency: An empirical analysis of Indian banks during the
post reform period. Review of Financial Economics, 15(3), 193-221. https://doi.org/10.1016/].RFE.2005.06.002

De Andres, P., & Vallelado, E. (2008). Corporate governance in banking: The role of the board of directors. Journal of
Banking & Finance, 32(12), 2570-2580. https://doi.org/10.1016/j.jbankfin.2008.05.008

Denizer, C.A., Dinc, M., & Tarimcilar, M. (2007). Financial liberalization and banking efficiency: Evidence from
Turkey. Journal of Productivity Analysis, 27(3), 177-195. https://doi.org/10.1007/S11123-007-0035-9/METRICS

Ekonomika Regiona [Economy of Regions], 21(4), 2025

www.economyofregions.org


https://www.economyofregions.org

Trang Huyen Thi Vu, Van Nguyen, Phuong Thanh Le, Thanh Ngo 1231

Fare, R., Grosskopf, S., & Lovell, C.A.K. (1984). The Structure of Technical Efficiency. In Topics in production theory
(pp. 81-90). London: Palgrave Macmillan UK. https://doi.org/10.1007/978-1-349-07123-4_6

Fries, S., & Taci, A. (2005). Cost efficiency of banks in transition: Evidence from 289 banks in 15 post-communist
countries. Journal of Banking & Finance, 29(1), 55-81.https://doi.org/10.1016/j.jbankfin.2004.06.016

Gulati, R., Charles, V., Hassan, M. K., & Kumar, S. (2023). COVID-19 crisis and the efficiency of Indian banks: Have
they weathered the storm?. Socio-Economic Planning Sciences, 88, 101661. https://doi.org/10.1016/j.seps.2023.101661

Horvath, A., Kay, B., & Wix, C. (2023). The COVID-19 shock and consumer credit: Evidence from credit card
data. Journal of Banking & Finance, 152, 106854. https://doi.org/10.1016/j.jbankfin.2023.106854

Karas, A., Schoors, K., & Weill, L. (2010). Are private banks more efficient than public banks?. Economics of Transition,
18(1), 209-244.https://doi.org/10.1111/j.1468-0351.2009.00364.x

Kenjegalieva, K., Simper, R., Weyman-]Jones, T., & Zelenyuk, V. (2009). Comparative analysis of banking production
frameworks in eastern european financial markets. European Journal of Operational Research, 198(1), 326-340. https://
doi.org/10.1016/j.ejor.2008.09.002

Kraft, E., Hofler, R., & Payne, ]. (2006). Privatization, foreign bank entry and bank efficiency in Croatia: a
Fourier-flexible function stochastic cost frontier analysis. Applied Economics, 38(17), 2075-2088. https://doi.
org/10.1080/00036840500427361

Kryzanowski, L., Liu, J., & Zhang, ]. (2023). Effect of COVID-19 on non-performing loans in China. Finance Research
Letters, 52, 103372. https://doi.org/10.1016/j.fr.2022.103372

La Porta, R., Lopez-De-Silanes, F., & Shleifer, A. (2002). Government Ownership of Banks. The Journal of Finance,
57(1), 265-301. https://doi.org/10.1111/1540-6261.00422

Le, P.T., Arjomandi, A., & Borthwick, J. (2022). How Basel Capital Regulations Influence Bank Efficiency in
Emerging Economies: A Case Study of the Vietnamese Banking System. https://ssrn.com/abstract=4213766 (Date of ac-
cess: 21.05.2025.).

Le, P.T., Harvie, C., Arjomandi, A., & Borthwick, J. (2019). Financial liberalisation, bank ownership type and perfor-
mance in a transition economy: The case of Vietnam. Pacific-Basin Finance Journal, 57, 101182. https://doi.org/10.1016/j.
pacfin.2019.101182

Le, T.D., Ho, T.N., Nguyen, D.T., & Ngo, T. (2022). Intellectual capital — bank efficiency nexus: evidence from an
emerging market. Cogent Economics & Finance, 10(1), 2127485. https://doi.org/10.1080/23322039.2022.2127485

Li, X., Xie, Y., & Lin, J. (2020). COVID-19 outbreak, government capital injections, and shadow banking effi-
ciency. Applied Economics, 53(4), 495-505. https://doi.org/10.1080/00036846.2020.1808183

Ngo, T., & Tripe, D. (2017). Measuring efficiency of Vietnamese banks. Pacific Accounting Review, 29(2), 171-182.
https://doi.org/10.1108/par-06-2016-0064

Ngo, T., Le, T., & Pham, T.-L. (2025). Efficiency of ASEAN banks: A Novel Analysis Using the Nonconvex Frontier
Approach. In B.P. Baria, R.P. Sinha, F.A. Malik, & K. Shanmugan (Eds.), Handbook of Financial Services Performance.
Singapore: World Scientific Publishing. https://doi.org/10.1142/14582

Ngo, T., Le, T., Tran, S. H., Nguyen, A., & Nguyen, C. (2019). Sources of the performance of manufacturing
firms: Evidence from Vietnam. Post-Communist Economies, 31(6), 790-804. https://doi.org/10.1080/14631377.20
19.1607129

Rizwan, M. S., Ahmad, G., & Ashraf, D. (2022). Systemic risk, Islamic banks, and the COVID-19 pandemic: An empir-
ical investigation. Emerging Markets Review, 51, 100890. https://doi.org/10.1016/j.ememar.2022.100890

Robin, 1., Salim, R., & Bloch, H. (2019). Financial deregulation and productivity growth in banking sector: empirical
evidence from Bangladesh. Applied Economics, 51(47), 5104-5121. https://doi.org/10.1080/00036846.2019.1607244

Shabir, M., Jiang, P., Wang, W., & Isik, O. (2023). COVID-19 pandemic impact on banking sector: A cross-country
analysis. Journal of Multinational Financial Management, 67, 100784. https://doi.org/10.1016/j.mulfin.2023.100784

Shleifer, A., & Vishny, R.W. (1997). A Survey of Corporate Governance. The Journal of Finance, 52(2), 737-783.
https://doi.org/10.1111/].1540-6261.1997.TB04820.X

Simar, L., & Wilson, P.W. (2007). Estimation and inference in two-stage, semi-parametric models of production pro-
cesses. Journal of Econometrics, 136(1), 31-64. https://doi.org/10.1016/j.jeconom.2005.07.009

Simar, L., & Zelenyuk, V. (2007). Statistical inference for aggregates of Farrell-type efficiencies. Journal of Applied
Econometrics, 22(7), 1367-1394. https://doi.org/10.1002/jae.991

About the authors

Trang Huyen Thi Vu — Faculty of Mathematical Economics, Thuongmai University;
https://orcid.org/0009-0003-5521-7012 (79, Ho Tung Mau St., Hanoi, Vietnam; e-mail: trang.vth@tmu.edu.vn).

Van Nguyen — Faculty of Fundamental Science, Vietnam Maritime University; https://orcid.org/0000-0002-9754-7648
(484, Lach Tray St., Haiphong, Vietnam; e-mail: vanxpo@vimaru.edu.vn).

Phuong Thanh Le — Faculty of Economics and Management, Thuyloi University; https://orcid.org/0000-0002-1402-878X
(175, Tay Son St., Kim Lien Ward, Hanoi, Vietnam; e-mail: phuonglt kt@tlu.edu.vn).

Thanh Ngo — PhD, Senior Lecturer, School of Aviation, Massey University; VNU University of Economics and
Business; Scopus Author ID: 57205456987; https://orcid.org/0000-0002-6090-8067 (Palmerston North, 4474, New
Zealand; e-mail: T.Ngo@massey.ac.nz; 144, Xuan Thuy Road, Hanoi, Vietnam).

JKoHOMMKa peruoHa, T.21, Bbin. 4 (2025)


https://ssrn.com/abstract=4213766
https://orcid.org/0000-0002-6090-8067
mailto:T.Ngo@massey.ac.nz

1232 COUMANIbHOE PA3BUTUE PETMOHA

Nudopmarust 06 aBToOpax

By Tpanr XyeH Txu — daxyabreT MarematmnyecKkon 9KOHOMMKM, YHuBepcurer TxbIOHTMA;
https://orcid.org/0009-0003-5521-7012 (BeeTHawm, r. Xanoit, yi1. Xo Tyur May, 79; e-mail: trang.vth@tmu.edu.vn).
Hryen Ban — ¢akynbrer (yHmaMeHTaTbHBIX HayK, BbetHamckumit MOPCKO¥ YHUBEPCUTET;

https://orcid.org/0000-0002-9754-7648 (BretHawm, r. XaiidoH, yi1. Jlate Yait, 484; e-mail: vanxpo@vimaru.edu.vn).

Jle ®dbroHr Tan — daky/bTeT IKOHOMMKM ¥ MeHemskMeHTa, YuuBepcutet Tyiuton; https://orcid.org/0000-0002-1402-878X
(BbetHam, 1. XaHoit, Kum Jlusu Baps, TaiiI1loH, 175; e-mail: phuonglt kt@tlu.edu.vn).

Hro Tan — PhD, crapumii npernogaBaresib, LlIkosa aBuanmm, Yanepcuter Maccu; YHUBEPCUTET 9KOHOMUKY 11 GM3Heca
BHY; Scopus Author ID: 57205456987; https://orcid.org/0000-0002-6090-8067 (Hosast 3enanaust, 4474, r. [TaivepcToH-
Hoprt; e-mail: T.Ngo@massey.ac.nz; BeetHam, 1. Xanoit, Cyan Txiou Poas, 144).

Hcnonb3oBanne cpencrs U

ABTODBI 3aSIBJIIOT O TOM, UTO TPY HAITMCAHMUU STOM CTaThby HE IPUMEHSINCh CPELICTBA TeHEPATUBHOTO VICKYCCTBEHHOTO

MHTEJIEKTA.
Use of Al tools declaration
All authors declare that they have not used Artificial Intelligence (Al) tools for the creation of this article.

KonduukT nHTEpecoB

ABTODBI 3aSIBJISIIOT 06 OTCYTCTBUM KOH(DIMKTA MHTEPECOB.

Conflict of interests

The authors declare no conflicts of interest.

Iara noctymienust pykormcu: 04.08.2025. Received: 04 Aug 2025.
Ipouuta peuensuposanne: 27.08.2025. Reviewed: 27 Aug 2025.
TpunsiTo perrenue o my6maukammu: 01.10.2025. Accepted: 01 Oct 2025.

Ekonomika Regiona [Economy of Regions], 21(4), 2025 www.economyofregions.org


https://www.economyofregions.org
mailto:trang.vth@tmu.edu.vn
mailto:phuonglt_kt@tlu.edu.vn
mailto:T.Ngo@massey.ac.nz

