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FINANCIAL ECONOMICS | RESEARCH ARTICLE

The effect of mergers and acquisitions on the 
efficiency of Vietnam banking system during the 
restructuring period
Phuong Anh Nguyen1,2* and Thi Thanh Thuy Nguyen1,2

Abstract:  Since 2011, the Vietnamese banking system has performed many M&A 
deals. Some small banks which had weak competitiveness and experienced oper
ating activities risk were on the verge of bankruptcy, and had been acquired by 
potential financial institutions. Although M&A transactions are known for numerous 
advantages which are brought back for banking industry, most banks still have not 
actively participated. Therefore, gaining more information about how M&A activities 
changed our banking system is essential for providing suitable implications and 
developments for the future. This report first aims to investigate the efficiency level 
of 30 Vietnamese commercial banks during 2011–2019 period under intermediation 
and operating approach using Bootstrap Data Envelopment Analysis. Next, applying 
Robust Truncated Regression, this paper shows that M&As negatively affect banking 
efficiency. Meanwhile, a set of explanatory variables following CAMELS standards 
can contribute to increase the efficiency level.

Subjects: Economics; Finance; Business, Management and Accounting 

Keywords: banking efficiency; M&A; CAMELS standards; bootstrap DEA scores

1. Introduction
In the trend of economic globalization, mergers and acquisitions (M&A) has been put under 
consideration as one way that can boost Vietnamese companies increase their capacity and 
expand the range of operations. The financial and banking systems of many countries are influen
cing each other, participating in the process of development and international economic integra
tion. M&A is becoming more and more popular in Vietnam banking system.
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According to the statistics retrieved from General Statistics Office of Vietnam (see Figure 1), the credit 
growth in 2019 is lower than 2018 by 1.2%, which is the lowest rate in the past 4 years while the target set 
is 14%. Due to the COVID-19 epidemic, Vietnam has suffered a decrease in credit growth at 2.13% for the 
first 6-month period in 2020, which is lower than the average growth rate of 5.7% for the same period in 
2019. According to the State Bank of Vietnam (SBV), although the capital and liquidity of the credit system 
are abundant, the demand is still weak, making credit growth go down.

The banking system has an undeniable position and is important in both the microeconomic and 
macroeconomic features. Vietnam commercial banking framework has encountered a huge improve
ment in the restructuring period by decreasing the number of feeble banks and wrinkling capacity 
through M&A transactions which expect to build a safe financial framework to increase the compe
titive ability (Hang et al., 2016). M&A in the banking sector in 2020 is expected to be more active than 
last year. This is the way to expand scale and presence in the financial market of Vietnam. In fact, 
besides the M&A deals that have to “embrace” a pile of bad debts, many banks have succeeded with 
the strategy of expanding the scale of growth with the shortcut through M&A.

Therefore, it is necessary to investigate and evaluate how M&A activities affect the efficiency of 
Vietnam banking system during the restructuring period from 2011 to 2019. This study’s findings are 
expected to have useful contributions to investors as well as institutions in Vietnam. We aim to review 
the results of the previous period and contribute to the M&A decision-making in perspective of our 
banking system for the upcoming years. More specifically, this paper is conducted to narrow down the 
problems of M&A activities from 2011 to 2019 in the Vietnam banking system. It helps understand 
the situation that our banking sector is facing now and then evaluate the relationship between M&A 
activities and the efficiency of commercial banks during the considered period.

Moreover, this research provides the impact of M&A which is beneficial to both state authority and the 
management to consider the decisions of M&A activities. M&A process is one of the main components in 
the governmental plan to revive the healthy banking system. Therefore, a review of its impacts will be 
attributable to evaluate the efficiency of the restructuring plan. For the economy, mergers and acquisi
tions of commercial banks contribute to the sustainable development of the financial market, making the 
most of economic potentials. For the banking system, M&A is possibly considered one of the important 
measures to restructure the banking system. If banks can involve in M&A properly towards the right 
audience, this will help them take advantage of the parties involved, create the synergistic values of 
management, human resources, market share, etc. As a result, this action may ensure the sustainable 
development of each bank and an improvement of the competitiveness and banks operational capacity.

Figure 1. Vietnam Credit 
Growth, GDP rate and Credit 
growth/GDP ratio, 2015–2019.
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At the same time, from this study, essential implications will be developed, helping to improve 
the Vietnamese banking system effectiveness. Consistent with the aforementioned objectives, the 
raised research questions of the study are as follows: (1) What are the efficiency levels of 
Vietnamese commercial banks during 2011–2019 period? (2) How M&As take an impact on 
Vietnamese banking efficiency?

The paper is organized as follows. Section 2 provides a brief literature review that includes 
theoretical background and information obtained from previous studies. Section 3 describes the 
methodology which will be used in this study and provides a description of the data collection as 
well as the models and implications. Section 4 presents the results from the efficiency scores and 
regression models, then determines the relationship between dependent and independent vari
ables. The conclusions and some recommendations will be drawn in Section 5.

2. Literature review
Mergers and acquisitions (M&A) is a common business concept that refers to the combination of 
two business entities into a single independent entity. The objective of this collaboration is to 
advance the strengths of both sides. With the form of “mergers”, this is the merger association 
between two businesses, thereby giving birth to a new business with legal status. Rentsch and 
Schneider (1991) declared that the definition of true “mergers” is hard to define because there are 
various acquisitions disguised as mergers to avoid single-company dominance. As for the form of 
“acquisitions”, in which a large enterprise will acquire a smaller, weaker enterprise, but unlike 
a merger, the “acquired” enterprise’s legal status remains the same. The acquiring businesses will 
have full legitimate ownership of the targeted business (Fasua and Osagie, 2016).

In the perspective of macroeconomics, “efficiency” occurs when society cannot increase the 
output of one good without cutting back another. An efficient economy lies in the limitation of 
production capabilities. In terms of corporate perspective, “efficiency” is determined by the ratio of 
the outcome to the cost to achieve it. This ratio reflects the level of using inputs in the operation 
process to gain a maximum profit at the smallest cost (McKinley and Banaian, 2005).

According to Pasiouras and Kosmidou (2007), Sturm and Williams (2008), the efficiency in the 
banking system is influenced by both internal and external factors. In particular, internal factors 
mainly focus on capital adequacy, the ratio between expenses and income, liquidity, size, and 
return on average total assets. External factors (macroeconomics and financial structure) include 
inflation rate, real gross domestic product, etc.

To improve the banking system’s supervisory capacity, the State Bank Inspector of Vietnam is 
implementing an important project to rate credit institutions according to CAMELS standards. This 
is considered a breakthrough to realize the goal of enhancing the efficiency and effectiveness of 
the banking inspection system. CAMELS stand for Capital (C), Assets (A), Management (M), Earnings 
(E), Liquidity (L), and Sensitivity (S). The CAMELS rating system is used as an international measur
ing tool to rank financial institutions based on six factors represented by its acronyms. The super
visory agencies compute points for each bank according to their scores. Rank 1 is the best and rank 
5 is the worst for each factor.

To our knowledge, there have not been many quantitative studies comparing the CAMELS rating 
financial ratios and bank efficiency. Some mixed results were obtained regarding bank perfor
mance and profitability. Fiordelisi et al. (2011) showed the positive relation between capital ratio 
and bank’s efficiency. Rostami (2015) found the positive relation between Total Equity to Total 
Asset and bank performance. They also found the negative relation between Cost to Income, 
Provision of loan to Loans, and bank performance.

In terms of M&A activities, Viet (2015) identified the outstanding features of M&A transactions in 
Vietnam. Based on the traditional approach analysis, this paper described the fundamental 
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weakness of the M&A in Vietnam, which includes law enforcement and transparent information 
publicity. Additionally, the study suggested some implications to develop M&A activities, including 
the improvement of the law, brand name of the corporation, and post-M&A corporate governance. 
Besides, Hosseini et al. (2017) focused on evaluating a bunch of inbound M&A transactions with 
foreign parties as buyers between 2008 and 2015. The findings showed the investment trend of 
international investors in Vietnamese enterprises, emphasizing the real estate and banking areas 
as attractive occupations in the context of the economy recover after the crisis in 2008. While the 
postponement of the process of changing from state-owned enterprises into joint stock companies 
inhibits the growth of M&A capital inflows into Vietnam, the improvement of open policy makes 
the market more attractive to foreign investors.

Previous studies worldwide showed mixed results about the relation between M&A activities and 
banks’ performance and efficiency. Altunbaş and Marqués (2008) found out that M&A brings 
improvements in performance for the European banking system. Beccalli and Frantz (2009) 
indicated that merger increases cost efficiency and slightly deteriorates profit efficiency. These 
studies mainly used pre-post analysis, to our knowledge there is lack of empirical research 
investigating the impact of M&A transactions on banks’ efficiency worldwide and in Vietnam, 
taking into account the potential control variables.

For these reasons this paper will fill the gap by taking CAMEL system as control variables in 
investigating the effect of M&A on the efficiency of Vietnamese commercial banks.

3. Methodology

3.1. Sample
In the paper, the examined data set from 30 Vietnamese commercial banks between 2011 and 
2019 is collected from annual audited consolidated financial statements. The list of banks is given 
in Appendix A.

According to the list of investigated banks, there are eight banks involved in M&A during this 
period, which are Saigon - Hanoi Commercial Joint Stock Bank (SHB), Saigon Commercial Bank 
(SCB), Vietnam Commercial Bank for Investment and Development (BID), Lien Viet Post Joint Stock 
Commercial Bank (Lien Viet), Vietnam Maritime Commercial Joint Stock Bank (MSB), HCM City 
Development Joint Stock Commercial Bank (HDBank), Vietnam Public Joint Stock Commercial 
Bank (PVcombank) and Saigon Thuong Tin Commercial Joint Stock Bank (STB).

3.2. Variables

3.2.1. Dependent variables
According to Sealey and Lindley (1977), there is an imperfect approach in determining bank inputs 
and outputs because no approach can reflect all activities. Under intermediation approach, banks play 
the role of the entity providing financial intermediary services to connect the savings and investment 
sectors of the economy. Their study found out that intermediation approach is the most suitable one 
to view banks as financial intermediaries, to analyze and evaluate the operational efficiency of the 
bank. The intermediation approach specifies the input set as services provided to depositors, non- 
financial resources, and physical assets, as found by Olson and Zoubi (2011). Meanwhile, the output 
set is to concentrate on services provided to debtors and income from the cost incurred.

Besides, under operating approach, banks are seen as organizations with the priority of creating 
profit from the expenses incurred in order to maintain the business (Das & Ghosh, 2006). Following 
Jemric and Vujcic (2002), the set of inputs is determined as the interest and non-interest expenses, 
while the output set is defined as the interest and non-interest income.
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From these choices of inputs and outputs under intermediation approach and operating 
approach in Table 1, the banks’ efficiency scores are calculated using bootstrap DEA method and 
used as dependent variables. The bootstrap DEA method is explained in Section 3.3.1.

Since this study aims to evaluate whether M&A activities contribute to the movement of banking 
efficiency, the related regression model is considered as follows: 

I Eff it ¼ αþ β1Log TAit þ β2E:TAit þ β3LLR TLit þ β4C:IRit þ β5ROAAit þ β6GL:Dit þ β7MERGERit
þ εit 

O Eff it ¼ αþ β1Log TAit þ β2E:TAit þ β3LLR TLit þ β4C:IRit þ β5ROAAit þ β6GL:Dit þ β7MERGERit
þ εit 

In which:

I Eff it: Efficiency calculated from the intermediation approach for bank i in year t, 
1 ≤ i ≤ 30, 1 ≤ t ≤ 9.

O Eff it: Efficiency calculated from the operating approach for bank i in year t, 1 ≤ i ≤ 30, 1 ≤ t ≤ 9.

Table 1. Inputs and Outputs for DEA model
Intermediation approach
INPUTS Customer deposits The total money that customer 

deposited at the banks.

Fixed assets The value of property, land, 
equipment, buildings, etc.

Operating expense Including: 
Salaries and administrative 
expenses 
Insurance expenses 
Others.

OUTPUTS Customer loans The amount of money borrowed 
from the bank.

Operating income The sum of Net interest income, 
Net Gain (or Loss) from trading 
Forex, etc.

Investment Securities Including all types of securities 
purchased by the bank.

Operating approach
INPUTS Interest Expenses The expenses arising from 

deposits, short-term loans, long- 
term loans and debts in trading 
accounts.

Non-Interest Expense The expenses derived from 
commission expenses, 
administrative expenses, others.

OUTPUTS Interest Income The income from investments, 
credits charged to customers, 
other kind of credits derived from 
specific assets.

Non-interest Income The income arising from service 
fees, gains and losses from the 
sale of loans and securities, and 
others.
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Log TAit: Logarithm of total assets

E:TAit: Equity-to-total assets

LLR TLit: Loan-loss-reserve-to total loan

C:IRit: Cost-to-income ratio

ROAAit: Return-on-average-assets

GL:Dit: Gross-loan-to deposits

MERGERit: Merger variable

εit: error term

3.2.2. Independent variables
3.2.2.1. Variable of interest. In this paper the main independent variable of interest is Merger, 
which is defined to describe the M&A event. MERGERit is equal to 1 from the year when the M&A 
deal occurs, equal to 0 before M&A deal.

3.2.2.2. Control variables. CAMELS system was developed by the US Credit Union Administration 
(NCUA) in 1987, and widely used not only in the United States but also in many countries around 
the world. After the Asian economic crisis in 1997, the CAMELS system was recommended by the 
International Monetary Fund to be applied in crisis countries as one of the measures to rebuild the 
financial sector. CAMELS model is mainly based on financial factors, through a scale to assess the 
health of financial institutions. This paper applied CAMELS systems to define the control variables, 
which are explained as below.

First, Capital Adequacy represents the amount of equity to support a bank’s business. The more 
risks a bank accepts (e.g., within a loan portfolio), the more equity capital is required to support the 
bank’s operations and cover potential losses associated with the higher risk. The Equity to Total 
assets ratio (ETA) is applied under Capital Adequacy segment for this research. This ratio has 
positive connection with the monetary adequacy of the bank, it is adversely identified with 
a potential flaw (Dincer et al., 2011).

Second, Assets Quality is a general indicator that shows the quality of management, solvency, 
profitability, and sustainable prospects of a bank. Moreover, it is also the primary cause of bank 
failures. Usually, this stems from inadequate management in lending policy. If the market knows 
that the quality of assets is poor, it puts pressure on the short-term funding of the banks, and this 
could lead to liquidity crises. Hence, the Loan loss reserves to Total loans (LLR_TL) is used to 
measure the assets quality of the banks by determining the loan quality (Jyothi Venkatesh, 2014).

Third, Management Quality is considered as the most difficult indicator to evaluate compared to 
others, because the management cannot be measured based on recent financial performance 
(Dincer et al., 2011). Numerous expertsconsider Management Quality as the main component in 
the CAMELS examination framework, because management plays a decisive role in the success of 
a bank’s operation. The Cost to Income ratio (CIR) is used to measure the efficiency of operational 
activity. This ratio shows the correlation between the bank’s cost and income. This ratio gives 
investors a clearer view of the organization’s performance. The smaller the percentage, the more 
efficient the bank will operate (Roman & Şargu, 2013).

Fourth, Earning Ability is an important element of revenue and cost analysis, including the 
effectiveness of interest policy and action as well as the overall results of operations measured 
by statistics. The earning ability will lead to the creation of more capital, which is essential to 
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supporting future development from investors. It is also required to cover damaged loans and 
make full provisioning. According to Rozzani and Rahman (2013), Return on Average Assets (ROAA) 
is used to evaluate how well banks operate their assets to earn profits. The bank is generally 
considered having a good earning when the ratio is equal or higher than 5%.

Fifth, Liquidity is a basic criterion for evaluating the quality and safety of a bank’s operations. 
Liquidity is needed to address new credit prerequisites without the issue to recuperate extraor
dinary advances or sell term speculations. According to Rostami (2015), the Loans to Deposit ratio 
(LTD) is implemented to measure the safety of banks. If this ratio is high, the bank will be highly 
profitable as well as higher liquidity risk. On the other hand, if the rate of LTD is too low, banks do 
not make full use of the capital, and the efficiency is not high.

Finally, Sensitivity includes the specific level of risk that can affect a financial institution. The assets held 
by banks are mainly financial assets, which are often sensitive to market fluctuations and certain risks. 
Most banks’ assets are associated with various degrees of market risk, primarily to the assets that are 
sensitive to interest rate fluctuations, exchange rates or changes in prices on financial markets. If there is 
a large proportion of assets sensitive to these factors, it may give a signal that banks are vulnerable.

In terms of logarithmic transformation, it is convenient to use this method in order to convert 
a high deviation into more normalized variables in a data set. The desired linearity can be created 
by logarithmic transformation. Using this way to transform one or more variables can reduce the 
error in the regression model. Therefore, logarithm of total assets (LogTA) is applied in this paper, 
to show how 1% change in total assets can affect the banks’ efficiency.

Furthermore, these control variables were also used in the literature as summarized in Table 2.

3.3. Method

3.3.1. Bootstrap DEA
This paper applies the bootstrap Data Envelopment Analysis method (DEA) to calculate banks’ 
efficiency score. DEA is a non-parametric method, used to evaluate efficiencies of a homogenous 

Table 2. Variables for regression model
Variables Codename Formula Signal Authors
Efficiency applied 
from the 
intermediation 
approach

I_Eff Based on DEA score I Effit Sealey and Lindley 
(1977), Olson and 
Zoubi (2011)

Efficiency applied 
from the operating 
approach

O_Eff Based on DEA score O Effit Das and Ghosh 
(2006), Jemric and 
Vujcic (2002)

Equity-to-total 
assets

ETA Equity
Total assets

E:TAit Dincer et al. (2011)

Loan-loss-reserve- 
to total loan

LLRTL Loan loss reserve
Total loan

LLR TLit Jyothi Venkatesh 
(2014)

Cost-to-income 
ratio

CI Operating expense
Operating income

C:IRit Roman and Şargu 
(2013)

Return-on-average- 
assets

ROAA Net income
Total asset

ROAAit Rozzani and 
Rahman (2013)

Gross-loan-to 
deposits

GLD Gross loan
Deposit

GL:Dit Rostami (2015)

Logarithm of total 
assets

LogTA Log total assetsð Þ Log TAit Gupta et al. (2020)
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set of decision-making units (DMUs) in the presence of multiple inputs and outputs. Efficiency is 
defined as the ratio of the weighted sum of outputs to the weighted sum of inputs.

The original DEA model proposed by Charnes et al. (1978) (CCR) is a model which assumes that any 
change in the inputs will give equally proportional multiple outputs, also known as Constant Returns to 
Scale (CRS). Assume that there are n DMUs, with m inputs and s outputs. Let ui and or be input weights 
and output weights respectively. Then the efficiency for each DMU j is measured as:

Maxϕu;o ¼
∑s

r¼1oryrj

∑m
i¼1uixij

¼
o1y1jþo2y2jþ...þosysj

u1x1jþu2x2jþ...þumxmj

Such that 

∑s
r¼1 oryrj

∑m
i¼1 uixij

� 1 

And 

or;ui � 0 

By calculating the efficiency of each DMU, the DMU j is efficient when the efficiency score is equal 
to 1 and the efficient DMUs will form the efficient frontier; the remaining DMUs are inefficient 
(when the efficiency score is lower than 1).

In general, the efficient frontier can be generated by an input-oriented approach or an output- 
oriented approach. The input-oriented approach is an attempt to minimize the quantity of inputs 
with a given level of outputs, while the output-oriented approach implies maximizing the quantity 
of outputs with a given level of inputs. In general, there are no restrictions on the chosen 
approach. However, in the context of measuring banking efficiency, the output-oriented approach 
is considered more appropriate since the output-oriented DEA can provide insights on how banks 
can act to produce more outputs through better and more focused commercial strategies and 
marketing activities (Ouenniche & Carrales, 2018).

Under output-oriented Constant Returns to Scale (CRS), the linear programming problem’s dual 
formulation can be derived as follows: (Huguenin, 2012) 

Maximize ϕk

Subject to

ϕkyrk � ∑
n

j¼1
λjyrj � 0 r ¼ 1; . . . ; s

xik � ∑
n

j¼1
λjxij � 0 i ¼ 1; . . . ;m

λj � 0 "j ¼ 1; . . . ;n 

In which, 1=ϕk represents the efficiency of firm k and λj addresses the associated weighting of 
outputs and inputs of firm j. Besides the CRS model of DEA, there is also a scale assumption, 
namely Variable Returns to Scale (VRS), which is developed by Banker et al. (1984). This model 
implies that at different scales, DMUs can still be considered effective as having diverse changes in 
inputs and outputs (increasing or decreasing), see Figure 2. Under output-oriented Variable Returns 
to Scale (VRS), the linear programming problem’s dual formulation can be derived, following 
Huguenin (2012): 
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Maximize ϕk

Subject to

ϕkyrk � ∑
n

j¼1
λjyrj � 0 r ¼ 1; . . . ; s

xik � ∑
n

j¼1
λjxij � 0 i ¼ 1; . . . ;m

∑
n

j¼1
λj ¼ 1

λj � 0 "j ¼ 1; . . . ;n 

Bootstrap DEA method is a collection of analytical techniques based on the sample with replace
ment principle, first developed by Simar and Wilson (2000). Although the traditional DEA applica
tion provides some advantages, this method still contains some weaknesses. The scores resulting 
from traditional DEA method only provides the estimates rather than the confidence intervals. 
There are also some studies using bootstrap method to evaluate errors estimation (Hung et al., 
2010; Wanke et al., 2011). The bootstrap DEA method can provide more information and improve 
the properties of conventional DEA scores about the mean distribution, the confidence interval as 
well as the probability of the mean based on a single sample.

3.3.2. Truncated regression
In order to generate the efficiency level, different approaches can be applied in specific aspects of the 
research. Since the purpose of the paper is to investigate how strong relationship of variables can 
influence the efficiency scores, there are two approaches called one-step and two-step approach. 
Under one-step approach, the measurement of the efficiency level includes the environmental variables; 
meanwhile, the two-step approach provides the efficiency measurement in separated results then 
regressed by a set of explanatory variables (Sufian et al., 2016). The robust truncated regression model 
under one-step approach can be estimated using fixed, random or pooled effects, taking into account the 
study of (Wu et al., 2016). In addition, two-step approach is also a proper method when the efficiency 
scores are measured by DEA model (Badunenko & Tauchmann, 2019). Wilson and Simar (2007) found out 
that several studies widely used two-stage measurement where the banks ‘efficiency scores are treated 
as dependent variables. Therefore, they developed a procedure of applying truncated regression model. 
Since the range of DEA scores is from 0 to 1, truncated regression is more appropriate compared to 
traditional regression model.

Figure 2. CSR versus VRS effi
cient frontier (Source: 
Huguenin, 2012).
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4. Data analysis and discussion

4.1. Descriptive statistics
Bootstrap Data Envelopment Analysis is applied in this paper in connection with intermediation and 
operating approaches. The inputs and outputs set of DEA model under both approaches are collected 
during 2011–2019 period, from the banks’ financial statements. Table 3 and Table 4 will describe the 
general information of the data set, including mean, standard deviation, maximum and minimum value.

As can be seen from Table 3, the Interest Income accounts for a high proportion compared to other 
variables, with the maximum value of 106,468 billion VND. This means that during the examined period, 
commercial banks have done quite well in earning from lending their money to customers or to other 
financial institutions. On the contrary, the non-interest income remains at a small proportion of income 
structure. According to Minh Sang and Thi Thanh Tam (2018), even though non-interest income only 
accounts for a small part, it still brings a positive influence on bank’s profitability.

According to Table 4, we can observe that within 270 observations during the examined period, 
the deposits from customers and lending to customers have a huge proportion in banks’ operating 
activity. This result provides that banks have an abundant capital source as well as appropriately 
deal with their assets. In general, this information declares that the sample investigated in this 
paper includes different operating scales of banks.

From Table 5, there exists a decreasing trend in ETA. However, during the restructuring period, the ratio 
peaked at 11.59% in 2012 since most small-sized banks were trying to deal with bankruptcy or liquidity 
problems. In the following years, the ratio had a declining trend until 2018, afterwards there was a slight 
increase from 7.78% to 7.80% in 2019. In terms of loans, which is the main source for banks’ income due 
to the high interest rate charged on loans. The loan to deposit ratio decreased between 2011 and 2015; 
however, this ratio began to increase in the next four years from 83.76% in 2015 to 94.80% in 2019. 
According to Circular 13 issued by the State Bank of Vietnam, the maximum loan to deposit ratio for 

Table 3. Descriptive Statistics of Operating Approach data (Unit: Billion VND)
Variable Observations Mean Std. Dev. Min Max
Interest 
Expense

270 9,769 11,904 690.54 64,769

Non-interest 
Expense

270 4,088 5,366 106.82 27,959

Interest Income 270 15,538 19,624 984.33 106,468

Non-interest 
Income

270 2,275 3,500 (726.04) 19,985

Table 4. Descriptive Statistics of Intermediation Approach data (Unit: Billion VND)
Variable Observations Mean Std. Dev. Min Max
Customer 
Deposits

270 154,825 223,833 5,232 1,269,373

Fixed Assets 270 2,176 2,652 68.37 11,436

Operating 
Expense

270 3,439 4,435 208.35 24,594

Customer Loans 270 138,055 210,045 3,664 1,123,403

Operating 
Income

270 7,349 10,568 14.98 59,281

Investment 
Securities

270 33,141 35,935 819.63 167,530
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banks is 80% and for non-bank credit institutions is 85%. The higher the ratio, the more liquidity risk banks 
suffer. Under the restructuring plan in 2011–2015 period, the ratio reduced to protect banks from liquidity 
risk. On the other hand, this rate rose in the next period after the restructuring period, which means that 
banks nowadays are experiencing higher liquidity risk. This is risky for our banking system due to the 
unstable recent economy situation.

Table 5, Figure 3 also indicate the decreasing trend in ROAA which reached the minimum value 
at 0.44% in 2015, which is the lowest rate during the examined period. However, banking system 
experiences a positive sign in increasing this rate between 2016 and 2019, from 0.44% in 2015 to 
1.02% in 2019. This claims that banks have been dealing with utilizing their assets quite well, and 

Table 5. Descriptive statistics of Average CAMELS variables during 2011–2019
Variable 2011 2012 2013 2014 2015 2016 2017 2018 2019
E.TA 0.1072 0.1159 0.1041 0.0926 0.0881 0.0800 0.0746 0.0778 0.0779

LLR.TL 0.0129 0.0173 0.0132 0.0133 0.0154 0.0170 0.0167 0.0154 0.0141

C.IR 0.4704 0.5761 0.6318 0.6037 0.6017 0.5879 0.5631 0.5397 0.5150

GL.D 1.1725 0.9695 0.8976 0.8415 0.8376 0.8723 0.9207 0.9304 0.9480

ROAA 0.0107 0.0078 0.0059 0.0051 0.0044 0.0052 0.0069 0.0088 0.0102

1.08

0.79

0.60
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0.52
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Figure 3. Trend of CAMELS vari
ables during examined period.
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efficiently generate the profitability relative to average of total assets. Regarding to the ratio 
expense to income (CIR), the highest rate is 63.18% in 2013, then experiences the declining 
trend to 51.50% in 2019. This ratio shows the correlation between the bank’s cost and income. 
This ratio gives investors a clearer view of the organization’s performance. The smaller the ratio, 
the more efficiently the banks will operate. Therefore, it can be said that in 2011, banking system 
operated better compared to the following years. With regard to the Loan loss reserve to total 
loan, this ratio is used to measure the assets quality of the banks by determining the loan quality. 
From Table 5, it can be seen that this ratio suffers similar trend as CIR, reaching the peak in 2012 
with 1.73% and declines until 2015. After that, the ratio goes up to 1.70% in 2016 then con
tinuously drops to 1.41% in 2019.

4.2. Efficiency scores
Using R software, the tables in Appendix B and Appendix C provide the bootstrap efficiency scores 
of the sample of 30 commercial banks during 2011–2019 period. Applying operating and inter
mediation approach, the average range of efficiency scores shows that a group of “Big4” banks, 
including Vietinbank, BIDV, Agribank and Vietcombank gain the higher efficiency level compared to 
others, which fluctuates between 0.8 and 0.95, closely to 1. However, due to the unstable 
economy, few banks have efficiency equal to 1. It can be seen that some banks reach the lower 
efficiency level under one approach, and a higher level under the other (e.g KienLong bank in 
2019). This can be understandable because of different data sets of inputs and outputs, resulting in 
different efficiency scores which lead to contrasting range.

In the first period during 2011–2015, the world and domestic monetary circumstances were 
confounded, uncovering numerous insecurities, high inflation, slow economic growth. The stock 
market plummeted, the real estate market froze, the overall balance of payments was in deficit 
and the lending interest rate level was high. Many credit institutions have liquidity problems, poor 
governance, rising bad debts at alarming levels.

Especially in the context of 2011, before the restructuring of the banking system, inflation was at 
a high level, about 20%; interest rate was up to 26%; and interbank interest rate sometimes 
reached 35%. The commercial banking system falls into the danger of losing liquidity, not only for 
small banks. In the years 2011–2012, commercial banks raised interest rate, customers tried to 
withdraw their deposits from one bank to another. Short-term interest rates are higher than long- 
term rates, causing the standard curve of interest rates of the commercial banking system to 
collapse. Most commercial banks fell into an undisciplined situation when they rushed into the race 
of interest rates. In order to guarantee the safety and stability of the system and prevent break
downs and unsafety beyond the control of the State, the State Bank of Vietnam established the 
Vietnam Asset Management Company to deal with high levels of bad debts at many commercial 
banks, including bad debt for credit extension, for buying corporate bonds and for entrusting 
credit.

Regarding Variable Returns to Scale model for both approaches (see, Figure 4), the average level 
of efficiency reached its peak at 0.940 and 0.905 in 2012 for operating approach and intermedia
tion approach respectively. The figure also provides that efficiency level in both approaches suffers 
a decreasing trend between 2013 and 2016, then slightly increase in 2017. However, the increase 
did not last long, until 2019 the level continued to decline under operating approach.

The efficiency of banks in the period before restructuring was high, then declined due to the 
drawbacks from the economic crisis in 2007–2008 and the global economic recession in 2009. 
When commercial banks were restructured, the financial efficiency of commercial banks has not 
been improved immediately. In the first restructuring period from 2011 to 2015, financial efficiency 
experienced at higher level than in the second restructuring period from 2016 to 2020, the 
financial efficiency has been restored but not at the level before the restructuring.
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4.3. Correlation analysis and multicollinearity test
First, we apply Pearson’s Correlation to test whether there exists a significant relation between 
variables. From Table 6 and Table 7, the significant values are well presented at 10% (*) level. If the 
Pearson correlation coefficients are higher than 0.85, there might be the multicollinearity. 
The second step is to implement VIF to ensure that our regression model does not have multi
collinearity problem.

From Table 8, it can be observed that all the variables have VIF value smaller than 5, which 
means that multicollinearity problem does not exist.

2011 2012 2013 2014 2015 2016 2017 2018 2019

Operating 0.933 0.940 0.904 0.875 0.897 0.831 0.831 0.789 0.799

Intermediation 0.898 0.905 0.868 0.890 0.875 0.853 0.858 0.890 0.898

0.700

0.750

0.800

0.850

0.900

0.950

1.000

DEA Scores

Operating Intermediation

Figure 4. Bootstrap DEA scores 
of operating approach and 
intermediation approach.

Table 7. Pearson’s Correlation of Operating Approach
LogTA E.TA LLR C.IR GL.D ROAA Merger

LogTA 1

E.TA −.6898* 1

LLR −.0150 .1268* 1

C.IR −.0904 −.0372 .3258* 1

GL.D −.0094 .0817 .0251 −.0502 1

ROAA .1297* .2368* −.2885* −.5576* .1694* 1

Merger .2762* −.2441* .0212 −.0248 −.1693* −.1493* 1

Table 6. Pearson’s Correlation of Intermediation Approach
LogTA E.TA LLR C.IR GL.D ROAA Merger

LogTA 1

E.TA −.6898* 1

LLR −.0150 .1268* 1

C.IR −.0904 −.0372 .3258* 1

GL.D −.0094 .0817 .0251 −.0502 1

ROAA .1297* .2368* −.2885* −.5576* .1694* 1

Merger .2762* −.2441* .0212 −.0248 −.1693* −.1493* 1
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4.4. Regression results

4.4.1. Intermediation approach results
As can be seen from Table 9, the results from Robust truncated regression using STATA software 
show that within a set of explanatory variables, LogTA, C.I, and Merger have significant relationship 
with efficiency score at 1% significance level. Moreover, ROAA is also significant at 5% significance 
level. Merger has the negative impact on the efficiency level of the bank. If banks participate in 
M&A transactions (when merger equals 1), there is a decrease of nearly 6% in efficiency level. This 
result is consistent with the negative M&A effect on profit efficiency by Beccalli and Frantz (2009).

Meanwhile, if total assets increase by 1%, efficiency is expected to increase by 0.055/100 ceteris 
paribus. We also found the positive relation between Cost to Income and bank efficiency, which is 
not in line with Rostami (2015). In our paper, the loans ratio has no significant relation with banks’ 
efficiency. Therefore, if banks are viewed as intermediaries between savers and borrowers, they 
should not worry about potential liquidity problems. We also found that ROAA can help boost the 
banks’ efficiency.

4.4.2. Operating approach results
Under operating efficiency, most independent variables have significant relation with the efficiency level, 
except the LLR.TL (see Table 10). Compared to intermediation approach, the operating aspect has more 
control variables affecting the banks’ efficiency. More specifically, LogTA and E.TA are significant at 1% 
significance level, while others are significant at 5% significance level. In this case, LogTA, E.TA, CI, GL.D 
and ROAA have positive influence on efficiency level. Only merger has negative impact on the efficiency 
level, which is similar to the result under intermediation approach. If the banks join in M&A activities, the 
decrease in operating efficiency level accounts approximately for 4%.

Table 8. Variance-inflation-factor (VIF)
Variable VIF 1/VIF
E.TA 2.75 0.363226

LogTA 2.66 0.376290

ROAA 2.15 0.464470

C.IR 1.55 0.643743

LLR 1.28 0.779719

Merger 1.17 0.852484

GL.D 1.06 0.944928

Table 9. Truncated regression results from Intermediation approach
I_Eff Coef. Std. Err. P-value
Log_TA .055 .0179 0.002***

E.TA .0428 .228 0.851

LLR.TL .509 .554 0.359

C.I .004 .001 0.000***

GL.D .020 .045 0.657

ROAA 3.161 1.257 0.012**

Merger −.0599 .0186 0.001***

Const. .0879 .260 0.736

Note: “LogTA”: logarithm of total assets; “E.TA”: equity-to-total asset; “LLR.TL”: loan loss reserves to total loans; “CI”: 
cost-to-income ratio; “GL.D”: gross loan to deposits; “ROAA”: return-on-average-assets; “Merger”: dummy variable. 
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Meanwhile, if total assets increase by 1%, efficiency is expected to increase by 0.138/100 ceteris 
paribus. Compared to the results above, operating aspect shows similar relation between earning 
ability and management quality with the efficiency level. However, under operating approach, the 
capital adequacy can be taken into account to improve banking efficiency. The finding is consistent 
with Fiordelisi et al. (2011), which showed that the capital ratio can help increase banks’ efficiency. 
In addition, banks having better capital level tend to gain higher efficiency scores. We also found 
the positive relation between Cost to Income and bank efficiency, which is not in line with Rostami 
(2015). We also found that ROAA and loan ratio can help boost the banks’ efficiency.

4.4.3. Discussion
Overall, the results in both cases indicate that even if the banks participate in M&A transactions, they 
might suffer a slight decline in the efficiency level. This result can be explained due to the efficiency 
score trend during the examined period (see Appendix B and Appendix C). The scores do not always 
go up or go down, they fluctuate year-by-year. Although there are several banks experiencing the 
increase in efficiency score during the first phase of restructuring period (2011–2015), they still suffer 
the decreasing trend in the following years. This might be resulting from the instabilities of the 
banking system: our country’s economic structure and growth model also revealed many weak
nesses. However, the period when economic growth was unsustainable and tended to decrease along 
with high inflation rate, M&A transactions would become a better solution for saving banks from 
going bankrupt. After M&A, banks will have an increase in their assets and during the following years 
after the first phase of restructuring period, banks have been utilizing their assets quite well, which 
gives the increase in ROAA up to 1.02% in 2019. However, this ratio should be improved to 5% or 
higher in order to reach the sufficient rate of generating profits relative to total assets.

Moreover, under intermediation approach, banks are considered as intermediaries, whose effi
ciency is affected by the ratios expense to income CI and ROAA. They help improve the efficiency 
during the second restructuring phase at a higher level than operating approach, which viewed 
banks with a business perspective. This means that banks playing the role as intermediaries give 
good management quality. Meanwhile, most CAMELS variables significantly positively affect the 
efficiency thorough business perspective, which implies that banks should consider the CAMELS 
procedure to improve their efficiency level, especially to concentrate on earning from loans and 
capital funding without using debt.

5. Conclusions and recommendations
In summary, this paper aims to investigate the level of efficiency within 30 Vietnamese commer
cial banks during 2011–2019 period using bootstrap DEA model to measure the efficiency score 
under intermediation approach and operating approach. Then truncated regression is implemen
ted to figure out how M&A affects the level of banking efficiency.

Table 10. Truncated regression results from Operating approach
O_Eff Coef. Std. Err. P-value
Log_TA .138 .025 0.000***

E.TA 2.237 .335 0.000***

LLR.TL −1.005 .766 0.190

C.I .002 .001 0.030**

GL.D .049 .022 0.029**

ROAA 2.854 1.433 0.046 **

Merger −.041 .019 0.028**

Const. −1.292 .374 0.001

Note: “LogTA”: logarithm of total assets; “E.TA”: equity-to-total asset; “LLR.TL”: loan loss reserves to total loans; “CI”: 
cost-to-income ratio; “GL.D”: gross loan to deposits; “ROAA”: return-on-average-assets; “Merger”: dummy variable. 
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First, the results from DEA scores point out that in general, banks have higher efficiency level under 
intermediation approach than operating approach. The level of efficiency for the second phase of 
restructuring is lower than the first phase. M&A activities in the 2005–2010 period were promoted in 
order to change the model of joint stock commercial banks to comply with the provisions of the law 
on Credit Institutions, creating chances for banks to operate equally and avoiding market fragmenta
tion by administrative regulations. During this period, M&A took place under the main forms: foreign 
banks acquired domestic banks, or domestic commercial banks buy and sell shares from each other. 
The reality of the global banking industry shows that M&A is not only for restructuring when the 
system is weak, but also an effective tool for each economy to have strong financial institutions. In 
the project of Restructuring the banking system phase 2 (2016–2020), the government clearly stated 
the purpose of this policy is to handle and restructure credit institutions by encouraging M&A of small 
banks and small credit institutions to merge into other big banks. However, due to the barrier of 
ownership ratio, most banks still consider whether to join in M&A activities.

Second, in terms of truncated regression, the results show that M&A does not improve banks’ 
efficiency in a positive way under both approaches. However, there is only a slight decrease in the 
efficiency level. This might be resulting from the tendency of commercial banks joining in M&A 
activities in recent years, which is still quite modest compared to the potential market. M&A has 
just stopped at a solution that plays a role to save banks that are on the verge of bankruptcy, avoid 
the breakdown of the banking system. Our banking system also needs to face with the challenges 
such as the conflict of interest between shareholder groups of the acquirer and the merged banks; 
or the encountered problems of selling capital to foreign partners without losing state capital. In 
addition, the set of explanatory variables following CAMELS standards has more significant rela
tions with efficiency under operating than intermediation aspect. As a result, in both cases, the 
earning ability (return-on-average-asset) and the management quality (cost-to-income ratio) have 
positive impact on the efficiency of the banking system.

Therefore, it is essential to determine in which situations banks should consider undertaking 
M&A transactions. The efficiency level over the whole period is improved in one aspect (interme
diation) but limited in the other one (operating). With different data sets of inputs and outputs, the 
scores turn out to be at diverse range, they do not follow a specific trend. However, this results also 
indicate that the restructuring plan for the second phase should be examined carefully so that it 
can boost the competitiveness in banking industry for the following years. Business administration 
and management consider the limitation of the majority of Vietnamese commercial banks in the 
context of international integration, especially small-sized banks. Commercial banks are often 
confused in planning M&A strategies, in orientating and defining goals, leading to the confusion 
in choosing the right partner. Another recommendation is that the government should develop 
detailed guidelines as a framework for linking legal documents to regulate all aspects of the M&A 
implementation process. For the sake of their own bank shareholders, banks sometimes provide 
inaccurate financial information (actual bad debts) to partners. This sometimes prevents the 
merger process and causes distrust among banks which are planning to participate in M&A. In 
addition, it is necessary to build disciplines forcing parties participating in M&A to disclose trans
parent and accurate information sources. Hence, this can support the parties to accurately assess 
and analyze their financial capacity and opportunities for cooperation in M&A decision making.

6. Limitations
The paper contributes to the effect of M&A on banking efficiency. However, it still includes some 
flawed assessments. Since the M&A activities took place in the past mainly according to the 
orientation and arrangement of the State Bank of Vietnam, the success of such activity requires 
commercial banks to voluntarily participate in M&A. The research only focused on commercial 
banks; hence the results do not perfectly describe the overall of the banking system. In addition, 
due to the lack of available data, there also exists a limitation in sample size. For further 
investigation, more banks (e.g., foreign banks) should be included in testing the efficiency level.
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In terms of scores measuring, the data set of inputs and outputs depends on the approaches of 
the research. During the data collecting process, it may appear some negative values. Therefore, in 
order to apply DEA model properly, a constant value should be added to create positive inputs and 
outputs without changing the results. Moreover, measuring scores is one of the important steps to 
indicate the impact of explanatory variables on the level of efficiency, and how strongly the 
relation match under regression. Following CAMELS standards, further research should include 
the “sensitivity” factor as well as apply different approaches such as production and value-added 
in order to evaluate banks’ performance in various aspects. Additionally, this paper only applies 
output-oriented to measure the efficiency, future studies can take input-oriented approach under 
consideration, which may find the consistent motives of M&A in our banking system.
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Appendix A. List of Commercial Banks

No. Ticker Name
1 ABB An Binh Commercial Joint Stock Bank

2 ACB Asia Commercial Bank

3 Agribank Vietnam Bank for Agriculture and Rural Development

4 Bac A Bac A Commercial Joint Stock Bank

5 BID JSC Bank for Investment and Development of Vietnam

6 CTG Vietnam Joint Stock Commercial Bank for Industry and Trade

7 EIB Vietnam Commercial Joint Stock Export-Import Bank

8 HDbank HCM Development Joint Stock Commercial Bank

9 KLB Kien Long Commercial Joint Stock Bank

10 Lien Viet Lien Viet Post Joint Stock Commercial Bank

11 MBB Military Commercial Joint Stock Bank

12 MSB Vietnam Maritime Commercial Joint Stock Bank

13 Nam A Nam A Commercial Joint Stock Bank

14 NCB National Citizen Commercial Joint Stock Bank

15 OCB Orient Commercial Joint Stock Bank

16 PGbank Petrolimex Group Commercial Joint Stock Bank

17 PVCombank Vietnam Public Joint Stock Commercial Bank

18 SCB Saigon Joint Stock Commercial Bank

19 SEAbank Southeast Asia Commercial Joint Stock Bank

20 SGB Saigon Bank for Industry and Trade

21 SHB Saigon - Hanoi Commercial Joint Stock Bank

22 STB Saigon Thuong Tin Commercial Joint Stock Bank

23 TCB Vietnam Technological and Commercial Joint Stock Bank

24 TPbank Tien Phong Commercial Joint Stock Bank

25 VCB Joint Stock Commercial Bank for Foreign Trade of Vietnam

26 VIB Vietnam International Commercial Joint Stock Bank

27 Viet A bank Vietnam Asia Commercial Joint Stock Bank

28 Vietbank Vietnam Thuong Tin Commercial Joint Stock Bank

29 VietCapital bank Viet Capital Bank Commercial Joint Stock Bank

30 VPB Vietnam Prosperity Joint Stock Commercial Bank
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Appendix B. Bootstrap DEA scores of 30 commercial banks during 2011–2015

2011 2012 2013 2014 2015

Ope. Inter. Ope. Inter. Ope. Inter. Ope. Inter. Ope. Inter.
ABB 0.9541 0.8156 0.8951 0.7749 0.7970 0.6871 0.7631 0.7431 0.8012 0.7573

ACB 0.9416 0.8026 0.9671 0.7967 0.8851 0.9156 0.8772 0.8578 0.9083 0.8008

Agribank 0.9797 0.9286 0.9719 0.9373 0.9155 0.9170 0.9123 0.9323 0.9835 0.9160

Bac A 0.9559 0.9327 0.9599 0.9306 0.9447 0.9105 0.9459 0.9255 0.9473 0.9183

BID 0.9365 0.9333 0.9595 0.9384 0.9388 0.9093 0.9356 0.9311 0.9391 0.9217

CTG 0.9629 0.9439 0.9750 0.9413 0.9621 0.9346 0.8906 0.9542 0.9462 0.9415

EIB 0.9647 0.7652 0.9778 0.9577 0.8920 0.9457 0.7855 0.9028 0.8287 0.7717

HDbank 0.8984 0.9474 0.9776 0.9715 0.9357 0.8083 0.8504 0.7522 0.8690 0.8274

KLB 0.9589 0.8943 0.9689 0.9359 0.9514 0.9173 0.9491 0.8197 0.9327 0.7683

Lien Viet 0.9670 0.9250 0.9161 0.9453 0.8623 0.7485 0.7659 0.9269 0.8680 0.8886

MBB 0.9729 0.9532 0.9633 0.9346 0.9505 0.9125 0.9410 0.9306 0.9620 0.9496

MSB 0.9577 0.9322 0.9221 0.9600 0.7982 0.7039 0.9239 0.9247 0.9291 0.9205

Nam A 0.9615 0.8714 0.9566 0.8938 0.9382 0.9173 0.8086 0.9136 0.9205 0.8546

NCB 0.8716 0.7976 0.8219 0.9703 0.7897 0.7184 0.7716 0.7244 0.7517 0.7444

OCB 0.9059 0.9595 0.9322 0.9160 0.9529 0.9532 0.8495 0.9571 0.8200 0.9606

PGbank 0.9626 0.9574 0.9655 0.9374 0.8663 0.9195 0.8385 0.8048 0.9595 0.9130

PVCombank 0.9548 0.8092 0.9556 0.9372 0.9348 0.9140 0.9208 0.7751 0.9438 0.7799

SCB 0.9548 0.9471 0.9613 0.8593 0.9403 0.6718 0.9199 0.9312 0.9293 0.9336

SEAbank 0.8906 0.9546 0.9703 0.9389 0.8242 0.9474 0.7857 0.9434 0.7829 0.8833

SGB 0.9521 0.8215 0.9599 0.9361 0.9329 0.9138 0.9176 0.9275 0.9280 0.8363

SHB 0.8885 0.9529 0.9320 0.7300 0.8758 0.7816 0.9070 0.9541 0.9436 0.9488

STB 0.9450 0.7449 0.9700 0.7545 0.9575 0.9277 0.9555 0.9274 0.8715 0.7266

TCB 0.9625 0.9545 0.8547 0.8862 0.8428 0.9142 0.9327 0.9149 0.9393 0.9245

TPbank 0.7170 0.9581 0.9596 0.9349 0.9395 0.9129 0.8233 0.9263 0.8080 0.9197

VCB 0.9579 0.9490 0.9659 0.9465 0.9549 0.9305 0.9211 0.9504 0.9323 0.9380

VIB 0.9078 0.9313 0.9672 0.9388 0.9118 0.9072 0.9480 0.9300 0.8272 0.9186

Viet A bank 0.9302 0.9314 0.8884 0.7457 0.8054 0.8244 0.7637 0.9265 0.8401 0.9376

Vietbank 0.9337 0.8081 0.8488 0.9650 0.9476 0.7958 0.8292 0.7865 0.9273 0.8439

VietCapital bank 0.9526 0.8879 0.9759 0.8986 0.9359 0.8659 0.9193 0.8861 0.9363 0.8960

VPB 0.8867 0.9305 0.8668 0.9491 0.9219 0.9121 0.8859 0.9345 0.9305 0.9216
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Appendix C. Bootstrap DEA scores of 30 commercial banks during 2016-2019

2016 2017 2018 2019

Ope. Inter. Ope. Inter. Ope. Inter. Ope. Inter.

ABB 0.7521 0.7309 0.7521 0.7499 0.7111 0.8956 0.7406 0.8156

ACB 0.8407 0.8166 0.8407 0.9114 0.8372 0.7817 0.8047 0.8026

Agribank 0.8884 0.9044 0.8884 0.9129 0.8975 0.9251 0.8852 0.9286

Bac A 0.9081 0.9016 0.9081 0.9099 0.8848 0.9269 0.9012 0.9327

BID 0.8789 0.9114 0.8789 0.9232 0.9192 0.9236 0.8928 0.9333

CTG 0.9145 0.9496 0.9145 0.9373 0.8146 0.9456 0.9035 0.9439

EIB 0.7685 0.8038 0.7685 0.8039 0.7093 0.7984 0.7027 0.7652

HDbank 0.8018 0.7355 0.8018 0.8105 0.8710 0.8978 0.8895 0.9474

KLB 0.8452 0.7958 0.8452 0.8022 0.6477 0.8651 0.6185 0.8943

Lien Viet 0.8959 0.8104 0.8959 0.7520 0.7865 0.9448 0.8032 0.9250

MBB 0.9016 0.8617 0.9016 0.7803 0.8847 0.8262 0.9038 0.9532

MSB 0.9270 0.9066 0.9270 0.9088 0.6846 0.9245 0.7312 0.9322

Nam A 0.8331 0.6916 0.8331 0.9416 0.7325 0.8693 0.7359 0.8714

NCB 0.7004 0.9238 0.7004 0.7900 0.6152 0.9311 0.6994 0.7976

OCB 0.7510 0.8784 0.7510 0.8006 0.8742 0.9548 0.9032 0.9595

PGbank 0.8436 0.9240 0.8436 0.9385 0.8924 0.9256 0.8698 0.9574

PVCombank 0.7375 0.6780 0.7375 0.7487 0.6547 0.7338 0.6734 0.8092

SCB 0.7682 0.9088 0.7682 0.9257 0.6990 0.9466 0.7162 0.9471

SEAbank 0.8933 0.9040 0.8933 0.9196 0.8667 0.9674 0.8717 0.9546

SGB 0.8946 0.8076 0.8946 0.8307 0.8698 0.8158 0.8678 0.8215

SHB 0.8365 0.9297 0.8365 0.9145 0.8082 0.9512 0.8312 0.9529

STB 0.6896 0.6665 0.6896 0.6666 0.7169 0.6923 0.7014 0.7449

TCB 0.8958 0.9206 0.8958 0.9114 0.8669 0.9272 0.8709 0.9545

TPbank 0.8072 0.9071 0.8072 0.9095 0.7921 0.9309 0.8461 0.9581

VCB 0.8979 0.9510 0.8979 0.8772 0.8788 0.9535 0.8874 0.9490

VIB 0.8334 0.9076 0.8334 0.9104 0.8247 0.9282 0.8293 0.9313

Viet A bank 0.7312 0.9073 0.7312 0.9151 0.7504 0.9263 0.7251 0.9314

Vietbank 0.8277 0.8276 0.8277 0.8053 0.6742 0.8190 0.6716 0.8081

VietCapital bank 0.7839 0.8134 0.7839 0.8306 0.6444 0.8444 0.6312 0.8879

VPB 0.8949 0.9071 0.8949 0.9122 0.8636 0.9257 0.8694 0.9305
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Appendix D. VIF values

Appendix E. Truncated Regression of Intermediation Approach
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Appendix F. Truncated Regression of Operating Approach
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Appendix G. Bootstrap DEA scores from RStudio
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