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Abstract

Purpose: This paper analysed the performance of the Vietnamese banking system (2008-2023) regarding
two important research questions of (i) whether the banks operated under a convex or non-convex
production technology and (ii) whether classifying the banks into different groups using a classification
tree technique can offer more insights into their performance, which has not been examined before.

Design/methodology/approach: This study followed the Efficiency Analysis Tree (EAT) approach to
cluster the sampled banks into different leaves and then examine their efficiency accordingly.

Findings: The results showed that the production technology for Vietnamese banks is non-convex, and
therefore, it would be more appropriate to use FDH-based approaches like EAT to examine their efficiency.
Accordingly, the study found that, after a recovery from the Global Financial Crisis in 2007, the average
efficiency of Vietnamese banks started to drop in 2012 and reached its bottom in 2021 amid the recent
COVID-19 pandemic. However, a sharp bounce back to about 75 percent efficiency score in 2023
indicates a brighter future for the system.

Research implications: The study suggests managers and policymakers should focus on banks in the
low-performance EAT tree leaves. These banks are potentially more susceptible to shocks in the banking
system. Addressing these banks’ inefficiencies could contribute to overall system stability and resilience.
It makes this study an important application in the field of Decision Science.

Originality/value: This study is the first to examine the performance of Vietnamese banks using the most
up-to-date data, using the non-convex Efficiency Analysis Tree (EAT) approach.

Keywords: non-convex; efficiency analysis tree (EAT); performance; Vietnam; banks.

JEL classifications: C61, G21



References

Aiello, F., & Bonanno, G. (2016). Efficiency in banking: a meta-regression analysis. International Review
of Applied Economics, 30(1), 112-149. https://doi.org/10.1080/02692171.2015.1070131

Altman, E. I. (1968). Financial ratios, discriminant analysis and the prediction of corporate bankruptcy.
Journal of Finance, 23(4), 589-609.

Ang, F., Kerstens, K., & Sadeghi, J. (2023). Energy productivity and greenhouse gas emission intensity
in Dutch dairy farms: A Hicks—Moorsteen by-production approach under non-convexity and
convexity with equivalence results. Journal of Agricultural Economics, 74(2), 492-509.
https://doi.org/10.1111/1477-9552.12511

AusCham Vietnam. (2023). VIETCOMBANK — Leading bank in Vietnam. The Australian Chamber of
Commerce in Vietnam (AusCham). https://auschamvn.org/news/vietcombank-leading-bank-
vietham

Banker, R. D., Charnes, A., & Cooper, W. W. (1984). Some models for estimating technical and scale
inefficiencies in data envelopment analysis. Management Science, 30(9), 1078-1092.

Barbosa, F., Rampazzo, P. C. B., Yamakami, A., & Camanho, A. S. (2019). The use of frontier techniques
to identify efficient solutions for the Berth Allocation Problem solved with a hybrid evolutionary
algorithm. Computers & Operations Research, 107, 43-60.

Barth, J. R., Lin, C., Ma, Y., Seade, J., & Song, F. M. (2013). Do bank regulation, supervision and
monitoring enhance or impede bank efficiency? Journal of Banking & Finance, 37(8), 2879-2892.

Beaver, W. H. (1966). Financial ratios as predictors of failure. Journal of Accounting Research, 4, 71-111.
http://www.jstor.org/stable/2490171

Beccalli, E., Anolli, M., & Borello, G. (2015). Are European banks too big? Evidence on economies of
scale. Journal of Banking & Finance, 58, 232-246. https://doi.org/10.1016/].jbankfin.2015.04.014

Benston, G. J. (1972). Economies of Scale of Financial Institutions. Journal of Money, Credit and Banking,
4(2), 312-341. http://www.jstor.org/stable/1991041

Berger, A. N., & Humphrey, D. B. (1997). Efficiency of financial institutions: International survey and
directions for future research. European Journal of Operational Research, 98(2), 175-212.

Borger, B. D., Ferrier, G. D., & Kerstens, K. (1998). The choice of a technical efficiency measure on the
free disposal hull reference technology: A comparison using US banking data. European Journal
of Operational Research, 105(3), 427-446. https://doi.org/https://doi.org/10.1016/S0377-
2217(97)00080-5

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

Boubaker, S., Le, T. D. Q., Manita, R., & Ngo, T. (2025). The trade-off frontier for ESG and Sharpe ratio:
a bootstrapped double-frontier data envelopment analysis. Annals of Operations Research, 347,
717-741. https://doi.org/10.1007/s10479-023-05506-z

Boubaker, S., Le, T. D. Q., & Ngo, T. (2022). Managing bank performance under COVID-19: A novel
inverse DEA efficiency approach. International Transactions in Operational Research, 30, 2436-
2452. https://doi.org/10.1111/itor.13132



https://doi.org/10.1080/02692171.2015.1070131
https://doi.org/10.1111/1477-9552.12511
https://auschamvn.org/news/vietcombank-leading-bank-vietnam
https://auschamvn.org/news/vietcombank-leading-bank-vietnam
http://www.jstor.org/stable/2490171
https://doi.org/10.1016/j.jbankfin.2015.04.014
http://www.jstor.org/stable/1991041
https://doi.org/https:/doi.org/10.1016/S0377-2217(97)00080-5
https://doi.org/https:/doi.org/10.1016/S0377-2217(97)00080-5
https://doi.org/10.1007/s10479-024-05831-x
https://doi.org/10.1007/s10479-023-05506-z
https://doi.org/10.1111/itor.13132

Boubaker, S., Le, T. D. Q., Ngo, T., & Manita, R. (2025). Predicting the performance of MSME:s: a hybrid
DEA-machine learning approach. Annals of Operations Research, 350, 555-577.
https://doi.org/10.1007/s10479-023-05230-8

Boubaker, S., Ngo, T., Samitas, A., & Tripe, D. (2024). An MCDA composite index of bank stability
using CAMELS ratios and shannon entropy. Annals of Operations Research.
https://doi.org/10.1007/s10479-024-06023-3

Breiman, L., Friedman, J. H., Olshen, R. A., & Stone, C. J. (1984). Classification and regression trees (1
ed.). Routledge.

Casu, B., & Molyneux, P. (2003). A comparative study of efficiency in European banking. Applied
Economics, 35(17), 1865-1876. http://dx.doi.org/10.1080/0003684032000158109

Charnes, A., Cooper, W. W., & Rhodes, E. (1978). Measuring the efficiency of decision making units.
European Journal of Operational Research, 2(6), 429-444.

Cooper, W. W, Seiford, L. M., & Tone, K. (2006). Data Envelopment Analysis: A Comprehensive Text
with Models, Applications, References, And DEA-Solver Software (2nd ed.). Springer

Dang, V. D., & Huynh, J. (2022). Bank funding, market power, and the bank liquidity creation channel of
monetary policy. Research in International Business and Finance, 59, 101531.
https://doi.org/https://doi.org/10.1016/].ribaf.2021.101531

Da Silva, T., Martins-Filho, C., & Ribeiro, E. (2016). A comparison of nonparametric efficiency
estimators: DEA, FDH, DEAC, FDHC, order-m and quantile. Economics Bulletin, 36(1), 118-131.
https://EconPapers.repec.org/RePEc:ebl:ecbull:eb-15-00306

Dekker, D., & Post, T. (2001). A quasi-concave DEA model with an application for bank branch
performance evaluation. European Journal of Operational Research, 132(2),296-311.

Deprins, D., Simar, L., & Tulkens, H. (1984). Measuring Labor-Efficiency in Post Offices. In M.
Marchand, P. Pestieau, & H. Tulkens (Eds.), The Performance of Public Enterprises: Concepts
and Measurements (pp. 243-247). Elsevier.

Doumpos, M., Zopounidis, C., Gounopoulos, D., Platanakis, E., & Zhang, W. (2023). Operational

research and artificial intelligence methods in banking. European Journal of Operational Research,
306(1), 1-16. https://doi.org/https://doi.org/10.1016/j.ejor.2022.04.027

Egozcue, M., Garcia, L. F., Wong, W.-K., & Zitikis, R. (2011). Do investors like to diversify? A study of
Markowitz preferences. European Journal of Operational Research, 215(1), 188-193.
https://doi.org/https://doi.org/10.1016/].ejor.2011.05.034

Esteve, M., Aparicio, J., Rabasa, A., & Rodriguez-Sala, J. J. (2020). Efficiency analysis trees: A new
methodology for estimating production frontiers through decision trees. Expert Systems with
Applications, 162, 113783. https://doi.org/https://doi.org/10.1016/j.eswa.2020.113783

Esteve, M., Aparicio, J., Rodriguez-Sala, J. J., & Zhu, J. (2023). Random Forests and the measurement of
super-efficiency in the context of Free Disposal Hull. European Journal of Operational Research,
304(2), 729-744.

Farrell, M. J. (1957). The measurement of productive efficiency. Journal of the Royal Statistical Society,
120(3), 253-281.



https://doi.org/10.1007/s10479-023-05230-8
https://doi.org/10.1007/s10479-024-06023-3
http://dx.doi.org/10.1080/0003684032000158109
https://doi.org/https:/doi.org/10.1016/j.ribaf.2021.101531
https://econpapers.repec.org/RePEc:ebl:ecbull:eb-15-00306
https://doi.org/https:/doi.org/10.1016/j.ejor.2022.04.027
https://doi.org/https:/doi.org/10.1016/j.ejor.2011.05.034
https://doi.org/https:/doi.org/10.1016/j.eswa.2020.113783

Feki, A., Ishak, A. B., & Feki, S. (2012). Feature selection using Bayesian and multiclass Support Vector
Machines approaches: Application to bank risk prediction. Expert Systems with Applications, 39(3),
3087-3099. https://doi.org/https://doi.org/10.1016/j.eswa.2011.08.172

Ferrari, A., & Tran, V. H. T. (2021). Banking, transition and financial reforms: a long-term analysis of
Vietnam. Journal of Banking Regulation, 22(1), 1-10. https://doi.org/10.1057/s41261-020-00123-
3

FinanceAsia. (2024). Winner Spotlight: Techcombank. FinanceAsia.
https://www.financeasia.com/article/winner-spotlight-techcombank/496892

Gorman, J. A. (1969). Alternative measures of the real output and productivity of commercial banks. In
V. R. Fuchs (Ed.), Production and Productivity in the Service Industries (pp. 155-200). National
Bureau of Economic Research (NBER).

Greenbaum, S. 1., Thakor, A. V., & Boot, A. W. A. (2019). Contemporary Financial Intermediation (4
ed.). Academic Press.

Guillen, M. D., Aparicio, J., & Esteve, M. (2023a). Gradient tree boosting and the estimation of production
frontiers. Expert Systems with Applications, 214, 119134,
https://doi.org/https://doi.org/10.1016/j.eswa.2022.119134

Guillen, M. D., Aparicio, J., & Esteve, M. (2023b). Performance evaluation of decision-making units

through boosting methods in the context of free disposal hull: Some exact and heuristic algorithms.
International Journal of Information Technology & Decision Making, 1-30.

Halme, M., Korhonen, P., & Eskelinen, J. (2014). Non-convex value efficiency analysis and its application
to bank branch sales evaluation. OMEGA, 48, 10-18.
https://doi.org/https://doi.org/10.1016/j.omega.2014.04.002

Hammami, H., Ngo, T., Tripe, D., & Vo, D.-T. (2022). Ranking with a Euclidean common set of weights
in data envelopment analysis: with application to the Eurozone banking sector. Annals of
Operations Research, 311, 675-694. https://doi.org/10.1007/s10479-020-03759-6

Ho, T. H., Nguyen, D. T., Luu, T. B, Le, T. D. Q., & Ngo, T. (2023). Bank performance during the
COVID-19 pandemic: does income diversification help? Journal of Applied Economics, 26(1),
2222964. https://doi.org/10.1080/15140326.2023.2222964

Ho, T. H., Nguyen, D. T., Ngo, T., & Le, T. D. (2021). Efficiency in Vietnamese Banking: A Meta-
Regression Analysis Approach. [International Journal of Financial Studies, 9(3), 41.
https://www.mdpi.com/2227-7072/9/3/41

Horrigan, J. O. (1965). Some Empirical Bases of Financial Ratio Analysis. Accounting Review, 40(3),
558-568. http://www.jstor.org/stable/243060

Horrigan, J. O. (1968). A short history of financial ratio analysis. Accounting Review, 43(2), 284-294.

International Monetary Fund. (2018). Vietnam: Credit Growth and Asset Market Valuations (Vol. 2018).
https://doi.org/10.5089/9781484367216.002.A002

Joro, T., & Korhonen, P. J. (2015). Extension of Data Envelopment Analysis with Preference Information:
Value Efficiency. Springer US. https://doi.org/10.1007/978-1-4899-7528-7 10

Kerstens, K., Azadi, M., Kazemi Matin, R., & Farzipoor Saen, R. (2024). Double hedonic price-
characteristics frontier estimation for IoT service providers in the industry 5.0 era: A nonconvex



https://doi.org/https:/doi.org/10.1016/j.eswa.2011.08.172
https://doi.org/10.1057/s41261-020-00123-3
https://doi.org/10.1057/s41261-020-00123-3
https://www.financeasia.com/article/winner-spotlight-techcombank/496892
https://doi.org/https:/doi.org/10.1016/j.eswa.2022.119134
https://doi.org/https:/doi.org/10.1016/j.omega.2014.04.002
https://doi.org/10.1007/s10479-020-03759-6
https://doi.org/10.1080/15140326.2023.2222964
https://www.mdpi.com/2227-7072/9/3/41
http://www.jstor.org/stable/243060
https://doi.org/10.5089/9781484367216.002.A002
https://doi.org/10.1007/978-1-4899-7528-7_10

perspective  accommodating ratios. European Journal of Operational Research.
https://doi.org/https://doi.org/10.1016/].ejor.2024.05.047

Kerstens, K., O'Donnell, C., & Van de Woestyne, 1. (2019). Metatechnology frontier and convexity: A
restatement.  European  Journal  of  Operational  Research, 275(2), 780-792.
https://doi.org/10.1016/j.ejor.2018.11.064

Kerstens, K., Sadeghi, J., & Van de Woestyne, 1. (2019). Convex and nonconvex input-oriented technical
and economic capacity measures: An empirical comparison. European Journal of Operational
Research, 276(2), 699-709. https://doi.org/https://doi.org/10.1016/j.ejor.2019.01.014

Koopmans, T. C. (Ed.). (1951). Activity analysis of production and allocation [Proceedings of a
Conference]. John Wiley & Sons, Inc.

Kotsiantis, S. B., Zaharakis, 1., & Pintelas, P. (2007). Supervised machine learning: A review of
classification techniques. Emerging artificial intelligence applications in computer engineering,
160(1), 3-24.

Kounetas, K. E., Polemis, M. L., & Tzeremes, N. G. (2021). Measurement of eco-efficiency and
convergence: Evidence from a non-parametric frontier analysis. European Journal of Operational
Research, 291(1), 365-378.

Kryzanowski, L., Liu, J., & Zhang, J. (2023). Effect of COVID-19 on non-performing loans in China.
Finance Research Letters, 52, 103372. https://doi.org/https://doi.org/10.1016/j.1r1.2022.103372

Kumar, A., Shrivastav, S. K., & Mukherjee, K. (2022). Performance evaluation of Indian banks using
feature selection data envelopment analysis: A machine learning perspective. Journal of Public
Affairs, 22(4), €2686. https://doi.org/https://doi.org/10.1002/pa.2686

Kwon, H.-B., & Lee, J. (2015). Two-stage production modeling of large U.S. banks: A DEA-neural
network  approach.  Expert  Systems  with  Applications,  42(19), 6758-6766.
https://doi.org/10.1016/j.eswa.2015.04.062

Le,B. T., Mai, X. T. T., Ngo, T., & Le, T. D. Q. (2024). Estimating the International Cocaine Market: A
Novel Combination of Excess Compensation and Stochastic Frontier Analysis. Asian Journal of
Law and Economics, 15(3), 411-431. https://doi.org/doi:10.1515/ajle-2023-0129

Le, C., Sevié, A., G. Tzeremes, P., & Ngo, T. (2022). Bank efficiency in Vietnam: Do scale expansion
strategies and non-performing loans matter? International Journal of Finance & Economics, 27,
822-843. https://doi.org/10.1002/ijfe.2179

Le, M., Hoang, V.-N., Wilson, C., & Ngo, T. (2020). Risk-adjusted efficiency and bank size in a
developing economy: an analysis of Vietnamese banks. Journal of Economic Studies, 47(2), 386-
404. https://doi.org/10.1108/JES-12-2018-0425

Le, T. (2021). Can foreign ownership reduce bank risk? Evidence from Vietnam. Review of Economic
Analysis, 13(2), 1-24.

Le, T., Ho, T. H., Ngo, T., Nguyen, D. T., & Tran, S. H. (2022). A Dataset for the Vietnamese Banking
System (2002-2021). Data, 7(9), 120. https://doi.org/10.3390/data7090120

Le, T., Ho, T. N. T., 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



https://doi.org/https:/doi.org/10.1016/j.ejor.2024.05.047
https://doi.org/10.1016/j.ejor.2018.11.064
https://doi.org/https:/doi.org/10.1016/j.ejor.2019.01.014
https://doi.org/https:/doi.org/10.1016/j.frl.2022.103372
https://doi.org/https:/doi.org/10.1002/pa.2686
https://doi.org/10.1016/j.eswa.2015.04.062
https://doi.org/doi:10.1515/ajle-2023-0129
https://doi.org/10.1002/ijfe.2179
https://doi.org/10.1108/JES-12-2018-0425
https://doi.org/10.3390/data7090120
https://doi.org/10.1080/23322039.2022.2127485

Le, T., & Ngo, T. (2020). The determinants of bank profitability: A cross-country analysis. Central Bank
Review, 20(2), 65-73. https://doi.org/10.1016/].cbrev.2020.04.001

Le, T.,Ngo, T., Ho, T. H., & Nguyen, D. T. (2022). ICT as a Key Determinant of Efficiency: A Bootstrap-
Censored Quantile Regression (BCQR) Analysis for Vietnamese Banks. International Journal of
Financial Studies, 10(2), 44. https://www.mdpi.com/2227-7072/10/2/44

Le, T. D. Q. (2017). The interrelationship between net interest margin and non-interest income: evidence

from Vietnam. [International Journal of Managerial Finance, 13(5), 521-540.
https://doi.org/10.1108/IJMF-06-2017-0110

Lee, C.-Y., & Cai, J.-Y. (2020). LASSO variable selection in data envelopment analysis with small
datasets. OMEGA, 91, 102019. https://doi.org/10.1016/j.omega.2018.12.008

Leung, P.-L., Ng, H.-Y., & Wong, W.-K. (2012). An improved estimation to make Markowitz’s portfolio
optimization theory users friendly and estimation accurate with application on the US stock market

investment.  European  Journal  of  Operational  Research, 222(1), 85-95.
https://doi.org/https://doi.org/10.1016/j.ejor.2012.04.003

Li, Y. (2020). Analyzing efficiencies of city commercial banks in China: An application of the
bootstrapped DEA approach. Pacific-Basin Finance Journal, 62, 101372.

Li, Z., Feng, C., & Tang, Y. (2022). Bank efficiency and failure prediction: a nonparametric and dynamic
model based on data envelopment analysis. Annals of Operations Research, 315(1), 279-315.
https://doi.org/10.1007/s10479-022-04597-4

Liu,J. S.,Lu, L. Y. Y., Lu, W.-M., & Lin, B. J. Y. (2013). A survey of DEA applications. OMEGA, 41(5),
893-902. http://www.sciencedirect.com/science/article/pii/S0305048312002186

Lopez Iturriaga, F. J., & Sanz, I. P. (2015). Bankruptcy visualization and prediction using neural networks:
A study of U.S. commercial banks. Expert Systems with Applications, 42(6), 2857-2869.
https://doi.org/https://doi.org/10.1016/j.eswa.2014.11.025

Lozano-Vivas, A., & Pasiouras, F. (2010). The impact of non-traditional activities on the estimation of
bank efficiency: International evidence. Journal of Banking & Finance, 34(7), 1436-1449.

Mai, X. T. T., Nguyen, H. T. N., Ngo, T., Le, T. D. Q., & Nguyen, L. P. (2023). Efficiency of the Islamic
Banking Sector: Evidence from Two-Stage DEA Double Frontiers Analysis. /nternational Journal
of Financial Studies, 11(1), 32. https://www.mdpi.com/2227-7072/11/1/32

Mann, H. B., & Whitney, D. R. (1947). On a Test of Whether one of Two Random Variables is
Stochastically Larger than the Other. The Annals of Mathematical Statistics, 18(1), 50-60, 11.
https://doi.org/10.1214/aoms/1177730491

Martens, W., & Bui, C. N. M. (2024). Does intellectual capital enhance firm efficiency? Evidence from
Vietnam's banking sector. International Journal of Business Performance Management, 25(2),
187-218. https://doi.org/10.1504/ijbpm.2024.137032

Mas-Colell, A. (2018). Non-convexity. In Macmillan Publishers Ltd (Ed.), The New Palgrave Dictionary
of Economics (pp. 9547-9559). Palgrave Macmillan. https://doi.org/10.1057/978-1-349-95189-
5 1541



https://doi.org/10.1016/j.cbrev.2020.04.001
https://www.mdpi.com/2227-7072/10/2/44
https://doi.org/10.1108/IJMF-06-2017-0110
https://doi.org/10.1016/j.omega.2018.12.008
https://doi.org/https:/doi.org/10.1016/j.ejor.2012.04.003
https://doi.org/10.1007/s10479-022-04597-4
http://www.sciencedirect.com/science/article/pii/S0305048312002186
https://doi.org/https:/doi.org/10.1016/j.eswa.2014.11.025
https://www.mdpi.com/2227-7072/11/1/32
https://doi.org/10.1214/aoms/1177730491
https://doi.org/10.1504/ijbpm.2024.137032
https://doi.org/10.1057/978-1-349-95189-5_1541
https://doi.org/10.1057/978-1-349-95189-5_1541

Michali, M., Emrouznejad, A., Dehnokhalaji, A., & Clegg, B. (2023). Subsampling bootstrap in network
DEA. European Journal of  Operational Research, 305(2), 766-780.
https://doi.org/https://doi.org/10.1016/j.ej0r.2022.06.022

Mishkin, F. S. (2021). The Economics of Money, Banking, and Financial Markets (13 ed.). Pearson.

M. Johari, S., Wong, W.-K., & Fitri Ayu L.C, A. R. (2022). Driven Determinants to Indonesia Sharia
Commercial Banks' Performance: The Important Role of Diversification Strategy. Advances in
Decision Sciences, 26(2), 64-96. https://doi.org/10.47654/v26y202212p64-96

Ngo, T. (2015). Efficiency of the banking system in Vietnam under financial liberalization Massey
University]. Palmerston North, New Zealand.

Ngo, T., & Le, T. (2019). Capital market development and bank efficiency: a cross-country analysis.
International Journal of Managerial Finance, 15(4), 478-491. https://doi.org/10.1108/IJMFE-02-
2018-0048

Ngo, T., & Le, T. (2022). Impact of Information and Communication Technology on Banking Efficiency:
The Vietnamese Experience. In D. K. Nguyen (Ed.), Handbook of Banking and Finance in
Emerging Markets (pp. 238-253). Edward Elgar Publishing.

Ngo, T., & Tripe, D. (2017). Measuring efficiency of Vietnamese banks: Accounting for nonperforming
loans in a single-step stochastic cost frontier analysis. Pacific Accounting Review, 29(2), 171-182.
https://doi.org/10.1108/PAR-06-2016-0064

Ngo, T., Tripe, D., & Nguyen, D. K. (2024). Estimating the productivity of US agriculture: The Fisher
total factor productivity index for time series data with unknown prices. Australian Journal of
Agricultural and Resource Economics, 68(3), 701-712.
https://doi.org/https://doi.org/10.1111/1467-8489.12565

Nguyen, D. T., Le, T. D. Q., & Tran, S. (2024). Competition and bank financial stability: evidence from
an emerging economy. Cogent Business &  Management, 11(1), 2365422.
https://doi.org/10.1080/23311975.2024.2365422

Nguyen, L.-H., Le, T. D. Q., & Ngo, T. (2025). Efficiency and performance of Islamic banks amid
COVID-19. Journal of Islamic Accounting and Business Research, 16(5), 873-889.
https://doi.org/10.1108/JTABR-05-2022-0129

Nguyen, P. A., & Simioni, M. (2015). Productivity and efficiency of Vietnamese banking system: new
evidence using Fire-Primont index analysis. Applied Economics, 47(41), 4395-4407.
http://dx.doi.org/10.1080/00036846.2015.1030565

Nguyen, P. A., Tran, B. L., & Simioni, M. (2021). Optimal capital adequacy ratio: An investigation of
Vietnamese commercial banks using two-stage DEA. Cogent Business & Management, 8(1),
1870796. https://doi.org/10.1080/23311975.2020.1870796

Nguyen, P. H., & Pham, D. T. B. (2020). The cost efficiency of Vietnamese banks — the difference between
DEA and SFA. Journal of Economics and Development, 22(2), 209-227.
https://doi.org/10.1108/JED-12-2019-0075

Nguyen, T., Tripe, D., & Ngo, T. (2018). Operational Efficiency of Bank Loans and Deposits: A Case
Study of Vietnamese Banking System. International Journal of Financial Studies, 6(1), 14.
http://www.mdpi.com/2227-7072/6/1/14



https://doi.org/https:/doi.org/10.1016/j.ejor.2022.06.022
https://doi.org/10.47654/v26y2022i2p64-96
https://doi.org/10.1108/IJMF-02-2018-0048
https://doi.org/10.1108/IJMF-02-2018-0048
https://doi.org/10.1108/PAR-06-2016-0064
https://doi.org/https:/doi.org/10.1111/1467-8489.12565
https://doi.org/10.1080/23311975.2024.2365422
https://doi.org/10.1108/JIABR-05-2022-0129
http://dx.doi.org/10.1080/00036846.2015.1030565
https://doi.org/10.1080/23311975.2020.1870796
https://doi.org/10.1108/JED-12-2019-0075
http://www.mdpi.com/2227-7072/6/1/14

Nguyen, T. N. Q., Nguyen, D. T., Le, H. A., & Le, D. L. (2022). Corporate Governance and Financial
Stability: The Case of Commercial Banks in Vietnam. Journal of Risk and Financial Management,
15(11), 514. https://www.mdpi.com/1911-8074/15/11/514

Nguyen, T. X. (2023). Anti-corruption and bank performance: Evidence from a socialist-oriented
economy. PLOS ONE, 18(10), €0292556. https://doi.org/10.1371/journal.pone.0292556

Omrani, H., Oveysi, Z., Emrouznejad, A., & Teplova, T. (2022). A mixed-integer network DEA with
shared inputs and undesirable outputs for performance evaluation: Efficiency measurement of
bank  branches. Journal  of  the Operational ~ Research Society, 1-16.
https://doi.org/10.1080/01605682.2022.2064783

Ortobelli Lozza, S., Wong, W.-K., Fabozzi, F. J., & Egozcue, M. (2018). Diversification versus optimality:
is there really a diversification puzzle? Applied Economics, 50(43), 4671-4693.
https://doi.org/10.1080/00036846.2018.1459037

Panwar, A., Olfati, M., Pant, M., & Snasel, V. (2022). A Review on the 40 Years of Existence of Data
Envelopment Analysis Models: Historic Development and Current Trends. Archives of
Computational Methods in Engineering, 29(7), 5397-5426. https://doi.org/10.1007/s11831-022-
09770-3

Paryab, K., Tavana, M., & Shiraz, R. K. (2015). Convex and non-convex approaches for cost efficiency
models with fuzzy data. International Journal of Data Mining, Modelling and Management, 7(3),
213-238. https://doi.org/10.1504/ijdmmm.2015.071450

Ro, K. P. (2003). The Effects of Geographic Expansion and Contraction of Korean Banks on the
Efficiency: DEA, FDH and Regression Approaches. JOURNAL OF KOREA TRADE, 7(1), 55-79.
https://kiss.kstudy.com/Detail/Ar?key=2069227

Romer, P. M. (1990). Are Nonconvexities Important for Understanding Growth? The American Economic
Review, 80(2), 97-103. http://www.jstor.org/stable/2006550

SBV. (2021). Annual Report 2020. State Bank of Vietnam.

SBV. (2022). The State Bank of Vietnam - System of Credit Institutions. Retrieved 12/04/2022 from
https://www.sbv.gov.vn/webcenter/portal/en/home/fim/socins

SBV. (2023). Annual Report 2022. State Bank of Vietnam.

SBV. (2024). The State Bank of Vietnam - Key statistical ratios (as of 31/12/2023). Retrieved 14/05/2024
from https://www.sbv.gov.vn/webcenter/portal/en/home/sbv/statistic/ooci/ksr

Sealey, C. W., & Lindley, J. T. (1977). Inputs, outputs, and a theory of production and cost at depository
financial institutions. Journal of Finance, 32(4), 1251-1266.

Shaddady, A., & Alnori, F. (2024). ESG practices and bank efficiency: new evidence from an oil-driven
economy. International Journal of Islamic and Middle Eastern Finance and Management, ahead-
of-print(ahead-of-print). https://doi.org/10.1108/IMEFM-06-2023-0212

Shah, S. A. A., Sukmana, R., & Fianto, B. A. (2021). Efficiencies in Islamic banking: a bibliometric and
theoretical review. International Journal of Productivity and Quality Management, 32(4), 458-
501. https://doi.org/10.1504/ijpqm.2021.114268

Shephard, R. W. (1970). Theory of cost and production functions. Princeton University Press.



https://www.mdpi.com/1911-8074/15/11/514
https://doi.org/10.1371/journal.pone.0292556
https://doi.org/10.1080/01605682.2022.2064783
https://doi.org/10.1080/00036846.2018.1459037
https://doi.org/10.1007/s11831-022-09770-3
https://doi.org/10.1007/s11831-022-09770-3
https://doi.org/10.1504/ijdmmm.2015.071450
https://kiss.kstudy.com/Detail/Ar?key=2069227
http://www.jstor.org/stable/2006550
https://www.sbv.gov.vn/webcenter/portal/en/home/fm/socins
https://www.sbv.gov.vn/webcenter/portal/en/home/sbv/statistic/ooci/ksr
https://doi.org/10.1108/IMEFM-06-2023-0212
https://doi.org/10.1504/ijpqm.2021.114268

Silva Portela, M. C. A., Borges, P. C., & Thanassoulis, E. (2003). Finding Closest Targets in Non-Oriented
DEA Models: The Case of Convex and Non-Convex Technologies. Journal of Productivity
Analysis, 19(2), 251-269. https://doi.org/10.1023/A:1022813702387

Stewart, C., Matousek, R., & Nguyen, T. N. (2016). Efficiency in the Vietnamese banking system: A DEA
double bootstrap approach. Research in International Business and Finance, 36, 96-111.

Tavakoli, I. M., & Mostaface, A. (2019). Free disposal hull efficiency scores of units with network
structures.  European  Journal  of  Operational  Research, 277(3), 1027-1036.
https://doi.org/https://doi.org/10.1016/j.ejor.2019.03.023

Techcombank. (2022). Techcombank wins Domestic Bank of the Year and Credit Card Initiative of the
Year at the ABF Retail Banking Awards 2022. Vietnam Technological and Commercial Bank
(Techcombank). https://techcombank.com/en/information/updates/techcombank-wins-domestic-
bank-of-the-year-and-credit-card-initiative-of-the-year-at-the-abf-retail-banking-awards-2022

Thaker, K., Charles, V., Pant, A., & Gherman, T. (2021). A DEA and random forest regression approach
to studying bank efficiency and corporate governance. Journal of the Operational Research
Society, 73(6), 1258-1277. https://doi.org/10.1080/01605682.2021.1907239

Tsolas, I. E., Charles, V., & Gherman, T. (2020). Supporting better practice benchmarking: A DEA-ANN
approach to bank branch performance assessment. Expert Systems with Applications, 160, 113599.
https://doi.org/https://doi.org/10.1016/j.eswa.2020.113599

Tulkens, H. (1993). On FDH efficiency analysis: some methodological issues and applications to retail
banking, courts, and urban transit. Journal of Productivity Analysis, 4(1), 183-210.

Valero-Carreras, D., Moragues, R., Aparicio, J., & Guerrero, N. M. (2024). Evaluating different methods
for ranking inputs in the context of the performance assessment of decision making units: A
machine learning approach. Computers & Operations Research, 163, 106485.
https://doi.org/https://doi.org/10.1016/j.cor.2023.106485

Vietcombank. (2024). About Us. Bank for Foreign Trade of Vietnam (Vietcombank).
https://vietcombank.com.vn/en/Ve-Vietcombank

VnEconomy. (2024). Banking deposits hit record $562bln in 2023. VnEconomy. Retrieved 25/06/2024
from https://en.vneconomy.vn/banking-deposits-hit-record-562bln-in-2023.htm

VnExpress. (2023). Techcombank awarded for world's leading digital banking solutions. VNExpress.
https://e.vnexpress.net/news/business/techcombank-awarded-for-world-s-leading-digital-
banking-solutions-4677162.html

VnExpress. (2024). Techcombank named  Vietnam's Best Bank again. VNExpress.
https://e.vnexpress.net/news/business/techcombank-named-vietnam-s-best-bank-again-
4773036.html

Vo, T. N. H., Le Vinh, T., & Ho, D. (2014). Macro determinants on non-performing loans and stress
testing of Vietnamese commercial banks’ credit risk. VNU Journal of Economics and Business,
30(5E), 1-16.

Wang, Y., Xiuping, S., & Zhang, Q. (2021). Can fintech improve the efficiency of commercial banks? —
An analysis based on big data. Research in International Business and Finance, 55, 101338.
https://doi.org/https://doi.org/10.1016/j.ribaf.2020.101338



https://doi.org/10.1023/A:1022813702387
https://doi.org/https:/doi.org/10.1016/j.ejor.2019.03.023
https://techcombank.com/en/information/updates/techcombank-wins-domestic-bank-of-the-year-and-credit-card-initiative-of-the-year-at-the-abf-retail-banking-awards-2022
https://techcombank.com/en/information/updates/techcombank-wins-domestic-bank-of-the-year-and-credit-card-initiative-of-the-year-at-the-abf-retail-banking-awards-2022
https://doi.org/10.1080/01605682.2021.1907239
https://doi.org/https:/doi.org/10.1016/j.eswa.2020.113599
https://doi.org/https:/doi.org/10.1016/j.cor.2023.106485
https://vietcombank.com.vn/en/Ve-Vietcombank
https://en.vneconomy.vn/banking-deposits-hit-record-562bln-in-2023.htm
https://e.vnexpress.net/news/business/techcombank-awarded-for-world-s-leading-digital-banking-solutions-4677162.html
https://e.vnexpress.net/news/business/techcombank-awarded-for-world-s-leading-digital-banking-solutions-4677162.html
https://e.vnexpress.net/news/business/techcombank-named-vietnam-s-best-bank-again-4773036.html
https://e.vnexpress.net/news/business/techcombank-named-vietnam-s-best-bank-again-4773036.html
https://doi.org/https:/doi.org/10.1016/j.ribaf.2020.101338

Yuan, Q., Balezentis, T., Shen, Z., & Streimikiene, D. (2021). Economic and environmental performance
of the belt and road countries under convex and nonconvex production technologies. Journal of
Asian Economics, 75, 101321.

Yuen, M. K., Ngo, T., Le, T. D. Q., & Ho, T. H. (2022). The environment, social and governance (ESG)
activities and profitability under COVID-19: evidence from the global banking sector. Journal of
Economics and Development, 24(4), 345-364. https://doi.org/10.1108/JED-08-2022-0136

Zha,J., Yuan, W., Dai, J., Tan, T., & He, L. (2020). Eco-efficiency, eco-productivity and tourism growth
in China: A non-convex metafrontier DEA-based decomposition model. Journal of Sustainable
Tourism, 28(5), 663-685.

Zofio, J. L., Aparicio, J., Barbero, J., & Zabala-Iturriagagoitia, J. M. (2024). Benchmarking performance
through efficiency analysis trees: Improvement strategies for colombian higher education
institutions. Socio-Economic Planning Sciences, 92, 101845.
https://doi.org/https://doi.org/10.1016/j.seps.2024.101845



https://doi.org/10.1108/JED-08-2022-0136
https://doi.org/https:/doi.org/10.1016/j.seps.2024.101845

