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Abstract. This paper investigates the effects of cost efficiency on non-performing loans (NPLs) in Zim-
babwe during dollarisation. The research applies the random effects and bootstrap quantile regression 
models using the full dollarisation era dataset for 13 banks from 2009 to 2017. The obtained results 
revealed that: (i) the average cost efficiency score for the Zimbabwean banking industry is 81.36%, (ii) 
improvement in cost efficiency leads to an increase in NPLs but begins to fall for a cost inefficiency level 
of 7.14% and below, (iii) the effect of bank cost efficiency on NPLs is prominent and highly significant 
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at a higher quantile (90th), (iv) the interaction effect between cost efficiency and bank size on NPLs is 
negative and significant. According to these results, NPLs tend to fall when large banks are more cost-
efficient. Thus, the present study recommends that banks employ strategies that simultaneously improve 
the asset base and cost efficiency.
Keywords: non-performing loans, cost efficiency, skimping hypothesis, dollarisation, quantile regression, 
quadratic regression

Introduction

Non-performing loans are a big challenge in most developing economies. The domi-
nance of non-performing loans (NPLs) reduces the capacity of banks to lend to eco-
nomic agents, thus lowering the credit multiplier effect (Chen & Lee, 2023). More 
so, growth in non-performing loans stock has broader ramifications on the banking 
industry’s performance, and authorities should endeavour to keep them under con-
trol since resolving NPLs that have reached systemic levels is costly and complex 
(Baudino & Yun, 2017; Bellotti et al., 2021). NPLs can lead to bank failures and bank 
runs, which precipitates financial crisis that stifles economic growth. The severity of 
the impact of bank failure on the economy has been witnessed by the collapse of Ban-
co Popular in Spain in 2017, Lehman Brothers in USA in 2008 and Northern Rock in 
the UK in 2007. Also, a more recent case is the collapse of Silicon Valley Bank in the 
US which significantly shakened the US banking industry (Vo & Le, 2023). 

The connection between non-performing loans and bank cost efficiency is a sub-
ject of substantial interest in the banking sector. While the relationship between 
non-performing and bank cost efficiency loans is multidimensional,  existing stud-
ies posit that the two are interlinked (Büyükoğlu et al., 2021; Khan et al., 2020). As 
defined by Kocisova (2014), cost efficiency measures how close a bank’s expend-
iture is to a best-practice bank’s cost for producing the same output bundle under 
the same conditions. Thus, a cost-efficiency test is essential because it indicates 
whether the bank’s inputs should be reduced or increased. In their extensive work 
in the US, Berger and DeYoung (1997) discovered that declining cost-efficiency 
causes NPLs to rise, and they termed this the bad management hypothesis. In the 
same paper, the authors also noted that high cost-efficiency results in high NPLs, 
and they referred to this condition as the skimping hypothesis. In addition to these 
hypotheses, Berger and DeYoung (1997) also propounded the bad luck hypothesis, 
which postulates that external events instigate an increase in NPLs, which leads to 
deteriorating cost efficiency.

In the Zimbabwean context, NPLs were prevalent before and after dollarisation. 
As a result, the growth in NPLs eroded banks’ solvency and profitability (Masun-
da, 2014). The increase in NPLs had system-wide implications that stopped the 
banking system from performing its normal mandate, thus distorting the financial 
intermediation process.
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Concerning industry’s efficiency, the cost-efficiency ratio (measured by the 
cost-to-income ratio) was highly volatile during dollarisation. The industry’s cost-
to-income ratio worsened to 185% in 2011 from 94.38% in 2009. By the end of the 
dollarisation era  in 2017, the ratio had improved to 75.36% (Reserve Bank of Zim-
babwe, 2018). However, the fluctuations in the cost-efficiency ratio affect banks’ 
NPLs position as assumed by bad management and skimping hypotheses (Mamon-
ov, 2013). Low and high cost-efficiency periods may have triggered a rise in NPLs 
in Zimbabwe. To examine the effect of cost efficiency on NPLs in Zimbabwe, the 
researchers resorted to empirical analysis for the entire dollarisation period. Con-
comitantly, banks were reported to be profiteering from charging exorbitant rates 
and fees to bank customers (Abel, 2018). This raised questions on whether Zim-
babwean banks are efficient or inefficient in their operations. Following the notion 
that Zimbabwean banks follow a traditional banking model where lending is their 
main activity that creates assets and generates most of their income, it is imperative 
to empirically examine how cost-efficiency trends influenced NPLs.  

The paper’s main goal is to investigate the effect of bank cost efficiency on NPLs 
formation. The paper adds to the existing literature in the following ways. While 
previous studies have explored various factors that contribute to non-performing 
loans formation, to the best of the authors’ knowledge, none examined the inter-
action effect of cost efficiency and bank size and capitalisation on NPLs in the lit-
erature. Moreover, little has been done to test for the possibility of both positive 
and negative effects of cost efficiency on NPLs. First, the novelty of this study lies 
in examining the combined role of cost efficiency, bank size, and capitalisation on 
NPL formation, thus providing new insights into the nexus between efficiency and 
non-performing loans. Second, the study will test for the possibility of cost efficien-
cy having both positive and negative effects on NPLs through the use of a quadratic 
function. Third, while other studies have focused on generalising the impact of cost 
efficiency on NPLs, this article advances the current literature by examining the 
influence of bank cost efficiency on NPLs across different quantiles. Understanding 
the relationship between non-performing loans formation and bank cost efficiency 
is crucial for banks and policymakers, as it aids in decision making concerning oper-
ational efficiency and risk management (Liu & Huang, 2022). For example, if banks 
can improve their cost efficiency, they may be better equipped to mitigate the risk 
of non-performing loans, benefiting both the bank and the broader economy. The 
rest of the study is organised as follows: literature review, data and methodology, 
empirical findings and conclusions.
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2. Literature Review

2.1 Theoretical Review

Several theories in literature explain the sources of non-performing loans. The insti-
tutional theory suggests that banks’ non-performing loan (NPL) rates and operation-
al efficiency may be affected by the institutional environment in which they operate 
(Adegboye et al., 2020; Weber, 2016). Banks in countries with poor legal and regulato-
ry systems may have higher non-performing loan (NPL) levels and worse cost efficien-
cy. The information asymmetry hypothesis suggests that bank–borrower information 
asymmetry may raise NPL levels and reduce cost efficiency. When borrowers know 
more about their credit worthiness and capacity to repay loans than banks do, banks 
may make suboptimal lending decisions that raise NPL ratios (Kingu et al., 2018). 

The discussion about bank cost efficiency and NPLs nexus is primarily based 
on Berger and DeYoung (1997) three theories: the bad management hypothesis 
(BMH), the skimping hypothesis (SH), and the bad luck hypothesis (BLH). In 
their version, they proposed the bad management hypothesis, which states that a 
decrease in cost efficiency causes an increase in NPLs. Based on the theory, mana-
gerial inefficiencies in loan underwriting and monitoring result in high NPLs. The 
theory, therefore, predicts a negative relationship between NPLs and cost efficiency.

The second hypothesis proposed by Berger and DeYoung (1997) is the skimp-
ing hypothesis which suggests a positive relationship between cost efficiency and 
NPLs. Due to high-profit motives, managers allocate inadequate resources that im-
prove bank cost efficiency in the short run but compromise the long-term quality 
of the loan portfolio.

Berger and DeYoung (1997) also proposed the bad luck hypothesis (BLH), 
which stipulates that the increase in NPLs arises from external factors that cause 
a decline in cost efficiency. For example, external events such as regional reces-
sions harm borrowers’ repayment capacity, resulting in high default rates and ris-
ing non-performing loans. Furthermore, banks incur high costs in their efforts to 
recover defaulted loans, including expenses for workout arrangements, monitoring 
defaulted borrowers, and seizing, maintaining, and disposing of assets (Ahmad & 
Bashir, 2013). As a result, more managerial effort and expense lead to a decrease in 
bank cost efficiency. In brief, Berger and DeYoung (1997) concluded that the BLH 
predicts that an increase in NPLs causes a reduction in cost efficiency.

2.2 Empirical Review

Close scrutiny of the existing empirical literature revealed that NPLs are indeed a 
cause for concern for banking industry stability (Atoi, 2019; Foglia, 2022; Khairi 
et al., 2021; Khan et al., 2020; Yitayaw et al., 2023; Katuka et al., 2023). In the 
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US, Phung, Van Vu, and Tran (2022) examined the impact of NPLs on bank ef-
ficiency and the mitigating effects of bank capitalisation. The study applied data 
envelopment analysis (DEA) on panel data from 1994–2018. Findings suggested a 
negative relationship between bank efficiency and NPLs. Furthermore, their study 
also indicated that highly capitalised banks could reduce the effect of NPLs on bank 
efficiency. 

A study by Mataba, Aikaeli and Kirama (2016) applied an explanatory sequen-
tial research design to examine the linkage between cost efficiency and NPLs using 
a panel of 9 Tanzanian community banks from 2002 to 2014. Data envelopment 
analysis was employed to estimate cost efficiency scores for banks. The Tobit si-
multaneous equation regression method suggested that bad management and bad 
luck contributed to NPLs formation in the Tanzanian study. However, bad luck 
was identified as the primary source behind growth in NPLs and cost inefficiencies 
among banks. The study deduced dependent and independent bad luck variables, 
namely, cost efficiency score relative to the best bank in the year and yearly NPLs, 
respectively. However, these two variables cannot precisely account for the external 
environment. Bad luck stems from the outside environment; therefore, there is a 
need to introduce a more appropriate proxy for external events. Differently put, it is 
inappropriate to proxy for external events using a bank-level variable.

Cascading down to the Zimbabwean context, Abel (2018) analysed the relation-
ship between NPLs and cost efficiency in 11 commercial banks using bi-annual data 
from 2009–2014. The study utilised DEA under the constant returns to scale (CRS) 
assumption to examine cost efficiencies. Abel (2018) concluded that the average cost 
efficiency for banks during 2009–2014 was 81%. This finding translates to 19% inef-
ficiency in the banking sector. Furthermore, the granger causality test results pointed 
out that cost inefficiency granger causes NPLs, thus supporting the bad management 
hypothesis. The results are consistent with van Benthem (2017) in the worldwide 
and EU commercial banks dataset. Van Benthem (2017) concluded that the bad 
management hypothesis was leading in the overall sample and all sub-samples.

Although Abel (2018) made substantial progress in investigating the relation-
ship between NPLs and cost efficiency, the study lacks several essential aspects. 
Firstly, due to market imperfections and other market frictions, applying the CRS 
assumption subjected the study findings to criticism since CRS only produces reli-
able results when there are no market frictions, and banks operate on the efficient 
frontier. This is most unlikely in developing economies’ banking industries, such 
as Zimbabwe. An improvement in the present study is the application of the varia-
ble returns to scale (VRS) DEA model. Secondly, Abel’s (2018) study partly cov-
ered the dollarisation period, thus failing to account for changes in the behaviour of 
variables of interest for the entire dollarisation era. Our study closed the literature 
void by covering Zimbabwe’s full dollarisation era. This is an essential step in the 
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literature as it provides a clear picture of the relationship between NPLs and cost 
efficiency during the official dollarisation period. 

Previous literature also emphasised the direct effect of cost efficiency on NPLs, 
focusing less on the potential interaction effects between cost efficiency and other 
key variables. As a deviation from previous studies, the present research enriched 
the literature by examining the potential interaction effect between cost efficiency, 
bank size and capitalisation with NPLs, which is a new perspective in the literature. 
The motivation for examining the interaction terms is to assess how the changes in 
bank size and capitalisation when interacting with cost efficiency levels influence 
NPLs. Several studies have argued that size and capitalization influence both NPLs 
and cost efficiency, but the examination of the interaction effects between these 
variables has remained understudied.

3. Data and Methodology 

3.1 Data Description

The study analysed data from a panel of 13 banks from 2009 to 2017, covering Zimba-
bwe’s official dollarisation era. The rationale for selecting the dollarisation era was due 
to a fully functional credit market and a stable currency as opposed to the hyperinfla-
tionary data that existed before and after full dollarisation. Data compiled from annual 
bank reports and bank supervision publications were used in the study. The sample 
constituted six local banks and seven foreign-owned banks. Table A1 in the Appendix 
lists variables used in the analysis and expected relationships as well as the supporting 
literature. The analysis branches into two stages. The first stage focuses on estimating 
cost efficiency by banks, and the final step examines its effect on NPLs.

3.2 Estimating Cost Efficiency

The paper assumed an intermediation approach where banks transform inputs such 
as labour, capital, and deposits to produce a given set of outputs such as loans and 
income. Similarly, under the intermediation approach, banks serve as a conduit 
through which surplus-spending units lend to deficit-spending units. The study ap-
plied DEA, a non-parametric method, assuming variable returns to scale because 
the CRS assumption only produces reliable estimates when banks operate on an 
optimal scale (Roman et al., 2011). However, such scenarios are less likely in most 
third-world countries due to market imperfections and other frictions in the mar-
ket, such as financial constraints. Therefore, input-oriented DEA was applied to es-
timate the cost efficiency scores for banks assuming VRS. 

In the analysis, three inputs, namely labor (x1), capital (x2) and deposits (x3) 
were assumed. Total loans (y1) and total income (y2) were treated as model outputs. 
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The use of inputs by banks generates a cost, and the price of each input is the cost ra-
tio to each selected input. The price of deposits was estimated as the ratio of total in-
terest expenses to gross deposits (d). Furthermore, the price of capital is expressed 
as the ratio of operating expenses to fixed assets (k). Like Rossi, Schwaiger and 
Winkler (2011) and Abel (2018), the paper used total assets data to proxy the num-
ber of employees due to data unavailability. Thus, the price of labour was computed 
as the ratio of labour cost to total assets (w). All inputs and outputs are expressed 
in dollar terms. Given p decision making units (DMUs) and that the jth DMU uses 
m inputs ( , .,��* *

ij mjx x )  to produce s outputs ( , ..,��ij sjy y ) , the cost-efficient 
model, based on Kocisova (2014) and Abel (2018), becomes:

min      �𝑤𝑤��𝑥𝑥��∗
�

���
                                                                              �1� 
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Equation (1) specifies cost efficiency estimation using DEA, where wiq represents 
the input price of a decision-making unit (DMU)q, x*

iq denotes cost minimizing inputs 
for DMUq provided that the inputs price (wiq ) and output (yrq) are specified. We de-
fined overall cost efficiency as follows:

𝐶𝐶𝐶𝐶�� �
∑ 𝑤𝑤������ 𝑥𝑥��∗
∑ 𝑤𝑤������ 𝑥𝑥��                                                   �2� 

 

 (6)

The numerator in equation (6) is the minimum cost of production, while the 
denominator is the observed cost of output. In using the DEA method, the cost 
efficiency variable (CE) ranges from 0 to 1. The efficiency score for the most effi-
cient bank is 1 or 100%, implying that the bank is operating on the efficient fron-
tier. When a bank is located on the efficient frontier (efficiency score of 1), it also 
means that it is impossible to expand output without increasing the inputs (Řepk-
ová, 2015). On the contrary, a bank with an efficiency score below 1 is considered 
inefficient and can afford to increase its output without necessarily increasing its 
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inputs. In other words, the bank can achieve the current output using fewer inputs 
mix. The study estimated nine distinct annual cost frontiers instead of a single cost 
frontier for the entire dollarisation period. This is so because the bank that is most 
efficient one year may not be efficient the following year.

3.3 Panel Regression Models

In the second stage of the analysis, the effect of cost efficiency on non-performing 
loans formation was examined using the random effects regression models, which 
are more efficient in estimating the variance components of the data than fixed 
effects and pooled OLS regression models (Kanters, 2022).  Guided by the Haus-
man test results, the paper first applied the random effects panel regression model 
without control variables to understand the effect of cost efficiency on NPLs. This 
simple bivariate analysis provides an in-depth understanding of the relationship 
between cost efficiency and non-performing loans. The following parsimonious 
random effect panel regression model was estimated (Khan, Siddique & Sarwar, 
2020):

NPLS CE         (7)

where:
NPLSit = non-performing loans ratio for bank i in period t
CEit = cost efficiency score for bank i in period t
β0 = Constant
εit = Error term

Further to identifying the effect of cost efficiency on NPLs, the paper investigated 
whether there is a turning point where NPL starts to decrease as cost efficiency in-
creases. To achieve this, the study applied the feasible generalized least squares (FGLS) 
regression model by adding squared cost efficiency to equation (7) so that it becomes 
a quadratic model of the form:

NPLS CE CE           (8)

To find the turning points where NPLs will start decreasing as cost efficiency in-
creases, the paper differentiated ω�CE�� � ω�CE��� � 0  with subject to CEit to get:

ω� � 2ω�CE�� � 0   (9)

then solved CEit to identify the turning point.

To ensure the results are robust, we estimated equation (7) using a random ef-
fects model and a random effects model with Driscoll Kraay standard errors. Ran-
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dom effects model with Driscoll Kraay standard errors and FGLS were selected for 
their ability to better handle the problem of heteroskedasticity and autocorrelation 
in the error terms. Furthermore, the Random Effects model with Driscoll Kraay 
standard errors was chosen due to its capacity to provide robust standard errors. 

Equation (7) primarily analyses the effect of cost efficiency at the mean. Thus, 
the present study further analysed the effect of cost efficiency on NPLs at different 
parts of the distribution (quantiles), allowing for potentially differing effects de-
pending on the selected part within that entire distribution. The study estimated 
the Bootstrap quantile regression for the 10th, 25th, 50th, 75th and 90th quantiles 
to compare the effect of bank cost efficiency across the NPLs distribution. The mo-
tivation for using quantile regression lies in its ability to capture heterogeneity and 
its robustness. The model is more robust to handling extreme values and outliers 
(Korkmaz & Chesneau, 2021; Staffa et al., 2019). Assuming a linear relationship 
with respect to the explanatory variable (CE), the estimated model becomes (Mar-
rocu et al., 2015):

𝑄𝑄��𝑁𝑁𝑁𝑁𝑁𝑁��|𝐶𝐶𝐶𝐶��� � 𝐶𝐶𝐶𝐶��𝛽𝛽� � ���  (10)

where:
β is the coefficient associated with CE variable for the qth quantile
q is the specific quantile considered, with 0 < q < 1.

To avoid overestimating the influence of cost efficiency on NPLs, the paper intro-
duced some control variables and evolved the following random effects panel regres-
sion model:

 𝑁𝑁𝑁𝑁𝑁𝑁�� � �� � 𝜔𝜔�𝐶𝐶𝐶𝐶�� � ∑𝜔𝜔�𝐶𝐶�� � 𝜔𝜔�𝜃𝜃�� � 𝜔𝜔�𝐺𝐺𝐺𝐺𝑁𝑁�� � ���  (11) 

 

  (11)

In the above equations, Cit denotes bank specific control variables, namely 
loans-to-deposit ratio (LTD) and return on assets (ROA), whilst GDP is the real GDP 
growth rate. The motivation for incorporating LTD, ROA and GDP is to account for 
bank liquidity, profitability and economic performance, respectively. Extending from 
previous studies, the study examined the interaction terms between cost efficiency and 
bank size and capitalisation with NPLs to understand the efficiency–NPLs nexus. By 
definition, interaction effect refers to the effect on one independent variable being con-
tingent on the level of another independent variable (Mize, 2019). Interacting variables 
offers several benefits in regression analysis, inter alia, improving model fit and uncov-
ering complex relationships (Long & Mustillo, 2021; Mize, 2019).Thus, in equation 
(11), θit denotes a vector of interaction terms:

CE*SIZE = the interaction between cost efficiency and bank size,
CE* ETA= the interaction between cost efficiency and capitalisation.
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The interaction terms between bank size and cost efficiency capture these two 
variables’ combined impact on NPLs. These two variables reflect whether it is more 
beneficial for large-sized banks to be more cost-efficient in curbing NPLs than for 
smaller ones. Additionally, these interaction terms help reveal whether economies 
of scale exist within banking institutions – that is, larger banks experience reduced 
average costs per unit as they increase their scale of operation due to cost efficiency 
experience reduction in NPLs. In the same vein, the interaction terms between cost 
efficiency and capital were incorporated to examine if improved capitalisation of 
cost-efficient banks is more beneficial in curbing NPLs than in less capitalised ones 
and vice-versa. 

The study utilised the VIF approach to detect multicollinearity problems, and the 
results are in Table 1.

Table 1
Multicollinearity Test

Variance Inflation Factor
VIF 1/VIF

CE 1.21 0.829
LTD 1.07 0.936
ROA 1.66 0.601
SIZE 3.06 0.327
ETA 1.85 0.539
GDP 1.39 0.718

Mean VIF = 1.71

Based on Table 1 results, the VIF threshold for all variables, namely CE, LTD, 
ROA, SIZE, ETA and GDP, is less than 5 but close to 1, indicating the absence of 
multicollinearity problem among explanatory variables (Chang & Mastrangelo, 
2011; Marcoulides & Raykov, 2019; Vörösmarty & Dobos, 2020).

Before panel regression analysis, it is crucial to examine whether the variables are 
stationary or non-stationary. Otherwise, failure to account for data stationarity may 
result in spurious regression results. Therefore, the study employed Harris-Tzavalis 
and Fisher-type unit root testing methods, and the panel stationarity test results are 
presented in Table 2.

Table 2 indicates that NPL, CE, ROA and ETA are stationary at level. While LTD is 
stationary at level using the Harris-Tzavalis approach, it becomes stationary after first 
differencing in the Fisher-type method. The GDP variable became stationary after first 
differencing in both methods; hence the variable is integrated of order 1. Finally, SIZE 
is stationary at level using the Fisher-type method but becomes stationary after first dif-
ferencing in the Harris-Tzavalis approach. After correcting for stationarity, that is after 
first differencing, all variables were incorporated into the regression analysis using their 
respective orders of integration.
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Table 2 
Panel Unit Root Test

Harris-Tzavalis Criteria Fisher-type Criteria

Statistic Order of 
integration Statistic Order of  

integration
Inverse χ2 

(P)
Modified inv. χ2 

(Pm)
NPL 0.139*** I(0) 42.054** 2.226** I(0)
CE 0.149*** I(0) 165.283*** 19.315  *** I(0)
ETA 0.156*** I(0) 147.523*** 16.852*** I(0)
LTD 0.416*** I(0) 93.272*** 9.329  *** I(I)
GDP -0.427  *** I(I) 174.294*** 20.565*** I(I)
ROA 0.423*** I(0) 101.781*** 10.5089  *** I(0)
SIZE  0.295*** I(I) 248.171*** 30.81*** I(0)

Note. Asterisks *, **, ** denote significance levels 10%, 5%, 1%, respectively.

4. Results and Discussion

4.1  Zimbabwean Banking Industry Cost Efficiency

Using input-oriented DEA model, the paper estimated yearly cost efficiency scores 
for all banks during the formal dollarisation period. Furthermore, efficiency scores 
were estimated for distinct groups of banks based on ownership, that is, foreign and 
local banks, and the descriptive statistics are presented in Table 3. Foreign banks 
refer to those with foreign ownership, while local banks are owned by local com-
panies, individuals, or the government. The first finding suggests that the average 
Zimbabwean banking industry’s cost efficiency is 81.36% against the benchmark of 
100%. The estimated efficiency score translates to an 18.64% level of inefficiency 
or wasted inputs. 

Table 3 
Cost Efficiency by Bank Ownership

Variable Observation Mean Standard  
Deviation Minimum Maximum

All banks
117 0.8136 0.1955 0.213 1

Local Banks

54 0.7865 0.1933 0.396 1

Foreign Banks
63 0.8368 0.1958 0.213 1
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One possible implication of such an inefficiency level is that customers will pay 
for an additional input mix that banks employ because of inefficiency. High ineffi-
ciency may result in banks charging customers high service fees and interest rates. 
However, in relation to existing literature, Zimbabwean banks are efficient during 
the period under study compared to most banks in Asian countries. Sari et al. (2022) 
and Miah et al. (2019) reported average costs efficiency score of 71.23% and 79% in 
Indonesia and Bangladesh, respectively. Comparing the results to those concluded 
in previous studies conducted in Zimbabwe, the paper found that bank cost efficien-
cy remained unchanged beyond 2014 as Abel (2018) reported that the average cost 
efficiency level during 2009–2014 was 81%. The present paper, therefore, suggests 
that banks may cut their input mix by 18.64% to raise efficiency and move toward 
operating on the efficient frontier. Descriptive statistics further revealed that foreign 
banks are more cost efficient (83.67%) than local banks (78.65%). This empirical 
finding suggests that local banks should devise strategies to enhance cost efficiency, 
thereby promoting industry-wide efficiency that benefits the entire banking sector 
and the economy.

4.2 Regression Results

The random effects (REM) panel regression model was first used to study the effect 
of bank cost efficiency on non-performing loans without control variables. Random 
effects panel regression with Driscoll-Kraay standard errors (REMD) was then used 
for robustness-checking purposes, and the results appear in Table 4. More so, the 
FGLS quadratic regression model results appear in Table 4. Regarding model selec-
tion, the Hausman test was used to select the most appropriate model between the 
fixed-effects, pooled panel regression, and random-effects models. The results show 
that the random effects model is superior to the fixed effects model since the Haus-
man test p-value is insignificant (Androniceanu & Georgescu, 2023; Rüttenauer 
& Ludwig, 2023). Following the Hausman test, the Breusch/Pagan LM test was 
performed to determine the best model between random effects and pooled OLS 
models. The test results suggest that the random effects model is superior to the 
pooled OLS model. Moreover, the Woodridge test indicates the absence of serial 
autocorrelation in the panel data (Saravanakumar et al., 2022).

Regression results in Table 4 correspond to equation (7) and suggest that in-
creases in bank cost efficiency trigger growth in NPLs in both parsimonious mod-
els. The results showed that bank efficiency was positively related to NPLs. The 
variable is statistically significant at 5% in both models in Table 4. Furthermore, the 
findings show that a unit change in cost efficiency increases NPLs by 0.13%. These 
findings support the view that highly cost-efficient banks are more likely to expe-
rience growth in NPLs, which aligns with the skimping hypothesis, which predicts 
positive association between bank cost efficiency and non-performing loans. This 
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shows that banks commit fewer resources when issuing loans due to cost minimi-
sation behaviour, which gives rise to NPLs in the Zimbabwean banking industry. 
Model 3 shows the coefficients obtained from quadratic regression model present-
ed as equation (8). After applying differentiation process presented in equation (8), 
the obtained turning point is 92.86%. The results imply that NPLs tend to fall when 
cost efficiency improves beyond 92.86%. More so, the results show that a decrease 
in inefficiency below 7.14% will lead to a reduction in NPLs. To investigate how 
NPLs were impacted by cost efficiency across different quantiles, the study further 
estimated Bootstrap quantile regression for the 10th to 90th quantiles (Marrocu et 
al., 2015). The results in Table 5 show no significant impact of bank cost efficiency 
on NPLs from the 10th to the 75th quantiles.

Table 5 
Bootstrap Quantile Regression

Dependent variable = NPL q0.1 q0.25 q0.5 q0.75 q0.9

CE 0.016
(0.012)

0.033
(0.024)

0.033
(0.042)

-0.013
(0.090)

0.33***

(0.111)

Constant -0.0039
(0.010)

-0.0034
(0.021)

0.028
(0.038)

0.10*

(0.058)
-0.028
(0.069)

N 117 117 117 117 117

Note. *, **, *** denote significance levels at 10%, 5%, 1%, respectively. Standard errors are in parentheses.

Table 4 
Random Effects Parsimonious Regressions

Dependent variable = NPL Model 1 Model 2 Model 3

REM REMD FGLS

CE 0.13** (0.055) 0.13** (0.049) 0.39*** (0.056)

CE2 -0.21*** (0.037)

Constant -0.011  (0.047) -0.011 (0.018) -0.080*** (0.021)

N 117 117 117

Prob > Chi2 0.0213 0.0102 0.0000

Woodridge test (Prob > F) 0.8110 0.8110 0.8175

Hausman test (Prob>chi2) 0.2021
Breusch/Pagan test (Prob > 

chibar2 0.0001

Note. *, **, *** denote significance levels at 10%, 5%, 1%, respectively. Standard errors are in parentheses.
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The findings further confirm the significant effect of CE on NPLs in the 90th quan-
tile. According to the results, the coefficient for the 90th percentile (median) is 0.33, in-
dicating that for every 1% increase in cost efficiency, NPLs increase by 0.33% at the me-
dian of the NPLs distribution. Furthermore, the results imply that at a higher quantile 
(90th), the impact of bank cost efficiency on NPLs is prominent and highly significant, 
thus the results indicate a stronger relationship between cost efficiency and NPLs at the 
upper end of the NPLs distribution. Therefore, the study concludes that cost efficiency 
impacts NPLs differently across quantiles.

Preceding parsimonious analysis, the paper examined the interaction effect of bank 
cost efficiency, bank size and capital on NPLs status, and findings appear in Table 6.

Table 6 
Interaction Effect Regressions

Dependent variable = NPL Model 4 Model 5
REM REMD

CE 0.1297*

(0.078)
0.1297***

(0.031)

LTD 0.03911
(0.043)

0.03911
(0.040)

ROA -1.1882***

(0.363)
-1.1882**

(0.420)

CE*SIZE -0.1511***

(0.052)
-0.1511**

(0.046)

CE*ETA 0.2930
(0.234)

0.2930
(0.283)

GDP 0.04275
(0.168)

0.04275
(0.130)

Constant -0.0028
(0.062)

-0.0028
(0.028)

N 104 104
Prob > Chi2 0.0000 0.0000
Woodridge test (Prob > F) 0.7913 0.7913
Hausman test (Prob>chi2) 0.6252
Breusch/Pagan test (Prob > chibar2 0.0037

Note. *, **, *** denote significance levels at 10%, 5%, 1%, respectively. Standard errors are in parentheses.

Similar to the findings in models 1 and 2, the coefficient of the bank cost effi-
ciency variable is positive and statistically significant at the 10% and 1% level in 
models 4 and 5, respectively. The findings show that a unit change in cost efficiency 
increases NPLs by 0.13% in both models. This suggests that high-cost efficiency, 
usually achieved through cost-cutting measures, increases NPLs. The findings are 
consistent with those of Benthem (2017). As Berger and DeYoung (1997) point 
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out, the positive relationship exists because banks allocate fewer funds for loan un-
derwriting and monitoring to boost short-term profitability, which leads to an in-
crease in NPLs. These findings support the skimping hypothesis, which states that 
high-cost efficiency results in rising NPLs. 

In addition, the study observed that the interaction term between cost efficiency 
and bank size negatively associates with NPLs, and the variable is statistically sig-
nificant at 1% and 5% in Models 3 and 4. The findings suggest that NPLs tend to 
fall when large-sized banks are more cost-efficient. This is so because banks tend to 
benefit from economies of scale when they grow in size, that is the asset base, being 
contingent to high efficiency resulting in reduction in NPLs. The finding is new 
evidence in the literature as most studies primarily focused on exploring the influ-
ence of bank size and cost efficiency on NPLs in isolation (Akhter, 2023; Almaskati, 
2022; Alnabulsi et al., 2022). The research findings emphasise the importance of 
bank size in curbing NPLs. Put differently, the study suggests that an increase in 
assets base offers NPLs mitigation effect through cost efficiency. More so, the study 
emphasises that improvement in cost efficiency alone does not cause NPLs to fall. 
This implies banks need to enhance bank size to eliminate extreme cost minimisa-
tion behaviour. The finding that NPLs negatively associate with bank size aligns 
with Anastasiou et al. (2019). Furthermore, the study documents that the interac-
tion between cost efficiency and bank capital is statistically insignificant in Models 
3 and 4. The findings imply that bank cost efficiency does not influence NPLs even 
if bank capitalisation is altered.

The study concluded a negative affiliation between return on assets and non-per-
forming loans, and the variable is significant at 1% and 5% in Models 3 and 4. Ac-
cording to the findings, a 1% increase in ROA can cause NPL to decrease by 1.188%. 
The interpretation of this finding is that banks are tempted to issue high-risk loans 
that cause NPLs to rise when the return on asset ratio decreases. More so, the study 
asserts that profitable banks are less likely to have a higher NPL rate. The negative 
relationship between ROA and NPLs conforms to the work of Khan et al. (2020) 
and Obeid (2022). Khan et al. (2020) suggested that profitability has a negative 
relationship with NPLs in Pakistan, which is also among developing countries in 
the world.

The regression results suggest that the loans to deposit ratio has an insignificant 
influence on NPLs formation in Zimbabwe. The findings conform to the work of 
Stefano and Dewi (2022). In a nutshell, the findings suggest that bank liquidity dur-
ing formal dollarisation in Zimbabwe did not influence the NPLs trends. Further-
more, the results imply that policymakers’ efforts to alternate bank liquidity do not 
significantly influence growth or reduction in NPLs; thus, the variable is not vital 
when determining policies to curb NPLs.

The findings suggest that the external environment (GDP) does not influence 
NPLs in Zimbabwe. The results are identical to those reported by Msomi (2022) 
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and Apan and İslamoğlu (2019) from studies conducted in western African coun-
tries and Turkey’s banking sectors, respectively. 

5. Conclusions

The study’s objective was to examine the effect of bank cost efficiency on NPLs in 
Zimbabwe during the dollarisation era. This study contributes to the existing litera-
ture by examining the interaction effect of cost efficiency, bank size, and capitaliza-
tion on non-performing loans (NPLs). While previous research has explored vari-
ous factors contributing to NPL formation, this study’s novelty lies in investigating 
the combined role of cost efficiency and bank characteristics. Specifically, it sheds 
light on how cost efficiency impacts NPLs across different quantiles, providing new 
insights into the efficiency and non-performing loans nexus.

The cost efficiency scores were estimated through the application of DEA us-
ing yearly data generated from a panel of 13 commercial banks from 2009 to 2017. 
The random effects panel regression model was utilised to examine the influence 
of bank cost efficiency on NPLs. At the same time, Bootstrap quantile regression 
was estimated to determine the effect of cost efficiency on NPLs across the NPLs 
distribution. The DEA results show that the average cost efficiency score for the 
Zimbabwean banking industry is 81.36% against a benchmark of 100%. In addition, 
the study also observed that local banks are significantly more inefficient than for-
eign-owned banks.

The regression results indicate that high-cost efficiency increases NPLs in Zim-
babwe, and the findings coincide with the skimping hypothesis proposed by Berger 
and DeYoung (1997). However, the paper suggests that NPLs tend to fall as cost 
efficiency increases beyond 92.86%. The results also show that a decrease in ineffi-
ciency below 7.14% will lead to a reduction in NPLs. These findings demonstrate 
that the impact of cost efficiency on NPLs is not uniform. It can have a positive 
effect up to 92.86% cost efficiency level and a negative effect beyond that point. 
This is a novel insight in the literature, suggesting that both bad management and 
skimping hypotheses can coexist in a banking industry.  

 Interestingly, the findings reveal that the effect of cost efficiency on NPLs is sig-
nificant at a higher quantile, that is, the 90th quantile, implying a stronger relation-
ship between cost efficiency and NPLs at the upper end of the NPLs distribution. 
Furthermore, the study documents evidence that the interaction term between cost 
efficiency and bank size negatively associates with NPLs. In contrast, the interac-
tion between bank capital and cost efficiency with NPLs is insignificant. 

The key recommendation of the study is that banks must periodically monitor 
cost–efficiency ratios to avoid cost-cutting measures compromising loan portfolio 
quality. The practical significance of this study lies in its potential to inform banking 
policy and operational strategies in Zimbabwe and other similar economies. The 
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findings highlight the importance of cost efficiency in managing NPLs, particularly 
in larger banks. This suggests that banks could potentially reduce NPLs by improv-
ing their cost efficiency, thereby enhancing their financial stability and contributing 
to the overall health of the economy. Furthermore, the study’s policy implications 
suggest that banks should align their short-term profit motives with loan portfolio 
quality to prevent an increase in NPLs. This could lead to more sustainable banking 
practices and contribute to economic stability. 

Limitations associated with this study are that it focused only on the formal dol-
larisation period in the Zimbabwean banking industry. More comprehensive results 
may be obtained by extending the study period to include periods beyond the official 
dollarisation era and on regional economies. Future studies may also attempt to under-
stand the intersection between policy uncertainty, bank cost efficiency and NPLs in 
Zimbabwe. 
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Appendix

Table A1
Data Description

Variable Name Description Expected 
relationship Supporting Literature

Variables used in Cost DEA estimation
Inputs
x1 Labour Total assets (proxy for the 

number of employees)
Rossi, Schwaiger and 

Winkler, 2011; Abel, 
2018

x2 Capital Total fixed assets Hafsal et al., 2020; 
Milenković et al., 2022

x3 Deposits Total deposits Efendic, 2017; Sultana 
& Rahman, 2020

Input prices
w Price of 

labour
Staff expenses/total assets Abel, 2018; Marjanović 

et al., 2018; Rossi et 
al., 2011

k Price of 
capital

(Total expenses - labour 
expenses)/total assets

Abel, 2018

d Price of de-
posits

Total interest expenses / 
total deposits

Partovi & Matousek, 
2019 

Output
y1 Loans  Gross loans (performing 

and non-performing)
Roman et al., 2011

y1 Total income Sum of interest income 
and non-interest income

Berger & DeYoung, 
1997; Cvetkoska et al., 
2021; Fotova Čiković 
& Lozić, 2022; Karim 
et al., 2010

Variables used in panel regression 
NPL Non-perform-

ing loans
 Non-performing loans/

Total loans
Jason Stefano & Sofia 

Prima Dewi, 2022; 
Rosenkranz & Lee, 
2019; Sthembiso 
Msomi, 2022
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LTD Loans-to-de-
posit ratio

Total loans/total deposit + Alnabulsi et al., 2022; 
Anastasiou et al., 
2016; Katuka et al., 
2018; Ribichini, 2018

CE Cost efficien-
cy scores

Estimated using Cost DEA +/- Abel, 2018; Berger & 
DeYoung, 1997; Ma-
taba et al., 2016

ETA Equity ratio Total equity/total assets +/- Kjosevski & Petkovski, 
2017; Klein, 2013; 
Makri et al., 2014

ROA Return on 
assets

Net income/total assets - Khan, Siddique & Sar-
war, 2020; Alnabulsi 
et al., 2022;

GDP Gross domes-
tic product

Changes in real GDP 
(World Bank dataset)

- Alihodžić, 2022; 
Ghosh, 2015; Koju et 
al., 2018

SIZE Bank size Natural logarithm of total 
bank assets

+/- Anastasiou et al., 2019; 
Sahiti & Sahiti, 2021
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