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Abstract

:

This comprehensive study explored the efficiency landscape of the Jordanian banking industry from 2006 to 2021, utilizing a dual-pronged approach. First, we assessed the efficiency scores of 15 commercial banks, comprising 13 conventional and 2 Islamic institutions, through data envelopment analysis (DEA). Secondly, we investigated the determinants influencing relative efficiency using the Tobit regression model. Our dataset, spanning 240 observations over 16 years, provides a nuanced examination of industry dynamics. DEA, specifically focusing on variable return to scale (VRS), unveils efficiency scores by accounting for scale inefficiencies. The research contributes insights into the operational efficacy of Jordanian banks and provides a robust methodology for understanding efficiency dynamics in the broader financial landscape. The results reveal significant relationships between return on assets, return on equity, GDP growth, and efficiency. Furthermore, it is noteworthy that Islamic banks demonstrate higher efficiency compared to conventional banks. Additionally, non-significant associations were observed with credit risk, bank size, and the ratio of loan loss provision over net income. The findings hold implications for policymakers, industry stakeholders, and researchers aiming to bolster the resilience and competitiveness of Jordan’s banking sector.
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1. Introduction


In the ever-evolving realm of financial systems, the banking industry stands as a cornerstone, playing a pivotal role in economic stability and growth. The economic performance of any nation is intricately linked to the strength of its financial and banking infrastructure. Consequently, a robust banking system contributes to economic stability, thereby positively affecting the well-being of the populace.



This study delves into the dynamic landscape of the Jordanian banking sector, a critical component of the nation’s economic infrastructure. Over the period from 2006 to 2021, the industry has witnessed transformative changes, both in its structural composition and operational strategies. The primary aim of this study was to conduct a multifaceted analysis of the efficiency landscape within the Jordanian banking industry, employing sophisticated methodologies such as data envelopment analysis (DEA) and the Tobit regression model. Through this exploration, we sought to evaluate the efficiency scores of 15 commercial banks and understand the underlying determinants influencing their relative efficiency. Additionally, our research aimed to contribute valuable insights that transcend the temporal boundaries of the study, fostering a foundation for informed decision-making and strategic planning in the ever-evolving financial landscape.



The banking sector in Jordan stands as a crucial economic pillar, actively contributing to the GDP and fostering economic growth, stability enhancement, and increased employment opportunities (Jawarneh 2021). Furthermore, the financial landscape in Jordan is notably dominated by banks, encompassing 96% of the total assets within the financial sector, equivalent to 186% of the GDP as of the conclusion of 2021.



The largest segment within banks’ total assets is represented by credit facilities, constituting approximately 49% and notably contributing to 94% of the GDP by the end of 2021. Deposits play a pivotal role as the primary source of funding, comprising 69% of the total sources and significantly accounting for 124% of the GDP by the close of 2021. The Jordanian banking system comprises a total of 23 licensed banks, including 16 Jordanian banks (3 of which are Islamic banks) and 7 branches of foreign banks, 1 of which operates as a foreign Islamic bank branch. The distinctive features of Jordanian banks elucidate a substantial portion of the variance observed in bank profitability.



Efficiency, a linchpin for sustained success, is at the heart of this exploration. In this comprehensive study, we embark on a multifaceted analysis, aiming to unravel the intricacies of efficiency within the Jordanian banking industry. The efficiency of the bank is a comprehensive metric encompassing various performance aspects and employing multiple financial variables (Wu et al. 2006). By employing sophisticated methodologies, including data envelopment analysis (DEA) and the Tobit regression model, we seek to not only evaluate the efficiency scores of 15 commercial banks but also understand the underlying determinants influencing their relative efficiency. The data envelopment analysis (DEA) approach was actually introduced by Abraham Charnes, William W. Cooper, and Edward Rhodes in the late 1970s, with their seminal work published in 1978. Data envelopment analysis (DEA) swiftly emerged as the predominant non-parametric methodology for evaluating the efficiency of decision-making units employing multiple inputs to generate multiple outputs (Pereira et al. 2021). According to Kumar and Singh (2014), one of the advantages of DEA is the capability of being used with any input–output measurement. Simultaneously, our research endeavors to unpack the intricacies of the factors influencing efficiency variations. The Tobit regression model becomes a powerful lens through which we scrutinize these determinants, offering a quantitative dimension to our exploration.



Amid ongoing transformations in the economic and financial landscape, the significance of evaluating the efficiency of commercial banks becomes paramount as a vital element that significantly influences enhancing institutional performance and achieving financial sustainability. The enhancement of institutional performance serves as a comprehensive measure encompassing effectiveness and efficiency in resource utilization and the improvement of banking services. On the other hand, achieving financial sustainability represents a crucial challenge amidst continuous economic fluctuations and market variables.



While numerous studies have examined the efficiency of Jordan’s banking sector, some research has concentrated on related topics. Al-Shammari and Salimi (1998) and Ajlouni et al. (2011) conducted studies on the performance of Jordanian banks in specific periods. Existing research has primarily focused on specific aspects within shorter timeframes. Furthermore, these studies often excluded the growing sector of Islamic banks. Our study aims to contribute to this body of research by providing a comprehensive efficiency analysis over an extended period, encompassing both conventional and Islamic banking institutions. The results and discussions shed light on the intricate dynamics of the Jordanian banking industry, offering a nuanced perspective on efficiency trends and their determinants. Notably, the analysis reveals distinct phases in the industry’s efficiency trajectory, spanning periods of stability, decline, and subsequent improvement. The influence of dynamic factors on operational efficacy becomes evident, prompting further exploration into the specifics of each phase. Islamic banks emerge as consistent outperformers, raising questions about the transferability of their operational models to conventional counterparts. Tobit regression analysis unravels significant relationships between efficiency scores and key determinants, providing valuable insights into the delicate balance between profitability and operational effectiveness.



This study’s relevance extends beyond the realms of academia, resonating with policymakers, industry stakeholders, and researchers alike. Insights gleaned from our findings can inform strategic decisions, enabling policymakers to formulate measures that enhance the resilience and competitiveness of Jordan’s banking sector. Bank executives and regulators can leverage these insights to identify areas for improvement and best practices, fostering a more efficient and robust financial landscape.



In essence, this study forms a crucial bridge between theory and practice, offering a comprehensive analysis of the efficiency landscape within the Jordanian banking industry. As we navigate through the intricate tapestry of financial operations, our aim was to contribute valuable insights that transcend the temporal boundaries of the study, fostering a foundation for informed decision-making and strategic planning in the ever-evolving financial landscape.



This article is structured as follows. Section 1 sets the stage by providing an overview of the evolving Jordanian banking sector and the context of our study. Section 2 presents a thorough literature review, providing a contextual foundation for our study. In Section 3, we articulate the objective of the study, outlining our specific research goals. Moving on to Section 4, we introduce the sample banks. Section 5 encompasses the analysis results, followed by a combined results and discussion in Section 6. We draw overarching insights and conclude our study in Section 7. Lastly, the references cited throughout the article are presented for further exploration. This systematic arrangement aims to present a coherent and detailed account of our study’s methodology, findings, and implications.




2. Literature Review


Efficiency analysis has been a focal point in studies examining the global banking sector. Scholars such as Berger and Humphrey (1997) and Sherman and Gold (1985) have extensively used data envelopment analysis (DEA) to evaluate the operational efficiency of banks across various countries. Their findings underscore the importance of efficiency as a determinant of financial stability and sustainable growth, emphasizing the need for robust methodologies to assess and enhance operational performance. Operational efficiency has been identified as a factor influencing the financial performance of commercial banks, as highlighted by Nataraja et al. (2018). Furthermore, Buchory (2015) analyzed the effect of operational efficiency on banking profitability. Operational efficiency was measured by the ratio of operating expenses to operating income (OEOI), and banking profitability was measured by return on assets (ROA). According to the results, OEOI had a negative and significant impact on ROA. Shah et al. (2019a) introduced a comprehensive three-phase framework incorporating DEA for assessing bank efficiency, a Tobit regression model, and a neural network. The application of this model was demonstrated on an empirical dataset encompassing commercial banks from nations participating in the Belt and Road Initiative. The outcomes of their study furnish valuable insights into the optimization of bank efficiency as a strategic approach to leverage the opportunities presented by the Belt and Road Initiative. DEA has been widely employed in most studies to assess the efficiency of the banking sector in India. It demonstrates versatility by effectively handling multiple inputs and outputs, revealing relationships that might remain obscured when employing alternative methodologies (Kumar and Singh 2014). Jackson and Fethi (2000) used DEA to evaluate the technical efficiency of individual Turkish banks and the Tobit model to investigate the determinants of efficiency. They discovered that larger and more profitable banks are more likely to have higher levels of technical efficiency. Moreover, Aysan and Ceyhan (2008) endeavored to illuminate the trajectory of the Turkish banking sector’s performance through panel data fixed effects regression analysis. Their findings indicated a negative association between efficiency change and branch count. They observed a positive correlation between the loan ratio and the performance indices efficiency and efficiency change. However, return on equity did not exhibit statistical significance in explaining any of the efficiency measures. Casu and Molyneux (2003) explored the impact of the single internal market on productive efficiency in European banking. Utilizing DEA estimation for efficiency measures, they assessed determinants of bank efficiency through the Tobit regression model. The findings indicate a modest enhancement in bank efficiency levels post the EU’s Single Market Programme. Milenković et al. (2022) also employed data envelopment analysis (DEA) to evaluate the intermediate function efficiency of banks across Western Balkan countries from 2015 to 2019. Their findings revealed variations in efficiency levels both among and within countries during the specified timeframe.



As we turn our focus to the Middle East, the studies by Eisazadeh and Shaeri (2012) and Lemonakis et al. (2015) provide valuable insights into the efficiency landscape of the region’s banking industry. These studies, although not exclusively focused on Jordan, shed light on the contextual factors shaping banking efficiency in the Middle East, offering a foundation for our exploration. Apergis and Polemis (2016) examined the correlation between competition and efficiency within the banking sector of Middle East and North African (MENA) countries over the period from 1997 to 2011. The degree of bank efficiency was evaluated using the nonparametric data envelopment analysis (DEA) methodology and bootstrap data envelopment analysis (BDEA). The results revealed a unidirectional (negative) Granger causality, running from efficiency to competition, and attempted to measure the relative efficiency of the top 100 Arab banks.



Mostafa (2007) utilized DEA. The outcomes highlighted suboptimal performance in several banks, pointing to opportunities for substantial improvements. These findings underscore the imperative of addressing inefficiencies to enhance the overall performance of Arab banks. Within the realm of efficiency, Mostafa (2009) delved into an examination of the efficiency levels of prominent Arab banks employing two quantitative methodologies: data envelopment analysis and neural networks. Additionally, he underscored the economic significance of fostering heightened efficiency across the banking sector in the Arab world. Achi (2023) also utilized DEA to evaluate the efficiency of Algerian banks and examined the effects of explanatory factors on their performance.



The efficiency of Islamic banking institutions has received considerable attention as Islamic finance has grown. Muslim jurists have recognized the importance of engaging in banking activities that adhere to legitimate methods in accordance with Islamic principles (Qasim et al. 2017). Hasan and Dridi (2011) investigated the performance of Islamic banks, and Rosman et al. (2014) contributed to this debate by using DEA to assess the efficiency of Islamic banks. Their research sheds light on the unique characteristics and challenges that Islamic banking institutions face, emphasizing the importance of factoring these nuances into efficiency assessments. Johnes et al. (2014) conducted a comparative analysis of Islamic and conventional banks from 2004 to 2009, employing data envelopment analysis (DEA) and meta-frontier analysis (MFA). Their findings indicate that, while Islamic banks exhibit comparable gross efficiency to conventional counterparts, they demonstrate significantly higher net efficiency and lower type efficiency. The diminished type of efficiency in Islamic banks is ascribed to a lack of product standardization, whereas the heightened net efficiency is indicative of strong managerial capabilities within Islamic banking institutions. Additionally, Alexakis et al. (2019) assessed the performance and productivity of Islamic and conventional banks. Their investigation centered on the relatively homogeneous Gulf Cooperation Council (GCC) region spanning the period from 2006 to 2012, a period inclusive of the global financial crisis. The study unveiled that Islamic banks exhibited lower cost and profit performance in comparison to their conventional counterparts, while maintaining comparable revenue performance. The research conducted by Saleh and Zeitun (2007) investigated Islamic banking in Jordan, with a focus on the two largest banks: Jordan Islamic Bank for Finance and Investment and Islamic International Arab Bank. Both banks demonstrated increased efficiency, expanded investments, and played a vital role in financing projects in Jordan. The analysis also highlighted significant growth in credit facilities and profitability within Islamic banks, underscoring their noteworthy contribution to Jordan’s economic development. Qasim et al. (2017) examined the performance of Islamic banks in Jordan from 2010 to 2013, employing three measurement methods, including the DEA approach. Their findings indicated that Jordan Dubai Islamic Bank achieved the highest performance ranking across the three measurement tools, followed by Islamic International Arab Bank. In contrast, Jordan Islamic Bank Finance and Investment recorded the lowest rank.



The reviewed literature emphasizes the global importance of banking efficiency, provides insights into efficiency dynamics in Islamic banking, provides context for the Middle East, including Jordan, and lays the groundwork for further research into the determinants shaping banking efficiency. Our research adds to this body of knowledge by providing a comprehensive assessment of the efficiency landscape in the Jordanian banking industry, combining insights from various strands of the literature.




3. Objective of the Study


The objective of this study was twofold. First, using data of 15 Jordan commercial banks, this study employed a non-parametric frontier method, data envelopment analysis (DEA), to measure the efficiency scores of the Jordan banking industry. Secondly, the study attempted to investigate the determinants of the relative efficiency of the Jordan banking industry using the Tobit regression model.




4. Methods


4.1. The Sample Banks


The total sample comprised 15 banks for a period of 16 years ranging from 2006 to 2021 (Table 1). The data therefore comprised 240 observations (16 observations per bank). Among the 15 banks, 13 were conventional banks and 2 were Islamic banks.




4.2. Analysis Methods


All analyses were performed using R Statistical Software (v4.2.2; R Core Team 2022). DEA was performed using the rDEA R package (v1.2-7; Simm and Besstremyannaya 2023). Tobit regression was performed using the AER R package (v1.2-10; Kleiber and Zeileis 2008). For any test, a p-value less than 0.05 indicated significance.



4.2.1. DEA (1st Stage Analysis)


Data envelopment analysis (DEA) (Charnes et al. 1978) was used to determine the efficiency for the sample of banks in Jordan. For a comprehensive understanding of DEA techniques and models, refer to the detailed descriptions available in the references (Färe et al. 1994; Ray 2004; Coelli et al. 2005; Cooper et al. 2007; Bogetoft and Otto 2011; Cooper et al. 2011). In brief, DEA is a non-parametric analytical method based on linear programming that can be used to estimate the production frontier of peer decision-making units (DMUs) with multiple inputs and multiple outputs (Cook and Seiford 2009). DEA offers the advantage of being a flexible and nonparametric technique that does not require any assumptions about the production function’s form (Siriopoulos and Tziogkidis 2010). It calculates an empirically best-practice production frontier based on the observed inputs and outputs of individual DMUs, replicating their individual behavior rather than relying on average sample estimates from conventional production functions or assigning prior weight to the input and output (Cook et al. 2014). DEA has been empirically applied in the banking sectors for appraisal of performance (Haslem et al. 1999; Thanassoulis 1999; Siriopoulos and Tziogkidis 2010; Defung 2018; Shah et al. 2019a; Razipour-GhalehJough et al. 2021).



Within the DEA framework, models for calculating efficiencies can be either constant return to scale (CRS), developed by Charnes et al. (1978), or variable return to scale (VRS), developed by Banker et al. (1984). The first method (CRS) assumes that all DMUs operate at an optimal level of efficiency, and this requires the DMUs to operate at the flat portion of the long run average cost curve (Banker et al. 1984; Coelli 1996). In practical applications, certain factors, such as financial and legal constraints, imperfect information, and more, can hinder a DMU from operating at its optimal scale (Coelli et al. 2005). Coelli (1996) emphasized that using the CRS specification when some DMUs are not operating at their optimal scale may lead to measures of technical efficiency mixed up with scale efficiency. The second method (VRS) assumes that there are scale inefficiencies and that not all DMUs operate at an optimal level, and hence imperfect competition is accounted for in the analysis of VRS (Coelli 1996; Banker et al. 1984). As a result, in this study, the VRS approach was employed.



DEA analyses largely fall into the categories of being either input-oriented or output-oriented models (Cook and Seiford 2009). The input-oriented model minimizes the using of inputs for a given level of outputs (i.e., inputs are proportionally reduced while outputs remain fixed). The output-oriented model maximizes the producing of outputs for a given level of the inputs (i.e., outputs are proportionally increased while inputs are held constant) (Cook and Seiford 2009). The choice of input- or output-oriented models depends on the properties of DMUs in the production process or the degree of control that managers have over their inputs and outputs. Given that managers or DMUs, specifically banks, have greater control over their inputs, and banks often prioritize cost control over demand increase (Taylor et al. 2022), the input-oriented model was selected for this study.



Following the notation of Cook and Seiford (2009), consider a set of n DMUs: with each DMU j (j = 1, …, n) using m inputs xij (i = 1, …, m) and generating s outputs yrj (r = 1, …, s), the efficiency score of a DMU (   e o *   ) can be computed as


    e o *  = max  [   ∑ r   u r   y  r o   −  u o   ]  /  ∑ i   v i   x  i o      s . t .      ∑ r   u r   y  r j   −  u o  −  ∑ i   v i   x  i j     ≤ 0 ,   j = 1 , … , n     u r  ≥ ε ,            v i  ≥ ε ,           ∀   i , r     u o  unrestricted in sign ,   








where




	
ur is a vector of output weights,



	
vi is a vector of input weights,



	
yrj and xij are the rth output and ith input for DMU j,



	
xio and yro are the ith input and rth output for the considered DMU, and



	
 ε  is a non-archimedian value designed to enforce strict positivity on the variables.








The primary criticism of the initial DEA findings centers around the lack of statistical inference, which suggests that the estimated efficiency scores may be unreliable. This research tackles this limitation by utilizing the DEA bootstrapping technique introduced by Simar and Wilson (1998). By employing the bootstrap procedure, it becomes possible to obtain statistical inference for the efficiency results. This approach offers bias-corrected estimations and confidence intervals for the original DEA efficiency score.



Input/Output Variables


Selecting appropriate input–output variables is a crucial aspect of DEA models, because the measurement of efficiency and productivity could be meaningless if the chosen measures for inputs and outputs are not carefully specified (Das and Ghosh 2009). According to the literature, intermediation and production methodologies are the most employed approaches for specifying inputs and outputs in studies regarding efficiency (Berger and Humphrey 1997). In the production approach, banks are viewed as production centers, with deposits considered as outputs. On the other hand, in the intermediation approach, banks are seen as intermediaries that facilitate the flow of funds from depositors to borrowers. In this approach, deposits are considered as inputs, along with other relevant input variables (Sealey and Lindley 1977; Hancock 1986). There is not any consensus on which approach works best (Giannakis et al. 2005). Therefore, this research uses an intermediation approach, focusing on the banks’ role in intermediating funds from surplus to deficit units.



The definition of outputs and inputs for financial firms lacks a unanimous consensus, as pointed out by Benston (1972) and Clark (1984). After reviewing the literature on banking industry related DEA studies (e.g., Haslem et al. 1999; Thanassoulis 1999; Siriopoulos and Tziogkidis 2010; Defung 2018; Shah et al. 2019b; Razipour-GhalehJough et al. 2021) and considering the data availability, the researcher has chosen (1) total cost, total liability, and total deposit as input variables, and (2) total assets and total equity as output variables. These data were retrieved from the association of banks in Jordan.



Table 2 summarizes the variables considered in the first stage of analysis for this study. All variables were converted to real value using the GDP deflator, i.e., real value = nominal value/(GDP deflator/100). All variables were measured in millions of USD.





4.2.2. Tobit Regression (Second Stage Analysis)


Following the suggestion of Coelli et al. (2005), in the second stage of the analysis, this study attempted to investigate the determinants of efficiency scores for the banking industry in Jordan.



To investigate the impact of other factors that possibly affect the efficiency measure, some explanatory variables, representing economic conditions (gross domestic product (GDP) growth), bank characteristics (credit risk, return on assets, return on equity, bank size, and ratio of loan loss provision over net income), and bank type, were chosen to provide explanations as to Jordan banking efficiency differences (See Table 3). A brief of data summary of these variables is presented in Table 3, which presents descriptive statistic for the potential determinants of bank efficiency over the study period.



To accommodate the limited range of efficiency scores, which range from 0 to 1, this study employed the Tobit regression method (Long 1997). Specifically, the two-limit Tobit model developed by Rosett and Nelson (1975) was applied to allow both upper and lower censoring. Following the notations of Long (1997), with upper and lower censoring, the observed censored variable    y i    for subject i can be defined by the following measurement equation:


   y i  =  {       τ L  ,                                                                                 if    y i *  ≤  τ L         y i *  =  x i  β +  ε i  ,                   if    τ L  <  y i *  <  τ U         τ U  ,                                                                               if    y i *  ≥  τ U         








where




	
   y i    is the observed censored outcome variable for subject i.



	
   τ L    and    τ U    are the lower and upper censoring values (   τ L    = 0 and    τ U    = 1 for this study).



	
y* is a latent variable that cannot be observed over its entire range. However, y* is observed for outcome values between    τ L    and    τ U   , and is censored for outcome values less than or equal to    τ L    or outcome values greater than or equal to    τ U   .



	
   y i *  =  x i  β +  ε i    is the structural equation for the Tobit model.



	
The x’s are factors observed for all cases and β’s are regression coefficients.



	
   ε i  ~ N  (  0 ,    σ 2   )   .








The maximum likelihood estimation (MLE) method can be used to estimate the regression parameters (i.e., the β’s) of the Tobit model (Long 1997). The utilization of the Tobit regression and maximum likelihood estimation (MLE) aligns seamlessly with prior research in the realm of efficiency analysis within the banking sector. This methodological alignment enhances the comparability of our study with the existing literature, thereby augmenting our contribution to the overarching academic discourse on this subject. For instance, Souza et al. (2006) employed data envelopment analysis (DEA) metrics to evaluate the technical efficiency of Brazilian banks, assessing the significance of technical effects. In their investigation, they adeptly applied the maximum likelihood estimation within the framework of general Tobit models. Our adherence to a similar methodological framework not only establishes coherence with established research practices but also fosters a more meaningful dialogue within the academic community. The maximum likelihood estimator for the Tobit model assumes that the errors are normal and homoscedastic (i.e., equal variance). The normality assumption was checked using the quantile–quantile (QQ) plot, and the homoscedasticity assumption was checked using the residual plot in this study.



In Table 4, the definitions of the variables used in our analysis are provided to clarify their roles and meanings in assessing Jordan banking efficiency.






5. Analysis Results


Table 5 present the efficiency scores determined using DEA for the 15 Jordan banks between 2006 and 2021. It appears that between 2006 and 2011, the efficiency of individual Jordan banks stayed fairly stable, with efficiency scores ranging from 0.519 and 1.000. A decreasing trend in bank efficiency was observed starting at 2011 and continuing toward 2014. In 2014, 6 out of 15 banks (ABC, SGDB, CBJ, IB, BAE, and JCB) had efficiency scores below 0.4. Between 2014 and 2017, bank efficiency showed an upward trend; however, a negative slope was observed right after the year 2017.



The mean efficiency scores for the 15 banks ranged from 0.595 to 0.792 (Table 2 and Figure 1). Banks had mean efficiency scores above 0.70 (JKB, HBTF, AB, BJ, CBJ, IB, IIAB, and JIB), five banks had mean efficiency scores above 0.60 (ABC, SGDB, CAB, BAE, and AJIB), and two banks had mean efficiency scores above 0.50 (JAB and JCB).



Table 6 shows the mean efficiency scores estimation using DEA and the bootstrap results for each year. The original DEA result is column 2, followed by bias-corrected estimates and bias (i.e., the bootstrapping results) in columns 3 and 4, respectively. The other two columns give the lower and upper bounds of the estimated efficiency for the 95% confidence interval (CI). The efficiency estimate reveals that the initial DEA efficiency scores fell within the 95% CI. However, these scores were positively skewed (i.e., upwardly biased) when compared to the bias-corrected efficiency scores. This discrepancy can be attributed to sampling fluctuations, which influenced the sensitivity of the efficiency estimate. The biases vary across the period. The bias was less than 0.04 in 2008–2016 and 2019–2021, but in the remaining years (2006, 2007, 2017, and 2018), the bias was above 0.04, with 2017 showing the largest bias. In sum, the Jordan banking industry was not very efficient in the analysis period. The yearly mean efficiency estimates ranged between 0.463 and 0.882, with the highest level occurred in 2011.



Table 7 shows the mean efficiency scores estimation using DEA by bank type. During the period of 2006 and 2021, the mean efficiency scores ranged from 0.451 to 0.872 for conventional banks, and from 0.541 to 0.944 for Islamic banks.



Table 8 shows the results for Tobit regression. Note that the Tobit regression coefficients can be interpreted in the similar manner to the ordinary least square regression coefficients. However, for the Tobit regression, the linear effect is on the uncensored latent variable, not the observed outcome.



According to the results of the Tobit regression, there was a statistically significant relationship between bank efficiency scores and the following determinants: return on assets (z = 4.644, p < 0.001), return on equity (z = −3.074, p = 0.002), bank type (z = 5.115, p < 0.001), and GDP growth (z = 2.880, p = 0.004). In particular,



	
A one-unit increase in return on assets was associated with a 16.243 point increase in the predicted value of efficiency score.



	
A one-unit increase in return on equity was associated with a 1.484 point decrease in the predicted value of efficiency score.



	
The predicted value of efficiency score for Islamic banks was expected to be 0.170 point higher than the predicted value of efficiency score for conventional banks.



	
A one-unit increase in GDP growth was associated with a 0.012 point increase in the predicted value of efficiency score.






There was no statistically significant relationship between the bank efficiency scores and the following determinants: the credit risk (z = 1.090, p = 0.276), bank size (z = −0.350, p = 0.727), and the ratio of loan loss provision over net income (z = 1.710, p = 0.087). Figure 2 suggested that the errors of the Tobit model were normal and homoscedastic, and hence the fit of the Tobit model was adequate for the data.




6. Results and Discussion


The data envelopment analysis (DEA) conducted on the Jordanian banking industry from 2006 to 2021 reveals intriguing dynamics. The examination of efficiency scores unveils that, between 2006 and 2011, individual banks maintained relatively stable efficiency levels, suggesting a period of consistent operational performance. However, a discernible decline in efficiency transpired from 2011 to 2014, with six banks exhibiting scores below 0.4 in 2014. The discernible decrease in efficiency prompts investigations into potential external influences or internal managerial changes that may have contributed to the downturn. As a result, the timeframe from 2014 to 2017 shows a discernible upward trend, implying that banks are implementing adaptive measures or strategic shifts to improve efficiency. However, a negative slope after 2017 invites further investigation into the potential challenges or disruptions affecting the industry during this period. Mean efficiency scores displayed a range from 0.595 to 0.792, showcasing diverse levels of efficiency among the banks and suggesting varying degrees of effectiveness in their operations. It is critical to delve deeper into the contextual factors causing this fluctuation and evaluate the impact of managerial decisions made during this time. This observation underscores the importance of conducting a thorough analysis to elucidate the nuanced dynamics at play and to draw meaningful conclusions regarding the factors influencing efficiency trends in the banking sector.



The observed trends in efficiency, as gleaned from our analysis, delineate distinct phases within the temporal trajectory of Jordanian banks. The first phase, spanning from 2006 to 2011, reveals a period of stability. Subsequently, a downturn in efficiency is discernible from 2011 to 2014, and although there appears to be an attempt at amelioration from 2014 to 2021, the negative slope after 2017 invites further investigation into potential challenges or disruptions affecting the industry during this period. These fluctuations underscore the impact of dynamic factors on the operational efficacy of Jordanian banks. To gain a comprehensive understanding, it is imperative to delve deeper into the specifics of each aforementioned phase and discern the driving forces behind these discernible trends. A meticulous examination of the strategies employed by banks during both the periods of decline and improvement can furnish valuable insights into the adaptability and resilience of the Jordanian banking sector. The academic formulation aims to present the information in a structured and formal manner. Additionally, it encourages a thorough exploration of each phase while highlighting the importance of scrutinizing strategies for a nuanced comprehension of the sector’s adaptability and resilience.



Islamic banks consistently outperformed their conventional counterparts throughout the study period, prompting inquiries into the operational strategies and practices that contribute to the heightened efficiency of Islamic banks. This outcome aligns with findings from a study conducted by Bilal et al. (2011), which employed data envelopment analysis (DEA) to compare the efficiency of Islamic and commercial banks in Pakistan. The study similarly concluded that Islamic banks exhibit higher efficiency levels. The noteworthy and sustained outperformance of Islamic banks raises intriguing questions about the potential transferability of their operational models to conventional banks. Exploring the specific practices and risk management strategies employed by Islamic banks could offer valuable lessons for enhancing the overall efficiency of the Jordanian banking sector.



The Tobit regression analysis brought to light significant relationships between efficiency scores and several determinants. Particularly noteworthy were the statistically significant impacts of return on assets, return on equity, bank type, and GDP growth on efficiency scores. A one-unit increase in return on assets correlated with a noteworthy increase in the predicted efficiency score. This positive relationship emphasizes the importance of asset management in driving overall efficiency. Conversely, a one-unit increase in return on equity corresponded to a decrease in the predicted efficiency score, suggesting a potential trade-off between profitability and efficiency. Further exploration into the nature of this relationship could uncover nuanced dynamics in the banking industry. There is an apparent contradiction between this finding and the general expectation that profitability should be positively related to efficiency, at least in financial terms. The observed relationship indeed appears counterintuitive at first glance. However, this finding can be explained through several theoretical and empirical perspectives:



1. Financial performance vs. operational efficiency: It is important to differentiate between financial performance (e.g., ROE) and operational efficiency. While profitability is a crucial aspect of a bank’s overall performance, it may not necessarily reflect the efficiency of its operational processes. A bank can have high profitability due to various factors, such as leverage and investments, without necessarily optimizing its resource allocation or operational processes.



2. Potential trade-off: The statement in our article about a potential trade-off between profitability and efficiency was intended to highlight the complex nature of the relationship. In some cases, banks might prioritize short-term profits at the expense of long-term operational efficiency, leading to a negative correlation between ROE and efficiency scores.



3. Context-specific factors: The relationship between ROE and efficiency can vary depending on the specific circumstances of the banks in our study. Factors such as market conditions, regulatory requirements, and management decisions can influence this relationship. It is possible that certain banks in Jordan’s context prioritize other objectives over operational efficiency, leading to this observed result.



4. Data envelopment analysis (DEA) limitations: DEA, while a powerful tool for efficiency assessment, has its limitations. It assumes that all banks operate under the same technological and environmental conditions, which may not always be the case. Deviations from these assumptions can result in unexpected findings. DEA exhibits fewer limitations compared to alternative performance measurement methods in selecting input and output variables; however, the efficiency measure derived from DEA is influenced by the combination of inputs and outputs (Debasish 2006).



To address the constrained range of efficiency scores, the study employed the Tobit regression model, which accounts for both upper and lower censoring. The model’s robustness was substantiated through rigorous checks for normality and homoscedasticity. These methodological considerations contribute to the academic rigor of the study, providing a solid foundation for the interpretation and generalizability of the findings. The comprehensive analysis of efficiency trends and determinants, coupled with methodological robustness, positions this study as a valuable contribution to the understanding of the Jordanian banking industry and its operational dynamics.



GDP growth exhibited a positive association with efficiency scores, indicating a potential symbiotic relationship between economic growth and the efficiency of the banking sector. In a study undertaken by Banna and Alam (2020), an anticipation was posited for a positive correlation between GDP growth and the efficiency of Islamic banks. However, credit risk, bank size, and the ratio of loan loss provision over net income did not manifest statistically significant relationships with efficiency scores. While these factors may not have directly influenced efficiency scores in the studied context, their non-significant relationships highlight the need for continued exploration of additional variables that may impact banking efficiency.



In alignment with the extensive body of research presented in the literature review, our study resonates with prior investigations on banking efficiency, particularly within the Middle East. Building upon the insights offered by Eisazadeh and Shaeri (2012), Lemonakis et al. (2015), and Apergis and Polemis (2016), our analysis of the Jordanian banking sector contributes a nuanced understanding of the contextual factors influencing efficiency trends. Additionally, in addressing the efficiency of Islamic banks, our study aligns with the work of Hasan and Dridi (2011), Rosman et al. (2014), and Saleh and Zeitun (2007), extending their perspectives to the Jordanian financial landscape. Furthermore, our investigation into the dynamics of efficiency over time bears some resemblance to the comprehensive framework proposed by Shah et al. (2019a) for assessing bank efficiency. Our findings diverged from the observations offered by Jackson and Fethi (2000) concerning the association between bank size and efficiency scores. Contrary to their study, our analysis did not reveal a statistically significant relationship between bank efficiency scores and bank size. In line with the research conducted by Yuhasril (2019), a discernible relationship has been identified between return on assets and operational efficiency. It is noteworthy that this correlation arises from the understanding that operational efficiency constitutes an integral component of overall efficiency. By acknowledging the existing body of knowledge and integrating it into our analysis, we strive to enhance the coherence and cumulative understanding of banking efficiency.



While our results offer insights into the operational dynamics of the sector, we recognize the importance of translating these findings into actionable recommendations for stakeholders. Considering our robust methodological approach and the Tobit regression model’s ability to address censored efficiency scores, we propose the following considerations for policymakers, regulators, and bank executives. Policymakers may explore targeted measures to enhance the resilience of the banking sector, informed by our efficiency trends. Regulators could consider leveraging the identified best practices to formulate policies that foster a more efficient financial landscape. Bank executives might find value in using our insights to identify specific areas for improvement within their institutions. By explicitly connecting our results to these recommendations, we aim to bridge the gap between academic analysis and practical implications, thereby contributing to informed decision-making within the Jordanian banking industry.



Future research endeavors could undertake a more granular exploration of the identified best practices; this may involve a detailed examination of the implementation nuances and their effectiveness across diverse banking environments. Additionally, an in-depth longitudinal analysis could be pursued to assess the sustained impact of the proposed targeted measures on the resilience and efficiency of the banking sector. Such an investigation would not only contribute further insights to academic discourse but also furnish policymakers and industry stakeholders with a more comprehensive understanding, facilitating more informed and strategic decision-making in the realm of ongoing policy development within the Jordanian banking industry.




7. Conclusions


In conclusion, this comprehensive study provides a nuanced examination of the efficiency landscape within the Jordanian banking industry. Employing data envelopment analysis (DEA) and Tobit regression, our analysis offers valuable insights into the operational efficacy of banks in Jordan. The study reveals dynamic variations in efficiency levels over time and discerns differences between conventional and Islamic banks.



The findings underscore the significance of key determinants, including return on assets, return on equity, bank type, and GDP growth. These identified factors not only contribute to our understanding of efficiency dynamics but also serve as essential guides for policymakers and industry stakeholders. The implications extend beyond the individual banks to the broader resilience and competitiveness of Jordan’s banking sector.



However, it is imperative to acknowledge the limitations of our analysis. The Tobit regression model is predicated on the assumption that errors are normally distributed and homoscedastic. While we checked these assumptions using quantile–quantile (QQ) plots and residual plots, it is important to note that such assumptions, while common in statistical modeling, introduce a level of abstraction that may not fully capture the complexities of real-world scenarios.



Inherent challenges include data constraints, assumptions made during the modeling process, and potential biases. The limitations identified in this study improve the transparency of our research and, more importantly, point to future research avenues to address these limitations.



In essence, the robust methodology and detailed analysis of this study significantly contribute to a broader understanding of the efficiency dynamics in Jordan’s banking sector. As the financial landscape evolves, the insights presented here will be useful in developing policies and strategies to foster a more resilient and competitive banking industry.
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Figure 1. Mean efficiency scores by bank in Jordan. 
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Figure 2. Assumption assessment for Tobit model. 
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Table 1. Sample composition.
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	Number
	Bank Name
	Abbreviation
	Type





	1
	Arab Bank
	AB
	Conventional



	2
	Arab Banking Corporation
	ABC
	Conventional



	3
	Arab Jordan Investment Bank
	AJIB
	Conventional



	4
	Bank Al Etihad
	BAE
	Conventional



	5
	Bank of Jordan
	BJ
	Conventional



	6
	Cairo Amman Bank
	CAB
	Conventional



	7
	Capital Bank of Jordan
	CAJ
	Conventional



	8
	INVESTBANK
	IB
	Conventional



	9
	Jordan Ahli Bank
	JAB
	Conventional



	10
	Jordan Commercial Bank
	JCB
	Conventional



	11
	Jordan Kuwait Bank
	JKB
	Conventional



	12
	Societe Generale De Banque
	SGDB
	Conventional



	13
	The Housing Bank for Trade and Finance
	HBTF
	Conventional



	14
	Islamic International Arab Bank
	IIAB
	Islamic



	15
	Jordan Islamic Bank
	JIB
	Islamic










 





Table 2. Study variables for DEA.
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Variable

	
Symbol

	
Measurement

	
M

	
SD

	
Min

	
Max




	
Output

	

	

	

	

	

	






	
Total assets

	
TA

	
Total assets refer to the total resources owned by banks. It is the total amount of cash and due from banks, total loan portfolio, total investments, real and other properties acquired, and other assets held by financial institutions.

	
11,715.46

	
4738.35

	
1587.72

	
35,156.67




	
Total equity

capital

	
TE

	
Total equity capital includes perpetual preferred stock, common stock, surplus, retained earnings, and accumulated other comprehensive income.

	
1510.26

	
728.24

	
221.74

	
5543.77




	
Input

	

	

	

	

	

	




	
Total cost

	
TC

	
Total cost refers to operating expense that a business incurs through its normal business operations.

	
276.02

	
139.08

	
19.90

	
869.08




	
Total

liabilities

	
TL

	
Total liabilities refer to the financial obligation of banks. It is the sum of financial liabilities held for trading, financial liabilities designated at fair value through profit or loss, deposit liabilities, due to other banks, bills payable, unsecured subordinated debt, bonds payable, redeemable preferred shares, derivatives with negative fair value held for hedging, finance lease payment payable, and other liabilities.

	
8824.18

	
4716.82

	
29,542.77

	
29,542.77




	
Total deposits

	
TD

	
Total deposit refers to the total amount of deposits held by financial institutions (from depositors). It is the sum of savings deposit, demand deposit, time certificates of deposit, long-term negotiable certificates of deposit, and negotiable order of withdrawal accounts.

	
14,194.41

	
8815.53

	
1544.27

	
47,708.69








Note. M = mean, SD = standard deviation, Min = minimum, and Max = maximum.













 





Table 3. Study variables for Tobit regression.
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	Variable
	Measurement
	M
	SD
	Min
	Max





	Credit risk
	Credit risk is quantified by evaluating the ratio of non-performing loans to total loans
	0.079
	0.052
	0.001
	0.281



	Return on assets
	Return on assets refers to a financial ratio that indicates how profitable a company is in relation to its total assets. ROA = net income/total assets
	0.012
	0.005
	−0.002
	0.025



	Return on equity
	Return on equity is the measure of a company’s net income divided by its shareholders’ equity.
	0.095
	0.042
	−0.010
	0.218



	Bank size
	The logarithm of total assets
	9.118
	0.560
	7.266
	10.454



	Bank type
	Conventional vs. Islamic
	
	
	
	



	Ratio of loan loss provision over net income
	Ratio of loan loss provision over net income = loan loss provision/net income
	0.110
	0.108
	−0.014
	0.788



	Gross domestic product (GDP) growth
	GDP growth (annual %)
	3.344
	2.530
	−1.6
	8.2







Note. M = mean, SD = standard deviation, Min = minimum, and Max = maximum.













 





Table 4. Defining variables.
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	Nr.
	Term
	Definition





	1.
	operating cost
	the ongoing expenses incurred from the normal day-to-day of running a business



	2.
	loan loss provision
	is a cash reserve that banks set aside to cover losses incurred from defaulted loans.



	3.
	total equity
	the difference between a company’s total assets and its total liabilities.



	4.
	total assets
	total assets refers to the sum of the book values of all assets owned by the bank.



	5.
	total deposits
	total amount of deposits held by financial institutions (from depositors).



	6.
	total liabilities
	refer to the financial obligation of banks.



	7.
	total cost
	interest expenses that incurred from deposits, short-term and long-term loans, and trading account liabilities



	8.
	net interest income
	the difference between the revenue generated from a bank’s interest-bearing assets and the expenses associated with paying on its interest-bearing liabilities










 





Table 5. Efficiency score for each bank from 2006–2021.
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	Bank
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	2021
	Mean





	JKB
	0.952
	0.715
	0.727
	0.841
	0.774
	0.906
	0.684
	0.743
	0.608
	0.669
	0.737
	0.895
	0.779
	0.746
	0.601
	0.766
	0.756



	HBTF
	0.790
	0.751
	0.812
	0.793
	0.771
	0.893
	0.641
	0.727
	0.465
	0.689
	0.604
	0.697
	0.678
	0.734
	0.582
	0.804
	0.712



	ABC
	0.678
	0.612
	0.663
	0.762
	0.783
	0.966
	0.572
	0.545
	0.385
	0.544
	0.537
	0.971
	0.766
	0.514
	0.538
	0.791
	0.665



	SGDB
	1.000
	0.699
	1.000
	0.783
	0.692
	0.907
	0.762
	0.669
	0.327
	0.486
	0.418
	0.349
	0.412
	0.739
	0.724
	0.963
	0.683



	AB
	0.789
	0.756
	0.810
	0.795
	0.773
	0.892
	0.647
	0.723
	0.466
	0.675
	0.610
	0.687
	0.676
	0.727
	0.553
	0.807
	0.712



	JAB
	0.630
	0.555
	0.634
	0.560
	0.519
	0.714
	0.797
	0.768
	0.602
	0.536
	0.493
	0.513
	0.596
	0.580
	0.440
	0.582
	0.595



	BJ
	0.756
	0.633
	0.781
	0.698
	0.730
	0.958
	0.759
	0.763
	0.462
	0.655
	0.623
	1.000
	0.801
	0.695
	0.702
	0.806
	0.738



	CAB
	0.809
	0.588
	0.602
	0.685
	0.648
	0.857
	0.633
	0.548
	0.527
	0.589
	0.594
	0.646
	0.590
	0.493
	0.449
	0.602
	0.617



	CBJ
	0.816
	0.777
	0.819
	0.788
	0.834
	0.928
	0.608
	0.795
	0.384
	0.545
	0.594
	0.918
	0.809
	0.742
	0.668
	0.679
	0.731



	IB
	0.780
	0.770
	0.850
	0.803
	0.777
	0.901
	0.645
	0.722
	0.327
	0.667
	0.616
	0.692
	0.684
	0.721
	0.530
	0.816
	0.706



	BAE
	0.587
	0.833
	0.909
	0.856
	0.717
	0.956
	0.653
	0.597
	0.383
	0.487
	0.522
	0.622
	0.754
	0.645
	0.533
	0.877
	0.684



	AJIB
	0.564
	0.837
	0.852
	0.649
	0.614
	0.810
	0.321
	0.546
	0.656
	0.591
	0.573
	0.951
	0.740
	0.716
	0.561
	0.942
	0.689



	JCB
	0.821
	0.802
	0.687
	0.640
	0.634
	0.666
	0.456
	0.545
	0.328
	0.485
	0.384
	0.577
	0.500
	0.604
	0.304
	0.671
	0.569



	IIAB
	0.955
	0.778
	0.808
	0.791
	0.792
	0.996
	0.633
	0.717
	0.625
	0.782
	0.759
	0.901
	0.750
	0.797
	0.690
	0.875
	0.792



	JIB
	0.796
	0.753
	0.816
	0.785
	0.770
	0.886
	0.637
	0.722
	0.481
	0.675
	0.605
	0.687
	0.661
	0.729
	0.575
	0.803
	0.712







Note. IIAB and JIB were Islamic banks.













 





Table 6. Mean efficiency scores estimation using DEA and the bootstrap results.
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Bootstrap




	
Year

	
Efficiency

	
Efficiency-Boot

	
Bias

	
Lower

	
Upper






	
2006

	
0.781

	
0.736

	
0.044

	
0.665

	
0.851




	
2007

	
0.726

	
0.686

	
0.040

	
0.584

	
0.877




	
2008

	
0.783

	
0.749

	
0.034

	
0.637

	
0.830




	
2009

	
0.747

	
0.719

	
0.028

	
0.605

	
0.920




	
2010

	
0.722

	
0.700

	
0.023

	
0.584

	
0.812




	
2011

	
0.882

	
0.853

	
0.028

	
0.789

	
0.940




	
2012

	
0.636

	
0.605

	
0.031

	
0.437

	
0.837




	
2013

	
0.675

	
0.649

	
0.026

	
0.513

	
0.884




	
2014

	
0.463

	
0.431

	
0.031

	
0.232

	
0.677




	
2015

	
0.606

	
0.583

	
0.023

	
0.441

	
0.818




	
2016

	
0.583

	
0.558

	
0.025

	
0.396

	
0.765




	
2017

	
0.736

	
0.688

	
0.048

	
0.548

	
0.931




	
2018

	
0.680

	
0.637

	
0.043

	
0.470

	
0.870




	
2019

	
0.679

	
0.652

	
0.027

	
0.503

	
0.913




	
2020

	
0.566

	
0.538

	
0.027

	
0.349

	
0.718




	
2021

	
0.787

	
0.756

	
0.031

	
0.656

	
0.922








Note. Lower and upper are lower bound and upper bound of the 95% confidence intervals.













 





Table 7. Mean efficiency scores estimation using DEA by bank type.
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	Year
	Conventional
	Islamic





	2006
	0.766
	0.872



	2007
	0.719
	0.775



	2008
	0.779
	0.808



	2009
	0.740
	0.788



	2010
	0.713
	0.785



	2011
	0.872
	0.944



	2012
	0.637
	0.627



	2013
	0.668
	0.724



	2014
	0.451
	0.541



	2015
	0.588
	0.721



	2016
	0.566
	0.697



	2017
	0.728
	0.787



	2018
	0.675
	0.711



	2019
	0.666
	0.764



	2020
	0.555
	0.635



	2021
	0.776
	0.855










 





Table 8. Tobit regression.
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