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Abstract: Ecuador’s credit unions or COACs play a key role inside the local economy, and the
pandemic period has shown the weakness of the entities. Understanding the efficiency of the
country’s largest COACs and the different factors related to it can provide important information
for policymakers and the sector in general. Therefore, our main goal was the evaluation of technical
efficiency and the factors that influenced it during the years from 2009 to 2020 which included the
pandemic period. For this, the DEA model was applied with production and intermediation focus,
and this was applied to 19 COACs from the first segment of the sector. Findings reveal that the level
of technical efficiency was larger in the pre-pandemic than the pandemic period. Efficient credit
unions were characterized by higher profitability, low levels of liquidity and portfolio coverage, and
a high rate of financial intermediation, among others, through the pre-pandemic period; however,
debt restructuring was one the most important characteristics of nonefficient Credit Unions. The
most important contribution of this study is the possible projection of different decisions that will
allow the COACs to improve their role in the system given all the difficulties that the pandemic is
causing around the world.

Keywords: cooperatives; DEA; panel data; technical efficiency; COVID-19

1. Introduction

The expansion of the cooperative and noncooperative banking sector has an important
effect on the economy as a whole (Harimaya et al. 2015), primarily because of its important
social function (Haq et al. 2010; Martínez-Campillo et al. 2017; Van Damme et al. 2016;
Wijesiri et al. 2017), and there are a wide range of technical tools available to support
an accurate assessment of this sector. Technical efficiency is an indicator used to assess
the vulnerability of banks (Igan et al. 2022), intervention policies (Stewart et al. 2016),
deregulation in the financial markets (Harimaya et al. 2015), the accelerated cost increases
(Wijesiri et al. 2017), and the likelihood of possible bankruptcy (Adusei 2016).

In Ecuador, the Ministry of Social Welfare, through the Directorate of Cooperatives,
controlled 4000 financial and nonfinancial organizations from 1961 to 2012, where the
group of the largest financial institutions (39 savings and credit cooperatives (COACs) and
1 central caja) was directly supervised by the Superintendence of Banks and Insurance
(SBS). As a result, this prevented the control, monitoring, and sizing of the space occupied
by the cooperative sector within the national financial system (Ruiz and Egüez 2014). In
2012, with the creation of the Superintendence of Popular and Solidarity Economy (SEPS),
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the registration process began, through a cadaster, which allowed the identification of
all organizations and, on this basis, the generation of a supervision and monitoring plan,
implementing preventive and control measures that contributed to the strengthening of the
sector (Superintendencia de Economía Popular y Solidaria 2020).

In 2020, the credit portfolio and public deposits of the Popular and Solidarity Financial
System represented 12.9% and 14.5% of the gross domestic product (GDP), respectively
(Superintendencia de Economía Popular y Solidaria 2020). According to the latest official
registry of the current cadaster (2020), the Popular and Solidarity Economy (EPS) sector
is made up of 15,695 organizations, of which 522 (3.3%) are entities of the Popular and
Solidarity Financial Sector (SFPS), including COACs and a central caja (Superintendencia
de Economía Popular y Solidaria 2020).

With the promulgation of the Organic Monetary and Financial Code in 2014 (Second
Supplement. Official Register Nº 332; as 12 September 2014) and the creation of the
Monetary and Financial Policy and Regulation Board (JPRMF), the new segmentation for
the SFPS was defined, dividing it into five segments according to the volume of assets,
where segment 1 encompasses COACs with assets of more than 80 million USD. As of
December 2020, these 39 cooperatives, which barely represent 7.5% of the SFPS, but register
a total of 5,433,708 members (67% of the SFPS), had a loan portfolio of 9913 million USD (79%
of the SFPS), together with assets of 14,375 million USD (81% of the SFPS) (Superintendencia
de Economía Popular y Solidaria 2020).

In Ecuador’s credit union sector, economic growth has been observed in general
(Marchio 2009). However, this sector has also been characterized by problems such as
(a) forced liquidations due to lack of liquidity, (b) noncompliance with the corporate
purpose, and (c) inadequate portfolio management. This made it necessary for the SEPS
to intervene, having liquidated 359 SFPS entities to date (Superintendencia de Economía
Popular y Solidaria 2020). This confirms the need to constantly evaluate their efficiency as
an indicator for monitoring. The problems faced by this sector in Ecuador are not different
from those of other countries, which, through the analysis of efficiency, try to identify the
factors for the poor performance of the COACs (Asawaruangpipop and Suwunnamek 2014;
Haq et al. 2010; Kipesha 2012).

The method used to measure the efficiency of the traditional banking sector does
not seem to be the most appropriate way to evaluate a sector that pursues objectives be-
yond profitability and profit (Asawaruangpipop and Suwunnamek 2014; Haq et al. 2010;
Hassan et al. 2012). To measure efficiency in Ecuador, univariate criteria have been used to
measure efficiency on the basis of a single indicator (Marchio 2009), which involves a limited
process of analysis (Athanassopoulos and Ballantine 1995; Marchio 2009; Wijesiri et al. 2017).

Globally, the effect of the pandemic has had a negative impact on the financial effi-
ciency of lending institutions and has led to a change in the structure of lending in these
institutions (Zheng and Zhang 2021). However, the impact of the pandemic on single
entities depends on specific conditions (Colak and Öztekin 2020).

Currently, the scientific studies published on the measurement of technical efficiency
in the Ecuadorian COACs with a multivariate approach are insufficient, and even more so
those that evaluate technical efficiency through the use of nonparametric models. Therefore,
the objective of this paper was to evaluate the technical efficiency of the Ecuadorian
COACs that are a part of segment 1 (according to the SEPS classification) and the factors
that influenced it during the period 2009–2020, with the linear programming technique
called data envelopment analysis (DEA), applying two approaches: intermediation and
production.

DEA and the technical efficiency (TE) for each decision-making unit (DMU) are con-
sidered powerful tools utilized for benchmarking and performance in general. DEA
uses two different orientations: toward input variables where inputs are minimized,
and toward the maximization of the output variables, as described in the next section
(Wang et al. 2021, 2022). The application of the DEA model for the measurement of ef-
ficiency in banks or credit unions constitutes a proposal that covers the analysis of the
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entity in several aspects at the same time. It allows identifying the factors that have a
direct impact on the entities that present lower levels of efficiency according to the main
financial indicators, allowing them to improve their performance and reach optimal levels
of operation (Gao et al. 2021).

2. Methodology

The calculations carried out were divided into two steps: (a) first, the technical effi-
ciency of the COACs was determined using the DEA model under the production and
intermediation approaches during the period 2009–2020; (b) second, the factors that had a
statistically significant influence (p < 0.10) on technical efficiency were analyzed, using the
methodology applied by SEPS and SBS, for the determination of financial indicators such
as liquidity, profitability, capital vulnerability, portfolio yield, structure, and asset quality.
Depending on the approach considered for the DEA analysis, the statistical significance
was evaluated by classifying the COACs in efficiency ranges, after which an analysis of
variance (ANOVA) of models and parameters was performed together with the use of
Tukey’s HSD test.

2.1. Collection of Information

For the calculation of efficiency, the annual financial information available to the public
from the financial control agencies was used to temporarily evaluate each COAC with
secondary information provided by the Superintendency of Banks and Insurance during the
period 2009–2012 (Superintendencia de Bancos 2022) and the current control entity, SEPS
(period 2013–2020), with which a data matrix was constructed with the same information for
each COAC, with similar variables for inputs and outputs (Martínez-Campillo et al. 2017;
Van Damme et al. 2016). The analysis and its conclusions were approached on an annual
basis, so that the technological changes adopted by the savings and credit cooperative
sector in recent years could influence whether a COAC that is not efficient in 1 year would
be efficient in the following year(s) (Sufian and Noor 2009).

2.2. Cooperative Selection

The COACs, candidates for evaluation, belong to the SFPS, which, according to the
classification established by the JPRMF, are segmented into five clusters (segments). To
obtain stable results (Wijesiri et al. 2017), we used information from the COACs correspond-
ing to segment 1 of this classification. These COACs have a greater number of assets and
loan portfolios, obligations to the public, results, and operating expenses than the other
four segments (Superintendencia de Economía Popular y Solidaria 2020).

The assets of segment 1 entities across all years are disparate and show large differences
(Superintendencia de Economía Popular y Solidaria 2020). However, this aspect was
ignored given the statistical method. In addition, the COACs that did not remain in
segment 1 throughout the proposed study period (2009–2020) were excluded from the
analysis.

As a result, 19 entities complied with the proposed premises. This number of COACs
exceeded the minimum allowing robust estimates to be obtained in the calculation of
efficiency (Cooper et al. 2007; Van Damme et al. 2016). However, the use of bootstrap
techniques allowed mitigating the shortcomings due to a small data size and the presence
of some outliers, thus avoiding a bias in the calculation of efficiency (Wijesiri et al. 2017).

2.3. Mathematical Model

The model was built on the basis of data envelopment analysis (Charnes et al. 1978).
Considering n productive units, such as the COACs, which produce “yi” units of an output
but with “xki” units of the k-th input, being these in turn m inputs, the model with output
orientation maximizes the latter (Equation (1); if the orientation were input, it would
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prioritize the minimization of input use (Martínez-Campillo et al. 2017). Therefore, the
equation to maximize would be

Max θi
θj, λj

. (1)

This applies under the following conditions:

n
∑

j=1
λjyj − θiyi ≥ 0,

n
∑

j=1
λjxkj ≤ xkj,

n
∑

j=1
λj = 1,

λj ≥ 0;
k = 1, 2, . . . , m (inputs); j = 1, 2, . . . , n productive units.

(2)

The model proposed here is based on that of Charnes et al. (1978), where θi is the
proportional increase in output that can be realized for the i-th productive unit, and λj

corresponds to the use of the inputs. If the restriction
n
∑

j=1
λj = 1 (Equation (2)) was

discarded, then constant returns to scale would be obtained. In addition, the level of the
production frontier for the i-th COAC was calculated using Equation (3).

y∗i =
n

∑
j=1

λjyj = θiyi. (3)

Thus, the measure of the technical efficiency (TE) of the i-th COAC was calculated by
means of the ratio shown in Equation (4).

TEi =
yi
y∗i

. (4)

2.4. Analysis of the Model, Parameter Assumptions, and Restrictions

The determination of efficiency involves assuming two types of models (Martínez-
Campillo et al. 2017; Sravani 2015): (a) the model under constant returns to scale (CRS),
known as the global technical efficiency (Wijesiri et al. 2017), and (b) the model under
variable returns to scale (VRS) (Hassan et al. 2012), with which the scale efficiency (SE)
can be found. Once the overall technical efficiency is determined, it can be divided into
two aspects: the pure technical efficiency and the scale efficiency, where both are mutually
exclusive and not additive, but multiplicative (Surender 2013; Wijesiri et al. 2017). Pure
technical efficiency reflects deviations from the optimal frontier of each unit due to ineffi-
cient management (Surender 2013). In this work, both CRS and VRS models were used to
determine the technical efficiency.

The DEA model when identifying the variables—input(s) and/or output(s)—makes it
necessary to choose the approach under which this identification is established. First of
all, the production approach, from a business point of view, assumes that the COACs use
several production factors with the aim of providing a greater quantity of services under ad-
vantageous conditions (Barra et al. 2013; Martínez-Campillo et al. 2017; Rosman et al. 2014).
One of the criticisms of this approach is that it does not take into account interest costs,
which in some countries could be a significant proportion of expenditure (Sanjeev 2006).

Secondly, the intermediation approach considers COACs as financial intermediaries
(Asawaruangpipop and Suwunnamek 2014; Wijesiri et al. 2017) between the suppliers of money
and the demanders of these resources with a profit on the side (Gutiérrez-Nieto et al. 2007;
Martínez-Campillo et al. 2017), where the relationship between deposits (input) and portfo-
lio or loans (output) is clear (Sanjeev 2006). Unlike the first approach, this second approach
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does consider interest as part of the expense, which is a classic feature of the financial
activity of both banks and COACs (Sanjeev 2006).

The variables selected for the determination of the model were as follows: (i) size,
represented by total assets: TA (Asawaruangpipop and Suwunnamek 2014; Garden and
Ralston 1999; Glass et al. 2014a; Wijesiri et al. 2017); (ii) social capital: CS (Glass et al. 2014a,
2014b; Martínez-Campillo et al. 2017); (iii) operating expenditure: GO (Asawaruangpipop
and Suwunnamek 2014; Haq et al. 2010; Van Damme et al. 2016; Wijesiri et al. 2017); (iv) to-
tal deposits: TD (Asawaruangpipop and Suwunnamek 2014; Garden and Ralston 1999;
Glass et al. 2014a; Haq et al. 2010; Martínez-Campillo et al. 2017; Oteng-Abayie et al. 2011);
(v) total portfolio: TC (Asawaruangpipop and Suwunnamek 2014; Garden and Ralston
1999; Glass et al. 2014a; Haq et al. 2010; Martínez-Campillo et al. 2017; Spulbar et al. 2015;
Van Damme et al. 2016; Wijesiri et al. 2017).

When the production approach was used, TC and TD were used as output variables,
while GO and TA were used as inputs. When the intermediation approach was used,
TC was used as the only output variable, while TD and CS were used as inputs. For the
calculation of technical efficiency with bootstrap simulations, the R© program version
3.3.3 was used (R Foundation for Statistical Computing, Vienna, Austria), together with
the rDEA© package. Subsequently, SPSS software (IBM Corp. Released 2012. IBM SPSS
Statistics for Windows, Version 21.0. Armonk, NY, USA: IBM Corp.) was used for statistical
analysis of the results.

2.5. Factor Identification

The identification of efficient COACs corresponded to those COACs whose technical
efficiency (VRS) showed a value of 1 (Martínez-Campillo et al. 2017). It is of interest to
recognize which factors determine the differences between the efficient COACs and the rest,
using the financial ratios presented monthly by the SBS and SEPS control agency, according
to time periods. In addition to the ratios or variables related to credit and liquidity risks,
other variables were considered related to profitability (Pasiouras 2008; Sufian 2006), size
(Isik and Hassan 2003; Rosman et al. 2014), and capitalization (Casu and Girardone 2004;
Sufian and Noor 2009), in addition to the main accounts, which are part of the statements
of position and income.

3. Results
3.1. Technical Efficiency According to Approaches, COACs, and Years

The technical efficiency (VRS), either with the production approach or with the inter-
mediation approach, during the period 2009–2020, showed values in the range of 70–99%
(Figure 1).

The value of efficiency depends on the approach, and, in its evolution, it is easy
to observe the effect of the pandemic. Its value was always higher with the production
approach (0.96 ± 0.014) than with the intermediation approach (0.90 ± 0.037) before the
pandemic. However, efficiency with the production approach was atypically low for the
year 2020, in addition to having a behavior different from the normal one described recently.
On the other hand, the production approach seemed to show an increasing trend until
2012, before decreasing until 2013 and, thereafter, remaining stable; with the intermediation
approach, it grew until 2011, decreased until 2014 and, thereafter, showed some stability. In
general, technical efficiency decreased from 2017 onward, which was notably accentuated
in 2020 due to the pandemic, when the lowest values were observed for technical efficiency
using the production approach (Figure 1).

When technical efficiency was analyzed in each financial institution (Table 1), it was
observed that the COACs “Jardín Azuayo” and “CACPE Biblián” showed the highest
values under both approaches and for more years than the rest. In general, the average
technical efficiency VRS (TEVRS) and CRS (TECRS), as well as SE, were above 90% for the
intermediation or production approaches during the years studied (2009–2020). In all cases,
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the average value of efficiency (VRS and CRS) with the production approach was higher
than with the intermediation approach until the onset of the pandemic.
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Table 1. (a) Technical efficiency (TEVRS and TECRS) and scale efficiency (SE), with the intermediation
(I) approach, from 2009 to 2020, in the COACs under study. (b) Technical efficiency (TEVRS and
TECRS) and scale efficiency (SE), with the production (P) approach, from 2009 to 2020, in the COACs
under study.

(a)

COACs
2009 2010 2011 2012 2013 2014

VRS CRS SE VRS CRS SE VRS CRS SE VRS CRS SE VRS CRS SE VRS CRS SE

23 de Julio 1 1 1 1 1 1 1 1 1 0.96 0.95 0.99 0.96 0.96 1 0.96 0.96 1
29 de Octubre 0.93 0.78 0.84 0.92 0.79 0.86 0.98 0.77 0.79 0.93 0.74 0.8 0.86 0.73 0.85 0.77 0.71 0.92

Mego 0.6 0.5 0.83 0.63 0.55 0.87 0.77 0.62 0.81 0.7 0.57 0.81 0.59 0.5 0.85 0.5 0.46 0.92
JEP 1 0.64 0.64 1 0.71 0.71 1 0.67 0.67 1 0.69 0.69 1 0.7 0.7 1 0.75 0.75
JA 1 1 1 1 1 1 1 1 1 1 0.99 0.99 1 1 1 1 1 1

Andalucía 0.91 0.82 0.9 1 0.86 0.86 0.8 0.79 0.99 0.88 0.74 0.84 1 0.88 0.88 1 1 1
CACPECO 0.84 0.76 0.9 0.88 0.78 0.89 0.88 0.83 0.94 0.9 0.78 0.87 0.93 0.84 0.9 0.87 0.82 0.94

OSCUS 0.94 0.8 0.85 1 0.88 0.88 0.92 0.84 0.91 0.9 0.79 0.88 0.88 0.84 0.95 0.85 0.84 0.99
Riobamba 0.88 0.74 0.84 0.79 0.7 0.89 0.8 0.72 0.9 0.94 0.72 0.77 0.96 0.77 0.8 0.94 0.8 0.85

SF 0.95 0.9 0.95 0.99 0.95 0.96 1 1 1 1 0.99 0.99 0.97 0.95 0.98 0.95 0.95 1
Atuntaqui 0.91 0.9 0.99 0.93 0.93 1 0.94 0.94 1 1 1 1 1 1 1 1 0.99 0.99
El Sagrario 1 1 1 1 1 1 1 0.98 0.98 1 1 1 0.89 0.88 0.99 0.83 0.83 1

PMV 1 0.99 0.99 1 0.99 0.99 1 1 1 1 1 1 1 1 1 1 1 1
Santa Rosa 0.84 0.83 0.99 0.92 0.91 0.99 0.95 0.94 0.99 0.92 0.91 0.99 0.92 0.91 0.99 1 1 1

Tulcan 1 0.95 0.95 1 0.94 0.94 1 0.98 0.98 1 0.96 0.96 1 1 1 1 0.92 0.92
AdV 0.86 0.85 0.99 0.87 0.87 1 0.95 0.94 0.99 0.99 0.96 0.97 0.97 0.96 0.99 0.96 0.96 1

CACPE B. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
San José 1 0.87 0.87 1 0.97 0.97 1 0.84 0.84 0.81 0.77 0.95 0.89 0.82 0.92 0.89 0.8 0.9

CCAmbato 0.69 0.69 1 0.7 0.7 1 0.71 0.7 0.99 0.7 0.68 0.97 0.75 0.72 0.96 0.79 0.77 0.97
Mean 0.91 0.84 0.92 0.93 0.87 0.94 0.93 0.87 0.94 0.93 0.85 0.92 0.92 0.87 0.93 0.91 0.87 0.96

SD 0.11 0.13 0.09 0.11 0.13 0.08 0.09 0.13 0.09 0.09 0.14 0.09 0.1 0.13 0.08 0.12 0.14 0.07
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Table 1. Cont.

(a)

COACs
2015 2016 2017 2018 2019 2020

VRS CRS SE VRS CRS SE VRS CRS SE VRS CRS SE VRS CRS SE VRS CRS SE

23 de Julio 0.92 0.92 1 0.84 0.84 1 0.85 0.74 0.87 1 0.93 0.93 1 0.89 0.89 0.87 0.84 0.96
29 de Octubre 0.86 0.78 0.91 0.89 0.83 0.93 0.76 0.75 0.98 0.82 0.78 0.95 0.78 0.75 0.96 1 0.94 0.94

Mego 0.57 0.52 0.91 0.66 0.6 0.91 0.62 0.59 0.96 0.69 0.65 0.94 0.75 0.69 0.93 0.77 0.76 0.99
JEP 1 0.73 0.73 1 0.72 0.72 0.84 0.7 0.83 0.9 0.81 0.9 1 0.75 0.75 1 0.86 0.86
JA 1 0.97 0.97 1 1 1 0.84 1 1 1 0.93 0.93 1 0.88 0.88 1 0.87 0.87

Andalucía 1 1 1 1 0.78 0.78 0.8 0.72 0.9 1 0.88 0.88 1 0.83 0.83 0.87 0.87 1
CACPECO 0.82 0.77 0.94 0.82 0.81 0.99 0.76 0.73 0.96 0.91 0.85 0.94 1 0.88 0.88 1 0.83 0.83

OSCUS 0.77 0.76 0.99 0.73 0.73 1 0.71 0.69 0.98 0.73 0.69 0.95 0.73 0.7 0.96 0.79 0.79 1
Riobamba 0.96 0.83 0.86 1 0.81 0.81 0.67 0.62 0.93 0.75 0.7 0.93 0.81 0.76 0.94 1 0.89 0.89

SF 0.92 0.9 0.98 0.85 0.84 0.99 0.78 0.77 0.98 0.84 0.8 0.95 0.81 0.78 0.97 0.76 0.72 0.95
Atuntaqui 1 1 1 1 1 1 1 1 1 0.89 0.84 0.94 1 0.84 0.84 1 0.92 0.92
El Sagrario 0.9 0.9 1 0.84 0.83 0.99 0.81 0.71 0.88 0.84 0.72 0.86 0.82 0.7 0.86 0.78 0.73 0.94

PMV 1 1 1 0.97 0.97 1 1 0.85 0.85 1 0.94 0.94 1 0.93 0.93 1 0.97 0.97
Santa Rosa 1 1 1 1 1 1 0.84 1 1 0.9 0.89 0.99 1 0.9 0.9 1 0.94 0.94

Tulcan 1 0.96 0.96 1 1 1 1 1 1 1 0.9 0.9 0.86 0.85 0.99 0.89 0.89 1
AdV 0.95 0.94 0.99 0.92 0.91 0.99 1 1 1 1 0.93 0.93 1 0.9 0.9 1 0.94 0.94

CACPE B. 1 1 1 1 1 1 0.83 0.79 0.94 0.9 0.82 0.91 1 0.82 0.82 1 0.92 0.92
San José 0.9 0.94 1.04 0.88 0.87 0.99 1 0.8 0.8 1 0.8 0.8 1 0.72 0.72 1 0.89 0.89

CCAmbato 0.83 0.81 0.98 0.92 0.91 0.99 0.8 0.77 0.97 1 0.73 0.73 1 0.73 0.73 1 0.88 0.88
Mean 0.92 0.88 0.96 0.91 0.87 0.95 0.81 0.77 0.95 0.89 0.82 0.92 0.86 0.81 0.93 0.89 0.87 0.98

SD 0.11 0.12 0.07 0.1 0.11 0.08 0.08 0.09 0.06 0.09 0.09 0.06 0.06 0.08 0.06 0.06 0.07 0.03

(b)

COACs
2009 2010 2011 2012 2013 2014

VRS CRS SE VRS CRS SE VRS CRS SE VRS CRS SE VRS CRS SE VRS CRS SE

23 de Julio 1 1 1 0.94 0.91 0.97 0.97 0.96 0.99 0.98 0.97 0.99 0.96 0.95 0.99 0.96 0.95 0.99
29 de Octubre 0.92 0.92 1 0.92 0.92 1 0.93 0.93 1 0.94 0.94 1 0.95 0.93 0.98 0.98 0.97 0.99

Mego 0.97 0.97 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
JEP 1 1 1 1 1 1 1 1 1 1 1 1 1 0.98 0.98 1 1 1
JA 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Andalucía 0.96 0.94 0.98 1 1 1 1 1 1 1 0.98 0.98 1 0.98 0.98 1 0.99 0.99
CACPECO 0.86 0.86 1 0.88 0.87 0.99 0.91 0.89 0.98 0.89 0.88 0.99 0.9 0.89 0.99 0.87 0.87 1

OSCUS 0.93 0.92 0.99 0.94 0.94 1 0.91 0.91 1 0.91 0.91 1 0.97 0.96 0.99 0.99 0.99 1
Riobamba 0.85 0.85 1 0.89 0.88 0.99 0.92 0.91 0.99 0.94 0.94 1 0.96 0.95 0.99 0.94 0.93 0.99

SF 0.88 0.86 0.98 0.89 0.89 1 1 0.95 0.95 1 0.9 0.9 0.86 0.85 0.99 0.89 0.89 1
Atuntaqui 1 0.97 0.97 1 1 1 1 1 1 0.99 1 1 1 1 1 0.98 0.98 1
El Sagrario 0.94 0.9 0.96 1 1 1 1 1 1 1 1 1 0.82 0.8 0.98 0.84 0.82 0.98

PMV 1 0.97 0.97 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Santa Rosa 0.92 0.86 0.93 0.97 0.97 1 0.97 0.96 0.99 1 1 1 1 1 1 1 0.98 0.98

Tulcan 1 0.93 0.93 0.96 0.95 0.99 1 0.98 0.98 1 0.99 0.99 1 1 1 1 0.92 0.92
AdV 0.98 0.93 0.95 0.94 0.93 0.99 0.99 0.98 0.99 1 1 1 1 0.97 0.97 1 0.93 0.93

CACPE B. 1 0.94 0.94 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
San José 1 0.85 0.85 1 0.98 0.98 1 0.94 0.94 1 0.96 0.96 1 0.96 0.96 1 0.95 0.95

CCAmbato 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Mean 0.96 0.93 0.97 0.96 0.96 0.99 0.98 0.97 0.99 0.98 0.97 0.99 0.97 0.96 0.99 0.97 0.96 0.98

SD 0.05 0.05 0.04 0.04 0.05 0.01 0.03 0.04 0.02 0.03 0.04 0.02 0.05 0.05 0.01 0.05 0.05 0.02

COACs
2015 2016 2017 2018 2019 2020

VRS CRS SE VRS CRS SE VRS CRS SE VRS CRS SE VRS CRS SE VRS CRS SE

23 de Julio 0.94 0.94 1 0.92 0.88 0.96 0.96 0.89 0.93 0.89 0.87 0.97 0.91 0.9 0.99 0.67 0.71 1
29 de Octubre 0.95 0.95 1 0.96 0.95 0.99 0.94 0.95 1 0.94 0.93 0.99 0.95 0.94 0.99 0.74 0.81 1

Mego 1 1 1 1 1 1 0.94 0.9 0.96 0.93 0.91 0.98 0.94 0.92 0.98 1 0.85 0.85
JEP 1 1 1 1 1 1 0.96 0.96 1 0.95 0.95 1 0.96 0.97 1 0.75 0.67 0.9
JA 1 1 1 1 1 1 0.96 0.95 0.99 0.95 0.94 0.98 0.96 0.95 1 1 0.73 0.73

Andalucía 1 0.98 0.98 1 1 1 1 0.97 0.97 1 0.96 0.96 1 0.96 0.96 0.65 0.78 1
CACPECO 0.87 0.86 0.99 0.9 0.9 1 0.86 0.85 1 0.89 0.87 0.98 1 0.97 0.97 1 0.87 0.87

OSCUS 0.98 0.98 1 1 0.97 0.97 1 0.93 0.93 1 0.92 0.92 0.94 0.92 0.99 1 0.74 0.74
Riobamba 0.95 0.94 0.99 0.92 0.91 0.99 0.91 0.87 0.95 0.95 0.9 0.94 0.92 0.91 0.99 0.71 0.72 1

SF 0.9 0.89 0.99 0.89 0.88 0.99 0.87 0.87 1 0.86 0.84 0.97 0.88 0.87 0.99 0.72 0.74 1
Atuntaqui 1 0.99 0.99 0.99 0.98 0.99 1 0.97 0.97 1 0.92 0.92 0.96 0.94 0.98 0.58 0.57 1
El Sagrario 0.91 0.88 0.97 0.92 0.89 0.97 0.91 0.87 0.95 0.92 0.89 0.97 0.95 0.92 0.97 1 0.82 0.82

PMV 1 1 1 0.96 0.96 1 0.95 0.95 1 1 0.97 0.97 1 0.96 0.96 0.71 0.64 0.91
Santa Rosa 1 1 1 1 1 1 0.96 0.95 0.99 0.95 0.96 1 0.96 0.97 1 0.47 0.42 0.89

Tulcan 1 0.99 0.99 1 1 1 1 0.94 0.94 0.9 0.9 1 0.94 0.93 0.99 0.68 0.74 1
AdV 0.98 0.97 0.99 0.96 0.96 1 0.95 0.95 1 1 0.95 0.95 0.96 0.97 1 1 0.87 0.87

CACPE B. 1 1 1 1 1 1 0.96 0.94 0.99 1 0.94 0.94 0.96 0.95 0.99 1 0.74 0.74
San José 1 0.96 0.96 1 0.96 0.96 0.96 0.96 1 0.95 0.89 0.94 1 0.93 0.93 1 0.9 0.9

CCAmbato 1 1 1 1 1 1 1 0.98 0.98 0.95 0.94 0.99 0.95 0.94 0.98 1 0.81 0.81
Mean 0.97 0.96 0.99 0.97 0.96 0.99 0.94 0.93 0.98 0.94 0.92 0.98 0.95 0.94 0.99 0.73 0.74 1.01

SD 0.04 0.04 0.01 0.04 0.04 0.01 0.03 0.04 0.02 0.03 0.04 0.02 0.02 0.03 0.01 0.09 0.11 0.08
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The two COACs analyzed maintained technical efficiency levels (VRS) equal to 1,
both with the intermediation approach and with the production approach, during all years
despite the pandemic period.

During the study period, the percentage of efficient COACs was always higher with
the production approach than with the intermediation approach (Figure 2), and the largest
differences were observed during the years 2012 and 2013, a trend that was reversed in
2018 and accentuated during the following 2 years.
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3.2. Main Determinants of Technical Efficiency, by Approach

The DEA model applied to the data determined that the coverage of the consumer
portfolio was significant during some years, depending on the approach. With the pro-
duction approach (Table 2), the coverage of the consumer portfolio was significant in 2014,
while, with the intermediation approach (Table 3), this coverage was significant in 2012.

The liquidity indicator, one of the most important indicators linked to management,
presented a significant result with the production approach and with the intermediation
approach.

On the other hand, the delinquency indicator of the portfolio, both commercial and
consumer, had a different behavior depending on the approach. Under the production
approach (Table 2), commercial delinquency was not significant; conversely, consumer
portfolio delinquency was significant only in 2011. Under the intermediation approach
(Table 3), neither commercial nor consumer delinquencies were significant. In other words,
it was generally found that delinquencies in both the consumer and the commercial portfo-
lios were not significant under any approach, which could indicate that these indicators are
not relevant for defining an efficient COAC.

The delinquencies of both the housing and the microcredit portfolios were also signifi-
cant depending on the approach and the years analyzed. For example, according to the
production approach, housing portfolio delinquency was statistically significant for the
years 2010 and 2011 (Table 2), while microenterprise portfolio delinquency was statistically
significant only for the year 2010. On the other hand, when considering the intermediation
approach (Table 3), the delinquency of the microenterprise portfolio was significant for the
years 2011 and 2013, while the housing portfolio was not significant for any year. Therefore,
the influence of delinquencies, both housing and microcredit, despite being significant
factors, appeared to be of little relevance during all the years considered in the study.
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Table 2. Statistically significant financial indicators (factors) under the production approach.

Year Factors (Production Approach)
Range Efficiency (VRS) *

=1 0.95 < X < 1 <0.95

2020 **

Restructured credit portfolios 0.08a 0.19b
Total portfolio past due 0.16a 0.15b

Net capitalization index a 0.15a 0.11b
FK a 0.15a 0.13b

2019

Productive assets/cost liabilities 1.13a 1.16ab 1.22b
Operating expenses/financial margin 0.74ab 0.81b 0.61a

Net income/average assets 0.01a 0.01a 0.02b
Estimated net interest margin/average assets 0.02ab 0.01a 0.03b

Cash on hand/total short-term deposits 0.21a 0.25ab 0.28b
Capital solvency 0.16a 0.18ab 0.21b

2018
Total portfolio arrears 0.04b 0.03a 0.03a

Real estate loan portfolio coverage 1.99b 1.79ab 0.82a
Unproductive portfolio/capital 0.24b 0.13a 0.16a

2017
Estimated operating costs/total average assets 0.04a 0.05b 0.04a

Estimated personnel costs/average assets 0.02a 0.03b 0.02a
Cash on hand/total short-term deposits 0.33a 0.26b 0.26b

2016

Cash on hand/total short-term deposits 28.8a 25.7a 37.8b
Unproductive portfolio/patrimony 25.30ab 34.0b 20.60a

Net capitalization index a 13.5a 14.0a 16.8b
FK a 14.2a 14.7ab 17.4b

Microcredit portfolio coverage 134.1a 102.9b 119.5ab
Productive assets/cost liabilities 115.2a 116.7ab 122.5b

2015

Net capitalization index a 13.7a 12.5a 17.8b
FK a 14.4a 13.1a 18.5b

Cash on hand/total short-term deposits 18.1a 18.8a 26.4b
Total portfolio due total 16.3a 16.0a 17.4b

Net income/average assets 1.1a 1.3a 2.1b
Productive assets/cost liabilities 115.7a 114.1a 123.8b

2014

Unproductive portfolio/patrimony 25.4a 29.4a 14.9b
Microenterprise portfolio coverage 100.9ab 83.7a 124.3b

Consumer portfolio coverage 109.0a 95.5a 144.7b
Problem portfolio coverage 134.0ab 116.6a 152.9b

2013

Technical patrimony/risk weighted assets and contingent liabilities 16.4a 18.2a 20.8b
Cash on hand/total short-term deposits 19.6a 22.7a 32.7b

Microenterprise portfolio coverage 91.4a 88.4a 131.8b
Coverage of housing portfolio 178.2a 215.2ab 329.8b

2012
Estimated personnel costs/average assets 2.3a 3.6b 2.7a

Estimated operating costs/total average assets 5.1a 7.0b 5.4a

2011

FK a 13.3a 17.6b 14.9ab
Coverage of housing portfolio 430.7a 128.1b 285.1ab

Consumer loan portfolio arrears 1.84ab 1.65a 1.36b
Housing loan portfolio arrears 0.6a 4.3b 1.2a

2010

Technical patrimony/risk weighted assets and contingent liabilities 17.0a 23.5b 20.7ab
Net capitalization index a 13.4a 18b 15.2ab

FK a 13.9a 18.8b 15.6ab
Total portfolio arrears 2.8a 4.3b 2.6a

Microenterprise loan portfolio arrears 5.1ab 6.3b 3.3a
Housing loan portfolio arrears 0.9a 4.5b 2.0a

2009
Net capitalization index a 14.1a 15.7ab 18.1b

Unproductive portfolio/patrimony 20.3a 18.7ab 12.6b
Cash on hand/total short-term deposits 17.1a 20.9ab 28.0b

a Net capitalization index: FK/FI; FK = (patrimony + results − extraordinary income)/total assets;
FI = 1 + (unproductive assets/total assets). * Different letters (a, b) indicate statistical significance using Tukey’s
test at 10% significance. ** Only two efficiency groups were used.
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Table 3. Statistically significant financial indicators (factors) under the intermediation approach.

Year Factors (Intermediation Approach)
Range Efficiency (VRS) *

=1 0.84 < X < 1 <0.84

2020 **
Problem portfolio coverage 4.2a 15.1b -

Yield on the portfolio of consumer loans priority to expire 1.8a 2.7b -
(Patrimony + results)/fixed assets 0.15a 0.14b -

2019

Microcredit portfolio coverage 1.3a 2.5b 1.4a
Coverage of ordinary consumer portfolio 0.94a 3.40b 0.93a

Total portfolio due total 0.16a 0.17b 0.16a
Cash on hand/total short-term deposits 0.24a 0.31b 0.26a

2018

Results for the fiscal year/average patrimony 0.09a 0.07a 0.14b
Results for the fiscal year/average assets 0.01a 0.01a 0.02b

Estimated margin on intermediation/average patrimony 0.11a 0.08a 0.18b
Cash on hand/total short-term deposits 0.25b 0.18a 0.23ab

2017
Estimated operating costs/total average assets 0.05a 0.06b 0.04a

Estimated operating costs/financial margin 0.74a 0.93b 0.73a
Estimated personal costs/average assets 0.02a 0.03b 0.02a

2016 Gross portfolio/(sight deposits + term deposits) 92.5a 94.4a 77.0b

2015
Funds available/total short-term deposits 17.1a 21.2ab 23.6b

Gross portfolio/(sight deposits + term deposits) 113.2a 111.2a 91.7b

2014

(Patrimony + results)/fixed assets 586.7a 553.0a 1064.8b
Net nonproductive assets/total assets 3.9a 2.9a 7.4b

Productive assets/total assets 96.1a 97.1a 92.6b
Gross portfolio/(sight deposits + term deposits) 109.0a 107.3a 89.7b

Consumer loan portfolio due to expire 15.1b 13.7a 14.7b
Cash on hand/total short-term deposits 15.7a 22.7ab 28.8b

2013

Cash on hand/total short-term deposits 15.5a 25.4a 30.9b
Gross portfolio/(sight deposits + term deposits) 111.0a 111.1a 77.9b

Microenterprise credit portfolio arrears 7.4ab 5.3a 11.9b
Productive assets/cost liabilities 116.5a 117.8a 104.9b

Productive assets/total assets 95.8a 96.4a 88.7b
Net nonproductive assets/total assets 4.2a 3.6a 11.3b

2012

Technical patrimony/risk-weighted assets and contingent liabilities 16.4ab 19.3b 14.3a
Net capitalization index a 13.8ab 14.7b 11.0a

FK a 14.3ab 15.3b 11.7a
Funds available/total short-term deposits 17.8a 20.7a 28.6b

Gross portfolio/(sight deposits + term deposits) 123.5a 116.7a 92.7b
Problem portfolio coverage 137.8a 151.1a 220.4b
Housing portfolio coverage 421.5a 290.6a 2183.5b

Coverage of consumer portfolio 141.5a 173.2a 341.3b
Productive assets/cost liabilities 117.1a 119.7a 110.7b

2011

Net capitalization index a 13.9ab 15.0b 10.7a
FK a 14.4ab 15.5b 11.2a

Gross portfolio/(sight deposits + term deposits) 120.0a 117.1a 93.6b
Results for the fiscal year/asset 2.0a 1.8a 0.8b

Results for the fiscal year/average patrimony 14.9a 13.2a 6.4b
Estimated operating costs/financial margin 65.6a 71.1a 113.3b

Housing portfolio coverage 344.9ab 246a 546.5b
Microenterprise credit portfolio arrears 4.1a 3.3a 7.0b

2010

Gross portfolio/(sight deposits + term deposits) 115.1a 115.0a 89.7b
Results for the fiscal year/asset 1.8a 1.8a 0.8b

Results for the fiscal year/average patrimony 13.0a 12.5a 6.0b
Estimated operating costs/average assets 68.7a 76.2a 97.2b

Housing portfolio coverage 287.0ab 133.7a 448.2b
Net nonproductive assets/total assets 3.9a 3.1a 9.0b
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Table 3. Cont.

Year Factors (Intermediation Approach)
Range Efficiency (VRS) *

=1 0.84 < X < 1 <0.84

2009

FI a 104.7a 103.1a 114.5b
Housing loan portfolio due 11.8a 11.4a 7.1b
Commercial loan portfolio 12.2a 11.8a 32.0b

Gross portfolio/(sight deposits + term deposits) 115.1a 116.7a 80.9b
Estimated personal costs/financial margin 2.8ab 3.2a 1.8b

Productive assets/cost liabilities 119.1a 123.5a 103.1b
Productive assets/total assets 95.3a 96.9a 85.6b

Net nonproductive assets/total assets 4.7a 3.6a 14.5b
a Net capitalization index: FK/FI; FK = (patrimony + results − extraordinary income)/total assets;
FI = 1 + (unproductive assets/total assets). * Different letters (a, b) indicate statistical significance using Tukey’s
test at 10% significance. ** Only two efficiency groups were used.

For the years 2009–2012, according to the production approach, in addition to liquidity,
capital vulnerability indicators were significant in determining efficient COACs. In 2010,
again the group of capital vulnerability indicators accompanied the delinquency indicators
to identify efficient COACs. In subsequent years, the structure changed slightly. In 2011,
in addition to the delinquency and capital vulnerability indicators, the portfolio coverage
indicator was also added. However, in 2012, the significant indicators were different from
those of previous years and concerned microeconomic efficiency, basically focused on the
structure of expenditure.

During the subsequent years (2013–2016), the indicators related to capital vulnerability
were significant in determining whether a COAC was efficient or not. During this same
period, with the exception of 2014, the liquidity indicator was always significant. The
portfolio coverage indicators were also significant during these years with the exception of
2015. In this same year, the indicators of asset structure and quality and profitability also
stood out. In 2016, in addition to the liquidity, capital vulnerability, and portfolio coverage
indicators, the asset structure and quality indicator was also added.

For the 2017–2020 period, operating/staff expenses were statistically significant. This
was in addition to the significance of available funds during the same period. In the latter
and with the exception of 2017, the ratio was always higher for efficient entities compared to
inefficient ones. However, the year 2020 revealed statistical significance in a financial ratio
called “restructured loan portfolios”, which was statistically higher in inefficient entities.
Capitalization was also lower in inefficient institutions.

Nevertheless, if we consider the intermediation model (Table 3), during the period
2009–2012, the significant factors were again more than those of credit and liquidity risk.
In the case of 2009, the significant indicators for the COACs were to a greater extent
those related to asset structure and quality, than those of microeconomic efficiency, equity
vulnerability, and portfolio performance itself.

In 2010, the most significant factors were those related to profitability, where the ROA
(return on assets) and ROE (return on profits) ratios made up this group. However, it seems
logical to point out that indicators of capital vulnerability were no longer relevant and, in
their place, microeconomic efficiency, portfolio performance, asset structure and quality,
and financial intermediation stood out. Regarding this last group, it should be noted that
this is the first time in the analysis that the only indicator directly related to intermediation
was significant, which was precisely related to the application of the DEA model with an
intermediation approach.

For 2011, in addition to the credit risk indicators, the indicators of capital vulnerability,
profitability, microeconomic efficiency, asset structure and quality, and intermediation were
also significant. Lastly, during the first period of the analysis (2009–2012), in 2012, the
statistically significant indicators corresponded to those related to capital vulnerability,
including technical equity and portfolio yield, as well as asset structure and quality and,
again, intermediation.
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For the second period (2013–2016), the composition of the indicators changed. In 2013,
the indicators corresponding to asset structure and quality were the most prominent; in
addition, that of financial intermediation was also significant. For the year 2014, together
with the credit risk and liquidity indicators, those related to asset structure and quality
were also significant to a greater extent, as well as those of capital vulnerability, portfolio
yield, and financial intermediation.

In 2015, unlike previous years, with the intermediation approach, there was a drastic
decrease in significant factors; only the liquidity and intermediation indicators were signifi-
cant. Subsequently, in 2016, financial intermediation was the only significant indicator.

In the following period (2017–2020), operating expenses were significant, and earnings
ratios were always higher for technically efficient entities. Among other results in Table 3, in
the pandemic year, problem portfolio coverage was on average at least three times higher in
the less efficient entities, which could be related to portfolio restructuring in the production
approach.

4. Discussion

The existence of efficient Ecuadorian COACs has already been described by Haq et al.
(2010) by comparing 39 entities in Asia, Africa, and Latin America, applying the DEA model
with the intermediation and product-oriented production approaches, where the overall
average technical efficiency under the intermediation approach was much higher than that
of the intermediation approach. Despite the fact that the literature has always described a
higher efficiency under the production approach versus the intermediation approach due to
the methodology applied, the average technical efficiency under the production approach
was 0.79, much higher than that of the intermediation approach (0.45) (Haq et al. 2010).

The results show the relationship between technical efficiency and liquidity, demon-
strating statistically that the higher the economic resources of the COACs that have not been
adequately inserted in the financial business through the level of placements, the lower
their efficiency (Adusei 2016). An inverse relationship was observed between efficiency
and liquidity, which in turn is related to the high financial intermediation scores of the
COACs classified as efficient.

The results show that credit risk has not proven to be a significant factor in determining
technical efficiency (Adusei 2016). The low influence of arrearage over time could be
observed, despite its relationship with loan coverage, which, in turn, showed an inverse
relationship with efficiency. The latter is necessarily linked to profitability indicators,
whether ROA or ROE, since the direct relationship between profitability and efficiency is
substantial (Adusei 2016). Along the same lines, it has been observed that a lower operating
cost was positively related to efficiency (Haq et al. 2010), which confirms the search for
greater profitability by efficient COACs.

To date, much of the literature consulted has shown that the largest and best capital-
ized COACs are the most efficient (Glass et al. 2014a; Wijesiri et al. 2017); however, results
are shown here that contradict this assertion. It seems that larger size negatively affects
technical efficiency, while capital has no effect (Adusei 2016). They are even less capitalized,
implying higher financial risk (Martínez-Campillo et al. 2017). The latter evidence coin-
cides with our results, given that capitalization levels showed an inverse and significant
relationship with efficiency. In the same sense, the structure and quality of assets were
always directly related to efficiency in a general way.

We cannot overlook that some external economic event will necessarily affect the oper-
ation and efficiency of these types of financial entities, since they are part of the economic
fabric and even more so in the presence of a pandemic (Martínez-Campillo et al. 2017). The
changes observed during the periods 2009–2012 and 2013–2016, in relation to the way in
which different factors affect efficiency, could indicate that state intervention, through the
respective control body (SEPS), generated structural changes in the COACs, such that, in
order to maintain or increase efficiency, the necessary adjustments in different ratios were
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modified over time. The need to intervene and control these types of financial entities, as
an adequate means to raise efficiency levels, has already been pointed out by Adusei (2016).

The results presented here reveal that the weakness of the financial cooperative system,
related to the placement of money, specifically financial efficiency, in general terms was
affected, which is consistent with what has been observed in several Asian countries (Zheng
and Zhang 2021). This effect would not only affect the loans made by the entities, but also
those to be made (Colak and Öztekin 2020). There is evidence that financial institutions
with better liquidity buffers had and will have a better performance in the face of the
pandemic (Simoens and Vennet 2021); therefore, it is worrying that institutions with better
efficiency have less liquidity even though they carried out less debt restructuring than less
efficient institutions.

5. Conclusions

Technical efficiency under the two approaches was generally high and in line with
theory, although the pandemic period changed this structure in 2020. On average, overall
efficiency and scale efficiency were higher with the production approach than with the
intermediation approach, with this relationship reversing in the last year of the study.

The trend observed in efficient COACs in keeping equity performance indicators low
indicates how the rapid movement of the business allows for adequate management of
resources, without falling into greater risks, which in turn benefits other ratios such as
profitability, which, despite not being transcendental given the purpose of COACs in the
financial market, are an indicator of efficiency. However, the pandemic makes it necessary
to review these indicators again.

The technical efficiency found in the COACs analyzed suggests that some of their
economic practices could serve as a reference for the solidarity financial market in Ecuador’s
Austro, at least before the pandemic. Until a study of the efficiency of all segments of this
financial system is available, the most efficient COACs in segment 1 of the SFPS could serve
as a reference regarding their performance with respect to credit risk and liquidity ratios.
This is a niche study proposed in this paper along the same lines of technical efficiency.
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