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Abstract: The retail supermarket sector is one of the most important in the third sector. Besides being
one of that most generates direct and indirect jobs, it is one of the first to capture changes in consumer
behavior. Given the strong competition and constant evolution of the sector, it is necessary to improve
techniques for individual performance measurement of the networks and the construction of
parameters of relative comparison between the units. The aim of this article is to analyze the efficiency
of a 31 supermarkets sample in Santa Catarina, using Data Envelopment Analysis (DEA).
The variables used in the investigation were gross sales, the number of employees, sales area and
number of checkout's in the period of 2014 and 2015. The results pointed out a low percentage of units
at maximum efficiency for the two periods analyzed. Another relevant finding was that the variables
that presented a mismatch to reach the maximum efficiency of the units was the “Sales area (m?)” and
“number of employees®, suggesting the existence of idle structure capacity.

Keywords: Data envelopment analysis; Efficiency; Supermarkets.

Resumo: O setor varejista de supermercados é de grande importancia na geragdo de empregos
e captagdo de mudangas no comportamento dos consumidores. Mudancas tecnoldgicas e
mercadoldgicas ocorridas recentemente no setor aumentam a necessidade do aprimoramento
de técnicas para a mensuragdo do desempenho individual das redes e a construgdo de
parametros de comparagéao relativa entre as unidades. O objetivo deste artigo é analisar a
eficiéncia de uma amostra de 31 supermercados de pequeno porte da regido oeste de Santa
Catarina. O método utilizado para a avaliagdo da eficiéncia foi a andlise envoltéria de dados
(DEA), com as variaveis: faturamento, nimero de funcionarios, area de vendas e o nimero de
checkout’s, nos anos de 2014 e 2015. Os resultados encontrados apontaram para um baixo
percentual de unidades em maxima eficiéncia de escala e técnica para os dois periodos
analisados. Outra ponto relevante € a identificagdo das variaveis que apresentaram desajustes
para o alcance da eficiéncia maxima das unidades (area de vendas e numero de funcionarios),
sugerindo a existéncia de capacidade ociosa de estrutura.
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1 Introduction

In Brazil, the third sector plays an important role in the generation of direct and
indirect employment, besides having an expressive representativeness in the gross
domestic product (GDP). The supermarket retail trade is part of this sector and, in 2015,
represented about 5, 4% of GDP, generating R$ 315, 8 billion in revenue and 7, 1% in
nominal annual growth — according to Brazilian Association of Supermarkets (ABRAS).
Furthermore, despite economic retraction occurred in 2015, the supermarket trade has
been one of the few sectors that has been creating jobs, with around 18.706 new jobs,
as stated by DIEESE (2016).

The existence of large supermarket chains makes the industry market share
concentrate in a small fraction of companies. According to Brazilian Association of
Supermarkets, the top five networks in the ranking determined by the entity (which
considers only gross sales) were responsible for more than half of the gross revenue
of the entire sector in 2015. Souza etal. (2010) investigated the 100 smallest
supermarket companies among the 300 largest in the sector and, comparing the
10 largest and the 10 smallest of this sample, found that the scale efficiency of the
larger ones is relatively higher. Sonza & Ceretta (2008) also showed similar results.
However, in a regionally oligopolized market such as the supermarket, what happens
among the group of small-sized companies? Do they make up a homogeneous and
efficient group?

There are quite a few studies about small-sized supermarket units in the literature.
In this sense, it is necessary to measure the efficiency of these productive units in order
to obtain comparable indicators (benchmarks), and, thus, to be able to foment the
debate on the differences between the results of this group of companies. This is
relevant because, as claimed by Badin (1997), some companies are able to combine
their inputs in a better way, using more appropriate processes and management
techniques, generating products (outputs) with greater efficiency. About that, Silva &
Qassim (1994) argue that these companies would then serve as a reference to the
others, who might consider revising their processes to optimize the performance of their
enterprise.

With this purpose, Ferreira et al. (2009) made an analysis of efficiency of the
Brazilian Association of Supermarkets ranking members based on the year of 2005.
The authors found that only 2.34% of the 300 analyzed units presented full efficiency.
However, they didn’t aim to evidence the benchmarks resulting from the analysis or the
variables that most influenced negatively to the inefficiency of most of the evaluated
units. In this way, a deeper approach of these aspects is necessary in order to
contribute to the management of this type of company, especially for the smaller-sized
ones.

Given the above, this study aims to analyze the efficiency of small-sized
supermarkets in Santa Catarina. And, specifically, check how the composition of sales
area (m?), number of checkouts and number of employees influence the efficiency
(gross sales) in the years of 2014 and 2015. For this purpose, the Data Envelopment
Analysis - DEA method was chosen. This method was chosen instead of the linear
regression models because the latter presented some limitations and problems in the
treatment of the data in question, such as multicollinearity between explanatory
variables and a possible problem of endogeneity. Information about this method and
its assumptions can be obtained from Johnston & Dinardo (2001).

This study is justified by the fact that there are only a few researches that discuss
the relative performance of small supermarkets, especially involving efficiency analysis
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techniques, multicriterial, in the Brazilian supermarket segment. The use of DEA allows
analyzing and comparing several production units combining multiple variables without
having to make any assumptions of functional forms for this. The use of this method is
relevant since efficiency evaluation techniques are generally based on financial
reporting. However, it is difficult to objectively clarify the operational efficiency behind
the financial reports, since they cannot include a vision or analysis of the company's
operational performance (Barros & Alves, 2003). Barros (2006) highlights the need to
look for the causes of the efficiency of this sector beyond internal management
procedures, since it is not clear, ex ante, what these causes are.

The regional application is another contribution of this article, preserving the
regional aspects and making sure that there is no interference of information
characteristic of other localities in the results of interest. Moreover, analyzing
productivity and efficiency is an important activity in the field of commercial distribution
(Parsons, 1997), having relevance both to the economic theorist and to the regulator
of economic policies (Farrell, 1957).

Besides this introduction, this text is structured in five more sections. The second
section approaches aspects of the DEA method. The third section discusses the
theoretical framework, focusing on the conceptual aspects about efficiency
measurement and highlighting the main distinctions between efficacy, in addition to a
brief literature review. In the fourth, the methodological procedures used are described,
while in the fifth part the results are presented and discussed. Finally, the conclusions
and recommendations for the continuation of the research are presented.

2 Data Envelopment Analysis (DEA)

Among the several models and techniques used to evaluate the efficiency of
productive units, one method that stands out is the Data Envelopment Analysis — DEA.
This technique has been used in the evaluation of efficiency in different areas, since
the seminal study of Charnes et al. (1978), for example, in the banking sector and in
the relationship between corporate governance and corporate performance
(see, Ferreira et al., 2013).

This method can be used to evaluate the relative efficiency of each production unit
in relation to the others (Colin, 2007). DEA’s results allow managers to “learn” from
comparisons with the most efficient companies and allow them to apply the techniques
of the most efficient companies in the less efficient ones. This kind of comparative
analysis, using high-efficiency companies as a reference, is often referred to as
benchmarking or best practice analysis.

Data Envelopment Analysis can be defined as a non-parametric method used to calculate
the comparative efficiency of production units called Decision Making Unit — DMUs.
To measure the efficiency of DMUS, the variables are classified into inputs and outputs and
the efficiency of each DMU is calculated from the ratio of the weighted sums of outputs
to the weighted sums of inputs. This method, according to Souza & Wilhelm (2009),
calculates a maximum performance measure for each DMU in among all others and
can generate as results:

a) An envelopment surface (frontier) that will identify efficient and inefficient DMUs;

b) A measure of metric efficiency for each DMU (border distance, source and degree
of inefficiency);

c) A projection of the DMU on the frontier;
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d) A reference set (specific units that a particular DMU is being compared to).

When considering a DMU as the most efficient among all others, the DEA model
generates an empirical production frontier. In this frontier the projections can take two
forms: oriented to the reduction of inputs, which calculates the maximum reduction of
the input for the same production of outputs; and, the maximum expansion of outputs,
calculating the maximum expansion of the outputs, given a certain use of inputs
(Figueiredo & Mello, 2009).

A standard formulation can be described according to Equation 1, presented by
Colin (2007) and reproduced as follows:

_ market value of outputs (1 )

market value of inputs

where n is the ability to transform inputs into outputs.

There are several models in DEA’s method and they differ in the type of orientation
given by the direction of the projection at the frontier and the assumption about the
return of scale displayed by the production technologies (Souza & Wilhelm, 2009).
However, the most widely used models in the literature are CCR, developed by
Charnes et al. (1978), and BCC, created by Banker et al. (1984).

The CCR model allows to evaluate the efficiency through the constant returns of
scale, because this works with the proportionality. That is, variations of inputs cause
proportional variations in the product. The CCR model projects points through radial
expansion at the production frontier (Figueiredo & Mello, 2009; Souza & Wilhelm,
20009).

In contrast, the BCC model allows the production set to present variable returns of
scale. This model estimates the pure technical efficiency, considering variable returns
of scale and identifies if they are present in increasing, decreasing and constant gains
of scales (Sonza & Ceretta, 2008).

The evaluation of performance measures such as productivity, with only one input
and one output, is relatively simple. However, this relationship becomes complex when
more variables are included in the analysis, especially when they are input and/or
output. “For this complexity, the creation of a productivity index requires the use of
different weights that consider the use of different inputs and the production of different
outputs” (Boueri et al. 2015, p. 271). However, Cooper et al. (2007) claim that it is
possible to obtain these productivity indices through a virtual output index and a virtual
input index in order to find the efficiency index for each unit. Therefore, Equations 2 to 4
can be used, cited by Boueri et al. (2015):

IVP, =uq; ; + uq, i+t Uy ; (2)

where ¢;; is the amount produced by the jth DMU of the product j in the index

construction and «; is the weight assigned to the product in the index construction.

WVI; =v;x; i+ VX +ot Vi Xy (3)
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where x;; is the quantity of inputs produced by the ith DMU of product j in the
construction of the index and v; is the weight assigned to the input in the construction
of the index.

Given this, the measurement of the productivity index is given by the ratio between

virtual product index and virtual input index, as explained below:

VP, wqp it ung ittt U
0= = )
nwi,; ViXp i+ VX it Vy Xy,

The main difficulty encountered in dealing with these models is to find the vectors
of weight, in a non-arbitrary way, in order not to favor any unit. For this, the two classical
models most used in this type of evaluation were developed by Charnes et al. (1978)
— CCR model — and by Banker et al. (1984) — BCC model.

The orientation of these two models is also differentiated in relation to the focus of
the measure of efficiency: either focused on the space of products or the space of
inputs (oriented to input or output). To illustrate, the systems of Equations 5, 6 and 7
bring the input-oriented CCR and BCC models approach, in addition to the scale
efficiency ratio, according to Boueri et al. (2015).

In the case of the CCR model with input orientation, the system (5) is as follows:

Upqpj +upqs; ..U

Min:0; _uyqp; +upds; +.. +ugd sidy o 4 Vi=12,...n

ViiXpj FV2iXp et VX

subject to

{va} Vg Vg A Y

Up Uiyt 2 0eu; 20 vy, vy,...v,: =0ev; # 0 (5)

In (5), it is possible to observe that the objective function of the problem is the

Min:6; _uyqy; +upqy +.. g

efficiency level of the unit i and suggests an optimal

Vi VX YaXa bt ViX

choice of possible weights for each unit (uandv) . On the other hand, consistency constraints

Wiy TG i oot UG . .
( L1 12 5 < 1 vj=12,..n), who determines that the weights,

ViiX VX j e A VX

can be checked

when used on the records of any other unit, cannot generate a value greater than the unity.
The second restriction, called positivity condition (uy;,u;,...u; > 0eu; 20 ;v;;,v55... v, > 0e v; # 0),
ensures that the weights are all non-negative, and that at least one input and one output
are positively weighted in the condition of the index (Boueri et al., 2015).

When it comes to BCC model, which considers variable returns to scale, it can be
applied by the system Equation 6:

%:0,- subject 106,X; = X 220,04 ~§,20,¢,4 = 1220, ©)

In this context, &, is a vector of dimension n exclusively composed by unit value 1.

Besides that, there is a further restriction g, =2, + 4, +...+ 4, =) , which in practice does

Gestéo & Produgéo, 27(4), e4685, 2020 5/18



Performance of supermarkets in Santa Catarina...

not allow a DMU from being compared with others very different from it
(Boueri et al. 2015).

Finally, the Equation 7 shows the mathematical model that measures the scale
efficiency:

oo Etpcr (Xk‘yk)
Etgyp (Xi, ¥)

(7)

where Es is the scale efficiency’s measurement; EtRCE(Xk‘Yk) is the technical efficiency
(CCR) and Ety,;(X,.Y;) is the technical efficiency (BCC).

The BCC model results in a pure technical efficiency measure (isolating scale
factors), unlike the CCR model. Equation 7 provides a measure, obtained by the ratio
between the measures of technical efficiency in the models with constant and variable
yields, that allows identifying if the DMUs are operating or not in their optimal scale
(Ferreira & Gomes, 2012).

3 Efficiency and the supermarket sector

Efficiency, according to Donthu & Yoo (1998), can be considered as the relation
between the weighted sum of outputs and inputs of a productive process. In this
context, it refers to a judgment on the relation between the resources used (the inputs)
and a measure of the results obtained (outputs). Moreno (2006) highlights the
relationship between efficiency and productivity, stating that efficiency is a fundamental
point in retail because it is a component of total productivity.

Although similar, the term efficiency should not be confused with effectiveness.
Estrada & Almeida (2007) define efficiency as the correct elaboration of a process or
an activity. On the other hand, they argue that effectiveness is related to the simple
achievement of objectives (or results) expected with the accomplishment of activities
or processes. Szczepura et al. (1993) relate efficiency to the degree to which an
organization uses its resources optimally to deliver its products or services and the
effectiveness with the delivery of these services / products adequate.

Moreno (2008), on the other side, wrote about the concept of efficiency in
hypermarkets, claiming that the efficiency of a hypermarket is a measure that compares
how well it processes the inputs to achieve its outputs, considering its maximum
potential to do so, being represented by its production possibilities frontier. However, a
hypermarket can be technically inefficient if it operates below that frontier. Finally, in
the context of DEA, efficiency means producing the maximum quantity of outputs for
any quantity of inputs, or the minimum use of inputs for any quantity of outputs (Donthu
& Yoo, 1998).

In terms of efficiency categories, it can be classified as technical, allocative and
economical, in which:

Technical efficiency: it reflects the ability of a firm to obtain maximum output from
a given set of inputs. Allocation efficiency: reflects the ability of a firm to use inputs
in optimal proportions, given their respective prices, minimizing costs. Finally,
these two measures of efficiency are combined to obtain a final measure of total
economic efficiency (Ferreira & Gomes, 2012, p. 53).
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The term efficiency refers to microeconomic theory and it is related to the returns to
scale that describe what happens to the product when the inputs change. Given this,
returns to scale are typically more common in industry. However, Pindyck & Rubinfeld
(2010) assert that levels of returns to scale may vary between firms and sectors. Yet,
the more substantial these returns are, the greater their participation in the sector tends
to be.

In this sense, the concept of returns to scale deals with the relations of
production over a wide time interval that allows variations in the quantities used of
all productive inputs, especially those with physical space, parts of equipment and
managerial capacity, which are typically fixed in the short run (Thompson & Formby,
2003).

According to Varian (2012), returns can be segregated into constant returns to scale
(in which the quantity of the product changes in the same proportion as the quantity of
its inputs are changed) increasing returns to scale (when the return of the product is
greater than the proportion of the inputs) and decreasing returns to scale (when the
product changes less, in proportion to the inputs).

In turn, Pindyck & Rubinfeld (2010) argue that increasing returns to scale may occur
when the larger-scale operation allows administrators and employees to specialize and
make better use of more specialized and large-scale facilities and equipment. However,
they argue that in situations where there are constant returns to scale, the size of the
firm does not interfere on the productivity of its inputs.

Moreover, as claimed by Thompson & Formby (2003), five factors may contribute
to increasing returns to scale. The first (and most important) are the opportunities
created by specialization in the use of labor when a firm's scale of operations
increases. Secondly, the higher the scale of operations, the easier it will be to use
more advanced technologies. The third point is related to purely dimensional factors,
while the fourth factor refers to the technological complex production process in which
difficulties must be overcome. The fifth and last is tied to the use of talents in business
administration.

On the other hand, there is a possibility of decreasing returns to scale, where
production increases less than twice as much when the applied inputs are doubled.
In this sense, Thompson & Formby (2003) mention that the determining factor for this
type of scale is the size of the company. The bigger the company, the greater the
problems related to the integration of the various facets of the firm's activities. This is
the limit on which the managerial function can be performed more efficiently.

Pindyck & Rubinfeld (2010) report that declining returns to scale can be detected in
companies with large-scale operations, because of the difficulties in organizing and
managing operations. In this context, the occurrence of decreasing returns to scale is
directly related to problems of task coordination and a good communication channel
between administration and production.

In order to find previous studies that dealt with the subject in the field of
supermarkets, online searches were carried out in May 2018 on the research platforms
“Portal de Periodical Capes”, “Scholar Google”, “Scopus” “Web of Science”, “Emerald”
and “Scielo”. From the searches in the databases the works shown in Chart 1 were
found.
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Chart 1. Studies with similar focus.

Authorship (Year)

Main informations

DEA Features

Badin (1997)

Evaluated the efficiency of the
supermarket sector through a
strategy that involved Data
Envelopment Analysis (DEA),
Benchmarking and Production
Function. Using data from
Brazilian Association of
Supermarkets ranking of 1996,
it was observed that 467
supermarkets, among 600,
could be considered inefficient.

Model: BCC, with
input orientation and
600 DMUs.

Variables: n° of
checkout’s, total store
area, n® of employees,
n° of stores and
average income per
capita (inputs) and
revenues (output).

Barros & Alves (2003)

They analyzed the efficiency of
individual retail stores
belonging to a chain of
hypermarkets in Portugal. With
information from the year
2000, they concluded that
more than 63% of the sample
was technically inefficient.

Models: CCR e BCC,
with output orientation.
Variables: sales and
operational results
(outputs); full and part
time employees, labor
cost, absenteeism,
area, n° of the points
of sale, inventory e
other costs (inputs).
DMUs: 47.

Barros (2006)

Checked the efficiency of
hypermarkets and
supermarkets in Portugal. He
adopted a two-step procedure
with DEA and Tobit models.
The findings showed that
larger retail groups are more
efficient than smaller retailers;
and that national retailers are
more efficient than regional
retailers.

Models: CCR e BCC,
with output orientation.
Variables: n° full time
employees and value
of assets (inputs); the
outputs were: sales,
operational results
and added value.
DMUs: 132

(1 observation by
year, of

22 companies,
between 1998-2003).

Sellers-Rubio & Mas-Ruiz (2006)

The authors estimated the
economic efficiency of the
supermarket chains of the
Spanish retail industry using
DEA. The sample consisted in
100 supermarket chains
between 1995 and 2001. Their
results indicated high levels of
economic inefficiency in the
Spanish retail sector.

Models: CCR e BCC,
with output orientation.
The inputs were: n® de
employees, points of
sale and capital (own
funds and debt).

The outputs were
sales and profits.
DMUs: 100.

Didonet & Villavicencio (2008)

Didonet & Villavicencio verified
the relationship between market
orientation components and their
efficiency in the supermarket
segment of Belo Horizonte,
using DEA and Tobit models.
The results indicated that
specific actions of generation
and dissemination of intelligence
have a positive influence on
efficiency levels. And that only
17 among 67 supermarkets
were efficient.

Model: BCC with
output orientation.
Variables: n° of
employees, n° of
checkout’s and area of
sales (inputs); and
average number of
customers and
average number of
products in stock
(outputs). DMUs: 67.
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Authorship (Year)

Main informations

DEA Features

Moreno (2008)

Analyzed the efficiency of
hypermarkets in Spain
focusing on state regulation of
the sector. The results
suggested that hypermarkets
operating in areas with low
regulatory constraints were
more efficient than those
located in areas of higher
regulation.

Model: CCR with
output orientation.
Variables: inputs:
employees and area
m?; the output was
sales. DMUs: 234.

Sonza & Ceretta (2008)

With data from the Brazilian
Association of Supermarkets
ranking, the authors verified
the relationship between
efficiency and size of
companies. They concluded
that large companies were
more efficient than others.

Models: CCR e BCC,
with input and output
orientation.
Variables: sales area
per store, checkout's
and number of
employees; gross
sales and percentage
variation of gross
sales (outputs).
DMUs: 500.

Figueiredo & Mello (2009)

Figueiredo & Mello have
generated a hybrid index of
efficiency and effectiveness
with a retail application.

The main contribution refers to
the use of artificial DMUs in
contexts where there are
multiple inputs and multiple
outputs.

Model: BBC with input
orientation.

Variables: sales area
per store and n° of
employees (inputs);
gross sales and
number of served
clients (outputs).
DMUs: 39.

Ferreira et al. (2009)

They analyzed the technical
and scale efficiency of the
Brazilian supermarket sector,
using data from the ABRAS
ranking of the year 2005. They
found an association between
the technical efficiency and the
size of the supermarkets, in
addition to a low efficiency in
the sample analyzed.

Models: CCR e BCC,
with output orientation.
Variables: n° of
checkouts, n° of
employees and total
used area (inputs);
gross annual sales of
supermarkets (output).
DMUs: 300.

Yu & Ramanathan (2009)

Yu & Ramanathan evaluated
the operational efficiency of
retail companies in China
using three methodologies:
DEA, Malmquist Productivity
Index and Tobit model.

The period under investigation
comprised the years 2000 to
2003. Their results indicate a
very small number of efficient
companies and an
improvement of 37% of the
companies investigated during
the period.

Models: CCR e BCC,
with output orientation.
Variables: n° of
employees and total
area of sales (inputs)
and turnover and profit
before tax (outputs).
DMUs: 61.

Souza et al. (2010)

They analyzed the
performance of the

100 smallest supermarket
companies among the

300 largest in 2005 in Brazil.

Models: CCR e BCC,
with input orientation.
Variables: n° of stores,
n°® of checkouts and n°
of employees (inputs);

Gestéo & Produgéo, 27(4), e4685, 2020
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Chart 1. Continued...

Authorship (Year)

Main informations

DEA Features

The 10 largest supermarkets
performed better than the

10 smaller ones. All with one
store presented performance
problems related to the scale,
while those with more than one
presented problems related to
technical efficiency.

and gross sales
(output). DMUs: 100.

Reiner et al. (2013)

The researchers empirically
evaluated and quantified the
logistics processes of
supermarkets and
hypermarkets in a network in
Europe. The results indicate
different levels of efficiency for
different store formats.

Model: BBC.
Variables: space,
employees and shelf
measurements
(inputs); turnover,
service level and
waste (outputs).
DMUs: 202.

Ko et al. (2017)

They investigated the factors
that affect the efficiency of
chain stores in Korea, using
DEA and Tobit models. They
concluded that too many items
can reduce efficiency and that
competition helps improving
efficiency (to the point of
excessive competition).

Model: BBC with
output orientation.
Variables: store size,
n° of items, n° of
employees and rent
cost (inputs); sales
revenue and n° of
clients (outputs)
DMUs: 32.

Sinik (2017)

Evaluated the efficiency of
supermarkets in Austrian malls
in the year 2015. The results
pointed to a high level of
efficiency (average of 91%) in
the analyzed period.

Models: CCR e BCC.
Variables: clients,
transactions size,
area, labor costs,
works hours,
productivity and loss
of stock (inputs);
turnover separated in
two departments
(output). DMUs: 28.

Melo et al. (2018)

They evaluated the efficiency
of the Brazilian supermarket
sector and the changes in
productivity from 2005 to 2012.
They found that the
supermarket chains have low
levels of average efficiency
and that there was an increase
of productivity in the period.
Small supermarket chains
showed the lowest levels of
efficiency in 2005 and 2012,
but were the ones that
achieved the highest levels of
productivity growth in the
period.

Model: Bootstrap Data
Envelopment
Analysis, with RCE
and RVE.

Variables: n° of
employees, n° of
checkout’s and area of
store in m? (inputs);
annual gross sales
(output).

DMUs: in 2005, 494.
DMUs: in 2012, 701.

Source: Elaborated by authors.

Based on the above, a research gap was detected on the application of Data
Envelopment Analysis in the context of smaller supermarkets in Santa Catarina, for
which it was intended to contribute in this study in the sense of minimizing it.
Additionally, these geographical and size delimitations (companies that are not
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included in the Brazilian Association of Supermarkets ranking) allow homogenization
of the sample, which contributes to a greater robustness of the findings.

4 Methodological procedures

In order to evaluate and measure efficiency different approaches may be applied to
get the expected results, such as the econometric emphasis, the construction of indices
of total factor productivity and linear programming (Souza & Wilhelm, 2009). However,
in this study we chose to use the data envelopment analysis methodology, as a function
of the variables characteristics and to avoid problems that violate the ordinary least
squares assumptions, such as: multicollinearity, endogeneity and heteroscedasticity.
In addition, the use of DEA is in line with the objective of this study to structure a
comparative ranking of supermarket units.

The supermarket sector uses gross sales or net profit as its main valuation indexes,
as shown by the Brazilian Association of Supermarkets ranking. However, these
isolated variables can lead to distortions in the search for the best results on efficiency,
since, according to Figueiredo & Mello (2009, p. 286), “[...] they do not provide a clear
view of the focal points for the improvement of results, offering only indicatives for
reduction costs and / or margin increase”.

The variables used in this work were selected from reference studies (Souza et al.,
2010; Melo et al., 2018) and Sonza & Ceretta (2008) and Figueiredo & Mello (2009)
and are the following:

a) Output variable: gross sales. Even though Angelo & Silveira (1997) warn that other
variables could be considered as output (such as the number of commercial
transactions, the value added and the gross margin), it was considered that all these
factors may be correlated with gross sales and are more difficult to obtain. Besides,
gross sales has been the most widely used variable in studies of this sector;

b) Input variables: area of sales (m?), number of checkouts (cash terminals) and
number of employees.

Data related to the variables selected for the years 2014 and 2015 were obtained
by the authors, via telephone contact, along with the 31 (thirty one) companies that
agreed to participate in the study, setting up a sample for convenience. The software
used for calculations was SIAD. For more information on the procedure and software
consult Meza et al. (2005a, b).

In the sample composed of these 31 DMUs, the respective efficiency was measured
in the two years under analysis in order to rank the units and to know which variables
influence their efficiency or inefficiency. Small units were considered to have up to
3000 square meters of sales area, a parameter somewhat wider than the classification
used in Sonza & Ceretta (2008), which was based on Wedekin & Neves (1995).

As in Barros & Alves (2003), the consistency of the analysis was assured, since the
number of DMUs was 3 times greater than the sum of the number of inputs and outputs.

The main factors to be analyzed in the evaluation of the productive efficiency of a
company are the scale and technique. The first is the component of the productive
efficiency that is associated to the variations of productivity due to changes in the scale
of operation. On the other hand, the second is the component of productive efficiency
resulting from the isolation of scale effects. Problems of technical efficiency
(inefficiency) may be associated, for example, to managers' managerial ability.
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In this study, the two models (BCC and CCR) with output orientation were chosen
to allow the analysis of technical and scale efficiency, as well as the studies of Barros
& Alves (2003), Barros (2006), Sellers-Rubio & Mas Ruiz (2006), Ferreira et al. (2009),
Yu & Ramanathan (2009). The scale efficiency calculation is performed by the ratio
between the efficiency of the CCR model and the efficiency of the BCC model,
according to Equation 7. It makes it possible to identify if the DMUs are operating at
their optimum scale and whether the units have constant returns to scale or not.

In the supermarket sector, which faces an oligopolistic competition structure,
companies, especially the small ones, are expected to operate with non-constant
returns to scale. This can occur due to the emergence of opportunities created by
specialization in the use of work, for example.

With that being said, based on the results of the analysis of the DMU’s scale
efficiency, in addition to the characteristics of the supermarket sector and the purpose
of evaluating technical aspects that interfere in efficiency, the model chosen for this
study was the BCC, as in Badin (1997), Didonet & Villavicencio (2008), Figueiredo &
Mello (2009), Reiner et al. (2013) and Ko et al. (2017).

Another concept used in this study is the slack (input/output slack). According to
Ferreira & Gomes (2012), excesses in the use of inputs or production below the
maximum can be considered as slacks. In a situation where there is a slack (of inputs
or output), the production is being inefficient.

5 Data analysis

Analyzing the statistics in Table 1 it is possible to notice that the data did not present
standard deviation and high coefficients of variation. The average number of checkouts
does not appear to change significantly from the year 2014 to the year 2015, even with
the area's elevation. It is not possible to make assertions about the evolution of these
data, but a plausible answer could be the need to provide other services or improve the
quality of care. The increase in gross sales may be related to two facts: high inflation
in the period (2014, 6.41% and 2015, 10.67%); and / or a gain in the market of large
supermarkets. The last one is the least likely, because, as seen in previous studies,
large supermarkets are more efficient than small / medium sized supermarkets.

Table 1. Descriptive statistics.

2014 2015

» » n »

W § 2 W § 2

3 > » 3 > ®

T 2 g 8. % 2 5 3

19 @ o0& [ @ [y

§ & z € 3§ & z 13
Mean 5.03 22.68 775.74  6,043,7 5.19 22.65 802.23  6,640,3

44.68 15.13

Standard 4.73 32.55 591.62  6,883,9 4.98 28.45 615.70  7,704,5
deviation 17.07 35.60
Coefficient 93.98% 143.52 76.26% 113.90 95.94% 125.63 76.75% 116.03
of variation % % % %

Source: Elaborated by authors.
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With DEA’s approach, it was possible to detect different efficiency indexes in the
three metrics in the years investigated (efficient units in Table 2). The results of the
year 2014 presented 16.13%, 54.84% and 16.13% of efficiency of the DMUs evaluated
by the CCR, BCC and scale efficiency models, respectively. In the year of 2015 the
only value that changed was the scale efficiency, presenting a value of 19.35% efficient
units.

Table 2. Maximum efficiency in units.

Model DMU DMU DMU DMU DMU DMU DMU DMU DMU Total |vo|/:>3;|
1 2 4 5 6 7 8 10 1
BCC 17 54.84%
< 13 14 16 18 24 27 29 30
by
N CcCrR 5 7 10 11 27 5 16.13%
Scale 5 7 10 1 27 5 16.13%
1 2 4 5 6 7 8 10 1
BCC 17 54.84%
° 13 14 16 18 20 24 27 30
by
N CcCrR 5 7 11 20 27 5 16.13%
Scale 5 7 11 20 271 29 6 19.35%

Source: Elaborated by authors.

The results show that 16.13% of DMUs in 2014 and 19.35% in 2015 are not
operating in their optimal scale. These results suggest that, even for a relatively
homogeneous sample (same state and close sized units), most DMUs in this sector
have non-constant returns to scale. A possible explanation is that these small units may
be operating in a region of increasing marginal productivity of the factors of production
(specialization in the use of labor) because they are in the early stages of a nonlinear
production function. A theoretical example for this type of production function is cobb-douglas,
widely used in economics (Pindyck & Rubinfeld, 2010). Comparing units with similar scales,
isolating this influence, 54.84% of the DMUs for the two years investigated presented
pure technical efficiency (measured by the BCC model).

From another angle, Table 3 shows the scores of all DMUs analyzed in the three
metrics, segregated by year.

Table 3. Scores of analyzed data.

2014 2015
DMU
CCR BCC Scale CCR BCC Scale
DMU_01 0.6750 1.0000 0.6750 0.6684 1.0000 0.6684
DMU_02 0.6829 1.0000 0.6829 0.6264 1.0000 0.6264
DMU_03 0.6782 0.8756 0.7746 0.6692 0.8386 0.7980
DMU_04 0.8764 1.0000 0.8764 0.9227 1.0000 0.9227
DMU_05 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
DMU_06 0.4958 1.0000 0.4958 0.4485 1.0000 0.4485
DMU_07 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
DMU_08 0.6562 1.0000 0.6562 0.6290 1.0000 0.6290
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Table 3. Continued...

2014 2015
DMU
CCR BCC Scale CCR BCC Scale
DMU_09 0.8135 0.9392 0.8662 0.7770 0.9192 0.8453
DMU_10 1.0000 1.0000 1.0000 0.4552 1.0000 0.4552
DMU_11 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
DMU_12 0.5339 0.6979 0.7649 0.5477 0.7154 0.7656
DMU_13 0.8018 1.0000 0.8018 0.7943 1.0000 0.7943
DMU_14 0.6997 1.0000 0.6997 0.6360 1.0000 0.6360
DMU_15 0.5948 0.9202 0.6464 0.6328 0.9372 0.6752
DMU_16 0.6700 1.0000 0.6700 0.4383 1.0000 0.4383
DMU_17 0.7217 0.7506 0.9615 0.5429 0.8175 0.6642
DMU_18 0.9179 1.0000 0.9179 0.7955 1.0000 0.7955
DMU_19 0.5809 0.6351 0.9146 0.5769 0.6093 0.9469
DMU_20 0.8919 0.9614 0.9277 1.0000 1.0000 1.0000
DMU_21 0.5921 0.8768 0.6753 0.5996 0.8723 0.6874
DMU_22 0.5580 0.8142 0.6853 0.5576 0.8012 0.6959
DMU_23 0.7135 0.8904 0.8013 0.6918 0.8694 0.7957
DMU_24 0.5633 1.0000 0.5633 0.5328 1.0000 0.5328
DMU_25 0.6089 0.7673 0.7935 0.6665 0.7369 0.9044
DMU_26 0.8609 0.8853 0.9725 0.8868 0.9139 0.9704
DMU_27 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
DMU_28 0.6387 0.6975 0.9158 0.6152 0.6530 0.9421
DMU_29 0.7671 1.0000 0.7671 0.9536 0.8718 1.0000
DMU_30 0.6753 1.0000 0.6753 0.6281 1.0000 0.6281
DMU_31 0.4229 0.5515 0.7669 0.4120 0.5366 0.7677

Source: Elaborated by authors.

As it is shown in Table 3, some DMUs presented equal scores, regardless of the
used model (regardless of being equal to 1,00). This means, for example, that for these
DMUs, the evaluation in terms of the constant returns (CCR model) or the scale
variables (BCC) would not have different results, as in the cases of
DMUs “05”, “07” and “11”.

Itis also possible to conclude by the results, via BCC, that the hypothesis of variable
returns to scale is accepted, as it occurred with the DMU “01”. That is, this unit did not
present maximum efficiency in the CCR model (0, 6750), but presented full efficiency
in the BCC model. This means that its inefficiency is due to the inadequate scale of
production (scale efficiency equal to 0, 6684). This means that the inefficiency of scale
tells us how far it is from the optimal scale and that it would be possible, by varying the
size of the DMU's operations, to get to that optimal point.

Normally, the results indicate, as in studies by Souza et al. (2010) and Barros &
Alves (2003), that inefficiency of scale is a determining factor in the performance
problem of Brazilian supermarket units (in this case, small and from Santa Catarina).

In addition to the determination of efficiency, it was also possible to identify which
variables influenced the results. The ones that presented a slack in the performance of
the stores that did not reach efficiency were the “Sales area” and the number of
“Employees”. In general, it can be identified that the slacks are directly related to the
variables related to the size of the units. Even though it is a specific analysis for small
units in Santa Catarina, this conclusion is in line with the findings of Yu & Angelo (2001),
Barros (2006) and Souza et al. (2010).
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These impacts can be observed in numerical terms in Table 4, which refers
specifically to the BCC model.

Table 4. DMUs with slacks in variables.

2014/BCC 2015/BCC
inefficient DMU / Variables with slack inefficient DMU / Variables with slack
value Check Empl Area  Value Check Empl Area

DMU_03(0.875611) 0.00 0.00 10.05 DMU_03(0.838554) 0.00 0.00 85.17
DMU_09(0.939164) 0.00 0.00 0.00 DMU_09(0.919223) 0.00 0.00  0.00
DMU_12(0.697928) 0.00 0.00 2.77 DMU_12(0.715407) 0.00 0.00 ©66.64
DMU_15(0.920163) 0.00 3.17 73.69 DMU_15(0.937185) 0.00 236 86.29
DMU_17(0.750553) 0.00 0.00 0.00 DMU_17(0.817461) 0.00 4.71 0.00
DMU_19(0.635138) 0.00 0.00 0.00 DMU_19(0.609290) 0.00 0.00 0.00
DMU_20(0.961406) 0.00 0.00 147.52 DMU_21(0.872319) 0.00 0.00 68.51
DMU_21(0.876769) 0.00 029 56.56 DMU_22(0.801206) 0.00 230 0.00
DMU_22(0.814239) 0.00 3.58 0.00 DMU_23(0.869424) 0.00 0.00 29.99
DMU_23(0.890352) 0.00 0.00 0.00 DMU_25(0.736916) 0.00 5.09 0.00
DMU_25(0.767347) 0.00 3.60 0.00 DMU_26(0.913862) 0.00 7.73  0.00
DMU_26(0.885298) 0.00 3.07 0.00 DMU_28(0.653046) 0.00 0.00  0.00
DMU_28(0.697484) 0.00 0.00 0.00 DMU_29(0.871795) 0.00 1.38  0.00
DMU_31(0.551477) 0.00 0.00 5.06 DMU_31(0.536620) 0.00 0.00 53.92

Source: Elaborated by authors.

These slacks resulting from the application of modeling may represent, to some
extent, an idle structural capacity. That is, the DMUs that presented slacks in the
identified variables, based on the gross sales, tend to be less efficient than those that
demonstrated to be efficient.

Given this, it is possible to analyze that, in the case of the units with slacks in the
number of employees, the comparison with the benchmarks (desired levels of
performance) shows that their gross sales per employee was below the weight found
in the best placed ones. The same occurred in the case of the “Sales area” variable,
when a structural capacity greater than the achieved gross sales is used.

It is important to highlight the contribution of this study through its findings in three
main points: the low index of units that operate at maximum / full efficiency, the high
inefficiency of scale and the identification of the intrinsic variables in the model that
obtained greater slacks, that is, idle capacity of input. This allows a greater knowledge
for managers of the units of this sector, indicating a direction so that the management
of resources is carried out in a better way, which can contribute to a greater efficiency
of its managed units.

6 Conclusions

This study aimed to analyze the efficiency of a sample of the small supermarkets in
the Santa Catarina, as well as to verify the variables that had the greatest impact on
the performance of the analyzed units. The period under analysis was the years 2014
and 2015, with data obtained by the authors from the 31 (thirty one) companies that
agreed to provide their information. From these data, three metrics mentioned in the
tables of the previous sections were calculated.
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The findings showed a low frequency of supermarkets with maximum frontier
efficiency, as well as an idle capacity in the structural formation of their stores. That
being said, it gets clear the need for a deeper verification by the managers about the
performance of their stores, in order to optimize the potential of generating the
prioritized product / output (increase in gross sales), keeping the “inputs” selected
constant. This gains special attention because it is a regionally oligopolized sector,
which has large groups of “leading” companies that have a significant market share
and can compete directly via price.

Given this results, it is considered that the study contributed to highlight the
importance of the application of this methodology in the analysis of the performance of
supermarkets. This is due to the simultaneous analysis of several important variables
in determining company’s revenue, which makes the method more robust and reliable
for a ranking and efficiency analysis than other commonly used strategies.

As to the limitations that can be attributed to this study, it is possible to mention that the
methodology used, as it is a non-parametric technique, does not allow such an in-depth
conclusion, and the comparative analysis is restricted to the units and variables under
analysis. In addition, the dataset is small, so the conclusions are limited to the sample
investigated. In order to generalize the findings, a larger sample would be needed.

A next step, following this study, would be to evaluate productive arrangements
(shopping networks) or even, supermarket chains of the same economic group. In this
kind of sample, its homogeneity is even more present, allowing the inclusion of more
variables, such as the rupture index, employees’ turnover rates and margins, for
example. Besides, it would be possible to apply the combination of the DEA method
with other methodologies, in two stages.
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