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Abstract 
 

The transformations that have taken place in the international economy have been 
affecting the Brazilian banking sector on a large scale, causing high efficiency in 
this economic segment. In order to verify and investigate the comparative 
performance among Brazilian banks, this study analyzed the efficiency among 21 
banks listed on the Brazilian stock exchange (BM&F Bovespa). The importance 
of this study stands on a better understanding of a sector that has undergone a 
series of mergers, acquisitions and privatizations in addition to a challenging 
economic scenario in the last two decades. The chosen methodology is an 
operational research technique, which is based on linear programming and whose 
objective is to comparatively analyze independent units. The method itself is 
called data envelopment analysis (DEA) and was based on variable returns to 
scale’s (VRS) assumption. Inputs and outputs of banking institutions were defined 
in the period between 2010 and the first half of 2016. Results indicated that large 
banks tend to be more efficient while smaller banks use their resources less 
efficiently. 
 
Keywords: data envelopment analysis, efficiency, banks 
 
 
1. Introduction  
 

Banks play a key role in a country's financial system, forming a market 
with increasing competitiveness. In the case of the Brazilian banking sector, in the 
last two decades, the sector underwent a series of structural changes with several 
privatizations, acquisitions and mergers, revealing the importance of evaluating 
banks' performance in order to monitor and indicate improvement points. The 
need to achieve high levels of productivity with low levels of inputs becomes 
increasingly relevant. 

 
In this perspective, this research aims to reach a greater understanding 

about a sector that have a great dynamism and that has undergone many changes 
in the last two decades. In addition, the years of the Brazilian economy’s big 
expansion in the first decade of the 21st century, in contrast to the mortgage crisis 
in 2008, where US financial institutions relied heavily on clients with a poor track 
record of debt repayments shaking the global financial system, grown in a very 
dynamic and challenging environment. In a competitive context, the management 
and the use of resources, in this study as inputs of production, provide a basis for 
the production capacity of banks and constitutes a source of competitive 
advantage (Zack, 1999). 

 
Therefore, the objective of this study is to perform a technical efficiency 

analysis applied to the banking sector, using the methodology of Data 
Envelopment Analysis (DEA). It is worth mentioning that the central focus of this  
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research is not only a review of the studies about the efficiency analysis as Berger 
and Humphrey (1997), or the development of the methodologies of analysis like 
Seiford and Thrall (1990), but of the analysis of an empirical database of the 
largest Brazilian banks through a non-parametric methodology.  
 

This text is structured in five parts. The first and second are structured by 
literature review and the theoretical framework, where the efficiency-related 
definitions and methods that will be used in this study are presented. The third 
part consists of the presentation of the methodology, detailing the aspects related 
to DEA and the precedents of the decisions taken. Finally, the fourth and fifth 
parts involve the presentation of the results, followed by discussion of the work.  
 
 
2. Theoretical background  
 

In the production literature, the distinction between the concepts of 
effectiveness and efficiency is one of the most common (Ferreira & Gomes, 
2009). The first one deals with the simple accomplishment of a task: a work is 
effective if it reaches its objective. The concept of efficiency evolves the concept 
of effectiveness, adding that not only must the objective be achieved, but it must 
be achieved with the inputs being used optimally, that is, in the best possible way. 

 
A measure of efficiency widely diffused is presented by Farrel (1957), 

where the level of efficiency of a company is given by the distance between the 
production observed and what would be its optimal production. Among the many 
methodologies developed, the Data Envelopment Analysis (DEA) stands out as 
one of the main operational research techniques (Fethi, 2010). Therefore, DEA is 
a non-parametric technique of inferential analysis, based on linear programming. 
Its objective is to define a frontier of production possibilities, analyzing only the 
technical efficiency, that is, the capacity to change the quantity of inputs given 
what is produced, or to change what is produced given what is consumed. In this 
analysis, the monetary value of inputs and outputs is not taken into account. The 
model also does not demand the need for functional relations between inputs and 
products and is not restricted to single, unique measures of inputs and outputs 
(Ferreira & Gomes, 2009).  

 
As a way to summarize the main works already published in Brazil and 

abroad regarding the efficiency of the banking sector, Table 1 presents the main 
researches consulted to elaborate this article. 
 
 
 
 
 
 



 
 

1426                                                                    André Luiz Marques Serrano et al. 
 
 

Table 1 - Main Results of Consulted Articles 
 

Author  Goal  Results  

Berger and 
Humphrey, 
1997  

The article analyzes 130 works that 
apply the efficient frontier to financial 
institutions in 21 countries. The main 
objectives are to summarize and revise 
the empirical estimates of the efficiency 
of financial institutions and to reach a 
consensus point. Secondary objectives 
seek to analyze the implications of 
these efficiency results for financial 
institutions in the areas of government 
policy, research and performance 
management.  

Estimates of non-parametric models (DEA 
and FDH) are similar to those of the 
parametric frontier models (SFA, DFA and 
TFA), however non-paramedical methods 
generally obtain slightly lower averages of 
efficiency and appear to have greater 
distortions than The results of parametric 
models.  

Ceretta, 
Niederauer 
2001  

The objective of this paper is to 
investigate, comparatively, the 
competitive position of 144 financial 
conglomerates in the Brazilian banking 
sector through profitability versus 
productive efficiency matrix. This 
matrix is structured based on the data-
by-data analysis.  

The results indicate that the large 
conglomerates have a degree of operational 
efficiency much superior to the ones of 
medium size and these in relation to the 
small one, as much in relation to the 
average value as the minimum value.  

Stavárek, 
2005  

Disclose whether the differences 
between regions and countries in the 
different levels of integration in the 
European Union and economic situation 
are also visible in the levels of banking 
efficiency. Therefore, the analysis seeks 
to verify or reject the hypothesis that an 
advanced stage of integration and a 
better economic level is associated with 
greater efficiency in banking 
intermediation.  

It was found that the member countries of 
the European Union, Portugal and Greece 
have the most efficient banking systems. 
Similarly, in the countries of the second 
group was confirmed by the results of the 
banking sectors of the Czech Republic, 
Hungary and Poland respectively. It is 
important to note that the Czech banking 
sector was almost as efficient as the Greek 
in 2003 to be even more efficient in 2002.  

Tecles and 
Tabak, 2010  

They analyze the still unexplored case 
of Brazil, a developing economy with a 
banking sector that underwent major 
transformations. They assess the role of 
the foreign presence that has taken 
place through the establishment of 
branches and the purchase of local 
banks. They evaluate the efficiency of 
the banking sector using the Bayesian 
stochastic frontier (SFA), introduced by 
Van den Broeck et al. (1994) and the 
implementation described by Griffin 
and Steel (2007).  

Research indicates that the average 
efficiency in Brazil was .66, which 
although consistent with emerging 
economies is below the international 
average observed by Berger and Humphrey 
(1997) which includes developed countries. 
The efficiency measure did not show much 
variation over time except during the 
election period in 2002. The profit model 
indicates that large banks are more 
efficient, which may explain a recent wave 
of mergers and acquisitions seeking to 
target specific markets, Competing for 
lucrative client portfolios.  
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Tabak et al., 
2014  

The study investigates to what extent 
the results produced by the single 
border model are reliable, based on the 
application of the DEA method and 
stochastic frontier to a sample of local 
Chinese banks. In addition, they 
analyze the consistency between the 
measures originated by the DEA 
analysis and the stochastic frontier 
analysis from the micro and macro 
perspectives.  

The results indicate that the models are not 
consistent in the individual analysis and the 
results obtained at a micro level should be 
treated with caution. However, they 
provide similar results regarding the 
behavior of the average efficiency for the 
market as a whole over the years. They 
argue that this behavior is more important 
to determine the consistency between the 
two models than the efficiency averages 
alone. They also conclude that Chinese 
banks have not improved their performance 
over the period 2001-2012.  

 
These studies allow certain conclusions regarding both the research 

methodologies and the analysis of some transformations. On the effectiveness of 
DEA, based on Berger and Humphrey (1997) and Tabak and Cajueiro (2014), it 
can be concluded that non-parametric methods tend to be better or at least as 
accurate as parametric methods, provided that the amount of DMUs, in relation to 
the proportion of inputs and outputs, is adequate. Regarding the size of the 
sample, Jenkins and Anderson (2003) conclude that the amount of DMUs must be 
at least three times the sum of inputs and outputs. Finally, Tecles and Tabak 
(2010) analyzed how the entry of foreign banks impacted the Brazilian market and 
found that the largest banks are the most efficient, justifying a wave of mergers 
and acquisitions in the market looking for scale and markets not yet extensively 
explored.  

Table 2 presents the main works found in the literature that sought both to 
verify important characteristics in the choice of inputs and products, as well as to 
explore studies in the international environment that analyzed the financial market 
both at the bank level and at the agency level. 

 
Table 2 -Articles, analytical methods and goals 

Parents Author Inputs Outputs Fashion 
model 

Italy  Resti 1997  Number of Employees; 
Number of Branches  

Deposits; Loans; Other 
income  

CRS, 
VRS and 

SFA  

Turkey  Oral and Yolan 
1990  

Model 1 - Number of 
employees; Model 1 - 
Number of terminals on-line; 
Model 1 - Number of 
commercial accounts; Model 
1 - Number of savings 
accounts Model 1 - Number 
of credit applications; Model 
2 - Personnel Expenses; 
Model 2 - Administrative 
Expenses; Model 2 - 
Depreciation; Model 2 - 
Interest paid on funding  

Model 1 - Time spent on 
credit transactions; Model 1 
- Time spent on deposit 
transactions; Model 1 - 
Time spent in exchange 
transactions; Model 1 - 
Time spent on all types of 
transactions; Model 2 - 
Interest income on loans; 
Model 2 - Revenue from 
other services  

CRS  
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Table 2 (Continued): -Articles, analytical methods and goals 
 

Canada  Paradi et al. 
2010  

Model 1 - Personnel; Model 1 
- Equipment; Model 1 - 
Occupancy Costs; Model 1 - 
General Expenses; Model 2 - 
Personnel; Model 2 
Equipment; Model 2 - 
Occupancy Costs; Model 2 - 
General Expenses  

Model 1 - Deposits; Model 
1 - Mortgage Loans; Model 
1 - Loans to account 
holders; Model 1 - Safe 
credit lines; Model 1 - 
Small Business Loans; 
Model 2 - Revenues from 
products sold to customers; 
Model 2 - Staff Revenue  

CRS, 
VRS  

Germany  
Porembski et 

al.  
2005  

Number of employees; Office 
Size  

Private deposits; Deposits 
of companies; Savings 
deposits; Time deposits; 
Bearer securities; Securities 
of guarantee; Titles;  

CRS,  
VRS  

Canada  Stanton 2002  

Business reviews; Contacts 
made; New clients; Key 
performance indicators; 
Added future value  

Quality of service to 
consumers; Income from 
commercial operations  

CRS  

USA  Yavase Fisher, 
2005  

Retail Deposits; Small 
Business Deposits  

Number of employees; 
Number of ATM`s; 
Average waiting time for 
service; Safe Deposit 
Boxes  

CRS  

Australia  Sathye 2002  

Model 1 - Interest expenses; 
Model 1 - Other expenses; 
Model 2 - Deposits; Model 2 
- Number of employees  

Model 1 - Interest income; 
Model 1 -Other income; 
Model 2 - Loans; Model 2 - 
Other Revenues  

VRS  

Netherlands  Dekker and 
Post, 2001  

Number of attendants, 
Number of facilitators.  Recipe  VRS  

India  Das et al., 
2009  

Number of officers, number 
of staff of employees, number 
of employees cash, physical 
capital.  

Amount of deposit, amount 
of credit, non-interest 
income.  

VRS  

US  HaagandJaska 
1995  

Rent, number of people, 
office supplies  

Loans, new accounts, pre-
determined checks + 
securities sold + securities 
settled, total deposits.  

VRS  

 
3. Method  
 

The method used here is based on the non-parametric DEA type approach, 
which is characterized by the use of weak assumptions about the production 
technology. Except for axioms of usual regularity, such as the technological 
frontier, these methods are based on very simple assumptions of convexity and 
freedom of allocation and disposition of inputs and products. This applies, in 
particular, to techniques based on linear programming, such as the DEA 
methodology. This approach, besides allowing the existence of multiple inputs 
and products, does not require a rigid distinction between them.  
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If a smaller amount of a product is desirable, it can be modeled as an input. 
This feature is especially convenient for services in general and banking services 
in particular, since in these the distinction between input and output is not always 
well defined. However, as this methodology, in its original format, does not take 
into account random factors, the scores of efficiencies can be strongly biased if 
the productive process is characterized by stochastic elements.  

According to the theory, for each unit of measurement - DMU, the 
technology transforms non-negative inputs 𝑥𝑥𝑘𝑘 = (𝑥𝑥𝑘𝑘1, … , 𝑥𝑥𝑘𝑘𝑘𝑘) ∈ 𝑅𝑅+𝑘𝑘 into non-
negative products 𝑦𝑦𝑘𝑘 = (𝑦𝑦𝑘𝑘1, … ,𝑦𝑦𝑘𝑘𝑘𝑘) ∈ 𝑅𝑅+𝑘𝑘. When the measure of technical 
efficiency is input-oriented, technology is represented by the set of production 
possibilities T = {(x, y): x can produce y}, which includes all input vectors and 
feasible products. The matching inputs to the DEA reference technology, 
characterized by constant returns to scale (CRS) and the existence of free disposal 
of inputs (strong disposability, S) defines the linear technology, constructed from 
combinations observed input and output: 

 
       𝐿𝐿(𝑦𝑦\𝐶𝐶, 𝑆𝑆) = { 𝑥𝑥:𝑦𝑦 ≤ 𝑧𝑧𝑧𝑧, 𝑧𝑧𝑧𝑧 ≤ x, 𝑧𝑧 ∈ 𝑅𝑅+𝑘𝑘 ,𝑦𝑦 ∈ 𝑅𝑅+𝑘𝑘}                      (1) 
 
The matrix M with dimension k x m has m products observed in k DMUs; 

N represents the matrix k x n with n inputs; And z is the vector 1 x k of the 
parameters. For each activity, the technical efficiency in the inputs, Fi, can be 
defined as: 

 
𝐹𝐹(𝑦𝑦𝑘𝑘, 𝑥𝑥𝑘𝑘\𝐶𝐶, 𝑆𝑆) = 𝑚𝑚𝑚𝑚𝑚𝑚{ 𝜃𝜃:𝜃𝜃𝑥𝑥 ∈ 𝐿𝐿(𝑦𝑦𝑘𝑘\𝐶𝐶, 𝑆𝑆)}          (2) 
 

In this way, this measure of radial efficiency varies between 0 and 1. 
Efficient production has a score equal to unity. Thus, 1 - q represents the rate at 
which the inputs can be reduced without changing the production. Using the 
technology specified in (1), the (input oriented) technical efficiency for agency k 
can be calculated as the solution to the following linear programming problem:  

 
𝛉𝛉𝐤𝐤 = 𝐦𝐦𝐦𝐦𝐦𝐦(𝛉𝛉) 

 
Subject to 

  
𝜽𝜽𝒙𝒙𝒌𝒌𝒌𝒌 ≥ ∑ 𝒛𝒛𝒌𝒌𝒌𝒌𝒙𝒙𝒌𝒌𝒋𝒋 

𝑲𝑲
𝒌𝒌=𝟏𝟏 , n = 1, 2, 3, 4, ..., N 

𝒚𝒚𝒌𝒌𝒌𝒌 ≥�𝒛𝒛𝒌𝒌𝒌𝒌𝒚𝒚𝒌𝒌𝒌𝒌 ,𝒌𝒌 = 𝟏𝟏,𝟐𝟐,𝟑𝟑,𝟒𝟒, … ,𝐍𝐍
𝑲𝑲

𝒌𝒌=𝟏𝟏

 

𝜽𝜽,𝒁𝒁𝒌𝒌𝒌𝒌  ≥ 𝟎𝟎 , 𝒌𝒌 = 𝟏𝟏,𝟐𝟐,𝟑𝟑,𝟒𝟒, … ,𝐍𝐍                       (3) 
 

According to the DEA methodology, the presented model implies strong 
restrictions on the production, the existence of constant returns of scale (the 
increase of the number of inputs causes a proportional increase in the outputs, when a 
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DMU is operating in its optimal capacity), Being known as the CCR model 
(Charnes, Cooper & Rhodes, 1978) or CRS (Constant Returns to Scale). This 
assumption can be easily relaxed by modifying the constraints on the intensity 
vector z. Färe, Grosskopf and Lovel (1994) extended this technique to include the 
existence of decreasing returns. For this, the following restriction was added to 
problem (3):  

 
∑ 𝑧𝑧𝑘𝑘𝑘𝑘 ≤ 1,   𝑗𝑗 = 1,2,3, … ,𝐾𝐾; 𝑘𝑘 = 1, 2, 3, … , K𝐾𝐾
𝑘𝑘=1                                    (4) 

 
Thus, it is inferred that the sum of the intensity variables cannot exceed 

unity, which implies that the different activities cannot be expanded infinitely. In 
the presence of variable returns to scale or Variable Returns to Scale, the model 
proposed by Banker, Charnes and Cooper (1984) considers that activities cannot 
be expanded without limit, nor contracted at source. Thus, increasing returns, that 
is, the increase in the number of inputs causes a disproportionately greater 
increase in the number of outputs, which occurs when a DMU is operating far 
below its optimum capacity, for the low levels of production and Decreasing 
returns to the higher levels. In this model, called DEA-BCC, efficiency indices are 
obtained by imposing equality in the constraint (4). 

Therefore, the BCC model proposes to compare only DMUs that operate 
on a similar scale. Thus, the efficiency of a DMU is obtained by dividing its 
productivity by the higher productivity among the DMUs that present the same 
type of return to scale. Thus, the BCC frontier presents straight lines of varying 
angles which characterizes a linear boundary by parts. This model is used in this 
research with a view to prospecting the results. 

 
3.1 Description 
 

The orientation used in the analysis was that of products that evaluate the 
ability to obtain more products, that is, higher gross and operating results with 
higher return on shareholders' equity and with lower delinquency with the same 
amount of inputs. The guidance was used since the amount of resources used in 
the banking activity are limited resources and that have linked costs, costs of 
raising capital, rent and personnel expenses. Therefore, it is desired to obtain the 
largest quantity of products with the least quantity of inputs. The choice of inputs 
and outputs varies significantly according to the different objectives and types of 
research conducted. Paradi and Zhu (2012) indicate that the selection of inputs, or 
inputs, should be the measures that seek to be minimized and the selection of 
products, or outputs, should be relative to the measures that seek to be maximized.  

For this analysis, the inputs are: 1) Financial Intermediation Revenues; 2) 
Financial Intermediation Expenses; 3) Asset Immobilization Degree; 4) Operating 
Costs; 5) Number of Agencies. Table 3 shows the inputs, the unit of measurement 
and the calculation form. 
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Table 3 - Inputs Description 
 

Input  Unit of 
measurement  Calculation Form  

Financial Intermediation 
Revenues  Real  Revenue from financial intermediation 

calculated in the period of disclosure of results.  
Financial Intermediation 
Expenses  Real  Financial intermediation expenses calculated in 

the reporting period.  

Asset Immobilization Degree  Percentage  Breakdown of Permanent Assets by 
Shareholders' Equity.  

Operational cost  Points  

Division of the sum of personnel and 
administrative expenses by the sum of the gross 
result of the financial intermediation plus income 
from services rendered.  

Number of Branches  Units  Number of branches determined in the reporting 
period.  

Source: authoring elaboration  
 
For products (outputs) was selected 1) Net Result of financial operations, 

2) Operating Income, 3) Default, 4) Return on Equity. Table 4 explains the 
selected outputs. 

 
Table 4 - Description of Products 

 
Products  Unit of 

measurement  Calculation Form  

Gross Income from 
Financial Intermediation  Real  Corresponds to the difference between revenues 

and expenses of financial intermediation.  

Operational result  Real  

Gross result of the sum of financial 
intermediation revenue, service revenue, profit 
from participation in subsidiaries and the balance 
of other revenues, divided by operating 
expenses, less personnel, administrative and tax 
expenses.  

Non-compliance  Percentage  

Represents the percentage of payments not 
received from loans made. Breakdown of the 
amount of payments received by the amount of 
loans made  

Return on Shareholders' 
Equity  Percentage  Result of the division of net income by 

shareholders' equity, multiplied by 100  
Source: authoring elaboration  

 
We observed the choice of the default index for the product although this 

is a measure that should be minimized rather than maximized. As we know, a high 
default rate in a bank is not desired and has no advantage over its competitors, so 
it should be minimized. Addressing this issue, Paradi and Jhu (2012) highlight 
three possible solutions, but only two of them are relevant sphere approach for 
this study. The first is to pass the measure to the input side, where the smaller the  
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better. The second, and the approach chosen for this study, is to use the measure 
(default rate) with a negative value. 

Concerning DMU`s analyzed were chosen 21 banks traded and the data 
used were taken from the site "Fundamentus" which compiles the balance of 
publicly held financial institutions, listed on the BM & F Bovespa. Due to the 
information available, based on quarterly disclosures since the first quarter of 
2010, each disclosure of result was treated as a different DMU. This procedure 
allows for a more robust analysis and allows to analyze the level of efficiency of 
each of the banks in each of the periods. Table 5 summarize the sampled banks. 

 
Table 5 - Analyzed Banks 

 
 Bank  Category   Bank  Category   Bank  Category  

1  Bank of 
Brazil  Multiple  8  Banestes  Multiple  15  Santander  Multiple  

2  Bradesco  Multiple  9  ABC Brazil  Multiple  16  BRB  Multiple  

3  Banco 
Mercantil  Multiple  10  Indusval  Multiple  17  Banco Pine  Multiple  

4  Bank of the 
Amazon  Commercial  11  Sofisa  Multiple  18  Pan bank  Multiple  

5  Bic Bank  Multiple  12  Daycoval  Multiple  19  Banese  Multiple  

6  Banrisul  Multiple  13  Paraná 
Bank  Multiple  20  Alpha  Commercial  

7  Banco do 
Nordeste  Multiple  14  Itaú  Multiple  21  BTG Pactual  Multiple  

Source: Author's elaboration. 
 
After the procedure in which each disclosure of results for each bank is 

considered as a different DMU, we obtain the 455 DMUs that were used for the 
analysis. The software used to perform the Data Envelopment Analysis was 
MaxDEApro 6.4. 

 
4. Results  

 
It was inferred from the researches that only banks with efficient and 

profitable stocks and mechanisms remained in the market. These economic 
agents, in the case of this article, listed banks have been forced to modernize and 
increase their efficiency levels to cope with increased competition from domestic 
and international capital. This applies also to state-controlled banks, with agencies 
scattered across the country, which, while subject to competitive rules such as 
private banks, retain some inherited tasks from their former role as state-owned 
banks, where political considerations may prevail on market issues. In order to 
reconcile their conflicting functions, these institutions need to have a clear view of 
both the financial aspects and the prevailing conditions of efficiency in their many 
subsidiaries.  
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Thus, from the results obtained, a tabulation and organization of the 
database was carried out in search of a more efficient analysis. The 455 DMUs, 
originated from isolated quarters, in the period between 2010 and 2016 of 21 
publicly traded financial institutions were analyzed from the BCC approach as 
previously mentioned. In this analysis, the general efficiency of DMUs, input and 
output clearances, as well as the proposed movements in the production 
possibilities curve to reach the optimum point (on the line) were analyzed. In a 
first analysis we have the DMUs where the efficiency score is equal to 1 and have 
no slack in their inputs and outputs, which indicates a strong efficiency. The chart 
below indicates the frequency of banks within the 80 DMUs that fit the above 
pattern. 

 
 

Graph 1 - Number of DMU`s No clearance by Bank  

 
Source: Model data. 
 
 

In Graph 1, one can observe the higher concentration of DMU's, or periods 
of result in which Banco do Brasil was between the units with strong efficiency. 
We can also observe a concentration of the big banks among this high efficiency 
group, with 56.2% of the DMUs linked to the four largest banks in the country. 
Still on the gaps, we observed a large concentration of DMUs with low efficiency 
and between one and three variables (input or output) greater than zero. There is 
also a considerable gap in the number of DMUs in this group with no gap between 
the top 4 and the rest of the banks. Relating this gap to the size of the banks 
analyzed, we find that the largest banks in Brazil experience higher levels of 
efficiency for a longer time than their smaller competitors.  

 
Figure 2 shows a high concentration of DMUs in this intermediate 

category with more than 75% of the decision units with one to three gaps in inputs 
and outputs. Continuing with the analysis of the graph, it is also observed that the 
group of DMUs with clearances of four to five variables, representing the 
inefficient group of these decision units. 
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Graph 2 - Number of variables Backlash  

 
Source: Survey data  

  
Another relevant metric in this analysis is the time spent in the 

optimization of the DMUs where the longer the time in search of a better 
allocation of the inputs better, indicating a greater potential of efficiency for the 
DMU in question. Table 6 shows the 20 DMUs with the most time spent on 
optimizing them, having as benchmark another DMU considered more efficient. 

  
Table 6 - DMUs rank by Time 

 

 DMU Time 
spent  DMU Time 

spent 
1  Pan4TRI2010 Bank  300  11  Banco do Brasil4TRI2010  47  
2  Bradesco4TRI2012  234  12  ABC Brasil1TRI2010  40  
3  Santander4TRI2010  181  13  Itaú4TRI2014  40  
4  Pan4TRI2011 Bank  171  14  Bank Pine4TRI2010  39  
5  BTGP2TRI2015  122  15  Itaú4TRI2010  33  
6  Parana Banco2TRI2011  82  16  BTGP1TRI2015  30  
7  Indusval2TRI2011  77  17  Indusval1TRI2010  29  
8  Banco Mercantil1TRI2010  71  18  Bradesco3TRI2011  27  
9  Sofisa4TRI2010  64  19  Itaú4TRI2012  26  
10  Daycoval3TRI2010  49  20  Santander4TRI2012  25  

Source: Survey data  
 
Among the first placed in this rank, highlight to Banco Pan that has two 

DMU`s among the top five placed in this group. Another relevant fact is Itaú with 
the highest number of DMU`s in this group (three), reinforcing the high efficiency 
of this bank. One point that requires further investigation is the fact that the Bank 
of Brazil to present only one DMU`s between this rank of time spent on 
optimization. In DEA, as mentioned above, the benchmark is performed between 
the DMU analyzed and another DMU on the efficient frontier where the amounts 
of raw materials and products are compared between DMU`se gaps are observed 
in the raw materials and products as well as Proposed motion for the analyzed 
DMU to be on the efficiency curve. In Table 7, follow the scores of DMU`s worst 
performers, and their comparison benchmarks. 

 
 

91

345

19
0

100

200

300

400

Folgas iguais a 0 Folgas em 1 a 3 inputs ou
outputs

Folgas em 4 a 5 inputs ou
outputs



 
 

Application of operational research techniques                                                1435 
 
 

Table 7 - Benchmarks for DMU 
 

DMU Score Benchmark 
Banese1TRI2013  0.999997  Pan4TRI2010 Bank  
Banese4TRI2013  0.999998  Pan4TRI2010 Bank  
Banese3TRI2013  0.999998  Pan4TRI2010 Bank  
Sofisa1TRI2013  0.999999  Pan4TRI2010 Bank  
Alpha Investment2TRI2014  0.999999  Pan4TRI2010 Bank  
Parana Banco4TRI2014  0.999999  Pan4TRI2010 Bank  
Sofisa3TRI2013  0.999999  Pan4TRI2010 Bank  
Sofisa3TRI2014  0.999999  Pan4TRI2010 Bank  
Sofisa2TRI2013  0.999999  Pan4TRI2010 Bank  
BRB3TRI2014  0.999999  Pan4TRI2010 Bank  
Sofisa1TRI2015  0.999999  Pan4TRI2010 Bank  
Sofisa2TRI2012  0.999999  Pan4TRI2010 Bank  
Alpha Investment1TRI2015  0.999999  Pan4TRI2010 Bank  
Alpha Investment1TRI2014  0.999999  Pan4TRI2010 Bank  
Alpha Investment2TRI2015  0.999999  Pan4TRI2010 Bank  
Alpha Investment3TRI2014  0.999999  Pan4TRI2010 Bank  
BRB2TRI2014  0.999999  Pan4TRI2010 Bank  
Alpha Investment4TRI2014  0.999999  Pan4TRI2010 Bank  
Banese3TRI2014  0.999999  Pan4TRI2010 Bank  
Paraná Banco3TRI2011  0.999999  Pan4TRI2010 Bank  
  Source: Survey data. 

 
The software in its analysis sought to compare the DMUs with the most 

efficient DMU of the available data set and evaluated the distance at points where 
it is from the analyzed DMUs. We can see a large concentration of small and 
medium banks in this group of poor performance, which reinforces the hypothesis 
of correlation between bank size and its efficiency. Another relevant point in the 
analysis is the fact that some medium and small banks is among the efficient 
DMUs in a period and between inefficient DMUs at other times indicating 
uncertainty and volatility in the use of resources used by these banks. 

 
5. Discussion  

 
The use of DEA for Brazilian banks efficiency analysis reveals an 

important practice that brings together academic and managerial knowledge and 
produces solid results, thus, enhancing the usefulness of mathematical models in 
the analysis and assistance to the management of the operations of the analyzed 
organizations. The analysis of the banking sector efficiency occurred satisfactorily 
reaching the goal of the work.  

The method of data envelopment analysis, provided the data necessary for 
the banks' efficiency analysis and allowed to place and compare DMUs analyzed 
each other, identifying the strong efficiency DMUs the group. In addition, it provides 
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data on changes (gaps) in each of the inputs and products used providing highly 
relevant information and raising strategic points of attention for the studied 
organizations. These data gaps, indicate the necessary changes in the inputs and 
outputs to achieve efficiency.  

In DMUs group that showed strong efficiency, we realized an 
agglomeration of large banks, with the four largest banks in Brazil occupying the 
first 4 positions in the rank of amount of DMUs with strong efficiency. In DMUs 
group with poor efficiency, or considered non-efficient, we realize the dull 
presence of smaller banks. These two analyzes, when viewed together, indicate a 
positive correlation between the size of banks and their efficiency levels.  

A gap that can be observed in this study is the disregard of external factors 
organizations, such as national and international economic times as well as 
changes in industry regulations that can influence negatively or positively the 
organizations studied. In addition to the above factors, we can also add moments 
of political uncertainty and other factors unrelated to these organizations that may 
have negative effects on their levels of efficiency. The lack of information on 
banks that are not listed on the Brazilian stock exchange BM&F Bovespa 
certainly decreased the spectrum of analysis of this work, and eventually also be a 
gap in this study.  

Thus, for future studies recommended to the introduction into the analysis 
of the factors mentioned above seeking more complete results on the sector. 
Another point for future studies, study is deepening the understanding this 
correlation between the size of banks and their levels of efficiency and 
confirmation of this and other factors that may influence this correlation. As new 
studies are published and analysis techniques improved, more information and 
intelligence will be available both to new academic research and for the use of 
these insights by managers of organizations. 
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