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Introduction 

  Managerial accounting systems provide useful information 

to support managers’ decision making and organizational 

performance evaluation. One of the most important information 

that this system provides is about organizational productivity. In 

reality, measuring the productivity regards as the most important 

and difficult step in productivity cycle.  

 One of the most famous non-parametric techniques in 

measuring the productivity of similar Decision Making Units 

(DMUs) is Data Envelopment Analysis (DEA). DEA is a 

mathematical programming that generates production function 

or efficient frontier using observed or available data.  In addition 

to DEA, one can apply Malmquist Productivity Index (MPI) to 

measure productivity growth for a firm.  

 This paper is to explain the process of measuring and 

analyzing Bank’s total productivity (BTP) and Productivity 

Growth (PG) using DEA, Slack Based Measure (SBM) and 

Malmquiest Productivity Index (MPI). For this purpose, results 

of an empirical study (case of Export Development Bank of 

Iran: EDBI) is provided.  

 This paper is organized as follows. In the next section, we 

explain review of the literature. Section 3 introduces two main 

research hypotheses. Research methodology is explained in 

section 4. Section 5 provides results of hypotheses tests. Finally, 

the paper ends with conclusions and final remarks.  

Literature Review 

 Berger and Humphrey (2::3) measure the efficiency in 

commercial banking. In the other study, they study on measuring 

efficiency of financial institutions. Berger and Mester (2003) in 

their paper titled as “Inside the black box: What explains 

differences in the efficiencies of financial institutions?” 

profound the literature on financial institution efficiency. Rogers 

(2004) focuses on the nontraditional activities and the efficiency 

of US commercial banks. Golany and Storbeck (2005) applied a 

multiperiod DEA to measure the efficiencies of selected 

branches of a large US bank over second quarter of 1992 to the 

third quarter of 1993. They developed budgeting and target-

setting modules, within a DEA framework. Altunbas, Liu, 

Molyneux, and Seth (2006) measure the efficiency and risk in 

Japanese banking. Mukherjee, Ray and Miller (2007) measure 

the productivity growth for 201 large US commercial banks in 

the period of 1984 to 1990 using DEA, MPI. They attempt to 

distinct the contributions of technical change, technical 

efficiency change, and scale change to productivity growth. Isik 

and Hassan (2009) study total factor productivity change in 

Turkish commercial bank. They utilize a DEA-type Malmquist 

total factor productivity change index and examine productivity 

growth, efficiency change, and technical progress in Turkish 

commercial banks during the deregulation of financial markets 

in Turkey. Laeven, and Majnoni (2009) study on the loan loss 

provisioning and economic slowdowns. Halkos and Salamouris 

(2010) apply DEA in measuring the performance of the Greek 

banking sector. They study on the efficiency of Greek banks and 

use a number of financial efficiency ratios for the time period 

2003–2005. The ratios were return difference of interest bearing 

assets, return on average equity, profit/loss per employee, 

efficiency ratio, and net interest margin. Their model helps bank 

to compare the inefficient banks with the efficient ones. They 

suggest DEA as either an alternative or complement to ratio 

analysis for the evaluation of an organization’s performance and 

find a positive relation between the size of total assets and the 

efficiency. Their study shows that reducing the number of small 

banks due to mergers and acquisitions leads to increasing in 

efficiency. They cannot find systematic significant relationship 
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between transfer of ownership and last period’s performance. 

Grosskopf and Weber (2010) study the effect of risk-based 

capital requirements on profit efficiency in banking. Drakea, 

Hallb and Simper (2006) evaluate the relative technical 

efficiency of institutions operating in a market that has been 

significantly affected by environmental and market factors in 

recent years. They incorporate environmental factors into the 

efficiency analysis using SBM, incorporate the operating 

environment into a nonparametric measure of technical 

efficiency, employ SBM in DEA. In Iran ,Nafar (1991) applies 

DEA to measure technical efficiency in banking industry 

.Fattahpour (2007) attempts to measuring efficiency in the 

biggest bank of Iran (Bank Melli Iran) using DEA .Moreover 

,Zarepour (2009) desigs a combined model of measuring 

efficiency using DEA and Goal Programming (GP) techniques 

in Basijian Financial Funds.  

 As mentioned in introduction, this research is aimed to 

explain the process of measuring and analyzing total 

productivity in a bank and the productivity changes in its 

branches using DEA and SBM and MPI. Next s ection introduces 

research hypotheses. The research methodology that we used to 

measure and analyze bank total factor efficiency and its changes 

over the time explained in section 4.  

Research Hypotheses 

 Change in productivity is a well-known indicator of a 

unit/firm’s performance over the time. Productivity regards as 

comparison of efficiency over the time or to other similar 

units/firms. When one compares a unit/firm’s performances in 

two periods or when he compares two firms, he uses Total 

Productivity Index (TPI). 

 This research aims to assess the total productivity of the 

bank over between 1994 - 2011 and its branches’ productivity 

growth in 2009-2011 using DEA model. Finally, it aims to 

provide a simple model to categorize branches in terms of their 

productivity growth.  

Two main hypotheses of this research are as followings: 

H1: Bank Total Productivity improved over the periods of study.  

H2: The Average Productivity Growth of the branches improved 

over the periods of study.  

To compare bank total productivity in 1994-2011, SBM, and in 

order to compare branches efficiency and analyze their 

efficiency growth over the period of study DEA model are 

applied.  

Research Methodology 

 Statistical population of this research included EDBI and its 

all 28 benches. Each branch of bank provides both foreign 

currency and regular banking activities. Period of study of bank 

total productivity was 1994-2011. In order to measure branches 

productivity, we selected all branches that were active in period 

2009-2011. Since two branches were established in the middle 

of 2010, then totally 26 of 28 branches were empirically 

examined. The data and information for bank total productivity 

extracted from bank’s audited financial statements and for the 

analyzes of branches productivity, bank’s documents, statistical 

reports and bank’s branches’ monthly balance reports in 2009 to 

2011 were used. 

 To measure and assess bank total productivity, supposing 

variable return to scale, full ranking model of SBM of super-

efficiency was applied. SBM is a DEA model that directly uses 

slack variables (input surplus  and output slack variables) and 

focuses on both inputs and outputs at the same time so that 

provides a Scalar for efficiency score (Tone, 2007). We used 

SBM and variable rate of return to scale assumption because it 

was not possible for the bank to increase its productivity just by 

decreasing its inputs or increasing outputs.  

Suppose Rx
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Where 1*  . 

 In order to assess bank total productivity using SBM, we 

considered performance of bank in each year (between 1994-

2011) as a distinct DMU. We solved SBM for each DMU (each 

financial period) by Lindo software.  Then, for DMUs with 

efficiency score 1, a full ranking linear programming model 

formulated and solved.  We also measured scale inefficiency and 

compared SBM results under variable and constant rate of return 

to scale assumptions. To test H1 (first research hypothesis), we 

used the results of SBM under variable rate of return to scale.   

 To measure bank’s branches’ efficiency scores, we 

measured MPI. This index measures DMUs efficiency changes 

over the years and calculates a yearly efficiency of a DMU 

based on the data of that year respect to previous year 

production technology. MPI does not suppose that a DMU 

behavior optimized behavior. Moreover, it use of non-parametric 

method of DEA (Rezitis and Anthony, 2006).   

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VCY-4GNTFPT-1&_user=1067350&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000051241&_version=1&_urlVersion=0&_userid=1067350&md5=0981899d56f5555a729c237cadeaec5a#aff1#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VCY-4GNTFPT-1&_user=1067350&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000051241&_version=1&_urlVersion=0&_userid=1067350&md5=0981899d56f5555a729c237cadeaec5a#aff2#aff2
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as follows:  
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 In order to measure MPI, first we solved 

the )1,1( yt
xtDt

o
 , )1,1(1 yt

xtDt
o

  ، )1,1( yt
xtDt

o
 and 

),(1 yt
xtDt

o
  using EMS software and then the index was 

calculated for each period.  

 For selecting the inputs and outputs variables, the literature 

is reviewed. Some researchers suggested correlation technique 

(Farzipour Saen, Memariani and Hosseinzadeh Lotfi (2009) 

Considering the literature suggestions, the following inputs and 

outputs variables were selected.  

 In SBM, number of employee, cost of doubtful liabilities and 

main financing resources considered as input variables and 

facilities amounts as output variable.  

 In MPI, number of employees, administrative & salary costs, 

profit and fees paid considered as input variables and fees 

received, facility donated, no cost deposits, and regular (with 

cost) deposits as output variables. 

Results of Hypotheses Tests  

Tables 1 and 2 shows the descriptive statistical results of this 

research. 

 

 

 

Table 1. Descriptive statistics of selected variables in SBM   

(*In Million Rials) 

 

Inputs Outputs 

Main 

Financing 

*Resources 

Number of 

Employees 

Cost of 

doubtful 

*Liabilities 

Facilities 

*Amounts 

Maximum 888111 198 878 828801 

Minimum 508 881 5 811 

Mean 58188 871 12 08105 

Standard  

deviation 
58107 051 88 58091 

Table 2: Descriptive statistics of three years average of 

selected variables in SBM (*In Million Rials) 

 Inputs Outputs 

 

Num

ber 
of 
Emp
loye

es 

Admin

istrativ
e & 
*Salar
y 

Costs  

Profit  

and  
*F
ees 
pai

d 

Fees  
*Re
ceiv
ed 

Facil

ity  
*Do
natio

n 

Wit

hout 
Cost 
Dep
osits

* 

Cost 

Cons
umin
g 
Depo

sits * 

Maximu
m 

18 18715 
078
81
1 

5181
79 

5811
1881
5 

8870
1818
8 

5808
825 

Minimu
m 

1 717 
88
1 

828 
1898
8 

0807
2 

8881
0 

Mean 81 88885 
088

12 

5827

2 

0598

190 

9988

19 

0781

02 
Standard 

Deviatio
n 

88 88817 
885
51 

7811
1 

1118
518 

5558
588 

1182
75 

 Using inputs and outputs data in Figure 1, regular linear 

programming model of SBM and full ranking SBM for efficient 

DMUs under constant and variable rate of returns to scale 

assumptions for each financial period formulated. Table 3 

presents the solutions of two models over the period of study.    

Table 3: Solution of SBM using linear programming 

 
Years 

 

Variable Return to Scale Instant Return to Scale 

*  *  *  *  

0221   2412 8410 8422 

0227   2401   2478 

0221   2451   2415 

0229   2451   2489 

0282   2485 8428 8422 

0288   2417   2481 

2006   2480   2412 

2007 8408 8422 8408 8422 

2008   2418   2419 

2009 
8421 8422 8421 8422 

2010 8488 8422 8405 8422 

2011 8421 8422 8482 8422 

 Figure 1 shows bank total productivity trends under variable 

and constant rate of return to scale (VRRS and CRRS) 

assumptions over the period of study. 

Figure 1. Comparing Bank Total Productivity Trend under 

Variable And Constant Return to Scale (VRRS and CRRS) 

Assumptions 
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As shown in Figure 1, there is a considerable difference between 

two trends. This difference is called as scale inefficiency. 

Remind that first research hypothesis (H1) states that bank total 

productivity improved over the periods of study. Also Figure 1 

confirms H1, to have a better conclusion, moving averages 

calculated. Table 4 and Figure 2 provide results of calculations 

and the trends.    

Table 4. Moving average of efficiency scores for different 

durations 

Periods 2 3 4 5 6 7 8 9 : 21 22 

Duration 

of 
Moving 

Averages 

2 Years 2.

19 

1.

7: 

1.

72 

1.

93 

1.

92 

1.

69 

1.

:1 

1.

:4 

1.

96 

2.

25 

2.

28 

3 Years 1.
:4 

1.
77 

1.
87 

1.
85 

1.
85 

1.
8: 

1.
93 

1.
:8 

1.
:8 

2.
24 

4 Years 1.

96 

1.

87 

1.

82 

1.

81 

1.

97 

1.

86 

1.

98 

2.

14 

2.

12 

5 Years 1.

9: 

1.

83 

1.

7: 

1.

91 

1.

92 

1.

92 

1.

:6 

2.

16 

6 Years 1.

94 

1.

81 

1.

88 

1.

89 

1.

96 

1.

99 

1.

:8 

7 Years 1.

91 

1.

88 

1.

87 

1.

92 

1.

:2 

1.

:2 

8 Years 1.
94 

1.
8: 

1.
95 

1.
9: 

1.
:4 

9 Years 1.

94 

1.

8: 

1.

95 

1.

9: 

10 Years 1.

96 

1.

94 

1.

98 

11 Years 1.

99 

1.

97 

Figure 2. Moving average trends of efficiency scores for 

different durations 

   

2 Years Moving 

Average 

3 Years Moving 

Averag 

4 Year Moving 

Average 

   

5 Years Moving 

Average 

6 Years Moving 

Average 

7Years Moving 

Average 

   

8 Years Moving 

Average 

9 Years Moving 

Average 

10 Years Moving 

Average 

 Second research hypothesis (H2) indicates that the average 

productivity growth of the branches improved over the past three 

periods. To examine this research hypothesis, we calculated MPI 

for the years 2009, 2010, and 2011. In other words, once we 

measured this index and compared change in productivity 

between 2009 and 2010 and again it has been calculated for the 

years 2010 and 2011, respectively. Table 5 presents results of 

calculating MPI and rank of each branch. According the data, 

average productivity growth of the branches in 2010 and 2011 

were 1% and 2%, respectively. 

Table 5. Results of MPI moving and grouping branches in 

terms of their productivity growth 

Branch
es 

2010 Comparing to 2009 2011 Comparing to 2010 

M
PI 

Producti
vity 

Situation 

Rank of 
Branch 
in Terms 
of Its 

Producti
vity 
Growth 

M
PI 

Producti
vity 

Situation 

Rank of 
Branch 
in Terms 
of Its 

Producti
vity 
Growth 

DMU1 
842

2 
Stable 0 

842

2 
Stable 0 

DMU2 
245
8 

Decrease
d 

5 
045
2 

Increased 8 

DMU3 
249
7 

Decrease
d 

0 
241
8 

Decrease
d 

0 

DMU4 
247
7 

Decrease
d 

5 
842
8 

Increased 0 

DMU5 
848
1 

Increased 0 
249
0 

Decrease
d 

0 

DMU6 
241

1 

Decrease

d 
0 

247

9 

Decrease

d 
5 

DMU7 
249
8 

Decrease
d 

0 
842
2 

Stable 0 

DMU8 
249
1 

Decrease
d 

0 
249
8 

Decrease
d 

0 

DMU9 
842
2 

Stable 0 
842
2 

Stable 0 

DMU1
0 

241
1 

Decrease
d 

0 
249
1 

Decrease
d 

0 

DMU1

1 

842

1 
Increased 0 

840

2 
Increased 0 

DMU1
2 

848
0 

Increased 0 
241
8 

Decrease
d 

5 

DMU1
3 

842
5 

Increased 0 
249
1 

Decrease
d 

0 

DMU1
4 

249
8 

Decrease
d 

0 
841
1 

Increased 8 

DMU1
5 

842
2 

Stable 0 
842
2 

Stable 0 

DMU1

6 

842

1 
Increased 0 

249

1 

Decrease

d 
0 

DMU1
7 

842
0 

Increased 0 
848
2 

Increased 0 

DMU1
8 

842
2 

Stable 0 
842
2 

Stable 0 

DMU1
9 

847
8 

Increased 8 
241
9 

Decrease
d 

5 

DMU2
0 

842
5 

Increased 0 
249
7 

Decrease
d 

0 

DMU2

1 

249

1 

Decrease

d 
0 

241

1 

Decrease

d 
0 

DMU2
2 

241
7 

Decrease
d 

0 
241
5 

Decrease
d 

0 

DMU2
3 

848
5 

Increased 0 
842
2 

Stable 0 

DMU2
4 

842
2 

Stable 0 
842
7 

Increased 0 

DMU2
5 

241
7 

Decrease
d 

0 
241
8 

Decrease
d 

5 

DMU2

6 

241

1 

Decrease

d 
0 

845

0 
Increased 8 

arevA
ee  

842
8 

Increased -  
842
0 

Increased -  

 Table 6 shows lower level and upper level of productivity 

growth in 2010 and 2011. To define the categories, we divided 

the range of maximum and minimum productivity growth to 3. 

Then, using this method of partitioning, we put all branches in 

their proper groups. 
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Table 6. Basic data for grouping branches based on 

productivity growth (MPI) 

2010 2011 Years 

 

Group 
Rank 

Lower Level Upper Level Lower Level 
Upper 
Level 

8401 8478 8475 0452 Group 1 

2410 8401 8487 8475 Group 2 

2458 2410 2418 8487 Group 3 

Conclusions and Final Remarks 

 This paper explained the process of measuring bank total 

productivity and analyzing its branches productivity growth over 

the time using DEA, SBM and MPI. To explain the process 

more simply, evidence from EDBI was provided. We tested two 

main research hypotheses. These hypotheses stated that “bank 

total productivty and its branches average productivity improved 

over the periods of study.  Results of empirical tests confirms 

both of research hypothesis because in addition to increasing 

bank total productivity index, its branches productivity 

improved on average %1 and %2 in 2010 and 2011, 

respectively. Moreover, we provided a simple method of 

categorizing all branches in three categories based on their 

productivity growth rates. The authors believe that more 

researches need to be conducted in the future in order to 

compare bank productivity improvements to the domestic and 

international benchmarks.     
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