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Abstract- This study aims to assess the performance efficiency of commercial banks in Cambodia within 2011 to 2014 
utilizing two-stage value chain data envelopment analysis (DEA) application. The model is integrated with intangible 
perspective to investigate two sub-processes of banks operation and profitability performance. This paper not only 
determines cause of inefficiency factors for commercial banks, but it also offers a benchmarking process and reference set as 
best-performed for the relative inefficient banks to improve their performance in both stages as well as an entire 
performance. The empirical analysis illustrates that three banks obtain efficiency score in overall performance among 27 
banks while only one bank and 24 banks are inefficient in operation and profitability process, respectively. This result 
indicates that 96.30%and 11.11% of the banksefficiently perform in operation and profitability process, respectively. 
Furthermore, the model provides a benchmarking value to inefficient banks to enhance the intermediate outputs and the 
service quality in order to move to efficiency frontier line.  
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I. INTRODUCTION 
 
In Cambodia, banking industry plays a vital role in 
promoting financial and banking sector development. 
It also involves in developing sustainable 
economic.Therefore, the performance efficiency and 
the service quality provided by the banks not only 
have influence on economic growth, but they also 
impact on the people's confidence on banking system.  
After the structure reforms in 1993, banking system 
has gone through the rapid growth, new products and 
services are introduced to the market so banking and 
financial systems are getting more complicated and 
much more competitive than before while National 
Bank of Cambodia (NBC) puts much efforts to 
manage banking system in order to ensure the 
effectiveness and efficiency. To implement financial 
rules and regulations to assure performance efficiency 
in banking supervision system, NBC utilizes 
conventional technique so-called CAMELS rating 
system which composes of Capital adequacy, Asset 
quality, Management, Earnings, Liquidity, and 
Sensitivity to the market risk. This approach depends 
on different type of financial ratios coming from 
periodic financial reportsunder accounting and 
auditing standard. The financial ratio analysis 
evaluates the performance indices according to 
different weight or score. Moreover, the ratio indices 
are even more complicated process while economic 
condition has changed which impacts on the 
performance of financial and banking system as 
whole. Thus increasing the requirement of powerful 
techniques to assess the financial and banking 
performance is inevitable. 
Precisely, Cambodian banking system requires a 
powerful application for performance management 
which is able to promote the efficiency of banking 

system and strengthen their competitiveness market. 
Therefore, the aim of study is to adopt two-stage 
value chain data envelopment analysis (DEA) 
technique to investigate the performance efficiency of 
commercial bank in Cambodia. The study explores on 
the operation and profitability efficiency of the bank 
along with the service quality indicator. According to 
DEA technique, it identifies inefficiency factors of 
comparable bank and provides benchmarking target 
values and the reference sets as the best-practice to 
improve inefficient performance of the bank. In 
addition, the result in this study may be used to 
improve the operational performance in the bank as 
well as in whole banking system and to fulfill as a 
literature review for other studies in bank efficiency 
in Cambodia.  
The remaining of this paper is organized as the 
followings: Section 2—literature review, Section 3—
methodology of the study, Section 4—data analysis 
and result discussion, Section 5—conclusion. 
 
II. LITERATURE REVIEW 
 
Most previous studies, data envelopment analysis 
(DEA) approach is widely applied in various areas—
business organizations, universities, hospitals, 
banking industries, insurance companies, courts, and 
other institutions to evaluate the performance 
measurement of its production operation, profitability 
and service qualities. Since the early stage of DEA 
introduced by [2] called CCR model; several 
accomplishment of this approach has been extended 
both practical and theoretical under variable scale of 
return called BCC model [1]. Moreover, DEA is also 
utilized to assess country and region performances 
[15]. Therefore, reference [8] constructs CCR DEA 
framework with qualitative perspectives to 
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investigate the assessment of bank branch 
performance while most researches concentrate on 
quantitative aspects.  
Reference [3] extends two-stage value chain DEA 
approach to assess the indirect influences of 
information technology on performance within 
banking firms. Two-stage value chain DEA provides 
33% and 63% of bank firms which are efficient in IT 
related activities and converting granted deposit into 
profit generation. In 2009, [4] investigate the relation 
and equivalent between multiplicative efficiency and 
value-chain of two stages DEA approaches. These 
study's applications have been applied in two cases; 
therefore, 24 non-life insurance companies in Taiwan 
and 27 commercial banks are chosen as sample size. 
Two-stage value chain DEA approach has modified 
to three-stage DEA approach to evaluate the 
efficiency and inefficiency of inputs and outputs in 
banking sector. 49 branches of anonymous Peoples 
Bank in the State of East Virginia are utilized in the 
study of bank branch performances [6]. In 2014, 
multi-DEA model has been proposed to measure and 
evaluate trade-off between financial sustainability 
and poverty outreach within microfinance institutions 
(MFIs) in Cameroon. In the study, the approach 
provides efficient score of the best practices to 
combine with key performance indicators of financial 
ratios to set out benchmarking goals for inefficient 
MFIs [10]. Innovative two-stage model has utilized to 
explore the separation of efficiency and effectiveness 
evaluation of 41 Taiwan's commercial banks. The 
proposed application has extended from CCR model 
working under constant return to scale assumption 
[13]. Further study, [12] have employed innovative 
two-stage DEA of CCR efficient model in their 
proposed study of evaluating the performance 
measurement in online stockbroking within Taiwan. 
The purpose of the study aims at utilizing two-stage 
DEA approach conjunction with financial ratio 
(ROA) in order to separate the efficiency and 
effectiveness of 28 online stockbrokers within period 
from 2003 to 2005. Consequently, the model yields 
seven companies grant operating efficiency score, 
five are in operating effectiveness, and two gain both 
dimensions. The authors; however, also mention that 
the companies which contain a high operating 
efficiency score do not naturally need a high 
operating efficiency score. 
Network DEA model is extended to figure out a 
distinguished suitable inputs to optimize the overall 
efficiency score. The study aims to explore multiple 
component efficacy measurement and input sharing 
in applicable sales and services in 1300 bank 
branches in Canadian bank. The approach is used to 
evaluate the sales and services separately including 
overall efficiency and shared resources performance. 
[5]. 
Conventional DEA model has been applied by [7] 
aiming to assess foreseeable performance of 24 banks 
within Taiwan based upon estimated figures from 

financial forecasting reports. As the result, the real 
efficiency scores are off in ranges predicted 
efficiencies. It means that true inefficient 
performance of two banks should be exactly 
predicted in advance in the study. With this result, 
DEA has computed a target valued to achieve perfect 
efficiency score of bank performance based on 
benchmarking input and output. 
Reference [9] has applied two-stage DEA model to 
investigate the impact of adapting IT system in 165 
retail bank branch networks in Thailand. The study 
covers the operation efficiency and profitability 
efficiency in first stage and second stage, 
respectively. Moreover, the outputs from the first 
stage are regarded as the inputs of the following 
stage. Consequently, the research has found that IT 
really has influence on bank branch transactions 
especially it can improve sustainable operation and 
profit efficiency. Furthermore, IT provides value-
added to customers, and it can accelerate banking 
products and services diversification and reduce 
operation cost and marketing cost.  
A conventional and two-stage value chain DEA have 
become more applicable tools in measuring the 
relative efficiency of performance of peer 
organizations; therefore, it has been employed to 
investigate the performance of purchasing and supply 
management of 129 firms within seven different 
industries. The purpose of the study is to identify the 
possible impact of PSM performance for the 
relevance managers to incorporate with other function 
like production, marketing and many more. As result, 
two-stage value chain DEA yields a few firms consist 
relative efficiency score, and it is capable to 
benchmark PSM function with peers of inefficient 
industries. Furthermore, a two stage value-chain DEA 
has integrated the precise data and imprecise data to 
assess the accuracy of PSM function in purchasing 
and corporate performance [11]. 
 
III. METHODOLOGY 
 
3.1. Data envelopment analysis 
Data envelopment analysis (DEA) is nonparametric 
and mathematical technique to assess the relative 
performance efficiency and benchmarking of 
decision-making units (DMUs) by converting 
complex multiple-inputs to multiple-outputs [2] [3] 
[4] [6] [13]. According to Charnes et al. [2], they 
have invented CCR model based on assumption of 
constant return to scale (CRS), and later the model 
has been extended by Banker et al. [1] based on 
variable return to scale (VRS). Moreover, DEA is 
data-oriented approach referring to input-oriented and 
output-oriented forms. Input-oriented approach refers 
to decreasing the level of input utilizations (minimize 
cost) for remaining the current level of outputs. Yet, 
output-oriented approach is to increasingly produce 
the level of outputs (profit maximization) while 
remaining the current level of input utilizations [1] 
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[2] [3] [8] [14]. In banking sector, the study mostly 
applies input-oriented approach or applies both 
approaches under VRS assumption to evaluate the 
performance efficiency [14]. Thus the calculation of 
the relative efficiency score of each DMUs is attained 
as the ratio of weighted output to weighted input must 
be less than or equal to 1. The relative efficiency 
score equal to 1 indicates that DMUs are relative 
efficient, while the relative efficiency score less than 
1 illustrates that DMUs are relative inefficient. 
Supposed that we have n DMUs with each DMUj 
utilizes m inputs to produce s outputs, so the amount 
of inputs utilization and the amount of output to be 
produced are x  and 	y , respectively, where x  
and	y  are non-negative value. The relative efficiency 
of DMUj has been measured by the following 
mathematical equation: 
 
.h = ∑

∑  

subject to: 

.
∑

∑ ≤ 1,											∀j = 1, … , n	 

.u , v ≥ 0, ∀i = 1, … , m, &	∀r = 1, … , s 
Where h  denotes efficiency score, x  denotes the 
ithinput variable of jth DMU, y is the rth output 
variable of jth DMU,v isinput multiplier variable,u  
isoutput multiplier variable. 
3.2. Two-stage value chain DEA 
Chen and Zhu [3] have originated two-stage value 
chain DEA model under variable return to scale 
standard (VRS) to explore indirect impact of 
information technology on the bank performance 
evaluation. Furthermore, it develops based on input-
oriented model at the first stage and output-oriented 
model at the second stage, simultaneously. This 
model calculates efficiency score on each own 
different stages (1st and 2ndstage). The two stages are 
connected by intermediate measures which are 
decision variables for each unit assessment. The value 
chain model provides overall efficiency scores of a 
peer units unless each individual stage obtains 
efficiency score. In addition, the model is able to 
compute optimal intermediate target value while a set 
of units are inefficient. Therefore, Chen & Zhu model 
is a single linear programming as the following:  
 
min			w θ −w θ  
 
subject to 
(1st stage: Operation efficiency) 
 
.∑ λ x ≤ θ x ,																∀i = 1, … , m 
.∑ λ z ≥ z ,																			∀d = 1, … , D 
.∑ λ = 1,																															∀j = 1, … , n 
λ ≥ 0,																																						∀j = 1, … , n 
 
(2nd stage: Profitability efficiency) 
 

.∑ µ z ≤ z ,																	∀d = 1, … , D 

.∑ µ y ≥ θ y ,													∀r = 1, … , s 

.∑ µ = 1,																													∀j = 1, … , n 
µ ≥ 0,																																				∀j = 1, … , n 
 
Where the symbol " ~  " is unknown decision 
variables, so the values of z  are unknown variable, 
which are optimum point of intermediate variable 
computed by the model. Furthermore, w 	and	w  are 
the weights reflecting the total reference over the two 
stages. The value of w = 	w = 1 when first stage 
and second stage are equally essential. Furthermore, 
if θ∗ = θ∗ = 1 , λ∗ = µ∗ = 1, and	z∗ = z  are in 
feasible solution, it indicates that in first stage and 
second stage are efficient, so the units also gain 
relative efficiency scores. Finally, the study utilizes 
DEA open solver 2.7.1 software to deal with this 
problem. 
This study integrally proposes a two-stage value 
chain DEA model constructed by Chen & Zhu [3], 
with Manandhar& Tang [8], and Meepadung et al. [9] 
to examine the operation and profitability efficiency 
of commercial banks in Cambodia, and to identify the 
factor of bank inefficiency to assist in performance 
enhancement during post period of banking system 
reforms. Operation efficiency stage utilizes the initial 
inputs integrated with internal customer satisfaction 
on service quality to produce bank conventional 
products. Profitability efficiency stage consumes 
conventional products with external customer 
satisfaction on service quality. Customer satisfaction 
on the service quality obtains from conducting survey 
questionnaire on bank employees and walk-in 
customers.  
 
3.2.1. Operation efficiency 
According to the operation efficiency model, the 
banks utilize physical resources and other resources 
to produce various types of product and service to 
customers. Thus input variables using in operation 
efficiency focused on bank performance such as 
number of employees (x ) which refers to labor, bank 
officer or number of full time equivalents[3] [13] [16] 
[17] [18], interest expenses (x ) which includes the 
interest payment on deposit and other fund borrowers 
[7] [9], operating expenses (x ) which refers to non-
interest expenses—salary, commission, general affair 
expense, and other operating expenses excluded 
depreciation expense [7] [14] [16] [19] [21] [20]. 
Service quality of internal customer perception (x ) 
obtains from survey questionnaires filling 
bycommercial bank employees based on SERVPERF 
(SQ = P; SQ: Service Quality and P: 
Perception)under 5 dimensions with 22 item scales by 
using 5 point Likert-scale. After conducting a survey, 
the reliability of Cronbach's alpha coefficient for all 
variables is 0.936 indicated that a good reliability 
[23]. 

(1) 

(2) 
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Two output variables produced by above inputs 
variables such as total deposits (z ) which are current, 
saving, checking and time deposit account [9] 
[10][13] [14] [16], and total loans (z ) which include 
short-term and medium loans or loan and advance to 
customer[7] [8] [9] [10] [14] [16] [19] [20] [21] [22]. 
The output variables from the 1ststage are regarded as 
input variables for the 2ndstage called intermediate 
variables.  
 
3.2.2. Profitability efficiency 
Profitability performance measurement is examined 
in the second stage of this study in term of profit 
maximization. There are two input variables derived 
from the outputs from the 1ststage. Furthermore, 
service quality of external customer satisfaction (z ) 
obtains from survey questionnaires filling by walk-in 
customer to access bank services are treated as input 
for the 2ndstage. The questionnaire of external 
customer satisfaction is designed based on 5 
dimensions of SERVQUAL approach with 22 item 
scales [24] using 5-point Likert-scale which is "1 
equal to strongly disagree" and "5 equal to strongly 
agree". After doing survey, the reliability of 
Cronbach's alpha coefficient for all variables is 0.941 
implied that a high reliability. 
Therefore, there are totally 3 input variables in this 
stage. These input variables are utilized to generate 
two final outputs—interest income ( y ) which 
consists of fees, commission, investment and other 
business income[7] [13] [22],and non-interest income 
(y ) which is usually interest from loans [13] [22] 
[25]presented in Table 1. 
 
3.2.3. Data and Sample Description 
 This study examines 27 commercial banks in 
Cambodia in year of 2011 to 2014. Commercial 
banks are regarded as decision-making units (DMUs). 
Moreover, the dataset of input-output used obtains 
from annual reports published by bank supervision of 
National Bank of Cambodia website. There are 4 
initial inputs, 3 intermediation outputs and 2 final 
outputs usedin this study listed Table 1, and 2 inputs 
are internal and external customer satisfaction on 
service quality obtains from doing field survey. In 
addition, 201employees and 204 customers have been 
asked to respond the questionnaire. Within the 
dataset, 2 banks consist of negative figures of non-
interest income in 2011 and in 2014 while DEA 
application could not effort to deal with negative data 
[3]; this study will utilize average dataset of 2011 and 
2014 according to Kao and Hwang [26]. 
 
Table 1:Input-output Variables for Two-stage Value 
Chain Model 

 

 
 
IV. RESULTS AND DISCUSSION 
 
In this section will provide empirical result and 
discussion to get more in-depth understanding the 
current status of commercial banks in Cambodia 
which covers the operation and profitability process 
as well as overall performance, service quality, and 
the benchmarking process and reference set of best-
performer for inefficiency banks. 
 
4.1. Operation and profitability efficiency analysis 
As illustrated in Table 2 reports operation, 
profitability, and overall efficiency scores computed 
by a two-stage value chain model during 2011 to 
2014. 
There is one bank (DMU8) inefficiently performs in 
operation and profitability. Moreover, 23 banks 
(DMU2, DMU4, DMU5, DMU6, DMU9, DMU10, 
DMU11, DMU12, DMU13, DMU14, DMU15, 
DMU16, DMU17, DMU18, DMU19, DMU20, 
DMU21, DMU22, DMU23, DMU24, DMU25, 
DMU26, and DMU27) obtain an efficient score of 
one or 100 percent efficiency in operation stage while 
they attain inefficiency score in making profit at the 
2nd stage. The remaining, there are only 3 banks 
(DMU1, DMU3, and DMU7) carry out 100 percent 
efficiency score in operation and profitability process. 
In entire performance process; therefore, 3 banks are 
fully obtained 100 percent efficiency score (DMU1, 
DMU3, and DMU7) while 24 banks achieve 
inefficiency score. 
All in all, 96.30% and 11.11% of the banks efficiently 
perform under operation and profitability, 
respectively. The mean efficiency score of operation 
process is 99.75% relative higher than profitability 
process 53.52%, which reveals that the banks are 
well-performed in operation than profitability within 
4 years. Furthermore, the mean efficiency score of 
overall performance is 76.64% ranging from 63.15% 
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to 100% indicated that the whole banking system 
produces intermediate and profitability outputs with 
only 76.64% and consumes the excess resources is 
23.36%. Therefore, this result reflects the weakness 
points of Cambodian banking system in converting 
resources usedinto producing total deposits, total 
loans and customer service quality to obtain 
maximum profitability and to ensuring in the frontier 
efficiency line. 
 
4.2. Optimal intermediation output analysis 
Table 3-4 reveals an actual intermediate value 
(z ) versus the target optimal intermediate 
value(z ) calculated by model (2) to make further 
improvement for inefficiency banks. First, for deposit 
(TD), DMU12, DMU15, and DMU26 consist of 
target optimal value lower than actual deposit value. 
Second, for loan (TL), there are three banks, which 
are DMU12, DMU14, and DMU20, compose of 
target value lower than actual value. Third, for 
external customer satisfaction of the service quality 
(EX.SQ), there are six banks (DMU10, DMU14, 
DMU16, DMU17, DMU21 and DMU25) with the 
target value higher than the actual one. Lastly, three 
banks (DMU5, DMU6 and DMU18) have the same 
value to the target and actual of three intermediate 
variables even it obtains inefficient score in the 
profitability stage. 
Six inefficiency banks (DMU5, DMU6, DMU9, 
DMU11, DMU12 and DMU18) compose of zero-gap 
of intermediate output, so they have to decrease 
initial inputs and increase final outputs. There are two 
banks (DMU15 and DMU26) needed to decrease 
deposit while the other six teen banks (DMU2, 
DMU4, DMU8, DMU10, DMU13, DMU14, 
DMU16, DMU17, DMU19, DMU20, DMU21, 
DMU22, DMU23, DMU24, DMU25 and DMU27) 
obtain positive gap which they need to increase their 
deposit. In addition, two banks (DMU14 and 
DMU20) requireloan balance to decrease,and the 
other five banks (DMU2, DMU8, DMU16, DMU19, 
and DMU22) have to increase loan. There are six 
banks (DMU10, DMU14, DMU16, DMU17, DMU21 
and DMU25) needed to slightly promote the external 
customer satisfaction onthe service quality.  
Due to these results, the model point out the specific 
points and target value for the banksneeded to 
benchmarks such as total deposit, total loan, and 
service quality in order to increase profit earned and 
move to efficiency frontier line. Therefore, a two-
stage value chain DEA offers the information for 
bank manager, policy-maker, and stakeholder as 
mean of planning, evaluating, and benchmarking 
bank efficiency to ensure sustainable growth rate of 
banking system in Cambodia.  
 
TABLE 2: Efficiency result and rank of overall 
efficiency 

 

 
 

Table 3: Actual intermediation output value 
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Table 4: Target intermediation output value 

 

 
 
CONCLUSIONS 
  
This study examines the relative performance of 
operation and profitability efficiency of 27 
commercial banks in Cambodia applying a two-stage 
value chain DEA. It provides beneficial information 
for regulator and bank manager such as the 
performance efficiency score in operation and 
profitability process as well as overall performance, 
the ranking of commercial banks efficiency, 
benchmarking target value for intermediate outputs, 
providing best-performer for inefficient banks, and 
detecting the distress of banking institutions—(1) 
resource used, (2) amount of deposit and loan needed, 
and (3) weakness of service quality. Due to these 
results can help regulator and manager to inspect the 
weakness points in banks to make further 
improvement to gain competitive advantage and 
financial stability. Therefore, regulator or central 
bank should adopt DEA model into practice to 
evaluate the performance measurement of financial 
institution along with Basel techniques to get in-depth 
supervisory on financial system and to ensure 
financial stability and sustainable growth. 
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