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Abstract 
This paper provides a comprehensive overview of Mass Rapid Transit (MRT) efficiency in 
selected ASEAN countries that includes Malaysia, Philippines, Thailand, Singapore, and 
Indonesia. MRT is one of the popular railways public transport that has become people’s 
alternative to move freely. However, inadequate study of MRT produces the question of 
whether this development is efficient or inefficient. Using Data Envelopment Analysis (DEA) 
to measure efficiency, this method can also identify the ways to make improvements to 
increase the efficiency of the MRT of ASEAN countries that are inefficient. Data obtained from 
the Ministry of Transport of each respective country were analyzed using Data Envelopment 
Analysis Online Software (DEAOS). The study identifies the efficiency score for CCR and BCC 
models for both input- and output-oriented. The analysis showed different results for CCR 
and BCC models. CCR model indicated that only Philippines and Singapore are efficient while 
BCC model indicated that Indonesia, Philippines, and Singapore are efficient. The 
improvement made for inefficient decision-making units (DMUs) only focus on BCC output-
oriented model as it is more reliable to the real world since the reality have several 
constraints. The study reveals that inefficient DMUs which are Malaysia and Thailand must 
increase the number of passengers by 199.57% and 80.69% respectively to increase 
efficiency. The findings of this study benefit the decision-makers in pursuance of measuring 
the smoothness operations of MRT using inputs and output obtained. 
Keywords: Transportation, MRT, ASEAN countries, Efficiency, Data Envelopment Analysis 
(DEA) 
 
Introduction  
Public transport is the driver for a country to grow and become a developed country, which 
allows people to travel with charged fares and fixed routes and become a useful mode of 
transportation for people in urban and rural areas. According to Fouracre et al. (2003) public 
transport that has a much more bigger ability for moving people and goods efficiently and 
low-cost, can also be benefit in supporting city development effectively. One of the public 
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transports is rail transport. The development of rail transport must be corresponding to urban 
development planning (Borhan et al., 2019). It will provide well-being to the residents and 
give comfort to them. They will use rail transport efficiently and the problem of traffic 
congestion can be reduced. Thus, it shows that integrated development can generate great 
impact on both citizens and surroundings.  
Railway development can have a great impact on the economy. A study by Aziz and Masirin 
(2018), stated that the major impacts of transport on economic factors can be categorized as 
geographic specialization, scale production, competition, and land value. A combination of 
capital, labor, and raw materials will lead to the good production of services and goods. In 
addition, large scale production with minimum cost results in a high level of efficiency in 
transportation. As a result, it will increase the competition and will improve the quality and 
modernization of transportation. The utilization of resources like land can be considered a 
good investment if the transport is efficient. Due to limited resources, the development of 
this transport should be valuable to the consumer and each rail transport runs efficiently 
concerning to save time, cost and can attract more users of rail transport. Moreover, the 
infrastructure of railway transport must be emphasized because of its contribution to 
economic growth in the long run. 
Mass Rapid Transit (MRT) is one of rail transport system developed across the world. It is used 
to transport large numbers of passengers and require a short travel time. MRT appears to be 
designed along well-defined corridors which connects suburbs to city centers, and in most 
cases, they tend to reserved right-of-way for all or some of their route length (Fouracre, 
Dunkerley, & Gardner, 2003). ASEAN countries that are involved in the development of MRT 
include Indonesia, Malaysia, Philippines, Singapore, and Thailand. The agenda of MRT is to 
support government programs to reduce traffic congestion and air pollution levels, reviving 
areas along the MRT route, and improving regional and national economies (Dahlan & 
Fraszczyk, 2019). Moreover, MRT systems also had to fulfil the needs of efficient public transit 
systems around the world (Yeo & He, 2009). In the direction of achieving the agenda 
successfully, the train schedules must be created to avoid congestion at train stations. A study 
by Ke et al (2017) also emphasizes the importance of considering energy consumption to 
minimize the energy cost and conserve energy.  
A method called Data Envelopment Analysis (DEA) is applied to measure the efficiency of MRT. 
This study is important to determine which country has the highest level of efficiency. 
According to Mahmoudi et al (2019) shared that the applications of DEA in the transportation 
system have been studied in six different circumstances which are air transportation, 
railway transportation, maritime transportation, highway transportation, green and 
environmental issues, and other problems such as sustainable development, and eco-design. 
The most efficient MRT, that is called as ”reference set” is set as an example to other countries 
so that the operation of MRT in ASEAN countries can be improved and sustained in the longer 
term. MRT is popular with the short waiting time and convenient space provided. Even though 
the expenses of building MRT are high and many areas need to be sacrificed, many countries 
take a risk to make sure that MRT is efficient in terms of operation. Every country has endless 
efforts to expand the railway transport sector to become more efficient and reliable towards 
citizens.  
It is crucial to define the efficiency of this transport sector as it affects the economic growth 
of a country. General definition of efficiency is the ratio of work performed by a machine or 
in a process to the total energy expended. According to Mokhtar (2013), technical efficiency 
is defined as the conversion of physical inputs into outputs relative to best practice. In other 
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words, given current technology, there is no wastage of inputs in producing the given quantity 
of output. High level of efficiency of MRT will give a good impact on the tourism sector and 
bring more revenue. The study of efficiency related to the transport sector has risen rapidly 
in recent times. Moreover, a study by Li et al. (2018) measured the technical efficiency of 
different railway administrations in China using DEA where the selected input were the 
number of employees, line length (km), the number of locomotives and total energy 
consumption of locomotive (ton). Meanwhile, locomotive workload (hundred million km) and 
freight turnover (hundred million ton-km) were selected as the output. Another study is about 
Korean subway lines by Kim et al. (2017) used the size of              the transfer station, operation cost, 
number of operation staff and subway capacity as the inputs and the outputs were average 
transfer time and total number of people transferred. While, a study by Wanke and Azad 
(2018), the selected inputs that are considered include the route length, number of stations, 
as well as number of train sets.  
Despite there are several applications using DEA models to evaluate efficiency in banks, 
hospitals, ports, and airports, yet research on railway efficiency using DEA remains scant. DEA 
has commonly been used to compare the efficiency of mainline railway firms. This approach 
is one of the most useful approaches in evaluating the transportation system  and certainly 
useful in producing a composite measure of efficiency (Mahmoudi, Emrouznejad, Shetab-
Boushehri, & Hejazi, 2019). Furthermore, surveying the efficiency of the railway 
transportation system will be beneficial for better integration and performance of this 
system.  
 
Methodology 
Railway transportation is built not to increase the land transportation, but this development 
is aiming to improve the existence of the system and service provided. Supported by Barnum 
et al. (2007), the most common method to measure efficiency to improve the service or 
performance of rail transport is using the DEA method. The DEA approach is used to measure 
its efficiency of the performance of the sub units. The DEA approach is used the countries as 
decision-making units (DMUs). The DEA, was first introduced by Charnes, Cooper and Rhodes 
in 1978 and they were extended the Farrell’s (1957) idea of estimating technical efficiency 
with respect to a production frontier (Charnes et al., 1978). According to Vincová (2005), it is 
a linear programming model used to measure technical efficiency, assuming no random 
mistakes. Efficient firms are those that produce a certain amount of or more outputs while 
spending a given number of inputs, or use the same amount of or less inputs to produce a 
given number of outputs, when compared with other firms in the test group. As stated by 
Wanke et al (2018), despite the limited variations in input or output vectors to improve 
performance, DEA remains the popular technique in railway studies.  
In this study, several inputs and outputs have been used to measure Asian railways efficiency. 
The input variables included the number of railway locomotives ready for operation, total   
railway route length (in km), and the number of freight wagons. Meanwhile, since some 
countries like Malaysia and Philippines only have one line in operation, there are no transfers 
of people. So, the output used for this study is only the total number of passengers riding the 
MRT. The objective of this study is to determine the technical efficiency and service 
effectiveness of major passenger stations by using DEA method. The output variable is flexible 
to changes as the number of passengers is controllable. Therefore, this study adopts the 
output-oriented model that calculates the technical efficiency by changing the output. 
Nevertheless, input-oriented model is also used to compare the result of the analysis.  
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The input-output indicators of the   MRT of ASEAN countries include the main output of the 
study that is the number of passengers which is influenced by the route length, number of 
stations and number of train sets which are the inputs (Yangdong et al, 2020). The inputs are 
the route length in kilometer, number of stations and number of train sets. Meanwhile, there 
is only one output which is the number of passengers. The suitable method selected is 
supported by Vincová (2005) that is the DEA to measure the efficiency. 
The description of variables used in this study is illustrated in Table 1. Route length is the sum 
of length in kilometer of the routes in MRT railways that are ready for operation.    Number of 
stations refers to the stations that are ready for operation, excluding the ones that   are still 
under construction or in planning. Number of train sets is the sets of train used by each country 
consist of four-car train or a six-car train. For the output, the number of passengers refers to 
the total number of passengers in 2019. 

 
Table 1: Descriptions of variables 

Variable Type of variable Description 

Route length Input Total length of the route ready for operation in 
kilometers 

Number of stations Input Number of stations ready for operation 

Number of train sets Input Number of trains sets ready for operation 

Number of passengers Output Total number of passengers in 2019 

 
DEA Model 
The basic DEA models are CCR model (Charnes, Cooper, and Rhodes) and BCC model (Banker, 
Charnes, and Cooper) which were named after the authors that came up with this model. 
CCR model calculates the overall technical efficiency (TE) which assumes constant return to 
scale (CRS). However, Kocisove (2015) stated that this assumption of CRS can be accepted if 
the DMUs operate under their optimal size condition or in simpler words, a perfect 
competition. But in the real world, imperfect competition happens whereby financial 
constraints, control steps and other factors will cause the DMUs to not operate in optimal 
state. Then, in 1984, Banker et al. (1984) developed a new model which is modified from the 
CCR model to overcome this problem by relaxing the restriction of CRS to account variable 
return to scale (VRS) technology. They did this by adding a convexity constraint to the CCR 
model and referred to it as the BCC model. This new model is to measure pure technical 
efficiency (PTE) and is more realistic because it takes into consideration of the constraints.  
The meaning of technical efficiency is to optimize inputs based on the output given. According 
to Sexton (1986), to measure the relative efficiency of the service, the ratio of its total 
weighted output to its total weighted input was calculated. DEA allows decision-making unit 
to select any weight to each input and outputs based on reasonable conditions. Two 
conditions will be applied to select weight are weight should not be negative and universal. 
The non-negative value indicates that the value should be more than zero. Meanwhile, 
universality indicates that any DMU should be able to apply a similar set of weights to 
estimate its ratio and the ratio must not exceed one. In DEA models, each DMU utilizes 
number of different inputs to produce number of different outputs to evaluate number of 
productive units, DMUs. A unit with an efficiency score of 1(100 percent) is considered as 
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efficient. Otherwise, the unit is inefficient. Both CCR and BCC model are divided into two 
categories which are input-oriented and output-oriented. 
 

Input-oriented Output-oriented 

                                                       

 
               𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 
                     𝑀𝑖𝑛    𝜃                                                                                                    𝑀𝑎𝑥 𝜙                         (1)     
 
             Subject to   
                Constraint 
  
                   ∑ 𝜆𝑗

𝑛
𝑗=1 𝑥𝑖𝑗 = 𝜃𝑥𝑖0                                                  ∑ 𝜆𝑗

𝑛
𝑗=1 𝑥𝑖𝑗 ≤

𝑥𝑖0                                       (2)  
                   ∑ 𝜆𝑗

𝑛
𝑗=1 𝑦𝑟𝑗 = 𝜃𝑦𝑟0                                                 ∑ 𝜆𝑗

𝑛
𝑗=1 𝑦𝑟𝑗 ≥

𝜙𝑦𝑟0                                  (3)  
                   𝜆𝑗 ≥ 0                                                                          𝜆𝑗 ≥

0                                                        (4)  
                  Convexity constraint 
                   ∑ 𝜆𝑗

𝑛
𝑗=1 = 1                                                              ∑ 𝜆𝑗

𝑛
𝑗=1 =

1                                               (5)  
               Where  

𝜃 = input − oriented efficiency score; 
𝜙 = output − oriented efficiency score; 
𝑖 = 1, … 𝑚 (inputs); 
𝑟 = 1, … , 𝑠 (outputs) 
𝑗 = 1, … , 𝑛 (DMUs); 
𝑥𝑖𝑗 = amount of input 𝑖 𝑏𝑦 DMUj; 

𝑦𝑟𝑗 = amount of output 𝑟 𝑏𝑦 DMUj; 

𝜆𝑗 = weight given to input and output. 

 
Equation 1 is the objective function which should be minimized or maximized depending on 
the analysis whether it is input- or output-oriented. Input constraint 2 is formulated by the 
summation of the sum product of each input values 𝑖(𝑖 = 1, … , 𝑚) and its weight should be 
less than or equal to the amount used by 𝐷𝑀𝑈𝑗, depending on the method of analysis. For 

each output 𝑟(𝑟 = 1, … , 𝑠),  the summation of the sum of  each output values and its weight 
as in Equation should be greater than or equal to the amount  used by 𝐷𝑀𝑈𝑗 depending on 

whether input- or output- oriented analysis is applied. Each of the lambdas (weight) should 
be non-negative as stated in the constraint 4 where 𝑗 = 1,2, … 5 since there are five DMUs in 
this study which are the MRT of the chosen ASEAN countries. The convexity constraint in 
Equation 5 is only added in the BCC model. This constraint is required as it applies the variable 
return to scale assumption technology developed by Banker et al. (1984).  
In input-oriented, DMUs is rated inefficient if 𝜃 obtained a score of less than 1(𝜃 < 1). If 𝜃 =
1, then the DMU currently rated is efficient. For the output-oriented method, if the optimal 
solution gives 𝜙 = 1 for all such composite MRT, then the MRT at hand is efficient. On the other 
hand, 𝜙 > 1 proves that the MRT currently rated is inefficient. Since the optimal solution to 
the both CCR and BCC model can only be between 0 and 1 (0 ≤ 𝜃0 < 1),  the values of the 
objective functions must be inverted, making it 𝜃 = 1 𝜙⁄   . 
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Strategies For Improving Efficiency 
The main advantage of using DEA approach is that this method also enables us to discover   how 
a productive unit should change its behavior to become more efficient. So, several 
improvements should be made to increase the level of efficiency. Such strategies include the 
application of radial movement, reference sets and slacks to help in increasing the efficiency 
values. 
 
Radial Movement and Reference Sets 
Based on Lee at al. (2016), radial movement is defined as the movement of inefficient DMUs 
has to take in order to be located on the frontier. Reference sets will help inefficient DMUs to 
imitate efficient DMUs. The selection of efficient DMUs as the best practice is based on the 
highest peer weight of efficient DMUs. In this study, the improved values only    focus on output 
as it is controllable, and it is not necessary to modify the value of inputs. Therefore, for an 
MRT to be efficient, output resources should be modified to improve the level of efficiency. 
Radial movement can be calculated as shown in Equation 6. 

 
𝑅𝑎𝑑𝑖𝑎𝑙 𝑚𝑜𝑣𝑒𝑚𝑒𝑛𝑡 = 𝑇𝑎𝑟𝑔𝑒𝑡 𝑣𝑎𝑙𝑢𝑒 − 𝐴𝑐𝑡𝑢𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 (6) 

 
Actual values are being subtracted from target values to obtain the radial movement. Hence, 
it shows the differences between actual values and target values for the number of outputs. 
Next, percent change of the radial movement also matters in order to illustrate a better view   in 
terms of percentage of how the amount of outputs should be changed to improve the 
performance of MRT. The formulation of percent change can be computed using Equation 7. 

                
   

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑐ℎ𝑎𝑛𝑔𝑒 (%) =
𝑅𝑎𝑑𝑖𝑎𝑙 𝑚𝑜𝑣𝑒𝑚𝑒𝑛𝑡

𝐴𝑐𝑡𝑢𝑎𝑙 𝑣𝑎𝑙𝑢𝑒
× 100%           (7) 

 
Percent change explains the behavior of the changes of outputs that should be increased from 
the actual values in order to increase the level of efficiency. Therefore, it helps the decision-
makers to identify the improvement that needs to be accomplished to improve the 
performance of MRT for each DMU. 
 
Slack Treatment 
Slacks is the additional movement that an inefficient DMU has to take in order to become 
efficient (Lee et al., 2016). The input-oriented model suggests that productive units must 
lower its inputs to become efficient. On the contrary, to attain efficiency in the output-
oriented model, productive units must increase their outputs. 
To increase efficiency for both input and output version applied in this study, additional 
variables 𝑠𝑖

− and 𝑠𝑟
+ called slacks are added to the inefficient DMU. This process is done in a 

two-stage calculation. First is the efficiency score obtained from Equation 1. Second step is 
the slack model with the efficiency score fixed. The slack models of the input- and output-
oriented model are shown below. 

 
Input-oriented Output-oriented 

                                                       

 
               𝑀𝑎𝑥 ∑ 𝑠𝑖

−𝑚
𝑖=1 + ∑ 𝑠𝑟

+𝑠
𝑟=1                                                  𝑀𝑎𝑥 ∑ 𝑠𝑖

−𝑚
𝑖=1 +

∑ 𝑠𝑟
+𝑠

𝑟=1                 (8)    
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             Subject to                                                              Subject to 
  
                   ∑ 𝜆𝑗

𝑛
𝑗=1 𝑥𝑖𝑗 + 𝑠𝑖

− = 𝜃∗𝑥𝑖0                                                  ∑ 𝜆𝑗
𝑛
𝑗=1 𝑥𝑖𝑗 + 𝑠𝑖

− =

𝜃∗𝑥𝑖0           (9)  
                   ∑ 𝜆𝑗

𝑛
𝑗=1 𝑦𝑖𝑗 − 𝑠𝑟

+ = 𝜃∗𝑦𝑟0                                                  ∑ 𝜆𝑗
𝑛
𝑗=1 𝑥𝑖𝑗 − 𝑠𝑟

+ =

𝜙∗𝑦𝑟0        (10)  
                   𝜆𝑗 , 𝑠𝑖

−, 𝑠𝑟
+ ≥ 0                                                                       𝜆𝑗 , 𝑠𝑖

−, 𝑠𝑟
+ ≥

0                                (11)  
                   ∑ 𝜆𝑗

𝑛
𝑗=1 = 1                                                                               ∑ 𝜆𝑗

𝑛
𝑗=1 =

1                              (12)  
Equation 8 is the objective function that maximizes the summation of slacks in inputs and 
outputs. The only difference of the two equations is the right-hand side value of the input and 
output constraint. In Equation 9 of the input-oriented method, the weighted input added with 
the input slacks is equal to the input values multiplied with the efficiency score 𝜃. While in 
Equation 10, the weighted outputs minus the output slacks is equal to the output values 
multiplied with the efficiency score 𝜙 of the output-oriented method, before inverted. Other 
requirements that includes non-negativity is displayed in Equation 11 where 𝜆𝑗 , 𝑠𝑖

−, and 𝑠𝑟
+  

should never be below zero. Convexity constraint similar to Equation 5 is added if the 
slack treatment is applied to the BCC model, otherwise excluded. 
 
Results and Discussions 
The efficiency of MRT among ASEAN countries were analyzed by using Data Envelopment 
Analysis Online Software (DEAOS). There are five DMUs which are Indonesia, Malaysia, 
Philippines, Singapore, and Thailand. Total number of passengers in 2019 is assigned as 
output, while the number of stations, number of train sets and route length (in kilometers) as 
inputs and is illustrated in Table 2. 
 

Table 2: Input and output values for each country 

 Inputs Output 

Country Route length 
(km) 

Number of 
stations 

Number of train sets Number of 
passengers 

Indonesia 15.7 13 16 24,621,467 

Malaysia 51 31 58 63,952,805 

Philippines 16.9 13 19 96,932,972 

Singapore 201.9 122 488 1,235,160,000 

Thailand 70.6 53 75 128,864,900 

 
MRT in Indonesia consists of 13 stations along the 15.7km route and 16 train sets are used to 
carry 24,621,467 passengers in 2019. On the other hand, Singapore has 201.9km MRT route 
that connects all parts of Singapore from North to South and East to West. With 122 stations 
and 488 train sets, a total of 1,235,160,000 passengers rode the MRT in 2019. 
 
Efficiency score for CCR model and BCC model 
A DMU can be characterized as efficient as it reaches 1. The efficiency value for CCR model 
remains the same for both input- and output-oriented. The reason is that under the CRS 
technology assumption, the production frontier is linear making the output increases at the 
same rate as inputs are increased. It indicates that Philippines and Singapore are considered 
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as efficient DMUs, meanwhile, Indonesia, Malaysia, and Thailand can be categorized as 
inefficient DMUs as the value of the efficiency score is less than 1 as shown in Table 3. While, 
BCC model varies in their efficiency rating for both input - output-oriented. This is because the 
output changes at a rate that is different than that of the inputs as a variable return to scale 
(VRS). As a result, the MRT in Indonesia is classified as efficient as Philippines and   Singapore. 
But Malaysia and Thailand are still categorized as inefficient DMUs. 
In general, the CCR model produces more inefficient DMUs compared to the BCC model. This 
is because the BCC model is more appropriate in real life context compared to the CCR model, 
as it takes into consideration of factors in the real world that cause the DMUs to not operate 
in the optimal state. It can be confirmed that the result showed more inefficient DMUs under 
CRS assumption. Similar result obtained in this study, DEA output-oriented model of MRT in 
ASEAN countries also resulted with more inefficient DMUs under CRS assumption, which 
returned Indonesia, Malaysia, and Thailand as inefficient DMUs. Imperfect competition in the 
real world has caused the MRT to have problems operating in an optimal state due to financial 
constraints, government regulations, control steps, and other factors. That is why BCC model 
which is under VRS assumption is more suitable to   measure the performance of MRT in 
reality. 
 

Table 3: Efficiency rate for CCR and BCC model 

Efficiency rate for CCR model      Efficiency rate for BCC model 

DMU Input-
oriented 

Output-oriented Input-oriented Output-oriented 

 Indonesia 0.30 0.30 1.00 1.00 

Malaysia 0.26 0.26 0.42 0.33 

Philippines 1.00 1.00 1.00 1.00 

Singapore 1.00 1.00 1.00 1.00 

Thailand 0.34 0.34 0.43 0.55 

 
Improvements to Increase the Level of Efficiency using Radial Movement 
Radial movement is defined as the movement of the inefficient DMUs must take in order to 
improve the efficiency score. To improve the performance of inefficient MRT, output-oriented 
for both CCR and BCC models are taken into consideration to make comparison. For output-
oriented version, the proportional of outputs must increase without changing the values of 
input. Hence, the study only focuses on the output as it is not necessary to adjust the value 
of inputs. The route length, number of stations, and number of train sets are unable to be 
changed as it incurs a high cost to build all the inputs and access is restricted to many 
passengers. Therefore, the improvement to increase the performance of MRT should be 
focused only on the number of passengers as it is controllable. Table 4 shows the improved 
values for inefficient DMUs of CCR output-oriented model. 
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Table 4: Improved values for inefficient DMUs of CCR output-oriented model 

DMU  Input
s 

Output 

Route length (km) Number of 
stations 

Number of 
train sets 

Number of 
passengers 

 
Indonesia 

Actual 15.7 13 16 24621467 

Target 15.7 13 16 81627766 

Radial 
movement 

0 0 0 57006299 

Percent 
change 

0% 0% 0% 231.53% 

 
Malaysia 

Actual 51 31 58 63952805 

Target 51 31 58 244487255 

Radial 
movement 

0 0 0 180534450 

Percent 
change 

0 0 0 282.29% 

 
Thailand 

Actual 70.6 53 75 128864900 

Target 70.6 53 75 382630153 

Radial 
movement 

0 0 0 253765253 

Percent 
change 

0% 0% 0% 196.92% 

 
The number of passengers in Indonesia must be increased by 57,006,299 to obtain the optimal 
solution, making it a total of 81,627,766 passengers. It is followed by the changing number of 
passengers in Malaysia by 180,534,450, making it a total of 244,487,255 passengers. For 
Thailand, the improvement by 253,765,253 passengers must be made to gain an increase in 
the efficiency score and creating the target of 382,630,153 passengers. The percent change 
for the radial movement for Indonesia, Malaysia and Thailand are 231.5%, 282.29% and 
196.92% respectively. Notice that the projected values are extremely high which are almost 
three times of the actual value. 
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Table 5: Improved values for inefficient DMUs of BCC output-oriented model 

DMU  Inputs Output 

Route length (km) Number of 
stations 

Number of 
train sets 

Number of 
passengers 

 
Malaysia 

Actual 51 31 58 63,952,805 

Target 51 31 58 191,582,981 

Radial 
movement 

0 0 0 127,630,176 

Percent 
change 

0% 0% 0% 199.57% 

 
Thailand 

Actual 70.6 53 75 128,864,900 

Target 70.6 53 75 232,840,677 

Radial 
movement 

0 0 0 103,975,777 

Percent 
change 

0% 0% 0% 80.69% 

 
In comparison to the BCC model, there are two DMUs involved to improve the number of 
passengers to enhance the performance of MRT. Table 5 presents the improved values for 
inefficient DMUs of BCC output-oriented model. For Malaysia, the optimal solution can be 
achieved by a radial movement of 127,630,176 passengers, increasing the output to a total of 
191,582,981 passengers. There should be a 199.57% increment of passengers that needs to 
be increased toward increasing the level of efficiency. Meanwhile, the optimal solution for 
Thailand can be achieved by increasing the number of passengers by 103,975,577, amounting 
to 232,840,677 passengers. So, 80.69% addition of passengers is needed to increase to 
improve the efficiency level in Thailand. 
The projected figures of number of passengers in BCC output-oriented are slightly lower than 
that of CCR output-oriented. Therefore, it is more achievable, considering the constraints of 
operating in the imperfect competition. Imperfect competition happens due to many 
constraints such as regulations that disallow the MRT to operate 24 hours a day. Also, some 
passengers that prefer to use other transport instead of the MRT contribute to the low 
number of passengers, hence reducing the MRT efficiency. 
 
Conclusions and Future Recommendations 
Applications of DEA are used in a wide range of contexts such as transportation, banking, 
healthcare, education, bench marking and many more. This study aims to provide a 
satisfactory answer to determine the efficiency of MRT of five ASEAN countries by applying 
DEA approach. From the analysis, the efficiency score examined using input- and output-
oriented CCR resulted with MRT of only Philippines and Singapore being efficient. Meanwhile, 
the results for BCC model for both input- and output-oriented indicated that Indonesia, 
Philippines, and Singapore attained an efficiency score of 1. Malaysia and Thailand are 
considered inefficient as they obtained a score of less than 1. The study presents a better 
understanding when improvements can be made to improve the efficiency score. In general, 
to increase the efficiency score, it is necessary to increase the amount of output for the 
output-oriented model.  
The study focuses on the BCC output-oriented model as is more realistic to the real world. 
The study reveals that inefficient DMUs which are Malaysia and Thailand must increase the 
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number of passengers by 199.57% and 80.69%, respectively. The results obtained are 
beneficial to managers to define the performance of MRT as it indicates the quality of railway 
transport for every country participated. On the other hand, the findings of this study also 
benefit the decision-makers in pursuance of measuring the smoothness operations of MRT 
using inputs and output obtained. Therefore, Malaysia and Thailand can improve their MRT 
facility to be better by mending the number of outputs. This research is, in effect, 
investigational, and its findings are far from final but instead, it represents a basis for further 
research and analysis. So, this study encourages other researchers to observe the continuous 
development of MRT after implementing efficiency analysis.  
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