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Abstract—The improvement of technology brings a significant impact on 

transportation industries. The taxi industry has undergone tremendous changes 

with the existent of e-hailing service in the industry. Due to the introduction of 

mobile applications, e-hailing service takes part to compete in the market. The 

government has given priority to overcome the problem by introducing travel 

demand strategies that focus on mitigating the demand competition between the 

taxi and e-hailing services. One of the strategies is the adoption of a mobile 

application in taxi service. This paper aims to develop a system dynamics model 

to analyse mobile application adoption’s impact on customers’ demand on the 

mode share of taxi and e-hailing services as a measured output. System dynamics 

is a decision-experimentation method that creates a learning environment in 

which policymakers gain a better understanding of how the system will respond 

to their decisions and the potential unintended consequences of decisions. With 

the developed SD model, the feedback relations between mobile application 

adoptions on the output of taxi demand can be observed. Furthermore, the 

demand competition between the taxi and e-hailing services can be minimised 

using this SD model. The result shows that, by implementing the usage of the 

mobile application in taxi services, more users will be attracted to use the taxi 

service. With that service option, users will shift their attraction from e-hailing to 

taxi service, which is then able to minimise the demand competition. This 

research can benefit policymakers and authorities in the department of 

transportation to serve as a planning tool so that the demand of taxi and e-hailing 

services in Malaysia with the adoption of mobile application in taxi service can 

be predicted. 

Keywords—Taxi service, E-hailing service, System Dynamics, Mobile 

Application, Mode share 
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1 Introduction  

Tremendous changes in the taxi industry over the world, including Malaysia, 

occurred due to the evolution era and the emergence of mobile transportation app-based 

[1]. Traditionally, the taxi driver received an order from the customer by hailing on the 

street or booking through phone calls. However, with the improvement in technology, 

e-hailing services take part in the market by offering a mobile application for taxi 

services request.   

E-hailing application is a platform that enables online booking and dispatch of 

available e-hailing drivers located in the proximity area of the users [2]. This application 

is supported with the location identification, taxi booking, payment, and 

communication system between the driver and customer. The adoption of e-hailing 

service offers a customer with a variety of choices in having a mode for their 

transportation service.  

Currently, e-hailing service received an overwhelming welcome by the customer 

with the increasing demand from them. This situation negatively impacts the traditional 

taxi service as demand competition between both services became a serious issue in the 

Malaysian public transport industry. A number of studies have been conducted to 

identify the customers’ preference factors towards e-hailing services. The findings 

show that fare and accessibility are the most significant factors for a customer to book 

an e-hailing service [3-5]. With the mobile application adoption issue, this study aims 

to develop a system dynamics model to analyse the impact of the mobile application 

adoption in taxi service towards the demand of customers. Many studies have been 

found in the literature that used system dynamics model in the transportation system [6-

8]. However, based on the researcher knowledge, there is no application found that 

focuses on mitigating competition demands between the taxi and e-hailing services, 

especially in Malaysia.  

The rest of this paper is organised as follows: The next section reviews the studies 

on the customers’ preference factors towards taxi and e-hailing usage. It is followed by 

the review of studies on application system dynamics focusing on the transportation 

domain. The next section presents the methodology used in this research focusing on 

the modelling process. The following section presents the proposed framework to 

explain the causal relationship between the demand for taxi and e-hailing services. 

Finally, the conclusion and future works are explained in the last section. 

2 Literature Review 

2.1 Customers’ preference factors 

Travel cost: Fare is one of the important factors on customers’ affordability in 

choosing the mode share of transportation [9]. A study by Balachandran and Hamzah 

[1] found that price is the factor contributing to the customers’ satisfaction in choosing 

their mode share of transportation. Besides, Hashim and Isa [10], highlighted that 

tangible, responsiveness and price are the factors which influenced the customers’ 
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satisfaction in choosing taxi services in Kuantan, Pahang. Finally, Qian and Ukhusuri 

[11] stated that pricing is an important factor in determining between the taxi and e-

hailing services for their transportation mode. It is known that the majority of the 

customers who opt for the taxi service are students and lower-income earner, who 

prefers a cheaper charge of fee transport [12]. In practice, a higher charge of fare will 

increase travel costs, causing the customer not to choose the service. 

Accessibility: In the transportation area, accessibility refers to the quality measure 

of the easiness in reaching public transport in some places or regions [13]. The 

important role in the accessibility of public transport assessment is to provide door-to-

door mobility with better connectivity of people to their destination. Having good 

accessibility will ensure public transport to be fully utilised which will ultimately 

reduce the congestion index [14]. According to Han, Li, Wei, and Zhang [15], the mode 

share of public transport will be more effective by ensuring better accessibility. The 

important factors of customers’ selection of public transport are accessibility distance, 

travel time, and transit time [16].  

In Malaysia, accessibility is among the main reason why customers prefer using e-

hailing than the traditional service [4]. E-hailing service is easy to access since it 

operates through the mobile application. Among the reason why customers prefer to 

choose e-hailing are: (1) ease of payment and communication, (2) less waiting time, 

and (3) higher accessibility [2]. Having all these advantages, the use of phones or 

electronic applications like a taxi booking system will help to increase the demand for 

taxi service.  

2.2 System dynamics studies related to transportation issues 

Nowadays, many researchers have shown an interest in using system dynamics (SD) 

in the transportation domain study. SD is an applicable approach that captures a 

dynamic, non-linear and causal effect of variables in a complex system [17]. Besides, 

highlighting the system behaviour in the long term with the feedback behaviour impact 

in a dynamic way is one of the features in SD [18]. With these advantages, SD can be 

useful in transportation study for policy analysing and design. An example on the use 

of SD in transportation research is studied by Yevdokimov [6], which focus on the 

economic, social, and environmental sectors as a dimension for sustainable 

transportation. This study concluded that mathematical modelling based on aggregating 

the criteria for sustainability, systematic analysis, and SD is the best combination 

method to model sustainable transportation systems. These methods addressed all 

aspects of transportation sustainability simultaneously. Another study by Yang, Zhang, 

and Ni [7] conducted a study on the impact of urban rail transit on the metropolitan 

regions focusing on the urban traffic, economy, society, and environment aspects. In 

this study, the SD model was developed to simulate the medium- and long-term effects 

of urban transport policies. Finding from this study was supported by Raux [8] that 

highlighted an increase in the car ownership would cause to the rise in car trip and 

congestion index in the long run [23].  

The most relevant studies carried out by Nurdden, Rahmat, and Ismail [19], Karim 

[20] and Wang et al. [21] model the behaviour change of travellers that focus on the 
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shifting of mode share. All studies focus on the impact of policies on the sustainability 

of public transportation services. For instance, Nurdden, Rahmat, and Ismail [19] 

developed an SD model to study the effect of transportation policies on modal shift 

issues from private car to public transport in Malaysia. This study has been referenced 

by Karim [20] that imitate the existing model structure by adding the other related 

variables, with a hybrid SD method. Karim [20] modified the Nurdden, Rahmat, and 

Ismail [19]’s model to shift on the use of a private car to public transport. Karim’s study 

developed integration of SD and genetic algorithm model to find the best combination 

of parameters to achieve the minimum value of congestion index. Finally, a study by 

Wang et al. [21], developed an SD model for urban taxi management which focus on 

the impact of taxi fare on the driver’s income and travel demand.  

Based on the reviewed studies, it can be concluded that SD is suitable to be used to 

simulate the medium and long-run effect of varies transportation policies considering 

the influenced factors as a feedback interrelationship that work as a holistic model 

which changes cause to a chosen policy variable will effect on the other variable [24].  

3 Methodology 

In this paper, system dynamics (SD) which is a simulation approach was used to 

model the changes in the mode share behaviour over time. SD has the capability to 

capture a dynamic, non-linear, and causal effect of related variables in a transportation 

complex system. The discussion on the methodology section is divided into modelling 

process and development of causal loop diagram. The explanations are as follows: 

3.1 Modelling process  

The modelling process of SD methodology involved six keys steps as presented in 

Figure 1. The steps are problem articulation, data collection, development of causal 

loop diagram, formulation of stock and flow diagram, model validation, and model 

evaluation. 

As shown in Figure 1, the first stage started with the problem definition and variable 

identification. The model aims to stimulate the long-term effect of travel demand 

strategies to address the gaps in the demand between the taxi and e-hailing services. In 

this paper, two interconnecting components; travel demand and mode share, are shown 

in Figure 2. These components are highlighted as they set the boundary of the research. 

This study used secondary data to accomplish the evaluation. The data was taken from 

a various report published by many government agencies, taxis, and e-hailing 

companies. For example, the data collected from the Land Public Transport 

Commission (APAD), Kuala Lumpur City Hall (DBKL), and Grab Malaysia as 

presented in Table 1.  
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Table 1.  Information of data used in the model 

Components  Variables Duration Sources 

Supply Number of taxi driver  2017-2020 Agensi Pengangkutan Awam Darat (2019) 

Mode Share Number of taxi user 2017-2020 Agensi Pengangkutan Awam Darat (2020) 

Coverage Area City area  2019-2020 Dewan Bandaraya Kuala Lumpur (2020) 

 Average taxi fare per KM 2017-2020 Agensi Pengangkutan Awam Darat (2020) 

 

Fig. 1. System dynamics modelling process 
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Fig. 2. Boundary of the transportation model  

3.2 Development of causal loop diagram  

The next stage is the development of causal loop diagram (CLD) using an SD 

software named as VensimTM. CLD is a causal diagram to highlight the interaction of 

the selected variables and the strategies in the transportation system. CLD is the first 

step in the SD model that helps to quantitatively analyse the structure of a complex 

system in terms of cause and effect [22]. CLD connects the causal variables by using 

arrows to highlight the relationship between variables, while the polarity sign shows 

the direction of influence. Positive polarity means with the increasing value in one of 

the variables, the value of another variable will also increase and vice versa. Meanwhile, 

negative polarity explains the negative relationship between the variables. Increasing 

the value of the variable will decrease the value for the opposite variable and vice versa. 

The example of the positive polarity of cause and effect can be referred to in Figure 3. 

This figure shows with an increase in the toll charge variable, the travel cost per trip for 

the customer also will increase.  

 

Fig. 3. Example of cause and effect with positive polarity 

The overall SD model is organised into four strategies which focus on accessibility 

and travel cost. The strategies are: (1) Adopting a mobile application for all taxi 

services, (2) Introducing the application license for e-hailing companies and drivers, (3) 

Setting a minimum fare for e-hailing services, and (4) Lowering toll charges for 

traditional taxi services. The overview of the CLD system that shows the feedback 

caused by the interrelations of these four strategies are presented in Figure 4.  

Toll Charge Travel Cost per

Trip

+
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Fig. 4. Causal loop diagram of travel demand strategies for taxi and e-hailing services models 

The explanations for each of the balancing (B) and reinforcing (R) loops are as 

follows: 

a) Loop R1: attractiveness of taxi and e-hailing services: Loop R1 is a reinforcing loop 

which highlighted the interaction between attractiveness of taxi and e-hailing 

services. Attractiveness of taxi and e-hailing was competed which targeted to attract 

more demand from the customer. The attractiveness of taxi has a negative 

relationship with e-hailing services. Increase in the attractiveness of taxi will 

decrease the attractiveness of e-hailing services and vice versa.  

b) Loop R2: adopting a mobile application for all taxi services: Loop R2 shows the 

proposed strategy to adopt a mobile application for taxi booking system. The usage 

of the mobile application will bring a positive impact on the accessibility of the taxi 

service. This is because the customers tend to use a mobile application to request for 

a taxi service. This situation is shown by reinforcing loop R2, which explained that 

the increase in the usage of the mobile application for booking system by the taxi 

driver would increase the accessibility of taxi. Finally, this intervention will increase 

the attractiveness of the taxi service.  

c) Loop B1: introducing the application license for e-hailing companies and drivers: 

One of the travel demand strategy proposed by the government is to legalise the 

driver and e-hailing company by introducing a new Business Mediation License 

(LPP) for e-hailing operator and PSV license for the driver. By introducing this new 

license, the cost for the driver application and e-hailing companies will be increased. 

With this strict requirement, the number of the driver in the market will be reduced. 

This relationship is shown in Loop B1 in Figure 4. This balancing loop explains that 

the introduction of the applicable license for e-hailing companies and drivers will 
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reduce the number of e-hailing drivers in the market. Therefore, accessibility and 

attractiveness of e-hailing will be reduced at the same time.  

d) Loop B2: setting a higher minimum fare for e-hailing service: One of the main 

components that influences the attractiveness of the public transportation is the price 

of the fare. Based on the market price, fare for e-hailing service is lower compared 

to the traditional taxi. The government set a higher fare for e-hailing services to 

ensure both services are more competitive in terms of prices. Referring to Loop B2, 

an increase in the minimum fare for e-hailing will increase the travel cost for the 

customer who are using this service. With the rise in the travel cost for e-hailing, the 

attractiveness of e-hailing service will be reduced too. The implementation of this 

strategy will help to increase the attractiveness of the taxi service.  

e) Loop B3: lowering the toll charges for traditional taxi service: The toll charge is one 

of the additional costs that will impact the customers’ travel cost. In Malaysia, 

traditional taxi service has advantages over e-hailing service such as a lower highway 

toll charge for the taxi compared to e-hailing. By lowering the toll charge for the taxi 

service, it will help to reduce the total fare for taxi service. This will indirectly attract 

more passengers to use the service due to the competitive fare. This relationship is 

explained in Figure 4.  

4 Result and Analysis 

4.1 Validation of model 

One of the tests used to validate the model is dimensional consistency. Dimensional 

consistency is a test to check whether the right and left sides of the equation in the 

model are balanced. Using VensimTM, the button function for unit checking was 

available in the software. All equations in the model have passed the dimensional 

consistency test by showing the ‘OK’ message (see Figure 5) in the box.  

 

Fig. 5. The model has passed the dimensional consistency test 
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4.2 Base run scenario  

The model is simulated to observe the behaviour trend of demand for taxi and e-

hailing services in their mode share gaps. The simulation model is run for 30 years, 

starting from 2010 until the projection year of 2040. The result of the base run scenario 

is presented in Figure 6. Referring to the figure, the behaviour trend for the mode share 

for taxi service in the year 2040 will be decreased at a gradual rate. Therefore, the gap 

for mode share for both taxi and e-hailing services becomes huge, making the taxi 

market not competitive. With that, the e-hailing service will monopoly the market. For 

the intervention strategy, the government may need to plan more aggressive strategies 

towards achieving the close gap of mode share between both services. The strategy 

must focus on increasing the attractiveness of the taxi service.  

 

Fig. 6. Comparison of mode share in base run trends 

4.3 Discussion on intervention 

The sensitivity analyses for travel demand strategies are based on the four 

implemented strategies. However, this study only focuses on implementing one of the 

strategies named the adoption of a mobile application for the taxi service.  

Figure 7, until Figure 9 shows the result of intervention when the mobile application 

adoption experimented for taxi and e-hailing services. The graph in Figure 7 shows that 

when all the taxi services utilise the mobile application starting in 2020, this strategy 

will increase the taxi accessibility. The comparison of taxi users’ mode share trends 

when 25%, 50%, 75%, and 100% intervention were analysed. The taxi service’s mode 

share trend is increased when taxi users starts to adopt the mobile application in their 

services. Our result is supported by the study done by [1], which highlighted that e-

hailing application have direct and indirect advantages to the taxi driver, such as 

increasing their income and create a better relationship with passengers.  
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Fig. 7. The trends of intervention for taxi accessibility  

 

Fig. 8. The comparison of intervention trends for mode share of taxi user  

Figure 9 shows that the trend of mode share gap in between taxi and e-hailing 

services was slowly reduced every year. In the year 2026, the mode share for both 

services intersect, where both are occurring at a 50% percentage point. It is found that 

after the year 2026, the trend for mode share of taxi service is greater than the e-hailing 

service.  
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Fig. 9. The comparison trends of mode share for taxi users 

5 Conclusion and Future Works 

This study attempted to examine the impact of mobile application adoption in taxi 

service on the customers’ demand in reference to mode share of taxi and e-hailing 

services. This paper adopted the SD method to model a holistic transportation system 

that consists of the attractiveness of both services, adopting a mobile application for all 

taxi services, the fare for e-hailing service, and toll charges for traditional taxi service. 

The result of this study reveals that the adoption of the mobile application is a useful 

strategy to increase taxi accessibility as customers prefer using e-hailing than taxi 

service. One of the limitations of this SD model is to search for an optimal value that 

gives a minimal difference in the demand between the taxi and e-hailing services. Thus, 

this study’s future work will involve testing another travel demand strategy variable 

named as setting a minimum fare for e-hailing service and lowering a toll charge for 

traditional taxi service to analyse its impact on the usage of both taxi and e-hailing 

services. This testing will be involved by using an optimisation method of analysis, 

namely the Genetic Algorithm. It is a heuristic search that is commonly used to generate 

high-quality solutions to optimisation problems by relying on biologically inspired 

operators such as mutation, crossover, and selection. 
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