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Abstract  The level of road service (LOS) in Timor-

Leste is closely linked to traffic volume and private vehicle 

use. Dili's metropolitan area faces serious challenges due to 

uncontrolled urbanization, traffic congestion, and 

environmental issues. This study was motivated by the fact 

that very little research had been done on how road users in 

the Dili metropolitan area perceived their transportation 

infrastructure. This study, therefore, aims to develop a 

perception-based model of urban road LOS in Dili using 

structural equation modeling (SEM). A total of 1001 

respondents from five subdistricts participated in the 

survey. The model was built using observed and latent 

variables identified through factor and reliability analyses. 

Results show that sociodemographic characteristics, 

population growth, and traffic flow positively influence 

perceptions of LOS. Conversely, public transport use is 

negatively affected by population growth, suggesting that 

infrastructure development has not kept pace. Land use also 

shows a negative relationship with LOS, indicating a need 

for better planning. The findings highlight the importance 

of integrating land use, transport infrastructure, and 

demographic factors in urban mobility planning. This study 

recommends improving road and public transport 

infrastructure, integrating land use planning with transport 

systems, and implementing vehicle ownership controls to 

enhance LOS in Dili. 

Keywords  Perceptions, Road Level of Service, 

Structural Equation Model, Sustainability 

1. Introduction

The improvement in road performance is very important 

in the national capital. Dili, the capital city of Timor-Leste, 

has served as the government, economic, social, and 

cultural center. In addition, transport infrastructure plays an 

important role in promoting regional development, 

especially in emerging countries. High-quality road 

networks are extremely important to ensure the efficiency 

of people and goods movement, promote trade, and support 

socio-economic growth [1]. Research shows that poor road 

conditions often lead to an increase in vehicle costs, lower 

standards of road safety, and longer moving times, directly 

affecting the local economy [2]. 

The availability of well-maintained roads is the basis of 

regional integration and economic sustainability. Although 

road construction in Timor-Leste has received little 

attention, the government is currently trying to build 

connectivity in the region [3]. This past study has also 

shown that the road level of service (LOS) is closely 

connected to traffic flow and the use of private cars. 

Another previous study [4] also found that the Dili 

metropolitan area has suffered from uncontrolled 

urbanization, traffic congestion, and environmental 

problems that have hampered economic activities due to 

the lack of comprehensive measures to address urban issues, 
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the lack of social infrastructure, and rapid population 

growth. Therefore, a comprehensive urban development 

master plan to address these issues in the Dili metropolitan 

area is required, along with the formation and growth of a 

sustainable city with industrial vitality [4]. 

Transportation planning and design are aligned with 

road user needs and expectations, leading to more satisfied 

and efficient transportation systems. Theoretically, 

objective measures like speed or density indicate the 

roadway performance quality. Perception-based LOS, 

however, is also important because it is a measure to 

determine how well a transport facility is providing its 

service from a user’s perspective [5]. Acquiring a clear 

insight into road users' perception of the LOS helps ensure 

designers and planners are informed about the decisions 

regarding road layouts, traffic management strategies, and 

infrastructure improvements [6]. In addition, perception-

based LOS can help communicate the performance of a 

transportation facility to various stakeholders, including 

the public and policymakers [7]. Perception-based LOS 

allows for the inclusion of qualitative factors like comfort, 

convenience, and safety, which are often not captured by 

objective measures like speed or delay. In essence, 

perception-based LOS studies provide valuable insights 

into the lived experiences of road users and can help 

identify areas for further improvement [8]. 

Research related to the condition and perception of road 

LOS in Timor Leste, however, as far as observed, has never 

been done. Past studies in road transportation have mainly 

been conducted partially. A past study focused on 

investigating the service quality of public transport in Dili 

[9], while another past study found a strong relationship 

between traffic flow and road LOS [3]. Meanwhile, a past 

study suggested reducing motorcycle use and improving 

public transport to ease the traffic congestion in Dili [4]. 

Little has been investigated, however, on how residents 

perceive the transportation infrastructure planning and 

design in Timor-Leste, particularly in the capital city of 

Dili. Comprehensive factors consisting of socio-

demographic conditions, transport infrastructures, land use, 

population growth, motor vehicle ownership, use of private 

vehicles and public transportation, traffic flow, and their 

complex relationship to road LOS should be investigated, 

considering transportation stakeholders in Timor Leste. 

The study, therefore, aims to identify, analyze, and evaluate 

the relationship among various factors above by analyzing 

the perception of the local community, entrepreneurs, and 

government in Timor-Leste. 

Based on these several variables considered for these 

gaps, the questionnaire shown in Table 1 was developed for 

this study to determine the perceptions of the locals, 

entrepreneurs, and government regarding road LOS in Dili. 

The model for this study is constructed using structural 

equation modeling (SEM). The findings of this study can 

be beneficial for the development of local government 

strategies to support the improvement and sustainability of 

road infrastructure in Dili, Timor-Leste. 

The road LOS is a facility provided by the roads, 

consisting of road surface conditions, carriageway and 

pedestrian width, road environment, road crossing system, 

safety, security, public toilets, refreshment systems, parks, 

lighting, street signs, and emergency services. In road 

infrastructure and other areas, the quality of these services 

has a major impact on satisfaction. Road LOS is a 

performance indicator for the effectiveness category. It 

consists of accessibility, convenience, comfort, and 

security. Performance measures are divided into service 

quantity and quality, and further divided into user and non-

user measurements. Comfort, security, and convenience 

are the measurements of the user, while pollution and 

environmental issues are non-user measurements [7]. 

Transport infrastructure is increasing urban challenges 

due to urban population growth. Aging transport 

infrastructure is struggling to meet today's needs, but 

personal decisions related to the increase in private car 

ownership and the use of private cars are no longer 

appropriate. As a result, a paradigm shift supporting public 

transport has become increasingly dominant [10]. 

Table 1.  The variables in the questionnaire 

Items 

1. Social-demographic characteristics (Gender, Age, Education, Occupation, Location) 

2. Transport infrastructure - six items (1: strongly disagree; 5: strongly agree) 

3. Population growth - five items (1: strongly disagree; 5: strongly agree) 

4. Land-use - five items (1: strongly disagree; 5: strongly agree) 

5. Vehicle ownership - five items (1: strongly disagree; 5: strongly agree) 

6. The use of Private Vehicle - five items (1: strongly disagree; 5: strongly agree) 

7. The use of Public Transport - five items (1: strongly disagree; 5: strongly agree) 

8. Traffic flow - six items (1: strongly disagree; 5: strongly agree) 

9. Road LOS—five items (1: strongly disagree; 5: strongly agree) 
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The population growth in urban areas certainly affects 

the number of people, excludes cities, and is a situation that 

is higher than ever and creating a significant burden on the 

existing transportation infrastructure. Furthermore, 

important parts of transportation infrastructure have been 

developed to meet the needs of various eras, resulting in 

many elements of transportation infrastructure being 

responsible for several urban mobility issues [10]. 

A past study on the built environment's impact on traffic 

safety showed that urban sprawl is negatively associated 

with traffic accidents. Further, population, demographics 

(e.g., age, education level), and socioeconomic factors (e.g., 

income, car ownership) influenced traffic accident 

occurrence. The development of transport planning 

strategies targets an optimal land use adjustment to manage 

traffic flow to reduce congestion and accidents [11]. 

Perceptions on road LOS revealed the satisfaction level of 

road users' approval when comparing a road service’s 

perceived performance with his or her expectations. It is 

based on information from all previous experiences with 

the service provider [7]. Based on variables considered for 

these gaps, the questionnaire shown in Table 1 was 

developed for this study to determine the perceptions of 

road users regarding their perceptions of on-road 

performance in Dili. 

The model for this study is constructed using structural 

equation modeling (SEM). SEM is a multivariate statistical 

analysis technique used to analyze the relationships 

between observed variables and latent variables (i.e., 

constructs that cannot be directly measured). SEM allows 

researchers to test complex theoretical models, including 

the validity and reliability of instruments, relationships 

between variables, and model fit for prediction. For more 

details on SEM, refer to [12, 13]. 

2. Methods 

The purposive random sampling was used to include all 

the main parts of the Dili population. Potential participants 

were taken from five (5) districts in Dili City, Timor Leste, 

consisting of Sub Distrito Don Aleixo, Sub Distrito Fera 

Cruz, Sub Distrito Nain Feto, Sub Distrito Cristo Rei, and 

Sub Distrito Metinaro, Dili Municipality. Within each 

district, the questionnaires were also divided equally 

among people who were entrepreneurs, government 

employees, and members of the local community. For each 

of these groups, people were chosen randomly, taking into 

account their gender, age (over 17 years), and level of 

education. Before getting permission to participate, the 

researchers explained to participants the concept of the 

study and guidelines to ensure confidentiality. After 

agreeing to participate, respondents were provided with an 

online questionnaire or an offline interview. 

The questionnaire was organized into nine (9) different 

subjects, consisting of a total of 47 queries, as shown in 

Table 1. The respondents were asked to give a sign from 1 

(strongly disagree) to 5 (strongly agree) on a 5-point Likert 

scale, contingent upon the study item. Response 1, 

"Strongly Disagree" means the respondent completely 

disagrees with the statement; in other words, they reject the 

statement completely. On the other hand, Response 5 

"Strongly Agree" indicates the person completely agrees 

with the statement, stating a strong positive sentiment 

about the statement. Middle-point responses such as 2, 3, 

and 4 indicate increasing levels of agreement, with the 

middle often representing neutral or “undecided” responses. 

For example, if a statement is: “I enjoy driving my own car 

in Dili,” selecting 1 (Strongly Disagree) means the person 

does not enjoy driving their car at all (they completely 

disagree with the sentiment). On the other hand, 5 (Strongly 

Agree) means the person completely agrees with the 

statement, indicating a strong positive sentiment about 

using private vehicles in that instance. 

By explaining the Likert scale in this way, this report 

clarifies how to interpret the survey data. For each item in 

Table 1, a low score (1) means the respondent disagrees 

with the underlying idea. A high score (5) means they 

enthusiastically agree with the idea. This classification 

helps ensure the reader understands the explanatory text 

associated with the 5-point Likert scale. Explanation of 

such scale anchors (“strongly disagree to strongly agree”) 

is important to accurately convey respondents’ positions on 

each variable served. 

A concise explanation was provided to the respondents 

at each introduction of the questionnaire’ segment to 

describe the foundation of the inquiries. The survey 

acquired information identifying socio-demographic 

characteristics, the perceptions of respondents towards 

transport infrastructure, population growth, land use, 

vehicle ownership, the use of private vehicles, the use of 

public transport, traffic flow, and opinions on the road LOS. 

A total of 1001 respondents participated and agreed to 

complete the survey. The viable respondents incorporated 

into the examination were 699 (70%) males and 302 (30%) 

females. These variables appeared in Table 1 and were 

chosen in a motivational setting as the road user motivation 

and knowledge related to road LOS were restricted. 

The perception-based model of road LOS was 

constructed in several stages. Firstly, all exogenous 

variables B1-B7 are calculated for their loading factors to 

obtain their latent variables. Variable B8 (Road LOS) is not 

calculated because it is an endogenous variable. They were 

all performed with a method of factor analysis. The loading 

factor value (> 0.6) is sought to select the observed 

variables to be included in their respective latent variables. 

In addition, latent variables with the Cronbach alpha  

value > 0.6 were included in the model construction. 

The loading factor indicates the extent of the relationship 

between the observed variable (indicator) and the construct 

(latent variable) being measured. The minimum acceptable 

loading factor value depends on the sample size. The value 
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≥ 0.50 for large samples (>300) is considered sufficient, 

while the Cronbach alpha ≥ 0.60 is often used as the ideal 

minimum threshold to indicate that an indicator is 

convergently valid for its construct [12]. The higher the 

loading value, the greater the indicator's contribution to the 

construct. 

Table 2 shows all latent and observed variables included 

in the model construction. There are six (6) latent variables 

consisting of transport infrastructure, population growth, 

land use, vehicle ownership & driving, the use of public 

transport, and traffic flow. Each latent variable has its 

observation variables; for instance, a latent variable of the 

transport infrastructure has observation variables of B1.1, 

B1.2, B1.3, B1.4, B1.5, and B1.6. 

Table 2.  Latent and observed variables reliability analysis 

Latent variables Observed variables 

Reliability 

Loading 

Factors 

Cronbach’s 

Alpha 

Transportation 

System 

B1.1 The urban development requires a better transport infrastructure. 0.728 

0.819 

B1.2 Economic development requires a better road network 0.738 

B1.3 Increased land use requires improved transport infrastructure. 0.630 

B1.4 The population growth requires improved transport infrastructure. 0.613 

B1.5 Reliable public transport is necessary for fluent transportation 0.647 

B1.6 Awareness of well-maintained road installation and infrastructure promotes the 

fluency of transport infrastructures. 
0.619 

Population 

Growth 

B2.1 Population growth is the driving force of the migration process 0.608 

0.769 
B2.2 Increased land use drives population growth 0.731 

B2.4 Transportation has an impact on population growth 0.693 

B2.5 The road network encourages population growth 0.670 

Land Use 
B3.1 Increased economic activity affects land use 0.618 

0.634 
B3.3 Population migration due to the economy affects land use 0.616 

Vehicle 

Ownership and 

Driving 

B4.3 The increase in family members in the household encourages an increase in motor 

vehicle ownership 
0.677 

0.681 B4.5 The increase in family members who have driver's licenses in the household 

encourages an increase in car ownership 
0.693 

B5.3 Driving a car is a lifestyle, and I am proud to drive. 0.643 

The Use of Public 

Transport 

B6.1 A well-developed transport infrastructure will encourage the use of public 

transportation 
0.687 

0.826 
B6.2 A punctual schedule promotes the use of public transport. 0.713 

B6.3 Service and cleanliness will encourage people to use public transport. 0.712 

B6.4 A well-established interconnection system will make it easier for passengers and 

encourage the use of public transportation 
0.684 

Traffic Flows 

B7.1 Population growth causes an increase in traffic flow 0.636 

0.774 
B7.3. Increased vehicle ownership affects traffic flow 0.729 

B7.4 The increasing use of private cars affects the increase in traffic flow. 0.688 

B7.5 On-street parking can affect traffic flow 0.629 

Road Level of 

Service (LOS) 

B8.1 The poor quality of public transportation services impacts road congestion 

N/A N/A 

B8.2 Population growth impacts road congestion 

B8.3 Parking regulations on the road affect road congestion 

B8.4 The increase in vehicle ownership impacts road congestion 

B8.5 The increase in traffic flow impacts road congestion. 
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Table 2 presents the observed variables used in the 

analysis, which are accrual indicators measured from the 

questionnaire. These variables function as manifest 

variables that represent the underlying concepts (latent 

variables) in the theoretical model. For example, “Personal 

Vehicle Use” is a latent construct; three survey items 

associated with it will be observed variables labeled as 

(B4.3; B4.5; & B5.3). An observed variable B4.3 for 

“Personal Vehicle Use” represents that the increase in 

family members in the household encourages an increase 

in motor vehicle ownership. Another variable, B4.5, 

represents the increase in family members who have 

driver's licenses in the household encourages an increase in 

car ownership. Each of these items describes one aspect of 

the concept of personal vehicle use. Respondents' scores on 

B4.3, B4.5, etc., indicate their level of agreement with each 

specific statement, and together these items paint a more 

reliable picture of overall private vehicle trends. 

In other words, observed variables are the specific 

survey statements coded as B1.1, B2.2, and so forth, each 

reflecting a concrete aspect of a broader concept. Table 2 

shows that statements clustered together to define each 

latent factor. By explaining each observed item, it can be 

seen that, for example, the Transportation system is not 

measured directly but via those six (6) types of B1 

statements about development and infrastructure. This 

provides clarity on what each latent variable means in 

practical survey terms. It helps the reader understand, for 

instance, that a latent variable of Vehicle Ownership & 

Driving is not just an abstract idea, but it was captured by 

tangible opinions on family size, licenses, and pride in 

driving, which together form that concept in the model. 

Based on Table 2 and by adding the latent variable of 

socio-demographics, the model hypotheses were compiled 

as follows: 

 

H1 Social-demographic characteristics (Age, Gender, Education, Respondent Location, & Occupation) 

may affect the road LOS. 

H2 Social-demographic variables (Age, Gender, Education, Respondent Location, & Occupation) may 

affect vehicle ownership and driving. 

H3 Social-demographic characteristics (Age, Gender, Education, Respondent Location, & Occupation) 

may affect traffic flow. 

H4 Social-demographic characteristics (Age, Gender, Education, Respondent Location, & Occupation) 

may affect public transport use. 

H5 Social-demographic characteristics (Age, Gender, Education, Respondent Location, & Occupation) 

may affect Land Use. 

H6 Land-use variables (B3.1 & B3.3) may affect the road LOS. 

H7 Land-use variables (B3.1 & B3.3) may affect the ownership and use of private vehicles (Vehicle 

ownership & driving) 

H8 Land-use variables (B3.1 & B3.3) may affect the traffic flow. 

H9 Land-use variables (B3.1 & B3.3) may affect the use of public transport. 

H10 Population Growth (B2.1, B2.2, B2.4 & B2.5) may affect road LOS. 

H11 Population Growth (B2.1, B2.2, B2.4 & B2.5) may affect the ownership and use of private vehicles 

(Vehicle ownership & driving) 

H12 Population Growth (B2.1, B2.2, B2.4 & B2.5) may affect the traffic flow 

H13 Population Growth (B2.1, B2.2, B2.4 & B2.5) Public Transportation 

H14 Population Growth (B2.1, B2.2, B2.4 & B2.5) may affect land use 

H15 Transport infrastructure (B1.1, B1.2, B1.3, B1.4, B1.5 & B1.6) may affect road LOS  

H16 Transport infrastructure (B1.1, B1.2, B1.3, B1.4, B1.5 & B1.6) may affect the ownership and use of 

private vehicles (vehicle ownership & driving) 

H17 Transport infrastructure (B1.1, B1.2, B1.3, B1.4, B1.5 & B1.6) may affect traffic flow. 

H18 Transport infrastructure (B1.1, B1.2, B1.3, B1.4, B1.5 & B1.6) may affect the use of public transport 

H19 Transport infrastructure (B1.1, B1.2, B1.3, B1.4, B1.5 & B1.6) may affect land use 

H20 Public Transport (B6.1, B6.2, B6.3, & B6.4) may affect road LOS 

H21 Public Transport (B6.1, B6.2, B6.3, & B6.4) may affect the ownership and use of private vehicles 

(vehicle ownership & driving) 

H22 Public Transport (B6.1, B6.2, B6.3, & B6.4) may affect traffic flow 

H23 Vehicle ownership & driving (B4.3, B4.5 & B5.3) may affect traffic flow 

H24 Vehicle ownership & driving (B4.3, B4.5 & B5.3) may affect LOS 

H25 Traffic Flow (B7.1, B7.3, B7.4 & B7.5) may affect road LOS 
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Figure 1.  A conceptual model of the urban road LOS perception in Dili 

The hypotheses model will be used to construct the 

conceptual model of the perceived road LOS in Dili, shown 

in Figure 1. Each of these hypotheses will be tested through 

the significance of the causal relationship of each variable 

in the Structural Equation Model (SEM). SEM was 

constructed referring to these model hypotheses. 

3. Model Development 

As shown in Figure 1, the model was constructed to 

describe the correlations between observed and latent 

variables and among latent variables. The figure 

demonstrates the influential ways from individual 

characteristics factors to the eight inert factors of 

perceptions of road LOS. The observed variables to 

construct each latent variable can be seen in Table 2. This 

study utilizes model validation indicators of previous 

research [14]. Table 3 shows the goodness of fit for the 

model developed for this study. A few measures 

comprising NFI, AGFI, RMSEA, GFI, PNFI, CFI, PNFI, 

χ2/df, and the significance value (p-value) showed that the 

constructed models are statistically significant and 

acceptable. 

Despite the significant chi-square p-value (0.00), which 

often indicates a poor fit, this result is expected and 

acceptable given the large sample size (n = 1001), which 

tends to inflate the χ² statistic. In SEM, reliance on p-value 

alone is discouraged due to its sensitivity to sample size. 

Instead, the overall goodness-of-fit is determined by a 

combination of other indices: 

 RMSEA: 0.044 indicates excellent model 

approximation. 

 CFI = 0.919, GFI = 0.921, and AGFI = 0.905 all 

exceed the recommended threshold of 0.90, indicating 

that the model performs well compared to a null 

model and explains the variance-covariance structure 

adequately. 

 PNFI: 0.781 supports that the model maintains a 

balance between simplicity and fit. 

 χ²/df: 2.973 is within the ideal range of 1 to 3, 

indicating that the model fits the data without being 

overly complex. 

The combination of these indicators suggests that the 

SEM model developed for this study has a strong and 

acceptable overall fit. It provides sufficient support for 

analyzing the hypothesized relationships between the latent 

variables (transport infrastructure, population growth, land 

use, vehicle ownership, driving, public transport use, traffic 

flow) and the endogenous variable, namely road Level of 

Service (LOS). 
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Table 3.  Model validation 

Fit Index Value Threshold Interpretation 

Normed Fit Index (NFI) 0.883 ≥ 0.90 Good fit (slightly below the threshold, but acceptable) 

Adjusted Goodness of Fit Index (AGFI) 0.905 ≥ 0.90 Good fit 

Root Mean Square Error of Approximation (RMSEA) 0.044 < 0.05 Excellent fit 

Goodness of Fit Index (GFI) 0.921 ≥ 0.90 Excellent fit 

Parsimony Normed Fit Index (PNFI) 0.781 ≥ 0.50 Adequate parsimony 

Comparative Fit Index (CFI) 0.919 ≥ 0.90 Excellent fit 

Chi-square/df (χ²/df) 2.973 ≤ 3.00 Acceptable fit 

p-value 0.00 > 0.05 Significant (common in large samples) 

 

4. Results and Analysis 

The connection between the model factors and the 

estimates is exhibited in Table 4. Table 4 demonstrates that 

21 out of 25 hypotheses (H1-H25) for the constructed model 

have been statistically and significantly accepted. More 

specifically, hypotheses 16 and 7 had positive and negative 

relationships, respectively. The SEM clarifies that road 

LOS in Dili is positively affected by social-demographic 

characteristics, population growth, and traffic flow. This 

study also indicated that sociodemographic characteristics 

are positive and significant in affecting road LOS in Dili. 

This is consistent with a past study finding that 

sociodemographic characteristics, such as the age of road 

users, influenced the perceptions of road LOS [6]. 

Vehicle ownership and the use of private vehicles were 

positively and significantly related to social-demographic 

characteristics, population growth, and the use of public 

transport. This is in line with a past study conducted in 

Nigeria and Greater Beirut, which found that car ownership 

is positively associated with sociodemographic 

characteristics such as the level of education of the 

household members [15, 16]. Meanwhile, vehicle 

ownership and the use of private vehicles in Greater Beirut, 

Lebanon [16], are negatively affected by public 

transportation accessibility as measured through the 

attitude towards public transport, meaning a more 

favourable attitude towards public transportation, arising 

partly from better accessibility to public transportation, is 

associated with lower levels of car ownership. 

This study, however, found that vehicle ownership and 

the use of private vehicles are positively associated with the 

use of public transport. This indicates that private vehicle 

owners in Dili can be classified as choice riders who have 

the freedom to select their mode of transportation and may 

choose to use public transit even if they have access to 

either a car or a motorcycle. This study's findings were 

also similar to a conclusion from a past study [17] that 

population and vehicle ownership and the use of private 

vehicles are positively correlated. 

Traffic flows in Dili were found to be positively and 

significantly affected by vehicle ownership, the use of 

private vehicles, and the use of public transport. Social-

demographic characteristics were inversely and 

significantly related to traffic flow and the use of public 

transport. This can be explained by the uneven data 

proportion collected for social-demographic characteristics 

consisting of age, gender, education, and location. For 

instance, as for age, 55% were between 26 and 45, while 

for gender, 70% were male respondents. Perceptions of 

respondents with no equal proportions can cause social-

demographic characteristics to be inversely related to 

public transport use. Therefore, a further study is required 

for data compensation for data content, in particular, social-

demographic data. 

Land use concentrated on dense commercial and 

residential areas has a positive and significant impact on 

increasing traffic flow, especially during peak hours. This 

is in line with studies conducted in Jakarta and Manila, 

showing that areas with mixed land use trigger an increase 

in traffic volume due to high movement activity [18, 19]. 

In Dili, areas with dense land use, such as Don Aleixo 

and Nain Feto, have higher levels of public transportation 

use, especially mini-buses. This can be confirmed by past 

studies conducted in Bangkok and Kuala Lumpur, where 

mixed land use near transit stations encourages the use of 

mass transit, such as MRT and LRT [20, 21]. Research 

shows that the denser and more integrated land use is, the 

less private vehicle ownership tends to be, due to high 

accessibility to public transportation and limited parking 

space. As a comparison, the study results conducted in 

Singapore and Ho Chi Minh show that high land density 

and strict land use policies are negatively related to private 

vehicle ownership [22, 23]. 
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Table 4.  Regression weight of the developed model 

The relationships among variables Estimate(S) The relationships among variables Estimate(s) 

LOS  Demographic Variables 0.155** B1.1  Transport infrastructure 1.011** 

LOS  Transport infrastructure 0.017 B1.2  Transport infrastructure 1.038** 

LOS  Population Growth 0.255** B1.3  Transport infrastructure 1.071** 

LOS  Land Use -0.243** B1.4  Transport infrastructure 1.107** 

LOS  Public Transport 0.070 B1.5  Transport infrastructure 1.142** 

LOS  Traffic Flow 0.875** B1.6  Transport infrastructure 1.000 

Transport infrastructure  Population Growth 0.413**     

Land Use  Population Growth 0.340** B2.2  Population Growth 1.334** 

Land Use  Transport infrastructure 0.542** B2.4  Population Growth 1.274** 

Public Transport  Transport infrastructure 0.408** B2.5  Population Growth 1.190** 

Public Transport  Population Growth -0.135** B3.1  Land Use 1.062** 

Public Transport  Land Use 0.459** B3.3  Land Use 1.000 

Public Transport  Demographic Variables -0.082** B4.3  Vehicle Ownership & Driving 1.140** 

Vehicle Ownership & Driving  Transport infrastructure -0.031 B4.5  Vehicle Ownership & Driving 1.142** 

Vehicle Ownership & Driving  Population Growth 0.677** B5.3  Vehicle Ownership & Driving 1.000 

Vehicle Ownership & Driving  Land Use -0.100 B6.1  Public Transport 1.000 

Vehicle Ownership & Driving  Demographic Variables 0.256** B6.2  Public Transport 1.188** 

Vehicle Ownership & Driving  Public Transport 0.279** B6.3  Public Transport 1.132** 

Traffic Flow  Transport infrastructure 0.137* B6.4  Public Transport 1.066** 

Traffic Flow  Population Growth -0.042 B7.1  Traffic Flow 1.000 

Traffic Flow  Land Use 0.347** B7.3  Traffic Flow 1.125** 

Traffic Flow  Demographic Variables -0.094** B7.4  Traffic Flow 1.097** 

Traffic Flow  Public Transport 0.270** B7.5  Traffic Flow 1.062** 

Traffic Flow  Vehicle Ownership & Driving 0.134** B8.1  LOS 1.000 

Location  Demographic Variables 1.000 B8.2  LOS 1.034** 

Occupation  Demographic Variables 1.136** B8.3  LOS 1.010** 

Age  Demographic Variables -0.855** B8.4  LOS 1.066** 

Gender  Demographic Variables 0.080** B8.5  LOS 0.957** 

Education  Demographic Variables -0.733**     

Note: *and ** are significantly different from zero at the 0.05 and 0.001 levels, respectively 

Population growth in Dili has led to the expansion of 

informal settlement areas, especially in Don Aleixo and 

Cristo Rei. This has triggered pressure on urban space and 

changes in land use for housing and commerce. These 

results are in line with the results of past studies conducted 

in Jakarta, Hanoi, and Phnom Penh. Population growth 

drives urban sprawl and the conversion of agricultural land 

to residential and commercial areas [24, 25]. Population 

growth in Dili increases demand for roads and 

transportation, but has not been balanced by infrastructure 

development. There is congestion in the main corridors and 

an overload of road capacity. This is in line with research 

results in Bangkok and Manila: population growth triggers 

the construction of new roads, toll roads, and mass public 

transportation, but also causes congestion if not balanced 

with good spatial planning [19, 26]. A negative impact on 

the use of public transportation was found. The higher the 

population growth, the more residents switch to private 

vehicles (especially motorcycles) due to the lack of 

adequate services and low frequency of public 

transportation. The results of this study are in line with the 

results in Kuala Lumpur and Ho Chi Minh City; population 

growth also causes a decrease in the use of public 

transportation if it is not accompanied by an increase in the 

quality and coverage of public transportation services [21, 

23]. 
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In Dili, the availability of adequate main road routes and 

minibus terminals has a positive and significant impact on 

increasing the use of public transportation, especially in the 

Don Aleixo and Nain Feto districts. However, its quality 

and capacity remain limited. This result is the same as in 

Jakarta, Bangkok, and Manila; the development of MRT, 

BRT, and LRT infrastructure plays a major role in 

increasing the number of public transportation passengers. 

The availability and integration of modes are the main 

factors [23, 25, 27]. The development of road and terminal 

infrastructure in Dili has driven changes in land use around 

transportation nodes to/from commercial and residential 

areas. Infrastructure drives the formation of new economic 

activities. As a comparison, the results of research studies 

in Kuala Lumpur and Ho Chi Minh City showed that access 

to road networks and mass transportation triggers changes 

in land use along transit corridors to mixed-use or Transit 

Oriented Development/TOD [21, 24, 26]. 

The Dili study reinforces the theory of a reciprocal 

relationship between transport infrastructure and land use 

patterns and mobility behavior, as also found in ASEAN 

countries: 

1. Influence on public transport use: 

 Adequate and strategic road and terminal 

infrastructure creates convenience and accessibility, 

thus encouraging people to switch to public 

transportation. 

 In Dili, despite limitations on public transport fleet 

quality and route management, the presence of 

physical infrastructure remains a major driver of 

mode choice. 

 This finding is consistent with cities such as Jakarta 

(Trans Jakarta), Bangkok (BTS/MRT), and Yangon 

(new buses), where public transport infrastructure 

improvements have a direct impact on increasing 

ridership. 

2. Influence on land use: 

 The development of transport infrastructure 

triggers land conversion and intensification: the 

area around the minibus terminal in Dili is now 

developing as a center for informal economic and 

commercial activities. 

 In other ASEAN cities, TOD has become a strategy 

to efficiently utilize land around transport hubs, 

encouraging density and multifunctionality of land 

(residential, commercial, and services). 

The developing transportation infrastructure (especially 

minibus terminals and road widening) shows a significant 

negative relationship with vehicle ownership. Residents 

choose public transportation when there is adequate access 

and facilities. This result is in line with the results of 

research in Singapore: increasing investment in public 

transportation infrastructure accompanied by a car 

restriction policy significantly reduces private vehicle 

ownership [19, 25, 28]. The availability of public 

transportation access and improvements to public 

transportation corridors in Dili have led to a decrease in the 

use of motorcycles and private cars, especially in dense 

urban areas. The results of this study are in line with the 

results of research in Jakarta (with Trans Jakarta), Bangkok 

(BTS), and KL (MRT); the use of private vehicles 

decreased after public transportation infrastructure was 

improved, especially when high connectivity and efficient 

travel times were available [21, 23, 27]. Improvements in 

public infrastructure and collective transportation options 

have an impact on reducing traffic volume on dense routes, 

especially when people start to switch modes. This is in line 

with the results of research in Manila and Bangkok, where 

the operation of MRT and BRT gradually reduces the 

traffic load on the main corridor. The effect is very 

pronounced if the public transportation network is quite 

extensive and integrated [19, 26]. 

The research findings show that improving public 

transport infrastructure in Dili significantly reduces 

dependence on private vehicles, both in terms of ownership 

and use, and has a positive impact on reducing congestion. 

1. Similarities with ASEAN countries: 

 In ASEAN countries such as Singapore, Jakarta, 

Bangkok, and Manila, strengthening public 

transport through the construction of MRT, LRT, or 

BRT is associated with a decrease in private vehicle 

use. 

 The effectiveness of this policy is strengthened if 

supported by an integrated ticketing system and 

restrictions on private vehicles (e.g., odd-even 

system, high taxes, or parking controls) 

2. Dili context differences: 

 Dili does not yet have a large-scale mass 

transportation system (such as MRT or LRT), but 

even simple infrastructure such as road widening 

and regular minibus terminals has had a real impact, 

due to the high elasticity of people's modes, which 

easily change from private to public vehicles. 

 In Dili, the most common private vehicle is a 

motorcycle and not a car. Therefore, the response 

to infrastructure improvements is more visible. 

The cultural adaptation of transportation theories means 

not simply importing solutions from elsewhere, but 

modifying and grounding them in the local context. For 

Dili, this involves recognizing the unique travel behavior 

(like the mix of modes and the rapid urbanization 

pressures), the societal values (e.g., attitudes toward cars 

and public transport), and the existing informal systems. By 

doing so, any theoretical framework or model becomes 

more relevant and effective. As it is put in the context of 

Timor-Leste’s urban planning, the goal is to implement 

frameworks that “acknowledge, express, and empower 

local identities and traditions”. In practice, this could lead 

to transportation policies that work with the grain of local 

culture, for instance, leveraging community groups to 

promote transit, or designing awareness campaigns that tie 
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road safety to cultural values of community well-being. 

Ultimately, culturally adapting transport theory ensures 

that recommendations and interventions are socially 

acceptable, sustainable, and tailored to the people who use 

the system every day. 

5. Conclusions 

This study developed and tested a perception-based 

model of urban road level of service (LOS) in Dili city 

using structural equation modeling (SEM). This model was 

constructed by the identification of six potential key 

variables influencing road LOS, which consist of transport 

infrastructure, population growth, land use, vehicle 

ownership and driving, public transport use, and traffic 

flow. The analysis showed that 21 of the 25 proposed 

hypotheses were significant and statistically accepted. 

This study showed that sociodemographic 

characteristics, population growth, and traffic flow have a 

positive impact on perceptions of road LOS. Vehicle 

ownership and use of private vehicles are actively affected 

by sociodemographic factors, population growth, and 

public transport use. Public transport use, however, is 

negatively related to population growth, indicating that 

Dili's population growth is not responding to adequate 

improvements to the public transport system. Land use 

indicates a negative relationship with urban road LOS. This 

indicates that increased land use can reduce road service 

levels without proper transportation planning. These results 

support several previous studies that social demographic 

factors and the availability of public transport play an 

important role in the design of user perceptions in terms of 

user road quality. 

Based on the study results, several strategic 

recommendations for Dili can be proposed to the Timor-

Leste Government: 

1. Accelerate Transport Infrastructure Development 

Improve the quality and capacity of road infrastructure 

and public transport terminals, especially in high-density 

districts such as Don Aleixo and Nain Feto, to support 

mobility and reduce congestion. 

2. Integrate Land Use and Transport Planning 

Align urban spatial planning with transportation systems 

using Transit-Oriented Development (TOD) principles to 

minimize traffic pressure and promote efficient urban 

growth. 

3. Enhance Public Transport Services 

Reform the public transport system to be more reliable, 

scheduled, clean, and accessible. Support this with 

subsidies, route optimization, and smart technologies to 

increase ridership. 

4. Control Private Vehicle Ownership 

Implement vehicle ownership control policies such as 

progressive taxes, higher parking fees, and incentives for 

public transport use to curb traffic growth and reduce road 

congestion. 

5. Proactive Traffic Management 

Apply intelligent traffic systems, enforce traffic 

regulations, and redesign critical intersections and one-way 

systems to manage vehicle flow more efficiently. 

6. Public Education and Community Engagement 

Promote public awareness of sustainable transport 

benefits and actively involve citizens in transport planning 

through surveys, workshops, and participatory forums. 

7. Advance Research and Model Expansion 

Expand the current perception-based model by 

incorporating additional variables such as travel cost, time, 

and urban accessibility to better inform future transport 

policies and planning decisions. 

8. Investments to Encourage Public Transport Use 

(Vehicle Ownership Control Measures) 

In essence, providing incentives for public transport use 

means making the public transport option as good as or 

better than using a private vehicle on multiple fronts: cost, 

time, comfort, and convenience. The investments above 

address these fronts: newer buses and dedicated lanes 

tackle speed and comfort; fare subsidies and integrated 

ticketing tackle cost and ease; and better stops and apps 

tackle convenience and reliability. International best 

practices and the study’s findings both support that such 

measures can shift behavior. When people see that taking a 

bus or minibus is cheaper, nearly as fast (if not faster), and 

comfortable, the rational choice shifts away from “each 

family member needs a car/bike” to “we can save money 

and stress by using transit.” Over time, this can slow down 

vehicle ownership growth, exactly what the 

recommendation aims to do. Not only does this relieve 

traffic congestion (improving road LOS), but it also 

contributes to environmental and safety benefits. The 

investments to incentivize public transport range from hard 

infrastructure (buses, lanes, stations) to soft measures (fare 

policies, apps) and supportive policies (parking 

management, etc.). A combination of these will be most 

effective. By implementing them, the government would 

be directly responding to the study’s call for vehicle 

ownership control through encouragement rather than only 

restriction. This carrot-and-stick approach, heavy on the 

carrots, is more politically feasible and can yield tangible 

improvements in urban mobility, setting Dili on a path to a 

more sustainable transport system. 
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