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Abstract

The rapid urban growth and proliferation of private vehicles in Pakistan have intensified
challenges, such as traffic congestion, longer travel times, environmental harm, road safety
risks, and adverse public health outcomes. Despite global emphasis on sustainable modes
of transportation, these options remain underutilized and receive limited policy attention
in Pakistan. This study investigates the barriers hindering the adoption of active and public
transport in Islamabad and Rawalpindi and evaluates the role of technological factors in
influencing commuters’ willingness to use public transit. Data were collected through a
structured questionnaire survey and analyzed using descriptive statistics, exploratory and
confirmatory factor analyses, and structural equation modeling. The findings reveal varying
commuter preferences across different modes and demonstrate a higher willingness to use
active modes of travel when favorable conditions are available. The dominant barriers to
active travel include long travel distances and durations, insufficient infrastructure, social
stigma, and a lack of cycle storage facilities. For public transport, the major obstacles
identified are overcrowding during peak hours, poor accessibility, excessive travel times,
and a lack of comfort and convenience. The study also highlights the potential technological
interventions, such as real-time travel planning apps, secure parking space provision, and
smart ticketing systems, to improve the attractiveness and usability of public transport.
Overall, the study provides valuable insights for policymakers seeking to develop evidence-
based strategies that encourage the use of sustainable transport options. By addressing both
infrastructural and perceptual barriers, such interventions can foster a transition towards
more sustainable urban mobility systems in Pakistan.

Keywords: active travel; public transport; technological interventions; mode choice;
sustainable mobility; sustainable development goals

1. Introduction
The expansion of urban areas and the rapid growth of private vehicle ownership

have led to numerous challenges, including traffic congestion, increased travel delays,
environmental degradation, road safety hazards, global warming, and various public
health issues [1,2]. Environmental degradation is primarily caused by air pollutants such as
lead particles, particulate matter (PM2.5 and PM10), non-methane hydrocarbons, aldehydes,
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ketones, nitrogen oxides (NO, NO2), ozone (O3), and carbon monoxide (CO) [3]. Elevated
concentrations of these pollutants are linked to numerous health problems, including
dust allergy, cough, lung cancer, respiratory disease, bronchiolitis, and nervous system
disorders [4]. The primary contributor of these toxic emissions is the increasing number
of vehicles [1]. Thus, promoting sustainable modes of transport is not only essential for
environmental preservation but also vital for improving public health [5].

In addition to air pollution, urban traffic noise and micromobility are important
considerations for sustainable transport. Traffic noise, which varies with vehicle type,
speed, acceleration, and traffic flow, often peaks at intersections and during stop-and-go
conditions, adversely affecting residents’ health through sleep disturbance, hypertension,
and cardiovascular risks [6]. Effective traffic management and sustainable travel modes
can help mitigate these impacts. The adoption of sustainable transport modes, including
walking, cycling, and micromobility options such as e-bikes and kick-scooters, can sub-
stantially reduce noise pollution by limiting reliance on motorized vehicles. However, the
effectiveness of micromobility depends on safe, comfortable infrastructure, as pavement
conditions directly influence rider comfort and health [7]. Micromobility also serves as
an effective first- and last-mile solution that complements public transport and enhances
overall accessibility. These considerations underscore the importance of integrating noise
mitigation, micromobility infrastructure, and the promotion of active travel into sustainable
transport strategies tailored to the urban context of Islamabad and Rawalpindi.

The importance of sustainable modes of transport is further reinforced by the United
Nations (UN) Sustainable Development Goals (SDGs), which offer a comprehensive frame-
work for addressing global development challenges. Specifically, SDG 7 emphasizes
improving energy efficiency, adopting renewable energy sources, and promoting vehicle
electrification to reduce carbon emissions from the transport sector [8]. SDG 11 targets
inclusive and sustainable urban developments by ensuring equitable access to public trans-
port (PT) and essential services, thereby enhancing the livability of inner-city areas [8,9].
Additionally, SDG 13 focuses on combating climate change by mitigating greenhouse gas
(GHG) emissions [9]. This study aligns with these goals by examining sustainable develop-
ment strategies that reduce GHG emissions, promote energy-efficient travel, and enhance
urban livability in the context of Pakistan.

In the twin cities of Rawalpindi and Islamabad, the transportation system is predomi-
nantly motorized, with very little reliance on active travel (AT) such as walking and cycling.
This overdependence on private vehicles has contributed to environmental pollution and
urban traffic congestion. Studies have shown that the concentration of PM2.5 in Islamabad
regularly exceeds the limits set by the National Environmental Quality Standards (NEQS),
particularly during peak traffic hours [10,11]. Similarly, levels of NO2 and CO2 have also
been found to exceed WHO and PAK NEQS limits, largely due to vehicular emissions
and industrial emissions [11–13]. These trends underline the urgent need to promote
sustainable transport alternatives to mitigate environmental and public health risks.

Existing studies in Pakistan [14,15] have primarily focused on conventional congestion-
reduction strategies, including the construction of flyovers and underpasses, road widening,
development of parking plazas, enforcement of traffic regulations, and restrictions on
unregistered vehicles. However, research indicates that the infrastructure expansion alone
may not resolve congestion; instead, it can lead to induced demand, whereby increased road
capacity encourages more vehicle use [16]. This indicates a growing need to investigate
sustainable alternatives, particularly the promotion of AT and PT, as more viable long-term
solutions. Although some research has explored the barriers to adopting AT and PT, much
of it comes from settings with vastly different socioeconomic and urban dynamics. Previous
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research has shown that strategies successful in one context may not necessarily work in
another, making it essential to conduct research tailored to local conditions [17].

Despite extensive global research on the factors influencing AT and PT adoption, such
as socioeconomic characteristics, built environment attributes, service quality, and travel
behavior, there remains a paucity of context-specific evidence from developing countries,
particularly Pakistan. Most prior studies have been conducted in high-income regions
where urban design, income distribution, and infrastructure conditions differ significantly.
Moreover, limited attention has been given to integrating technological enablers such as
real-time travel planning, transit priority signals, and park-and-ride facilities in shaping
modal choice. This study contributes to bridging these gaps by providing empirical
evidence from the twin cities of Islamabad and Rawalpindi, incorporating both behavioral
and technological dimensions within a developing-country context.

This study aims to investigate the current travel patterns of commuters in Islamabad
and Rawalpindi. It identifies key barriers encountered in the use of active and public
transportation and examines technological and policy factors that could encourage greater
adoption of sustainable modes. The research provides evidence-based insights to transport
engineers, urban planners, and policymakers in designing strategies that enhance sustain-
able mobility and reduce environmental impacts, contributing to the broader objectives of
SDG 11 and other related global goals.

2. Literature Review
Sustainable transportation can be defined as follows: a transportation system that

meets the needs of the present transportation and mobility without compromising its
availability for future generations [18]. Black [18] further argues that sustainable transport
includes public transportation, walking, cycling, fuel-efficient vehicles, and electric vehicles.
The main goal of sustainable transport is to reduce GHG emissions by promoting zero-
emission transportation alternatives, making inner cities more livable.

2.1. Barriers to the Use of Active Transportation

The higher reliance on motorized modes of transport in developing countries con-
tributes significantly to traffic congestion and air pollution [19]. The transport sector
accounts for 15% of the global GHG emissions [20], whereas in developing countries, it
is responsible for approximately 80% of air pollution [21]. Hence, promoting sustainable
modes of transport through a series of interventions is essential, particularly by addressing
the barriers to AT.

Economic factors influencing the adoption of AT include car ownership and cost.
According to Ghimire and Bardaka [22], an increase in the cost of motorized transport and
fuel prices compels low-income commuters to adopt walking and cycling as their primary
mode of travel. Furthermore, car ownership negatively impacts the usage of active modes
of transportation [22–25].

The infrastructural factor also influences commuter preference regarding active trans-
port. The unavailability of footpaths and cycle lanes exposes commuters to traffic accidents,
leading to feelings of insecurity and discouraging the use of AT [25–28]. The need to change
clothes also moderately affects one’s decision to choose AT [29], particularly in hot climates
where sweating can damage clothing. Recreational commuters’ preferences are influenced
by the availability of street amenities, especially when they are unfamiliar with the area [30].
Additionally, the lack of safety signage and secure bike storage further deters commuters
from using AT [26]. Obstacles on the footpaths, such as utility poles, also hinder commuters’
intentions to walk [31].
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Environmental and geographic factors further influence AT use. Shorter distances
between origin/destination and PT station [23,25,28,29], as well as terrain characteristics
such as hills [32], play a paramount role in shaping travel mode choice. It has been observed
that when destinations are within 1 km, commuters tend to walk [29]. Extreme weather
conditions are another significant deterrent to AT [23,24,28,29]. Providing facilities such
as a rain shelter may help to mitigate weather-related barriers [33]. The risk of traffic
accidents [24,33], particularly in high traffic areas [34], also discourages AT adoption.
Moreover, a polluted environment is another reason commuters abandon active modes of
travel [35].

Social and cultural norms significantly hinder the adoption of AT [36]. For example, in
some contexts, men may avoid walking or cycling due to perceptions that such behaviors
are inconsistent with their social status [37]. Similarly, women may experience discom-
fort or face societal constraints when walking/cycling [37], particularly in undeveloped
societies [38].

2.2. Factors Affecting the Use of Public Transport

The quality of service significantly affects the rideability of PT. Punctuality and waiting
time have a strong impact on PT rideability, as indicated by several researchers [29,39–41].
Reliability and frequency are the paramount factors affecting user satisfaction and the
adoption of PT [42]. Furthermore, when PT is available within close proximity, it improves
user satisfaction [40,41]. In contrast, longer travel time [41] and information delays [42]
are negatively associated with commuters’ satisfaction. Safety is the most important factor
in developing countries influencing mode choice [43]. Safety from crimes, particularly
important for women and children, can be enhanced by introducing CCTV cameras and
deploying police security at metro stations [44].

The environmental factor also substantially influences PT ridership. Adverse weather
conditions deter commuters from using PT [23,29,43]. Noise and air pollution caused by
buses have also been reported to hinder PT usage [41,45]. The presence of green space and
an esthetically pleasing environment near the PT stations increases ridership [25].

Comfort factors play a paramount role in encouraging occasional commuters to use PT
more frequently. Although vehicle crowding is not as critical as attributes such as frequency
and reliability, it becomes a major concern when crowding reaches excessive levels [42].
Smooth driving enhances commuter satisfaction [42] and can be ensured by hiring an
experienced driver. Satisfaction with the metro services is also significantly influenced by
cleanliness [40,42,46]. Improving the vehicle’s internal environment by providing an air
conditioner in summer and heating in winter, further enhance commuter comfort [45].

Low satisfaction levels have been reported with facility design attributes, including
bus stop infrastructure, sidewalk, and lighting [41]. To make PT more accessible for older
adults and persons with disabilities, it is essential to incorporate features such as kneeling
buses, ramps, wheelchairs, low floors, and handrails [47].

2.3. Technological Factors

Technological factors play a critical role in promoting PT. The transit signal priority
(TSP) technique enhances commuter satisfaction by reducing travel time delays and improv-
ing service reliability [48]. The real-time information (RTI) system provides essential data
such as the expected arrival and departure times, current transit location, trip planning, and
vehicle occupancy [49]. The use of RTI enhances user satisfaction by reducing perceived
and actual waiting time, thereby improving overall rideability [50]. A multi-modal trip
planning application enables users to plan their journey across multiple modes of transport
and helps address the last-mile connectivity issues. Attitude and social influence have been
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identified as key factors affecting the adoption of such a trip planning app [51]. Moreover,
automatic fare collection can be implemented through transit smart cards or online mobile
applications, improving efficiency and convenience for commuters [52].

3. Methodology
This study employed a quantitative data analysis technique to investigate the main

barriers to AT (walking/cycling) and PT through a case study of the twin cities, Pakistan.
The quantitative research method is preferred over the qualitative research method due
to its ability to collect data from a large number of respondents, minimize research
bias, and allow application of statistical methods to measure the relationship between
variables [53].

3.1. Questionnaire Design

The questionnaire was carefully developed to align with research objectives, which
focus on identifying the barriers to the use of AT and PT, as well as technological factors
encouraging the use of PT. Furthermore, its design was guided by existing literature,
previously validated instruments, and contextual needs of the study area.

The first part of the questionnaire consists of the socioeconomic demographics (SEDs)
of the respondents, including gender, age, physical disability, education, employment
status, family income, and ownership of motorcycles and cars. Respondents under 18 years
of age were not included in the survey because they are not independent decision makers;
their decision to travel is mostly influenced by their parents or guardians. The respondent’s
household income levels were categorized with reference to the average household quintile
income reported in the Government of Pakistan’s Economic Survey [54]. The 5th quintile
income in urban areas is approximately PKR 64,681. However, for analysis purposes, in-
come categories were defined based on the actual distribution of respondents, as presented
in Table 1.

Table 1. Socio-economic demographics (SEDs) characteristics of the respondents.

Factor Category Count Frequency (%)

Gender Male 259 76.9%
Female 78 23.1%

Age 18–30 200 59.3%
30–45 68 20.2%
45–60 49 14.5%

above 60 20 5.9%
Physical disability No 319 94.7%

Yes 18 5.3%
Level of Education Under matric 13 3.9%

Matric/O-Level 20 5.9%
Intermediate/A-level 90 26.7%

Diploma 20 5.9%
Bachelor 150 44.5%

Postgraduate or higher 44 13.1%
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Table 1. Cont.

Factor Category Count Frequency (%)

Employment status Student 118 35.0%
Unemployed 48 14.2%

Government employee 57 16.9%
Private sector employee 79 23.4%

Entrepreneur 35 10.4%
Family income PKR Under 50,000 29 8.6%

50,000–100,000 85 25.2%
100,000–150,000 134 39.8%
above 150,000 89 26.4%

Motorcycle
Ownership No 174 51.6%

Yes 163 48.4%
Car Ownership No 119 35.3%

Yes 218 64.7%

The second part of the questionnaire includes questions about the travel-related
information of the respondents, such as primary mode of transport when traveling to the
workplace/university/school, head of family, current travel satisfaction, and willingness to
use an active mode of travel when safe and well-maintained walking paths are available.

The third and fourth parts of the questionnaire include questions related to the barriers
hindering the use of active AT and PT. Respondents were asked to rate these barriers on a
five-point Likert scale as follows: (1) Strongly Disagree; (2) Disagree; (3) Neutral; (4) Agree;
(5) Strongly Agree. The barriers to active modes of transport were identified from studying
the previous literature studies [23,24,26,37]. Similarly, barriers to the use of PT are adapted
from the previous literature that examined the most prevalent challenges to use PT [23,41].

In the fifth part of the questionnaire, respondents were asked to rate the importance of
various technological factors, such as travel planning apps, automatic crowd management
systems, dedicated bus lanes, and provision of park-and-ride services. Notably, previous
studies rarely examined how the availability of such technological features could influence
people’s behavior regarding the adoption of PT.

3.2. Study Area

The study was conducted in Islamabad and Rawalpindi, located in the northern region
of Pakistan. Over the past few decades, both cities have experienced rapid population
growth, contributing to urban sprawl and an increase in transportation demand. According
to the Pakistan Bureau of Statistics survey [55], the populations of Rawalpindi and Islam-
abad were 3.3 million and 1.1 million, respectively. Furthermore, Rawalpindi has recorded
an average annual growth rate of 8%, the highest among all cities in Pakistan [55].

The growth can be largely attributed to the fact that these cities serve as the industrial
and economic hub, offering superior educational, health, and employment opportunities.
As a result, they attract individuals from less developed regions, many of whom ultimately
choose to settle there. All of these issues make Islamabad and Rawalpindi highly relevant
locations for this case study. Figure 1 illustrates the spatial and temporal patterns of urban
expansion in the twin cities over the years 1985, 2005, and 2025, based on satellite imagery
obtained from Google Earth and processed using ArcGIS Pro 3.1.



Sustainability 2025, 17, 9776 7 of 26

 

Figure 1. Temporal changes in urban growth within the Islamabad–Rawalpindi metropolitan region
(twin cities), Pakistan.

3.3. Data Collection and Sample Size

A pilot survey with 13 respondents was conducted to assess the clarity and reliability
of the questionnaire prior to full data collection. Based on feedback, ambiguous statements
were revised for better comprehension. For example, “unreliable service” was changed
to “I don’t know when I would reach the office if I travel using PT,” and the statement on
safe parking was rephrased to specify “park and ride service.” Explanations for terms like
“dedicated bus lanes” and “travel planning app” were also added in parentheses.

The primary data were collected using a self-administered digitalized questionnaire
designed on the Google Forms platform. The online survey link was disseminated through
various social digital platforms such as WhatsApp groups, emails, and LinkedIn groups to
maximize reach across various sociodemographic groups. The sample size was determined
based on the minimum sample size required for performing multivariate analysis. Since
this study employs structural equation modeling (SEM) analysis, a common rule of thumb
is to collect data from at least 5 to 10 respondents per variable in the questionnaire [56–58].

Moreover, collecting an adequate sample size is essential to minimize research biases
and ensure the credibility of the research findings. A total of 343 responses were received
by the end of the survey. After initial data screening, 6 questionnaires were excluded,
resulting in a final sample of 337 valid responses. The data collection period spanned from
December 2024 to February 2025.
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3.4. Data Analysis

The data analysis methods consist of (I) descriptive statistics and (II) inferential statis-
tical analysis. The SEDs characteristics of the respondents were analyzed using descriptive
statistics, including a frequency table, stacked bar charts, and a radar chart. Descriptive
statistics of the data were conducted using IBM SPSS (version 27) and MS Excel software. In
addition to the descriptive statistics, several inferential statistics methods were employed
to explore the interrelationship among different variables.

Exploratory factor analysis (EFA) was performed on the barriers to the use of AT
and PT, as well as on technological factors encouraging the use of PT. EFA was applied
to reduce the observed variables (barriers to the AT and PT) into a smaller set of latent
variables based on the similarity of their correlation pattern [59,60]. The constructs
obtained from EFA were then validated through measurement models. These models
confirmed that a significant correlation exists between the latent variable and their
corresponding observed variables.

Subsequently, structural models for SEM were developed based on the measure-
ment models. SEM is a widely used multivariate analysis technique, extensively used by
numerous researchers in the transportation engineering discipline for examining travel
behavior patterns [19,61]. IBM Amos software (version 23) was used to construct both
the measurement and structural models. The reliability of these models was evaluated
using goodness-of-fit indices. Most researchers recommend that model fit indices, such
as Goodness-of-Fit Index (GFI), Adjusted Goodness-of-Fit Index (AGFI), and comparative
fit index (CFI), should exceed the threshold of 0.9; the chi-square to degree of freedom
ratio (CMIN/DF) value should fall between 2 and 5, while the root mean squared error of
approximation (RMSEA) value should be below 0.08 [56,62,63].

4. Analysis and Results
4.1. Descriptive Statistics of Data

Table 1 presents the descriptive statistics pertaining to the SEDs of the respondents.
The frequency distribution of the male respondents is significantly higher than the female
commuters; the low percentage of female respondents aligns with findings from previous
studies in Pakistan [64,65]. More than 50% of the respondents were in the age group
of 18–30 and held at least a bachelor’s degree. Additionally, the frequency of disabled
commuters is higher among older adults. About 35% of the respondents are students,
while 23% were employed in the private sector. Nearly 40% of the respondents reported a
family income between 100,000 and 150,000 PKR. Furthermore, approximately half of the
respondents owned a motorbike, and more than 60% owned a car.

4.2. Primary Mode of Traveling

Figure 2 shows the travel preference of the commuter across various categories of
gender and employment status. The radar chart indicates that commuters who own a car
and work as government employees exhibit a high percentage of private car use. Public
transport is popular among females, students, private sector employees, and unemployed
commuters. Motorcycles are a common mode of transport among commuters among
motorbike owners, entrepreneurs, and private sector employees. Furthermore, ride-hailing
services (Uber/Careem) are mostly preferred by females and commuters who own a car.
However, only a smaller percentage of commuters prefer AT when commuting to the
workplace/school.
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Figure 2. Primary mode of traveling among commuters across various categories.

4.3. Satisfaction with Current Travel Patterns and Willingness to Use Active Travel

Figure 3 shows commuter satisfaction with their current mode choices. Commuters
using an active mode of transport report the highest level of satisfaction (91.67%) with
their choice. A possible reason for high satisfaction is that they are voluntarily choosing
walking as their preferred mode of travel. The private car user also shows high satisfaction
(80.30%) with their mode choice due to comfort, convenience, and flexibility. Motorcycle
commuters show a moderate level of satisfaction (62.77%), while ride-hailing service users
report 52.83% satisfaction with their mode choice. PT users show relatively low satisfaction
(46.43%) with their choice; possibly, many of them are captive users of it.

 

Figure 3. Commuters’ satisfaction with their current mode of transportation.

Figure 4 shows the original travel model split and the willingness to use active modes
of transport when safe and well-maintained walking paths were available. The ride-hailing
service (Uber/Careem) users, in particular, expressed a positive attitude towards using
active modes of transportation.
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Figure 4. Original model split and shifted to active transport.

4.4. Barriers to the Active Modes of Transport

Figure 5 shows commuters’ perceived barriers to active modes of transportation, such
as walking and cycling. Travel distance and travel time are the most significant barriers. A
lack of infrastructure, along with stigma associated with AT, represents the second most
significant barrier. The absence of safe cycle storage facilities at PT stations and safety
concerns (e.g., the risk of being looted) are the third most important barriers. Traffic safety
issues, such as the risk of accidents due to heavy traffic, and the need to carry goods, are
also the fourth important major barriers.

 

Figure 5. Distributions of respondents’ level of agreement with barriers to the active modes.

Furthermore, factors like higher income are also considered minor barriers to AT.
Additionally, commuters show a lower level of agreement with other potential barriers,
such as owning a car, air pollution, weather conditions, the need to change clothes, a lack
of changing facilities at the workplace, and a lack of support from family.



Sustainability 2025, 17, 9776 11 of 26

4.5. Barriers to the Use of Public Transport

Figure 6 shows respondents’ level of agreement with various barriers to PT. Crowding
of vehicles during peak hours and accessibility issues are identified as the most significant
barriers. Following these, excessive travel time, lack of comfort and convenience are
considered the second most important barriers. Exposure to noise and pollution, along
with inconvenience in transferring goods, are regarded as the third most significant barriers.

 

Figure 6. Distribution of respondents’ level of agreement with barriers to public transport.

Furthermore, factors such as the need to transport other people (e.g., provide pick-and-
drop) and the risk of crime are considered slightly important barriers to PT. In addition,
other factors, such as too many transfers, unreliable service, traffic congestion, the need to
leave early or return late, and inadequate facilities for disabled individuals, receive lower
scores and are not considered highly significant barriers overall. However, the lack of
facilities for disabled people is particularly important for commuters facing any kind of
disability and those aged over 60.

4.6. Importance of Different Technological Factors Encouraging the Use of Public Transport

Figure 7 shows the commuters’ perceived level of importance regarding various
technological factors. Overall, most commuters assign a high level of importance to all the
factors that could encourage the use of PT. The statement that attracted the most importance
was ‘I intend to use PT if it takes less time to reach the destination’.

 

Figure 7. Importance of different technological factors in encouraging PT use among commuters.
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In addition, access to real-time travel planning was also rated highly, emphasizing the
importance of timely travel information for commuters. Furthermore, other technological
factors, such as access to safe and secure parking spaces near PT stations, mobile ticketing
apps, crowd management sensors on buses, and dedicated bus lanes, are also considered
important in encouraging the adoption of PT.

5. Factor Analysis and Structural Equation Modeling
5.1. EFA for Barriers to the Active Modes of Transportation

Exploratory factor analysis was performed to extract different component factors
for the barriers to the active modes of transportation by using the principal component
method and varimax rotation. After conducting EFA, a total of three components were
extracted. These factor components were named as: Personal and Environmental Barriers
to Active Travel (PEBAT), Infrastructural and Social Barriers to Active Travel (ISBAT), and
Affluence-Related Barriers to Active Travel (ARBAT), as shown in Table 2.

Table 2. Results of EFA for barriers to active modes of transportation.

Observed Variables Mean
Component

PEBAT ISBAT ARBAT

Take a shower (PEBAT_1) 2.98 0.817
Need to change clothes

(PEBAT_2) 2.94 0.801

Weather conditions (PEBAT_3) 2.85 0.614
Risk of accident (PEBAT_4) 3.28 0.605

Air pollution (PEBAT_5) 2.97 0.575
Lack of family support

(PEBAT_6) 2.90 0.555

Time (ISBAT_1) 3.88 0.667
Distance (ISBAT_2) 4.04 0.656

Stigma to walk/cycle (ISBAT_3) 3.48 0.655
Lack of facility for cycle storage

(ISBAT_4) 3.43 0.601

Carry goods (ISBAT_5) 3.23 0.519
High income (ARBAT_1) 3.18 0.846

Have a car (ARBAT_2) 2.90 0.808
Cronbach’s alpha (α) 0.778 0.654 0.662

% of variance explained 21.053 16.938 10.568

KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.797

Bartlett’s Test of Sphericity
Approx. Chi-Square 1189.032

Degrees of freedom (df) 105
Significance <0.001

The factor PEBAT includes variables related to personal hygiene practices, environmen-
tal conditions, and perceived safety. In general, most of the commuters show disagreement
with the PEBAT factors. The ISBAT factor includes observed variables related to perceived
behavioral and infrastructure characteristics. Most of the commuters show a high level of
agreement with the ISBAT factors; therefore, improving these factors is essential to promote
AT patterns. The ARBAT factor includes variables related to the higher wealth status of
the commuters.

Factors with factor loadings values less than the cut-off value of 0.5 [58,66] were
excluded from the analysis. The Kaiser-Meyer-Olkin (KMO) test for sampling adequacy
yielded a value of 0.797, which is approximately equal to the recommended value of 0.8 [67].
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Bartlett’s Test of Sphericity was highly significant (χ2(105) = 1189.032, p < 0.001) [67], indi-
cating that the correlation among variables was sufficient for factor analysis. Furthermore,
Cronbach’s alpha values for all the extracted factors were above 0.65, indicating an adequate
level of internal consistency [68].

In addition to EFA, Confirmatory factor analysis (CFA) was conducted to examine the
factorial structure of barriers to the use of AT. One observed factor (ISBAT3) from the ISBAT
component had a standardized factor loading value of less than 0.4, so it was also removed
during the CFA. The model showed a satisfactory fit, with CMIN/DF = 2.267, CFI = 0.925,
GFI = 0.946, AGFI = 0.917, and RMSEA = 0.06, all of which met acceptable thresholds.

5.2. EFA for Barriers to the Use of Public Transport

The second EFA was conducted on commuters’ perceived barriers related to the use
of PT. Three component factors were extracted after performing EFA, named as: Service
Quality Barriers to Public Transport (SQPBT), Operational and Accessibility Barriers to
Public Transport (OABPT), and Environmental and Safety Barriers to Public Transport
(ESBPT), as shown in Table 3. Factors such as lack of comfort and convenience and
inconvenience in the transfer of goods had factor loading values below 0.5 [58,66], and
were therefore excluded from further analysis.

Table 3. Results of exploratory factor analysis for barriers to public transport.

Observed Variables Mean
Component

SQBPT OABPT ESBPT

PT not easily accessible
(SQBPT_1) 3.97 0.704

Travel time (SQBPT_2) 3.76 0.670
Crowding of vehicles at peak

hours (SQBPT_3) 4.09 0.663

Need to transport other people
(SQBPT_4) 3.43 0.529

Go early, leave late (OABPT_1) 3.04 0.757
Traffic congestion (OABPT_2) 2.90 0.689

Disable people (OABPT_3) 3.07 0.612
Too many transfers (OABPT_4) 3.12 0.558

Exposure to noise pollution
(ESBPT_1) 3.60 0.758

Unreliable service (ESBPT_2) 3.16 0.686
Risk of crime (ESBPT_3) 3.24 0.612

Cronbach’s alpha (α) 0.602 0.676 0.591
% of variance explained 16.676 16.025 14.678

KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.838

Bartlett’s Test of Sphericity
Approx. Chi-Square 769.000

Degrees of freedom (df) 78
Significance <0.001

Most of the commuters show a high agreement level with the SQBPT factors. However,
they did not report a high level of agreement with the OABPT factor, indicating OABPT
is not as critical as the SQBPT in improving the rideability of PT. Commuters showed
moderate agreement with the ESBPT factors, with their perceived importance falling
between SQBPT and OABPT.

The percentage of variance explained by factors SQBPT, OABPT, and ESBPT is 16.676,
16.025, and 14.678, respectively. The value of the KMO test for barriers related to PT is
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found to be 0.838, which exceeds the recommended threshold of 0.8, indicating adequate
sample adequacy [67]. Bartlett’s Test of Sphericity was also significant at less than 1% level
(χ2(78) = 769, p < 0.001), confirming that sufficient correlation existed among variables [67].

Furthermore, Cronbach’ alpha value for all extracted factors was above 0.59, indicating
a satisfactory value of reliability and internal consistency in the collected data [68]. Addition-
ally, CFA results (CMIN/DF = 1.385, GFI = 0.970, AGFI = 0.952, CFI = 0.971, RMSEA = 0.034)
confirm a satisfactory model fit and convergence of the extracted factorial structure.

5.3. EFA for Technological Factors Encourages the Use of Public Transport

The third EFA was conducted on commuters’ perceived level of importance regarding
various technological factors that encourage the adoption of PT, as shown in Table 4. EFA
extracts only one factor for technological variables promoting PT adoption. The average
value and factor loading indicate a high level of importance for mobile ticketing apps,
park-and-ride services, automatic crowd management systems, dedicated bus lanes, travel
time, and travel planning apps in encouraging PT use.

Table 4. Results of EFA for technological factors encourage the use of public transport.

Observed Variables Mean
Component

1

Mobile ticketing app (IMP_1) 3.69 0.751
Park and ride service (IMP_2) 3.70 0.746

Automatic crowd management
(IMP_3) 3.65 0.743

Dedicated bus lanes (IMP_4) 3.59 0.735
Use PT if it takes less time (IMP_5) 3.92 0.730

Travel planning app (IMP_6) 3.76 0.681
Cronbach’s alpha (α) 0.825

% of variance explained 53.517

KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.851

Bartlett’s Test of Sphericity
Approx. Chi-Square 619.330

Degrees of freedom (df) 15
Significance <0.001

The extracted factor explains more than 50% of the variance. The KMO test value was
found to be 0.825, indicating that the collected data were adequate [67]. Bartlett’s Test of
Sphericity was found to be significant at the 1% level (χ2(15) = 619.33, p < 0.001), indicating
that sufficient correlation exists among the variables. Furthermore, Cronbach’s alpha value
was found to be 0.851, indicating a fairly high reliability in the collected data [68].

5.4. Structural Equation Modeling

Two separate structural models were built to understand the association among
extracted latent factors on each other, on the use of PT, and AT. The normality of the data
was verified using skewness and kurtosis values, as covariance-based (CB) SEM analysis
requires normally distributed data. The minimum and maximum skewness values for the
dataset were −1.258 and 0.332, respectively, which fall within the acceptable criteria of −3
and +3 for SEM [69]. The kurtosis values ranged from −1.373 to 1.091, also falling within
the acceptable range of −10 and +10 [69].

When the data are normally distributed, CB SEM analysis is preferred. For non-normal
data, partial least squares structural equation modeling (PLS-SEM) is recommended. As
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the data in this study follow a normal distribution, CB SEM analysis was performed using
IBM SPSS AMOS 27.0 software with the maximum likelihood estimation method.

Structural model for barriers and intention to use PT:
The first structural model was developed to study the relationships among latent

variables related to barriers to AT and PT, their association with intentions to use PT, and
interrelationships among the latent constructs. This associational model was developed
using the following hypothesis:

H1. The PEBAT is associated with commuters’ intentions to use PT.

H2. The ISBAT is associated with commuters’ intentions to use PT.

H3. The ARBAT is associated with commuters’ intentions to use PT.

H4. The SQBPT is associated with commuters’ intentions to use PT.

H5. The OABPT is associated with commuters’ intentions to use PT.

H6. The ESBPT is associated with commuters’ intentions to use PT.

H7. PEBAT has a significant relationship with ISBAT.

H8. ARBAT has a significant relationship with ISBAT.

H9. SQBPT has a significant relationship with OABPT.

H10. ESBPT has a significant relationship with OABPT.

Figure 8 presents the path diagram of the developed structural model. All the mea-
surement equations for latent variables were found to be significant at the 1% level of
significance. The standardized loadings for the measurement model equations related to
the intentions to use PT are found to be higher than 0.65, indicating that commuters place
high importance on technological factors when considering the use of PT.

Within the PEBAT measurement model, three standardized loading values were
above 0.64, while the rest were below 0.60. This indicates that factors such as perceived
difficulty in taking a shower, changing clothes, and the risk of an accident while walk-
ing/cycling are the primary elements defining the PEBAT latent variable. The standardized
loading for the ARBAT measurement model was approximately 0.7, suggesting that car
ownership and higher income levels strongly influence the ARBAT construct. In the ISBAT
measurement model, standardized loading for all observed variables was around 0.50,
indicating that each observed variable contributes equally to the definition of ISBAT.

The ISBAT latent variable demonstrated a significant and positive structural rela-
tionship with the intention to use PT (β = 0.29, p < 0.01). This suggests that even with
increased infrastructural and social barriers to active transport (PEBAT), commuters still
show a moderately positive attitude towards using PT services, likely due to technological
improvements. Addressing PEBAT-related barriers, such as reducing walking distance
and time, providing secure bike parking, and reducing social stigma through awareness
campaigns, could further enhance commuters’ attitudes towards using PT.
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CMIN/DF = 2.136, GFI = 0.864, AGFI = 0.838, CFI = 0.825, PRATIO = 0.899, RMSEA = 0.058 

Figure 8. Structural model for barriers and intention to use PT.

The variable OABPT also exhibits a significant, though weaker, positive relationship
with the use of PT (β = 0.12, p < 0.073). This indicates that even in the presence of operational
and accessibility barriers, commuters may still exhibit a mild inclination towards PT
when technological improvements are made. Addressing OABPT issues, such as traffic
congestion, facilities for people with disabilities, and minimizing excessive transfers, could
improve the perceived usability of PT services.

Additionally, PEBAT showed a strong positive structural relationship with ISBAT
(β = 0.56, p < 0.01), suggesting that an increase in personal and environmental barriers
also contributes to an increase in infrastructural and social barriers to AT. Similarly, AR-
BAT exhibits a significant but weaker positive relationship with the ISBAT (β = 0.14,
p < 0.078), implying that affluence-related factors may indirectly influence infrastructural
and social barriers.

The variable SQBPT also showed a significant and positive association with OABPT
(β = 0.20, p < 0.084), suggesting that a decline in service quality could lead to a perceived
increase in operational and accessibility issues. Furthermore, ESBPT demonstrated a
strong, significant, and positive relationship with OABPT barriers (β = 0.61, p < 0.01),
indicating that environmental and safety concerns directly contribute to operational and
accessibility problems.

Model fit statistics were within acceptable limits: the values χ2/DF and RMSEA
indicated a good model fit. Although the values of GFI and CFI were slightly below the
ideal threshold of 0.9, they remained within the acceptable range (above 0.8), as supported
by previous literature [70–72].

Evidence supports hypotheses H2, H5, H7, H8, H9, and H10, as statistically signif-
icant relationships were found for these structural paths. These findings suggest that
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improvements in infrastructural and social conditions can encourage commuters to use PT.
Operational and accessibility barriers also play a direct role in shaping the intention to use
PT. Furthermore, various types of barriers, such as personal, environmental, infrastructural,
social, and affluence-related, are interconnected. When one type of barrier increases or
decreases, it can influence the others.

However, hypotheses H1, H3, H4, and H6 were not supported, as the corresponding
relationships were found to be statistically insignificant.

Structural model for barriers and intentions to use AT:
The second structural model was developed to examine the associations between

barriers to AT and PT on commuter attitudes toward using active modes of travel. The
following hypotheses were formulated to establish a causal structural equation model.

H11. PEBAT is associated with commuters’ attitudes towards using active modes.

H12. ISBAT is associated with commuters’ attitudes towards using active modes.

H13. ARBAT is associated with commuters’ attitudes towards using active modes.

H14. SQBPT is associated with commuters’ attitudes towards using active modes.

H15. OABPT is associated with commuters’ attitudes towards using active modes.

H16. ESBPT is associated with commuters’ attitudes towards using active modes.

Figure 9 shows the corresponding path model. The latent variable PEBAT exhibits
a significant and positive structural relationship with the intention to use active modes
of transport (β = 0.46, p < 0.01), suggesting that even in the presence of personal and
environmental barriers, commuters still maintain a positive attitude towards using AT
when safe and well-maintained walking paths are available. This implies that addressing
PEBAT barriers, such as the need for showers, concerns about clothing, and accident risks,
could further enhance commuter willingness to use AT modes.

Similarly, the latent variable ISBAT also demonstrates a positive and significant rela-
tionship to use AT (β = 0.41, p < 0.01), indicating that improving infrastructural and social
aspects, such as safe bike lanes, pedestrian paths, and social acceptance, can positively
influence commuter attitudes.

The latent variable ARBAT shows a weak but statistically significant positive relation-
ship with attitude towards using AT (β = 0.15, p < 0.01). This suggests that even when
affluence-related barriers (e.g., car ownership and high income) are present, commuters
may still consider active modes if quality infrastructure exists.

The structural estimate for the latent variables SQBPT and ESBPT was found to be
insignificant, so both measurements were excluded from the Path diagram. However, the
structural estimate for OABPT was significant and negatively related to attitude towards
using active modes (β = −0.16, p < 0.01). This indicates that an increase in operational
and accessibility barriers to PT may discourage commuters from adopting active modes,
possibly due to an overall negative perception of sustainable transport systems.

In conclusion, hypotheses H11, H12, H13, and H15 are supported, as the corresponding
latent variables (PEBAT, ISBAT, ARBAT, and OABPT) show significant association with
attitude towards AT use. Conversely, hypotheses H14 and H16 are rejected due to the
insignificant effects of SQBPT and ESBPT. This suggests that service quality, environmental,
and safety issues in PT do not directly affect commuter preference for AT modes.
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Figure 9. Structural model for barriers and intentions to use AT.

6. Discussion and Policy Implications
The survey results show that commuters in Islamabad and Rawalpindi use a diverse

mix of transportation modes, with public transport (PT) being the predominant mode, fol-
lowed by motorbikes and private cars. The dominance of PT among students is consistent
with previous research [73]. Motorcycles are frequently used by entrepreneurs and private
sector employees, reflecting a preference for flexibility and time efficiency. In contrast, pri-
vate car use is more common among government employees, likely due to higher incomes
and greater vehicle ownership. Female commuters often prefer ride-hailing services due to
the convenience of doorstep pick-up, which better meets their mobility needs.

Despite the well-established health and environmental benefits of active transport (AT),
a relatively small proportion of commuters choose it, consistent with trends in developing
countries [29,37]. Notably, both private car users and AT users report higher satisfaction
with their current modes, suggesting that satisfaction is not solely linked to cost but also to
perceived convenience, comfort, and control over travel. Many commuters demonstrated
a positive intention to adopt active modes, with ride-hailing users showing the highest
willingness, particularly when supported by good-quality infrastructure.

Building on these mode choice patterns, it is essential to examine the underlying
factors limiting AT adoption. The primary barriers are travel time and distance, corroborat-
ing earlier research [25,28,34,74]. In the twin cities, urban sprawl and dispersed land-use
patterns increase average trip lengths, making AT practical mainly for short distances.
Minimizing distances to PT stations and workplaces could enhance AT adoption. In addi-
tion, infrastructural gaps, such as the absence of pedestrian signals, sidewalk availability,
and cycle lanes, combined with social stigma associated with AT, further restrict AT adop-
tion [28,36,37,75]. Enhancing AT mobility requires universal accessibility for people with
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disabilities, older adults, and children, who are often overlooked in planning. A lack of
secure cycle storage at PT stations, safety concerns, and the risk of traffic accidents also
deter potential users [23,24,26,74]. Addressing these issues would require infrastructure
upgrades and public awareness efforts.

To contextualize these findings within the broader literature, Table 5 compares AT
barriers across developed and developing settings. Comparative evidence shows that
barriers in the twin cities align more closely with developing regions, where long travel
distances, poor infrastructure, safety risks, and social stigma are prevalent. In contrast,
developed contexts mainly face physical and design-related barriers such as distance and
walkway quality. These findings highlight that improving infrastructure and reshaping
public perceptions are both essential to promote AT adoption.

Table 5. Comparative overview of studies on barriers to active modes of transportation.

Author, Year Study Location Country Type Key Barriers to Active Modes of Transport

Koh and Wong (2013) [33] Singapore Developed
First/last mile distance, number of crossings,
security, walkway crowding, stairs/slopes,

detour, risk of traffic accident, and signage issues

Kim et al. (2014) [30] Seoul, South Korea Developed

Availability of the bus stations, intersection
density, hilly terrain, dedicated bus lanes,

availability of crossings, sidewalk width, trees,
and street lighting

Stein and Rodrigues da
Silva (2018) [24] São Carlos, Brazil Developing

Car ownership, unfavorable weather conditions,
health issues, potential for saving money, safety
issues, risk of traffic accidents, make stops on the

way, and lack of cycle paths

Masoumi (2019) [36] MENA Region Developing
Long walking distances, lack of cycling facilities,

cultural and social barriers, unattractive
neighborhoods, and preference for private cars

Ribeiro et al. (2020) [23]
Braga and
Guimarães,

Portugal
Developed Distance, time, weather, car ownership, need to

transport people, and safety concerns

Ek et al. (2021) [74] Sweden Developed Health and environmental concerns, distance,
and built environment quality

Tatah et al. (2022) [27] Yaoundé,
Cameroon Developing Fear of traffic injuries, lack of pedestrian

infrastructure, and inconvenience

Current Study
Islamabad and

Rawalpindi,
Pakistan

Developing
Long travel distances and durations, insufficient
infrastructure, social stigma, and a lack of cycle

storage facilities

These results are consistent with the theory of planned behavior [76], which posits that
behavioral intention is shaped by subjective norms and perceived behavioral control. In this
context, subjective norms (like social stigma towards walking), especially among higher-
income groups, discourage individuals from choosing AT, while perceived behavioral
control factors (like poor infrastructure and long travel distances) also reduce perceived
control over AT use. Tackling both social and infrastructural barriers is therefore essential
to promote AT.

While these factors explain the limited use of active modes, similar structural and
perceptual issues also affect the adoption of PT in the twin cities. For PT, crowding during
peak hours and limited accessibility are significant deterrents, as documented in earlier
studies [40,41,77,78]. Crowding can be mitigated through an automatic passenger flow
management system. Accessibility improvements such as park-and-ride facilities, feeder
buses, and micro-mobility options like e-scooters and bike-sharing could enhance first-
and last-mile connectivity. Travel time, comfort, and convenience remain critical drivers
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of PT choice [39,41,45,78], and these issues can be mitigated by providing dedicated bus
lanes, transit priority signals, and seamless intermodal integration. In particular, the
inconvenience of transferring goods is a more prominent concern for male commuters,
especially those serving as heads of the family. Safety concerns, including crime risk, noise,
and pollution, also reduce PT appeal [41,43,45,46]. Measures such as lighting, security
cameras, and visible staff presence can enhance public confidence in PT.

Table 6 further illustrates how the PT barriers identified in this study correspond
with patterns observed internationally. The results indicate that PT barriers in the twin
cities resemble those in other developing areas, including overcrowding, poor accessibility,
long travel times, and insufficient comfort. In contrast, developed contexts mainly face
service-related issues such as scheduling, travel time, and transfer delays. These findings
highlight that PT challenges here reflect broader structural issues in rapidly urbanizing
regions, emphasizing the need for coordinated infrastructure, service improvements, and
technology-based solutions.

Table 6. Comparative overview of studies on barriers to public transport.

Author, Year Study Location Country Type Key Barriers to Public Transport

Sultan et al. (2021) [29] Saudi Arabia Developing
Bad weather conditions, go early and/or leave,
lack of accessibility, unavailability of the public

transport, and travel distance.

Ribeiro (2020) [23]
Braga and
Guimarães,

Portugal
Developed Travel distance and time, car ownership, weather

conditions, and distance from stops.

Lunke (2020) [79] Oslo, Norway Developed Travel time, transfer delays, limited flexibility,
and family constraints.

Padillo and Oña (2024) [41]
Small and

medium-sized
Cities, Brazil

Developing

Long travel times, inadequate stop conditions,
safety issues, high fares, overcrowded buses,
poor service information, and environmental

discomfort

Ismael (2023) [40] Budapest,
Hungary Developed Lack of information provision, inadequate

frequency, lack of safety, cost, and overcrowding.

Current Study
Islamabad and

Rawalpindi,
Pakistan

Developing
Overcrowding during peak hours, poor

accessibility, excessive travel times, and a lack of
comfort and convenience

In addressing these challenges, technological solutions can play a transformative role.
Key enablers identified in this study include a real-time travel planning app, access to safe
and secure parking spaces near PT stations, a mobile ticketing app, crowd management
sensors, and provision of dedicated bus lanes. The use of a travel planning app would
reduce route ambiguity for visitors who are unfamiliar with the city’s layout and transit
system. Likewise, mobile ticketing can streamline fare payments, reduce cash handling,
and speed up boarding times, thereby improving user experience. Moreover, a crowd
management system helps to regulate passenger density, reducing overcrowding during
peak hours. Collectively, these technological advancements are expected to enhance the
functionality and reliability of the PT system. Finally, these innovations would significantly
promote the adoption of PT and contribute to overall transportation sustainability as per
the SDGs.

Based on these findings, several policy actions are proposed to support the transition
toward more sustainable and equitable urban mobility. The following policy recommenda-
tions are essential for improving travel sustainability and equitable access to transport in
alignment with the SDGs:
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Rebalance urban infrastructure—Shift from car-centric infrastructure developments
(e.g., signal-free corridors) toward inclusive urban designs that support pedestrian and
cyclist movement.

Improve pedestrian accessibility—Install pedestrian signals, maintain continuous side-
walks, and ensure PT stations are within walking distance of residential and commercial areas.

Promote cycling—Develop a connected network of safe cycling lanes and provide
secure, free bicycle parking at PT stations.

Incentivize Public Transport use—Introduce measures such as app-based loyalty
rewards or tax rebates to encourage greater PT adoption.

Leverage technology—Deploy real-time travel planning apps, mobile ticketing sys-
tems, and automatic crowd management tools to enhance convenience and reduce peak-
hour congestion.

Target awareness campaigns—Launch awareness campaigns to highlight the en-
vironmental, health, and financial benefits of AT and PT, specifically targeting groups
with low current usage, such as high-income professionals and suburban residents, to
broaden adoption.

7. Conclusions
The use of active modes of transportation in the twin cities of Pakistan remains highly

underutilized, despite their well-recognized health and environmental benefits. This study
offers valuable insights into commuter travel patterns, barriers to active travel (AT) and
public transport (PT), and the role of technological factors in enhancing PT adoption.
Commuters who travel by private car or use active modes report the highest level of
travel satisfaction, followed by motorbike users. Additionally, ride-hailing service users
exhibit a higher intention to shift towards AT when safe and well-maintained walking
paths are available.

Key deterrents to AT include excessive travel time and distance, inadequate infras-
tructure, social stigma, limited cycle storage at transit stations, safety concerns, heavy
traffic, the need to carry goods, and higher household income. For PT, the most prominent
barriers are overcrowding during peak hours, limited accessibility, prolonged travel time,
low comfort, exposure to noise and pollution, and safety concerns.

Technological interventions such as real-time travel planning applications, secure
parking near transit stations, mobile ticketing systems, automatic crowd management, and
dedicated bus lanes are not merely supportive enhancements but strategic tools capable of
addressing service quality gaps in existing PT systems. Their adoption can reduce travel
uncertainty, improve reliability, and enhance passenger comfort, making PT a competitive
alternative to private vehicles.

The findings are based on data from a single winter season (December 2024 to Febru-
ary 2025), when relatively cooler temperatures and shorter daylight hours may influence
commuters’ willingness to use active and public transport. Travel preferences and mode
choices may vary under different climatic or temporal conditions, particularly during the
hot summer months when walking and cycling become less favorable. While the results
are context-specific, the identified challenges and strategies are transferable to other ur-
ban areas with similar socioeconomic and infrastructural contexts. Given that peak-hour
overcrowding emerged as a critical issue, further studies should incorporate traffic count
data at PT stations and analyze it with transport planning software such as PTV Visum
to quantify peak-hour demand accurately. Furthermore, spatial accessibility challenges
within the twin cities should be examined using geographic information system (GIS) tools
like ArcGIS to identify underserved neighborhoods. Future research should incorporate
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multi-season or year-round data collection to better capture seasonal variations in travel
behavior and transport mode preferences.

It is also acknowledged that the cross-sectional nature of this study limits the ability
to draw causal inferences from the SEM results. The estimated paths represent statistical
associations among latent constructs, and alternative causal directions may exist, whereby
commuters’ attitudes and perceived barriers could influence each other simultaneously.
These insights are crucial for policymakers aiming to address existing barriers and develop
an effective Sustainable Urban Mobility Plan (SUMP) aligned with the UN SDGs.
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The following abbreviations are used in this manuscript:

AGFI Adjusted Goodness-of-Fit Index
ARBAT Affluence-Related Barriers to Active Travel
AT Active Travel
CB Covariance-Based
CFA Confirmatory factor analysis
CFI Comparative Fit Index
CMIN/DF Chi-square to degree of freedom ratio
EFA Exploratory factor analysis
ESBPT Environmental and Safety Barriers to Public Transport
GFI Goodness-of-Fit Index
GHG Greenhouse Gas
ISBAT Infrastructural and Social Barriers to Active Travel
KMO Kaiser-Meyer-Olkin
NEQS National Environmental Quality Standards
OABPT Operational and Accessibility Barriers to Public Transport
PEBAT Personal and Environmental Barriers to Active Travel
PLS-SEM Partial Least Squares Structural Equation Modeling
PT Public Transport
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RMSEA Root mean squared error of approximation
RTI Real Time Information
SDGs Sustainable Development Goals
SEDs Socioeconomic Demographics
SEM Structural Equation model
SQBPT Service Quality Barriers to Public Transport
SUMP Sustainable Urban Mobility Plan
TSP Transit Signal Priority
UN United Nation
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