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A B S T R A C T   

This study examines how mobility-challenged persons (MCPs) navigate the limitations of transportation systems, 
using an integrated choice and latent variable (ICLV) model. Building on the experience of MCPs in a South Asian 
megacity context, that of Dhaka, Bangladesh, the empirical strategy accounts for perceptions of mode-specific 
challenges, which arguably vary by mobility impairment. These perceptions are posited as latent variables. 
Drawing on survey data collected from 400 MCPs living in Dhaka, the latent variables were constructed via a 
factor analysis of 18 statements about the experienced severity (ranked on a scale from 1 to 5) of mode-specific 
challenges. Holding socio-demographic and travel-related factors constant, we find that perceptions of mode- 
specific challenges significantly influence mode choices – while the degree of impairment alone, and related 
mobility aid needed, do not. Perceived limitations of the walking infrastructure shift MCPs’ travel demand to
wards the bus, whereas bus fare-related issues encourage the use of non-motorized and powered three-wheelers. 
We recommend that mode choice models include latent variables related to MCPs’ perceptions of various modes 
to more accurately inform universal access policies.   

1. Introduction 

With over one billion people or about 15% of the world population, 
people with disabilities (PWDs) are one of the world’s largest minorities 
(World Health Organization, 2022). The Sustainable Development Goals 
(SDGs) and the Convention on the Rights of Persons with Disabilities 
(CRDP) urge establishing rights and privileges for PWDs to promote 
more sustainable, equitable, and inclusive societies (Dempsey et al., 
2011; UN-HABITAT, 2016; United Nations, 2006). Specifically, SDG 
11.2 calls for universal access to transportation systems so that PWDs 
and their non-disabled counterparts have equal opportunities to reach 
desired destinations and participate in society (World Health Organi
zation, 2018; United Nations, 2016). 

However, previous research has depicted a grim situation regarding 

transportation mobility and accessibility for PWDs around the world, 
mostly due to unfit built environments and ill-adapted transportation 
systems (Clery et al., 2017; Frye, 2013; Penfold et al., 2008; Rosenberg 
et al., 2013; Smalley et al., 2013; Sze and Christensen, 2017). Among 
different groups of PWDs, mobility-challenged persons (MCPs) – defined 
as those whose walking must be supported by a mobility aid, such as a 
wheelchair, cane, walking frame, or crutches – are the focus of this 
article. MCPs undergo specific hardships when availing, on-boarding, 
and off-boarding transportation modes (Frye, 2013; Hayati and Faqih, 
2013). Traveling at all can be so challenging that wheelchair users and 
other MCPs are known to refrain from making certain trips (Clery et al., 
2017). As a result, major inequalities exist between MCPs and non-MCPs 
in terms of mobility and access to opportunities (Clery et al., 2017; 
Penfold et al., 2008). 
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The difficulties encountered by MCPs are especially acute in 
emerging economies, where limited financial resources and a dearth of 
public awareness have long prevented investments in universally 
accessible transportation systems (Chang, 2010; Danso et al., 2011; 
Malik, 2017; Penfold et al., 2008; Shafi, 2018). Bangladesh is no 
exception in this regard. In line with SDG 11.2, CRDP, and other inter
national commitments, the Government of Bangladesh has enacted laws 
to promote the mobility rights of MCPs and other PWDs. These include 
the Person with Disability Welfare Act 2001, the Strategic Trans
portation Plan (STP) 2004, the Persons with Disabilities Rights and 
Protection Act 2013, and the Road Transport Act of Bangladesh (2013). 
Yet, adequate measures to truly promote MCPs’ mobility in Bangladesh 
remain to be implemented. 

Previous empirical research in Dhaka, the capital of Bangladesh, has 
shed light on the limitations of local transportation systems for MCPs 
(Abir and Haque, 2011; Shashank, 2015). Most recently, the authors 
showed, for example, that walking with supporting devices is especially 
challenging due to poor pavement conditions; buses are inaccessible to 
people in a wheelchair for lack of ramps; private taxis and rickshaws are 
the most viable options, but MCPs typically need a hand to on-board and 
off-board that bus drivers are not always willing to give (Bhuiya et al., 
2022). The goal of this paper is to further examine how MCPs perceive 
and cope with such mode-specific challenges in Dhaka. 

A few studies have explored the relationship between different 
mobility impairments, at the individual level, and mode choices (Babaei 
and Hedayati, 2020; Clery et al., 2017; Pocuc et al., 2021; Schmocker 
et al., 2008). However, it seems important to account for how MCPs 
perceive mode-specific challenges – where these perceptions necessarily 
vary depending on the nature of the mobility impairment. More spe
cifically, this paper addresses the following research question: How does 
the conjunction of individual mobility impairments and latent perceptions of 
obstacles related to transportation modes inform MCPs’ mode choice in 
Dhaka? 

Following a literature review, we present the survey data (N=400) 
and integrated choice and latent variable (ICLV) model used to address 
this question. In addition to socioeconomic factors, trip attributes, and 
travel costs, this model includes MCPs’ perceptions of different mode- 
related challenges; these perceptions are posited as latent variables 
(Chen and Li, 2017; Vij and Walker, 2016). We argue that latent 
perception variables encapsulate anticipated challenges to avail 
different transport modes, where MCPs have differentiated experiences 
of transportation systems’ limitations depending on their mobility 
impairment. The findings show that latent perception variables greatly 
influence MCPs’ mode choice and absorb much of the variance 
explained by other variables in the model. In Dhaka, we find that 
perceived obstacles related to different modes shift mode choices from 
walking and bus to more expensive options like CNGs. After discussing 
specific policy recommendations for inclusive transportation policies in 
Dhaka, we conclude that future accessibility research and policy should 
systematically include individual perceptions of specific challenges 
associated with different modes when modeling mode choice for MCPs. 

2. Literature review 

2.1. Factors influencing mode choice 

Mode choice in general depends on several factors, among which 
travel distance and time are known to be most influential across coun
tries (Litman, 2019). For example, several studies from Taiwan, 
Bangkok, Dhaka, UK, have consistently found that people choose 
walking for short trips, but the longer the time and distance traveled, the 
more likely they are to choose motorized modes, such as private cars or 
public transit (Keyes and Crawford-Brown, 2018; Rahman et al., 2020; 
Sanit et al., 2010). Age is another key determinant of mode choice. Hu 
et al. (2013) found a lower propensity to bike or use a private car among 
the elderly than young people in Changchun, China. Shresta (2016) 

found a higher rate of public transit use among elderly people than 
younger/middle-aged people in the UK. Gender, education, and income 
influence mode choice as well (Shrestha et al., 2016). Chen et al. (2016) 
found that female and low-income commuters in Fushun, China prefer to 
travel by bus (Cheng et al., 2016). Based on a study of 45 cities from 
Asia, Europe, and North America, Dingi and Esztergár-Kiss (2021) 
concluded that people with a higher level of educational attainment are 
more likely to use a bus instead of a car. Unsurprisingly, Sharma (2019) 
found that in India, car ridership is more frequent among higher-income 
individuals (who can afford to own a car). In contrast, the car share is 
large across income groups in higher-income countries like the USA, and 
therefore, private cars consist of a significant proportion of the modal 
share (Mitra and Saphores, 2018). In the case of emerging new mobility 
services such as dockless electric bike-share, low-income individuals are 
more likely to use those services frequently than other income groups 
(Mohiuddin et al., 2023, 2024). 

It can be assumed that all the above-mentioned factors – travel dis
tance/time, age, gender, education, and income – influence MCPs’ mode 
choice. In addition, the nature of MCPs’ mobility challenge is an 
important factor to consider. For example, being in a wheelchair reduces 
the likelihood of traveling by bus in different contexts, including in 
South Asian cities (Bascom, 2017; Frye, 2013). Bascom (2017) reported 
a higher percentage of paratransit use among wheelchair users than 
non-wheelchair users in Utah, USA. Another set of important factors 
relates to the characteristics of the transportation service relative to the 
individual mobility impairment. For example, Deka and Gonjalez (2016) 
found that PWDs are more likely to use para-transit services because of 
the door-to-door services they provide by design. 

2.2. Perceptions of different modes and their role in mode choice 

Several studies around the world have investigated the relationship 
between people’s perceptions of travel modes and mode choice, where 
perceptions are relative to individual experiences and preferences and 
are not directly observable. For example, Hu et al. (2015) found that in 
Nanjing, China, perceptions of reliability and comfort significantly and 
positively influences the choice of bus as a travel mode. In Los Angeles, 
USA, Iseki and Taylor (2010) found that people shift to other modes than 
bus when bus travel is associated with long waiting times in their mind. 
More recently, Guo et al. (2022) found in another study from China that 
perceptions of high risks of accidents deter users from walking or using a 
dockless shared bike for access trips to the metro. Meanwhile, 
Mohiuddin et al. (2022) demonstrated that road safety perception is 
positively associated with bike choice for recreational trips, and neigh
borhood crime perception exerts a negative influence on bicycling 
choice for grocery trips in Rajshahi, Bangladesh. Al-Ahmadi (2016) 
found that perception of comfort is an important predictor of mode 
choice for inter-city business travel in Saudi Arabia. Exel and Piet (2010) 
highlighted the significant role of perceived travel time in people’s 
choice of car over the bus in the Netherlands. Although these studies 
have examined the role of mode perceptions in mode choice in different 
contexts – both developed and developing countries, different trip pur
poses, different mode, etc. – to the best of our knowledge no study has 
examined the role of mode perceptions in mode choice for people with 
disabilities. The perception of the built environment also varies by 
socio-demographics as Mohiuddin et al. (2022) show that women are 
more likely to provide a lower perception of different walkability and 
safety aspects of the built environment than men using Rajshahi, 
Bangladesh as a case study area. Similarly, mode choice decisions and 
latent perceptions of individuals with disabilities likely to be shaped 
differently than individuals without disabilities. It is important to un
derstand how different latent perceptions influence the decision of mode 
choice of individuals with disabilities. 
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2.3. Mode-specific problems faced by MCPs 

While the role of unobservable mode perceptions remains to be 
estimated, several observable mode-specific factors are known to in
fluence MCPs’ mode choice. For example, whether MCPs can or do take 
the bus depends on the objective accessibility of the service (Verbich and 
Ahmed, 2016). Frye (2013), who focused on South Asian cities, found 
that MCPs avoid making trips by bus because of the lack of a ramp to 
board, and the lack of space to maneuver or keep mobility aids on board. 
Furthermore, MCPs are commonly faced with bus staffs’ reluctance to 
allow them to board and, when they do board, often they are verbally 
abused during the trip (Aarthi, 2019; Dhumgana, 2020; Frye, 2013; 
Ganesh, 2019; Mampearachchi and Suman, 2014; Morrison et al., 2020; 
Shafi, 2018). 

Individual and mode-specific factors interact in the way they influ
ence MCPs’ mobility. Depending on the level of impairment and the 
mobility aids they use, MCPs experience mode-specific challenges 
differently. In regard to bus mobility for instance, older MCPs whose legs 
are especially weak are most challenged by the absence of bus ramps 
(Imrie, 2000). Wheelchair users experience the absence of bus ramps 
more acutely than MCPs using a walking frame or crutches (Frye, 2013). 

Furthermore, good-quality walking infrastructure is a basic, yet too 
often unmet requirement to support MCPs’ mobility. In many cities 
worldwide, narrow footpaths are the main impediment to walking for 
people in need of mobility aids (Chang, 2010; Das and Goswami, 2016; 
Frye, 2013; Kannan, 2016; Kesik et al., 2012; Tokuda, 2001). Uncut 
curbs or cut curbs with steep slopes make it difficult for MCPs to shift 
from the roadway to the footpath (Frye, 2013; Eisenberg et al., 2010). 
Specifically in Dhaka, Bangladesh, footpaths are so narrow that even a 
physically fit person cannot walk comfortably. Obstacles like trash bins, 
landscaping features, or large trees force pedestrians and MCPs alike to 
make many detours (Abir and Haque, 2011; Sakaki and Gomez, 2018). 
Cracks in the sidewalks pose a great challenge to MCPs (Ullah, 2019). 
Motorcyclists plying on the footpath are another great obstacle to MCPs’ 
mobility (The Business Standard, 2021; Ullah, 2019). Bhuiya et al. 
(2022) showed that such mobility challenges greatly discourage MCPs 
from walking, while the absence of ramps on buses and the rude 
behavior of bus staff towards MCPs are key deterrents to their using 
public buses. 

In Dhaka, pull- and CNG auto-rickshaws are the prevalent mobility 
options available to MCPs. Pull-rickshaws refer to three-wheeled non- 
motorized vehicles pulled by humans, while CNG auto-rickshaws 
(locally known as CNGs) are fueled by natural gas. Rickshaws typi
cally provide door-to-door services, although CNG trips can also start 
and end at CNG stations. Pull-rickshaws are widely used by MCPs for 
short-distance trips, as an alternative to walking, whereas CNGs are used 
instead of the bus for longer trips (Islam, 2018). Nevertheless, there are 
mode-specific challenges associated with pull rickshaws and CNGs as 
well. Bhuiya et al. (2022) found evidence of unfriendly behaviors from 
rickshaw pullers and CNG drivers toward MCPs. Drivers are reluctant to 
carry MCPs’ mobility aids or help them get on/off rickshaws and CNGs. 
It is not uncommon for rickshaw pullers and CNG drivers to charge an 
extra fee in addition to the usual fare. The excessive height of the plat
form of a rickshaw and CNG also poses a challenge for MCPs to board 
(Bhuiya et al., 2022). PWDs in other countries face similar obstacles 
when using vernacular modes such as rude behavior of keke (powered 
three-wheelers) drivers in Nigeria (Bombom and Abdullahi, 2015), 
excessive height of tro tro (mini buses) in Ghana (Odame et al., 2023), 
and poor design of angkot (mini buses) stops in Indonesia (UKAID, 
2022). 

2.4. Integrated choice latent variable model for mode choice modeling 

Based on the literature review above, we hypothesize that MCPs’ 
mode choice is not only influenced by sociodemographic, trip- and 
mode-related factors, but also by latent variables revealing MCPs’ 

individual perceptions of mode-specific challenges. This study advances 
an integrated choice and latent variable (ICLV) statistical modeling 
approach to account for these perceptions in the analysis of MCPs’ mode 
choice. ICLV is a hybrid choice model which explicitly includes non- 
directly observable cognitive processes, psychological factors, and 
latent constructs influencing human behaviors, including the choice of 
transport modes (Johanson et al., 2006; Vij and Walker, 2016). Several 
transportation studies have used ICLV modeling techniques to examine 
mode choice, but never applied to MCPs. For example, based on a 
sample of the general population of Edmonton, Canada, Habib et al. 
(2012) investigated the influence of willingness to carpool on mode 
choice(Habib et al., 2012). Paulssen et al. (2014) in Germany measured 
the relationships between attitudes toward vehicle ownership, comfort, 
convenience, and flexibility on commuting mode choice. Li and Sun 
(2020) in Beijing, China studied the influence of people’s perceptions of 
congestion pricing on mode choice. Recent literature generally 
confirmed that mode choice is not only dependent on measurable fac
tors, but also on latent factors that are harder to observe, such as safety 
perceptions and reactions to weather conditions (Liu et al., 2015; 
Madhuwanthi et al., 2016). Bouscasse (2018) conducted a thorough 
review of existing literature using ICLV models to explain mode choice. 
The review showed that most research has been conducted in Western 
cities, and none of the reviewed studies have considered MCPs as a 
target group. Our study contributes to addressing these gaps. Within an 
ICLV framework, we propose to examine how MCPs’ mode choices 
relate to individual perceptions of the limitations of transportation 
systems in a South Asian megacity. 

3. Methodology 

3.1. Data collection 

We collected survey data from a sample of 400 MCPs receiving 
physical rehabilitation treatment in Dhaka. We used a convenience 
sampling strategy to identify and recruit eligible participants, by 
approaching MCPs at locations that specifically serve their needs, that is, 
rehabilitation centers. As there is no designated list of all rehabilitation 
centers in Dhaka, we identified eligible study locations by searching on 
Google the terms “Rehabilitation Centers in Dhaka, Bangladesh.” We 
found a total of 48 rehabilitation centers that we contacted via phone 
and email. Eight of them could not be reached for lack of a valid email 
address or phone number. We shared with the other 40 rehabilitation 
centers information about our research goals and data collection 
approach, and we requested permission to conduct the survey on their 
premises. 19 rehabilitation centers did not respond and 17 declined 
participation. The remaining 5 institutions accepted to participate in the 
study, including the Centre for Rehabilitation for the Paralyzed (CRP 
(2017), the Centre for Disability in Development (CDD) (CDD, 2021a,b), 
the Physically Challenged Development Foundation (PDF) (PDF, 2017), 
the Bangabandhu Sheikh Mujib Medical University (BSSMU (2023), and 
the National Grassroot Disable Organization (NGDO) (NGDO, 2023). 

Data was collected in person at the five institutions that gave 
permission to conduct the survey on their premises, which happened to 
be some of the largest and most significant rehabilitation centers in 
Bangladesh. Among these institutions, CRP and CDD are the two largest 
rehabilitation centers in the country. They serve 84,000 PWDs (around 
8% of the total population of PWDs in the country) (CRP, 2022) and 36, 
000 (around 3.5%), respectively. PDF has more than 5000 beneficiaries 
in Dhaka (PDF, 2017) and NGDO works directly with the Ministry of 
Social Welfare and international agencies dedicated to the rehabilitation 
of PWDs (NGDO, 2023). As for BSMMU, it is the largest hospital of 
Dhaka and it has one of the best orthopedic departments of the country 
(Rayna et al., 2021; Huda, 2023). At BSSMU, the survey was conducted 
in the orthopedic department. 

The response rate was 40%. Using a paper-based questionnaire, a 
sample of 400 MCPs were surveyed, after taking participants’ due 
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consent and confirming eligibility (adult MCPs living in Dhaka). The 
survey questionnaire focused on regular trips which are made by PWDs, 
in general, every week. Trips made at least four times per week to a 
particular place (e.g., workplace, bazaar, children’s school) were 
considered regular trips. Respondents provided information on the pri
mary mode choice for each type of regular trip as well as specific trip- 
related information including mode, (self-reported) travel time, and 
waiting time, both at origin and destination. In addition, MCPs were 
asked to mention other modes they use occasionally as well as socio- 
demographic characteristics including age, gender, education, 
monthly income, car ownership, and mobility aid device. 

Admittedly, the resulting sample is not statistically representative 
but random sampling or stratification would be impossible given that 
there is no official data recorded for all MCPs living in Dhaka. By 
approaching MCPs at some of the major rehabilitation centers in Dhaka, 
we were able to overcome some major obstacles faced by disability 
studies: PWDs are generally difficult to reach and can be reluctant to 
disclose information about their impairment. The latter may explain 
why 60% of the MCPs we approached refused to participate in the study. 
One limitation of our recruitment strategy is that we excluded MCPs 
who do not frequently visit rehabilitation centers for reasons that may 
be related to low income, limited access to care or information, light 
impairment, social norms (e.g., gender norms), or others. Nevertheless, 
we contend that our data collection approach enabled to optimize the 
recruitment of eligible participants within the limited resources avail
able for data collection. 

3.2. Measurements 

3.2.1. Mobility impairment and socio-demographic characteristics 
Table 1 presents the sample composition by sociodemographic and 

mobility impairment category, as measured by the survey. Ordinal 
scales were used for gender (2 categories), age (3 categories), education 
(3 categories), income (3 categories), and mobility impairment (3 cat
egories). Mobility aids served as a proxy to rank impairment by level of 
walking disability. Indeed, the type of device indicates the extent to 
which MCPs need assistance to walk/move as their legs alone cannot 
support their weight. The literature has posited wheelchair users as the 
most disabled in this regard, while users of a walking stick/cane are the 
least disabled. In-between are users of walking frames and crutches 
(Bradley and Hernandez, 2011; Cunha, 2020; Leonard, 2021). Hence, 
the level of disability of wheelchair, crutch/walking frame, and walking 
stick users were coded as 3, 2, and 1, respectively, in decreasing order of 
mobility impairment. 

The sample included approximately equal shares of respondents 
using these three types of mobility aids (ranging from 32 to 35%). The 
share of female respondents was greater (55%) than that of male re
spondents (45%). The middle-age and middle-income categories 
included the largest shares of participants. Most participants had at least 
completed high school. 

3.2.2. Perceptions of mode-specific challenges 
MCPs’ perceptions of four transport modes were measured, including 

walking, bus, CNG, and rickshaw. MCPs with access to private vehicles 
reported not using any other modes for regular trips. Since they do not 
experience the mode-related challenges that severely limit other MCPs’ 
access to transportation services, 16 MCPs that solely relied on private 
cars were excluded from the study. The resulting sample of 384 in
dividuals was used for the analysis. 

Drawing on the literature review, a list of 18 mode-specific chal
lenges faced by MCPs around the world was prepared (Table 2). These 
challenges relate to riding a bus (5 challenges), walking (5), using a 
rickshaw (4), and riding a CNG (4). The survey asked MCPs how severe 
each of these challenges appears to them, on a 1-5-point Likert scale, 
from Not Severe to Extremely Severe. 

Table 1 
Sample composition by socio-demographic characteristics and mobility impairment.  

Variable Percentage Coding Factor and Categories Percentage Coding 

Gender   Income   
Male 45.4% 0 <25,000 BDT (Lower income) 33.4% 1 
Female 54.6% 1 25,000–50,000 BDT (Middle income) 47.3% 2 

Age   >50,000 BDT (Higher-income) 19.3% 3 
0–25 years (Young) 25.8% 1 Mobility aid (Level of disability)   
25–50 years (Middle Aged) 41% 2 Wheelchair user 31.8% 1 
Greater than 50 years (Elderly people) 33.2% 3 Walking Frame/Crutch user 34.3% 2 

Education   Walking Stick/cane user 34% 3 
Up to Secondary School Certificate (SSC) (≤10 years of schooling) 35.5% 1    
Higher School Certificate (HSC) (12 years schooling) 37.3% 2    
Bachelor or higher (≥16 years of schooling) 27.2% 3    

BDT=Bangladeshi Taka i.e. currency of Bangladesh. 

Table 2 
List of mode-specific problems analyzed in the study.  

Mode-specific problems Literature 

Mode: Walking 
Presence of obstacles in the footpath Canada (Chang, 2010); Malaysia (Frye, 

2013); United Kingdom (Imrie, 2000); Iran ( 
Aghaabbasi et al., 2019) 

Presence of cracks and undulated 
surface of footpaths 

Cambodia (Frye, 2013); Bangladesh (Ullah, 
2019) 

Conflict with motorcycle Bangladesh (The Business Standard, 2021); 
India (Sumit et al., 2022) 

Lack of ramp with standard slope for 
universal accessibility 

Bangladesh, (Bhuiya et al., 2022); United 
States (O’Hagan, 2021) 

Narrow width of the footpath Canada (Chang, 2010); India (Das and 
Goswami, 2016; Kannan, 2016); Tanzania ( 
Frye, 2013); Turkey (Kesik et al., 2012)s 

Mode: Bus 
Lack of ramp in bus Nigeria and Indonesia, (Frye, 2013); Ganesh 

(2019); India (Shafi, 2018); Bangladesh ( 
Bhuiya et al., 2022) 

Unwillingness of bus conductors to 
carry movement-challenged 
persons 

India (Ganesh, 2019); Sri Lanka ( 
Mampearachchi and Suman, 2014), 
Australia (Neves et al., 2023) 

Rude behavior of bus conductors and 
drivers 

India (Aarthi, 2019); Bangladesh (Abir and 
Haque, 2011); Sri Lanka (Dhumgana, 2020); 
Russia and Jamaica (Frye, 2013), United 
Kingdom (Velho, 2019) 

Lack of space to maneuver India (Frye, 2013; Tauhid, 2007) 
Lack of space to keep mobility aid Bangladesh (Abir and Haque, 2011 United 

Kingdom (Velho, 2019) 
Mode: Rickshaw and CNG 
Excessive height of platform Bangladesh (Bhuiya et al., 2022) 
Excessive fare charged by rickshaw 

puller 
Bangladesh (Rahman and Assadekjaman, 
2013), India (Thomas, 2021), Pakistan (The 
Dawn, 2023) 

Lack of available space to keep 
mobility aid 

Bangladesh (Bhuiya et al., 2022) 

Unwillingness of rickshaw pullers to 
carry movement-challenged 
persons 

Bangladesh (Rahman and Assadekjaman, 
2013)  
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4. Modeling approach 

This study employs an ICLV model to analyze MCPs’ mode choices 
while accounting for the mode-specific problems they experience. ICLV 
is preferred to a more conventional discrete choice modeling (DCM) 
based on a random utility maximization (RUM) framework. With RUM, 
the utility function takes in socio-demographic factors and trip costs as 
inputs, as well as other relevant factors (McFadden, 1986). Ben-Akiva 
and Boccara (1987) extended the DCM to integrate latent variables. 
Perception parameters can be integrated as an explanatory variable, 
using summary measures – such as the mean of the indicators – or 
following data reduction techniques – i.e., factor scores from the factor 
analysis (McFadden, 1986). However, multiple studies reported that 
directly adding attitudinal statements collected through a survey, or 
pre-estimated factor scores as explanatory variables can lead to mea
surement error (i.e., at least one independent variable is measured with 
error) and endogeneity biases (independent variable is correlated with 
measurement error) (Ashok et al., 2002; Ben-Akiva et al., 2002; Daly 
et al., 2011). 

To address this limitation, Ben-Akiva et al. (2002) advanced an ICLV 
framework, which combines structural equation models for latent var
iables (LVs) with measurement models for attitudinal statements. In 
other words, within an ICLV modeling framework, the effects of 
socio-demographic variables for example are measured both directly 
and indirectly. To assess their direct effect on mode choice, 
socio-demographic variables are included in the utility function of the 
binary choice model. Their indirect effect, through latent variables, is 
estimated by the structural equation model. In our ICLV model, the 
measurement model links LVs to sociodemographic characteristics and 
response to the attitude statements collected through the survey about 
perceived obstacles to using different modes, while the structural 
equation model describes LVs in terms of observable variables (i.e., 
socio-demographic). LVs are then incorporated into the utility of MCPs 
to understand their mode choice. The entire framework is described in 
Fig. 1. 

4.1. Extraction of latent variables 

An exploratory factor analysis of respondents’ ratings of 18 state
ments about the severity of mode-induced mobility challenges led to the 
extraction of five factors. Only the factors whose eigenvalue was greater 
than one were included in the framework. These are posited as the five 
latent perceptions of MCPs regarding mode-specific challenges 
(Table 4). Based on the factor loading of the different statements, the 
five factors were named as follows: 

1. Perceived deficiencies in pedestrian infrastructures: This factor en
compasses all walking-related problems, absence of bus ramps to 
shift from walking on the footpath to being on-board, and lack of 
space on buses to maneuver;  

2. Perceived fare-related problems: This factor includes excessive fares 
charged by rickshaw pullers and CNG drivers, as well as their rude 
behavior and the unwillingness of bus staff to help MCPs on-board 
and off-board (where such behavior may be attributed to their 
inability to charge an extra fee for what they consider an extra ser
vice, given that bus fares are fixed in Bangladesh);  

3. Perceived lack of space to keep mobility aids on board: Loaded on 
this factor is the lack of space on both buses and rickshaws;  

4. Perceived unwillingness to provide service to MCPs: This fourth 
factor encompasses the unwillingness to help both rickshaw and CNG 
drivers;  

5. Excessive height of platform of different modes: This factor relates to 
the problem caused by the high platform of both rickshaws and 
CNGs. 

Table 3 provides more details on how statements regarding mode- 
related challenges were loaded on these factors, while the whole ICLV 
modeling framework is shown in Fig. 1. 

4.2. Discrete choice model 

Equation (1) represents the utility for mode choice of MCPs inte
grating both observable explanatory variables and a vector of latent 

Fig. 1. ICLV modeling framework for mode choice of MCPs.  

H. Mohiuddin et al.                                                                                                                                                                                                                            



Transport Policy 147 (2024) 259–270

264

variables predictors. In this modeling framework, we considered mode 
choice as a binary choice (i.e., developed four models for mode choice 
for four modes). It was possible to develop a multinomial framework for 
the mode choice decision by the MCPs, however, we did not collect 
travel-related attributes (i.e., travel time, cost, distance, etc.) for each 
mode for each MCP in the survey. To overcome this data collection 
limitation, we considered mode choice as a binary decision (choose a 
specific mode or not) for each mode. The general utility specification of 
this binary choice for a mode can be described by the following 
equation. 

un =ASC + β1Agen + β2Gendern + β3Incomen + β4Educationn

+ β5Mobility Aidn + β6travel timen + β7access moden + β8egress moden

+ Γ1 Perceived deficiency in pedestrian infrastructresn

+ Γ2Perceived fare related problemn

+ Γ3Perceived lack of space to keep mobility aids n

+ Γ4 Peceived unwillingness to carry in different modesn

+ Γ5Perceived excess height of platform of different transport modesn

+ ϵn

(1)  

Where un is the utility of a mode as perceived by MCP “n”; ASC is the 

alternative specific constant; ϵn is a random error, which explains un
observable effects; β1, β2, β3, β4, β5, β6, β7, β8 are the coefficients of 
respective explanatory variables; Γ1 ,Γ2,Γ3,Γ4 and Γ5 indicate the in
fluence of the latent variables on the utility. 

4.3. Structural equation/latent variable models 

Equations (2.1) to (2.5) are the structural equations used for the 
latent variable model. They were developed through a two-step process.  

• Step 1: We regressed the factor score of each score on all socio- 
demographic variables. Then, based on the significant socio- 
demographic variables in the regression results, we developed the 
initial structural equation models for the five latent perception 
variables. 

• Step 2: After running the ICLV models, we again inspected the sig
nificance of the socio-demographic variables in the initial structural 
equation model and dropped those variables that were not signifi
cant in the structural equation model. Lastly, we reran the ICLV 
models with a significant set of socio-demographic variables. 

walking related problem perceptionn =AnGendern + AnIncomen + AnAgen

+ AnInstrumentn + vn

(2.1)  

fare related problem perceptionn =AnGendern + AnIncomen + AnAgen

+ AnInstrumentn + vn

(2.2)  

lack of space for supporting instrument related problem perceptionn

=AnInstrumentn + vn
(2.3)  

unwillingness to carry related problem perceptionn = vn (2.4)  

excess height of the platform related problem perceptionn = vn (2.5)  

Here, the A parameters represent the impact of the socio-demographic 
variables on latent variables for MCP “n” and the vn is the stochastic 
component of the equation (Vij and Walker, 2015). 

4.4. Measurement equation model 

The measurement equation reveals how the perception statements of 
mode-specific problems are loaded into LVs. Before entering those 
perception statements in the model, they were standardized by sub
tracting the mean. The measurement model equation is provided in 
equation (3), where D is a vector of parameters representing the sensi
tivities of the measurement indicators (the selected eighteen mode- 
specific problems on a scale of 1–5) to the respective five latent vari
ables in the matrix x*

n derived from equation (2.1)-(2.5) (Vij and Walker, 
2016). 

ik,n =Dx*
n + ηn (3) 

In equation (3), ik is the kth perception statement, x*
n and ηn indicates 

the stochastic component of the equation. 

5. Results 

5.1. Descriptive statistics 

MCPs’ mode choices for regular trips are either walking, rickshaw, 
bus, or car. Rickshaw is the most prominent mode, with a 45% modal 
share, followed by CNG auto-rickshaw (22%), walking – with mobility 
aids (16%), and bus (14%). A small share of respondents (4%) reported 
making regular trips by private cars. These respondents were excluded 

Table 3 
Factor loadings of the different statements from the exploratory factor analysis.  

Mode-specific problems Factor 
1 

Factor 
2 

Factor 
3 

Factor 
4 

Factor 
5 

Lack of ramp on bus 0.672     
Lack of space to maneuver 

on bus 
0.497     

Presence of obstacles on 
footpath 

0.674     

Conflict with motorcycle on 
footpath 

0.369     

Over crowdedness on the 
footpath 

0.131     

Lack of ramp with slope of 
standard of universal 
accessibility 

0.740     

Narrow width of footpath 0.352     
Presence of cracks and 

undulated surface of 
footpaths 

0.789     

Unwillingness of bus 
conductors to carry 
movement-challenged 
persons  

0.69    

Rude behavior of bus 
conductors and drivers  

0.628    

Excessive fare charged by 
rickshaw pullers  

0.968    

Excessive fare charged by 
CNG drivers  

0.941    

Lack of space to keep 
mobility aid in bus   

0.287   

Lack of space to keep 
mobility aid in rickshaw   

0.941   

Lack of space to keep 
mobility aid in CNG   

0.937   

Unwillingness of rickshaw 
pullers to carry 
movement-challenged 
persons    

0.908  

Unwillingness of CNG 
drivers to carry 
movement-challenged 
persons    

0.894  

Excessive height of rickshaw 
platform     

0.797 

Excessive height of CNG 
platform     

0.602  
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from the analysis. 
Table 3 shows the frequency distribution (in percentages) of MCPs’ 

responses regarding the level of perceived severity of different mode- 
specific challenges. For each challenge, it also shows the average 
response. The most severe impediments to MCPs’ mobility in Dhaka 
include bad pedestrian infrastructure (cracks in the sidewalks and un
dulated surfaces), the absence of bus ramps, and excessive fares charged 
by rickshaw pullers and CNG drivers. 

Table 5 shows the coefficient estimates of four ICLV models, one for 
each mode choice. As described in section 4.3, a significant influence of 
sociodemographic variables on some mode choice were identified 
through the ICLV model. Since the focus of this study is to understand 
the influence of the latent perception on the mode choice, we kept all 

five latent perception variables in the model whether they were signif
icant or not. Also, we kept the waiting time variable for the bus model 
and for the rickshaw model for consistency across the model although 
they were not significant. The bold values highlight the significant 
variables (at a 10% significance level) in a particular mode choice. 

5.2. Regression results 

5.2.1. Effect of socio-demographics 
The effect of income is significant in three mode choice models 

except for walking. The relationship is positive with the choice of rick
shaw and CNG and negative with the choice of bus. This was expected 
considering that individuals with higher incomes are more likely to 

Table 4 
Rank of different mode-related problems in percentage with the average rank value.  

Rank 1 2 3 4 5 Average rank 

Not Severe Not too Severe Moderately 
Severe 

Very 
Severe 

Extremely 
Severe 

Walk 
Presence of obstacles in footpath 2% 2% 13% 43% 38% 4.13 
Presence of cracks and undulated surface of footpaths 2% 2% 5% 26% 64% 4.49 
Conflict with bicycle 2% 5% 27% 28% 39% 3.95 
Lack of ramp with standard slope for universal accessibility 1% 1% 13% 26% 58% 4.40 
Narrow width of footpath 1% 3% 19% 43% 34% 4.08 
Bus 
Lack of ramp in bus 1% 3% 6% 33% 57% 4.43 
Unwillingness of bus conductors to carry movement-challenged persons  1% 13% 40% 46% 4.32 
Rude behavior of bus conductors and drivers 1% 1% 15% 48% 34% 4.12 
Lack of space to maneuver 2% 4% 6% 25% 61% 4.39 
Lack of space to keep mobility aid 3% 4% 24% 22% 47% 4.07 
Rickshaw 
Excessive height of platform 4% 2% 12% 35% 46% 4.2 
Excessive fare charged by rickshaw pullers 1% 1% 15% 36% 48% 4.3 
Lack of available space to keep mobility aid 2% 8% 16% 25% 49% 4.13 
Unwillingness of rickshaw pullers to carry movement-challenged 

persons 
2% 3% 17% 35% 42% 4.12 

CNG 
Excessive height of platform 7% 8% 29% 35% 22% 4.36 
Excessive fare charged by CNG drivers 1% 1% 14% 32% 52% 4.17 
Lack of space to keep mobility aid 2% 7% 15% 26% 49% 4.14 
Unwillingness of CNG drivers to carry movement-challenged persons 2% 2% 17% 36% 43% 3.61  

Table 5 
Estimates of the ICLV model.   

Bus CNG Rickshaw Walk 

Estimate Robust t- 
ratio 

Estimate Robust t- 
ratio 

Estimate Robust t- 
ratio 

Estimate Robust t- 
ratio 

Alternative Specific Constant − 2.3036 − 2.9440 − 15.1279 − 6.6900 − 0.3797 − 1.2562 13.2589 3.8364 
Income (in Taka) − .00007 ¡4.4982 .00003 1.8011 .00003 3.7784 – – 
Commuting Distance 0.6635 6.2633 0.3013 3.1328 − 0.3942 ¡5.4236 − 7.3318 ¡2.9815 
Age − 0.0450 ¡1.9747 0.0861 3.2225   − 0.1868 − 4.0787 
Gender (Base = Female) – – – – – – 1.5339 2.0506 
Mobility aids (Wheelchair = 1, Walking frame, Crutch = 2, 

Walking Stick = 3) 
– – – – – – – – 

Waiting Time at Origin − 0.1135 − 1.5047 0.4140 5.6815 − 0.0075 − 0.1797 – – 
Waiting Time at Destination 0.2612 2.9330 0.4623 4.1037 0.0923 1.9158 – – 
Latent Variables (LVs) 
Perceived deficiency in pedestrian infrastructures (LV1) − 0.3983 ¡1.7767 0.9208 2.0861 − 0.0195 − 0.0988 − 0.8521 ¡2.0011 
Perceived fare Related Problem (LV2) − 0.3301 − 1.2387 0.4389 2.0302 − 0.3011 − 1.5650 − 1.6137 ¡2.7227 
Perceived lack of space to keep mobility aids (LV3) − 0.7758 ¡2.2935 − 0.1171 − 0.3101 0.1413 0.6706 1.6997 2.2401 
Perceived unwillingness to provide service (LV4) − 0.1104 − 0.3456 − 0.3675 − 1.1089 0.0060 0.0119 − 0.6495 − 1.3312 
Perceived challenges related to excessive height of platform − 0.0833 − 0.2129 0.2011 0.6587 − 0.2096 − 0.5907 0.6497 1.6064 
Structural Equation Model Estimates based on Equation 2.1 to 2.5 
Age on LV1 − 0.0124 ¡1.7844 − 0.0150 ¡3.0750 − 0.0130 − 1.3249 − 0.0131 − 1.5570 
Gender on LV1 − 1.0207 ¡5.2376 − 0.8464 ¡3.8686 − 1.0372 ¡5.2530 − 1.0266 ¡5.0627 
Age on LV2 − 0.0357 ¡8.8906 − 0.0385 ¡6.5073 − 0.0358 ¡8.1174 − 0.0360 ¡8.6203 
Gender on LV2 0.6383 4.1478 0.6913 3.8468 0.6427 4.7578 0.6343 4.4491 
Mobility aid on LV1 0.4762 3.0487 0.4488 3.8431 0.4945 2.1295 0.4964 2.4591 
Mobility aid on LV2 0.4780 6.9026 0.5253 5.2554 0.4796 6.1869 0.4864 6.9774 
Mobility aid on LV3 − 0.0350 ¡3.4635 0.1075 4.9832 − 0.0349 ¡3.2283 − 0.0350 ¡3.3222  
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choose private door-to-door mobility services such as rickshaws and 
CNG and are less likely to walk or take the bus, regardless of their ability 
to walk. Age is significantly and positively associated with the choice of 
rickshaw, and significantly and negatively associated with the choice of 
bus and walking. Age is not significant for the choice of rickshaw and 
CNG. As descriptive statistics suggest – large shares of MCPs use these 
modes – rickshaw and CNG seem to be a common mode choice among 
MCPs in Dhaka, irrespective of age. The relationship between gender 
and mode is significant and positive with walking only, indicating that 
mobility-challenged men are more likely to walk than women. 

5.2.2. Effect of commuting distance 
Commuting distance is significant in all models. It is negatively 

associated with rickshaws and walking, which could be expected 
considering that walking and pull rickshaws are generally most appro
priate to cover short distances. However, the relationship is positive 
with motorized modes, that is, CNG or bus, meaning that these modes 
are used by MCPs for longer trips in Dhaka, which could be expected as 
well. 

5.2.3. Effect of waiting time 
While one could generally expect waiting time to be negatively 

associated with mode choice, in our model, we found a positive rela
tionship with waiting time at the destination (prior to the return trip). 
This indicates that MCPs’ transportation choices are defined by the other 
factors and they choose the mode regardless of its long waiting time. For 
instance, if an MCP chooses a rickshaw for commuting, which is influ
enced by several other factors used in the model, that person will wait 
for the rickshaw for a longer period of time. According to the literature, 
MCPs from Dhaka, Bangladesh depend highly on rickshaws and CNG 
because of the door-to-door service provided by these modes. However, 
it is common for rickshaw pullers and CNG drivers to show unwilling
ness to carry them because they do not want to carry the mobility aids 
leading to higher waiting times. So, MCPs have to wait for the rickshaw 
puller and CNG driver to carry them to receive door-to-door service 
(Bhuiya et al., 2022). 

5.2.4. Effect of mobility aids 
We did not find the influence of mobility aids on mode choice sig

nificant in any of the models. These results suggest that the type of 
mobility aid used by the respondents does not directly influence their 
choice of travel mode. However, the type of mobility aid they use 
significantly influences their perceptions of mode-related problems. This 
is validated by the fact that the coefficient of the mobility-aid variable is 
significant for the first three latent variables. 

5.2.5. Effect of latent perception of five mode specific problems 
Deficiencies in walking infrastructures are negatively correlated with 

the selection of buses and walking as a travel mode by MCPs. Multi
modal access to public transportation accommodates the ways for a 
public transportation user to reach a bus stop to access a public trans
portation service. Multi-modal integration is particularly important for 
the choice of a bus for MCPs as they are heavily dependent on the first 
and last-mile access to the bus which does not provide door-to-door 
service (Grisé et al., 2018; Mohiuddin, 2021). In Dhaka, individuals 
mostly walk to access the bus services(Mohiuddin et al., 2022). In 
general, MCPs are likely to walk to the bus stop, and accommodating the 
specific needs of MCPs is imperative (Bhuiya, 2019). So, deficiencies in 
walking infrastructures make it challenging for MCPs to go to and from 
bus stops. For this reason, the greater the value of this LV, the more 
reluctant MCPs are to travel by bus. 

Relatedly, the higher the deficiencies in walking infrastructures, the 
lower the likelihood to choose walking as a travel mode; and the higher 
the likelihood of choosing CNGs. As CNGs provide door-to-door services, 
they virtually eliminate the need to walk. Furthermore, these motorized 
means of transportation are generally more suitable than other modes 

for relatively long trips. Hence, poor sidewalk conditions are likely to 
encourage MCPs to use CNGs. 

Problems related to fares are positively related to the choice of CNGs. 
As described in the factor analysis, the problems related to fares are 
linked to the misconduct of bus staff. In general, buses and CNGs are 
well-suited modes for relatively long-distance travel. When MCPs face a 
higher level of misconduct from bus staff, they are compelled to use 
CNG. 

Lack of space on the bus to keep mobility aids has a positive and 
significant relationship with specific mobility aid devices. This implies 
that wheelchair users likely suffer the most from this perceived 
constraint since wheelchairs require more space than any other mobility 
aids. Unsurprisingly, this latent variable is positively associated with 
walking; when MCPs suspect there will not be enough space on board to 
keep their mobility aid (or simply sit) they may choose to walk instead. 

MCPs’ mode choice was not found to be significantly related to the 
other two LVs – perceived unwillingness to provide service and the 
perceived problem of the excessive height of the platform. The percep
tions regarding these two problems do not significantly influence the 
choice of CNG and rickshaw as these two modes are more tailored to 
transportation-disadvantaged individuals. In the case of the public bus, 
individuals have to share space with others, which makes it difficult for 
MCPs to accommodate both themselves and their mobility aid. Even for 
a person without mobility challenges, an overcrowded bus is not the 
most attractive travel option. MCPs are likely to experience difficulties 
when traveling by bus. More generally, an insignificant latent variable 
may indicate that MCPs have largely accustomed or adapted to the 
related mode-specific challenges. The unwillingness to provide service is 
not significant for both CNG and rickshaws. This may be because MCPs 
generally try to overcome such unwillingness by offering higher fares for 
these two modes, especially in the case of a rickshaw, which is the most 
common motorized mode in Dhaka (Bhuiya et al., 2021). Additionally, 
the results show that the excessive height of the platform does not have a 
significant influence on mode choice. This problem is common to rick
shaws, CNGs, and buses in Dhaka since there are no specific design 
guidelines about platform heights for different vehicles (Dhaka Trans
port Coordination Authority, 2004; Dhaka Transport Coordination, 
2015). Despite experiencing hardships in boarding a vehicle with a high 
platform, MCPs might have found ways to circumvent this problem. 

5.2.6. Interaction of sociodemographic factors with latent perception of 
mode-specific problems variables 

Age is significantly and negatively associated with the perceived 
deficiency in walking infrastructure latent variable when MCPs decide 
to travel by bus or CNG. This is surprising as MCPs tend to get older, they 
should perceive more severely the issues with the pedestrian infra
structure. This outcome needs further investigation. Also, age is nega
tively associated with the perceived fare-related problem latent variable 
which is expected as when people get older, they tend to become more 
adapted to the issues of higher fare charges for being an MCP and 
reluctance of the mode operator to take them on their mode. Thus, they 
tend to rate those issues less severe compared to their younger 
counterparts. 

Gender is found to be negatively associated with different mode- 
related problems perception latent variables. Male MCPs rate walking- 
related problems less severely. Mobility aid types used by the MCPs 
are positively related to walking-related problems implying that MCPs 
with a higher level of disability condition tend to rate walking-related 
problems more severely. Wheelchair users suffer the most from de
ficiencies in pedestrian infrastructure. This can be attributed to the 
width of footpaths that is too narrow to accommodate a wheelchair; the 
cracks in which wheelchairs get stuck; and the lack of cut curbs that 
make many footpaths inaccessible to wheelchair users. 

Gender has a significant and positive relationship with the fare- 
related latent variable. It may be that female MCPs are likely to rate 
fare-related problems less severe than others, or drivers charge them less 
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in comparison to other MCPs. Mobility aid is positively related to this 
fare-related latent variable, thus suggesting that MCPs with a higher 
level of disability experience these problems more acutely. It is not 
unlikely for rickshaw pullers or CNG drivers to charge additional fares 
from MCPs as they have to perform additional services, such as assisting 
wheelchair users to carry bulky instruments. 

Across types, mobility aids maintain a significant positive relation 
with the perceived lack of space for such devices in all mode choice 
models, except when the choice of bus is the outcome variable. This 
implies that when MCPs perceive a mode provides less space to keep 
their mobility aids, they are not likely to select that mode. A wheelchair 
requires more space than a walking frame or crutch and a cane requires 
less space than a walking frame or crutch. Thus, it is likely that with the 
increase in the level of disability and level of the bulkiness of the 
mobility aid, MCPs are likely to suffer more from lack of space for 
mobility aids. 

Mobility aids have a significant negative association with the latent 
perception of lack of space to keep supporting instruments in the se
lection of the bus and rickshaw as modes. Mobility aid has a significant 
positive relation with a latent perception of lack of space to keep sup
porting instruments in the selection of CNG. The effect size of mobility 
aids in selecting the bus and rickshaw is relatively smaller for these 
modes than for CNG. 

6. Discussions and policy implications 

Our findings about MCPs’ mode choices in Dhaka are generally 
consistent with previous literature. For example, the findings that 
younger, low-income MCPs are more likely to walk coincide with the 
results of Paydar and Fard (2021) and Lehman (2018) regarding the 
influence of socio-demographic factors on walking and transit ridership. 
Meanwhile, the high propensity of elderly MCPs to use rickshaws in 
Dhaka can be attributed to the convenience of door-to-door service that 
this mode provides (Cidel, 2021). 

Most importantly, our study provides novel insights about MCP’s 
perceptions of transportation systems’ limitations in a South Asian 
megacity, and their significant role in mode choice. Although our sam
ple is not representative and limited to 400 survey respondents in 
Dhaka, Bangladesh, our modeling results shed light on the significant 
influence of MCPs’ perceptions of different modes on their mode choice. 
This is a contribution to prior knowledge, typically focused on the direct 
relationships between mobility impairment and mode choice – e.g., 
people in a wheelchair are less likely to take the bus (Frye, 2013). 
Interestingly, our findings suggest that the type of mobility aid, and 
related mobility challenge, is not directly associated with any specific 
mode choice in Dhaka. We found however that mobility aids have a 
significant relationship with the following latent variables: perceived 
deficiency in walking infrastructure, fare-related problems, and lack of 
space to keep mobility aids. This indicates that the effect of mobility aid 
does not always directly influence the mode choice rather it can some
times indirectly influence the mode choice by shaping the latent 
perception of MCPs. Policymakers and practitioners should focus on 
addressing these issues to improve MCPs’ perceptions of related systems 
and thus their likelihood of using them, as part of ongoing efforts to 
facilitate MCPs’ mobility and accessibility. Although recent policies and 
plans mentioned in the introduction section aim to improve MCPs’ ac
cess to opportunities in Bangladesh, these plans remain very general and 
lack specific guidelines. 

In Dhaka, our results suggest that improving the walking environ
ment is a critical priority to promote MCPs’ pedestrian mobility, not 
only as a primary mode for shorter trips, but also as a complementary 
mode to the bus for longer trips. This recommendation stems from our 
finding that perceived deficiencies of the pedestrian infrastructure are 
negatively associated with the bus as a mode choice. As suggested by 
Deka and Gonzales (2014), removing barriers to walking will be espe
cially helpful to ensure MCPs’ first- and last-mile mobility(Deka and 

Gonjalez, 2016). Such improvements would be especially beneficial for 
MCPs who cannot afford private door-to-door services like rickshaws 
and CNGs in Dhaka. 

Policymakers should also devise and implement policies that oblige 
public transit operators to provide (i) service to all patrons – refusing 
service to MCPs should be severely fined; (ii) space on buses for MCPs to 
keep mobility aids; and iii) access ramps to facilitate MCPs’ on-boarding 
and off-boarding. We found that the lack of space on board for mobility 
aids negatively influences the choice of bus. Additionally, the excessive 
height of the platform is a major perceived barrier to taking the bus. 
Guidelines and designs for universal accessibility of the vehicles should 
be developed to promote the mobility of PWDs(Aarhaug and Beate, 
2015). 

Given the high share of MCPs using rickshaws, a short-term priority 
should be to make rickshaws universally accessible. Almost half of the 
respondents (46%) were using door-to-door rickshaw services, including 
pull-rickshaws and more expensive CNGs for regular trips, despite 
problems inherent to these modes. Folding ramps can be installed on 
rickshaws to address the excessive height of platforms (Hudson, 2017), 
perceived by MCPs as a significant obstacle to using these modes. 
App-based rickshaw and CNG services can be introduced to increase fare 
transparency and prevent rickshaw pullers and CNG drivers from 
charging extra for carrying MCPs, where fare-related issues are another 
perceived obstacle revealed by our study. Existing app-based ride-hail
ing services like Uber, which exist in Bangladesh, can be adapted to 
include universally accessible rickshaws (Kumar et al., 2018). 

The use of the ICLV model also helped disentangle the complex re
lationships between mobility aid needed, sociodemographic character
istics, latent perceptions of obstacles to using different modes, and mode 
choice. The discrete choice component of the ICLV showed that indi
vidual choices are influenced by latent perceptions of mode-specific 
limitations of transportation systems. In addition, the structural equa
tion component of the ICLV model showed that latent perceptions are 
significantly influenced by socio-demographics (e.g., gender) and the 
type of mobility devices used by individual MCPs. In most of our models, 
the direct relationship between gender and binary mode choice was not 
statistically significant. Similarly, the direct effect of mobility devices 
was not statistically significant. However, both gender and mobility 
devices were significantly associated with latent variables. In other 
words, these results suggest that MCPs’ gender and mobility devices do 
not seem to have a direct effect on mode choice; however, their effect 
may be indirect, through latent variables. Thus, excluding latent vari
ables from the mode choice modeling framework would overestimate 
the effects of gender and mobility devices on mode choice, which could 
be misleading for policy formulation; whereas including latent percep
tion variables can help policymakers address the barriers to using 
different modes as perceived by various subgroups of MCPs, by gender 
and mobility impairment. 

Finally, future research should expand on this study, the first of its 
kind to use ICLV to model MCPs’ mode choice for regular trips. The data 
used in this study was collected in one city only and from one category of 
PWDs, that is, MCPs. Future studies could replicate similar analyses in 
other cities and identify mode-specific constraints faced by people with 
other disabilities. Furthermore, future research may want to consider a 
multinomial modeling strategy, common for modeling of mode choices. 
To do so, data on travel time, travel distance, and travel cost must be 
collected for all possible modes available. It is a limitation of our data 
that we collected this information only for the mode that respondents 
actually used for surveyed trips. We did not ask respondents to provide 
similar information for modes they did not use, as we assumed they 
would not know the answer with precision. Furthermore, such data 
could not be estimated from secondary data, not even using Google 
Maps; there is no feature to calculate travel times by pull rickshaws or 
CNG in Google Maps. Another limitation of the study is that the results 
only speak to the experience of MCPs who visit rehabilitation centers in 
Dhaka. Future research should attempt to recruit more broadly. 
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Nevertheless, our study has shed light on the overall potential of ICLV 
techniques to inform policy about the specific obstacles to mobility and 
accessibility, as experienced by PWDs. 

7. Conclusion 

Kakar et al. (2021) have argued that transportation inequities must 
be better understood to achieve social justice through policy. With this 
study, our primary goal was to advance knowledge on transportation 
inequities affecting PWDs. Secondly, we wanted to expand to PWDs and 
to a rapidly developing megacity the ICLV modeling technique that is 
typically used to uncover the role of unobservable perceptions or atti
tudes in mode choice. We estimated the influence of latent perceptions 
of the limitations of transportation systems, in addition to that of indi
vidual, and trip-related factors on mode choice, for mobility-challenged 
persons living in Dhaka, Bangladesh. 

We found that apart from socio-demographic, disability, and travel- 
related attributes, individual perceptions of mode-related problems 
significantly influence MCPs’ mode choice. In particular, perceptions of 
obstacles to walking, which mostly result from Dhaka’s rather organic 
development and limited investments in pedestrian infrastructure, 
significantly influence MCPs’ choice of traveling by bus; and anticipated 
high fares significantly influence the choice of CNG and rickshaw. 
Drawing on this assessment, we formulated specific policy recommen
dations to make Dhaka’s transportation system more accessible to MCPs, 
and therefore more equitable overall. 

Our results also shed light on the risks of overestimating the direct 
relationships between mobility impairment and mode choice, and 
sociodemographic characteristics such as gender and mode choice, 
when excluding latent variables from mode choice models. Although 
this research is focused on Dhaka, its methodology can be improved and 
expanded to other contexts. Particularly, the approach can most directly 
help investigate MCPs’ mode choices in other developing cities that face 
similar transportation challenges (Aarthi, 2019; Malik, 2017; Dhum
gana, 2020; Shafi, 2018). More broadly, in rapidly growing and mature 
economies alike, MCPs face severe transportation challenges (Bascom, 
2017; Clery et al. 2016), and the proposed ICLV framework can help 
identify and address specific issues with transportation systems, as 
perceived by MCPs. MCPs and other PWDs are a significant part of so
ciety (Clery et al., 2017). Enhancing their mobility is a necessary 
pathway to create truly inclusive transport systems that promote uni
versal access to opportunities. 
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