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A B S T R A C T   

The transportation sector in India faces significant issues, such as congestion and air pollution, and is in dire need 
of sustainable strategies. Sharing vehicles is one of the popular sustainable strategies. Sharing auto-rickshaws, a 
paratransit mode, currently informally operating with a significant mode share, offers an opportunity to tackle 
sustainability issues. There are several challenges to integrating and promoting auto-rickshaw system as shared 
transportation using a formal structure of policies. The primary reason is a dearth of studies on sharing auto- 
rickshaws, leading to policymakers lacking knowledge and focus. The present study contributes to the litera-
ture to divert focus on sharing auto-rickshaws in India, considering Mumbai Metropolitan Region (MMR) as a 
study area. This study attempts to assess and model the intentions of users and non-users toward auto-rickshaw 
sharing using stated preference (SP) choice experiments and estimate Willingness-to-Pay (WTP) considering 
multiple socio-economic heterogeneities. Results highlight that the most critical attributes are travel time reli-
ability and access time among different groups. Importance of having real-time information on trips among 
females and sharing auto-rickshaw users is high. The study provides a transparent direction toward ensuring 
efficient and integrated policymaking and guidelines for promoting auto-rickshaw sharing in urban areas of the 
Indian subcontinent with limited resources.   

1. Introduction 

Globally, sustainability of the transportation sector is a major 
concern (Das et al., 2021a). Due to unsustainable air pollution, traffic 
congestion, and fuel consumption caused by private vehicles in cities, it 
is essential to improve public transit systems and develop other trans-
portation options, accounting for those who do not have cars and depend 
on public transportation (PT). Traditional fixed PT routes with 
pre-determined stops may not address “first-mile” or “last-mile” jour-
neys; paratransit or intermediate public transit (IPT) can potentially 
help in addressing the issue (Basu et al., 2017). Along similar lines, 
urban areas in the most populous nation in the world, i.e., India, also 
have PT with inadequate resources and capacity where IPT, like 
auto-rickshaws (refer to Fig. 1), a privately operated motorized mode, 
caters to the demand gap from PT for commuters (Das et al., 2022b; Das 
and Mandal, 2021; Konbattulwar et al., 2016; Santana Palacios et al., 
2020; WPR, 2023). Unlike PT modes, auto-rickshaws provide 

door-to-door connectivity, and maneuverability is higher in dense urban 
areas due to their small size with low fares (Abu Mallouh et al., 2011; 
Harding et al., 2016; Nugroho et al., 2020). However, an unsustainable 
overall gap between demand and transportation infrastructural capacity 
to cater to the increased vehicle demand in India is leading to severe 
congestion, which is directly increasing pollution, health issues for 
commuters, accidents, loss of productive time, and fuel wastage (Bha-
duri et al., 2020; Cheranchery and Maitra, 2021; Maitra et al., 2015). For 
example, an estimated congestion cost for a city like Delhi (in India) is 
8.9 billion USD annually (Joseph et al., 2015). Building more trans-
portation infrastructure to tackle city traffic congestion is always an 
option. However, considering a space crunch in dense Indian cities, 
there is an urgent need to decongest the city roads with an exemplary 
and immediate shift toward sustainable and smart transportation sys-
tems (Das et al., 2021a). Sharing vehicles is one of the most capable 
options to counter concerns affecting India’s transportation sector’s 
sustainability (Das et al., 2022a). 
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Auto-rickshaws increase the share of PT by providing last-mile 
connectivity and decrease demand for private vehicles having high per 
capita emissions as an alternative to door-to-door connectivity. Almost 
75 percent of global auto-rickshaws operate in India and have a signif-
icant share among motorized transportation modes ranging from 11 to 
20 percent in different cities (Mani et al., 2012; Mani and Pant, 2012). 
Therefore, auto-rickshaws are a key component for the sustainability of 
India’s passenger transportation. However, according to Das and Man-
dal (2021), in their present form, auto-rickshaws cannot be considered a 
sustainable way of travel because they primarily run on petrol or diesel, 
resulting in high emissions from the road transportation sector. CNG 
fleets and 4-stroke engines should be promoted, and ride-sharing should 
be encouraged to make them more eco-friendly (Gohil et al., 2020; 
Macarthur and McKinsey, 2015; Mani and Pant, 2012; Trivedi et al., 
2020). In India, the conversion of auto-rickshaws to CNG and 4-strokes 
has been given significant attention; however, the promotion of 
ride-sharing in auto-rickshaws remains largely absent (Das and Mandal, 
2021; Mani, 2010, 2012; Mani and Pant, 2012; Shlaes and Mani, 2014). 

Auto-rickshaws have a permissible capacity of seating three adults 
and a driver (refer to Fig. 1) (Schmucker et al., 2011). As auto rickshaws 
can carry multiple passengers, they provide a favorable opportunity to 
operate as a sharing vehicle and promote Sharing Economy (SE). 
Auto-rickshaws in India travel empty on average 20% of their total 
travel kilometers (Rajkot, 2014), a significant setback to India’s focus on 
reducing transportation sector emissions to fulfill the targets of 2015’s 
Paris climate agreement. Promoting auto-rickshaw sharing among 
commuters provides an opportunity to reduce empty kilometers and 
overall emissions. Many studies have highlighted the importance of the 
emerging SE culture in India as a positive step toward sustainability 
(Panda et al., 2015). SE services such as Airbnb (Hospitality), Swiggy 
(Food and Beverage), and OlaShare (Transport) have received immense 
popularity in India (Biswas et al., 2015). Still, the availability and 
operation of sharing auto-rickshaws in India are limited, and there are 
few studies on auto-rickshaw sharing in India (Panda et al., 2015). There 
is a need in India to formulate policies, which can accelerate 
auto-rickshaw sharing (Das and Mandal, 2021), and the present study 
could be considered a small step toward diverting focus on 
auto-rickshaw sharing. Additionally, due to the dearth of knowledge and 
insufficient research on IPT modes in India, authorities perceive 
auto-rickshaws as unsafe and a reason for traffic congestion; therefore, 
auto-rickshaws receive significantly less focus than other modes during 
city planning (Kumar et al., 2016; Mani and Pant, 2012; Santana Pala-
cios et al., 2020). Registration of new auto-rickshaws in the last three 
decades has been drastically increasing (Reddy et al., 2017). The trend 
may continue in the upcoming decades. Thus, there is an urgent 
requirement for studies on auto-rickshaw sharing, which can help 

policymakers promote auto-rickshaw sharing among commuters. 
WTP has been used to promote policy development for alternative 

modes of transportation (Kraeusel and Möst, 2012). For instance, Basu 
and Hunt (2012) evaluated the attractiveness of sub-urban trains based 
on qualitative and quantitative attributes and showed the significance of 
WTP in addressing policy issues related to overcrowding. Similarly, 
Sadhukhan et al. (2016) employed WTP to formulate policies to improve 
transfer facilities near metro stations. Balakrishnan and Kar-
uppanagounder (2021) also utilized WTP when analyzing policies con-
cerning safe-route choices among motorized two-wheeler users, while 
Majumdar and Mitra (2019) estimated WTP values to create policies 
that would bolster bicycle infrastructure as a way to maintain existing 
users and attract new ones. To the author’s knowledge, no study has yet 
attempted to understand the WTP of auto-rickshaw commuters to 
develop appropriate supporting facilities. Determining WTP values will 
provide valuable insight into potential benefits and additional charges 
that could reasonably be imposed on auto-rickshaw riders to finance 
improvements in their infrastructure and operations. 

Further, Bera & Maitra (2022) suggested that users’ socio-economic 
characteristics substantially influence their perceived benefits and 
choices towards a mode. Eldeeb and Mohamed (2022) and Sadhukhan 
et al. (2016) also recommended that understanding uniqueness in taste 
and attitude among different population classifications is essential for 
developing inclusive policies, where socio-economic and travel charac-
teristics are the most popular classification of population. However, Gao 
et al. (2018) highlighted that most literature on different passenger 
transportation modes had limited their focus on estimating mean values 
of WTP and overlooked the preference heterogeneity caused by varia-
tions in cognitive biases and personal traits among commuters. Also, an 
understanding of heterogeneity among auto-rickshaw commuters is 
absent from the literature. Therefore, considering that metropolises in 
India have extensive socio-economic heterogeneity, understanding WTP 
changes corresponding to distinct socio-economic groups of 
auto-rickshaw commuters could assist in framing policy enhancements 
pertinent to an area concerning commuters’ socio-economic 
background. 

The present study is divided into two parts: firstly, SP survey data are 
collected and analyzed using the Mixed Logit (ML) model, and cognitive 
behavior of preferences among commuters is investigated; and secondly, 
WTPs of commuters belonging to distinct socio-economic groups are 
compared for viable improved facilities. 

2. Literature review and research gap 

For this study, a comprehensive literature analysis was conducted to 
evaluate mode choice and policy development in the transportation 

Fig. 1. Auto-rickshaw in India (source: Author).  
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sector. An extensive discussion of the attributes and methodologies used 
by various studies is provided in the following paragraphs, with an 
overview summarized in Table 1. 

Research conducted in different settings revealed that both quanti-
tative and qualitative attributes of transportation services considerably 
impact commuters’ decision-making process. The quantitative attributes 
such as fare, travel time, access time, waiting time, and transfers were 
among the most common attributes that related studies found to have a 
significant impact on commuter’s mode choice preferences (Balak-
rishnan and Karuppanagounder, 2021; Bellizzi et al., 2020; Dandapat 
and Maitra, 2020; Eldeeb and Mohamed, 2022; Gao et al., 2018). Past 
related studies also pointed out qualitative attributes such as real-time 
information, vehicle characteristics, environmental awareness, crowd-
ing level, and driver’s demographic characteristics, which influence 
commuter’s perception during mode choice (Bellizzi et al., 2020; 

Dandapat and Maitra, 2020; Eldeeb and Mohamed, 2022; Gao et al., 
2018; Jensen et al., 2021; Ma et al., 2019; Wisutwattanasak et al., 2022). 
Past studies are also divided based on their focus on single or multiple 
attributes for their assessment. For instance, the objective of Wang et al. 
(2018) was to improve the resilience attribute of New York’s trans-
portation system infrastructure. Ma et al. (2019) analyzed the impact of 
removing subsidies in promoting electric vehicles (EVs) in China by 
using segments of incentives as attributes. Beak et al. (2020) focused on 
the importance of an attribute representing environmental friendliness 
in attracting customers to purchase EVs. Similarly, price of service at 
different levels was utilized as an attribute by Fu et al. (2022) to un-
derstand choice of shared mobility with autonomous vehicles. In 
contrast, many studies utilized a combination of multiple attributes 
(Balakrishnan and Karuppanagounder, 2021; Bellizzi et al., 2020; Bera 
and Maitra, 2022; Dandapat and Maitra, 2020; Eldeeb and Mohamed, 

Table 1 
Summary of relevant literature on the estimation of WTP for policy development (last five years).  

Study Region Data Variables Method Focus Heterogeneity 

Bera & Maitra (2022) Kolkata, India SP Price, public station, battery 
warranty, tailpipe emission, 
battery range, fuel cost 
reduction 

MNL, ML WTP for the attributes of 
Plug-in Hybrid Electric 
Vehicles (PHEVs) 

Socio-demographic characteristics 
such as age, monthly family 
income, car ownership, home- 
based parking facility and 
education, and trip characteristics 

Eldeeb and Mohamed 
(2022) 

Hamilton, 
Canada 

SP Fare, Journey time, access 
time, transfers, service 
headway, real-time 
information 

MNL, Random 
parameter logit 
(RPL) 

WTP of transit service 
improvements 

Socio-economic characteristics, 
transit usage, user type, and 
attitude 

Fu et al. (2022) Alabama, 
USA 

SP Price of service Random 
parameter 
ordered logit 

WTP for shared 
autonomous vehicle 
(SAV) services 

Socio-demographic, awareness, 
and experience 

Wisutwattanasak et al. 
(2022) 

Thailand Contingent 
valuation 
method (CVM) 

Demographic characteristics ML WTP of driver attributes Gender, attitude, annual mileage 

Balakrishnan and 
Karuppanagounder 
(2021) 

Kerala, India SP Travel time. Travel cost, 
crash rate 

ML WTP against crash 
reduction 

Preference parameters 

Jensen et al. (2021) Denmark SP Cost, car characteristics, 
charging infrastructure 

ML WTP of PHEV 
characteristics and 
availability of charging 
infrastructure 

Fuel type, car type 

Beak et al. (2020) South Korea SP Drive range, charging 
technology, charging time, 
autonomous driving 
function, CO2 emissions 
reduction, price 

ML WTP of attributes of 
battery electric vehicles 
(BEVs) 

Attributes of BEVs 

Bellizzi et al. (2020) Santander, 
Spain 

SP Waiting time, journey time, 
access time, level of 
occupancy, fare 

Latent Class and 
Random 
Parameter ML 
models 

WTP of service attributes Socio-demographic, income, trip 
purpose, type of user 

Dandapat and Maitra 
(2020) 

Kolkata, India SP Type, waiting time, Comfort, 
Traffic information, Journey 
speed, Fare 

RPL WTP for improving bus 
service attributes 

Socio-economic, trip, and 
demographic characteristics 

González et al. (2019) Teide 
National 
Park, Spain 

SP Parking cost, CO2 emission, 
waiting time 

ML WTP for reducing 
waiting time and CO2 

emissions 

Socio-economic characteristics 

Ma et al. (2019) China SP Driving range and charging 
attributes, reduction in EV 
operating costs, and EV- 
specific privileges. 

MNL, ML WTP for alternative 
incentives as subsidies 

Socio-economic characteristics, 
vehicle type, city type, attitude 

Majumdar and Mitra 
(2019) 

Kharagpur 
and Asansol, 
India 

SP Road width, level of risk, 
route visibility, journey 
time, operating cost 

RPL WTP of bicycle 
infrastructure 
improvement 

Trip purpose 

Gao et al. (2018) Shanghai, 
China 

SP Travel time, travel time 
unreliability, cost, crowding 

RPL WTP for travel-time 
reliability (TTR) 
improvement and in- 
vehicle crowding 
reduction 

Socio-demographic, income 

Giansoldati et al. 
(2018) 

Friuli Venezia 
Giulia, Italy 

SP Price, driving range, 
operating cost, share of fast 
charging stations 

Binary logit, ML WTP of EV attribute 
improvements 

Socio-economic characteristics 

Wang et al. (2018) New York, 
USA 

SP Improve operational 
transportation, WTP for 
resilience improvement 

Mixed-mixed 
logit (MM- 
MNL) 

WTP of improving 
resilience of 
transportation 

Payment  
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2022; Jensen et al., 2021; Majumdar and Mitra, 2019). 
Literature also highlights that estimation of WTP based on SP survey 

data has been a popular way of assessing different attributes for policy 
development of transportation infrastructure. For example, WTP for 
improving bus service (Dandapat and Maitra, 2020), bicycle infra-
structure (Majumdar and Mitra, 2019), and travel-time reliability (TTR) 
with in-vehicle crowding (Gao et al., 2018) were assessed using Random 
parameter logit (RPL) on SP data from commuters. Similarly, many 
studies have used a combination of different models on SP data to es-
timate WTP, such as Eldeeb and Mohamed (2022), which employed 
Multinomial Logit (MNL) interaction models and an RPL model on SP 
data from consumers. The models were used to estimate WTP for un-
derstanding best investment decisions to improve transit service quality. 
Similarly, Giansoldati et al. (2018) utilized SP data from consumers of 
EV and petrol cars to develop binary logit and ML models. The models 
were used to estimate WTP of different EV attributes supporting the 
development of policies to influence consumers’ purchasing decisions 
toward EVs. Studies such as Bera and Maitra (2022) and Ma et al. (2019) 
used a combination of MNL and ML models on SP data from commuters 
to estimate WTP changes on attributes of Plug-in Hybrid Electric Vehi-
cles (PHEVs) and changing subsidies with incentives, respectively. 
However, most past studies used a single model to estimate WTP, and 
the most popular choice was the ML model. For example, Wang et al. 
(2018) utilized an ML model on SP data from residents of New York City 
to derive flexible distribution of WTP related to improving resilience of 
transportation infrastructure. Similarly, past studies estimated WTP of 
attributes to develop policies to reduce waiting time and CO2 emission of 
shuttle buses in Spain (González et al., 2019), promote the adoption of 
Battery EVs (BEVs) and PHEVs (Beak et al., 2020; Bera and Maitra, 2022; 
Jensen et al., 2021) using ML model on SP data from consumers. 
Balakrishnan and Karuppanagounder (2021) and Wisutwattanasak et al. 
(2022) also developed ML models using SP data from commuters, where 
the models were used to estimate WTP for developing policies to reduce 
road accidents for two-wheelers and buses, respectively. 

According to Balakrishnan and Karuppanagounder (2021), 
decision-making is sensitive to assumptions about preference hetero-
geneity, with taste homogeneity underestimating subjective values; 
therefore, accommodating preference heterogeneity in individual 
responsiveness improves model fit and reveals new information. Some 
related literature assessed variations in WTP values within population 
classes and highlighted that understanding taste heterogeneity among 
respondents is essential for efforts to develop sustainable policies for the 
transportation sector. For example, Gao et al. (2018) conducted a 
detailed study on understanding heterogeneity in valuation WTP 
changes for travel time reliability. The results indicated that variability 
in demographic attributes, spatial context, and time schedule are all 
found to influence preference heterogeneity for travel time reliability. 
The variation in WTP results based on education and income levels 
broaden the understanding of what affects WTP for travel time reli-
ability, aiding in more accurate demand forecasting. Wisutwattanasak 
et al. (2022) conducted a detailed study on understanding car drivers’ 
valuation of risk reduction measures for road accidents in Thailand. The 
results suggested that variables reflecting households with children, 
driving to work or for work, drivers’ intention, and those with elderly 
were initially insignificant, but the heterogeneity modeling approach 
found them influential. The study highlights the importance of ac-
counting for heterogeneities to uncover multi-layered effects of 
preference-level variables (e.g., demographic & psychological) on 
drivers’ WTP for road safety, offering flexibility in WTP estimation. 
Majumdar and Mitra (2019) attempted to identify and evaluate signif-
icant attributes to help develop suitable policies to attract new bicycle 
users. The study concluded that valuation of factors is significantly 
influenced by trip purpose, which can be captured via heterogeneity 
investigation. The conclusion suggested that a single policy disregarding 
user needs and city characteristics would not suffice to improve bicycle 
infrastructure, with important implications for attracting choice users 

into bicycling. Throughout the literature, socio-demographic and trip 
characteristic variabilities were the most prevalently used in under-
standing heterogeneity of decision-making among commuters in mode 
choice (Bellizzi et al., 2020; Bera and Maitra, 2022; Dandapat and 
Maitra, 2020; Eldeeb and Mohamed, 2022; Fu et al., 2022; Giansoldati 
et al., 2018; González et al., 2019; Ma et al., 2019). 

The use of auto-rickshaws as a form of paratransit has been largely 
studied in developing South Asian countries, such as India, from various 
perspectives. Nonetheless, paratransit services exist and are present in 
many other countries worldwide. The following subsections discuss 
global studies on how paratransit is being promoted across different 
nations, review multiple angles from which auto-rickshaw studies assess 
service quality in India, and identify key research gaps that need to be 
addressed. 

2.1. Promoting paratransit services 

Paratransit services are operated informally in emerging nations and 
offered by an individual who works as both driver and operator. Pandit 
and Sharma (2022) suggested a need to design future paratransit ser-
vices that can improve drivers’ earnings and working conditions and 
integrate information technologies. The improvement will enhance the 
overall services by paratransit which will be essential in increasing the 
adoption of paratransit services by commuters. Drivers of 
‘three-wheeler’ paratransit services in the city of Kandy, Srilanka, re-
ported that they would prefer access to social well-being schemes over 
improvement in work conditions and salary, whereas drivers in cities of 
Colombo and Moratuwa desired vice-versa (Kawasaki et al., 2019). 
Therefore, for a holistic improvement in satisfaction among drivers of 
paratransit, there is a need to enhance access to social well-being 
schemes, working conditions, and salary, which will translate into bet-
ter driver behavior towards commuters. Paratransit service providers 
such as ‘Tmpo’ and ‘Leguna’ are significantly used by low-income 
workers, especially women in Dhaka, Bangladesh, and the primary 
problem faced by women in these paratransit modes is ‘security and 
safety’ (Rahman, 2022). The availability of real-time information can 
decrease ‘security and safety’ concerns in paratransit services. A flexible, 
inexpensive, and relatively comfortable paratransit mode is ‘Amaphela’, 
which operates in Cape Town, South Africa. Rink (2022) suggests that 
‘Amaphela’ is treated as a threat to order by regional policymakers 
because of their informal operations; also, the informal structure in-
creases safety and reliability issues for commuters. Weicker (2022) also 
pointed out that the paratransit mode in Russian cities is known as 
‘Marshrutkas’, facing severe criticism and restrictions for being por-
trayed as unsafe, uncomfortable, supporting anti-social behavior, and 
tax evasion. There is a need to understand the importance of regional 
paratransit modes in the transportation system and support them to 
become formal, which can help increase acceptability and account-
ability, leading to safer and more reliable paratransit system develop-
ment. ‘Songtaew’ is a paratransit mode operated in Khon Kaen City, 
Thailand. The survey results from Wongwiriya et al. (2020) showed that 
reliability and comfort strongly impact non-users decision of not to use 
Songtaew’s service, whereas cheaper fares with convenient service are 
most important for present users to continue using the service. The study 
recommended that as fares of Songtaew are presently at an acceptable 
range, efforts should be concentrated on reducing the time spent trav-
eling, including waiting and in-vehicle time, expanding its coverage 
areas, and prioritizing safety through monitoring driver behavior. The 
paratransit mode of ‘Qingqi’ is an essential part of the transportation 
system in Lahore, Pakistan, because of its flexibility and frequency. 
Javid et al. (2020) suggested that commuters are compelled to use 
Qingqi in high-density and low-to-middle-income areas because of a lack 
of access to bus services. The study highlighted that respondents opted 
out of using Qingqi services because of discomfort from overloading and 
music. Respondents who were users of Qingqi also viewed the mode as a 
major cause of traffic congestion. The study recommended that 
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policymakers focus on regulating the informal structure by standard-
izing operations (i.e., schedule, fare structure, and routes) and driver’s 
qualification, which will help ensure passengers’ safety and security to 
make Qingqi acceptable to commuters. Johannes du Preez and Venter 
(2022) suggested that cities can conduct congestion studies and explore 
the possibility of effectively co-existing formal bus services with 
informal paratransit services in Tshwane, South Africa. The results 
support policy intervention of providing paratransit services access to 
dedicated bus lanes during peak periods of traffic, which could help 
promote paratransit services. Belgiawan et al. (2022) assessed the future 
of paratransit in Bandung, Indonesia. The study advised that paratransit 
services such as ‘Jitneys’ and ‘Angkutan Kota in Indonesia and ‘Tuk-tuk’ 
in Thailand should be cautious not to substitute mass public trans-
portation and should exist as feeder service providers. Campbell et al. 
(2019) highlighted that in Nairobi, Kenya, there is significant inequality 
in accessibility in different types of regions. There is a need to integrate 
land use policies with transportation policies, where flexible paratransit 
mode ‘Matatus’ can help provide safe, efficient, and affordable options 
for commuters. Matatus should be integrated with mass public and 
non-motorized transportation systems to increase its access and 
acceptability among commuters. 

2.2. Studies on auto-rickshaw in India 

Many studies have attempted to increase the efficiency of operations 
and adoption of auto-rickshaws (Devulapalli and Agrawal, 2017; Mani 
et al., 2012; Varghese and Jana, 2018). A study on auto-rickshaws in 
Indian cities by Harding et al. (2016) documented criticisms that the 

auto-rickshaw system and its operating drivers face. A balanced aspect is 
provided between the debate of underlying public perception of the 
criticisms and their ground reality. Mani et al. (2012) conducted a 
perception-based study to understand the negative perceptions of 
developing a sustainable auto-rickshaw system. A detailed review of 
market characteristics, emissions, safety, and socio-economics, is pre-
sented in Mani and Pant (2012). Varghese and Jana (2018) utilized data 
from auto-rickshaw commuters to investigate Information and 
Communication Technologies (ICT) use and access by commuters. 

Most flexible transportation services like auto-rickshaws are limited 
to only developing nations. Therefore, a practical perspective on how 
developed nations can learn from developing nations and integrate 
flexible transportation services into their societies is provided by Finn 
(2012). A recent study by Devulapalli and Agrawal (2017) attempted to 
show the importance and use of open geospatial data in mapping transit 
systems. Shared auto-rickshaw services are mapped for Hyderabad 
combined with bus services, thus, portraying opportunities to solve 
underlying problems. Some studies also attempted to compare different 
modes with auto-rickshaws. For example, Basu et al. (2017) compared 
paratransit such as auto-rickshaws with dial-a-cab taxi services for 
Mumbai and Kolkata using Revealed Preference (RP) data from com-
muters. The study also suggested that future research fills a knowledge 
gap in formulating policies supporting auto-rickshaws by performing 
choice experiments using SP data with different services. Another study 
by Rastogi and Rao (2003) compared auto-rickshaws with buses and 
private vehicles using RP and nested SP data. An environmental transit 
accessibility index is developed to understand commuters’ mode share 
under multiple hypothetical scenarios. Further, Shirgaokar (2019) 

Table 2 
Literature review of related studies focused on auto-rickshaws in India.  

Author Focus Region Method Recommendation 

Das and Mandal 
(2021) 

Commuter perception Mumbai Survey, Structural Equation 
Modeling (SEM) 

Improving behavioral intentions of commuters toward sharing 
auto-rickshaws is important to support service quality. 

Priye et al. 
(2021) 

Socio-economic 
characteristics and 
operations 

Delhi Survey, Grey-relation analysis Adoption of sustainable auto-rickshaw models also depends on 
drivers’ perceptions. 

Ansari and Sinha 
(2020) 

Socio-economic 
characteristics and 
operations 

Patna Survey, Importance- 
performance analysis 

Service quality offered by auto-rickshaws is vital for user 
perception. 

Fleitoukh and 
Toyama 
(2020) 

Socio-economic 
characteristics and 
operations 

Delhi Survey, Regression analysis Drivers perceive sharing auto-rickshaw services as a low- 
income source. 

Priye and Manoj 
(2020) 

Socio-economic 
characteristics and 
operations 

Patna Survey, Multinomial logistic 
regression 

Future studies should compare user perceptions with non-user 
for better insight. 

Sharma et al. 
(2020) 

Socio-economic 
characteristics and 
operations 

Kolkata Survey, RIDIT technique Users give more importance to qualitative attributes than 
quantitative ones. Future works should assess heterogeneity 
among users. 

Basu (2019) Market characteristics Kolkata SWOT (Strengths, 
Weaknesses, Opportunities, 
and Threats) analysis 

Auto-rickshaws need to integrate with technologies to 
improve their service and stay competitive. 

Danesh et al. 
(2019) 

Market characteristics Mumbai Survey, Logit model Focusing on attitudinal variables of users is important in auto- 
rickshaw mode choice. 

Kumar and Roy 
(2019) 

Policy direction Delhi Literature review Lack of focus from policymakers is deterring development in 
the auto-rickshaw system. 

Behl et al. (2018) Market characteristics India Survey, Interpretive Structural 
Modeling (ISM) 

Regulatory pitfalls are stopping auto-rickshaw systems from 
operating efficiently using a fleet-based structure. 

Bisht and Ahmed 
(2018) 

Socio-economic 
characteristics and 
operations 

Silchar Survey, Utility mapping Auto-rickshaw is the primary transportation mode, which is 
informally operated. Authorities should start supporting the 
modes and cover them under a structured module. 

Muralidhar et al. 
(2018) 

Market characteristics Bengaluru Survey, Interview, Data 
pattern technique 

Integration and technology awareness increase ease of 
operation for drivers of auto-rickshaws, which may translate 
into better service to users. 

Basu et al. 
(2017) 

Market characteristics Mumbai, Kolkata Survey, Structural Equation 
Modeling (SEM) 

There is a need to include paratransit in future urban 
transportation system policymaking. 

Harding et al. 
(2016) 

Policy direction India Literature review, Survey There is a lack of policy reforms by policymakers on the auto- 
rickshaw system due to negative perceptions. 

Kumar et al. 
(2016) 

Policy direction Amritsar, Jaipur, Noida, 
Ahmedabad-Gandhinagar, and 
Sanand-Viramgam 

Literature review, Survey The negative impact on service performance of informal 
transportation modes, such as sharing auto-rickshaws, is due 
to a lack of recognition from policymakers.  
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compared auto-rickshaws with other modes of transportation based on 
choice differences among different genders using a psychological 
framework containing time and safety constraints. Shirgaokar (2019) 
also suggested that as India has a mushrooming middle class with 
increasing women participation, women as a gender group proactively 
make preferences and travel choices. Women have different travel re-
quirements as compared to men. There is a lack of studies that attempt to 
estimate the preferences of women commuters in auto-rickshaws. Thus, 
separate studies should be conducted on commuting women (living in 
societies with inherent gender roles) for policymaking. Table 2 high-
lights a literature review of studies on auto-rickshaws in India based on 
the different areas of focus discussed above. 

2.3. Research gaps and motivation 

There is a need to perform choice experiments involving multiple 
distinct service types to fill the knowledge gap in auto-rickshaw system 
policies (Basu et al., 2017). Understanding current users’ experiences 
and expectations of potential users could help develop robust policies to 
make non-users adopt a mode (Das and Mandal, 2021; Deb and Ahmed, 
2018). There is a lack of studies that combines knowledge from users 

and non-users. Shirgaokar (2019) suggested that India has highly het-
erogeneous socio-economical characteristics and that understanding the 
characteristic variations is vital to developing policies. A lack of studies 
has attempted to model and understand the preferential changes among 
different socio-economic groups of sharing auto-rickshaw users (Das and 
Mandal, 2021). It is still unexplored to understand WTP for possible 
improvements among sharing auto-rickshaw users and their variability 
within different socio-economic groups. 

Therefore, within this study’s context of increasing adoption of 
sharing auto-rickshaws and elevating awareness among operators and 
policymakers, the present study attempts to overcome the aforemen-
tioned research limitations. Some specific aspects included in the cur-
rent study are.  

a. The current study is one of the few studies that attempted to explore 
sharing auto-rickshaws;  

b. Inclusion of choices from both users and non-users makes the results 
robust;  

c. Assessment of WTP and variations among different socio-economic 
groups support future asset utilization. 

Fig. 2. Methodology diagram.  
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3. Methodology and data 

A detailed methodology flow diagram is presented in Fig. 2, which is 
majorly divided into three stages. A literature review of studies on auto- 
rickshaws in India is conducted in the first. 

Stage, and attributes are identified that significantly influence mode 
choice of auto-rickshaws. Data collection is conducted using an optimal 
number of SP choice sets using a questionnaire in the second stage. ML 
models are developed using choice sets responses in the third stage and 
analyzed for interpretation of results. Details on the case study area, 
design of questionnaire, data collection process, and model structure for 
data analysis are provided in subsequent sub-sections. 

3.1. Case study 

MMR is the largest urban agglomeration in India (Bhatia et al., 
2022). MMR has a population of 24.4 million, which constitute 92 
percent of urban population. The total population is projected to reach 
34 million by 2031 (MMRDA, 2008, 2016). According to TERI (2015), 
Greater Mumbai, Thane, and Navi Mumbai represent MMR (refer to 
Fig. 3). Thane and Navi-Mumbai fall under the Thane district. Economic 
and population growth shows upward trends in these two areas (Greater 
Mumbai and Thane district), leading to a significant increase in vehic-
ular traffic. The two areas share a common boundary, and many com-
muters travel in-between the areas. Additionally, air pollution is a 
significant issue in these two areas due to traffic congestion. Air pollu-
tion and climate change have a direct relationship. Being in coastal re-
gions, MMR is highly susceptible to threats of climate change. Air 
pollution and traffic congestions propagate health issues and waste 
valuable time. Most auto-rickshaws are forced to opt for a cleaner fuel 
such as Compressed Natural Gas (CNG) in MMR to counter air pollution 
and its associated ill effects. Therefore, promoting sharing 
auto-rickshaws can provide additional environmental benefits (TERI, 
2015). 

Considering the problems are majorly localized in Greater Mumbai 
and Thane districts, this study considered a combined area of Greater 
Mumbai, Thane, and Navi-Mumbai as a case study (refer to Fig. 3). The 
majority of responses were collected from Greater Mumbai (Eastern 
Suburban. 

Western Suburban, and Island city). In the current study, the island 

city of Greater Mumbai has not been considered, as auto-rickshaws are 
prohibited from operating in the area. MMR’s transportation problems 
are severe and complex due to high population density, lack of land for 
development, and inadequate roads. There is an urgent need to address 
its transportation and infrastructural issues through special studies for a 
sustainable future (MMRDA, 2016; Shafizadeh-Moghadam and Helbich, 
2015). Auto-rickshaws account for 11 percent of the total vehicle count 
and 20 percent of overall trip share among motorized road trans-
portation modes (Mani and Pant, 2012); thus, showing a significant 
fraction of ridership to auto-rickshaws and the importance of focusing 
on auto-rickshaws in MMR (Basu et al., 2017; Varghese and Jana, 2018). 
Similarly, sharing auto-rickshaws caters to 10% of all motorized trips in 
MMR and runs on over 1000 fixed routes (Meena et al., 2019; Mishra, 
2018). Lack of policy support for sharing auto-rickshaws is a primary 
cause of a rampant increase in illegal sharing auto-rickshaw routes, 
where 70% of sharing auto-rickshaws are illegal and prone to violating 
traffic norms and cost structure designated by the Hakim Committee 
(Das and Mandal, 2021; Mishra, 2018). Therefore, considering a revival 
of sharing transportation post relaxation of COVID-19 guidelines in 
MMR, studies need to divert policymakers’ attention toward sharing 
auto-rickshaws and support an increase in adoption among commuters 
(Das and Mandal, 2021). 

3.2. Stated preference survey design 

One of the objectives of this study is to understand preferential pa-
rameters among auto-rickshaw users towards sharing auto-rickshaws. 
Discrete choice experiments employ an SP survey to complete the 
objective (Basu et al., 2017; Sweet, 2021). The choice experiment 
included five attributes, i.e., ‘extra travel time’, ‘fare’, ‘walking time to 
access’, ‘real-time travel information’, and ‘waiting time’. A sample repre-
sentation of a question from the SP survey and attributes with their 
levels is shown in Fig. 4. 

Fare levels are decided based on the Hakeem committee’s recom-
mendations for Maharashtra (Committee, 2017). Walking time to access 
service levels are selected based on walking speed ranging from 1.2 to 
1.4 m/s, and walking distance to public transportation stops ranging 
from 300 to 500 m (Advani and Tiwari, 2005; Alshalalfah and Shalaby, 
2007; Mohler et al., 2007). The development of choice sets in the SP 
survey must consider feasible parameters. For example, waiting time 
and travel time should not be zero. The situations could be proposed but 
should be realistic (Dell’Olio et al., 2011). 

The full factorial of the choice experiment involves 48 choice sets. 
Rationally, fare for a shared ride cannot be higher than for a single ride. 
All choice sets from a full factorial design may not be necessary to assess 
mode choice; therefore, Federov’s exchange algorithm for d-optimal 
design can reduce the number of choice sets. Therefore, this study uti-
lized the ‘optFederov’ function from the ‘Algdesign’ package in R to 
reduce 48 choice sets to 24 (Wheeler and Braun, 2022). Additionally, a 
higher number of choice sets for a respondent is time-consuming and 
may cause fatigue. Thus, dividing large choice sets into blocks of smaller 
choice sets (ranging from 6 to 18 choice sets per block) for each 
respondent is necessary. In this study, 24 choice sets are divided into 
three blocks of 8 choice sets, each using the ‘optBlock’ function. Stated 
preference data can be combined with RP data from commuters with 
heterogeneous socio-economic characteristics to estimate preferential 
variations. 

3.3. Data collection and organization 

The data collection process involves an online questionnaire. The 
questionnaire is divided into three parts. The first part contains a letter 
explaining the purpose of the survey, approximate time required to fill 
the whole questionnaire, assurance of confidentiality towards their 
personal information, difference between an alone ride and a shared 
ride, and researchers’ contact information in case of an inquiry. The Fig. 3. Case study area (Island city is not selected for data collection).  
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second part collects respondents’ RP data for descriptive statistics and 
understanding heterogeneity in the socio-economic profile. The last part 
of the questionnaire presents choice experiments to respondents. 

Before starting real data collection, a pilot survey was conducted 
over randomly selected 14 sharing auto-rickshaw users within a Uni-
versity campus. Remarks and suggestions from the pilot survey 
improved the questionnaire for language, structure, and clarity. The 
pilot survey outcome showed that people presume rewards for their time 
in completing the questionnaire, and even after giving assurance of 
confidentiality, people were wary of giving any of their personal infor-
mation. Thus, the final questionnaire removed the address row and 
added name and email-id (or contact number) as identifiers. Thus, 
formally segregating the respondents as per their actual auto-rickshaw 
use location is not possible. Descriptions of the attributes (refer to 
Fig. 4) were not included in the questionnaire because the researchers 

offered detailed instructions and explanations with examples to each 
respondent before providing them with the survey questionnaire. The 
data collection process employed both researcher-administered and self- 
administered techniques based on the convenience of respondents. 
Three sets of questionnaires were developed, including three different 
blocks of choice sets (detail given in section 3.2). To counter selection 
bias, ‘Google script’ was used to assign question blocks randomly to 
respondents (Tanaka et al., 2014). 

The minimum number of choice sets requirement is estimated using 
the following equation provided by Rose and Bliemer (2013) and Orme 
(2019) for SP studies. 

N ∗ c > 500 ∗

(
lmax

a

)

(1) 

Here, N is the sample size, c is the number of choice tasks, lmax is the 

Fig. 4. a) Sample question representation of stated preference survey, b) attributes and their levels. (Note: INR is Indian Rupee (₹), where 1 US$ = 72.21 ₹ on 6th 

December 2018). 

Table 3 
Socio-economic profile of respondents (n = 532).  

Characteristics Observation Percentage Characteristics Observation Percentage 

User Auto-sharing   Occupation   
Yes 391 73.50 Formal 436 81.95 
No 141 26.50 Student 53 9.96 
Gender   Informal, Unemployed, Homemaker, Retired, Other 43 8.09 
Female 222 41.73 
Male 310 58.27 Income/month   
Auto-rickshaw mode purpose   <INR 20,000 193 36.28 
Mandatory 241 45.30 INR 20,000 to < INR35,000 165 31.02 
Maintenance 83 15.60 INR 35,000 to < INR 50,000 97 18.23 
Discretionary 54 10.15 >INR 50,000 77 14.47 
Return to home 91 17.11 Vehicle own   
Other 63 11.84 Two-wheeler   
Education   Yes 306 57.52 
Primary schooling, 

Middle schooling, 
High schooling 

19 3.57 No 226 42.48 
Car   
Yes 142 26.69 

Graduation 290 54.51 No 390 73.31 
Post-graduation 221 41.54 Major mode   
Doctorate 2 0.38 Auto-rickshaw 184 34.59    

Other 348 65.41  
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largest number of levels for any attribute, and a is the number of al-
ternatives. The total responses collected for this study are from 532 
commuters, i.e., 4256 (532 × 8) choice sets, significantly higher than the 
estimated minimum requirement of 750 choice sets. The description of 
the respondents is given in Table 3. 

The majority of data is collected from sharing auto-rickshaw com-
muters because the current study’s requirement focuses on sharing auto- 
rickshaws. Therefore, the representation of sharing auto-rickshaw users 
is 73.50 percent. The gender split in the data is 41.73 percent female and 
58.27 percent male. Lower sample representation for women is attrib-
uted to lower women’s participation outside their homes, comparable to 
38.70 percent, as Varghese and Jana (2018) reported. Similarly, the 
mean and median ages are 26.09 and 26 years, respectively, similar to 
India’s population characteristics (OGD, 2019). A higher percentage of 
mandatory trips using auto-rickshaws, educated respondents, and 
formal occupations are expected due to the focus of data collection on 
traveling commuters. Additionally, 57.52 percent reported owning a 
two-wheeler and 26.69 percent personal car, comparable to numbers 
reported by Varghese and Jana (2018) for Mumbai. Auto-rickshaw is a 
major mode of transportation for 34.59 percent, as many commuters use 
multiple modes to complete a trip. 

3.4. Comparison of heterogeneous groups 

Varghese and Jana (2018) suggested that Indian society is 
socio-economically highly heterogeneous. Neglecting heterogeneity 
may lead to false conclusions about benefits and costs (Ettema and 
Verschuren, 2008). Therefore, associated heterogeneity develops 
possible confusion related to the results during choice experiments. 
Moreover, recent studies have suggested that heterogeneity for different 
population sub-groups is worth investigating (Bera and Maitra, 2022). 
The segmentation technique suggested by Koppelman and Bhat (2006) 
is followed to understand heterogeneity. The market segmentation 
technique is helpful to counter heterogeneity issues in which groups are 
developed, which are comparatively homogenous, and they are 
compared to better understand the problem and effects of heterogeneity. 
The present study includes a statistical test (chi-square test), referred to 
as the market segmentation or taste variation test, to determine the 
statistically different population (trip-makers) segments following pre-
vious studies (Athira et al., 2016; Dandapat and Maitra, 2020). Only 
those segments are reported for which the chi-square value is significant 
at 99% CI. Hence, the present study attempted to measure preference 
heterogeneity by comparing different socio-economic and trip charac-
teristics and reported the results for a) gender heterogeneity: female with 
male; b) age heterogeneity: younger generation with older generation; c) 
income level heterogeneity: low individual income with high individual 
income; and d) trip purpose heterogeneity: commuting with 
non-commuting. The respondents’ mean age is 26 (OGD, 2019); there-
fore, anyone less than or equal to 26 is considered the younger gener-
ation, and above is the older generation. According to CVoter (polling 
agency in India), India has no official definition of dividing the popu-
lation into income groups. Therefore, CVoter surveyed 1942 randomly 
selected people and documented respondents’ opinions on their income 
category. The survey results suggest that an individual income of less 
than INR 23,771 falls under the lower-income group (Rukmini, 2015). 
Therefore, in the present study, the respondents’ group nearest to INR 
23,771, i.e., less than INR 20,000, is considered the low individual in-
come group. All mandatory trips are part of commuting, whereas other 
flexible trips are part of non-commuting. Detailed results related to each 
type of heterogeneity are discussed in the subsequent paragraphs. 

4. Model structure 

This section discusses the theoretical framework and assumptions of 
the ML models. The ML model structure has evolved from the MNL 
framework. MNL is based on random utility theory, which states that a 

decision-maker has complete information and rationality while 
choosing the alternative. At the same time, a person chooses the alter-
native having the highest utility, where the utility of an alternative i to a 
person n has the form: 

un(i)= u(xin, sn) (2)  

Where, xin is the vector of the attribute of the alternative i for individual 
n, and sn is the vector of characteristics of the person n. 

The utility has a linear-in-parameter separable form: 

u(xin, sn)=V(xin, sn) ∗ β + ϵin (3)  

Where, V is the observed component of utility, β is the parameter vector 
that would be estimated using the available choice data. The unobserved 
variable ϵin represents the vector of random error terms. In the MNL 
model, β terms are assumed to be equal for all respondents, which is 
highly unlikely in an actual situation. Additionally, in MNL, a change in 
one alternative’s attributes will change the choice probability of other 
alternatives in proportion (Train, 2009). On the other hand, ML models 
are extensively used to avoid such shortcomings, which allows for 
random taste variation, unrestricted substitution patterns, and correla-
tion in unobserved factors over time. The present study successfully 
employs the ML models to detect the panel effects and inter-individual 
preference heterogeneity. The ML probability for the choice of consumer n, 
i.e., j∗n can be expressed as (Hess and Train, 2011): 

P n
(
j∗n
⃒
⃒ Ω
)
=

∫

β
Pn
(
j∗n
⃒
⃒ β
)

g(β| Ω) dβ (4)  

Where, βn is the vector of true but unobserved taste coefficients with 
density distribution g(β| Ω). 

The log-likelihood (LL) function is depicted by: 

LL (Ω)=
∑N

n=1

∫

β
Pn
(
j∗n
⃒
⃒ β
)

g(β| Ω) dβ (5)  

in this case, the integral could not be estimated analytically as choice 
probability (P) does not have a closed-form solution. Instead, a simu-
lation method must be used to capture the inter-respondent heteroge-
neity and panel effects. The quasi-random maximum simulated 
likelihood estimator using Halton draws has been utilized in the present 
study (Bhat, 2001; Majumdar and Mitra, 2019). The significant advan-
tage of using Halton draws lies in reducing the number of draws, run 
time, and simulation error. Bhat (2001) indicated that even 125 Halton 
draws provide comparable accuracy to 2000 pseudo-random draws. 
Finally, we employ 1000 Halton draws for simulation to approximate 
log-likelihood (R number of draws), resulting in simulated 
log-likelihood (SLL): 

SLL (Ω)=
∑N

n=1
ln

(
1
R
∑R

r=1
Pn
(
j∗n
⃒
⃒ βr,n

)
)

(6) 

At the same time, Hess et al. (2006, 2017) observed that log-normal 
distribution is useful when the coefficient estimates have the same sign 
for all decision-makers, and thus we adopted a negative log-uniform 
distribution. Additionally, the ML models are estimated in the WTP 
space as understanding choice makers’ WTP can help promote alterna-
tives and policy development (Kraeusel and Möst, 2012). Besides, WTP 
is an accurate proxy for consumers’ buying intentions, especially when 
alternatives have both price and non-price attributes (Aizaki et al., 
2014). 

5. Results and discussion 

Before initiating the model development and analysis process, 
necessary checks for incompleteness of data, abbreviations, and coding 
of variables are completed. The present study used Apollo software 
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(Hess and Palma, 2019) to estimate the ML model’s coefficients. 
Travel time reliability (TTR), Walk time to access (ACT), and Waiting 

time (WT) are estimated directly in WTP space for being a travel time 
component, whereas the coefficient for real-time information (INFO) 
has been estimated outside WTP space. The utility equations for the 
alone auto-rickshaw ride and shared auto-rickshaw ride have been 
provided below: 

Valone ride = asc 1 + b fare ∗ (v TTR ∗ TTR alone+ v WT

∗ WT alone+ v ACT ∗ ACT alone+ fare alone) + b INFO

∗ INFO alone (7)  

Vshared ride = asc 2 + b fare ∗ (v TTR ∗ TTR shared + v WT

∗ WT shared + v ACT ∗ ACT shared + fare shared) + b INFO

∗ INFO shared (8)  

where, ‘asc’ is alternative specific constant, ‘b’ is coefficient of respec-
tive variables, and ‘v’ is the WTP value of respective variables. It is worth 
mentioning that ‘asc_2’ (i.e., alternative specific constant for shared 
auto-rickshaw ride) has been kept fixed at 0 (base value). No user 
characteristics are included in the utility equations because the 
improvement in goodness-of-fit is not significant. Therefore, by 
following the approach by Li et al. (2017), it is determined that an 
insignificant increase in goodness-of-fit is not worth raising the model’s 
complexity. Consequently, the present study estimated WTP values for 
segmented homogenous groups instead. 

Table 4 provides details of the estimated significant coefficients and 
the associated average WTP values for the overall model for users and 
non-users of sharing auto-rickshaw services. Table 4 includes results 
from both ML and MNL models for comparison based on the suggestion 
of Bera and Maitra (2022) and Ma et al. (2019). 

The likelihood test ratio is used to compare the performances of MNL 
and ML models. The test statistic used is provided by − 2 (LMNL - LML), 
which follows chi-square (χ2) distribution (asymptotically) with a de-
gree of freedom (dof) of 5 (Ben-Akiva and Lerman, 1985). Log-likelihood 
of the MNL model is represented by LMNL, whereas LML depicts 
log-likelihood for the ML model. Now, for a 95% confidence interval, i. 
e., a level of significance of 0.05, we have χ2

0.95,5 = 11.07. Based on the 
estimation results as shown in Table 4 and it could be observed that:  

− 2 (LMNL - LML) = − 2 (− 2654.77 + 1883.57) = 1542.40 > 11.07              

The results infer that ML model fits much better than the MNL model, 

i.e., the preference heterogeneity is of utmost importance and should be 
included in the estimation process. Therefore, further analysis results 
are presented using the ML model. The adjusted rho-squared value for 
the overall model and all five comparison models are within the range of 
0.3–0.4, thus suggesting a good model fit (Ortúzar and Willumsen, 
2011). 

For estimation purposes, the alternative specific constant for the 
shared auto-rickshaw ride (asc_2) has been treated as the base and fixed 
at 0. It is worth mentioning that all the coefficients using ML model turn 
out to be statistically significant at a 99% confidence interval (CI) for the 
overall model in Table 4 and the comparison of regular users with non- 
regular users in Table 5 with signs and estimated values as expected. 
Although the interpretation of the estimates is not straightforward, as 
explained in Section 4. Hence, as mentioned before, WTP associated 
with each attribute is estimated and interpreted as the user’s perceived 
benefit for each unit change in the attribute. All the variables have been 
treated as random with log-normal distribution, including the cost 
parameter, i.e., ‘fare’, which explains the underlying variation better. 
Although the real-time information parameter, i.e., INFO, has been 
estimated in the model, we avoided its WTP calculation as a fixed unit of 
INFO cannot be readily perceived. 

The overall model results in Table 4 indicate that WTP is highest for 
‘TTR’ among all travel time-related attributes. Respondents are willing 
to pay INR 0.28/minute more per trip to improve travel time reliability, 
i.e., on-time arrival to destination. The WTPs for ACT (INR 0.26/minute) 
and WT (INR 0.19/minute) closely follow TTR. The information 
parameter ‘INFO’ also turns out to be significant with a positive average 
value (INR 21.56), suggesting that the availability of real-time infor-
mation seems an essential factor among auto-rickshaw commuters. 

In MMR, generally, commuters complete a single trip to their desti-
nation using multiple modes. The mode used to complete the major 
portion of a trip is considered a major mode of travel for that particular 
respondent (Varghese and Jana, 2018). In this study, data is collected 
from both commuters for whom ‘major mode is auto-rickshaw (MA)’ 
and for whom ‘major mode is other modes (MO)’. It is expected that 
there might be significant differences in WTP values for MA and MO. 
That is why WTP estimates have also been separately calculated for 
these two subgroups in Table 5. The comparison reveals that WTP values 
are sensitive to use frequency, majorly for ACT and WT. This outcome is 
intuitive. In the typical Indian context, MA commuters are mostly 
captive with lower average monthly family income than MO commuters; 
MO commuters are willing to pay more than the MA commuters because 
of the comparatively higher-income level. Interestingly, both MA and 

Table 4 
Estimation results for the overall model.   

ML model MNL Model 

Estimate Robust t-stat Sig. Average WTP Estimate Robust t-stat Sig. Average WTP 

ASC (Alternative specific coefficient) 
Alone ride 1.96 10.56 ***  − 0.519 − 5.09 ***  
Random (in WTP space) 
Travel time reliability (mean) − 1.94 − 9.45 *** 0.28 − 0.045 − 6.02 *** 1.04 
Travel time reliability (std. dev.) − 1.13 − 9.91 ***      
Waiting time (mean) − 4.64 − 10.29 *** 0.19 − 0.016 − 2.53 ** 0.37 
Waiting time (std. dev.) 2.49 11.89 ***      
Access time (mean) − 2.67 − 5.00 *** 0.26 − 0.013 − 1.81 * 0.31 
Access time (std. dev.) − 1.60 − 5.47 ***      
Random    Average Value    Average Value 
Real-time information (mean) − 4.46 − 15.93 *** 21.56 0.177 5.68 ***  
Real-time information (std. dev.) 3.90 20.30 ***      
Travel cost (mean) − 4.05 − 18.59 *** − 3.06 − 0.043 − 5.10 ***  
Travel cost (std. dev.) 7.11 15.09 ***      
Model fit 
N 4256.00    4256.00    
log-likelihood − 1883.57    − 2654.77    
ρ2

adj 0.36    0.01    

*** 99% significance level, ** 95% significance level, * 90% significance level. 
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MO commuters perceive TTR as equally important, whereas opposite 
trends can be observed for ACT and WT. MO commuters are willing to 
pay more (INR 0.17/minute) to reduce WT relative to MA commuters 
(INR 0.15/minute), whereas a reverse trend can be observed for the ACT 
as MA commuters are willing to pay INR 0.38 for each minute’s 
reduction in access time to auto-rickshaw stop as compared to INR 0.27 
for their non-regular counterparts. This is intuitive because non-regular 
users, because of their infrequent trip-making nature, can easily perceive 
the importance of in/out of vehicle travel time (IVTT/OVTT) rather than 
recognizing the potential benefit of reducing access time. This reasoning 
is reinforced when the WTP for INFO for regular users is higher than for 
non-regular users as they use the said alternative occasionally. To un-
derstand heterogeneity, the upcoming sub-section highlights the 
comparative ML models of different segmented homogenous groups. 

5.1. Heterogeneous group comparisons 

Table 6 indicates that all the parameters are significant for both fe-
male and male commuters. It reveals that the WTP value for both TTR 
(INR 0.20/minute) and ACT (INR 0.24/minute) for women is lower as 
compared to men (INR 0.35/minute and INR 0.35/minute), with a 
comparable WTP value for WT (INR 0.12/minute). This might be 
attributed to the financial dependence of a significant share of female 
sub-population on their spouses in a typical Indian context, leading to 
lower affordability. Interestingly, INFO’s importance for women (20.33) 
has been highlighted, which indicates a real-time information system 
could minimize security issues by increasing transparency and the pos-
sibility of sharing live travel information with family and friends. This is 
in line with earlier findings, which suggest that crime against women is a 
major issue in transportation (Shirgaokar, 2019), and secured public 
transportation is a priority for females (Javid et al., 2015). The security 

Table 5 
Estimation results for comparison based on major mode of travel.   

Major auto-rickshaw Major other 

Estimate Robust t-stat Sig. Average WTP Estimate Robust t-stat Sig. Average 
WTP 

ASC (Alternative specific coefficient) 
Alone ride 2.50 6.40 ***  1.77 8.17 ***  
Random (in WTP space) 
Travel time reliability (mean) − 1.46 − 245.07 *** 0.32 − 1.87 − 13.83 *** 0.31 
Travel time reliability (std. dev.) − 0.77 − 172.97 ***  − 1.20 − 19.11 ***  
Waiting time (mean) − 3.59 − 30.41 *** 0.15 − 4.01 − 3.64 *** 0.17 
Waiting time (std. dev.) 1.81 34.42 ***  2.12 4.47 ***  
Access time (mean) − 2.45 − 76.33 *** 0.38 − 3.11 − 10.56 *** 0.27 
Access time (std. dev.) − 1.69 − 102.43 ***  − 1.88 − 12.74 ***  
Random    Average 

Value    
Average 
Value 

Real-time information (mean) − 4.38 − 11.29 *** 8.50 − 3.73 − 5.04 *** 3.81 
Real-time information (std. dev.) 3.58 15.98 ***  3.15 8.83 ***  
Travel cost (mean) − 3.92 − 14.37 *** − 29.42 − 4.26 − 18.51 *** − 2.28 
Travel cost (std. dev.) 9.62 11.85 ***  7.05 14.30 ***  
Model fit 
N 1472.00    2784.00    
log-likelihood − 567.22    − 1303.15    
ρ2

adj 0.43    0.32    

*** 99% significance level, ** 95% significance level, * 90% significance level. 

Table 6 
Estimation results for gender heterogeneity.   

Female Male 

Estimate Robust t-stat Sig. Average 
WTP 

Estimate Robust t-stat Sig. Average 
WTP 

ASC (Alternative specific coefficient) 
Alone ride 2.14 7.22 ***  1.83 7.73 ***  
Random (in WTP space) 
Travel time reliability (mean) − 2.20 − 7.56 *** 0.20 − 1.75 − 12.19 *** 0.35 
Travel time reliability (std. dev.) − 1.07 − 8.11 ***  − 1.14 − 14.22 ***  
Waiting time (mean) − 3.67 − 2.02 *** 0.12 − 3.65 − 7.61 *** 0.11 
Waiting time (std. dev.) 1.74 2.37 ***  1.73 8.19 ***  
Access time (mean) − 3.74 − 7.87 *** 0.24 − 2.29 − 1.98 *** 0.35 
Access time (std. dev.) − 2.23 − 9.21 ***  − 1.59 − 2.64 ***  
Random    Average Value    Average Value 
Real-time information (mean) − 3.84 − 8.51 *** 20.33 − 4.77 − 1.92 *** 2.96 
Real-time information (std. dev.) 3.82 11.84 ***  3.55 2.13 ***  
Travel cost (mean) − 3.97 − 13.96 *** − 5.59 − 4.22 − 4.05 *** − 2.96 
Travel cost (std. dev.) 7.78 10.95 ***  7.31 2.49 ***  
Model fit 
N 1776.00    2480.00    
log-likelihood − 729.44    − 1147.72    
ρ2

adj 0.40    0.33    

*** 99% significance level, ** 95% significance level, * 90% significance level. 
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issues involve unruly behavior from co-passengers and drivers (Basu 
et al., 2017) and a lack of route information on shared auto-rickshaws. 

Now, the comparison between age groups in Table 7 shows higher 
WTP values for both TTR (INR 0.41/minute) and ACT (INR 0.40/min-
ute) for the younger generation, whereas a reverse trend can be observed 
for WT (INR 0.05/minute (which is very low)). The corresponding WTP 
values for TTR and ACT are 33% and 35% lower in the older generation. 
This finding holds great importance as it indicates how emerging ICT- 
based services change youths’ travel perceptions where door-to-door 
deliveries (no access loss) and reliable travel periods are usual norms. 

Moreover, WTP values in Table 8 indicate that for low-income in-
dividuals, ACT attribute (INR 0.33/minute) is more important than TTR 
(INR 0.30/minute), whereas opposite trend can be found for individuals 
with higher income - with corresponding WTPs for ACT and TTR being 
INR 0.30/minute and INR 0.31/minute, respectively. It must be noted 
that for WT, very similar WTP can be observed for both income groups, i. 
e., about INR 0.10/minute. Interestingly, for real-time travel 

information (INFO), the low-income group is willing to pay 76% more 
than their high-income counterparts. The underlying reason could be 
that a significant portion of high-income individuals is infrequent auto- 
rickshaw users and thus put more importance on travel time than INFO, 
which is more beneficial for regular users. 

Another interesting observation from Table 9 is that respondents are 
willing to pay more for increasing both TTR and WT in the case of non- 
commute trips, whereas WTP for ACT is higher for commute trips. The 
average estimate for INFO also follows a similar direction with a greater 
value for non-commute trips. The underlying reason for commuters 
willing to pay less could be that they are more familiar with the service, 
allowing them to be confident of better recognizing any delays related to 
scheduled and on-board times (Bellizzi et al., 2020; Eldeeb and 
Mohamed, 2022; Gao et al., 2018). 

Table 7 
Estimation results for age heterogeneity.   

Younger generation (≤26 Year) Older generation (>26 Year) 

Estimate Robust t-stat Sig. Average WTP Estimate Robust t-stat Sig. Average 
WTP 

ASC (Alternative specific coefficient) 
Alone ride 1.69 5.54 ***  2.16 8.71 ***  
Random (in WTP space) 
Travel time reliability (mean) − 2.41 − 12.18 *** 0.41 − 1.84 − 7.81 *** 0.28 
Travel time reliability (std. dev.) − 1.73 − 16.65 ***  − 1.07 − 8.15 ***  
Waiting time (mean) − 5.50 − 10.20 *** 0.05 − 3.64 − 16.79 *** 0.29 
Waiting time (std. dev.) 2.20 11.07 ***  2.27 21.29 ***  
Access time (mean) − 3.16 − 7.60 *** 0.40 − 3.83 − 10.85 *** 0.27 
Access time (std. dev.) − 2.11 − 7.21 ***  − 2.30 − 11.60 ***  
Random    Average Value    Average Value 
Real-time information (mean) − 3.34 − 1.91 *** 2.56 − 4.94 − 10.42 *** 31.76 
Real-time information (std. dev.) 3.19 2.95 ***  4.34 20.27 ***  
Travel cost (mean) − 4.08 − 12.10 *** − 5.79 − 4.22 − 18.37 *** − 3.11 
Travel cost (std. dev.) 7.88 6.89 ***  7.36 14.48 ***  
Model fit 
N 1680.00    2576.00    
log-likelihood − 700.04    − 1173.18    
ρ2

adj 0.39    0.34    

*** 99% significance level, ** 95% significance level, * 90% significance level. 

Table 8 
Estimation results for income level heterogeneity.   

Low individual income (< INR 20K) High individual income (≥20K)  

Estimate Robust t-stat Sig. Average WTP Estimate Robust t-stat Sig. Average WTP 

ASC (Alternative specific coefficient) 
Alone ride 2.09 5.82 ***  1.88 8.52 ***  
Random (in WTP space) 
Travel time reliability (mean) − 2.41 − 29.75 *** 0.30 − 1.69 − 16.67 *** 0.31 
Travel time reliability (std. dev.) − 1.54 − 31.54 ***  − 1.04 − 21.24 ***  
Waiting time (mean) − 3.80 − 10.46 *** 0.09 − 3.52 − 5.73 *** 0.10 
Waiting time (std. dev.) 1.63 11.30 ***  1.56 6.74 ***  
Access time (mean) − 4.10 − 23.28 *** 0.33 − 2.71 − 5.48 *** 0.30 
Access time (std. dev.) − 2.48 − 24.54 ***  − 1.77 − 7.22 ***  
Random    Average Value    Average Value 
Real-time information (mean) − 4.02 − 8.63 *** 8.76 − 3.60 − 5.14 *** 4.96 
Real-time information (std. dev.) 3.77 14.83 ***  3.27 10.67 ***  
Travel cost (mean) − 4.31 − 15.04 *** − 10.98 − 4.08 − 16.76 *** − 1.88 
Travel cost (std. dev.) 8.83 17.66 ***  6.58 13.32 ***  
Model fit 
N 1544.00    2712.00    
log-likelihood − 588.90    − 1285.84    
ρ2

adj 0.44    0.31    

*** 99% significance level, ** 95% significance level, * 90% significance level. 
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5.2. Model validation 

As part of the validation exercise, two approaches are followed in the 
present study. The first approach is concerned with applying the model 
to the respective estimation sample and calculating the average choice 
probabilities assigned by the model to the actual chosen alternative, i.e., 
market share of the alternatives. The following Table 10 confirms that 
the differences between the prediction share and the observed share are 
not statistically significant at the level of significance of 0.05 (95% CI). 
Therefore, we could safely claim that the model has reasonable 
accuracy. 

The second validation approach is to check the ability of the final 
calibrated model (with a 90% sample) to correctly predict the market 
shares and choices in data that were not used in the actual model esti-
mation process (with the rest 10% holdout sample). However, doing this 
with only one validation sample may lead to biased results because a 
particular validation sample does not need to represent the population. 
Therefore, the analysis randomly draws 10 pairs of estimation and 
validation samples from the complete dataset and applies the procedure 
to each pair, as Bhaduri et al. (2020) suggested. In order to evaluate the 
efficacy of the validation procedure, a confusion matrix or misclassifi-
cation matrix was produced for each of the 10 attempts. The results 
show that prediction accuracy, i.e., aggregate match rate ranges from 
70% to 75% for all the 10 runs (refer to Table 11), though the model 
slightly overestimates the market share of the alone ride and un-
derestimates shared ride. Therefore, combined results from both ap-
proaches highlight that the models from the present study have 
acceptable validity. 

5.3. Sensitivity analysis 

The sensitivity analysis (refer to Fig. 5) has been performed for all 
four key variables- (1) travel time reliability, (2) waiting time, (3) access 
time, and (4) travel cost. Fig. 5 explains how changes in each of the 
variables for alone and sharing ride impacts the choice probabilities. The 
changes (in %) have been calculated based on the range of − 75% to 
+100% in steps of 25%. The analysis limited the lower bound to − 50% 
for travel costs, while the upper bound was extended to +150% to make 
the estimate more realistic. 

Notably, Fig. 5 (a)-(b) demonstrates that reducing travel time (by 
25%) for sharing rides could increase its choice probability by 2% 
points, whereas it rises by 1% points for 50% and 75% reductions. On 
the other hand, similar trends are shown in the case of alone rides with a 
75% reduction in travel time, resulting in a slightly higher increase (5% 
points) in its mode share. It is worth mentioning that waiting time has 
the least sensitivity on mode choice probability while access time has 
relatively more impact (Fig. 5 (c)-(d)). It has been observed that 
reducing access time for alone rides has a greater impact (1%–2% higher 
rise in respective share) on mode choice probability than sharing rides 
(Fig. 5 (e)-(f)). Most importantly, cost reduction for both alone and 
sharing rides has the most profound impact on mode share, as depicted 
in Fig. 5 (g)–(h). The choice probability for an alone ride drops by 6% pts 
to 18% pts for a 25%–150% increase in fare, whereas similar travel cost 
changes result in a 5% pts to 44% pts drop in the likelihood of choosing 
sharing mode. 

Table 9 
Estimation results for trip purpose heterogeneity.   

Trip purpose: Non-Commute Trip purpose: Commute 

Estimate Robust t-stat Sig. Average WTP Estimate Robust t-stat Sig. Average WTP 

ASC (Alternative specific coefficient) 
alone ride 2.22 7.48 ***  1.40 4.89 ***  
Random (in WTP space) 
Travel time reliability (mean) − 1.68 − 30.45 *** 0.45 − 2.32 − 5.07 *** 0.17 
Travel time reliability (std. dev.) − 1.38 − 37.34 ***  − 1.02 − 5.20 ***  
Waiting time (mean) − 3.47 − 4.32 *** 0.12 − 3.82 − 4.17 *** 0.08 
Waiting time (std. dev.) 1.63 3.69 ***  1.53 4.98 ***  
Access time (mean) − 4.23 − 19.76 *** 0.26 − 5.56 − 3.34 *** 0.33 
Access time (std. dev.) − 2.42 − 21.77 ***  − 2.94 − 3.85 ***  
Random    Average Value    Average Value 
Real-time information (mean) − 6.17 − 8.58 *** 28.42 − 2.36 − 4.01 *** 1.30 
Real-time information (std. dev.) 4.79 17.49 ***  2.24 7.29 ***  
Travel cost (mean) − 4.89 − 13.63 *** − 6.35 − 3.58 − 15.40 *** − 1.68 
Travel cost (std. dev.) 8.87 13.43 ***  5.87 10.19 ***  
Model fit 
N 1600.00    1928.00    
log-likelihood − 673.92    − 862.51    
ρ2

adj 0.38    0.35    

*** 99% significance level, ** 95% significance level, * 90% significance level. 

Table 10 
Model validation with the market share approach.   

Alone ride Sharing ride All 

Times chosen (data) 1392 2864 4256 
Times chosen (prediction) 1435.65 2820.35 4256 
Diff (prediction-data) 43.65 − 43.65 0 
t-ratio 1.42 − 1.42 NA 
p-val 0.155 0.155 NA 

Here, NA means not available. 

Table 11 
Model validation with the simulation approach.  

Validation Run Model Accuracy Validation Run Model Accuracy 

1 71% 6 73% 
2 72% 7 75% 
3 70% 8 74% 
4 75% 9 75% 
5 72% 10 74%  
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5.4. Policy implications of the results 

Due to the informal operational structure of auto-rickshaws, there 
are complications involved in promoting sharing auto-rickshaws as a 
sustainable transportation mode choice (Wright et al., 2014). The cur-
rent study highlighted the essential attributes in choosing sharing 

auto-rickshaws corresponding to different socio-economic groups. This 
subsection points to the demonstrable effects offered by the findings of 
this study, which can justify a related set of actions.  

1. Recognizing importance: Section 1 of this study highlights the lack 
of focus on the auto-rickshaw mode by policymakers and 

Fig. 5. Sensitivity analysis for (a)–(b) Travel time, (c)–(d) Waiting time, (e)–(f) Access time, and (g)–(h) Travel cost on choice probability of sharing and alone ride.  
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government due to a lack of knowledge and studies. Even if auto- 
rickshaws remain informally operational, the study is one of the 
small steps that should encourage policymakers and government to 
change their view toward sharing auto-rickshaws by considering it 
an essential part of the current transportation system and under-
standing the vital role played by the mode in intra-city connectivity. 

2. Facilitating land use planning: In India, government and policy-
makers formulate land-use policies and human housing de-
velopments. Therefore, exploiting the full functional potential of 
development in urban areas’ outskirts requires strong transportation 
linkage. Auto-rickshaw operation requires an insignificant fixed 
infrastructure. Facilitating auto-rickshaw usage should be helpful 
until mass transportation infrastructures like bus and railway sys-
tems become fully functional. Additionally, the outskirts of cities are 
majorly underdeveloped and vast, with low population density. 
Developing buses and railways with significant reach in the areas 
would not be a viable choice. Therefore, the auto-rickshaw mode 
could be a better and more flexible mode to promote.  

3. Asset utilization and market understanding: The study highlights 
prioritizing attributes like saving extra travel time and providing 
real-time travel information facilities. Therefore, considering limited 
resources available, policymakers could accelerate the adoption of 
sharing auto-rickshaws by providing an initial investment focus on 
the attributes.  

4. Investment estimation: WTP values in the analysis could help 
policymakers calculate an average estimate of investment that 
should be done and over what time the entire investment may 
breakeven. The monetary estimations will be robust as the study 
attempted to estimate WTP for various important socio-economic 
characteristics.  

5. Sensitivity analysis indicates that sharing auto-rickshaw riders are 
more considerate of waiting time than those who take alone rides. 
This result implies that, even if the number of auto-rickshaws 
increased and reduced waiting times, commuters would still opt 
for private vehicles or solo rides (Maitra et al., 2015). Thus, investing 
in more auto-rickshaws providing shared services may not be 
necessary to raise the modal share of shared trips. Similarly, sensi-
tivity analysis also reveals that improving access time benefits single 
riders more than those riding together. Consequently, investments in 
increasing the number of auto-rickshaw stands will also not lead to 
an increase in shared trips. Cost is seen as the most important factor 
based on sensitivity analysis regarding sharing versus solo rides. It is 
worth noting that a small change in fare could keep existing users 
and even cause some commuters to switch from alone rides to shared 
ones; however, larger percentage of changes start leading people 
away from group travel. The results emphasize how cost advantage 
favors traveling together; therefore, push-and-pull policies should be 
implemented to penalize autorickshaws taking lone passengers and 
subsidizing costs/taxes for those offering shared services to boost 
their modal share. 

5.5. Limitations and futures scopes 

The subsection lists some minor limitations of the current study and 
the future scope of research.  

1. The results should not be generalized as the attribute selection did 
not consider cultural aspects of an area. Cultural aspects are natu-
rally sensitive and profoundly affect people’s behavior and prefer-
ences (Das et al., 2021b). Thus, incorporating cultural aspects in 
future research could improve adoption and delivery of sharing 
auto-rickshaw services.  

2. Respondent profile in the current study is limited to people with the 
possibility of taking trips, not necessarily using auto-rickshaws as 
their major mode. The profile may not be a complete representation 
of real trip characteristics. Future studies should focus on gathering 

group-specific (for example, commuters with major mode as auto- 
rickshaw) data or include other respondents’ profiles (for example, 
housemaker and retired).  

3. Table 3 highlights that 96% of the respondents have a graduate or 
above education level, which does not represent accurate MMR 
representation for commuters. Although it is expected because, as 
per experience during the survey process, commuters with lower 
education levels are not familiar with the survey process and are 
reluctant to provide their view or information. Therefore, future 
studies can try to provide gifts or direct monetary benefits to com-
muters for greater participation.  

4. Considering the present study’s methodological framework, further 
research could focus on other modes of transportation as preferences 
vary among commuters. Sharing vehicles is marketed as a sustain-
able mode of transport; therefore, future studies can explore sharing 
auto-rickshaws’ suitability from underlying three major pillars of 
sustainability, i.e., environmental, economic, and social (Kalbar and 
Das, 2020).  

5. The study adopted the segmentation approach to separate the 
endogeneity effect from biased WTP estimates. Relying solely on 
segmentation may not be enough to address this issue entirely. 
Therefore, it could be considered a limitation of this study and must 
be further investigated in future studies. 

6. Conclusions 

Preferences of auto-rickshaw users and non-users are assessed and 
modeled using the ML on stated preference choice experiment data for 
sharing auto-rickshaw. Some major observations from the present study 
are as follows.  

i. In general, ‘travel time reliability’ is perceived to have the highest 
WTP value for travelers, closely followed by ‘access time’.  

ii. The information parameter is also perceived to have positive 
utility for travelers sharing auto-rickshaw rides.  

iii. Commuters whose primary travel mode is auto-rickshaw are 
willing to pay 40% more for ‘access time’ than their non-major 
counterparts.  

iv. For females, the significant attribute is on board real-time travel 
information, and they are willing to pay more relative to men to 
access real-time travel information.  

v. Young people are willing to pay 33% and 35% more for ‘travel 
time reliability’ and ‘access time’, respectively.  

vi. Low-income individuals are willing to pay 10% more for ‘access 
time’ than their high-income counterparts, highlighting the 
importance of last-mile connectivity for economically weaker 
sections. Similar analogies can also be observed for ‘real-time 
information’.  

vii. Non-commuters are willing to pay significantly higher amounts 
to improve the ‘travel time reliability’ attribute rather than ‘ac-
cess time’. 

The results highlight the importance of assessing heterogeneity 
among commuters. Identifying differences among competing groups 
based on gender, age, income, and travel purpose are essential for asset 
utilization and market understanding in a resource-constraint devel-
oping nation such as India. The most critical perceived attribute is travel 
time reliability, consistently among the highest WTP within different 
groups. The importance of real-time information among female com-
muters and sharing auto-rickshaw users who share their rides with un-
known people is highlighted in the results. It is recommended that in an 
era of mobile and the internet, providing real-time information is not 
impossible, but it requires special focus from service providers, which 
they lack because of the low monetary involvement in auto-rickshaw 
rides. Similarly, the importance of decreasing access time for com-
muters for whom auto-rickshaw is a major mode and low-income groups 
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for whom low costing auto-rickshaw rides provide greater ease are 
highlighted in the study’s results. Government involvement and extra 
push-through policy development will help in such situations. Section 1 
‘Introduction’ and Section 2 ‘Literature review and research gaps’ 
highlighted a lack of focus and formal policy development on sharing 
auto-rickshaws due to the absence of knowledge and studies. The pre-
sent study is one of the first attempts to provide a clear path toward 
effective and integrated policymaking for sharing auto-rickshaw adop-
tion. Thus, identifying commuters’ preferences helps in adopting 
sharing auto-rickshaws. 
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