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Abstract

Access to opportunities and services is one of the primary determinants of empowerment for women in urban areas making gender
sensitive urban transport services critical aspect of urban infrastructure. Women have complex mobility needs due to their multiple
roles in the household and have to consider many socio-economic factors in their choice of the mode they use for making their
trips. These range from the welfare needs and time constraints to patriarchal attitudes and lack of safety on the streets. This is
illustrated very clearly by the lower mode shares of women cycling in Indian cities, even though they usually have access to slower
and cheaper modes of travel in a household. Using case study data, this paper shows that while men make choice of cycling based
on two simple indicators of income and availability of bicycle, women’s choices additionally take into account factors like trip
time, number of people in the household and whether different types of modes are available to others in the household before
making their choices.
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I. INTRODUCTION

A.  The Gender Dimension of Urban Mobility

The transportation sector is one of the most critical sectors to address from the perspective women’s empowerment, as lack of
accessibility is a major barrier to the upliftment of women, especially in a country like India where the socio-economic constructs
ensure the women are the last persons to have access to the mode of transports in the households or money to travel. Added to this,
the indifferent public transport services and the safety risks that women incur on the streets ensure that women are unable to travel
to access their primary needs of health, education and livelihood. The growing literature on women and transport has also clearly
shown that they tend to have different travel needs deriving from the multiple tasks they must perform in their households and in
their communities (Greico et al, 1997, McGukin et al, 2005). Social restrictions hinder women’s mobility in many parts of the
country (Gopalan, 1998). Efforts to increase the mobility of poor women may face stiff resistance from those who feel threatened
or offended by such direct empowerment of women. Sexual harassment (and worse) in streets and on public transport is a common
occurrence. Since many more women than men are the care-givers of frail-elderly people, people with disabilities and of children,
the transport problems of these disadvantaged groups also impact disproportionately on women.

Looking at the transport sector as a gendered structure highlights the ways in which seemingly “gender neutral” institutions may
in fact be gender-biased and may unwittingly overburden the economy of social reproduction. The negative feedbacks to social
reproduction can have negative implications for the commercially oriented market economy and, ultimately, undermine the overall
effectiveness of sectoral investment (Elson et al 1999, Alling et al 1997).

In most of our transport demand estimation studies the household is treated as an undifferentiated unit, despite evidence of
significant gender-based differences in control over income, command over resources and patterns of expenditure (Alderman, et
al, 1995) where it has been shown that women are more likely than men to devote extra resources to the improvement of family
welfare (Dwyer and Bruce, 1988).

This paper studies the choice of transport modes of women as compared to men in the case study of a mid-sized Indian city,
Pune (in the State of Maharashtra) with a specific focus on the choice of the bicycle as a commuting mode. The analysis presented
is based on data gathered for the PhD work of the author titled “Assessment of socio economic benefits of non-motorized transport
(NMT) integration with public transit (PT)” and has been specially analysed to illustrate the gendered dimensions of bicycle as a
mode choice for this paper.
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#. Women and Cycling

While literature shows that women have access to slower and cheaper modes of transport in households, studies from around the
world have shown that cycling is not a mode of choice for women. The reasons are manifold.

Traffic safety concerns have been identified as a major constraint on cycling in countries with low rates of cycling, high rates of
car use, and large gender differences in cycling (Garrard et al., 2006; Goldsmith, 1992). These concerns appear to have a differential
impact on women, perhaps because they are more risk averse than men (Akar 2009, Byrnes et al., 1999). Stated preference surveys,
where respondents are asked to choose between alternatives with different attributes, have found gender differences in safety
concerns associated with commuter cycling route choice (Krizek et al., 2005; Tilahun et al.). A small-scale stated preference study
in Melbourne reported that female commuter cyclists perceived onroad facility type (on-road lane compared with no bicycle
facility) to be more important in route choice than males (DeGruyter, 2003).

Female respondents in an on-line survey of 2403 cyclists in Melbourne, Australia, in 2005 were more likely than males to report
that ‘concerns about cycling in traffic’ and ‘aggression from motorists' were constraints on cycling (Garrard et al., 2006).

A study by Garrad et al, 2007 shows that overall, male cyclists outhumbered females by a ratio of nearly four to one, consistent
with previous studies (Bell et al., 2006; McGinley, 2003). A consistent pattern of gender differences in cycling in countries such
as Australia and North America has been attributed in part to the risks (actual and perceived) associated with cycling in countries
with relatively poor cycling infrastructure, policies and regulations, and low cycling prevalence (Garrard et al., 2006; Pucher and
Dijkstra, 2003).

In lower income countries like India, factors such as patriarchy which does not allow for independent mobility of women, and
harassment of women on the streets where missing infrastructure like sidewalks and street lights creates an unsafe environment,
the obstacles to women cycling become multifold (Arora A, 2013).

€. The Case Study

A case study approach has been taken to illustrate the gendered aspect of cycling in this paper. The city of Pune (in the western
Indian state of Maharashtra) with 3,461,497 (project population for year 2016 population based on 1981,1991,2001 and 2011
census population) spreading over area of 250 sg. kms (96.53 sq. miles) was taken up for this case study..

The data was collected through a user (commuters in the city) survey. The main objective of the user survey was to establish
socio-economic profile, trip characteristics and reveal mode choice of commuters in Pune. A cross-sectional questionnaire based
survey was conducted to capture the users information of June 2016. The city has 144 wards which has been consolidated into 10
zones for user survey. The zones were decided based on the road network i.e., arterial roads forming the boundaries of the zone’s.
The number of surveys conducted in each zone was in proportion to population of each zone. The stratified sampling technique
was used for the survey to make sure that commuters across age, gender, income group, land use were captured in the survey. After
removing the outliers 2322 observations (one observation is equal to one trip) were available for the analysis. Out of these only
1376 trips short trips i.e., trips between 0.5 to 5.0 km were used for analysis.

The analysis answers the key questions of the research i.e., who is the typical user, how the respondents are moving in the city.
The summary of the demographic and socio-economic descriptive statistics and key trip characteristics of the respondents is
presented in the Table 1.

Table—1
Socio-economic variables
Socio Economic Variables Values

Cyclists/non-cyclists 30% / 70%

Age (average) 31 years
Gender (male/female) 57% / 43%

Average HH size 5 persons
Average HH income/ month 18,645 INR
Average personal income/month 14,505 INR

Service: 50%, Business: 9%, Housewife: 13%,
Student: 24%, Retired: 2% and others: 2%
Bicycles: 61% (none) and 33% (one)
Two-wheelers 36% (none), 42% (one) Car: (83% none), 14% (one)

Major occupation

Vehicle ownership

Willingness to spend on purchasing cycle 3,076 INR (average) (6% respondents said that they were unwilling pay)
Trip characteristics Female Male
Frequency of trip 66% daily commuters 75% daily commuters
Purpose of the trip (work: education: shopping: others) 67%: 18%: 13%: 12% 73%: 16%: 5%: 6%
Primary mode share (walk_: cycle: 2-wheeler: car: PT: 52%: 5%: 25%: 2%: 12%: 4% 19%: 17%: 50%: 2%, 9%: 3%
Auto rickshaw)
Average trip distance 2.6 km 3 km
Average trip time 17 minutes 15 minutes

The Error! Reference source not found. indicates high percentage of non-cyclists in the city which are in direct proportion to
the cycle ownership of the respondents. Also, the majority of respondents are either engaged in service and students. Clearly
walking is a primary mode of transit for women as compared to men. Also more women use public transit and less women use 2

All rights reserved by www.ijste.org 280



The Bicycle as a Mode Choice — A Gendered Approach
(1JSTE/ Volume 3/ Issue 11 / 053)

wheelers. This corroborates with the fact that women are users of the slower and cheaper modes of transport when compared to
men. However, the lesser use of bicycle (only 5% women use bicycles compared to the 19% usage by men) illustrates that more
factors than the mode being available and affordable features in the decision making of mode choice for women.

£ Logistic Regression Modelling

A correlation matrix analysis of variables has been conducted to check the degree of correlation between the indicators. There is
no significant correlation found between the variables (all coefficients are between -0.5 to 0.5). Independence of the variables from
each other satisfies one of the Gauss - Markov conditions used in regression analysis.

Two separate models were developed; one consisting of only male respondents and other only female respondents. The
multinomial logistic regression modelling has used to analysis both the samples separately. The dependent variables in both the
models were revealed Main Line Haul (MLH) mode choice with walk as control category and independent variables consist of
socio economic parameters like Age, Household (HH) size and Monthly income, Vehicle ownership i.e., number of two wheelers,
four wheelers, and cycles in the house, Total trip time including access and egress time, and the cost of cycle or how much a
respondent willing to pay for buying a cycle.

The results of both models are presented in the tables below.

Table -1
Logistic regression model - Female respondents
Walk | Cycle | Two-wheeler | Four-wheeler PT IPT
Intercept - 0.741 -0.633 -2.132 -2.327 | -3.576
Age - 0.000 -0.005 -0.010 -0.010 | 0.000
HH size - -0.300 -0.304 -0.497 -0.203 | 0.147
HH Monthly Income - 0.000 0.000 0.000 0.000 | 0.000
Vehicle Ownership -
a. 2 Wheeler - 1.015 1.244 0.499 0.758 | 0.444
b. 4 Wheeler - -2.250 0.048 0.711 -0.685 | -0.470
c. Cycle - 1.938 0.278 -0.365 0.258 | -0.600
Willingness to spend on bicycle - 0.000 0.000 0.000 0.000 | 0.000
Total trip time - -0.122 -0.039 -0.020 0.049 | 0.006
R?(Nagelkerke): 0.411 and
Significant at 5% | Significant at 10%

The above model consists of only female respondents and shows more significant indicators at 5 and 10% while choosing a
bicycle and two-wheeler for MLH as compared to choosing PT, IPT and Cab. The revealed mode choice of female respondent’s
shows they are less likely to choose bicycle with increase in number of people and four-wheelers in HH and the trip time. Also,
female respondents are more likely to choose bicycle for MLH with increase in the HH income and number of cycles and two-
wheelers in the house.

Table - 2
Logistic regression model - Male respondents
Walk | Cycle | Two-wheeler | Four-wheeler PT IPT
Intercept - -0.746 -0.418 -5.412 -2.314 | -2.553
Age - 0.007 0.011 0.016 -0.034 | -0.003
HH size - 0.084 0.095 0.245 0.226 | 0.164
HH Monthly Income - 0.000 0.000 0.000 0.000 | 0.000
Vehicle Ownership -
a. 2 Wheeler - -0.037 1.037 0.697 0.346 | 0.043
b. 4 Wheeler - -0.317 0.062 0.861 -0.076 | 0.336
c. Cycle - 1.126 0.032 -0.840 -0.193 | -0.252
Willingness to spend on bicycle - 0.000 0.000 0.000 0.000 | 0.000
Total trip time - -0.023 -0.035 0.024 0.071 | 0.012
R2(Nagelkerke): 0.360
Significant at 5% | Significant at 10%

The above model consist of only male respondents and shows only two significant indicators at 5 and 10% while choosing a
bicycle and two-wheeler for MLH as compared to choosing PT, IPT and Cab. The revealed mode choice of male respondent’s
shows they are less likely to choose bicycle for MLH with increase in the HH income and likelihood is inverse with increase in
the number of bicycles in the HH.

I1. CONCLUSIONS AND DISCUSSION

The separate models for female and male respondents shows clear distinction in the indicators of MLH mode choice. The MLH
choice for female respondents is dependent on more socio-economic indicators like HH income and size, vehicle ownership and
trip time. In case of male respondents, it mostly depends on the vehicle ownership and the HH size only comes into the picture
when choosing four wheelers and PT for MLH. This dependency on separate set of indicators for MLH between male and female
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clearly establishes the fact the women are driven by multiple factors while making the transportation mode choice as compared to
men and as supported by literature, are concerned about other household demands before making their choices.
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