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Findings 

Studies in the literature have found significant differences in travel behavior by 
gender on public transit that are largely attributable to household and care 
responsibilities falling disproportionately on women. While the majority of 
studies have relied on survey and qualitative data to assess “mobility of care”, we 
propose a novel data-driven workflow utilizing transit fare card transactions, 
name-based gender inference, and geospatial analysis to identify mobility of care 
trip making. We find that the share of women travelers trip-chaining in the direct 
vicinity of mobility of care places of interest is 10% - 15% higher than men. 

1. Questions 
Studies have shown that women are more likely to travel on public transit 
compared to men (UN Habitat 2018). The literature indicates that women 
tend to interact with public transportation differently from other users 
(Sánchez de Madariaga 2013), having more recurring travel patterns (Gauvin 
et al. 2020), traveling during the off-peak, for shorter distances, and in chained 
trips (Los Angeles County Metropolitan Transportation Authority 2019; 
Ravensbergen, Fournier, and El-Geneidy 2022). Women are also more likely 
to be performing Mobility of care, an umbrella category that characterizes a 
pattern of trip-making for household responsibilities (Sánchez de Madariaga 
2016; Sánchez de Madariaga and Zucchini 2019). In contrast to past studies 
that have quantified this travel behavior using survey and qualitative data, we 
examine a data-driven workflow that captures mobility of care travel behavior 
using fare card and geospatial data. We present the findings from a study on 
data from the Washington Metropolitan Area Transit Authority (WMATA). 

2. Methods 
Origin-Destination and Registered SmarTrip Card Data 
WMATA utilizes a commercial implementation of an algorithm that infers 
passenger origin, destination, and transfer (ODX) patterns by combining 
automatic fare collection and automatic vehicle location data (Sánchez-
Martínez 2017; Gordon, Koutsopoulos, and Wilson 2018), illustrated in 
Figure 1. The dataset provided by WMATA contains the ODX information 
for customers using the agency’s smart fare (SmarTrip) card. Card registration 
is not required, hence registered users tend to be full-time employees who 
register their cards to receive employer subsidies. Therefore, this study focuses 
on analyzing travel behavior to destinations where individuals conducting 
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Figure 1. ODX deployment workflow in WMATA. 

mobility of care activities are expected to travel to, in spite of being on a 9-5 
work schedule (e.g. accompanying children to daycare centers and schools, and 
going to grocery stores.) 

Since the ODX dataset doesn’t include demographic information, we utilize 
name-to-gender inference to associate a likely gender to the name associated 
with a registered SmarTrip card. For 2 million registered cards, we end with 

 ( ) men,  women ( ), and  cards ( ) 
with no associated gender classification. To account for the difference in 
registration and inference rates, we conduct the analysis for all the women-
classified cards and randomly draw a matching number of men-classified cards. 
This results in a 50-50 baseline ratio of women to men unique cards in our 
analysis. 

We identified the geolocation of daycares, schools, and grocery store locations 
in the area, and focused our analyses only on bus journeys to allow for a more 
granular geospatial analysis, where we can have higher confidence in origins and 
destinations in the proximity of bus stops (Nabors et al. 2008), compared to 
metro stations that serve larger areas. We find the closest stop to each of those 
places of interest (POIs) for each GTFS route pattern as shown in Algorithm 
1. 
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Table 1. Dataset Processing Results 

Unique Cards Unique Cards Total Journeys Total Journeys Total Stages Total Stages 

(thousand) (million) (million) 

Full 2019 Q1 Dataset Full 2019 Q1 Dataset 3,012 70.56 80.02 

10+ Active Days 10+ Active Days 782 55.40 64.12 

On Metrobus On Metrobus 420 15.65 17.78 

Registered w/ Gender Inference Registered w/ Gender Inference 215 7.67 8.55 

Algorithm 1. Identifying Bus Stops Closest to Places of Interest 
Result: Sets of unique nearest stops within 400m of a POI class for all bus 
routes. 
initialization; 

 daycares, schools, grocery stores 
 all bus route-direction pairs 
 all bus network stops 

Where  is the euclidean distance between the geolocation of a POI and a 
bus stop. 

Identifying Mobility of Care Travel Pattern 
We observed travel patterns that were regular (unique cards traveling on the 
system for 10 or more separate days in quarter 1 of 2019) and with all stages 
(legs of a chained journey) that were only on the Metrobus system. Table 1 
shows the data reduction along the processing steps. 

We analyzed two travel patterns: 

• Case 1 (baseline analysis): Origin  Destination 

• Case 2 (end stop analysis): Origin  POI 
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Table 2. Statistics for Women Ratio Deviation From Gender Parity At Bus Stops 

2525thth  Percentile Percentile 5050thth  Percentile Percentile 7575thth  Percentile Percentile 9090thth  Percentile Percentile 

Daycares Daycares -5.70% 1.80% 9.10% 15.00% 

Schools Schools -4.50% 1.50% 6.70% 11.30% 

Grocery Grocery -5.90% 1.80% 7.70% 12.50% 

All All -4.58% -2.10% 0.00% 1.50% 

The first case aims to capture mobility of care conducted in a chained trip, while 
the latter is to capture those who may take the bus to POI and then utilize 
another mode of transport (walking, ride-hail, etc). Ultimately, we observe the 
deviation of the ratio of women riders from gender parity over the course of 
the day at the stops identified closest to the mobility of care destinations (  9% 
of all stops) compared to all stops system-wide. A more detailed description of 
the methodology can be found in our working paper (Shuman et al. 2022). 

3. Findings 
The median 15-minute gender distribution at all stops shows a slight -2.10% 
(fewer) women boardings. While the lowest quantile sees an average of -5% 
women boardings in all stops and at stops identified near mobility of care POIs, 
higher percentiles show a significant increase in the ratio of women at mobility 
of care stops, which is very evident from the third quartile. While the overall 
90th percentile gender ratio deviation at all bus stops was modest 1.5% more 
women than men, we find 15% more women near daycare centers, 11.30% near 
schools, and 12.5% near grocery stores. 

We found the average POI to nearest stop distance to be 105 meters. While not 
all users transferring near a POI would be patronizing it, the higher ratio of 
women observed at those particular POIs does indicate a higher probability of 
women conducting mobility of care. Figure 2 illustrates the average deviation 
from gender parity at POI stops compared to all bus stops for boardings on 
chained trips and all alightings across the day. The envelopes illustrate the 95% 
confidence interval across all days in the period of analysis. 

We find that women are more likely to trip chain or alight at stops near daycares 
and schools during AM drop-off and PM pick-up times. One noticeable 
difference between schools and daycares is that there is a narrower AM drop-
off window with a steep decline beginning at 8 AM, which is the start time 
for DC Public School students. We observe a similar trend at grocery stores. 
The confidence intervals and duration of the PM peak, however, are generally 
wider, suggesting higher variability. 
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Figure 2. Gender ratio deviation from 50% women at POIs during week days. 
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