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ABSTRACT

Shared e-scooters could improve the sustainability of traffic by being an incentive to
switch to public transportation and simultaneously being a potential first- and last
mile-solution. Currently, it is not clear whether e-scooter sharing is a positive addition
or an additional burden for urban traffic. This work evaluates the usage of shared e-
scooters and its impacts on public transport, based on movement data of e-scooters
distributed in the German city of Karlsruhe. A central research question answered in
this work is whether shared e-scooters contribute to increasing the attractiveness of
public transport or whether they substitute it. Since this question has hardly been
investigated with the help of mobility data so far, a concept is to be developed, based
on which e-scooter usage in connection with public transportation can be studied.

Keywords: Shared E-Scooter Data Analyzes, First- & Last- Mile in Public Transport,
Correlation between E-Scooter and Public Transport usage
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INTRODUCTION

In particular, the research question will be addressed to what extent shared e-scooters
are used for the first- and last mile and how often they substitute public transport.
Furthermore, it will be assessed how suitable our approach is to investigate the
mentioned question. To answer the research questions, we present methods with
which the data is processed, and the investigation is carried out. In a first step, the
raw e-scooter data is processed as plausible trips, which can be interpreted as user
trips. Secondly, we validate the data by calculating key figures, performing a
spatiotemporal usage analysis and estimate the impact of external influences such as
weather conditions or covid-19-related restrictions that have acted during the study
period. The e-scooter trips are then categorized to evaluate potential usage in the
context of public transport usage. For this categorization, the shared e-scooter trips
are divided based on their proximity to public transport stops. In this study, only rail-
based public transport is considered as public transport.

RELATED WORK

Due to the comparatively short time in which e-scooter sharing has been the subject
of research, the number of studies on e-scooter usage is still limited. While the aspect
of usage has been addressed in some publications, the integration of shared e-scooters
and public transport was so far hardly investigated.

The fact that there are so few data-based studies on e-scooter usage is partly because
e-scooter sharing is a relatively new form of mobility and partly because e-scooter
data is often not accessible to researchers (Jiao et al. 2020). McKenzie examined how
bike and e-scooter sharing usage patterns differ or are similar, by investigating
movement data. Based on this data, a spatiotemporal usage analysis was carried out.
According to McKenzie, bike sharing, in contrast to e-scooter sharing, is mainly used
for commuting to work (McKenzie 2019). That the main trip purpose for e-scooter
trips is not work is also reported by Caspi et al. (Caspi et al. 2020). Most e-scooter
trips occur in city centers, as well as near universities. Furthermore, e-scooters are
probably frequently used by students (Jiao et al. 2020, Caspi et al. 2020, San
Francisco Municipal Transportation Agency SFMTA 2019).

Another data-based research analyzed e-scooter usage in various European cities. Due
to the average trip lengths, the authors do not see e-scooters as competition to public
transport, but rather to cycling and walking (Tack et al. 2019). As shown in the
mentioned works, data-based usage analyses have already been carried out. Thereby
temporal and spatial usage patterns that were examined seem to correspond in many
respects.

Besides movement data, surveys and interviews can be used to examine e-scooter
usage. The San Francisco Municipal Transportation Agency (SFMTA) investigated
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e-scooter usage and their relationship with public transport. The survey provided
valuable insight, e.g., regarding the average trip length or how often e-scooters are
used in combination with or instead of public (SFMTA 2019). A literature review by
Oeschger et al. identifies a research gap for data analyses that address the question of
how micro mobility, and in particular newer electric micro-vehicles, are used for
access and egress to public transport (Oeschger et al. 2020). As one of the goals of
this paper is to investigate how shared e-scooters are used in the context of public
transport, this very research gap is addressed.

In a preprint published in March 2021 by Yan et al., the research question of this
paper is examined. The authors also take a data-driven approach to investigate
whether shared e-scooters complement or replace existing mobility options, in
particular bike-sharing and public transport. The methodology used to answer the
research question is similar to our approach applied in the current work. However,
the authors define the categories differently, which means that no conclusions can be
drawn about first- or last mile trips. Yan et al. conclude from their analysis that most
e-scooter trips substitute public transportation. However, the analysis also showed the
potential for last mile bridging (Yan et al. 2021).

Apart from the recently published preprint by Yan et al., there seems to be no
research, using a data-driven approach to investigate the research question of this
paper. A data-based analysis of e-scooter usage on the first- and last mile was also
identified as a research gap by Oeschger et al. and only partially investigated by Yan
et al. This work could thus provide new insights into first and last mile usage of shared
e-scooters. While the focus of the work will therefore be on the study of access and
egress trips, the substitution of public transport by e-scooters will also be investigated.

SHARED E-SCOOTER DATA

Between 27/11/2020 and 08/12/2020, e-scooter data from three different providers
were queried via the publicly available API's and the collected data was made
available for the purpose of conducting this research. The API calls were made
approximately every 17 minutes. The data scraped via the APIs shows the e-scooters
available at the respective positions (latitude, longitude) at the time of the query
(timestamp), including information such as provider, license plate and the current
battery level. The scraped data therefore does not show e-scooter journeys, but rather
where the e-scooters are located and for how long. For this study, it is interesting to
see when and where the e-scooters were moved, rather than where they are parked
the rest of the time. In order to look at traveled routes, the data first needs to be
prepared. A similar approach as in (Tack et al. 2019, McKenzie 2019) was used for
data preparation.

A route consists of a starting point and a destination. Accordingly, a change of
location must be identified for an e-scooter so that a route can be recognized.
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Comparing several consecutive locations of the same e-scooter (unique identification
feature is the license plate number), we draw conclusions from the data as to whether
the e-scooter was parked or moved. If the longitude and latitude of an e-scooter
change from one query to the next, it can be assumed that the e-scooter has been
moved. Using our python tool, the raw dataset was automatically analyzed for such
location changes. This analysis resulted in e-scooter movements or trips. Not all of
these trips can be identified as trips traveled by a user. In addition to user-performed
trips, the data may also map other e-scooter movements. Both, the providers' fleet
management (collection, charging, delivery) and technical errors (faulty data or GPS
tracking problems) could be misinterpreted as user trips (Caspi et al. 2020).

Following the model of (McKenzie 2019, Caspi et al. 2020) conditions were
formulated that must be fulfilled in order to interpret an e-scooter movement as a
user-induced trip. First, the distance from start to destination must be greater than 100
meters. Secondly, the distance from start to finish must not exceed 5,000 meters.
Thirdly, the battery level must not increase during the ride. During the processing, of
almost 500,000 e-scooter movements 16,028 e-scooter trips were filtered, which can
be interpreted as trips traveled by users.

DATA ANALYSIS AND METHODS

The concept applied for this work can be separated into three steps: general analysis,
categorization approach and correlation analysis. Firstly, a general analysis of the e-
scooter usage is carried out. Key figures such as the average number of e-scooter trips
per day, the average distance traveled or the number of e-scooters in the study area
can be used to evaluate the data basis. By comparing the research results with those
of the studies under consideration, one's own results can be validated. In addition,
external influences such as weather conditions and pandemic-related restrictions are
considered and their impact on e-scooter usage is estimated. Besides, e-scooter usage
is examined on both a temporal and spatial level and the usage patterns are compared
with similar studies to identify similarities and differences. The data is suitable for
examining e-scooter usage over the course of the day and week and interpreting it
accordingly. On a spatial level, usage patterns can be investigated with the help of
visualizations. Special features of e-scooter usage in the study period or in the study
area can thus be identified and interpreted.

Secondly, the e-scooter routes are categorized in terms of potential usage in
connection with public transport. Investigating the integration of e-scooter and public
transport usage requires specific methods, as intermodal trip chains are not easy to
identify as such (Oeschger et al. 2020). To investigate the integration by means of
movement data, trips are often selected by “creating a buffer around public transport
stations, and those micromobility sharing trips that start or end within that buffer are
considered access or egress trips” (Oeschger et al. 2020). In this approach, the trips
are categorized based on their origin-destination relationship. The decisive factor for
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the classification is the geographical location of the start and end points of a trip, as
well as the distance of the start and end points to public transport stations.

In a first step, the buffer size is defined. Based on similar studies and on our iterative
prototyping approach, the buffer size was set at a radius of 150 meters. An egress trip
is referred to as a potential last mile trip because the e-scooter journey could have
been preceded by a public transport journey. Conversely, an access trip can be
interpreted as a potential first-mile trip, as the e-scooter journey is likely followed by
a public transport journey. In addition to the public transport-related first- and last
mile trips, e-scooters could also be used instead of public transport. E-scooter trips
that start within one buffer and end in another are therefore considered as potential
public transport substitutions and referred to as substitution trips, as shown in figure
1. E-scooter trips that begin and end more than 150 meters from a station away and
trips that begin and end within the same buffer are hereinafter referred to as other
trips.
substitution trips
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/ other trips " access trips
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H

Figure 1: Categorization of e-scooter trips
As an interim result, we can now make a statement about how often e-scooters could
have been used in connection with public transport, and how often there was a
potential public transport substitution. Subsequently, the results will be examined in
more detail to estimate how many of the access and egress trips could actually
correspond to first- and last mile usages. By looking at the stop-related e-scooter trips
together with public transport passenger data, possible correlations are investigated
by a correlation analysis. While investigating access and egress trips alone is limited
in its informative value, by including the passenger data, the scope of interpretation
can be enlarged, allowing the previous investigation to be further checked for
plausibility. It will be investigated whether a correlation between public transport and
e-scooter usage can be proven, and if so, how pronounced it is.

To investigate whether there are correlations between the two variables, the
correlation coefficient by person is calculated for boarding passengers and access
trips as well as for alighting passengers and egress trips. For this purpose, public
transport usage and e-scooter usage are considered over the course of the day and in
a spatial context. For the temporal correlation analysis, passenger data for one tram
vehicle was compared with e-scooter usage near public transport stations served
exclusively by this line. For the spatial analysis, all stations in the study area with
boarding and alighting passengers and e-scooter usage were considered.

Intelligent Human Systems Integration (IHSI 2022): Integrating People and Intelligent Systems
https://openaccess.cms-conferences.org/#/publications/book/978-1-7923-8988-7



Applied Human Factors and Ergonomics International AH IF E

International

RESULTS

Firstly, the spatiotemporal usage analysis showed that the distribution of the
examined e-scooter trips over the course of the day, which is demonstrated in figure
2, could be classified as representative. Plausible explanations for the deviations in
the temporal usage patterns could be formulated by interpreting possible trip
purposes. The fact that significantly fewer e-scooter trips are made on weekends,
especially on Sundays, than during the week contradicts the results of some related
studies. This could indicate that e-scooters in Karlsruhe are more often used for work
trips. While a higher concentration around the city centre of Karlsruhe is observed,
other than expected, no usage hotspots were detected in areas around the universities.
The fact that e-scooter trips start or end most frequently at the main train station seems
to be a peculiarity of the study area. However, it can be observed that public transport
stations are often places of increased e-scooter usage. Even though the data covered
only 12 days, the data basis can be classified as representative overall.
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Figure 2: Spatiotemporal usage analysis

Secondly, the categorization approach reveals that more than one-third of all e-
scooter trips were potentially made in connection with public transportation. 22.8%
of trips were categorized as egress trips. The 2,127 trips identified as access trips
represent 13.3% of the total trips. The fewest trips were categorized as potential
substitution trips. Only 8.4% of trips could be public transportation substitutes. At
55.5%, the vast majority of trips could not be interpreted as either access, egress, or
substitution trips.

| um.an

In total, 36.1% of the trips could generally be connected to public transport. The
intermodal usage of e-scooters and public transport varies from city to city according
to the surveys. In San Francisco, 34% of respondents use an e-scooter in combination
with public transport, compared to 18% in Arlington (Virginia, USA) (Gubman et al.
2019, Yan et al. 2021, SFMTA 2019). In a survey in France, 15% of users reported
also using public transport on their last e-scooter trip, compared to about 12% in
Portland (Gubman et al. 2019). With the 36.1% identified in this study, e-scooters
would be used comparatively often in combination with public transport.

International studies have also investigated which means of transport are substituted
by e-scooters. In France, 29% of e-scooter users stated they would have used public
transport instead. In Portland and San Francisco, this was true for just over 10% of

Intelligent Human Systems Integration (IHSI 2022): Integrating People and Intelligent Systems
https://openaccess.cms-conferences.org/#/publications/book/978-1-7923-8988-7



Applied Human Factors and Ergonomics International AH IF E

International

respondents (Gubman et al. 2019, SFMTA 2019). Thus, the 8.4% substitution
potential identified here would correspond more to a low substitution share. Both the
values determined for potential usage in connection with public transport and the
share of potential public transport substitutions roughly correspond to results from
surveys conducted in other cities. However, it is questionable how many of the access
and egress trips correspond to first- and last mile usage. Therefore, the results are
further analysed by considering the different types of trips in a temporal and spatial
context.

The temporal analysis shows that many access and egress trips could correspond to
first- and last mile usage. The question to what extent the access and egress trips can
also be considered as first- and last mile trips can only be answered to a limited extent
by looking at the trip length. Since there is no precise definition for the distance of a
first- or last mile trip, our study can only be based on estimated values. Considering
values between 600 m (based on the pedestrian accessibility of public transport
stations) and 2500 m (maximum distance of a common e-scooter ride), 20 to 86% of
the access and egress trips can be interpreted as plausible first- or last mile trips. If an
estimated 50% of stop-related e-scooter usage involves first- or last mile usage, then
out of the 36% of e-scooter trips potentially made in combination with public
transport, about 18% would be actual first- or last mile trips. With 18%, e-scooters in
Karlsruhe would be used for first- and last mile trips about as often as surveys in
France (15%), Portland (12%), and Arlington (18%) showed (Gubman et al. 2019,
Yan et al. 2021, SFMTA 2019).

Thirdly, the correlation analysis states that the sole consideration of boarding
passengers and access trips as well as alighting passengers and egress trips at the
delimited stops of a streetcar serving a certain line does not reveal any correlations.
Neither on a temporal nor on a spatial level statistically significant correlations could
be proven. However, by extending the study to all stations with boarding and alighting
passengers and e-scooter usage, moderately strong correlations can be demonstrated
between boarding passengers and access trips, and between alighting passengers and
egress trips.

From the results of the correlation analysis, it can be concluded that a higher number
of boarding or alighting passengers is associated with more access or egress trips.
Although a causal relationship cannot be proven based on the statistical analysis, the
statistical correlations can be considered as an indication of a complementary
relationship between e-scooter and public transport usage in the study area and time
(Fahrmeir et al. 2016).

OUTLOOK & LIMITATIONS

The results presented in this work are comparable to similar findings presented by
other researchers. The answer to the research question is, that shared e-scooters are
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completing public transport more than they substitute it. About one in five e-scooter
trips is made in combination with public transport, while less than 10% of all e-
scooter trips are directly substituting public transportation. E-scooters thereby
contribute to increasing the attractiveness of public transport being a suitable solution
for the first- and last mile. In addition, it was discovered that the structure of the
access and egress trips partly does not correspond to the typical, pedestrian pattern of
a first- and last-mile trip, since often not the next, but a more distant station is the
starting or ending point of such e-scooter trips. While the pandemic-related avoidance
of public transport and the high speed of the e-scooters compared to walking could
be plausible explanations, e-scooter trips starting and ending at crucial public
transport hubs could reduce travel-, waiting- and transfer-times and thus increase the
attractiveness of public transport even more.

This work was limited above all by the nature of the data. Due to the short data
collection period, the results are only representative to a limited extent. In addition,
the data is not very precise due to the query procedure of the chosen API, not allowing
for accurate conclusions about the start and end of an e-scooter trip. The approach to
categorizing trips using stop buffers is suitable for estimating potential usage,
especially for investigating first- and last mile usage. While the categorization with a
buffer radius of 150 meters allows an initial assessment, further analyses, such as the
consideration of path lengths, can be used to make these initial assessments more
precise.

For a more specific analysis of public transport substitutions, the actual public
transport service as well as the travel time savings of the different alternatives and the
routing of the e-scooter trips should be considered. The data-based research approach
could also be complemented by social science research such as surveys or interviews
to address questions about mobility behavior and intermodal e-scooter usage. Since
the definition of the stop buffers has a significant impact on the outcome of the
categorization approach, the hypotheses regarding parking and borrowing an e-
scooter before or after using public transportation could be tested through a field
study.
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