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Abstract: The emergence of micromobility services in the form of dockless shared e-scooters has
resulted in a wide range of behavioral changes in urban environments. In order to effectively steer
these changes towards sustainability targets, the characteristics of e-scooter trips and users’ behaviors
should be understood further. However, there is a lack of systematic literature reviews in this domain.
To address this gap, we provide a two-fold systematic literature review. The first aspect focuses on
the categorization of temporal and spatial patterns of shared e-scooter usage. The second aspect
focuses on a deeper understanding of e-scooter users’ behaviors, utilizing the principles of persona
design. The analysis of temporal patterns highlights the commonality of midday, evening, and
weekend peak usage across cities, while spatial patterns suggest e-scooters are used for traveling to
recreational and educational land use, as well as city center areas. The synthesis of findings on users’
behaviors has resulted in six categories, with four user types based on usage frequency (one time,
casual, power, and non-adopters), and two motivation-based personas (users who are not satisfied
with current mobility options and users who have had positive travel experience from e-scooter
usage). The overall findings provide important lessons for evaluating this emerging mobility service,
which should be considered for steering its development in public-private stakeholder networks.

Keywords: electric scooter; rental e-scooter; micromobility; micro personal mobility vehicles; spatial
analysis; temporal analysis; travel behavior; mobility pattern; personas; shared mobility

1. Introduction

Recently, there have been rapid developments in both scooter vehicle technology and
associated sharing business models, along with deployment across metropolitan areas [1–4].
Some of the literature argues that shared electric-powered scooters (e-scooters) could offer
a viable alternative for first-mile and last-mile trips, as well as a reduction in fuel consump-
tion and pollution [5–8]. There is a growing body of conceptual and review papers on
different aspects of e-scooters and factors associated with their trips. These include studies
on vehicle development, including battery life and recharge [9], optimization [10], life
cycle assessment [11], vehicle dynamics [12], business model development [13], service loy-
alty [14], economic models [15], policy and regulation [16], shared space management [17],
safety [18], environmental impact [19], parking analysis [20], geofences [21], e-scooter in-
juries [22], and COVID-19 [23]. While aspects such as infrastructure and commercialization
are important, gaining a deep understanding of mobility behavior related to e-scooters
plays a pivotal role in the ongoing transition of urban mobility systems worldwide [24].

In contrast to this importance, only a handful of review papers are available in this area.
O’hern and Estgfaeller studied a wide range of electrically powered micromobility tech-
nologies (i.e., bikeshare, shared e-scooter, e-skateboard, and hoverboard), which focused
on potential benefits to user behavior, vehicle technology, planning, policy, health, and
safety [25]. They investigated the keyword clusters to see which researchers, in what jour-
nals, and in which geographical contexts, conducted electrically powered micromobility-
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related studies. Abduljabbar et al. reviewed twenty years of related micromobility research,
and highlighted its importance as a low-carbon alternative mode of transportation [26].
They categorized micromobility research into four main clusters including benefits, policy,
technology, and determinants of micromobility usage. Wang et al. reviewed the literature
and focused on the shared e-scooter modal shift based on surveys in 26 cities across the
world [27]. They suggested that shared e-scooters can be substitutes for car driving over
short distances, while they can complement transit trips and result in increasing the total
number of passengers. Oeschger et al. conducted a systematic literature review of studies
that focused on integration of micromobility and Public Transit (PT) systems, and evaluated
to what extent micromobility could act to fill the first-mile and last-mile gap associated with
public transit [28]. They reviewed data sources, system characteristics, users, and impacts.
Liao and Correia reviewed four themes for e-scooter use, i.e., performance, descriptions
of the available systems, demand estimation studies, and impact evaluation studies [29].
They concluded that high-income and educated middle-aged men were more likely to be
e-scooter users. Boglietti et al. reviewed the impacts of e-powered micro personal mobility
vehicles such as e-bikes, e-scooters, and self-balancing vehicles. They reviewed 90 papers
published between 2014 and 2020 [30]. The review classified studies into two categories,
i.e., endogenous issues (impact on transport and urban planning) and exogenous issues
(impact on safety and the environment). Regarding transportation equity, Dill and McNeil
conducted a review study on shared mobility modes (including, shared e-scooter, bikeshare,
and carshare) for disadvantaged groups that focused on race, gender, age, income, and
disability status [31]. Their results indicated a higher percentage of e-scooter usage among
men and younger individuals and found e-scooter users to be more diverse than bikeshare
users. Moreover, they found no evidence that e-scooters enhanced the mobility of the
elderly and, from a disability perspective, their study identified several negative impacts
of e-scooters such as parked scooters blocking sidewalks [31]. In another study, Riggs et al.
reviewed best practices for municipal e-scooter polices, and focused on 61 cities in the
USA [32]. A specific focus of this policy review was on equity-related policies, such as
low-income payment plans and distribution requirements.

Taking into consideration the previous review studies, there is no review with an ex-
plicit user-centered approach towards e-scooter usage in urban environments. Furthermore,
a comprehensive review to specifically study e-scooter usage characteristics including a
mobility pattern review is missing. Thus, the aim of this study is twofold. One, we focus
on mobility patterns including the temporal and spatial analysis of shared e-scooter trips.
Two, we focus on users’ profiles and characteristics described in the form of personas. The
scope of this review provides an opportunity to better understand aspects of behavioral
changes associated with shared e-scooter usage and their roles in the sustainability transi-
tion in urban environments. The next section outlines the methodology for the systematic
literature review. The third section describes findings according to the two main aims listed
above, while the last section presents a discussion of findings and conclusions for research
and practice.

2. Systematic Review Methodology
2.1. Sampling

The development of the research methodology relied on a systematic review ap-
proach [33]. The methodology was also developed following suggestions from [34,35],
which were in line with [33]. Following this approach, the papers were systematically
searched, appraised, and finally the research evidence was analyzed and synthesized [33].
The methodological development followed the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) statement guideline. The PRISMA guideline is
“an evidence-based minimum set of items for reporting in systematic reviews and meta-
analyses” [36], and consists of a four-phase flow diagram. The four phases implemented in
this systematic review process include identification, screening, eligibility, and inclusion of
the documents that fall under the scope of this review (Figure 1).
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Figure 1. Flowchart of sampling papers.

Starting with the identification phase, the research goal and strategy were defined,
including a clear and documented definition of search terms, as shown in Table 1. Since the
scope of our research is rental or shared e-scooters, we only included papers with a focus on
shared or rental e-scooters. In addition, identification included combinations of those terms
in search strings, identification of databases to be used, filters, and inclusion and exclusion
criteria on which to base the search and selection process. It is important to note, at this
point, that in order to identify the most relevant articles, only those articles that had a travel-
related analysis as the core of their research question were selected. Therefore, the papers
with research questions such as safety and injury-related studies, policy and regulation,
life-cycle assessment, battery and charging station optimization, marketing and business
models, as well as data privacy and management were excluded. The search was conducted
using six electronic databases, including Web of Science, Transport Research International
Documentation (TRID), MDPI, Tandfonline, IEEE, and Scopus. Google Scholar was also
included in the search process, since the review subject is new and limited, following
examples from similar review literature [37,38]. The scope focused only on English, peer-
reviewed, journal articles, book chapters, and conference proceedings. The set of literature
included publications posted online on, or before, 31 December 2020. In some cases, a
paper that was published online during 2020 was included, even if it was assigned to a
2021 issue. Since this subject is relatively new and as there is no existing review with this
specific focus and scope, we did not consider a start date. The identification phase resulted
in 152 unique documents.
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Table 1. List of the search terms.

Key Concepts Synonyms/Related Concepts/Variations

E-scooter “E-scooter” OR “electric scooter” OR “scooter” OR “self-balancing scooter”
OR “light-weight scooter” OR “electric kick scooter”

Micromobility “Micromobility” OR “micro-mobility” OR “micro mobility” OR
“micro-transit”

Sharing “Shared” OR “sharing” OR “public” OR “dockless” OR “shared vehicles”
OR “free-floating” OR “rental” OR “rented”

In the screening phase, we evaluated previously identified studies based on their
suitability for data extraction, by reading the abstract. All records were examined by two
researchers. On the basis of the examination of abstracts, 109 publications were excluded
from the total sample of 152 publications. In the third phase, eligibility of the articles was
further checked by two researchers, based on reading the full publication text. After this
phase, seven articles were excluded (Figure 1). Among the remaining 25 publications, 16
publications were included in the analysis sample, while 9 publications were included in
the synthesis sample.

2.2. Analysis and Synthesis

The review methodology focused on two complementary aspects for understanding
e-scooter usage: (1) analysis and (2) synthesis. The methodological framework behind
the analysis and synthesis of sample papers is depicted in Figure 2. The analysis was
introduced to identify individual factors influencing e-scooter usage, while the synthesis
was introduced to provide a combination of findings. The analysis of literature followed
standard practices of classification and categorization of research findings into groups.
Thus, the analysis included all the papers which focused on temporal or spatial effects.
However, these papers had only limited information about users of e-scooters. As a result,
the analysis part provided findings on key spatio-temporal mobility patterns observed in
the literature.
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The second aspect of the review focused on a deeper understanding of e-scooter users’
perspectives through a synthesis of findings in the previous research. On the one hand, the
synthesis focused on understanding usage frequency, aiming to classify users into specific
user types. On the other hand, the synthesis focused on developing personas for gaining a
deeper understanding of underlying reasons for users’ behavior. Personas originated from
design research [39], and similar ideas have been used in transportation studies previously
for market segmentation [40]. For example, Eldeeb and Mohamed utilized a persona-based
approach to understand the preferences of the key transit market groups and estimate
their willingness to pay for service improvements [41]. In another study, Magdolen et al.
created eight mobility styles with behavioral and attitudinal characteristics as clustering
criteria [42]. The difference between user types and personas is that, for the latter, we
considered any user characteristics that could be found in the existing literature. The sample
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of papers used for synthesis of e-scooter (non)-users characteristics included research based
on questionnaires, interviews, or video recordings of e-scooter users. In order to develop
user types and personas, the following aspects were reviewed in each paper:

• Demographic characteristics such as gender, age, living location, employment status,
income, education level, etc.;

• Trip purpose;
• Usage frequency;
• Motives to use e-scooters;
• Deterrents from use of e-scooters.

3. Findings
3.1. Spatio-Temporal Mobility Patterns
3.1.1. Temporal Analysis

The findings are presented in ascending order from temporal patterns within a day
towards increasing the size of the temporal scale, such as seasonal variations related
to weather or special events. The first group of papers focused mainly on analyzing
temporal patterns within the day. McKenzie (2019) analyzed four months of e-scooter
data in Washington, DC, USA and showed a midday peak for trips [43]. Jijo et al. (2019)
investigated the temporal pattern of e-scooters in three months of data in Indianapolis,
IN, USA and found 4 p.m. to 8 p.m. as peak e-scooter trip hours. Usage per day of only
15% of e-scooters were more than 1 h/day, while 50% of vehicles were used for around
40 min/day or less [44]. In Louisville, KY, USA, Hosseinzadeh et al. (2021) identified
Saturdays between 1 p.m. and 5 p.m. as the peak e-scooter demand period [45]. The same
results were found in Austin, TX, USA, where Jiao and Bai (2020) showed Saturdays from
1 p.m. to 5 p.m. as peak hours of shared e-scooter trips. In addition, trips on weekdays
were longer in distance and duration but slower in speed than the weekends [46]. Zou
et al. (2020) analyzed five weeks of e-scooter trips in Washington, DC, USA, and found
the midday and evening peaks on principal and minor arterials match the peak hours of
shared e-scooter trips [47]. Reck et al. (2020) conducted a study in Zurich, Switzerland on
more than 18,000 e-scooter trips over a period of more than two weeks in January 2020
and found a negative association with morning peak (i.e., 6 a.m. to 9 a.m.) and positive
association with nighttime (i.e., 9 p.m. to 5 a.m.) in relation to e-scooter trips and usage for
very short trips (median 721 m). They also found higher probability of usage in e-scooters
as compared with other micromobility modes at night and early mornings and for shorter
distance trips [48].

A set of papers focused mainly on the temporal scale of one day. McKenzie (2019)
subsequently examined the daily distribution of trips using cosine similarity and found
Tuesday/Thursday and Saturday/Sunday as the days with the highest similarity in shared
e-scooter usage pattern [43]. Almannaa et al. (2020) analyzed six months of shared e-
scooter data based on their average speed in different days of the week and times of day
in Austin, TX, USA. Implementing consensus clustering, they found two clusters: first,
for weekends plus Fridays, and second, for the rest of the days. A two-sided Wilcoxon
rank-sum test revealed a different mobility pattern in the distribution of average speed
between the two clusters. The same approach resulted in two clusters: first, from 3 a.m. to
12 p.m. (average speed 2.78 m/s, s.d. 1.64) and second, one for the rest of the day (average
speed 2.19 m/s; s.d. 0.73) [49]. In another study in Washington, DC, USA, McKenzie (2020)
explored similarities and differences between micromobility providers, over a four-month
period, using Watson’s U2 and CosSim. While the e-scooter variation during days showed
general conformity, the least available provider resulted in a significantly dissimilar trend.
He also compared the travel time of micromobility and ride hailing options across different
TAZs and the results showed that 8–9 a.m. and 5 p.m. were the times that micromobility
options were faster than available ride hailing options [50]. Bai and Jiao (2020) conducted a
comparative analysis between e-scooter usage pattern in Austin, TX, USA and Minneapolis,
MN, USA. They found that e-scooter usage happened mostly on weekends and peaked on



Sustainability 2021, 13, 11792 6 of 27

Saturdays in Austin. Whereas in Minneapolis, evening rides had the highest proportion
of the usage. Furthermore, the lowest ridership in Austin belonged to nights while in
Minneapolis, the lowest ridership was in the morning [51].

Noland (2019) modeled the impact of temporal variables on e-scooter trips considering
daily trips, average daily distance, and average daily speed as dependent variables. The
study results showed a significantly higher number of trips on Saturdays, higher average
trip distances, and lower average speed on Saturdays and Sundays. Rain and snow de-
creased the number of trips, rain reduced the distance of trips, and higher temperature
was correlated with longer distances and faster speeds [52]. Mathew et al. (2019) used
a negative binomial model to explore the impact of weather on e-scooter trips in Indi-
anapolis, IN, USA. They found a negative association between e-scooter trips and snowfall,
rainfall, visibility, wind speed, and freezing temperature. During winter, e-scooter trips
reduced by 80% on average, while median distance and duration dropped only slightly.
Trips were also more sensitive to snowfall rather than rainfall [53]. In another study in
Indianapolis, IN, USA, Liu et al. (2020) captured a 76% decline in the number of trips
during wintertime [54]. Zhu et al. (2020) found the peak hour at nighttime, suggesting the
finding was due to a decline in the heat in Singapore at night. Furthermore, the impact
of rainfall and temperature during different time of the day were studied and the results
were not conclusive based on the time and intensity of temperature/rainfall [55].

Younes et al. (2020) conducted a study on e-scooters with seven months of shared
e-scooter trip data in Washington, DC, USA, and based on a negative binomial model,
found that midday trips (i.e., from 12 p.m. to 3 p.m.), holidays and gas price had a positive
impact on shared e-scooter trips [56]. According to the elasticity analysis, 1% increase in
temperature, humidity, and gas price, increased shared e-scooter trips by 1.12%, 0.39%, and
3.12%, respectively. Additionally, 1% increase in humidity, wind speed, and precipitation
reduced e-scooter trips by 0.30%, 0.12%, and −0.01%, respectively [56]. Using ordinary
least square with hourly median duration as dependent variables, temperature, midday,
Saturdays, holidays, and special events significantly increased the hourly median duration
of e-scooter trips. Humidity, wind speed, and precipitation decreased the hourly median
duration [56]. In a study in Indianapolis, IN, USA, Liu et al. (2020) found a 130% increase in
the number of e-scooter trips and a 181% increase in unique e-scooter in service during the
Indianapolis 500 race special event as compared with the previous weekend [54]. A study
in Singapore, analyzed four weeks of e-scooter trip data and found that the utilization of
each e-scooter was 3.15 times per day on average with a 24.12% occurrence in repositioning
of vehicles (11.06% for rebalancing and 13.06% for charging) [55]. Li and Axhausen (2021)
explored the hourly changes of e-scooter trips before and during the COVID-19 pandemic
and the peak hours of normal weekdays were 5 a.m., 12 p.m., 4 p.m. and 9 p.m. With the
exception of 4 p.m. which mostly belongs to non-leisure activities, the other three were
leisure-related peak hours. There was no clear trend of e-scooter riding during COVID-19
workday and weekend [23]. A summary of the temporal analysis findings is presented in
Table 2.
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Table 2. Summary of reviewed papers in temporal analysis.

Author(s), Year Data Interval Trip Data
Sample Size Study Area Method Day of Week Time of Day Other Specific

Indices

McKenzie, (2019)
[43]

132 Days
(13 June–23

October 2018)
937 k Washington,

DC, USA Cosine similarity

Highest
similarity:
Tuesday-

Thursday and
Saturday-
Sunday

Mid-day peak -

Jijo et al. (2019)
[44]

3-Month
(4 September–
30 November

2018)

425k Indianap-olis,
IN, USA

Explanatory
analysis - Peak hour: 4 p.m.

to 8 p.m. -

Hosseinzadeh
et al., (2021) [45]

16-months
(November 2018–

February 2020)
501 k Louisville, KY,

USA
Generalized

additive model
Peak time of

Saturdays
Peak time from
1 p.m. to 5 p.m. -

Jiao and Bai,
(2020) [46]

11-Months
(April 2018–

February 2019)
1.74 M Austin, TX,

USA

Negative
binomial

regression
Saturdays Saturdays from

1 p.m. to 5 p.m. -

Zou et al., (2020)
[47]

5-Weeks
(March–April

2019)
113 k Washington,

DC, USA
Explanatory

analysis -

Midday and
evening peak in

principal and
minor arterial

-

Reck et al., (2020)
[48]

15 days
(8–23 January

2020)
18 k Zurich,

Switzerland
Multinomial

logit -

-Morning peak:
negative and
night peak:

positive
-Higher

probability of
e-scooters as

compared with
other

micromobility
modes at nights

and early
mornings

-E-scooter used for
very short trips
(median: 721 m)

-Negative
association of
distance and

e-scooter usage

Almannaa et al.
(2020) [49]

6-Months
(3 December
2018–20 May

2019)

6 M Austin, TX,
USA

Consensus
clustering

Two similar
clusters:

First, weekends
plus Fridays;

Second, the rest
of the days

-

3 a.m. to 12 p.m.
(average speed

2.78 m/s, s.d. 1.64);
Rest of the day
(average speed

2.19 m/s; s.d. 0.73)

McKenzie (2020)
[50]

4-Months
(December

2018–March
2019)

378 k Washington,
DC, USA

Watson’s U2 and
CosSim

Faster
micromobility

options
comparing with

ride hailing
options at

8–9 a.m. and
5 p.m.

-

Bai and Jiao
(2020) [51]

4-Months
(August 2018 –

November 2018)
886 k

Austin, TX;
Minneapolis,

MN, USA

Negative
binomial model

Weekends and
peaked on

Saturdays in
Austin

Lowest rides in
nights in Austin;

Peak evening
rides and lowest
ridership in the

morning in
Minneapolis

-

Noland, (2019)
[52]

7-Months
(August 2018–
February 2019)

88 k Louisville, KY,
USA

Ordinary least
squares

regression

Saturdays:
positive -

Holidays: positive
Rain: negative
Snow: negative

Duration
(distance): 0

Mathew et al.
(2019) [53]

6-Months
(4 September

2018–
28 February

2019)

532 k Indianapolis,
IN, USA

Negative
binomial model,

Explanatory
analysis

- -

Temperatures drop
below freezing:

negative
Visibility: negative

Rain: negative
Snow: negative

Wind speed:
negative
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Table 2. Cont.

Author(s), Year Data Interval Trip Data
Sample Size Study Area Method Day of Week Time of Day Other Specific

Indices

Liu et al., (2020)
[54]

8-months
(September 2018–

May 2019)
500 k Indianapolis,

IN, USA
Explanatory

analysis -

Broad Ripple fall
2018: 6 p.m. to

9 p.m.
Butler University

fall 2018:
evening

Downtown Trip
fall 2018: 6 p.m.

to 9 p.m.

−130% Increase in
number of e-scooter

trips and 181% in
unique e-scooter in

service during
Indianapolis 500
race special event
-Higher median

distance/duration
of recreational trips
as compared with
non-recreational

Zhu et al., (2020)
[55]

4-Weeks
(1-28 February

2019)
52 k Singapore

Explanatory
analysis, Pearson

correlation
Not conclusive Peak hours at

night

Temperature: not
conclusive

Rain: not conclusive
Duration: 0

Younes et al.,
(2020) [56]

7-Months
(December 2018–

June 2019)
727 k Washington,

DC, USA

Negative
binomial

regression

Base is Sunday,
Saturdays:
positive,

The rest of the
days: negative

-

Holidays: positive
Special events

(cherry blossom
festival): positive

Temperature:
positive

Visibility: positive
Humidity: negative
Gas price: positive

Caspi et al.,
(2020) [57]

7-months
(August 2018–
February 2019)

2 M Austin, TX,
USA

Spatial Lag,
Spatial Durbin,

and
geographically

weighted
regressions

Higher median
trip distance and

duration on
week-

ends/holidays

Comparing
weekends and

weekdays hourly
trips

Higher number
of trips, median

trip distance,
and duration of

evening peaks as
compared with
morning peaks

-

Li & Axhausen
(2021) [23]

Normal period
(15 February–

14 March 2020)
COVID-19
period (15

March–14 April
2020)

1818 k before
COVID-19

1003 k during
COVID-19

Zurich,
Switzerland

Comparison
study

Peak times
before and

during
COVID-19

Before
COVID-19:

5 a.m., 12 p.m.,
4 p.m., and 9 p.m.

for weekdays

Before COVID-19
for workdays 4 p.m.
is the peak hour of

non-leisure
activities,

Leisure peak hours
are 5 a.m., 12 p.m.

and 9 p.m.

(-) Not tested; (0) tested but not significant; (positive) positive impact on number of trips; (negative) negative impact on number of trips;
(not conclusive).

3.1.2. Spatial Analysis

The spatial analysis includes a range of spatial scales and built environment charac-
teristics. Bai and Jiao (2020) investigated the scooter ridership among 886,000 e-scooter
trips in two cities of Austin, TX, USA and Minneapolis, MN, USA. The results showed that
proximity to the city center and better access to public transit were positively correlated
with higher e-scooter ridership in both cities [51]. Zou et al. (2020) analyzed five weeks
of e-scooter trips in Washington, DC, USA, and found more than 70% of trips happened
on streets with annual average daily traffic between 4000 and 20,000. Moreover, they
found a positive association between bicycle facilities and the number of e-scooter trips,
specially at nighttime. E-scooter riders depended more on bicycle infrastructure (such
as cycle lanes) at nighttime [47]. Jiao and Bai (2020) employed six months of e-scooter
trip data from Austin, TX, USA, and found distance to CBD and distance to public transit
had negative impacts on the number of shared e-scooter trips [46]. Hosseinzadeh et al.
(2021) examined 16 months of e-scooter trip data from Louisville, KY, USA. They applied
a generalized additive model and found walk score and bike score positively impacted
TAZ level e-scooter ridership density [45]. Reck et al. (2020) found a negative association
between elevation and e-scooter trips. Moreover e-scooters were used mostly in even
terrain areas (median 0.20, s.d. 16.7) [48].
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A sizable portion of e-scooter related studies focused on different land uses and their
impact on e-scooter trips. Caspi et al. (2020) conducted a spatial Durbin analysis of seven
months of e-scooter trips data in Austin, TX, USA and found a positive association of
e-scooter trips with residential, commercial, educational, and industrial land uses, while
commercial and industrial land uses had the highest impact. They also implemented a
geographically weighted regression (GWR) to assess local coefficients; for instance, they
found residential land use was significant in downtown but not around the University
of Texas campus and surroundings [57]. Hosseinzadeh et al. (2021) found a positive
association between commercial land use, and negative association between industrial land
use, in TAZ level e-scooter ridership density [45]. Li and Axhausen (2021) investigated
changes in mircomobility activity characteristics before and during the COVID-19 pan-
demic. They analyzed 1818 e-scooter trips before and 1003 e-scooter trips during COVID-19
in Zurich, Switzerland. The results showed the highest increase in trip origins during the
pandemic were for education (48%) and home (25%). The greatest decline in trip origins
were for leisure activities (−19%) and shopping (−12%). The same measure for surges
in destinations were for education (35%) and work (21%) and the highest decline was
for parks (−28%) [23]. McKenzie (2019) analyzed the origin and destination of trips and
found that 60% of shared e-scooter trips started and ended in similar land uses. Trips from
public/recreational to public/recreational land uses had the highest frequency (28.2%)
among the other land uses (i.e., residential and commercial) [43]. Jiao and Bai (2020) found
urban environment variables such as the number of four-way intersections, land use mix
(entropy index), commercial area, mixed-use area, educational land use, and parks had
positive impacts and the number of cul-de-sacs had a negative impact on number of shared
e-scooter trips [46]. Bai and Jiao (2020) concluded that greater land-use diversity, and office
and public service land uses were positively associated with higher e-scooter ridership
in both cities of Austin, TX, USA and Minneapolis, MN, USA [51]. A summary of spatial
analysis findings is presented in Table 3.

Table 3. Summary of reviewed papers focused on modeling of spatial and land use impacts on e-scooter usage.

Parameters Jiao and Bai (2020)
[46]

Bai and Jiao (2020)
[51] Caspi et al. (2020) [57] Hosseinzadeh et al.

(2021) [45]

Data
11 months

(April 2018–
February 2019)

4 months
(August 2018–

November 2018)

7 months
(August 2018–
February 2019)

16 months
(November 2018–

February 2020)

City, country Austin, TX, USA Austin, TX/Minneapolis,
MN, USA Austin, TX, USA Louisville, TX, USA

Method Z-score Negative binomial Spatial Durbin Generalized additive
model

Number of trips 1740 k 886 k 2 M 501 k

Distance to CBD Negative Negative 0 (origins)/negative
(destination) -

Land use mix index Positive Not conclusive 0 (origins)/0 (destination) 0

Residential land use 0 - Positive (origins)/positive
(destination) 0

Commercial land use Positive Not conclusive Positive (origins)/positive
(destination) Positive

Office land use - Positive - -

Industrial land use - Not conclusive Positive (origins)/positive
(destination) Negative

Institutional/Educational
land use Positive Positive 0 (origins)/0 (destination) 0

Recreational/parks land
use Positive Not conclusive 0 (origins)/0 (destination) 0

Walk-related scores - - - Positive

Bicycle-related scores - - Positive (origins)/0
(destination) Positive

Transit-related scores Positive - Positive (origins)/positive
(destination) 0
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Table 3. Cont.

Parameters Jiao and Bai (2020)
[46]

Bai and Jiao (2020)
[51] Caspi et al. (2020) [57] Hosseinzadeh et al.

(2021) [45]

Employment density - - Positive (origins)/positive
(destination) 0

Intersection density Positive - 0 (origins)/positive
(destination) 0

Cul-de-sac density Negative - - -
local roads density - - - 0
Job proximity index - - - 0

Elevation - - - 0

(-) Not tested; (0) tested but not significant; (positive) positive impact on number of trips; (negative) negative impact on number of trips;
(not conclusive).

3.2. Synthesis of E-Scooter User Personas and User Types

This aspect of the review resulted in four user types and two personas based on two
major characteristics: (a) frequency of usage and (b) motivation for selecting e-scooters
(Table 4). Figure 3 depicts the classification system for two main user groups, i.e., frequency-
based user types and motivation-based personas. Each one of these main groups then
contains a set of subtypes, as well as associated papers where these particular features of
persona have been identified. The following sections provide further details on each user
type and persona.
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3.2.1. Usage Frequency-Based User Types

According to the surveys in each paper, we synthesized four user types based on
usage frequency. These user types span from very infrequent to very frequent users, but
also include non-adopters, as people who have not tried an e-scooter or stated they were
not willing to try one. Table 4 summarizes the usage frequency in the reviewed papers.
The deployment date of shared e-scooters and the date of data collection is summarized in
Table 5. Moreover, the demography of respondents is presented in Table 6.
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Table 4. Travel behavior of users in reviewed papers.

Author(s), Year Trip Purpose Mode Substitution Motives Deterrents How Often and When Other

Fitt and Curl (2020)
[58] - -

Trying it for the first
time, 64%
Fun, 55%

Faster than the
alternative, 22%

Recommended by
others, 17%

Convenient, 15%
Cheaper than the

alternative, 7%
Economical as compared

with purchasing

Not having the essential
material to rent an

e-scooter (bank card,
smartphone, etc.);

Not being able to check
the condition and

functionality of e-scooter
before riding one

When you see one, you
may use it (material

availability)

Majority of e-scooter
users had never used a

kick scooter

Curl and Fitt (2020)
[59] - - - -

Once 16.9%
More than one
occasion 52.5%

Those who cycle are
more likely to have used
an e-scooter than those
who do not cycle; Age

over 45, with health
issues are less likely to

use e-scooters

Laa and Leth (2020)
[60] - **

In general, replaces
walking followed by

other slower PT modes
(bus and tramway);

Often or always replace
walking in 35% of

situations for work or
educational trips and

almost never replaces car
trips (more than 90%);

Never or seldom replaces
other modes in
shopping trips;

Sometimes or always
replaces walking and bus
trips in 28% of situations

for leisure purposes

Saves time when you are
in hurry;

Fast
-

Daily basis 0.0%
Several times per week

4.5%
Several times per month

27.3%
Less than once a month

44.5%
Tried it once 23.6%

-
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Table 4. Cont.

Author(s), Year Trip Purpose Mode Substitution Motives Deterrents How Often and When Other

Tuncer and Brown (2020)
[61]

Mostly not for
commuting because of

the lack of ability to
plan

If in a hurry: substitutes
public transit;

First-mile and last-mile
trips: substitutes walking;
New intermodal routes,

substituting one slow PT
to far but faster PT

Fun, feeling of freedom,
continuous movement;
Ease of use, convenient;

Economical as compared
with purchasing;

Lack of concern for
maintenance;

Maneuverable and hybrid
vehicle;

Not sweating;
Riding in style with office

clothes;
Saving time

Low charge and
functional problems of

the vehicle;
Unavailability;

Inaccuracy in map
locations;

Inability to find the
e-scooter because of bad

location or parking;
Unreliability

Mostly opportunistic;
When you see one, you

may use it
-

Bieliński and
Ważna (2020)

[62]

Fun * 51.8%
Social meetings 33.9%
To (or from) PT stops

30.4%
Eating out 21.4%

Recreational 21.4%
Work, school, or
university 17.9%
Shopping 12.5%

- Fun

High fees (31.8% users,
17.7% non-users)

Safety concerns (10.9%
users, 16.0% non-users)

No scooter nearby (17.6%
users, 11.6% non-users)

Not enough scooters
(10.4% users, 4.8%

non-users)
Functionality problems

(6.8% users, 3.4%
non-users)

Daily basis 0.3%
Few times a month 1.3%
Few times a year 7.3%

-
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Table 4. Cont.

Author(s), Year Trip Purpose Mode Substitution Motives Deterrents How Often and When Other

Sanders et al. (2020)
[63]

Fun or leisure * 42%;
Transportation

to/from activities 33%;
Transportation

to/from work 30%;
Meeting friends or

socializing 16%;
Shopping 6%;

Transportation
to/from school 6%;

Other 9%

Fun trips: 50% walking,
30% driving, 8% biking
Transportation to/from
activities: 51% walking,
35% driving, 10% biking
Transportation to/from
work: 62% walking, 19%

driving, 10% biking;
Meeting friends or

socializing: 45% walking,
41% driving, 6% biking;
Shopping: 42% walking,
42% driving, 15% biking;
Transportation to/from

school: 67% walking, 29%
driving, 0% biking;

Total: 57% walking, 25%
driving, 8% biking

Faster than walking
Convenient

Replacing car trips
For having fun and

relaxing
Good option in hot

weather
Inexpensive as compared

with purchasing;
Environmentally friendly;
Mostly for women, safer

from crime and traffic

Worried about hitting
someone or being hit,

feeling unsteady
Not enough safe place to

ride
Cannot carry much

Impractical for longer
distances;

Unavailability issues;
Functional errors and
uncharged batteries

Non riders, 68%
never ridden an

e-scooter
Past riders, 12%

ridden an e-scooter, but
not in the last month;

Occasional riders, 16%
less than one ride time

per week in the last
month;

Regular riders, 5%
at least one ride per

week in the last month

Participants with young
children are mostly

concerned about safety
76% of past and current

riders and 23% of
non-riders are willing to
ride e-scooter somewhat

or very likely in the
future;

56% of those aged 18–34
would like to ride

e-scooter next year as
compared with 41% of

35–44 years old and 25%
of upper 45 years old;

40% of walkers, cyclists
and drivers would like
to ride e-scooter next

year as compared with
51% of PT users

Degele et al. (2018)
[13]

Leisure trips;
Weekday activities
such as commuting

- Just to try it out -

4.41% Often user (every
4.6 days)

23.63% Monthly user
(every 25 days)

58.34% Sometime user
(every 19.5 days)

13.72% One-time user

Gender hardly has any
influence on usage or
e-scooter ride length
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Table 4. Cont.

Author(s), Year Trip Purpose Mode Substitution Motives Deterrents How Often and When Other

Rayaprolu and
Venigalla (2020)

[64]

Social purposes 44.8%
First-mile and last-mile

trips 29.6%
Work or school 12.8%
Running errands and

chores 12.8%

-

59% Fun
51% TIME saving

39% Easy to use and
hassle free

23% Economical
7% Healthy

4% Safe

Not interested or not
viable 34%
Unsafe 23%

Expensive 18%
Traffic or pollution 7%
Time consuming 2%
Uncertainty in the
dockless vehicle

availability

CaBi members prefer
more to use e-scooters

occasionally than
regularly

E-scooters are popular
for 5–15 min trips (low

significant);
E-scooter is the least

preferred micromobility
mode between four

options in Washington,
DC, USA;

Young people prefer an
e-scooter over CaBi and

e-bikeshare;
Female and

medium-income
households prefer CaBi

over an e-scooter

James et al. (2019)
[20] -

39%, 52% Uber, Lyft, or a
taxi

33%, 28% walked
12%, 44% Personal or

shared bike
7% Bus

7%, 35% Drive ***

-

As a pedestrian, feeling
unsafe around e-scooter

(76% very unsafe and
unsafe);

As a e-scooter rider,
feeling unsafe around

e-scooter (24% very
unsafe and unsafe);

Pedestrians find
e-scooters blocking the
sidewalks (75% always

and often);
E-scooter users find

e-scooters blocking the
sidewalks (24% always

and often)

- -

* Respondents could choose more than one trip purpose; ** trip purpose was not analyzed separately, however, it was classified by mode substitution in each trip purpose which is summarized in “Mode
Substitution” column; *** the first number is the likelihood of choosing that mode for the last e-scooter trips and the second number is the travel mode change in general since the e-scooter emerged in the city
(multiple choice is allowed for the second one).
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Table 5. Travel behavior studies and their relevant data type and methodology.

Author(s), Year City, Country
Date of Shared

E-Scooter
Deployment

Date of Survey or Data
Collection

Data Collection
Method Data Quantity Methodology

Tuncer and Brown (2020)
[61] Paris, France

4 months before data
collection

(approximately June
2018)

October 2018–January
2019 Observation, interview 20 Users and 10 informal

shop owners

Video-ethnographic
and interview text

coding

Fitt and Curl (2020) [58] *
Auckland, Hutt Valley,

Christchurch, and
Dunedin, New Zealand

Late 2018 and early 2019 February and March
2019 Online survey 491 Respondents (341

users and 150 non-users)

Descriptive statistics,
social practice

logistic regression [59]

Bieliński and Ważna
(2020) [62] Tricity, Poland May 2019 21 August 2019–

27 September 2019

Computer-assisted
personal

interviewing technique
(CAPI)

633 Respondents Descriptive statistics

Laa and Leth (2020) [60] Vienna, Austria - 13 August 2019–
7 December 2019

Online survey and field
surveys at three cycle

paths

188 Respondents
(166 e-scooter users and

22 non-users)
Descriptive statistics

Sanders et al. (2020) [63] Tempe, AZ, USA - 2 May 2019
Online survey in

Arizona State University
(ASU)

1256 University staff (not
faculty)

(849 Non-riders and 405
e-scooter riders)

Descriptive statistics and
statistical tests

Degele et al. (2018)
[13] Germany - 22 April 2017–

20 October 2017 GPS trip data 53,000 Trip data Hierarchical clustering
and descriptive statistics

Rayaprolu and Venigalla
(2020) [64] Washington, DC, USA - July 2019

Mixed-mode survey:
paper-based and

web-based questionnaire

440 Responses (309
respondents who used
micromobility at least

once)

Logistic regression, odds
ratio analysis,

descriptive statistics, and
statistical tests

James et al. (2019) [20] Arlington, VA, USA 2017 4–24 April 2019 Online survey and
observation

181 Survey responses
and 606 e-scooter

observations

Descriptive statistics
and text analysis

* The results in [58] are as same as those of [59].
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Table 6. Demographics of survey respondents in reviewed papers.

Author(s), Year, Sample ****
Demography

Gender Age Education Level Income Occupation Status Citizen/Tourist Other

Tuncer and Brown (2020)
[61]

(e-scooter users)

90% Male
10% Female

5% <25 years
55%: 25–35 years

40% >35 years
- - - 80% Residents

20% Tourists -

Fitt and Curl (2020) [58] **
(respondents)

50% Male
50% Female

29% 18–24 year
24% 25–34 years
19% 35–44 years
15% 45–54 years
10% 55–64 years

5% 65 years and over

24% School level
qualifications;

12% Postschool level
qualifications;

27% Bachelor’s degree;
32% Postgraduate

qualification

12% From $0 to 19 k
7% From $20 to 30 k

6% From $30 k to $50 k
11% From $50 k to $70 k
18% From $70 k to $100 k
45% From $100 k and over

53% Working full time *
28% Studying full time -

Ethnicity *
European 93%

Maori 7.5%
Other 6%

Car availability:
67% Available

32% Unavailable

Curl and Fitt (2020) [59] **
(e-scooter users)

57% Male
43% Female

30% 18–24 years
26% 25–34 years
19% 35–44 years
14% 45–54 years
8% 55–64 years

3% 65 years and over

25% School level
qualifications;

13.4% Postschool level
qualifications;

28% Bachelor’s degree;
33.6% Postgraduate

qualification

10.5% From $0 to $20 k
5.6% From $20 k to $30 k
4% From $30 k to $50 k

10.5% From $50 k to $70 k
13% From $70 k to $100 k
39% From $100 k and over
17.4% Other or no answer

58% Working full time *
28% Studying full time -

Ethnicity *
European 84%

Maori 7.6%
Other 8.4%

Health Condition:
No health condition 93%

Health condition 7%
Car availability:
69% Available

31% Unavailable

Bieliński and Ważna (2020)
[62]

(e-scooter users)

62.5% Male
37.5% Female Mean 31 years - Median income

3205 PLN~700 €
82.1% Mostly employed

30.4% Student - -

Laa and Leth (2020) [60]
(e-scooter users)

74.2% Male
25.8% Female

(e-scooter users)

20.8% 16–25 years
46.2% 26–35 years
15.4% 36–45 years

17.6% 46 years and over
(respondents)

33.7% High school
64.2% University -

55.5: Employed full time
13.1% Employed part time
29.9% In school/university

1.9% Other

84.4% Residents15.6%
Others -

Sanders et al. (2020) [63]
(respondents)

34% Male
62% Female

1% Other
3% No answer

5% 18–24 years
31% 25–34 years
25% 35–44 years
19% 45–54 years

20% 55 years and over

-

5% From $0 to $35 k
15% From $35 k to $50 k
22% From $50 k to $75 k

14% From $75 k to $100 k
17% From $100 k to $150 k
10% From $150 k and over

16% No answer

- -

67% Non-Hispanic white
alone;

10% Hispanic/Latino
alone;

6% Two or more races;
5% Asian alone;

3% Black/African
American alone;
8% Others or no

answer;30% Household
with young children

(under 16 years)
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Table 6. Cont.

Author(s), Year, Sample ****
Demography

Gender Age Education Level Income Occupation Status Citizen/Tourist Other

(Degele et al. 2018) [13]
(e-scooter users)

77% Male
23% Female

Late 20s, ~17.5%
45–50 years, ~6.5% - - - - -

Rayaprolua and Venigalla
(2020) [64]

(e-scooter users)

71% Male
28% Female

1% No answer or other

63% Young
33% Middle

3% Old

25% From $0 to $30 k
9% From $30 k to $50 k

14% From $50 k to $75 k
51% From $75 k and over

1% No answer

67% White
30% Person of color

James et al. (2019) [20] ***
(respondents)

56% Female
44% Male 70% 18–44 years - 23% From $0 to $50 k

36% From $100 k and over - - 69% White
31% Other

* Multiple choice is allowed; ** in [58] the numbers are for all respondents in the survey however, in [59], the numbers are only for e-scooter users; *** the data description has not been reported thoroughly in the
paper; **** some papers have provided sociodemographic characteristics for only e-scooter users and others for the whole respondents which has been mentioned in this table.
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Curious One-Time Users

As e-scooters were deployed in urban areas, many users rode one to just try it out
and experience its usage. We synthesized “curious users” user type properties from the
following four reviewed papers.

Fitt and Curl (2020) investigated shared e-scooter usage and people’s perceptions
toward that in New Zealand [58]. The appearance of shared e-scooter usage in New
Zealand was in late 2018 and early 2019 and the survey was in February and March 2019.
Therefore, it is only normal and expected that a wide majority of individuals in this study
were just trying out e-scooters (64%) [58]. Furthermore, the demographics of users who
tried e-scooters are mostly young, educated, and wealthy. They might be excited by new
technology and curious about e-scooters. Sometimes users were encouraged by their
friends, colleagues, or family to try an e-scooter (17%) [58]. In another study by Curl and
Fitt (2020), 16.9% out of 341 e-scooter trips were only one time usage [59]. Laa and Leth
(2020) found that out of 110 shared e-scooter users in their study, 23.6% (26 individuals)
were just trying out the e-scooter [60]. Degele et al. (2018) found that 13.72% of users used
shared e-scooters only once and mostly on weekends. However, their ride was longer as
compared with other groups. The average age of this group was 35 years old [13].

Casual Users

The properties of the “casual user” were synthesized from six papers. Tuncer and
Brown (2020) asked e-scooter users about their usage pattern. Most of them stated that,
rental e-scooter usage is opportunistic. As stated in this research, when a person sees an
e-scooter, he or she may decide to use it [61]. Similarly, Curl and Fitt stated that 52.5% of
341 e-scooter users in their study used them on more than one occasion [59]. Laa and Leth
(2020) found that 27.3% of the shared e-scooter users used an e-scooter several times per
month and only 4.5% of them used them several times per week. These two groups count
as casual users [60]. According to Bieliński and Ważna (2020), 7.3% of the respondents used
e-scooters a few times per year (47 individuals) [62].

In Degele et al.’s study, 81.87% of e-scooter users were casual users, which could
be inferred that they used it mainly for leisure purposes as the renting accrued very
irregularly and mostly on weekends. They separated this type of user into two clusters,
namely “casual users GenX+” and “casual users GenY”. The average age of GenX+ was 48,
and each costumer rented around 7 times in 181 days on average. The average time between
rides was 25 days. This group produced 16.17% of the revenue of the company. The average
age of GenY was 28, and each customer rented around 9 times in 181 days on average. The
average time between rides was 19.5 days and they produced 41.19% of the revenue [13].
According to Sanders et al. (2020), 147 individuals (12%) out of 1256 university staff had
tried e-scooter at least once but not in the past month. This category was called “past
riders” in their study. The other group was called “occasional riders” (195 individuals)
who had ridden less than one ride per week in the last month (16%). The percentage of
occasional and past riders was about 28% [63].

Regular/Power Users

There is a user type who uses e-scooters on a regular basis. The following four papers
were used to synthesize the properties of the “regular/power user” user type. Degele et al.
(2020) used clustering methods for e-scooter trip data to categorize the usage pattern of
users [13]. A very small percentage of users (4.41%) used shared e-scooter on weekdays,
which could be inferred that they used it for commuting or other weekday appointments
and activities. On average, the time between rides was 4.6 days, and each user rented
around 52 times in 181 days. However, this cluster was very small, while the age parameter
was scattered, with the average age being 34 years old. According to this study, despite the
small percentage of this group, it produced the highest share of revenue for the e-scooter
company (41.46%) [13].
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According to Bieliński and Ważna (2020), 0.3% of the respondents used e-scooters on
a daily basis (one or two person out of 633 respondent) [62]. In contrast, no participants
in Laa and Leth’s survey stated daily usage of e-scooter. According to Laa and Leth, this
usage pattern was expected due to the unreliability and high fee of shared e-scooters [60].
However, based on Sanders et al. (2020), 5% of surveyed individuals (63 users) were
counted as regular users who had ridden an e-scooters at least once per week in the last
month [63].

Non-Adopters

There is a group of people in a society who are not immediately willing to try new
transportation options. This group also is an important user type whose behavior needs
to be understood. We synthesize the properties of the “non-adopter” user type from the
following five papers. According to James et al. (2019), 62% of the respondents in their
survey in April 2019 in Arlington, USA had never tried e-scooters even though e-scooters
emerged in the USA in 2017 [20]. According to Fitt and Curl (2020), their survey had
341 users (69%) and 150 non-users (31%) out of 491 surveyed individuals [58]. E-scooters
emerged in late 2018 in New Zealand and the survey was conducted in February 2019
(Table 5). Thus, even after about six months of e-scooter appearance in the country, 31%
of people were not interested in trying e-scooters. Bieliński and Ważna (2020) found that
23.1% of e-scooter non-users did not need to, or want to, try riding an e-scooter in Tricity,
Poland. Furthermore, 12.2% of them had never tried an e-scooter nor they did want to
learn [62]. In Laa and Leth’s study, in Vienna, 22 out of 188 respondents had not tried
an e-scooter (12%) [60]. According to Sanders et al. (2020), among 1256 university staff
in their survey, 849 of them (67%) had never tried an e-scooter in Tempe, AZ, USA [63].
Among the respondents, about 46% of them (391 of non-users) were happy with their
current transportation option or were not interested in trying an e-scooter. Furthermore,
out of 149 past e-scooter riders (ridden an e-scooter, but not in the last month) about 19%
of them were not interested in using an e-scooter again (29 persons). This shows that they
only tried an e-scooter out of curiosity, and they may never ride it again. Similarly, around
7% of occasional riders and 4% of regular riders (14 and 3 individuals, respectively) were
happy with their current transportation mode and not interested in riding an e-scooter.
Women were more likely to select barriers related to safety than men, while men selected
functionality-related barriers as comparing with that of women [63]. Hispanic/Latino
and Black/African American non-riders stated that they had not had a chance to try an
e-scooter, but they were interested (26% and 25%, respectively). Non-Hispanic white alone
non-riders were the least likely group to have had a chance to ride an e-scooter (11%).
Moreover, non-Hispanic white or Asian non-riders were significantly more likely than
Black/African American alone and Hispanic/Latino riders alone to not be interested in
e-scooters (51% and 47% as compared with 22% and 29%, respectively). People with two
or more races (27%) and Asian non-riders (23%) were significantly more concerned about
safety than others [63].

3.2.2. Motivation-Based Personas
Users Not Satisfied with Current Mobility Options

This persona subcategory includes users who are not completely satisfied with the
current options for transportation modes available in their city. For instance, they are users
who are in hurry and avoiding walking to transit stations or avoiding slow public transit
travel, they prefer door-to-door access, favor secure modes, better cost-benefit ratio for
mobility services, or even prefer dockless over docked micromobility, such as shared bikes.
This could be due to different reasons such as having complex daily-activity spaces that
current modes cannot cater to, due to different capabilities, such as ability to walk long
distances, or due to different travel experience preferences, such as increased safety and
security, or lacking previous experiences with micromobility. The following six papers
were used to synthesize specific persona properties.
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First, Fitt and Curl investigated the major motives for people to ride e-scooters. Ac-
cording to Fitt and Curl, 50% of the respondents were male and the majority of respondents
(53%) were 18–34 years old. The largest percentage (22%) of their respondents stated that
e-scooters are faster than the other alternatives and 15% said that e-scooters are more con-
venient than other alternatives. A small percentage of the respondents (7%) also mentioned
that e-scooters were cheaper options as compared with other alternatives [58]. Second,
based on the results of Laa and Leth (2020), individuals replace low speed modes such
as walking and some slow public transit modes such as bus and tramways. The majority
of e-scooter users were males, 16–35 years old, full-time employed, and residents of a
city. For work or educational trips, respondents always and often (35%) replaced walking
with an e-scooter. In addition, for leisure trips, people always and often (28%) substituted
walking and bus trips with an e-scooter [60]. Third, Bieliński and Ważna investigated
people’s motives and deterrents for e-scooter usage. E-scooter users were mostly men
(74.2%), 16–35 years old (67%); 30.4% of the respondents stated that it was used as first-mile
and last-mile solutions [62]. Fourth, James et al. (2019) stated that, since the emergence of
e-scooter in Arlington, VA, USA, respondents had replaced their mode to e-scooters from
Uber, Lyft, or taxi, in 52% of situations followed by 44% in shared bikes, 35% driving, and
28% walking. The e-scooter users were 56% female and 70% of the users were 18–44 years
old [20].

Fifth, Sanders et al. conducted a detailed study on e-scooter users in three different
categories, namely regular, occasional, and past riders. According to this study, about 92%
of regular riders, 81% of occasional riders, and around 66% of past riders rode e-scooters
because they were faster than walking [63]. Saving time was an important aspect for them,
especially for regular riders. Therefore, they were looking for faster, more convenient
travelling with no concerns for parking or congested areas. Moreover, in this study, people,
especially women, used e-scooters because they felt safer from crime and traffic while
riding an e-scooter. [63]. On the contrary, this study informed us that there were several
barriers preventing people from using e-scooters, such as not being able to carry much
or traveling together on the same vehicle, not being suitable for longer distances, limited
availability nearby, or having functionality errors or low battery. Sixth, Rayaprolu and
Venigalla investigated motivations and mode-choice behavior of micromobility users in
Washington, DC, USA. Young males were the major e-scooter user (71% male and 63%
young users). A trip purpose analysis of shared micromobility users showed that in 29.6%
of the situations, e-scooters were used for first-mile and last-mile trips. This aligns with one
of the major motives to use an e-scooter which is to save time (51%). Moreover, in 39% of
the situations, the respondents found that an e-scooter was easy to use and hassle free [64].
Finally, this study also informed us that the decision to use a shared dockless e-scooter was
related to their previous experience with a docked bike sharing system, such as in the case
of Capital Bikeshare. To sum up, the major sociodemographic characteristic of this persona
is young males, with mostly full-time employment, who use an e-scooter as an alternative
because they are not completely satisfied with the current transportation modes.

Users Having a Positive Travel Experience

There is a user persona that mostly sees an e-scooter as a mode to ride and have fun.
They are mostly men and young, students, or highly educated employees. The e-scooter
usage is often for leisure, associated with the feeling of freedom. The demographics of these
respondents is presented in Table 4. The following seven papers were used to synthesize
the properties of this persona.

First, Tuncer and Brown (2020) analyzed shared e-scooter experiences of 20 users or
potential users to investigate their demographics, intentions, major motives and deterrents,
trip purpose, and mode substitution. The respondents were mostly men (90%) and 60%
of the total respondents were younger than 35 years old and mostly residents of that city.
According to their study, 90% of the respondents were men. Moreover, 55% of the sample
were 25–35 years old and 80% of respondents were non-tourists [61]. Their major motive
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for using shared e-scooters was to have fun and they enjoy the feeling of freedom while
riding an e-scooter. The continuous and quick movements gave users an opportunity to
discover the city and could be pleasant for both tourists and citizens. Their respondents
also found it very convenient, since they did not sweat while riding an e-scooter and they
could wear their office clothes [61]. The conclusion from Tuncer and Brown (2020) was that
e-scooters were not used for commuting purposes because of the unpredictability and lack
of reliability of shared e-scooters and not being able to plan usage in advance.

Fitt and Curl (2020) also investigated e-scooter emergence and usage in New Zealand.
They surveyed 491 respondents and 341 (69%) reported using an e-scooter at least one
time [58]. As presented in Table 4, the respondents were mostly young (18–34 years old),
highly educated, with a high income. The dominant demographics of e-scooter users also
aligned with findings from the same authors in another study [59]. According to one of the
questions in the survey, respondents mentioned that the potential users were young people,
students, tourists, and sometimes commuters and businesspeople. A majority (55%) of the
users used an e-scooter for having fun. In addition, users found e-scooters to be a low-cost
mode, at least as compared with buying one, and easy to access.

Bieliński and Ważna (2020) studied the travel behavior difference between users of
e-bike sharing and e-scooter sharing in Tricity, Poland. According to their study, the
percentage of e-scooters was significantly lower than e-bike users. Similar to other studies,
51.8% of users rode e-scooters just to have fun, which was the most common reason for
usage [62]. However, both e-scooter users and non-users found them expensive with some
safety concerns. In addition, e-scooter users also mentioned unreliability issues of dockless
shared e-scooters due to the e-scooters not always being available or at a convenient
location [62].

According to Laa and Leth (2020) study, there were 92 fun trips out of 166 shared
e-scooter trips (55%) with the major demography of young males [60]. Furthermore,
about 18% of these trips would have not been taken if the e-scooter was not available [60].
Sanders et al. (2020) had a survey of 1256 respondents in Tempe, Arizona and from these
respondents, 32% of them counted as e-scooter users. About 60% of regular riders, 61% of
occasional riders and 47% of past riders would ride an e-scooter just to have fun and relax
(Table 4). The demography of occasional users is mostly women, aged 25–34 years old,
with a main mode of their transportation as personal vehicle (75%), while regular users are
mostly men, aged 25–34 years old, with a main mode of their transportation as personal
vehicle (49%). Moreover, occasional riders are more likely to be aware of benefits compared
to past riders since past riders may not have ridden e-scooter long enough to be aware of all
the benefits [63]. Lastly, Rayaprolu and Venigalla (2020) investigated respondents’ motives
for using an e-scooter in Washington, DC, USA. They found that 59% of respondents
used an e-scooter for having fun. Furthermore, the trip purpose distribution of shared
micromobility users demonstrated that e-scooters were used for socializing purposes in
44.8% of the situations [64]. To sum up, somewhat similarly to the persona above, the
majority of users are young males, who have a positive travel experience while riding
an e-scooter.

4. Discussion and Conclusions
4.1. Summary of Findings

The ongoing emergence of shared e-scooters has already caused a variety of changes
in city landscapes, users’ behaviors, and aggregate mobility patterns. To understand
these changes further and develop actions to steer service development towards achieving
sustainability goals, there is a need to understand the characteristics of e-scooter trips and
users’ behaviors. As previous reviews have not completely address this need, this review
study has two novel aims. Firstly, the categorization of temporal and spatial patterns
of shared e-scooter usage was analyzed. The analysis of temporal patterns highlights
that many cities see usage peaking in the middle of the day or in the evening, as well as
during weekends. Moreover, the spatial distribution of trips is focused on recreational and
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educational land use, as well as areas in the city centers. Secondly, our aim was to provide
a deeper understanding of e-scooter users’ behaviors by utilizing the concepts from design
research. The synthesis of findings from previous research resulted in six categories which
were based on the usage frequency and motivation for riding e-scooters. A summary of
the findings is depicted in Figure 4.
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In addition to these findings from the review, we can see a great potential of shared
e-scooters to change the mobility behavior of some people. However, the factors explaining
mobility patterns and users’ profiles varied in the reviewed literature. Such variation
highlights a multiplicity of mechanisms for mobility behavior changes and, ultimately, lifestyle
changes. Despite the impression that this mobility service has emerged quite rapidly around
the world, we can see that only small groups of people were immediately interested in using
it regularly. With the large majority of people, the lesson is that mobility behavior change
takes some time to happen, especially due to the habitual nature of our everyday mobility
decisions. For example, most of the e-scooter usage frequency belongs to one-time users and
casual users with 13–65% [13,58,60] and 27–80%, respectively [13,59,60]. On the contrary,
the smallest user group is regular users, with a 0–5% of usage proportion [13,60,62,63].
When adopted, we see that e-scooters have become part of these routines when they are
able to cater to desired daily activity space [65] by being a faster or more available travel
mode than some of the existing alternatives. In addition to fitting into the daily activity
space, many users have habituated to e-scooters through the somewhat positive travel
experience that they provide, either through embodied movement or through interaction
with the surrounding environment, in line with other micromobility and active modes. As
in the case of previous research with travel satisfaction [66], first-time positive or negative
experiences with e-scooters have played a significant role in the willingness of users to
continue interacting with this service.

The systematic nature of this review has also identified a lack of conceptual and
methodological clarity. This lack of clarity goes hand in hand with the concept of emerging
services which are still changing and are not embedded in society, not just in terms of
infrastructure but also in terms of social meanings [67]. One example of this lack of clarity
is that some of the literature includes different versions of scooter-like vehicles, without
making a distinction in methodology or conceptualization. These vehicles range from
both shared and private e-scooter usage [60] to using the term scooter for motorcycle-
like vehicles that are steered while sitting down, i.e., moped e-scooter [68]. These fluid
interpretations of technology can also be observed with various definitions of regular users
in the different literature. For instance, Degele et al. (2020) categorized power users as those
who rode a shared e-scooter every 4 to 5 days [13], while Bieliński and Ważna (2020) only
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counted daily users as power users [62]. In contrast, Sanders et al. (2020) defined regular
users as those who had ridden an e-scooter at least once per week in the last month [63].
Moreover, the literature does not always distinguish between users who are not willing to
use e-scooters and those who do not have the opportunity to find e-scooters within their
regular daily activity space. However, the positive side of this interpretative flexibility is
that the research topics also allow for more unconventional methods to be deployed in
understanding user practices, such as video recording and ethnomethodology [69].

4.2. Limitations and Future Research Directions

Turning towards limitations of the implemented methodology, we must underline that
the application of conventional principles of categorization, as used here to analyze spatio-
temporal patterns, has had to overcome the above interpretative flexibility of e-scooter
technology. However, those challenges have not been as great as in the case of developing
synthesis-based categorization, especially user personas. The field of mobility studies
lacks cases where qualitative design methods have been successfully applied for studying
emerging mobility technologies. Thus, this research provides novelty by applying persona
principles to the systematic review methodology. The application of persona concept has
actually helped in discovering a fundamental challenge in the existing literature. That
challenge revolves around the lack of sufficient details of the user perspective, such as
clearly explaining the connection between sociodemographic and usage data. In our results,
there might be overlap between user types and personas. However, we have to bear in
mind that despite the lack of clear and solid boundaries between current categories, the
discussion about possible and desirable urban mobility futures does not stop by simply
having those categories created. Usage and user categorization, be it based on user types,
personas, clusters or segments, is meant to be the beginning of a discussion, expect the
process would happen on a more human scale [70] than if we would simply focus on
aggregate spatio-temporal patterns. In addition, the sample size for this review had to be
limited to the end of 2020, in order to allow sufficient time for review. As such, the research
sample has mostly included publications from the USA, which has inevitably affected the
results. For example, there could be a number of unobserved behavioral parameters and
implications from e-scooter usage.

Having in mind potential future research directions, deploying personas is in line
with a recommendation that transport studies should move away from conventional static
representations of both mobility patterns and user profiles. This recommendation is espe-
cially relevant in the context of emerging mobility services which change over time as the
society around them also changes, as opposed to more stabilized modes, such as public
transit. In order to further interpret change and assign causality, we need to move forward
on several fronts. One, we need to continue to deploy novel methodologies that are capable
of a longitudinal and context-dependent analysis that could help with identifying different
underlying behavioral reasons and processes. Two, for the development of these methods,
we need to deepen our conceptualization of what is to be a human on the move in a city,
away from traditional assumptions around the homo economicus model of behavior [70,71].
Finally, we need to identify various other perspectives for explaining travel behavior, such
as understanding if and how user profiles change over time. Here, aspects of social norms
and signaling must be further considered. For example, we need a further understanding
of the relationship between conflicts among walking, cycling, and e-scooter usage; degrada-
tion of the public sense of place; and also cultural norms around physical activity. Although
previous studies in the literature have lacked an analysis of individual user profiles over
time, we hope that further reliance on interdisciplinary methods, such as design studies,
would help provide some fruitful pathways for methodological development.

4.3. Implications for Steering Mobility Service Development

In addition to implications for future research, this review provides some useful points
for steering mobility service development and deployment in line with sustainability
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transition [24]. More specifically, as already identified in the literature, a transition to
sustainable urban mobility systems will have to relate to shifts in the modes of traveling we
are using [72]. Thus, the development and deployment of shared e-scooter mobility services
needs to be strongly aligned with that overarching goal. Currently, we still do not know
if shared e-scooters are actually helping individual cities transition out of their system of
automobility. Thus, we cannot assume a default positive perspective about the implications
from this emerging technology. Simultaneously, we have to account for the fact that
revenue related to e-scooter usage is an important factor for most private sector companies
developing and deploying this service. What we know from this review is that, although
companies try their best to motivate people to use e-scooters with different campaigns
or service design parameters, a curious user persona is the least profitable for them [13].
From the company perspective, ideally, positive first-time experiences can be a pathway
for users becoming casual or power users, which increases service profitability. However,
given the complexity of factors related to behavior change and to associated plethora of
positive and negative impacts, simply increasing the number of service subscribers and
their usage cannot be the main objective.

In conclusion, just as our current transport infrastructure planning should not fail to
understand multimodal human behavior, similarly, shared e-scooter services should be de-
veloped and deployed as part of an urban multimodal system. This is not just a question of
transport policy anymore, but also relates to innovation policy at large. To further develop
the understanding of integration and effects between transport and innovation policy, we
need further institutionalization of evaluation frameworks for these emerging services.
Such evaluation frameworks should be able to account for both systemic and user perspec-
tives, while relying on responsible data sharing between public and private sectors [73].
However, we have to recognize that such data sharing should carefully account for and aim
beyond privacy requirements stemming from the General Data Protection Regulation [74].
Thus, hand in hand with evaluation frameworks, emerging mobility services will have
to be accompanied by the development of adequate regulation. Ultimately, we hope that
this research has shed light on the importance of human scale in our mobility systems
and a plethora of challenges lying ahead of the emergence of shared e-scooter technology.
Having future discussions about emerging urban mobility technologies at a human scale
has the potential to increase empathy for the users, but most likely also among the actors
in public-private sector stakeholder networks. Regardless of the complex challenges and
uncertainties, nurturing a culture of systemic empathy might be an inevitable ingredient
for successful transition management processes lying ahead our mobility commons.
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