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Shared e-scooter programs often generate complaints about improper parking
because it creates unappealing clutter and can make it difficult for pedestrians to
use the sidewalk. We examine how cities can address noncompliant scooter parking
and explore public perceptions of this problem with two related studies.

First, we conducted field experiments in Washington, DC (hereafter “DC"), and
Auckland, New Zealand. We observed scooter parking and then evaluated the efficacy
of three interventions to mitigate noncompliant parking. We find low rates of non-
compliance, but the precise rate is highly dependent on how we define noncompliance.
We also find that in-app message reminders and sidewalk decals marginally lowered
rates of noncompliant parking, but the largest improvement in compliance occurred
after DC implemented a requirement that scooters be physically locked to bike racks.

Second, we examined public perceptions of improper parking by asking people
how much noncompliant parking they think occurs and what practices they think
constitute noncompliant parking. We find that the public overestimates improper
parking of scooters and underestimates improper parking of bicycles and cars.
Given their unfamiliarity with scooter parking regulations, respondents use pedes-
trian accessibility and tidiness as heuristics to determine what counts as proper
scooter parking.

Our results suggest that intuitive parking solutions that align with perceptions
of orderly parking, such as bike racks or on-street parking corrals, can improve rider
compliance and may reduce public dissatisfaction with shared scooter parking.
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1. Introduction

Parking, sidewalk riding, and vandalism are typically the greatest sources of public conflict and
contention for shared e-scooter programs (Gossling, 2020; Portland Bureau of Transportation,
2019). Poor parking and sidewalk riding are valid causes for concern, as both can endanger
pedestrians and pose a nuisance, particularly for people with mobility impairments. Research
finds that rates of noncompliant parking by scooters (violating at least one local parking
regulation) range from 8% to 33% (Fang et al., 2018; James et al., 2019; Portland Bureau of
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Transportation, 2019; Seattle Department of Transportation, 2019a; Seattle Department of
Transportation, 2019b; Seattle Department of Transportation, 2019c). Some of the observed
variation in parking noncompliance likely stems from local parking regulations, which vary
from city to city. Recognizing local variation, a parking metric that can be more readily com-
pared across cities is whether a scooter impedes access for pedestrians by blocking the side-
walk, curb ramp, or other pedestrian access points. A study of five US cities found, for example,
that just 1.7% of parked scooters impeded pedestrian access (Brown et al., 2020), on a par with
or slightly lower than in earlier studies (Fang et al., 2018; James et al., 2019; Portland Bureau
of Transportation, 2019; Seattle Department of Transportation, 2019a; Seattle Department of
Transportation,2019b; Seattle Department of Transportation, 2019c).

Cities' experiences with shared scooters are short, and both the understanding of park-
ing problems and the best approaches to address noncompliant parking are evolving.
Understanding fundamental facts about scooters—including rates of noncompliant parking—
is critical to ensuring appropriate approaches to regulation of shared scooter programs and
developing suitable methods to curb negative impacts. In a context where shared scooters are
mainly provided by private companies, parking policy is an example where urban planners
and other policy makers must “continually (re)negotiate the state-market relation” to ensure
the mobility benefits of shared scooters (Field and Jon, 2021, p369).

We ask three questions: How can cities and scooter companies reduce noncompliant park-
ing? Do our observed measures of noncompliant parking match public perceptions? And
what counts as noncompliant parking to the public? We answer these questions through two
studies that we conducted in Auckland, New Zealand, and Washington, DC (hereafter “DC").

In the first study, we examined how scooter riders responded to three interventions
designed to reduce noncompliant scooter parking. The interventions consisted of (1) in-app
messages to educate and remind riders of parking rules, (2) sidewalk decals directing riders to
nearby parking corrals, and (3) physical locks so scooters can be secured to bicycle racks and
other parking infrastructure. Using field data collected over several weeks, we evaluated the
relative effectiveness of each of these interventions in reducing rates of noncompliance. We
complemented the observational study with a second study focused on public perceptions
of improper scooter parking. We used intercept surveys conducted in Auckland and DC to
compare our observed rates of noncompliant scooter parking with public responses to probe
the public's understanding of scooter parking.

Though it is unusual to include two distinct studies in a single paper, the findings from the
two studies complement and enrich each other. The observational study provides objective
data about the frequency of noncompliant parking and points toward policies to mitigate
this issue. But we have reason to believe that the observational data does not match the
public’s perceptions of improper scooter parking. In our earlier field study of scooter park-
ing, we observed low rates of scooters impeding pedestrian access (Brown et al., 2020). Yet,
when we presented our findings to transportation professionals, we found that our audiences
believed that rates of noncompliant scooter parking were much higher. By combining these
two studies in one article, we hope to understand the source of the disconnect between what
we observe on the ground and what people believe.

The following section summarizes the scholarly and gray literature on scooter parking. We then
present the methods and findings from the first study and the second study in sequence. We con-
clude with a general discussion that ties the two studies together and offers suggestions for policy.

2. Scooter Parking

In this paper, we use three main terms to describe scooter parking behaviors. The first two terms,
noncompliant parking and improper parking, warrant particular attention. Noncompliant park-
ing describes scooter parking that runs afoul of local parking regulations. Improper parking
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refers to what people perceive as noncompliant parking. The terms are related but distinct.
Scooters can be parked in ways that are both noncompliant and improper, neither, or one but
not the other. Later in the paper, we will share examples that fall into each category. The third
term we use frequently in this paper is impeding access, which refers to scooters that make it
difficult for pedestrians, particularly those with mobility impairments, to pass.

2.1 Perceptions of scooter parking

Studies of shared micromobility media coverage suggest that scooter parking behaviors are
a common concern. Gossling (2020) identified themes of clutter/parking, safety, irrespon-
sible riding, and vandalism as the most frequently reported in ten global cities. Caspi and
Smart (2022) found that US news outlets focused on three themes: conflicts between riders
and pedestrians, scooter regulations for riding and operating, and safety concerns. Gossling
(2020) concludes that commonsense regulations, such as limits on the number of operators,
speed limits, the introduction of designated parking infrastructure, and educational cam-
paigns, could limit negative outcomes, media coverage, and public perceptions.

Researchers have also surveyed riders to understand scooter parking. Multiple surveys have
found that parking rules are not well understood (Buehler et al., 2021; James et al., 2019),
perhaps partly due to their confusing, nonintuitive nature. Brown, Klein, and Thigpen (2021)
surveyed Lime riders in five international cities about their knowledge of parking regulations
and reasons for noncompliant parking. Most riders were motivated to properly park out of
concerns about other travelers, and most cited a lack of understanding of the rules as a jus-
tification for noncompliant parking. The authors also found that riders perceived improper
parking as impeding access for others, regardless of local parking regulations, suggesting
that policy makers could improve parking compliance with education campaigns and by
simplifying parking regulations to align more closely with riders’ concerns and intuitions
(Brown, Klein and Thigpen, 2021). Others have found that perceptions of scooter parking
varied dramatically between riders and nonriders. Several studies have found that nonriders
are significantly more likely than riders to report encountering sidewalks frequently blocked
by scooters (Buehler et al., 2021; City of Santa Monica, 2019; James et al., 2019).

Scooters are not the first disruptive mode to cause parking consternation. The advent of
automobiles spurred new parking solutions: garages, on-street parking metering, and other
measures (James et al., 2019). Aldred and Jungnickel (2013) found that before scooters ever
arrived on city streets, the public found parked bikes to be “out of place,” threatening and
threatened, risky, and at-risk. The authors observe a divergent approach to regulating bike
versus car parking: in 2012, UK regulators banned towing or clamping a motor vehicle on pri-
vate land but continued to allow immobilizing or moving a bike, despite cars more frequently
obstructing rights-of-way compared to bikes (Aldred and Jungnickel, 2013).

2.2 Improving scooter parking compliance
Cities have adopted three main approaches to shared scooter parking: regulations, incentives, and
infrastructure. Across all three approaches, cities have sought to enforce proper parking through
shared micromobility companies’ digital platforms and traditional approaches (e.g,, ticketing).
Parking regulations for scooters vary substantially across different cities: what is permit-
ted in one city may be prohibited in another. Some regulations are common, such as the
requirement for users to park scooters upright. Other regulations are more parochial; only
one-third of US cities prohibit parking on vegetation or landscaping, in part to reduce the
likelihood of a parked scooter falling down on an uneven surface (Brown, 2021). Cities also
differ in permitting versus prohibiting shared scooter parking at bike racks and corrals—exist-
ing infrastructure already designated for micromobility vehicles. Twenty-two percent of US
cities explicitly prohibit scooters from parking at bike racks or corrals, while others enforce
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even more nuanced regulations that allow scooters to park at public bike racks but not bike-
share stations (Brown, 2021).

Beyond rules and regulations, cities are also exploring approaches to encourage parking
compliance. For example, many cities have installed designated scooter parking corrals, which
take various shapes and sizes, on streets and sidewalks. A recent before-and-after study in
Oslo and Trondheim, Norway, analyzed the effect of adding scooter parking racks and painted
corrals on public rights-of-way (Karlsen et al., 2021). Using video data, GPS data, and surveys,
the team found that undesirable parking decreased after the racks and corrals were installed,
though the public perception of parking did not change significantly. Some companies also
offer monetary incentives to encourage riders to use designated parking spaces. In Santa
Monica, California, Lyft discounts compliant rides by $1 if riders park in certain geofenced
zones, which are highlighted in green on the Lyft app (Brown, 2021).

The third approach to scooter parking is using vehicle design standards. Some cities have
enacted vehicle lock-to requirements aimed at encouraging proper parking. As of October
2021, just four US cities (Chicago, Minneapolis, San Francisco, and DC) had imposed lock-
to requirements (Brown, 2021), and examples in other countries are similarly rare. Cities
tout successes with lock-to requirements reducing public complaints about scooter park-
ing (Chicago Department of Transportation, 2021; San Francisco Municipal Transportation
Agency, 2021), although research finds equally low rates of scooters impeding access in cities
without lock-to requirements (Brown et al., 2020).

Attempts to regulate micromobility parking compliance and enforcement via digital plat-
forms met with mixed success. Dunn (2020) argues that the precision of GPS on micromo-
bility vehicles may be useful for evaluating the distribution of vehicles at broad scales (e.g.,
across a city, within neighborhoods) but cannot be used at the scale of a sidewalk, where the
difference between proper and improper scooter parking can come down to a few feet of
sidewalk right-of-way.

3. Study 1—Scooter Parking Interventions

Cities across the globe are looking for ways to regulate scooter parking but have little guidance
on what works. In this first study, we evaluated three common approaches intended to reduce
rates of noncompliant parking in two cities. The first two interventions focus on rider educa-
tion, given the difficulties previously described with digital enforcement approaches (Dunn,
2020): an in-app message to educate/remind riders about proper parking and sidewalk decals
directing riders to nearby scooter parking corrals. Both methods have been deployed in cities
around the world (e.g., sidewalk decals in Los Angeles; Brown, 2021). In DC, our data collection
fortuitously coincided with the introduction of a new citywide regulation that scooter riders
lock up their scooters after riding; we treated the new lock-to requirement as a third interven-
tion. We used an experimental research design in which we compare baseline data collected
prior to intervention to scooter parking observations following each of the three interventions.

3.1 Methods

We conducted field observations and experiments in Auckland and DC. We chose these cit-
ies for their relevance to peer cities, their long histories with shared micromobility, and the
feasibility of collecting data during the ongoing COVID-19 pandemic. The cities were also
the settings for previous research on scooter parking (Brown et al., 2020; Brown, Klein and
Thigpen, 2021). To identify appropriate study sites, we asked for guidance from local transpor-
tation planners, micromobility company government relations and operations staff, and other
stakeholders familiar with the local context. We sought streets with a voluntary (nonmanda-
tory) micromobility parking corral and high user demand (trip origins and destinations). In
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Auckland, we observed scooter parking in two different study areas within the city’s central
business district (centered on 125 Queen Street and 205 Queen Street); in DC, data collection
focused on a single study area in the downtown periphery (centered on the intersection of
14th St NW and U St NW). Appendix A includes maps of the locations (Figure 8).

In each city, we conducted systematic field observations of all parked shared scooters; we
recorded scooters across multiple private operators but did not record personally owned scoot-
ers. We collected data in Auckland in April and May 2021 and in DC in September and October
2021. We hired research assistants to walk an assigned route within each study area over the
following observation periods: Thursday, Friday, and Saturday from 11 am to 2 pm and 4 pm to
6 pm, weather permitting.! We instructed the research assistants to collect data for each shared
scooter they encountered on their routes. Our data collection instrument included an entry for
the unique identification number associated with each shared micromobility device so we could
later remove duplicate entries and avoid counting the same micromobility vehicle multiple
times, a challenge in previous micromobility parking research (James et al., 2019). We trained all
the research assistants with the same training presentation to foster consistent data collection
practices and had them pilot the data collection methods ahead of the observation periods.

Our data collection instrument builds on previously developed methods used by Fang et
al. (2018) and Brown et al. (2020).* Research assistants filled out the instrument on their
mobile devices while in the field using a Qualtrics form. The instrument included entries
for the location of the scooter in the right-of-way (e.g., furniture zone, corral), micromobility
company, if it was upright or knocked over, if it was parked parallel or angled relative to other
adjacent scooters, if at least five feet in DC and three meters in Auckland (we used different
distances in each city based on local regulations) of right-of-way remained passable, and if it
impeded any pedestrian infrastructure (e.g., curb ramps, tactile dot pads). Research assistants
also uploaded a photo of each observation, which we used to assess data quality and accuracy.
The only variation in the instruments in Auckland and DC was the list of local micromobility
companies, units of measurement (feet vs. meters), and information about whether a scooter
was locked to another object. The latter reflects DC's imposition of a scooter lock-to require-
ment midway through our data collection period, as described below.

3.1.1 Experimental treatments

Week 1: Baseline observations

Before conducting any experimental treatments, we collected baseline data to capture existing
scooter parking behaviors across all shared scooter companies in operation. In each city, study
areas included parking corrals, where riders could choose to park scooters but were not required
to do so. Likewise, riders were permitted to park in the furniture zone (but not in bike racks in
Auckland). In Auckland, some companies messaged simple in-app reminders to riders about
local parking rules; by contrast, no such in-app message reminders were sent to riders in DC.

Week 2: In-app messaging

One week after collecting baseline condition observations, we implemented in-app messages
for one scooter company: Lime. Implementing messaging for a single scooter company allows
us to compare parking behaviors both against the baseline data and across riders who received
targeted parking messages (Lime riders) versus those who did not (non-Lime riders). Figure 1

! In the case of predicted rain or excessive heat, we shifted data collection to a Wednesday or Sunday
or postponed it until the following weekend.

2 We have made a version of the data collection instrument freely available online for others to use:
https://forms.gle/c8xnSk75weKhxKLS9.
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shows the in-app messages in Auckland, where the in-app message treatment represented a
targeted adjustment to preexisting in-app message reminders. In DC, there was no existing in-
app message. The in-app message was a new addition to the Lime rider experience and similar
to the Auckland messages (but tailored to the local context). The in-app message remind-
ers featured elements reinforcing why proper parking is important via imagery (a pedestrian
using a white cane walking over tactile dots) and text (“Park properly for all Aucklanders”). The
text also encouraged and reminded riders of how to park (“Please look for preferred parking
zones"); by contrast, the preexisting messages in Auckland had focused on what not to do (pre-
viously, “Don't block intersections” and “Don't block the path”). The messaging was identical
in both cities, with slight modifications to adapt for the local context (i.e., “Washingtonians”
vs. “Aucklanders” and “sidewalk” vs. “footpath”).

Week 3: Sidewalk decals

In the third week, we installed temporary sidewalk decals in each city's study area and
returned the in-app messages in the Lime app to the baseline state (i.e., reactivated the old
in-app messaging in Auckland and removed in-app messaging in DC). The sidewalk decals
were placed at about 330-660 feet (100—-200 meters) from the focal parking corral sites (see
Figure 2). The decal text encouraged riders to park in preferred parking locations (“Please
lock up at a corral”), provided directions to the corral (a bright green arrow), and indicated the
walking time to the corral (“30 seconds away” or “1 minute away”).

Auckland Baseline Messages (Week 1) Auckland In-App Messages (Week 2)

Park properly for all Aucklanders
Don't block the path!

nding your trip and parking your Lime on please look for preferred parking zones

When ending your trip and parking on the footpath

ath, please ensure that you do not leave it
in a way that blocks pedestrian walkways

Park properly for all Aucklanders
Don’t block intersections When ending your trip and parking on the footpath

Be sure to leave room for others who are crossing
the road. Let's kee

pedes
Aucklanders

| il

Figure 1: In-app messages in Auckland (week 2 intervention).
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Auckland Sidewalk Decal (Week 3) DC Sidewalk Decal (Week 3)

>

- l A P N

Figure 2: Sidewalk decals in Auckland and DC (week 3 intervention).

Week 4: Lock-to requirement

On October 1, 2021, DC began requiring all shared scooters to be equipped with locking
mechanisms and that users lock the scooters to bike racks or other street furniture. We took
advantage of this new requirement to evaluate how this new regulation affected scooter park-
ing. To avoid collecting data while micromobility operators, riders, and the city alike were
adjusting to the new parking regulation, we waited until the third weekend of October to col-
lect field observations with the lock-to requirement in place (we conducted our observations
for the baseline and first two treatments during the previous month). We also conducted two
weeks of observations of the lock-to period to increase the sample size for this phase.

3.1.2 Limitations

Our findings correspond to the times and locations where we conducted observations.
Although they have strong internal validity to identify whether experimental treatments
were effective, they may not represent parking patterns in other times or places, even within
the same city. As others have shown, aspects of the built environment can strongly influ-
ence parking compliance (James et al., 2019; Seattle Department of Transportation, 2019c).
However, the consistency of our findings with previous literature suggests that this may not
be a particularly concerning limitation.

The in-app message was shown only to Lime riders. It is possible that Lime riders differ
from users of other shared scooter services. However, scooter companies generally charge
similar prices and offer comparable vehicle models, leading to relatively small differentiation.
Likewise, riders tend to choose which scooter they will ride based on availability rather than
strong brand preference. We therefore suggest that differences in behavior across different
shared scooter companies are likely to be minimal.

In September 2021, local TV and print outlets in DC reported on the coming regulatory
changes that would require riders to physically lock scooters to bike racks (see, for example,
Lazo, 2021; Wiggins and Zauzmer Weil, 2021; Witley, 2021). It is possible that this reporting
changed some riders’ parking behavior during the baseline and first two experimental peri-
ods, though coverage was consistent throughout the month (e.g., early September coverage
in the Washington Post as well as late September coverage in the Post, on a local TV news
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station, and in other local news outlets), suggesting that it is unlikely to have affected only a
subset of the observation periods. More importantly, locks were not added to scooters until
October 1, meaning riders could not have locked their scooters during September.

Finally, our findings are limited to examining the effects across three policy interventions:
we are not able to infer the potential efficacy of other parking-oriented policies that cities
have also enacted, such as no-parking zones and providing discounts for trips that end in
preferred parking areas.

3.2 Findings

In this subsection, we describe how the three interventions affected scooter parking.
Throughout our discussion, we focus on the rates of scooters parked out of compliance and
scooters impeding access (Figure 3)° and the location of parked scooters (Figure 4).

3.2.1 Baseline parking behaviors

Prior to the interventions, 5% to 6% of shared scooters impeded pedestrian access in both cit-
ies, consistent with previous research. A higher proportion—roughly one in six or five (15% or
19%)—of scooters violated local parking regulations. This estimate, however, is influenced by
local parking rules, which vary by city (e.g., parking a shared scooter in a bike rack is banned
in Auckland but not in DC).

In both cities, the most common parking location, by far, was the furniture zone (64%-—
71%). In Auckland, parking corrals were the second-most-common parking location (19%),
while they were used infrequently in DC (3%). In DC, the second-most-common parking loca-
tions were the middle of the sidewalk (12%) and against a building (10%). Scooters were
rarely parked at bicycle racks (1.5% in Auckland and 3% in DC).

Auckland Washington DC
) Baseline [§4.9% B5.9%
Impeding  In-App Message (non-Lime) §3.1% B52%
pedestrian In-App Message (Lime) [3.1% 0%
access Decal [2.5% W 5.8%
Lock-to  N/A 12.4%
0% 25% 50% 75% 100%0% 25% 50% 75% 100%
Noncompliant Baseline 13.9% 19.4%

with In-App Message (non-Lime) 11.5% 12.6%
| | In-App Message (Lime) 18.6% 3.8%

oca Decal 11.1% 15.6%

regulations Lockto  N/A 12.7%

0% 25% 50% 75% 100%0% 25% 50% 75% 100%

Figure 3: Noncompliant parking and impeding access across three policy interventions.

3 In Auckland, a scooter violated local parking regulations if it was (a) parked in the middle of the
footpath, (b) parked in a bike rack, (c) tipped over, (d) blocking an entrance to a building, (e) block-
ing a crosswalk, (f) parked such that a meter or less of footpath space remained to walk past the
scooter, or (g) parked on a tactile dot pad. In Auckland, a scooter was determined to impede access if
it was (a) blocking an entrance to a building, (b) blocking a crosswalk, or (c) parked such that a meter
or less of footpath space remained to walk past the scooter.

In DC, a scooter violated local parking regulations if it was (a) parked in the middle of the side-
walk, (b) tipped over, (c) blocking an entrance to a building, (d) blocking a crosswalk, (e) parked such
that 3 feet or less of sidewalk space remained to walk past the scooter, or (f) parked on a tactile dot
pad. In DC, a scooter was determined to impede access if it was (a) blocking an entrance to a build-
ing, (b) blocking a crosswalk, or (c) parked such that 32 inches or less of sidewalk space remained to
walk past the scooter.
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Auckland Washington DC
Baseline []6.4% M 11.5%
Middle of  In-App Message (non-Lime) . 8.1% . 8.1%
the "sidewalk" In-App Message (Lime) . 7.2% I 3.8%
or "footpath" Decal [l8.1% Wo2%
Lock-to  N/A I 5.3%
0% 25% 50% 75% 100%0% 25% 50% 75% 100%
Baseline 63.5% 71.1%
. In-App Message (non-Lime) 63.8% 74.1%
Fuzr(r;rl:gre In-App Message (Lime) 55.7% 76.9%
Decal 56.5% 71.7%
Lock-to ~ N/A 46.7%
0% 25% 50% 75% 100%0% 25% 50% 75% 100%
Baseline [ 8.5% M 10.3%
Against In-App Message (non-Lime) .8.1% .8.1%
building In-App Message (Lime) . 10.3% - 11.5%
or wall Decal [18.1% [4.6%
Lock-to  N/A [4.4%
0% 25% 50% 75% 100%0% 25% 50% 75% 100%
Baseline 1% 3.2%
In-App Message (non-Lime) |0.4% 4.4%
Bike rack In-App Message (Lime) = 4.1% T77%
Decal 0.6% 1%
Lock-to ~ N/A 40.2%
0% 25% 50% 75% 100%0% 25% 50% 75% 100%
Baseline [l 19.3% 13.2%
In-App Message (non-Lime) [l 18.8% B52%
Corral In-App Message (Lime) [l 22.7% 0%
Decal [ 26.2% [1.7%
Lock-to  N/A |1.8%
0% 25% 50% 75% 100%0% 25% 50% 75% 100%

Figure 4: Scooter parking locations by intervention.

3.2.2 In-app messages

We observed a weak response to the in-app message in Auckland and a somewhat larger
improvement in parking compliance in DC. Unlike Auckland—which already had simple in-
app message reminders about proper parking prior to the research intervention—DC had no
in-app reminders at baseline. Therefore, in-app messages may improve parking compliance,
though it may be the introduction of a reminder—rather than the use of specific wording or
imagery—that sways behavior.

In Auckland, introducing refined versions of in-app message reminders for Lime riders
led to only a slightly lower rate of shared scooters impeding access compared to baseline
(4.9% to 3.1%; Fisher's exact test: p > 0.05). Furthermore, rates of impeding access were
similar for both Lime vehicles (whose riders received the message) and non-Lime vehicles
(whose riders did not receive the message), suggesting that the reduction in impeding access
was not attributable to the in-app message. The percentage of shared scooters that violated
Auckland parking regulations increased for Lime scooters (14% to 19%; Fisher's exact test:
p > 0.05)—a counterintuitive result—but declined among non-Lime scooters relative to base-
line observations.
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After the introduction of in-app messages, noncompliant parking in DC declined from
baseline for Lime scooters (19% to 3.8%; Fisher's exact test: p < 0.05) but only slightly (19%
to 13%) for other companies’ scooters. Likewise, the rate of shared scooters impeding access
dropped from 5.9% to 0% for Lime scooters (though the sample size lacks sufficient power to
identify a statistically significant effect; Fisher's exact test: p > 0.05), while other companies’
vehicles continued to impede access at rates similar to the baseline (5.9% to 5.2%).

3.2.3 Sidewalk decals

The introduction of sidewalk decals did not lead to a statistically different rate of noncompli-
ant parking or impeding pedestrian access in either city compared with the baseline. We did
observe increased rates of parking in parking corrals and bike racks.

In Auckland, sidewalk decals had a small effect on parking behavior. The percentage of
shared scooters that impeded access declined from 4.9% to 2.5% (Fisher's exact test: p >
0.05), while the percentage of parked scooters noncompliant with local regulations fell from
14% to 11% (Fisher’s exact test: p > 0.05). The effect of decals on overall measures of parking
compliance in DC was similarly minimal: impeding access stayed effectively constant (5.9%
to 5.8%; Fisher’s exact test: p > 0.05), and noncompliant parking according to regulations
dipped from 19% to 16% (Fisher's exact test: p > 0.05).

The decals appeared to be effective at increasing parking in corrals in Auckland. The propor-
tion of shared scooters parked in a corral increased from 19% to 26% in week three, a 26%
increase (Fisher's exact test: p < 0.05). In DC, corral parking decreased very slightly from already
low rates, from 3.2% to 1.7% (Fisher's exact test: p > 0.05), while bike rack parking increased
from 3% to 11% (Fisher’s exact test: p < 0.005). This may be attributable to four complementary
factors in DC. First, the nearby corrals are placed at a distance from the closest intersection, so
they may have been difficult for riders to locate. Second, riders may not have been aware of what
a parking corral was or what it looked like, and they may have thought the decal was referring
to bike racks. Third, even if riders knew where the corral was, they may have been unwilling to
walk to the corral when legal parking in the form of bicycle racks was closer and available. And
finally, media coverage of the forthcoming implementation of lock-to requirements may have
led riders to use bike racks rather than the corrals. It is also possible that some riders did not see
or ignored the decals entirely, eliminating the treatment effects for some users.

3.2.4 Lock-to requirement
The lock-to requirement had a large effect on parking compliance and location. Following the
implementation of the lock-to requirement in DC, the rate of parked scooters impeding pedes-
trian access decreased by over half (5.9% to 2.4%; Fisher’s exact test: p < 0.05), and we observed
arobust one-third decrease in noncompliant parking (19% to 13%; Fisher's exact test: p < 0.05).
We also observed major shifts in where shared scooters parked. Bike rack use increased
more than twelvefold compared to baseline (3.2% to 40%; Fisher's exact test: p < 0.001),
fueled by sharp declines in parking in the furniture zone (71% to 47%; Fisher's exact test: p
< 0.001), parking against a building (10% to 4.4%; Fisher's exact test: p < 0.005), and parking
in the middle of the sidewalk (12% to 5.3%; Fisher's exact test: p < 0.01).

3.3 Summary

The experiment yielded two key insights. First, rates of noncompliant scooter parking are
low, but the actual rate of compliance greatly depends on local regulations. Second, while in-
app messages and sidewalk decals can encourage marginal changes in parking behavior, the
introduction of lock-to requirements had the greatest improvement in parking compliance
and shift in parking locations.
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4. Study 2—Perceptions of scooter parking

In our second study, we sought to understand perceptions of scooter parking by surveying
members of the public. We focused on two questions: How much improper parking does the
public think is happening? And what do respondents think counts as improper parking?

4.1 Methods

Research assistants in Auckland and DC conducted intercept surveys of pedestrians in the
same study areas as described in Study 1. Research assistants invited participants to take the
survey immediately by scanning a QR code and completing the survey on their smartphone
or later on their smartphone or computer. In Auckland, 144 respondents started the survey,
and 125 completed it; in DC, 71 people started, and 58 completed. Survey respondents were
nearly evenly split between female (51%) and male (46%), were 31 years old on average, and
overwhelmingly (92%) worked, lived, or went to school in the study city. The majority (60%)
had never taken a trip on a shared scooter.

The survey focused on two topics. First, we asked respondents to estimate the share of scoot-
ers, bicycles, and cars that are improperly parked in the study city. Second, we assessed their
perceptions of scooter parking by showing them only three randomly selected parking sce-
narios out of the ten scenarios (see Figure 6) and asked two questions about the images: “Does
this scooter comply with the parking rules in [Auckland or DC]?" and “In your view, does this
scooter clutter the street?” To avoid question nonresponse due to survey length, we only asked
each respondents their perceptions about three of ten possible parking scenarios.* Prior to
collecting any data, we obtained approval from the first author’s Institutional Review Board.

4.1.1 Limitations

Our survey samples are likely not representative of the public that has seen scooters parked
in the two focal cities, but assessing the representativeness of the intercept survey is dif-
ficult. The relevant population of interest was individuals who live, work, or otherwise pass
through the study areas in the two cities; the attributes of these populations are unknown.
Approaches to identify a close match for the population (e.g., the Census statistics of those
living in the study areas) for weighting would simply introduce additional uncertainty in our
estimates, so we present unweighted survey results.

4.2 Findings

4.2.1 Perceptions of parking

Respondents overestimated the prevalence of improper scooter parking (Figure 5). In
Auckland, the median estimate was that 20%-30% of scooters were improperly parked, com-
pared with our observations that 15% of parked scooters did not comply with local regulations

* The exact method changed slightly between the two cities. In Auckland, respondents were shown
one image each from three scenario groups. The three groups were organized thematically: one
group that we anticipated most respondents would rate as compliant and tidy, a second group of
scenarios that respondents would rate as noncompliant and cluttered, and a third group that was
mismatched—either compliant but cluttered or noncompliant but tidy. In DC, we showed respond-
ents four images but did not organize them into thematic groups. We also showed respondents only
one of the two randomly assigned questions (compliance or clutter) for all four images. We made
this change to avoid biasing respondents to answer consistently for each image regarding the sce-
nario’s compliance and clutter. We did not observe marked differences in responses in DC compared
to Auckland and therefore feel confident in combining the two sets of responses despite the slight
adjustment to the methods.
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"About what percentage are parked improperly (even briefly)?"

Less than 5% 5-10% . 10 - 20% . 20 -30% . More than 30%

Scooters
Auckland
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Bicycles
Auckland

Washington DC
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Share of respondents’ estimates

Figure 5: Estimates of improperly parked scooters in Auckland and Washington, DC.

and 5% impeded access at baseline (and lower in subsequent weeks, when we continued to
collect public perception data). In DC, the median estimate was that more than 30% of scoot-
ers are improperly parked, compared with 19% of scooters being noncompliant with local
parking regulations and 6% impeding access at baseline (and lower in subsequent weeks).

Respondents also overestimated rates of noncompliant bicycle parking, but they said they
believe it occurs less frequently than noncompliant scooter parking. The median response
was that 5%—10% of bicycles are improperly parked;18% of respondents said more than 30%
of bicycles are improperly parked, and 33% of respondents estimated that fewer than 5%
of bikes are improperly parked. By contrast, previous studies suggest that fewer than 1% of
bicycles impede pedestrian access (Brown et al., 2020).

While respondents overestimate improper scooter and bicycle parking relative to the pub-
lished literature, they underestimate car parking violations. Brown et al. (2020) found that a
quarter of all parked cars blocked access for other travelers in five US cities, yet only a small
percentage of respondents (13%) estimated that 20%-30% of cars are parked improperly.
The median respondent estimated that 10%—20% of cars are improperly parked.

We observe substantial variation in public estimates of improper scooter parking. This may
reflect disagreement about what constitutes improper parking. Additionally, parking may be
a low-salience issue that most respondents rarely think about and do not have a solid under-
standing or intuition of. Finally, the wide range of estimates could simply reflect innumeracy
among the public (Paulos, 1988).

We also wanted to know whether public perceptions of improper scooter parking extend
to the transportation professionals who regulate and manage shared scooter programs.
To understand how public perceptions compared to those of transportation profession-
als, we also surveyed participants at four professional transportation conferences or meet-
ings where one of the authors was presenting completed research on scooter parking.
Transportation professionals held similar perceptions about rates of improper parking
compared with intercepted survey respondents. The median transportation professional
respondent reported that 20%—-30% of scooters are parked improperly, compared with
10%-20% of bicycles and cars. We include more details about the survey of practitioners
and findings in Appendix B.
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4.2.2 What counts as improper parking?
To better understand the gap between public perceptions and field observations, we sur-
veyed the public about its understanding of improper scooter parking using ten scenarios
(Figure 6). We found that survey respondents appear to use two considerations in identifying
whether a shared scooter is parked properly: pedestrian accessibility and visual clutter.
Response patterns showed clear evidence that pedestrian accessibility is a primary condi-
tion the public uses to assess proper parking. The overwhelming majority (85%—90%) of
respondents assessed bike racks, parking corrals, and scooters neatly arranged in the furni-
ture zone (“tidy” in Figure 7) as parked properly. In each of these three cases, there was plenty
of sidewalk space for pedestrian access.

Door Narrow Bike rack

Corral

Tipped

Figure 6: Scenarios displayed in survey to test knowledge of parking regulations and assess
perceptions of clutter.
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Figure 7: Perceptions of noncompliant parking and clutter for ten scooter parking scenarios.

Conversely, the public decisively identified all four of the scenarios that may pose accessi-
bility hazards—tipped-over scooters or scooters parked in front of a doorway, in front of a curb
cut, or in the middle of the sidewalk—as noncompliant with local parking rules (85%-100%
of respondents indicated the scooters in these scenarios were improperly parked).

The public appeared to conflate “tidiness” with proper scooter parking. We presented
respondents with two similar scenarios where scooters were parked in the furniture zone of
a wide sidewalk, with one scenario showing “tidy” scooter parking and the other “messy.” The
tidy scenario has a wide sidewalk with three parked scooters neatly aligned parallel with one
another in the furniture zone. The messy scenario shows the same three scooters on the same
wide sidewalk but parked at different angles from one another (see Figure 6). Over 75% of
respondents reported that the scooters in the tidy scenario were parked in compliance, while
over 75% reported the non-parallel-parked scooters in the messy scenario as noncompliant
with local regulations. A similar proportion also said the messy scooters were “cluttered.” The
large differences in perceived parking compliance based on scooter orientation, combined
with the relatively linear association between public perceptions of clutter and parking com-
pliance (see Figure 7), suggest that the public may conflate tidiness with parking compliance.

4.3 Summary

Our survey results highlight a disconnect between the public's perceptions of scooter park-
ing and systematic field observations of scooter parking. The public’s perception of improper
parking is an overestimate of the observed rate of noncompliant scooter parking, while at the
same time, the public underestimates the rate of noncompliant car parking, relative to previ-
ous research (see Brown et al., 2020).
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Furthermore, we identified two key considerations determining the public's perception of
improper scooter parking. First, the public clearly identifies pedestrian access as a crucial
determinant of compliant parking. Second, the public strongly considers tidiness when gaug-
ing proper versus improper parking. A simple manipulation of one parking scenario to alter
the orientation of parked scooters relative to one another into either tidy or messy configu-
rations produced dramatic swings in public perceptions of scooter compliance and clutter.
The importance the public places on tidiness in determining compliant parking may explain
some of the public backlash against scooters, even when scooters are rarely parked in ways
that violate local rules or impede travel by others. But scooters may offend people’s aesthetic
sensibilities or pose a nuisance at times (e.g., a crowded sidewalk during peak rush hour).

5. Discussion

Improper scooter parking is one of the most common complaints about micromobility across
the globe. We believe that this problem is widely misunderstood, which in turn distorts policy
responses and distracts from much more important transportation problems.

We conducted two studies in Auckland, New Zealand, and Washington, DC, using field
experiments and surveys. In our field experiments, we observed scooter parking and evalu-
ated rates of noncompliant parking (measured as both impeded access and noncompliant
parking according to local regulations) before and after several interventions. Our field exper-
iments coincided with introducing a lock-to requirement for scooters in DC, allowing us to
analyze how this new regulation shifted scooter parking behaviors.

People overestimate rates of improper scooter parking relative to the share of scooters that
we observe violating local regulations or impeding access by other travelers. Perceptions of
rampant improper parking are pervasive, and even riders themselves think that many or most
other riders are bad actors (Brown, Klein and Thigpen, 2021). Practitioners are no better than
the public in assessing rates of noncompliant scooter parking (see Appendix B).

Planning and policy discussions about scooter parking need to start from a place of shared under-
standing—namely, what counts as improper parking. We find that public perceptions of improper
parking are largely driven by concerns about pedestrian accessibility and an aesthetic sense of tidi-
ness and order. Simply varying the orientation of parked scooters in our survey scenarios flipped
public perceptions of the scooters from tidy and compliant to cluttered and noncompliant. The
appearance of “clutter,” when riders do not park their scooters in a tidy fashion, may lead to higher
perceived noncompliance than occurs when judged by local regulations or impedance.

We can test our hypothesis that perceptions of improper parking are shaped by concerns
about pedestrian accessibility and aesthetic concerns. In DC, we recorded whether groups of
scooters were parked in parallel to each other (as depicted in the “tidy” scenario of our survey)
or with some scooters at an angle to others (i.e., nonparallel, as depicted in the “messy” scenario
of our survey). Using this data, we developed adjusted parking metrics where we reclassified any
non-parallel-parked scooters as noncompliant parking and impeding access (even if they were
correctly parked by local regulations and not impeding pedestrian access). Across all experimen-
tal phases in DC, we originally observed that 4% of parked scooters impeded access and 15%
were noncompliant with local regulations. When we counted nonparallel parking as an infrac-
tion, however, the adjusted rate of impeding access jumped to 24%, and the adjusted rate of
noncompliant parking soared to 32%. This latter adjusted rate of noncompliant parking is simi-
lar to survey respondents’ estimates of improper scooter parking in DC, suggesting that acces-
sibility and aesthetics together shape public perceptions of the prevalence of improper parking.

Public perceptions are important in both shaping the narrative around scooter parking and
influencing the policies that govern scooter parking. A dissatisfied public can engage in pol-
icy debate by writing to elected officials, submitting public comment at city council meetings,
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and complaining to city agencies that oversee shared micromobility services. Complaints and
concerns may shape subsequent policy measures, professionals’ perceived salience of differ-
ent issues, or both. Indeed, we find that transportation professionals’ views mirror the pub-
lic's and that many greatly overestimate rates of improper scooter parking, which could affect
the types of scooter regulations that cities enact.

Each policy intervention we tested improved scooter parking compliance, but to differing
degrees. Implementing in-app messages and installing sidewalk decals led to small but mean-
ingful improvements in noncompliant parking and impeding access, and DC's citywide lock-to
requirement dramatically improved scooter parking compliance. Yet, this latter requirement is
not without potential conflicts. City staff often cite bicyclist complaints and concerns that scooters
will consume all existing bike rack spaces if allowed or required to park on lock-to racks (Brown,
2021). We assessed whether these fears were borne out in our study area in DC. Before DC imple-
mented lock-to, the greatest number of scooters parked at a bike rack within a given observation
day was eight (6% of available rack space within the study area). While the number of scooters
parked at racks dramatically increased following the lock-to requirement, we estimated that the
largest number of scooters parked at bike racks at any time was, at most, 38, or 30% of the total
bike rack and parking corral capacity (space for 126 bicycles or scooters) within the study area.
Beyond the areas studied here, the degree to which scooters may utilize (or monopolize) bike rack
space will depend on how robust bicycle infrastructure is in a given city or location.

Scooter parking regulations vary from city to city and are, at times, at odds with public per-
ceptions about what constitutes proper parking. Expecting riders to know the intricacies of
scooter parking regulations (Brown, 2021), especially when they vary across places, is unreal-
istic. We recommend retaining regulations that align with public intuitions. For example, the
public and most regulations already forbid scooters to block doors, impede others’ travel, or
be left tipped over. However, our survey data suggests that scooter parking should be permit-
ted in locations such as bike racks and parking corrals, where the majority of the public feel
scooters are properly parked, where they do not impede access by other travelers, and where
parking is consistent with other micromobility vehicles like bicycles.

To put it simply, we suggest making parking rules obvious and intuitive. Allowing scooter
riders to use intuitive solutions as compliant parking is likely to have several related benefits,
including reduced noncompliant parking and improved public perceptions. In Chicago, for
example, the introduction of physical locks resulted in 97.3% compliance in parking audits
and a dramatic reduction (78%) in complaints (Chicago Department of Transportation, 2021).
We likewise find that the introduction of lock-to requirements in DC resulted in a twelvefold
increase in bike rack parking and improved parking compliance.

Cities should provide more physical infrastructure to park micromobility vehicles, both shared
and privately owned. One key advantage of physical infrastructure, such as bike racks and park-
ing corrals, is that it communicates parking regulations to riders and the wider public, unlike
digital-only solutions. Evidence shows that when cities provide scooter racks and parking corrals,
people use them (Hemphill et al., 2022; Karlsen et al., 2021). These commonsense implemen-
tation measures can have additional benefits. Using scooter fees to pay for the installation of
additional bike racks or on-street corral space, as some cities have done, ensures that riders of
personally owned micromobility vehicles are not affected by shared scooters, and they may in
fact benefit as well from the additional infrastructure (Lowe, Ashton and Kasal, 2021). This can
help avoid conflicts between private and shared micromobility riders, and corral parking can
also encourage riders to use the road rather than the sidewalk/footpath (Shah et al., 2021).

Micromobility operators can also improve parking compliance through rider education
and communication. As this research showed, introducing a simple in-app message reminder
can improve parking compliance where no message currently exists. Likewise, the introduc-
tion of signage, in this study in the form of a sidewalk/footpath decal, can improve parking
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compliance through further institutionalizing proper parking, as seen historically with the
development of car parking signage. While results suggest that it may be challenging to elimi-
nate all noncompliant parking, a combination of interventions can bring noncompliant park-
ing down to even lower rates.

Finally, we urge policy makers to focus on straightforward, effective solutions rather than
flashy technological fixes. Implementing parking regulations and enforcement through digi-
tal platforms are unlikely to work and only communicate rules to riders while remaining invis-
ible to the public (Dunn, 2020). Further, riders may encounter difficulties cross-referencing
rules presented on a digital map against their location in the cityscape, and they too would
benefit from the ‘“certainty” provided by physical infrastructure. Adorning shared scooters
with a multitude of advanced technologies (e.g., expensive GPS units, cameras, automated
reality, autonomous parking) is a distraction, especially when effective low-cost, tested solu-
tions are already available.

Data Accessibility Statement
Data for this article are available at https://osf.io/2djz5/
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Appendix B

We compared public perceptions from the intercept surveys to the perceptions of trans-
portation professionals, whom we surveyed during four webinars between February and
October 2021 at which one of the authors was presenting completed research on scooter
parking. These events were the International Parking and Mobility Institute (IPMI) con-
ference (February 24, 2021); the Oregon Active Transportation Summit (OATS) confer-
ence (April 30, 2021); a Dublin, Ireland, webinar about scooter parking policy (July 15,
2021); and the North American Bikeshare & Scootershare Association (NABSA) conference
(October 28, 2021). We collected responses from 158 respondents across the four events
(85 at the IPMI conference, 31 at the OATS conference, 21 at the Dublin webinar, and 21
at the NABSA conference). We refer to these respondents as “practitioners” or “profession-
als,” though we acknowledge that we do not have information about their professional
occupations.

We surveyed the audience at the start of our presentations. As the format was restricted in
time and survey capability, we only asked what percent of scooters are improperly parked (all
four events) and what percent of bicycles and cars are improperly parked (IPMI and NABSA
only).

The polls we conducted during our webinars are convenience samples. We believe they
include a broad cross-section of groups, including those focused on parking, on micromobil-
ity, and on active transportation, though we did not collect demographic or occupational
information.

Practitioners’ estimates of improper scooter (Figure 9), bicycle, and car parking (Figure
10) are similar to those of the public. The median transportation professional said they think
that 20% to 30% of scooters are improperly parked, and nearly half (46%) said that over 30%
of scooters are improperly parked. In contrast, the median practitioner said a lower percent-
age of bicycles and cars (both 10%-20%) are improperly parked.

About what percentage of scooters
are parked improperly (even briefly)?

Less than 5% 5-10% [ 10-20% [ 20-30% [ ore than 30%

OATS
NABSA
IPMI

Dublin

0% 25% 50% 75% 100%

Washington DC survey

Auckland survey

0% 25% 50% 75% 100%

Figure 9: Estimates of improperly parked scooters by transportation professionals and the
public.
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About what percentage of bikes
are parked improperly (even briefly)?

NABSA

IPMI

Washington DC survey
Auckland survey
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About what percentage of cars
are parked improperly (even briefly)?

NABSA

IPMI

Washington DC survey
Auckland survey
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Less than 5% 5-10% [0 10-20% [ 20-30% [ wore than 30%

Figure 10: Estimates of improperly parked bicycles and cars by transportation professionals
and the public.
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