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1. Case study of a dockless e-scooter system in Mayagüez, Puerto Rico.

• Attributes and opinions of users and non-users of the e-scooter service are
explored.

2. Methods are proposed for quantifying spatial access to dockless micromobility
systems and for measuring the regularity of their spatiotemporal patterns

• Spatial access measured in terms of network-level proximity to the e-
scooter fleet.

• Pattern regularity measured using a similarity measure approach.
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E-scooters were mapped to network 
nodes  to compute spatial access.

• Thanks to Skootel for providing e-scooter trip data and information about their system. 
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User Characteristics, Spatiotemporal Patterns, and Spatial Access in a 
Dockless E-Scooter Service in Puerto Rico

INTRODUCTION

DATA

Puerto Rico

• College town with 77,000 residents and substantial floating student population 
that lives around the University of Puerto at Mayagüez (UPRM).

• Skootel, a micromobility startup, operates a dockless e-scooter service in the city, 
the first micromobility service in Puerto Rico.

DESCRIPTION OF MAYAGÜEZ AND E-SCOOTER SERVICE

Characteristic Value

Median age 40

Female population 52%

Bachelor’s degree or more 25%

Median household income $14,120

Population below the federal 
poverty line 

53%

Unemployment rate 27%

Drive alone or carpool 91%

Characteristic Value

Service Area 3.5 km2

Trip cost $1 + 0.20/travel minute

Operation hours 6:00 AM to 8:00 PM 

Fleet size About 100 scooters

Rebalancing Midday operations

Opening date August 3, 2019

Mayagüez City Characteristics

Service Characteristics

Analysis Zones and 
Trip Start Densities

E-scooter 
Service 
Area 

METHODS
• Two spatial access indicators are proposed: 

• average distance to the K-nearest e-scooters.
• area under scaled cumulative relative frequency curve (AUC).

• AUC is computed for each node 𝒊 by determining the area under the cumulative 
relative frequency curve constructed with shortest path distances from a node 𝒊 to all 
e-scooters on day 𝒅 at period 𝒑.

AUC values for e-scooter distances of nodes 𝑒 and 𝑢
(as AUC increases, the “closer” a node is to the e-scooter fleet)

RESULTS – ANALYSIS OF SURVEY RESPONSES

Main reasons for using e-scooters: 
• travel time savings (58%)
• avoid traffic congestion (37%) 
• lack of auto parking spaces (34%)

Main reasons for NOT using e-scooters: 
• lack of space in streets (40%)
• cost of e-scooter trips (35%)
• safety concerns (23%)

Mayagüez

Characterization of Users and Non-users

RESULTS – SPATIOTEMPORAL PATTERNS, SPATIAL ACCESS

CLOSING REMARKS
𝑠𝑑ℎ =

σ𝑝∈𝑷σ𝑔∈𝑮min 𝑚𝑑𝑝𝑔, 𝑚ℎ𝑝𝑔

σ𝑝∈𝑷σ𝑔∈𝑮max 𝑚𝑑𝑝𝑔, 𝑚ℎ𝑝𝑔

• 𝑠𝑑ℎ = Ruzicka similarity index for observed trip 
patterns in days 𝑑 and ℎ.

• 𝑚𝑑𝑝𝑔 = # e-scooters in cell 𝑔 on day 𝑑 and period 

𝑝 (computed after service area is split by grid).

Daily trips by day of week

Average minimum walking distance (meters) to an e-
scooter for each node and each day

AUC for nodes in high- and low-activity zones

Similarity index for weekly travel patterns

• Skootel data of 66,000 e-scooter trips during the 2019-2020 academic year.

• US Census block group data from the 2014-2018 American Community Survey.

• Online survey from March to May 2020 with 417 responses.

• E-scooter trip generation is higher for UPRM and large student neighborhoods.
• Usage of e-scooters was found comparable to other cities:

• Users primarily young and male.
• Peak hours do not match those of the auto mode.
• Main motivation of e-scooter trips are university-related activities.

• Trips appears to be contributing to reduction of auto trips, but the magnitude 
needs to be studied.

• Nodal e-scooter density:  number of e-scooters in node’s graph tree divided by 
the number of people (e.g., residential nodes) connected to the tree.

• Indicator of patter regularity:  Quantify degree to which observed spatiotemporal 
e-scooter distribution repeats itself during a given period

High Activity High Activity

Low Activity

• Demand is driven by students; when students leave the city (weekends, 
holidays, semester break) demand for e-scooter trips is reduced significantly.

• Spatial access indicators suggest that access to the system varies significantly 
even in within zones and by time of day.

• Similarity index drops in transition periods (e.g., end of semester, start of 
semester); it is sensitive to cell size; could be an approach for comparing 
dockless micromobility patterns between cities.
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