
FOREWORD 
 
Throughout the United States, there has been a dramatic increase in the varieties and numbers of 
nonmotorized users on trail and roadway facilities.  Kick scooters, inline skates, hand cycles, 
recumbent bicycles, and other emerging users are now commonly seen sharing space with 
bicycles and pedestrians on roadways and shared use paths.  Urban trail operators are reporting 
operational and safety problems associated with the increasing number of emerging users and 
their operational needs.  User groups are petitioning State legislatures and local governments to 
legally operate their nonmotorized vehicles on roadways.  The guidelines provided in the 
American Association of State Highway and Transportation Officials (AASHTO) Guide to the 
Development of Bicycle Facilities are based on the physical dimensions and operating 
characteristics of bicycles only and may not meet the needs of emerging trail users.  To address 
these issues, the Federal Highway Administration (FHWA) sponsored this study to better 
understand the physical dimensions and operational characteristics of an increasingly diverse 
group of nonmotorized trail and roadway users.   
 
The results of this study can be used to help design professionals adequately design roadway and 
shared use path facilities to meet the operational and safety needs of a more diverse group of 
users. 
 
 
  
 Michael Trentacoste 
 Director, Office of Safety 
   Research and Development 
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SI* (MODERN METRIC) CONVERSION FACTORS 
APPROXIMATE CONVERSIONS TO SI UNITS

Symbol When You Know Multiply By To Find Symbol 
LENGTH 

in inches 25.4 millimeters mm 
ft feet 0.305 meters m 
yd yards 0.914 meters m 
mi miles 1.61 kilometers km 

AREA 
in2 square inches 645.2 square millimeters mm2

ft2 square feet 0.093 square meters m2

yd2 square yard 0.836 square meters m2

ac acres 0.405 hectares ha 
mi2 square miles 2.59 square kilometers km2

VOLUME 
fl oz fluid ounces 29.57 milliliters mL 
gal gallons 3.785 liters L 
ft3 cubic feet 0.028 cubic meters m3 

yd3 cubic yards 0.765 cubic meters m3 

NOTE: volumes greater than 1000 L shall be shown in m3

MASS 
oz ounces 28.35 grams g
lb pounds 0.454 kilograms kg
T short tons (2000 lb) 0.907 megagrams (or "metric ton") Mg (or "t") 

TEMPERATURE (exact degrees) 
oF Fahrenheit 5 (F-32)/9 Celsius oC 

or (F-32)/1.8 
ILLUMINATION 

fc foot-candles 10.76 lux lx 
fl foot-Lamberts 3.426 candela/m2 cd/m2

FORCE and PRESSURE or STRESS 
lbf poundforce   4.45    newtons N 
lbf/in2 poundforce per square inch 6.89 kilopascals kPa 

APPROXIMATE CONVERSIONS FROM SI UNITS 
Symbol When You Know Multiply By To Find Symbol 

LENGTH
mm millimeters 0.039 inches in 
m meters 3.28 feet ft 
m meters 1.09 yards yd 
km kilometers 0.621 miles mi 

AREA 
mm2 square millimeters 0.0016 square inches in2 

m2 square meters 10.764 square feet ft2 

m2 square meters 1.195 square yards yd2 

ha hectares 2.47 acres ac 
km2 square kilometers 0.386 square miles mi2 

VOLUME 
mL milliliters 0.034 fluid ounces fl oz 
L liters 0.264 gallons gal 
m3 cubic meters 35.314 cubic feet ft3 

m3 cubic meters 1.307 cubic yards yd3 

MASS 
g grams 0.035 ounces oz
kg kilograms 2.202 pounds lb
Mg (or "t") megagrams (or "metric ton") 1.103 short tons (2000 lb) T 

TEMPERATURE (exact degrees) 
oC Celsius 1.8C+32 Fahrenheit oF 

ILLUMINATION 
lx  lux 0.0929 foot-candles fc 
cd/m2 candela/m2 0.2919 foot-Lamberts fl

FORCE and PRESSURE or STRESS 
N newtons 0.225 poundforce lbf 
kPa kilopascals 0.145 poundforce per square inch lbf/in2

*SI is the symbol for th  International System of Units.  Appropriate rounding should be made to comply with Section 4 of ASTM E380.  e
(Revised March 2003) 
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EXECUTIVE SUMMARY 

Introduction 

 

The variety of users on the trails and roadways of the United States has increased dramatically 

over recent years.  Devices such as kick scooters, inline skates, hand cycles, and recumbent 

bicycles that were rarely seen on shared use paths as recently as 10 years ago are now common.  

Among the reasons for this shift are the development of new technologies and changing 

demographics.  For example, electric personal transporter devices (e.g., the Segway®) are new 

technologies that are appearing on paths and roadways around the country.  Additionally, 

coincident with the aging of the American population, the number of people using mobility 

assistive devices (such as manual wheelchairs, powered wheelchairs, and powered scooters) is 

increasing.   

With the increasing variety of emerging users comes the question of whether we are designing 

and building suitable facilities.  Many jurisdictions throughout the United States have adopted 

the American Association of State Highway and Transportation Officials (AASHTO) Guide to 

the Development of Bicycle Facilities as a standard for shared use trail design and other facilities 

used by nonmotorized travelers.  This guide is written with bicyclists in mind, so its 

recommendations are based on the physical dimensions and operating characteristics of 

bicyclists.  Furthermore, some user groups are petitioning to legally operate on roadways and 

streets.  As this report will document, some users have different characteristics from bicyclists, 

so facilities designed and built to accommodate bicyclists and/or motorists may not meet the 

needs of these users.  

The Federal Highway Administration (FHWA) recognized this need to accommodate emerging 

trail users and sponsored this study to better understand their physical dimensions and 

operational characteristics.  This research naturally links the existing capacity methodologies in 

the Highway Capacity Manual and the FHWA study on “Evaluation of Safety, Design, and 

Operation of Shared Use Paths” with the design professionals’ need for adequate information to 

design facilities to meet the operational and safety requirements of the increasingly diverse 

nonmotorized transportation users.  It represents a very important step in providing crucial 

information for the future development of AASHTO’s Policy on Geometric Design of Highways 
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and Streets, the AASHTO Guide to the Development of Bicycle Facilities, the AASHTO 

Pedestrian Facilities Guide, as well as other new design standards. 

This report describes the operational characteristics of bicycles and these emerging user types: 

• Inline skates. 

• Kick scooters. 

• Strollers. 

• Recumbent bicycles. 

• Bicycle trailers. 

• Power wheelchairs. 

• Skateboards. 

• Electric bicycles. 

• Tandems. 

• Segway.  

• Manual wheelchairs. 

• Assistive power scooters. 

• Adult tricycles. 

• Hand cycles. 

 

Organization of this Report 

 

This report begins with an introduction explaining why this research is needed.  The next section 

discusses potential sources of safety and crash data.  Details of the field data collection plan are 

provided in the third section.  The results of the field data collection are then presented, followed 

by a discussion of the results and their implications for what the design user types should be for 

each of several design criteria.  Next, recommendations regarding design criteria are given.  The 

report concludes with a marketing plan. 

Safety/Crash Data Availability 

 

As part of this study, a variety of data sources were examined with regard to their potential for 

providing information on the safety of emerging road and trail users:   

• Data from the National Electronic Injury Surveillance System (NEISS). 

• Other hospital discharge, trauma registry, or ED data. 

• State motor vehicle crash databases. 

• State narrative crash data. 

These data sources were found to have limited usefulness in safety analysis for emerging user 

types.  Of these sources, NEISS was the most useful data format for safety studies. 
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Field Data Collection 

 

In this study, data were obtained by observing shared use path users at seven types of 

observation stations to generate: 

1. Physical dimensions:  length, width, height, eye height, wheelbase, wheel spacing, wheel 

diameter, tire/wheel width, tire type. 

2. Space required for three-point turn. 

3. Lateral operating space (sweep width). 

4. Turning radii. 

5. Acceleration capabilities. 

6. Speed. 

7. Stopping sight distance:  perception / reaction (time) and braking distance. 

Three data collection (“Ride for Science”) events were held in 2003:  Pinellas Trail in St. 

Petersburg, FL (January 25, 2003); Paint Branch Trail in College Park, MD (May 3, 2003); and 

San Lorenzo River Trail in Santa Cruz, CA (June 13, 2003).   

The trail users consisted of both active and in situ (passive) participants.  Active participants 

were those who either were intercepted on the shared use path (via event signage) or responded 

to the public outreach program and specifically traveled to the location to actively participate in 

the event.  Active participants registered with the data collectors and were given a briefing on the 

purpose of the study, an overview of the event and course, and safety provisions.  They generally 

progressed through all the data collection stations.  In situ participants were those who were on 

the shared use path just “passing through” the event stations.  Thus, at all seven stations, data 

were collected from active participants.  At two stations, speed and lateral operating space, data 

were also collected on in situ participants.  A total of 811 participants (551 in situ and 260 

active) were observed at the three events.   

Discussion 

 

This research shows that there is a great diversity in the operating characteristics of various types 

of road and trail users.  To ensure the safe accommodation of emerging road and trail users, their 



  

 

 4

operating characteristics must be considered in the development of design criteria; in some cases, 

it will be important to use an emerging user instead of the bicycle as the design user.  

Sweep Width 

 

With respect to sweep width, the critical user is the inline skater, having an 85th percentile sweep 

widths of 1.5 meters (m) (5.0 feet (ft)).  This research only addressed individual users.  Users 

traveling abreast or passing each other may require additional space. 

Three-Point Turns 

 

For three-point turn widths, hand cyclists are the critical users, requiring 5.4 m (17.8 ft) (at the 

85th percentile level).  Several other user types, including bicyclists and recumbent bicyclists, 

required more than 3 m (10 ft) of width (at the 85th percentile level) to execute a three-point turn. 

Design Speed 

 

The design speed of a facility is that speed used to determine the various geometric design 

features of a facility.  It influences many aspects of geometric design.  Consequently, it can 

significantly impact the cost, operational safety, and constructability of a project. 

Recumbent bicyclists had the highest observed 85th percentile speeds, 29 kilometers per hour 

(km/h) (18 miles per hour (mi/h)).  This appears to suggest that they may be the appropriate user 

upon which to set a minimum design speed.  However, before coming to such a conclusion, the 

additional design characteristics of the various users need to be evaluated. 

At the other extreme, hand cyclists appear to have the lowest 15th percentile speed, 8 km/h (5 

mi/h), of those users who would be expected to operate in the street.  Among all user types, 

strollers had the lowest 15th percentile speed (4 km/h (3 mi/h)). 
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Horizontal Alignment 

 

For horizontal alignment, the critical factor is the point at which users will instinctively 

decelerate to maintain a comfortable degree of lateral acceleration while traversing a curve.  This 

point is represented by the coefficient of friction used in AASHTO’s minimum design radius 

equations.  Most users did not appear to reduce their speeds for radii greater than 15.3 m (50 ft).  

The exception is recumbent bicyclists, who may have been constrained by even the 27.5-m (90-

ft) radius. 

Stopping Sight Distance 

 

Adequate sight distance is required to provide path users ample opportunity to see and react to 

the unexpected.  The distance required for a user to come to a complete stop, stopping sight 

distance, is a function of the user’s perception and brake reaction time, the initial speed of the 

user, the coefficient of friction between the user’s wheels and the pavement, the braking ability 

of the user’s device, and the grade (all the observations of this research were conduced on flat 

grades). 

The critical trail user for stopping sight distance is the recumbent bicyclist, with a calculated 

stopping sight distance on wet pavement of 32.7 m (107 ft).   

Vertical Alignment—Crest Vertical Curves 

 

The minimum length for a crest vertical curve is a function of the stopping sight distance, the 

algebraic difference in the upgrade and downgrade grades, the assumed height of an object on 

the pavement, and the user’s eye height.   

The recumbent bicyclist would be the critical user for determining the minimum length of a crest 

vertical curve.  Using the 85th percentile stopping distance and eye height, and assuming wet 

pavement conditions, the minimum length of a crest vertical curve with a difference in grade of 

10 percent would be 46.7 m (153 ft) for recumbent bicyclists.  
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Refuge Islands 

 

When designing a path crossing of a roadway, refuge islands are frequently provided between 

opposing motor vehicle traffic flows to allow pathway users to cross only one direction of traffic 

at a time.  The longest likely users, bicycles with trailers, exceeded 2.4 m (8 ft) in length and 

should be considered the critical users.  Two other user groups, recumbent bicyclists and hand 

cycles, both had 85th percentile lengths in excess of 1.8 m (6 ft). 

Signal Clearance Intervals 

 

Roadway users approaching a traffic signal that changes to yellow often cannot stop before the 

signal turns red; signal clearance intervals allow time to enter and clear the intersection before 

the cross-street traffic is given a green light.  Signal clearance intervals include both the yellow 

interval and any all-red interval.  Signal clearance intervals timed for motor vehicle traffic 

(typically a maximum of five seconds) provide insufficient time for most users to clear a five-

lane (18.3-m (60-ft) wide) intersection.  For intersections wider than 8.1 m (24 ft), the kick 

scooter appears to be the critical user. 

Pedestrian Clearance Intervals 

 

Pedestrian clearance intervals allow pedestrians who begin crossing a signalized intersection 

before the beginning of the flashing DON’T WALK phase to completely cross the street before 

crossing traffic enters the intersection.  Typically, pedestrian signals are timed for walking 

speeds of 1.2 m/second (sec) (4 ft/sec).  The manual wheelchair users evaluated were able to 

cross intersections within the time provided for an assumed 1.2 m/sec (4 ft/sec) walking speed.  

A walking speed of less than 1.2 m/sec (4 ft/sec) should be considered in determining the 

pedestrian clearance time at crosswalks that are routinely used by slower pedestrians, including 

those who use wheelchairs. 
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Minimum Green Times 

 

Another signalization criterion is minimum green time.  The AASHTO equation addresses three 

factors in its calculation of minimum green time for signalized intersections: perception-reaction 

time, acceleration time, and travel time at the design speed.  Perception-reaction time is assumed 

to be 2.5 sec.  The AASHTO equation assumes a constant acceleration rate; however, this 

research shows that the assumption is not accurate.  After an initial increase to the acceleration 

rate, the rate decreases with increasing speed.  Rather than produce an equation that compensates 

for the change in acceleration as speed increases, a table format has been used to represent the 

distance traveled as a function of time.  Further, as many users were on “long” devices (for 

example, recumbent bicycles had an 85th percentile length of 208 centimeters (cm) (82 inches)), 

the length of the device is included in the travel distances in table 21 so that the times shown 

include the time that it takes for the user to accelerate from a stop and completely clear the length 

of his/her device from the intersection. 

Hand cyclists are the critical users to consider when determining the appropriate minimum green 

times for vehicular devices (table 11, figure 49).  

Characteristics of Segway Users 

 

The data from this study provide information on the performance and maneuverability of the 

Segway and how it might function within shared use paths, sidewalks, and streets.  Table 1 

shows how the Segway characteristics compare with the design values (for bicyclists) in the 

AASHTO Guide.  The Segway was not found to be the critical user for any design criteria.   
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Table 1. Characteristics of Segway users vs. AASHTO (bicycle) values. 

CHARACTERISTIC SEGWAY 
(MIN-MAX 
VALUES) 

AASHTO 
(BICYCLE) 

VALUE 
Eye height (cm) 175–204 140 
Length (cm) 56 180 
Width (cm) 64  120 
Acceleration rate from 0 to 12.2 m 
(m/sec2) 

0.29–0.36 0.46–0.92 

Acceleration rate from 12.2 to 24.4 m 
(m/sec2) 

0.49–0.98 0.46–0.92 

Acceleration rate from 24.4 to 36.6 m 
(m/sec2) 

0.05–0.12 0.46–0.92 

Acceleration rate from 36.6 to 48.8 m 
(m/sec2) 

0.03–0.95 0.46–0.92 

Time to travel 12.2 m (sec) 4.1–4.6 5.2 
Time to travel 24.4 m (sec) 6.6–7.8 9.8 
Time to travel 36.6 m (sec) 8.7–11.1 11.4 
Time to travel 48.8 m (sec) 10.9–14.7 12.8 
Speed (km/h) 14–18 30 
Perception-reaction time (sec) 0.6–2.0 1.5 
Sweep width (m) 0.9–1.7 1.0 
Three-point turn (cm) 97–102 300 

1 cm = 0.39 inches 
1 m = 3.28 ft 
1 km = 0.621 mi 
 

Recommendations 

 

The AASHTO Guide for the Development of Bicycle Facilities is the primary reference for 

designers of shared use facilities and has been adopted as the standard for shared use path design 

by many jurisdictions around the country.  Its standards were developed using the operational 

characteristics of the bicycle to determine design criteria.  While this research is not intended to 

validate or discredit the AASHTO criteria, comparisons to AASHTO are appropriate because of 

its status as a national guide. 

The data collected for this study reveal that the appropriate design user for shared use paths may 

vary with respect to design criteria or a facility design element.  Table 2 shows design features, 
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AASHTO design values for bicyclists, potential design users, and 85th percentile performance 

values. 

Table 2.  Design criteria and potential design users. 

 

DESIGN FEATURE AASHTO DESIGN 
VALUE (FOR 
BICYCLISTS) 

POTENTIAL DESIGN 
USER 

PERFORMANCE 
VALUE (85TH 

PERCENTILE) 
Sweep width 1.2 m Inline skaters 1.5 m 
Horizontal alignment 27 m Recumbent bicyclists 26.8 m 
Stopping sight distance 
(wet pavement) 

38.7 m Recumbent bicyclists 32.7 m 

Vertical alignment—
crest (5% grades) 

49.8 m Recumbent bicyclists 46.7 m 

Refuge islands 2.5 m Bicycles with trailers 3.0 m 
Signal clearance 
intervals 

7.5 sec for a 
distance of 24.4 m 

Kick scooters 10.6 sec for a 
distance of 24.4 m 

Minimum green times 12.8 sec for a 
distance of 24.4 m 

Hand cyclists 17.9 sec for a 
distance of 24.4 m 

Pedestrian clearance 
intervals 

20.0 sec for a 
distance of 24.4 m 

Manual wheelchairs 15.4 sec for a 
distance of 24.4 m 

1 m = 3.28 ft 

It is worth noting that bicyclists (without trailers) do not appear as critical users for any design 

features.  This is a major finding that may have a significant effect on how shared use paths and 

other components of the U.S. transportation system are designed, constructed, controlled, and 

maintained.   

While additional research is needed to determine which user type should be the basis for specific 

design criteria, the findings suggest that design guidelines may need to be revised to incorporate 

the needs of emerging trail users.  The results of this study can be used to help design 

professionals adequately design roadway and shared use path facilities to meet the operational 

and safety needs of a more diverse group of user types.   

Marketing Plan 

 

The goal of the marketing plan is to outline how to disseminate the information in this report to 

transportation professionals, trail designers/coordinators, landscape architects, engineers, public 

works officials, and other professionals and policymakers.  The results of this study are being 
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publicized through numerous venues and using different methods.  These include slide 

presentations to Transportation Research Board (TRB) committees and at the Midwest Regional 

Bike/Ped Conference; a poster session at the TRB 2004 Annual Meeting; new National Highway 

Institute (NHI) course development (or modifications to existing bicycle and pedestrian facility 

design courses); and others.   Much of this marketing plan has already been implemented.  
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INTRODUCTION 

 

The varieties of equipment on our trails and roadways has increased dramatically over recent 

years:  Kick scooters, inline skates, hand cycles, and recumbent bicycles were uncommon on 

shared use paths as recently as 10 years ago; now they are common.  Among the reasons for this 

shift are the development of new technologies and changing demographics.  For example, with 

the aging of the American population, the number of people using mobility assistive devices 

(such as manual wheelchairs, powered wheelchairs, and powered scooters) is increasing.(1)  

Additionally, electric personal transporter devices (e.g., the Segway) are new technologies that 

are appearing on paths and roadways around the country.  

With increases in the number of emerging users comes a greater need to design and build 

suitable facilities.  The Americans with Disabilities Act Accessibility Guidelines (ADAAG) set 

minimum standards for constructing and altering pedestrian facilities, including shared use paths, 

sidewalks, and crosswalks.  By law, States and local jurisdictions are required to follow ADAAG 

when constructing or altering any pedestrian facility.  Many jurisdictions throughout the United 

States have adopted the AASHTO Guide to the Development of Bicycle Facilities as a standard 

for the design of shared use trails and other facilities for nonmotorized transportation users.(2)   

As its title implies, the guide is written with bicyclists in mind, so its recommendations are based 

on the physical dimensions and operating characteristics of bicyclists.  As this report will 

document, emerging users have different characteristics from bicyclists, thus trails (and other 

transportation facilities) designed and built to accommodate bicyclists may not meet their needs.  

Indeed, both formal and informal surveys of operators of shared paths (urban trails) reveal 

increasing problems with their facilities due to the increasing number of emerging users, their 

space requirements, and operational needs.   

The growing need to accommodate emerging users is not restricted to off-street shared use paths.  

For example, many inline skaters believe that they should be allowed access to the roadway with 

the same rights as bicyclists.  In fact, numerous initiatives throughout the United States range 

from local ordinances allowing inline skating on local streets to pending laws in State 

legislatures.  In New York State for example, inline skating is now legally allowed on roads, 

with skaters subject to the same rules and laws as bicyclists. 
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FHWA recognized this need to accommodate emerging trail users and sponsored this study to 

better understand their physical dimensions and operational characteristics.  To get this 

information, field data collection was performed on bicyclists and emerging users on three paths:  

the San Lorenzo River Trail in California, the Pinellas Trail in Florida, and the Paint Branch 

Trail in Maryland.  This research naturally links the existing capacity methodologies in the 

Highway Capacity Manual and the FHWA study on “Evaluation of Safety, Design, and 

Operation of Shared Use Paths” with design professionals’ need for adequate information to 

design roadway and shared use path facilities to meet the operational and safety needs of the 

increasingly diverse trail and other nonmotorized transportation users.  It represents an important 

step in providing crucial information for the future development of AASHTO’s Policy on 

Geometric Design of Highways and Streets, the AASHTO Guide to the Development of Bicycle 

Facilities, the AASHTO Pedestrian Facilities Guide, as well as other new design standards. 

This report begins with definitions and operational characteristics of these emerging user types: 

• Inline skates. 

• Kick scooters. 

• Strollers.  

• Recumbent bicycles. 

• Bicycle trailers. 

• Power wheelchairs. 

• Skateboards. 

• Electric bicycles. 

• Tandems. 

• Segway.  

• Manual wheelchairs. 

• Assistive power scooters. 

• Adult tricycles. 

• Hand cycles.

The next section discusses potential sources of safety and crash data.  Details of the field data 

collection plan are given in the third section.  The results of the field data collection are then 

presented, followed by a discussion of the results and their implications for who the design users 

should be for each of several design criteria.  Recommendations follow regarding design criteria 

and dissemination of these results.  The report concludes with a marketing plan.   
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DEFINITIONS AND OPERATIONAL CHARACTERISTICS  

OF ROAD AND TRAIL USERS 

 

This section provides a working definition of each user group.  The basic characteristics of the 

vehicles or devices used by each group are described, as are the users’ varying abilities.  Earlier 

studies of inline skates, scooters, strollers, electric bicycles, adult tricycles, recumbents, tandems, 

bicycle trailers, golf carts, and assistive technologies are referenced and are listed in the 

appropriate sections.  Other sources are included, 

such as articles in academic journals, conference 

proceedings, manufacturers’ Web sites, public 

health and advocacy Web sites, and retailer Web 

sites.  

Inline Skates 

 

Inline skates, like their predecessors, quad-wheel 

skates, are used extensively throughout the United 

States for recreational and transportation purposes 

by people of all ages and athletic abilities (figure 

1).  They typically have three to five wheels of 

about 75 to 100 millimeters (mm) (3 to 4 inches) 

diameter in a straight line.  The wheels are attached 

with a single frame to a shoe or boot that is usually 

fairly stiff, providing good support and control.  

Unlike roller skates with two sets of wheels side by side (quad skates), inline skates can be used 

in much the same way as ice skates, resulting in more efficiency and higher speeds.  Few quad 

skates are now in use, so this study focused on inline skates.  

Inline roller skates were first developed in the 18th century, preceding the quad skate design 

invented in the late 19th century; however, the technology then available, quad skates offered 

more control and became the standard for many years.  In the early 1980s, inline skates were 

reborn based on modern technology, ultimately resulting in the remarkable increase in usage 

Figure 1.  An inline skater.   

(Unless otherwise noted, all photos are by Bruce W. Landis.) 
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experienced in the 1990s.(3,4,5)  With smooth street surfaces and the introduction of polyurethane 

wheels, inline skates have become very useful devices for transportation and recreation on public 

ways.  

Inline skating grew rapidly as a sport through the 1990s, stabilizing in recent years with about 29 

million users in the United States.(6)  This represents primarily recreational users, but the growth 

in recreational users translates to growth in transportation use; many skaters soon realize the 

transportation potential of skates.  As a result, skating is emerging as a mode of transportation.(7)   

Skating Skill and Performance 

 

According to recent research, differences in skaters’ skill levels can result in significant 

differences in operational characteristics.  For example, novice skaters typically travel more 

slowly and have a narrower sweep width than advanced skaters.(8)  Skaters choose among several 

different techniques to stop, often based loosely on their general skating ability.  The more basic 

stopping techniques used by novice skaters require longer time and distance to stop from a given 

speed.  Novice skaters have difficulty making sharp turns and stopping quickly, especially on 

downhill grades.(9)  Skaters with more practice and experience typically travel at higher speed, 

which corresponds with a wider sweep width.(8)  These skaters also have much more 

maneuverability and control.  Some techniques employed by advanced skaters can stop them in a 

very short distance when necessary.  

Skateboards 

 

Skateboards have a platform attached to sets of small wheels (usually four), but do not have 

steering handles.  Each set of wheels is attached to the platform with a pivoting “truck,” which 

allows the board to turn when the user leans his or her body and/or feet.  Skateboards are 

available in many different shapes and sizes, and with different wheel diameters.  The variation 

in sizes results in potential differences in speed, turning radius, and other operational 

characteristics.  

Traditional skateboards are under 84 cm (33 inches) long, but “long boards” over 89 cm (35 

inches) are used for “cruising.”  Skateboard decks are normally about 19 cm to 21 cm (7.5 to 



  

 

 15

8.25 inches) wide.  Skateboard wheels are normally 52 mm to 60 mm (2.05 to 2.36 inches) in 

diameter.  Larger wheels are often used on long boards. 

Motorized skateboards are also available, but have diminished in popularity in part due to the 

increased popularity of motorized kick scooters as described below.  In addition, motorized 

skateboards are specifically prohibited from the public right-of-way in many jurisdictions.  

Kick Scooters 

 

This group includes users of kick scooters that typically have two inline wheels connected by a 

platform that is large enough for a user to stand on with one or two feet.  Steering handles are 

attached to the platform, allowing users an additional point of contact with the board to steer the 

device and maintain an upright position.  This user group includes two subgroups: foot powered 

kick scooters, and similar standup devices with attached motors.  Sit-down 3- or 4-wheel 

assistive powered scooters used by individuals with disabilities are not included in this user 

group, but are described later in this document. This user group also does not include the sit-

down vehicles also referred to as scooters that are in effect small motorcycles (e.g., Vespas™) 

intended primarily for roadway use. 

Nonmotorized Kick Scooters 
 

The most common nonmotorized kick scooters have approximately 100-mm (4-inch) diameter 

polyurethane wheels like those on inline skates (figure 2).  The platform is usually relatively 

short and too narrow (100 mm (4 inches)) for two feet side by side.  Larger nonmotorized 

scooters with bigger platforms and 150-mm to 300-mm (6- to 12-inch) wheels with polyurethane 

or rubber tires are also available.  These larger scooters are currently less prevalent, but because 

they provide more utility due to improved efficiency, several manufacturers are developing and 

promoting larger models. 

Two braking systems are common.  Smaller, less expensive scooters have an articulated fender 

over the rear wheel that can be stepped on to create friction with the wheel.  Larger models have 

a hand brake much like the brakes used on bicycles.  A few inexpensive models have no brakes;  

users simply step on the rear wheel with their shoes or skid their feet on the ground. 
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Nonmotorized kick scooter use in the United States has increased phenomenally in the past 

several years.  Although very few were sold in 1999, it was estimated that approximately 5 

million scooters were sold in the United States in 

2000.(10)  As expected, scooter crashes have 

increased significantly as well.  The U. S. 

Consumer Product Safety Commission (CPSC) 

reported a 13-fold increase in emergency-room-

treated scooter injuries between the first and 

second half of 2000, from 2,820 to 37,750.(11) 

Operational characteristics for nonmotorized 

scooters depend on many factors, including the 

abilities of the user and the design of the scooter.  

For example, a nonmotorized scooter with large 

aluminum wheels has lower rolling resistance 

than a scooter with small inline skate-type wheels, 

potentially resulting in faster acceleration rates 

and higher speeds.  It is likely that the different 

braking systems result in different stopping 

distances and deceleration rates.  Scooters likely 

have varying maneuverability, as well. 

Motorized Kick Scooters 

 

Motorized kick scooters are usually larger than nonmotorized ones.  Because the user does not 

normally need to push, these scooters often have a platform wide enough for two adult feet side 

by side.  Motorized scooters can be either gasoline or electric powered.  There are many different 

manufactures and styles of scooters with different characteristics.  Due in part to legislation in 

some States, most scooters are governed to speeds below 32 km/h (20 mi/h).  However, many 

owners of powered scooters customize their scooters, often removing or modifying the 

governors.  Motorized scooters usually have hand brakes and often have larger, pneumatic 

rubber tires; and some have pedestal seats. 

Figure 2.  Nonmotorized kick scooters.  
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Baby Strollers 

 

This user group includes a variety of wheeled devices pushed by adults to transport babies or 

small children.  Some stroller models can accommodate up to three children; a few models for 

four or more are also available on a limited basis.  Stroller size varies greatly depending on the 

number of children to be carried and the type of stroller.  The operational characteristics for all 

types of strollers depend on the wheel size, stroller geometry, and the physical ability of the adult 

who is pushing the stroller.  On most strollers, the babies sit in a partially prone position facing 

away from the person pushing the device.  Larger strollers (often called “baby carriages”) where 

babies lie totally prone are relatively rare in the public right-of-way. 

Limited research has been conducted on the use of strollers on public streets and shared use 

paths.  However, two sources discuss stroller safety; one of the main stroller safety concerns is 

lateral overturning.(12,13) 

Conventional Strollers 

 

These devices typically have four wheels or four pairs of wheels; the wheels are generally small, 

about 150 mm (6 inches) in diameter.  Strollers for one or two children are common, but strollers 

that carry three or four children are available as well.  The small pivoting front wheels on these 

strollers make them fairly easy to maneuver, but limit their use on unpaved surfaces or rough 

pavement.  These strollers are fairly difficult to maneuver over curbs, so the installation of curb 

ramps in the public right of way is valuable to these users.  Umbrella strollers are foldable, 

lightweight versions of conventional strollers.  

Jogging Strollers 

 

In recent years, large-wheeled jogging strollers have become increasingly popular, especially for 

longer distance use on paths and roads (figure 3).  These strollers usually have spoked wheels of 

about 300 to 500 mm (12 to 20 inches) diameter with pneumatic rubber tires allowing use at 

higher speeds and over more varied terrain.  Jogging strollers that carry one or two children 

typically have three wheels, two in the back and one in the front; those for three children are 
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more rare and typically have narrowly spaced front wheels and two rear wheels with wider 

spacing.  The wheels of jogging strollers do not pivot, so steering is accomplished by 

unweighting the front wheel or wheels and rotating the stroller on the rear axle.  Some jogging 

strollers have hand brakes similar to bicycle brakes, improving stopping capabilities at higher 

speeds.  

Electric Bicycles 

 

Electric bicycles are similar in geometry to 

human-powered bikes but have a motor that 

provides pedal assistance and allows riders to 

accelerate, climb hills, and overcome wind 

resistance more easily than manually powered 

bikes.  Depending on the rider’s weight, the 

terrain, and wind conditions, the average rider 

who travels a distance of 16 km (10 miles) at 16 

km/hr (10 mi/h) under manual power can travel at 

24 to 32 km/h (15 to 20 mi/h) with the same 

effort when assisted by electric power.(14)  Electric 

bicycles can be obtained as stand-alone products or by adding an electric assist unit to an existing 

bicycle.  

Many States have addressed electric bicycles through legislation.  Often the legislation allows 

electric assisted bikes on bike lanes and shared use paths.  For example, an electric bicycle is 

legally a “bicycle” in California, according to California Vehicle Code CVC 406(b).(14)  In 

Florida, electric bicycles that travel under 32 km/h (20 mi/h) are considered “bicycles.”(15)  

Because many State statutes limit speeds to 32 km/h (20 mi/h), manufacturers generally design 

and govern their electric bicycles to match this speed.  This speed is not much different from that 

of a normal bicycle, so many operational characteristics are anticipated to be similar to those for 

bicycles.  

Figure 3.  Jogging stroller for two.  
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It should be noted that there are also recumbent bicycles, tandem bicycles, and adult tricycles 

with electric-assisted power.  Because these vehicles are relatively rare, they will probably not be 

evaluated independently, but some operational characteristics will likely be similar to their 

nonelectric equivalents.  

Tandem Bicycles 

 

Tandem bicycles (often called tandems) have 

positions for two cyclists; typically, the front 

rider (the “captain”) is responsible for steering, 

balance, shifting, braking, and pedaling, while 

the back rider (the “stoker”) adds pedaling 

power (figure 4).  Due to the significant 

increase in pedaling energy without much 

additional wind resistance, tandems allow 

riders to travel faster and farther with the same 

effort.  The greater mass of a tandem means 

that tandem bicycles are generally slower traveling uphill and faster traveling downhill than 

single bikes.  Tandem bicycles are typically equipped with multiple gears, including higher gears 

to accommodate the additional power. 

Most tandem bicycles are similar to upright single bikes where riders sit on a small saddle and 

reach forward to handlebars that are typically at or slightly above or below the seat height.  

Tandem bicycles are also available in recumbent versions.  See below for a more detailed 

description of recumbent bicycles. 

 

Figure 4.  Tandem bicycle.  
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Recumbent Bicycles 

Recumbent bicycles, often simply called recumbents (or bents), are bicycles that allow riders to 

sit in a broad seat, usually with a backrest, potentially reducing neck and wrist pain.  Recumbent 

handlebars are either in front of the rider at shoulder level above the seat or below the seat where 

the user’s arms hang naturally.(16)  The pedals on recumbent bicycles are usually well forward of 

the seat (figure 5). 

Two-wheeled recumbents can be difficult to learn to balance, especially those with under-seat 

steering.  As a result of the seated position, dismounting is more difficult on a recumbent as well.  

With pedals in front of the seat, riders cannot take advantage of their weight as on a standard 

bike.  This typically results in slower acceleration from stops and the need for lower gears on 

hills, resulting in slower climbing speeds.  The reduced wind resistance of recumbent bicycles 

provides for increased efficiency, resulting in 

higher speeds.  Recumbents are generally longer 

and wider than upright bicycles, but they are 

available in many different shapes and sizes so 

length and operating width vary greatly. Their low 

profile results in decreased visibility by other road 

users, so many recumbent cyclists attach tall flags 

to increase their visibility. 

 

 

Recumbent Tricycles 

 

Some recumbents are tricycles, most often with two wheels in the front (sometimes two in the 

rear).  These vehicles are wider and more stable at low speed than two-wheeled recumbent 

bicycles.  However, when turning at higher speeds, these vehicles can be unstable. 

Manufacturers strive to maintain a low center of gravity and use high-tech steering mechanisms 

to overcome turning instability problems.  Simpler, less efficient tricycles used by riders who 

have mobility impairments are discussed later in this report. 

Figure 5.  Recumbent bicycle. 
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Tandem Recumbent Bicycles 

 

Recumbent bicycles are also available in tandem versions.  Tandem recumbent bicycles have the 

potential for fairly high cruising speeds due to the lower wind resistance of a recumbent 

combined with the additional energy output of a tandem.  These vehicles are uncommon.  

Bicycle Trailers 

 

Bicycle trailers are often used to carry children and to transport cargo.  Trailers add to the total 

vehicle length and weight, which may decrease speed and maneuverability, while increasing 

turning radius and stopping distance. Trailers come in many different shapes and sizes, and are 

generally low to the ground, so other users may not see the additional length added to a bicycle.  

Trailer visibility is of increased importance when carrying children.  Safety recommendations in 

several sources include installing a highflying fluorescent warning flag to increase visibility, 

allowing plenty of stopping distance, and using caution when maneuvering through tight 

areas.(17,18) 

Trailers with Two Wheels 

 

Many two-wheeled trailers are available for carrying children and cargo.  Width and length vary, 

although the majority are relatively small trailers used for carrying children.  A single design 

“vehicle” using the specifications of one of these trailers was used for evaluation.  These trailers 

do not track behind the bicycle well, resulting in reduced maneuverability, especially at higher 

speeds. 

Trailers with Single Wheel 

 

A few single-wheeled trailers are available.  These tend to be relatively compact and follow the 

bicycle very well.  Maneuverability of the bicycle is not generally affected, but stopping 

distances are naturally increased due to the excess weight. These trailers are less common and 

they have much more maneuverability than two-wheeled trailers.  
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Trailer Bicycles 

 

Several models of trailer bicycles or “trailercycles” are available and used by many families on 

roads and shared use paths.  These devices consist of a single-wheel “half bike” in a child’s size 

that can be attached to the back of a standard adult bicycle (or a tandem).  These devices are 

relatively rare. 

Segway Human Transporter 

 

The Segway Human Transporter (HT) is a self-balancing, electric-powered transportation device 

(figure 6).  Its footprint is not much larger than the human body’s and has a handlebar and 

platform similar to a scooter, but with two wheels side by side.  The Segway uses gyroscopes 

and tilt sensors to monitor the body’s movements and balance the device on the single axle.  

When a person leans forward, the Segway HT moves forward; leaning backward causes it to 

move back.  The Segway has no brakes; to stop the device, users simply straighten up from their 

leaning position.  Turning is accomplished with a twisting 

motion on the handlebar.  Because both wheels are on one axle, 

it can turn in place with no turning radius.(19) 

The Segway HT easily can be governed to travel at various 

speeds up to a maximum of 12.5 mi/h (20 km/h).(19)  The 

manufacturer has been actively pursuing legislation throughout 

the United States to allow the Segway on sidewalks and paths.  

In some cases, requirements for different speeds on roads and 

sidewalks are being considered. 

Figure 6.  A Segway user.  
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Manual Wheelchairs 

 

The manual wheelchair user group are individuals who use wheelchairs that are propelled by 

their own muscular strength and endurance (figures 7 and 8).  Manual wheelchairs have a seat 

between two rear wheels usually about 600 mm 

(24 inches) in diameter.  The 75-mm to 200- mm 

(3- to 8-inch) front wheels swivel to allow for 

easy steering.  Users can propel themselves 

using push rims attached to the rear wheels.  

Braking is accomplished by resisting wheel 

movement with the hands or arms.  

Alternatively, another individual can control the 

wheelchair using handles attached to the back of 

the chair.  

There are two general types of manual wheelchair: standard and lightweight; their performance 

characteristics are significantly different.  Standard wheelchairs are typically used by individuals 

living in institutions, those who lack the financial 

resources for the purchase of a lightweight model, or 

those who simply prefer them.  Lightweight wheelchairs 

are often referred to as “sports chairs” or “ultralights.”  

Their design is based on the types of wheelchairs 

developed by athletes with disabilities over the past 20 

years.  They usually feature a lighter weight frame, 

smaller footrests, smaller front caster wheels, lower back 

support only, and no arm rests in comparison to the 

standard models.  They are also much more expensive 

than a standard manual wheelchair.  

Power-assist wheels are devices that can be attached to 

either a standard or lightweight manual wheelchair.  They 

Figure 7.  Manual wheelchair.   

Figure 8.  Another manual 
wheelchair. 

(Photo by Peter Axelson.) 
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provide propulsion via an electric motor to assist individuals with more limited arm strength who 

wish to travel over longer distances.  A power unit with pneumatic tires and a steering tiller can 

also be attached to the front of a manual chair. 

There are several different categories of users of manual wheelchairs ranging from those with 

full upper body function to those with no independent mobility.  Manual wheelchair users with 

limited or no independent mobility are generally pushed by another person, and may be trail 

users too. 

Power Wheelchairs 

 

Power wheelchairs utilize battery power to 

move the wheelchair (figure 9).  Power 

wheelchairs are expensive relative to manual 

wheelchairs and typically weigh up to 115 

kilograms (kg) (250 pounds).  They often 

cannot be folded or disassembled for transport, 

so a ramp or lift-equipped van is required. The 

weight and bulk of a power wheelchair severely 

limits the size of obstacles—usually less than 50 mm (2 inches) in height—that can be negotiated 

without a ramp or bevel.  Braking is usually passive; it occurs with deceleration when the power 

is turned off.  Power wheelchairs are available in many different shapes and sizes.  Many 

different wheel sizes are available as well. 

Individuals who use power wheelchairs typically have conditions that significantly limit their 

upper and lower body movement, strength, coordination, or endurance.  Various control units are 

available that enable individuals to control the movement of their power wheelchair with very 

limited independent movements (e.g., a puff of breath). 

Assistive Powered Scooters 

 

Assistive powered scooters are three- or four-wheel devices designed to provide mobility for 

individuals with limited endurance for walking or using a manual wheelchair (figure 10).  These 

Figure 9.  Power wheelchair.   
(Photo by Peter Axelson.) 
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scooters have a tiller for steering and a comfortable seat, usually with a back and armrests.  

Standup two-wheel scooters used for recreation and transportation by primarily nondisabled 

users were described earlier in this report and are 

not included in this user group.  

These devices typically have a longer wheelbase 

than a power wheelchair, and are less expensive 

(costs are approximately comparable to 

lightweight manual wheelchairs).  Power 

scooters rely on multiple batteries and can weigh 

up to 90 kg (200 pounds).  Braking is provided 

via disk brakes or by a regenerative braking 

system utilizing the scooter’s motor.  

Transportation of the scooter requires partially disassembling the scooter (to fit it into a station 

wagon) or the use of a van or trunk-mounted lift.  The tiller steering mechanism requires the user 

to physically turn the steering handle left and right to turn the vehicle.  This requires 

substantially more strength and range of motion than the typical joystick control provided on 

powered wheelchairs. 

Adult Tricycles 

 

Adult tricycles are primarily used by older adults but may also be used by individuals with 

disabilities that affect balance or coordination, but who maintain the ability to perform the 

pedaling and braking motions required for using a tricycle.  Adult tricycles generally have a 

comfortable, upright sitting position and three large wheels (approximately 650 mm (26 inches) 

in diameter), one in front and two in back.  Typically, they do not have multiple gears, which 

limits their use on hilly or uneven terrain.  Individuals who are unable to drive often use tricycles 

for local transportation, such as a short trip to the store.  They can also be used for recreation in a 

manner similar to bicycles. 

 

 

Figure 10.  Assistive powered scooter. 
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Hand Cycles (Stand-Alone) 

 

On stand-alone models of hand cycles, the 

pedaling motion is done with the arms 

(figures 11 and 12).  Hand cycles are 

available with varying wheel sizes and with 

the single wheel in either the front or the rear.  

Hand cycles are also available that are 

designed with only two large wheels (one 

front and one back).  Additional support, as 

required, is provided by small caster wheels 

that are mounted on each side just behind the seat.  The caster wheels do not touch the ground 

unless the rider leans the bicycle to one side or the other. 

Most stand-alone hand cycles have a relatively long, narrow wheelbase, which decreases the 

rider’s turning ability and increases the risk for capsize with sudden turning movements.  Stand-

alone models may offer a wide range of gearing and braking capabilities, depending on the type 

of use for which they are designed. 

Hand Cycle Wheelchair Attachment 

 

Hand cycle attachments that clip onto a 

manual wheelchair are an example of a 

propulsion method.  Typically, these 

attachments include a front wheel and arm 

crank mechanism and incorporate a wide 

range of gearing options and hand brakes.  

These attachments offer an arm cycling option 

to manual wheelchair users but they do not 

offer the performance of a stand-alone hand 

cycle model.  Hand cycle attachments are typically used for transportation or utilitarian purposes 

because the user can use the wheelchair in its normal manner when the destination is reached 

Figure 12.  Another hand cycle. 

Figure 11.  Hand cycle. 



  

 

 27

(e.g., cycling to the store).  Hand cycle attachments may also be used for recreational purposes, 

although most experienced cyclists would prefer a stand-alone model.  

Racing Wheelchairs 

 

Racing wheelchairs are specially modified 

manual wheelchairs that are designed to 

maximize their performance in specific 

activities.  They are typically used by 

competitive athletes for training as well as 

competition and may be used on road or 

shared use path surfaces (figure 13).  Given 

the amount of training time dedicated to a 

particular activity, individuals are usually 

very experienced and skilled in the use of a 

racing wheelchair.   

Road Racing Wheelchairs 

 

Road racing wheelchairs typically have a long wheelbase and fixed (nonsteerable) front wheels.  

The wheels consist of two large (approximately 700 mm (27.5 inches)) rear wheels with push 

rims for propulsion and braking.  Most chairs also have hand brakes to assist in stopping at high 

speeds.  A steering mechanism compensates for the crown of the road so that the athlete can push 

equally with both arms.  Racers, even during training, will usually be traveling at a relatively 

high speed, particularly on downhill sections.  Typically, a low seating position is preferred to 

increase stability and decrease resistance.  The low seating position also reduces the user’s 

visibility by other road and shared use path users.  Road racing wheelchairs are usually finely 

tuned for balance and use by one specific individual. 

 

 

Figure 13.   Racing wheelchairs.   

(Photo by Peter Axelson.) 



  

 

 28

Off-Road Racing Wheelchairs 

 

Off-road racing wheelchairs typically are designed for recreational use on mountain bike or 

single-track trails (figures 14 and 15).  They typically have all-terrain tires on four wheels with 

varying sizes from 400 mm to 650 mm (16 inches to 26 inches).  They often utilize a more 

rugged frame, incorporate a suspension system, and provide four-wheel braking systems actuated 

by hand brake levers.  If used, gearing is accomplished through multiple push rims.  A long and 

wide wheelbase with camber on the rear wheels is used to increase stability on a variety of 

terrains.  Although they provide much more stability and control when traveling downhill (e.g., 

can be driven down a flight of stairs), they can be heavy and cumbersome for movement on level 

ground or going uphill.  These devices are used infrequently on public roads and shared use 

paths, and were therefore beyond the scope of this study.   

Other Road and Shared Use Path Users with Disabilities 

 

A variety of road and shared use path users who do not, at first glance, appear to influence the 

characteristics of road and path use: (1) individuals with partial or total vision loss (who may not 

use a white cane or guide animal); (2) individuals with hearing impairments or deafness; (3) 

individuals with cognitive limitations; and (4) people who use other mobility devices, such as 

walkers, canes, prostheses, and crutches.  While it was beyond the scope of this study to evaluate 

the characteristics of these groups, it is recommended that the needs of these road and shared use 

Figure 14.  Off-road racing wheelchair.  Figure 15.  Another off-road racing wheelchair.  

(Photo by Peter Axelson.) (Photo by Peter Axelson.) 
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path users be investigated and documented in a future study because their movement 

characteristics are known to differ from typical or expected patterns.   

Individuals with Partial or Total Vision Loss 

 

Individuals with vision loss usually will have independent mobility for use of roads and shared 

use paths as pedestrians.  They often participate with another person (tandem bicycles are 

particularly popular for individuals with vision loss).  Pedestrians with vision loss who use canes 

will follow edges to travel, while those who use dog guides typically use audible, tactile, and 

environmental cues in lieu of vision for obstacle detection and gap selection.  In addition, their 

path of travel may be influenced by subtle changes in grade or cross slope that are not readily 

detected by others, or by overhead and overhanging branches, etc., and things that protrude into 

their travel paths. 

Individuals with Hearing Impairments or Deafness 

 

Individuals with limited hearing rely extensively on visual cues for safe and independent 

mobility.  Unobstructed and well-lit sight lines along a facility and at intersections are needed.  

They may not respond as expected to the presence of auditory stimuli (e.g., the sound of 

approaching traffic or cyclists ringing a bell).  

Individuals with Cognitive Limitations 

 

For individuals with cognitive limitations, the additional information processing time required to 

acquire and understand external stimuli may significantly affect their movement and vehicle or 

device operational characteristics.  Stopping times may be increased because of an increase in 

the time required to understand and interpret the stopping cue.  Decisionmaking and purposeful 

movement may be compromised in complex situations or rapidly changing environments.  The 

consequences of passing, acceleration, or sudden changes in movement pattern of other road and 

shared use path users may not be understood or considered. 
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Other Road and Shared Use Path Users 

 

Although the above summary of user groups is long, other devices and vehicles are occasionally 

used on roads and streets that have not been listed above.  A full evaluation of these devices and 

vehicles as part of this study was either not possible or unnecessary for one of the following 

reasons: 

• They are used very infrequently so a reasonable sample size could not be obtained. 

• They are so small or are used at such slow speeds that their operational characteristics are 

less important because roads, shared use paths, and other public ways will necessarily be 

designed for the critical operational characteristics of larger and/or faster users. 

Although these user groups will not be described in detail, it is important to mention their 

existence, in the event that their use grows significantly and results in the need for evaluation as 

part of a future study: 

• Unicycles—Devices with a single wheel, pedals, and a seat. 

• Bicycle rickshaws and pedal carriages—Pedal vehicles with three or four wheels that are 

intended to carry one or more passengers in addition to the person pedaling the vehicle. 

• Electric toys for children—Small electric devices, usually with four wheels, often 

designed to emulate full size adult motor vehicles.  

• Child tricycles—Small, three-wheeled pedal devices used by small children. 

• Bicycles with training wheels. 

• “Low rider” bicycles—Bicycles that have been customized for aesthetics to be low to the 

ground and often longer than standard bicycles. 

In addition, mopeds and small motorcycles (scooters) are used on roads and in some places on 

shared use paths.  However, these vehicles have been in use on public rights-of-way for a long 

time and most States specifically regulate them as motorized vehicles.  As regulations already 
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exist and this study was conducted on shared use paths that are closed to these vehicles, they 

were not evaluated as part of this study. 
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SAFETY/CRASH DATA AVAILABILITY 

 

As part of this study, potential sources of information regarding the safety of emerging road and 

trail users were identified.  The primary data sources examined were: 

• Data from the NEISS. 

• Other hospital discharge, trauma registry, or emergency department (ED) data. 

• State motor vehicle crash databases. 

• State narrative crash data. 

 

This section presents relevant information on each of these sources and discusses their 

advantages and disadvantages. 

The Fatality Analysis Reporting System (FARS) contains information on motor vehicle crashes 

that result in a fatality to either a vehicle occupant or a nonoccupant (such as a pedestrian) within 

30 days of the crash.  However, the majority of crashes are not fatal and thus are not included in 

FARS.  Moreover, FARS does not indicate whether a person was using a wheelchair, inline 

skates, or another emerging user device.  Therefore, FARS was not considered to be a potential 

source of information and is not discussed in this section. 

NEISS Data 

 

NEISS was felt to be by far the most useful data source available for studying the safety of the 

identified emerging road and trail users.  NEISS is an injury surveillance data collection system 

that is operated by the U.S. CPSC.  It is currently based on a statistically valid sample of 100 

hospital EDs nationwide.  NEISS has been operational for 30 years, and recently (in 2000) 

expanded its scope to collect data on all injuries, rather than just those related to consumer 

products.  Reported cases (generally between 200,000 and 300,000 a year before the recent 

expansion) are weighted to provide overall national estimates of injuries serious enough to 

require ED treatment. 
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Data are collected electronically at participating hospitals and immediately forwarded to CPSC.  

The data collection protocol includes information on the injury victim’s age, gender, race, injury 

diagnosis, ED disposition (treated and released, or admitted to the hospital), and the locale of the 

accident (home, farm/ranch, street or highway, school, place of recreation or sports, etc.).  While 

the latter does not specifically include off-road trails, communication with CPSC revealed that 

this information might be captured in the 144-character narrative descriptions accompanying the 

reports. 

What makes the NEISS data especially valuable is the level of detail captured with regard to 

involved products.  Currently, more than 900 different products can be identified.  From the 

coding manual, it is not clear how some of the newer assistive vehicle types such as powered 

scooters, hand cycles, and powered wheelchairs would be identified, or how bicycle trailers are 

coded.  Also, jogging strollers are not differentiated from conventional strollers.  As in the case 

of location information, further detail may be available in the report narratives.  Bicycle trailers 

have been studied retrospectively using NEISS data.(20) Additionally, if a subject was not using a 

device, but rather was injured by someone else using the device, that information might not be 

coded in the database; a review of narratives would be required to obtain this data. 

 

NEISS data are publicly available, and CPSC has a long history of cooperation with the Centers 

for Disease Control and Prevention (CDC), National Highway Traffic Safety Administration 

(NHTSA), and other Government agencies in using the data for research purposes other than 

identifying potential product hazards.  In addition to reports taken from the computerized 

database, the CPSC regularly conducts special “follow-back” studies in which it contacts the 

victim, the victim’s parent, or a witness (usually by telephone, but sometimes involving on-site 

investigations) for more detailed information.  Generally, these contacts can be made within a 

few weeks of the occurrence of the injury.  This approach was used for an in-depth study of 

bicycle-related injuries occurring in 1991.(21) 

In reviewing the literature on the safety of the various emerging road and trail users being 

examined in the current study, NEISS data were frequently cited.(10,22,23)   
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Wheelchair-related injuries and deaths may also be reported in greater detail to the Food and 

Drug Administration (FDA), as required under its Medical Device Reporting program (data 

available at http://www.fda.gov/cdrh/mdrfile.html), or as part of its voluntary MedWatch 

program.  For example, FDA data served as the basis for a study on wheelchair safety.(23)  

Devices examined in this study included manual wheelchairs, powered wheelchairs, and assistive 

scooters.  

In summary, the NEISS data appear to be an especially rich source of information on the safety 

of many emerging vehicle types targeted in this study.  Because its basis is in hospital EDs, it 

incorporates data on injury events occurring on and off public roadways, and regardless of 

whether or not a motor vehicle was involved.  The data constitute a statistically valid national 

sample, and CPSC has a long tradition of working cooperatively with researchers and other 

Government agencies interested in accessing the data.  In addition, opportunities exist for further 

expanding the available data by incorporating follow-back telephone interviews into the data 

collection process.  

Other Hospital-Based Sources of Data 

 

Literally hundreds of studies in the published literature deal with skateboard and skating injuries, 

and a rapidly growing body of literature addresses nonmotorized and motorized scooter injuries;  

a few specialized studies consider bike trailers, golf carts, and racing wheelchairs.  The primary 

source of data for these studies has been hospital ED data—either individual case series from a 

single hospital, or local or regional trauma registry data.  Studies have involved both 

retrospective examination of ED records and prospective case identification, and have most often 

targeted a single user category (e.g., inline skate injuries in children).  In addition to studies 

conducted here in the United States, a significant number of studies have been conducted in 

Australia, Great Britain, and the Scandinavian countries. 

While much can be learned from these studies, they generally do not represent viable data 

sources for further study.  The data are typically not publicly available, and often involve some 

level of specialized data collection.  They are also relatively small-scale studies that may not be 

generalizable to larger populations. 
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An exception would be studies based on data from a population-based trauma registry, such as a 

State, regional (multihospital), or national registry.  Trauma registries most often capture 

information on hospitalized patients, but in some cases collect information on those treated in the 

ED, as well.  An example of a large, publicly available trauma registry database is the National 

Trauma Data Bank (NTDB), established by the American College of Surgeons in 1997 (with 

data extending back to 1994).  As of 2001, the NTDB contained data from four State registries 

and from 67 hospitals in 29 States, representing all regions of the United States.   Still, overall 

case numbers were relatively small, at slightly more than 181,000 cases (1994–1999 data).(24)  

Another example of a national trauma registry is the National Pediatric Trauma Registry, a 

voluntary system of reporting of pediatric trauma patients ages 0 to 19 years that was operational 

until February 2002.  Although no new data are being added to the system, researchers can still 

access the available data, including a total of more than 43,000 submitted cases from 1994–

2001.(25) 

A major disadvantage of trauma registry and most other routinely collected hospital-based data is 

that it is not sufficiently detailed with respect to the cause of injury, and in particular the 

involvement of specific equipment such as inline skates, scooters, and motorized wheelchairs.  

Most rely on standardized E-Codes for coding the cause of injury.  But while E-Codes 

differentiate among pedestrians and bicyclists being struck by motor vehicles on and off public 

roadways, they do not identify the specific equipment being used at the time, or the specific 

location of the user if not in the roadway.  Neither is it possible to obtain this information 

through special follow-up studies because the identity of subjects is generally stripped from the 

files.  Thus, existing hospital-based data sources would appear to be of limited usefulness for 

studying the safety characteristics of emerging road and trail users.   

Such limitations could, of course, be overcome by implementing a hospital-based data collection 

system specifically designed to gather information on the safety of the various user groups of 

interest.  One could also attempt to modify a data collection system or trauma registry already in 

place.  Both are likely to be costly undertakings, especially in light of the large number of 

hospitals that would need to participate to generate a sufficient number of cases with respect to 

the “rarer” user groups, including adult tricycles, tandem bicycles, and racing wheelchairs. 




































































































































































