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ABSTRACT

Walking speed is a key input for various traffic engineering applications. This

research investigates the normal and crossrng walking speed of pedestrians at

urban signalized intersections. The research considers the following pedestrian

groups: (1) younger pedestrians (ages 20 to 6Q.Q) older pedestrians (ages 65

and older); and (3) older pedestrians using assistive devices for mobility.

This research defines normalwalking speed as the speed at which pedestrians

walk when they go about their daily activities without needing to cross a given

intersection; and crossing walking speed as the speed at which pedestrians walk

when crossing a signalized intersection.

This research was conducted to understand the difference between normal and

crossrng walking speed of pedestrians at signalized intersections, and to

determine the effect of seasonality on walking speed, taking into account age,

gender and the use of assistive devices for mobility such as walkers and canes.

The research found that in all cases the normal walking speed is lower than the

crossrng walking speed. lt also found for pedestrians who do not need assistive

devices for mobility that younger pedestrians walk faster than older pedestrians,
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regardless of season and gender, and females walk slower than males

regardless of season and age. However, there are no gender differences in the

walking speed when pedestrians use walkers or canes for mobility. Furthermore,

both younger and older pedestrians have a greater normal walking speed in

summer than in winter but lower crossrng speed in summer than in winter. ln the

case of older pedestrians using walkers or canes there are no seasonal

differences in the normalwalking speed, although the crossing walking speed is

higher in winter than in summer.

ln addition, the research also found that using a design value of 1 .2 m/s (4.0 fVs),

as recommended in the current U.S. Manual of Uniform Traffic Control Devices

(MUTCD), nearly two-thirds of older pedestrians would be excluded in the design

process based on their normalwalking speed, and about 40 percent would be

excluded based on their crossing walking speed. Fufthermore, almost all older

pedestrians needing walkers or canes for mobility would be excluded in the

design process using a design value of 1.2 mis (4.0 fUs). Regarding younger

pedestrians, the 1.2 mls (4.0 ft/s) excludes nearly one-third of pedestrians based

on their normal walking speed, and about 10 percent based on their crosstng

walking speed.
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1. INTRODUCTION

1.1. THE RESEARCH

This research investigates lhe normal and crossing walking speed of pedestrians

at urban signalized intersections. This research defines normalwalking speed as

the speed at which pedestrians walk when they go about their daily activities

without needing to cross a given intersection; and crossrng walking speed as the

speed at which pedestrians walk when crossing a signalized intersection. The

research considers only the following pedestrian groups: (1) younger pedestrians

(ages 20 to 64); (2) older pedestrians (ages 65 and older); and (3) older

pedestrians using assistive devices for mobility.

I.2. BACKGROUND AND NEED

Pedestrian walking speed is an important input for many transportation

engineering applications. Typically, the 15th percentile walking speed is used for

pedestrian signal timing or for determining required gap sizes (l'TF-,2002). The

U.S. Manual on Uniform Traffic Control Devices (MUTCD, 2003a) assumes a

pedestrian walking speed of 1.2 m/s (4 fUs) for traffic signal timing purposes.

This value is lowered when there are slower pedestrians present (elderly, people

using walkers, or others). The Manual of Uniform Traffic Control Devices for
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Canada (MUTCDC, 2002) refers to the Canadian Capacity Guide for Signalized

lntersections, and the Traffic Engineering Handbook, published by the lnstitute of

Transportation Engineers (lTE), to assist in the selection of signal timing. ln

Canada, it is also common practice to assume a pedestrian walking speed of 1.2

m/s (4 fUs). However, in January 2006, the U.S. MUTCD National Committee

approved the proposal by the Pedestrian Task Force of the National Committee

on Traffic Control Devices to change the pedestrian walking speed assumption in

the U.S. MUTCD to 3.0 fUs or 0.91 m/s for the "Walk" phase and clearance

interual, and in January 2008, a draft revision of the U.S. MUTCD was published

for public comment in the U.S. Federal Register Docket No. FHWA-2OO7-28977.

Although any modifications must still be approved by the Federal Highway

Administration (FHWA), if approved it would have significant implications in

design and traffic operations.

Segments of the population which would be impacted by any modification to the

assumed walking speed in both MUTCDs would be older pedestrians as well as

pedestrians with mobility restrictions. According to Statistics Canada (2007a and

2007c), in 2007 people age 65 and older accounted for 13 percent of Canada's

total population. lt is also estimated that almost 30 percent of Canada's

population will be 60 years of age and older by the year 2030, using a medium

growth scenario, which combines assumptions of fertility and immigration similar

to recent years along with a moderate growth in life expectancy.
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Extensive research has been done over the years on pedestrian walking speed.

The Traffic Engineering Handbook (lTE, 1999) presents research dealing with

walking speeds for physically impaired pedestrians, while other research has

addressed age, gender, and other characteristics of the pedestrian population.

Few studies have addressed, however, seasonal factors and real-life

environments. Fugger et al. (2000) state that "although data relating to average

pedestrian walking speeds, perception-reaction, and pedestrian accident

reconstruction can be found in the literature, proper pedestrian study data

pertaining to real-life situations are lacking." Fufihermore, no research has

investigated and compared the differences between normal and crossrng walking

speed of pedestrians. Understanding the relationship between normal and

crossing speed opens opportunities to properly accommodate pedestrians in the

transportation system in a more equitable way. ln addition, normal walking

speed could have a significant impact on traffic engineering issues that deal with

the safe accommodation of particular groups such as older pedestrians and

people using assistive devices for mobility. This research designs and applies a

methodology to investigate pedestrian walking speed in urban areas.

1.3. OBJECTIVES AND SCOPE

Specific objectives of this research are to:
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1. Analyze reported collisions involving pedestrians in Winnipeg. This analysis

deals with collision data from 2000 to 2004.

2. Determine normal and crossing walking speed of younger and older

pedestrians at signalized intersections.

3. Determine normal and crossing walking speed of pedestrians who use

assistive devices for mobility at signalized intersections.

4. Determine the effect of seasonality in the walking speed of pedestrians,

taking into account age and gender.

5. ldentify opportunities for future research.

This research is conducted in Winnipeg, a mid size city in the Canadian Prairie

Region, with a population of about 650,000 inhabitants.

1.4. THES¡S ORGANIZATION

This thesis is organized into six chapters.

Chapter 2 summarizes findings from the environmental scan regarding walking

speed of pedestrians including those who use assistive devices for mobility. The

environmental scan is comprised of a literature review and a jurisdictional survey.

The chapter addresses the folfowing: (1) pedestrian walking speed in other

jurisdictions, taking into account age, gender, season, and the use of assistive

devices for mobility; (2) current practices regarding the accommodation of

4
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pedestrians at signalized intersections from the traffic operations perspective, in

Canada and U.S.; and (3) traffic engineering issues associated with applications

of walking speed.

Chapter 3 analyzes pedestrian collisions taking place in Winnípeg during the

period from 2000 to 2004, based on data provided by the Transportation Division

of the City of Winnipeg Public Works Department.

Chapter 4 discusses the methodology developed and applied in this research to

determine pedestrian walking speeds, and the data collection process. The

chapter starts by describing the methodology used when collecting data at

signalized intersections. lt then presents the methodology used for data

collection along a street segment for comparison with lhe normal walking speed

of older pedestrian using walkers or canes for mobility at signalized intersections.

Chapter 5 discusses the data analysis involving pedestrian walking speed. A key

element of the analysis is to describe and characterize the normalwalking speed

and the crosstng walking speed of pedestrians while accounting for age, gender

and seasonal differences. The analysis is divided into two components: (1)

walking speed of pedestrians who do not use assistive devices for mobility (both

older and younger), and (2) walking speed of older pedestrians who need

walkers or canes for mobility.
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Chapter 6 discusses research findings and conclusions as well as opportunities

for furlher research.

1.5. GLOSSARY OF TERMS

The following terms are used in this research:

15th percentile: (Of walking speeds), it represents the walking speed that 15

percent of the pedestrians are not able to exceed. ln other words, it represents

the walking speed at which 85 percent of the pedestrians are able to walk.

Accessible Pedestrian Signals (APS): it is a signal that provides information to

pedestrians in a non-visual form, such as audible tones, verbal messages, or

vibrating surfaces (MUTCD, 2003b).

Gompliers: (Of traffic signals), it refers to those pedestrians who cross (streets)

on the designated crossing zone during the appropriate pedestrian signal or

traffic signal indication.

Countdown Pedestrian Signal: it is a type of pedestrian signal which displays a

countdown interval in the pedestrian signal head to inform pedestrians the

number of remaining seconds of the pedestrian interval (MUTCD, 2003b).

6
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Crossing walking speed: it is the speed at which pedestrians walk when

crossing a signalized intersection.

Normal walking speed: it is the speed at which pedestrians walk outdoors on a

sidewalk when they go about their daily activities without needing to cross a

given intersection.

Older Pedestrians: for the purposes of this thesis it refers to pedestrians,

people, or population 65 years of age and older, unless othen¡yise defined.

Pedestrian Signal Head: it is a signal head which contains the symbols (1)

walking person, and (2) Upraised hand. lt is installed to direct pedestrian traffic

at a traffic control signal (MUTCD, 2003b).

Pushbutton: it is a button to activate pedestrian timing (MUTCD, 2003b).
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2. ENVIRONMENTAL SCAN

This chapter summarizes findings from the environmental scan regarding walking

speed of pedestrians including those who use assistive devices for mobility. The

environmental scan is comprised of a literature review and a jurisdictional survey.

The chapter starts with a discussion about demographics and aging-related

issues. lt then addresses the following: (1) pedestrian walking speed in other

jurisdictions, taking into account age, gender, season, and the use of assistive

devices for mobility; (2) current practices regarding the accommodation of

pedestrians at signalized intersections from the traffic operations perspective in

Canada and U.S.; and (3) traffic engineering issues associated with applícations

of walking speed.

2.1. L¡TERATURE REVIEW

This section presents findings from the literature review regarding the safety and

walking speed of pedestrians. lssues addressed are: (1) population

demographics, (2) pedestrian walking speed as a function of age, gender and

seasonality; (3) walking speed of pedestrians using assistive devices for mobility;

and (4) traffic engineering issues associated with applications of walking speed.
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Table 2.1 shows the list of sources that were consulted during the literature

review.

Table 2.1 Gonsulted Literature Review Sources.

Special Library Gatalogues
The U.S. National Transportation Library (NTL)
The National Union Catalog of Transportation Libraries (NCat)

Transportation Research lnformation Services (TRIS Online)

U.S. Department of Transportation Library (DOT Library)

Southwest Region University Transportation Center (SWUTC Published Technical Reports)
European Commission Libraries Catalogue (ECLAS, European Union)
Transport Research Laboratory

University of Manitoba Bison Catalogue

Research Genters
University of Michigan Transportation Research lnstitute (UMTRI)
Texas Transportation lnstitute (TTl)

Professional Associations/Aff i I iations

Transportation Research Board (TRB)
lnstitute of Transportation Engineers (lTE)
Australia Transport Safety Bureau (ATSB)
Transportation Association of Canada (TAC)

Government Agencies
Transport Canada
U.S. Federal Highway Administration (FHWA)

U. S. Department of Health and Human Services (HHS)

National Center for Health Statistics (NCHS)

National Center for Statistics and Analysis (NCSA)

National Highway Traffic Safety Administration (NHTSA)

Turner-Fairbank Highway Research Center (TFHRC)

Organization for Economic Cooperation and Development (OECD)

Scientific Engineering Journals
Road Engineering Journal (USroads)

Transportation Research Record (TRR)

ITE Journal

Road Management and Engineering Journal

Canadian Journal of Civil Engineering

Accident Reconstruction Journal

Accident Analysis and Prevention Journal

The following sections present the findings from the literature rev¡ew.
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2,1.1. Demographics

2.1.1.1. Age

According to the United Nations (2007), by 1950 there were approximately 200

million people 60 years of age and older throughout the world. This number

increased to 350 million by 1975 and it is estimated to reach 1.1 billion by2025.

This growth rate is double that of the world's population.

ln Canada and the U.S., the population is aging rapidly. The U.S. Census

Bureau (2007a) estimates that the 65 and older population will grow by over 50

percent between the year 2000 and 2020, and about 150 percent between the

year 2000 and 2050. ln addition, it is estimated that the 65 and older population

will account for 16 percent and 21 percent of the total U.S. population by 2020

and 2050, respectively (NCHS, 2005).

According to Statistics Canada (2007a and 2007b), in 2007 people age 65 and

older accounted for 13 percent of Canada's total population. Statistics Canada

(2007c) also estimates that almost 30 percent of Canada's population will be 60

years of age and older by the year 2030, using a medium growth scenario, which

combines assumptions of feftility and immigration similar to recent years along

with a moderate growth in life expectancy.

l0
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During 2001, the population age 65 and older accounted for 14 percent of the

total population in Manitoba; one of the highest proportions in Canada. lt is

projected that Manitoba's population 65 and older will increase to 21 percent by

2026 (Centre on Aging, 2005a).

The United Nations' General Assembly proclaimed 1999 the "lnternational Year

of Older Persons" and developed the lnternational Plan of Action on Aging, which

discusses the multi-dimensional nature of aging. lt lists 62 recommendations for

action in the area. This plan, also known as the Vienna lnternational Plan of

Action on Aging, points to the need for polices and programmes to reflect the

aspirations of older people (United Nations, 2007 and 2000). As part of the

goals and policy recommendations, the plan states that the development process

must enhance human dignity and ensure equity among age groups in the sharing

of society's resources, rights, and responsibilities. ln addition, it recognizes that

further studies on all aspects of aging are needed (United Nations, 2007).

2.1.1.2. Gender

According to the United Nations (2007), in developed countries women still

constitute the majority of the older population. By 2025 the gender ratio (number

of men per 100 women) is estimated to be 78 for the 60 to 69 age group, and 53

for the B0 and older age group. Statistics Canada (2007 a and 2007d) estimates

life expectancy at birth of 75 years for men and 81 for women. ln Canada, a

u
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gender ratio of 79 for people age 65 and older was estimated for 2005. ln

Manitoba the estimated gender ratio is 85 by the year 2026 (Centre on Aging,

2005b).

2.1.1.3. Population with lmpairments

The World Health Organization defines impairment as a function of the individual,

and disability and handicap as consequences of limitations imposed on

individuals by the community (WHO, 1980). More recently, the lnternational

Classification of Functioning, Disability and Health classified health and health

related domains as a function of body, individual, and societal perspectives.

Moreover, individual functioning and disability occur in a context according to

environmental factors (WHO, 2007). ln other words, people's levels of activity

and participation are a reflection of the community environment where the

individuals interact, and not just a function of each individual. However, in the

reviewed literature the term "disability" is still used to refer to "impairment".

There are different levels of disability. The U.S. Census Bureau (2007b) defines

severe disability as that which includes but is not limited to, people using

wheelchairs, canes, crutches, or walkers.

According to Statistics Canada (2002), during 2001,3.6 million Canadians living

in households reported activity limitations, which is about 12 percent of the total

12
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populat¡on. Figure 2.1 shows the population proportion with disability by age and

gender, in Canada. Disability rate increases with age for both genders, although

women are more likely to have a disability than men. Statistics Canada (2002)

also found that mobility impairment is the most common type of disability for

Canadians 15 years old and older. Furthermore, nearly 10 percent of Canadians

have some type of mobility-related disability which includes but is not limited to,

difficulty walking and climbing stairs. ln addition, 40 percent of people 65 years

of age and older had some level of disability and 1.1 million of the older

population reported having mobility-related disabilities. However, the survey

source (The Pafticipation and Activity Limitation Suruey, PALS) does not include

older people who reside in institutions such as nursing homes, although they are

likely to have a severe or very severe disability.

'F

cOø,
(!b
5c
^.=^- ts*o
ots
tr
oo
o
o-

60

50

40

30

20

10

0

15 to 24

¡ Males

25Io 44 45 to M 65 to 74 75 and older

Population Age (years)

B Females

Figure 2.1 Disability proportions by age and gender, Ganada 2001.
Source: Sfafisfics Canada, Parficipation and Activity Limitation Survey, 2001.

Note: The Canada total excludes the Yukon, No¡fhwest Territories and Nunavut.
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2.1.2. Pedestrians ¡n Gollisions

Annually, about 1.2 million people die in road traffic collisions worldwide, while

the number of injured people is estimated to reach as much as 50 million per

year. Moreover, road traffic collisions are the 11th leading cause of death

accounting for two percent of annual world's deaths (WHO, 2006 and 2004).

The majority of the victims are vulnerable users such as pedestrians, cyclists,

and motorcyclists, which account for 90 percent of all traffic-related casualties in

underdeveloped countries (WHO, 2004: Transport Canada, 2004b). ln addition,

pedestrian fatalities account for 41to 75 percent of allfatalities (WHO,2004).

ln developed countries, fatalities involving occupants of cars are higher than

pedestrian fatalities but when it comes to comparative fatality rates, this regional

difference disappears because vulnerable road users are at higher risk

(measured in distance travelled or time spent travelling) than motor-vehicle

users. The reason is ín part because most traffic systems are designed from the

motor-vehicle perspective (WHO, 2004). Recently, in nations of the

Organization for Economic Cooperation and Development (OECD), the number

of pedestrian fatalities and older pedestrian fatalities has dropped. This could

likely reflect the fact that people are walking less. Furthermore, older people are

less likely to walk during night or darkness, near high traffic locations or under

difficult weather conditions (FHWA, 2O04a and 2004b; Oxley et al., 2004, and

Oxley, no date). ln Europe, older pedestrians are overrepresented in pedestrian

t4



Jorge Arango

collisions compared with the U.S., pafticularly because of the increasing number

of pedestrians using the roads (Oxley et al., 2004, and Carthy et al., 1995). ln

addition, European countries with low pedestrian fatality rates are known for

innovative and enlightened approaches to pedestrian safety and amenities

(Oxley et al., 2004).

ln the United States, pedestrian fatalities account for 11 percent of all road traffic

fatalities (FHWA, 2004a). ln Canada, pedestrians account for 12 percent of

traffic-related fatalities and 10 percent of serious injuries (Transport Canada,

2007, 20O4a and 2004b). Collisions involving older pedestrians in the U.S. are

evenly distributed throughout the day during daylight hours, and although most of

the total pedestrian collisions occur at "non-intersection" locations, most of the

collisions involving pedestrians 65 years of age and older occur at intersections

(FHWA, 2004a, and 2001; NHTSA, 2OO5a, 2005b, and 2005c). This is in part

because older pedestrians cross at intersections instead of midblocks more often

than younger pedestrians (FHWA, 2004a; Oxley et al., 2004; and Knoblauch et

al., 1996). Australian and Canadian researches found similar pedestrian collision

patterns, particularly in the case of older pedestrians (Oxley, no date; Oxley and

Fildes, 1999; and Transport Canada,2004a).

With regards to severity of collisions, pedestrians are more vulnerable to serious

injury or death with aging (Oxley et al., 2004; and Oxley, no date). ln western
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countries, older pedestrian fatalities are the highest number among pedestrian

fatalities, even when the older population is only about 12 to 15 percent of the

total population and tend to walk shofter distances than younger people (FHWA,

2004a and 2O04b; and Oxley, no date).

ln general, collisions involving older pedestrian are linked to reduced mobility and

behavioural differences such as slow walking speeds, delay leaving the curb, and

difficulty judging gaps appropriately (Oxley and Fildes, 1999; OECD, 2001).

2.1.3. Pedestrian Walking Speed

Pedestrian walking speed is a topic extensively researched over the years, and is

a key input in various traffic engineering applications. The U.S. Manual on

Uniform Traffic Control Devices (MUTCD, 2003a) assumes a pedestrian walking

speed of 4 ftls (1.2 m/s) or slower in the presence of slower pedestrians such as

the older pedestrians or people using assistive devices for mobility. The Manual

of Uniform Traffic Control Devices for Canada (MUTCDC, 2002) refers to the

Canadian Capacity Guide for Signalized lntersections, and the Traffic

Engineering Handbook (lTE, 1999), published by the lnstitute of Transportation

Engineers (lTE), to assist in the selection of signal timing. Assuming a

pedestrian walking speed of 1.2 m/s is also common practice in Canada. ln

addition, the Traffic Control Devices Handbook (lTE, 2001) recommends to

undertake studies to establish the actual 15th percentile pedestrian walking speed
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or alternatively to use an assumed pedestrian walking speed of 3.5 fUs (1.07

m/s), in the presence of slower pedestr¡ans.

Milazzo et al. (2000) reviewed and synthesized American and international

literature about pedestrian and bicycle facilities. The authors recommended a

pedestrian crosswalk walking speed of 1.2 m/s (4.0 fUs) for most conditions, and

1.0 m/s (3.3 fUs) in places with a large number of elderly pedestrians (when the

older population exceeds 20 percent of the total population at the crosswalk) or

when the presence of elderly pedestrians begins to materially affect the overall

speed distribution at the facility. The authors also recommended to consider

using census data at the neighbourhood level for demographic information.

Coffin and Morrall (1995) collected data for people over 60 years old in one

hallway of a seniors club in Calgary. A total of 184 people over 60, defined by

the research as "physically strong and alert people", were timed while walking at

their normal speed and their fastest speed on a well-illuminated hallway 13 m

(42.65 ft) long. They found that the mean normal pedestrian walking speed for

women was 1.24 mls (4.07 fUs) and for men 1.29 mls @.23ft|s). They also

classified each participant as "adult" or "senior" based on "an intuitive reaction on

the part of the researcher to the interviewee's attitude and alertness." The mean

walking speed for "adult" men was 1.34 m/s (4.40 fVs) and for "senior" men was

1.13 m/s (3.71 m/s). ln all the cases, the mean walking speed for "seniors" was
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slower than that for "adults". Pedestrian walking speeds were also measured

outdoors at six locations (two crosswalks at signalized intersections, two

crosswalks at unsignalized intersections, and two pedestrian=actuated midblock

crosswalks). A total of 30 older unaware pedestrians at each location were timed

while crossing. The authors recommended a pedestrian walking speed of 1.0 m/s

(3.28 fUs) at midblock crosswalks and signalized intersections close to "seniors"

and nursing homes, and 1 .2 mls (3.94 fUs) at other signalized intersections.

Knoblauch et al. (1996) selected 16 signalized intersections in four urban areas

in the U.S. to conduct obseruations during an eight-hour data collection period.

Older pedestrians were defined as people who appeared 65 years and older. A

reference group of people under age 65 was also timed. Walking speeds and

start up times were measured relative to site-specific and environmental factors.

Data were collected during three different weather settings: dry, rain, and snow;

always on weekdays during daylight conditions. A total of 7,123 pedestrians,

including compliers and non-compliers with the traffic signal were counted. Of

these, 3,458 pedestrians were under 65 years of age and 3,665 pedestrians

were 65 and older. The mean walking speed foryounger pedestrians was 1.51

m/s (4.95 fUs) and for older pedestrians was 1.25 mls (a.11 fUs). The 15th

percentile speeds were 1.25 mls (4.09 fUs) and 0.97 m/s (3.19 ft/s) foryounger

and older pedestrians, respectively. They also found that complying pedestrians

were slower than non-complying pedestrians. The mean walking speed of
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younger compliers was 1.46 m/s (4.79 fUs) and that of older compliers was 1.20

m/s (3.94 fUs). Similarly, the 1sih percentile speed for younger compliers was

1.21 mls (3.97 fUs) and 0.94 m/s (3.08 fUs) for older compliers. The research

found that weather conditions affect walking speed significantly, especially in the

case of older pedestrians, which likely walk slowly. ln addition, people walk

faster at locations with longer signal cycles but probably because these locations

tend to be wider roadways. Shorter pedestrian signal times are associated with

faster walking speeds. For design purposes, the researchers recommended a

mean walking speed of 1.22 m/s (4.00 fUs) and when appropriate, a 15th-

percentile walking speed of 0.91 m/s (3.00 fVs), such as the case where there is

a large volume of older people. Table 2.2 summarizes findings of this research.

Source.' Knoblauch et al. (1996).
Note: Compliers are those who sta¡-ted crossrng at the Walk phase.

Table 2.2 Walking Speeds of Pedestrian Compliers with the Traffic Signal.

Factors
TotalNumber Mean 1Sth Percentile

Younger
Peds

Older
Peds

Younger
Peds

Older
Peds

Younger
Peds

Older
Peds

AllCompliers 2081 2379 1.46 1.20 1.21 0.94

Male 984 1 180 1.51 1.26 1.27 0.99
Female 1097 1 198 1.41 1.14 1.18 0.91

Street
Major Arterial 1382 1520 1.47 1.22 1.23 0.96
Collector - Distributor 163 256 1.38 1.18 1.18 0.94

Local Street 536 603 1.45 1.15 1.20 O.BB

Pedestrian Signal
None 325 404 1.46 1.18 1.20 0.91

Word 1207 1 386 1.47 1.21 1.21 0.94

Symbol 549 589 1.44 1.19 1.23 0.96
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Laplante and Kaeser (2004) reviewed pedestrian walking speed assumptions in

the MUTCD as well as findings in previous research. The impact on signal timing

and capacity due to different assumed pedestrian walking speed, street widths,

and signal cycle lengths, was also analyzed. The minimum pedestrian time

corresponds to the minimum walk interval (four seconds) plus the pedestrian

clearance interval (which must equal flashing don't walk plus yellow plus all red).

The clearance interval was calculated based on the road width and the assumed

pedestrian crossing speed. Table 2.3 and Table 2.4 show the findings from this

work. Table 2.3 shows the minimum pedestrian times for various street widths,

while Table 2.4 shows intersection efficiency for various cycle lengths based on

Table 2.3. lntersection efficiency represents the remaining portion of a signal

cycle available for separate cross traffic and turning movement phases after the

traffic phase concurrent with the minimum pedestrian phase is completed and

after subtracting four seconds (the yellow and all red clearance phases).

The authors suggested the highlighted diagonal band on Table 2.4 corresponded

to the most likely traffic engineering scenarios. Using a long total cycle length for

a narrow street would not cause any problems. However, for wide streets it is

not desirable to use a shoft total cycle length. The authors noted that the

minimum pedestrian phase calculation is used only when an intersection is close

to capacity or involves a minor street crossing a very wide arterial. They

recommended to change the current MUTCD walking speed assumption to 3.5
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fVs (1.1 m/s) for determining the pedestrian clearance interual, and 3.0 fUs (0.9

m/s) for the entire walk plus pedestrian signal phasing.

Fitzpatrick et al. (2006) collected data from 42 study sites through seven states in

the U.S. to determine pedestrian walking speed considering different pedestrian

crossing treatments. A total sample size of 2,552 pedestrians was obtained. Of

these, 92 were classified as older pedestrians (60 years of age and older), and

Table 2.3 Minimum Total Pedestrian Time.

Minimum Total Pedestrian Time (in seconds).
Pedestrian clearance time from curb-to-curb plus 4 seconds minimum walk interval.

Street W¡dth
4.0 sec. walk + 1.2 m/s
pedestrian clearance

time

4.0 sec. walk + 1.1 m/s
pedestrian clearance

time

4.0 sec. walk + 0.9 m/s
pedestrian clearance

time
12m 14.0 15.4 17.3

18m 19.0 21.1 24.0
24m 24.0 26.9 30.7

30m 29.0 32.6 37.3
36m 34.0 38.3 44.0

Source: Laplante and Kaeser, 2004.

Table 2.4 lntersection Efficiency.

lntersection Efficiency (%).
Proportion of green time available for other non-concurrent movements.

Street
W¡dth

60 sec cycle 80 sec cycle 100 sec cycle 120 sec cycle

1.2mls 0.9 m/s 1.2 mls 0.9 m/s 1.2mls 0.9 m/s 1.2mls 0.9 m/s

12m xîÌli0¡7..d ìiììi,C...64;Ì 0.78 0.73 0.82 0.79 0.85 0.82
18m iììltii-g,3-itili i,t¡:ii;s:iari,¡i¿ 0.77 0.77 0.81 0.77
24m 0.53 0.42 .ì*.t0j"6ry¿li1 tffie:ií1tffi 4.77 0.71

30m 0.45 0.31 0.59 0.48 ii:1í,,þ'6yiíl!it íäi;r.O-r.59.

36m 0.37 0.20 0.53 0.40 0.62 0.52 r0:6gt:! ri0!06:¡li
Source: Laplante and Kaeser, 2004.
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15 were classified as "elderly and/or physically disabled". The median walking

speed was 1.34 m/s, and the 1Sth percentile walking speed was 0.97 m/s, for

older pedestrians. For the elderly and/or physically disabled pedestrians, the

median and the 15th percentile walking speeds were 1.03 m/s and 0.84 m/s,

respectively. ln addition, the data was regrouped in two categories - older

people (older than 60 years of age) and younger people (60 years of age and

younger). lt was found that walking speed values for younger people are higher

than for older people, being the 15th percentile walking speed 1 .15 m/s (3.77 fUs)

for younger pedestrians, and 0.92 m/s (3.03 fVs) for older pedestrians. The 15th

percentile walking speeds of older pedestrians was different from that of younger

pedestrians, for each group-male, female and combined. The study also

projected an estimated walkíng speed of 1.09 m/s (3.56 fVs) for the whole U.S.

population in the years 2025 and 2045, weighted with respect to the proportions

of younger and older than 60. The study recommends the use of 1.07 m/s (3.5

ftls) walking speed for the general population and 0.90 m/s (3.00 fUs) walking

speed for the older or less able population (those older than 60 years of age).

The Traffic Engineering Handbook (lTE, 1999) presented research by J.Perry

(1992) in which walking speeds were found for physically impaired pedestrians.

Study cases included cane or crutch use, walker use, wheel chair, immobilized

knee, below-knee amputee, above-knee amputee, hip arthritis, and rheumatoid

adhritis (knee). None of these study cases reached the MUTCD assumed
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average walking speed of 4 fUs (1.2 m/s). The average pedestrian walking

speed was 2.62 fUs (0.80 m/s) for people using canes or crutches, and 2.07 fVs

(0.63 m/s) for people using walkers.

Two Australian studies investigated pedestrian walking speed at midblock

signalized crossings, and at signalized intersections. Akçelik & Associates Pty

Ltd. (2001) studied pedestrian movement characteristics at four midblock

signalized crossings of four-lane undivided roads in Melbourne. Bennett et al.

(2001) studied four intersections of four-lane roads at busy urban areas in Glen

Waverly, Balwyn, Camben¡uell, and Melbourne City. ln both studies, data was

collected in two surveys of three to four-hour periods (one on a weekday and one

on the weekend). ln addition, "pedestrians with walking difficulty" were defined

irrespective of their age. The definition includes elderly people with physical

ímpairments, and parents pushing a stroller and/or paying attention to a young

child walking alongside. At midblock crossings, these pedestrians accounted for

eight percent of the total sample, and their average walking speed was 1.29 m/s

and their 15th percentile walking speed was 1.00 m/s. At signalized intersections,

they accounted for six percent of the total sample, and their average walking

speed was 1.35 m/s and their 15th percentile walking speed was 1.15 m/s.

However, in both studies, details about the actual total sample size were not

provided, as well as clear definitions of elderly and/or physically impaired

pedestrians.
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Dunbar et al. (2004) concluded that reviewed research suggests that older

people are slower than younger people, although their speed varies according to

the circumstances. ln addition, illness (such as balance problems) seems to be

the cause of the largest reductions in walking speed.

TCRP Repoft 112INCHRP Report 562 (2006) identified and analyzed selected

treatments at unsignalized crossings to accommodate pedestrians to determine

their effectiveness. The report recommended a walking speed of 3.5 fVs (1.1

m/s) for the general population and 3.0 fUs (0.9 m/s) for the "older or less able

population".

2.2. JURISDICTIONAL SURVEY

The second element of the environmental scan was a jurisdictional survey.

Topics of interest were: (1) guidelines and standards used for the

accommodation of pedestrians at signalized intersections in Canada and the

U.S.; (2) traffic engineering issues associated with application of walking speed;

(3). use of special measures or technologies to accommodate older pedestrians

and people using assistive devices for mobility.

A total of 70 jurisdictions were contacted by phone and/or by e-mail. Of these,

54 were in the U.S. and 16 in Canada. The jurisdictions were selected in a way

that covered most of the provinces and states. ln total, 21 jurisdictions answered
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the survey; 16 jurisdictions in the U.S. and 5 jurisdictions in Canada (about 30

percent of the target jurisdictions). Table 2.5 lists the jurisdictions that responded

to the survey. A copy of the suruey form used is included in Appendix A.

The following sections present a discussion about the findings from the

jurisdictional survey.

2.2.1. Guidelines and Standards

Four of the five Canadian jurisdictions design traffic signal timing plans following

the recommendations of the Canadian Manual of Uniform Traffic Control

Table 2.5 Surveyed Jurisdictions.

Country Province/State City

Canada

Alberta Calgary, Edmonton

Manitoba Wiruripeg

New Brunswick Fredericton

Nova Scotia Halifax

United States

Arkansas Little Rock

California San Francisco

Florida Miami, Tallahassee

Michigan Lansing

Mississippi Jackson

Nebraska Lincoln

Nevada Las Vegas

North Carolina Raleigh

North Dakota Bismarck, Fargo

Oklahoma Oklahoma City

Oregon Portland

Texas Austin

Vermont Monþelier
West Virginia Charleston
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Devices. One of these four jurisdictions also refers to the Pedestrian Crossing

Control Manual of the Transportation Association of Canada (TAC). The other

jurisdiction designs traffic signal timing plans following the recommendations of

the Canadian Capacity Guide for Signalized lntersections published by the

Canadian lnstitute of Transportation Engineers (CITE).

Fourteen of the 16 U.S. jurisdictions design traffic signal timing plans following

the recommendations of the Manual on Uniform Traffic Control Devices. Two of

these jurisdictions also use the MUTCD of the state. The remaining two

jurisdictions reported using the Agency of Transportation guideline according to

the lnstitute of Transportation Engineers (lTE).

2.2.2. Pedestrian Walking Speed

The jurisdictional suruey found that all 21 jurisdictions use an assumed walking

speed of 1.2 m/s (4 fUs) for traffic signal timing purposes. The surveyed

Canadian jurisdictions stated that they typically use 1 .2 mls (or 4 fls) for most of

the intersections for traffic signal timing purposes. However, this value is

decreased in the presence of slow pedestrians. Four of the five Canadian

jurisdictions use 1.0 m/s (3.3 fUs), and the remaining jurisdiction uses 0.9 to 1.0

m/s (3.0 to 3.3 fUs).
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ln United States, all surveyed jurisdictions use 4 ftls (1.2 mls) at most locations

for traffic signal timing purposes. ln addition, one jurisdiction uses 2.8 ftls (0.9

m/s) for new signals. Similarly, another jurisdiction uses 3.5 ftls (1.1 m/s) as a

new standard for most of its locations. Furthermore, as is the case in Canadian

jurisdictions, when high volumes of slower pedestrians are present at the

intersection, a lower assumed walking speed is used. This value varies from

jurisdiction to jurisdiction in both the U.S. and Canada.

Regarding the criteria used to select locations suitable for slower pedestrian

walking speeds (less than 4.0 fUs or 1.2 m/s), all 21 jurisdictions use different

approaches. However, these locations are likely intersections close to zones

housing a "large" population of older pedestrians or people with impairments,

school zones, medical facilities, or are based on community input (people's

complains or requests).

2.2.3. Technologies for Pedestrian Accommodation at Signalized

lntersections

Nineteen of the 21 jurisdictions are implementing special measures and

technologies to accommodate a wider range of pedestrians with different

characteristics and needs at signalized intersections.
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Accessible Pedestrian Signals (APS) are a widely used technology. The Manual

on Uniform Traffic Control Devices defines an APS as a device that

communicates information about pedestrian timing in non-visual format such as

audible tones, verbal messages, and/or vibrating surfaces (MUTCD, 2003b). ln

Canada, the five jurisdictions are using vibro-tactile pushbuttons, pushbutton

locator tones, or pushbutton-integrated APS with audible outcome. Other

technologies employed by the Canadian jurisdictions are: (1) pushbutton which

provides additional crossing time in a long crosswalk only on demand and during

specific periods throughout the day to protect vehicular capacity (one of five

jurisdictions); (2) pedestrian countdown signals (one of five jurisdictions); and (3)

truncated domes in ramps at crosswalks (one of five jurisdictions).

In the United States, 14 of 16 jurisdictions are using Accessible Pedestrian

Signals (APS) such as pushbutton-integrated APS with an audible outcome, and

vibro-tactile pushbutton-integrated APS (with audible and vibro-tactile outcome).

Other technologies and measures employed by the U.S. jurisdictions are: (1)

microwave pedestrian detectors at crosswalks to extend the pedestrian

clearance interval by five to seven seconds when they detect a pedestrian at the

end of the normal Flashing Don't Walk interval (one of 16 jurisdictions); (2) two

of 16 jurisdictions are replacing standard pedestrian signal heads with Light-

Emitting Diode (LED) countdown pedestrian signal heads; and (3) tactile
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surfacing for sidewalk ramps and tactile concrete on the crosswalk (one of 16

jurisdictions).

2.3. SUMMARY

The following is a synthesis from the environmental scan:

. The population in North America is aging rapidly, and with age, comes the

higher likelihood of having impairments.

. There has been extensive research done on walking speed, but not much

of this research has been conducted in a natural environment.

. ln general, the published literature has found average walking speeds

ranging from 1 .20 to 1 .34 m/s and 1sth percentile walking speeds ranging

from 0.94 to 0.97 m/s for older pedestrians (about 60 to 65 years old and

older). ln the case of pedestrians with impairments, the literature shows

mean walking speeds ranging from 0.63 to 1.03 m/s.

. Sample sizes attained by research in walking speed in a real life

environment show that older people and physically disabled people are

less commonly found at intersections than younger people.
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Nothing in the literature addresses the issue of differences between

normal and crossing walking speed of pedestrians with and without

impairments.

The jurisdictional survey found that it is a general practice in North

America to follow the recommendations of the MUTCD. All Nodh

American jurisdictions, which replied to the suryey, assume a walking

speed of 1.2 mls. Furthermore, all of these jurisdictions use a lower

walking speed if required due to "large" volumes of older pedestrians or

people with impairments.

Nineteen of 21 jurisdictions are applying advanced technologies to better

accommodate pedestrians at signalized intersections. All of these

jurisdictions are using Accessible Pedestrian Signals.
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3. COLLISIONS INVOLVING PEDESTRIANS IN WINNIPEG

This chapter analyzes pedestrian collisions taking place in Winnipeg during the

period from 2000 to 2004 based on data provided by the Transportation Division

of the City of Winnipeg Public Works Department.

The analysis focuses on the identification of patterns in collisions involving

pedestrians at signalized intersections in a city that is highly vehicle-oriented.

The purpose of this analysis is to provide an understanding of the pedestrian

road safety problem dimension. Therefore, the analysis does not identify or

diagnose road safety deficiencies (such as black spots), but provides general

patterns regarding pedestrian collisions at signalized intersections in Winnipeg.

3.1. COLLISION DATABASE

The Transportation Division of the City of Winnipeg Public Works Department

provided the collision database involving pedestrians from 2000 to 2004 (hereon

referred to as the pedestrian collision database). ln addition, there were general

collision summary reports available on the City's web site1. These reports show

historical information on total reported collisions; general classification of

collisions by type, traffic control violation, roadway location, vehicle type, time of

t http://www.winnipeq.calpublicworks/Transoortation/collisions rep svstem.asp. Accessed on
4pri126,2007.
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the collision, and environmental conditions; general information relating to age,

gender, collision severity; and general statistics about pedestrian collisions.

Table 3.1 lists the elements included in the pedestrian collision database

provided by the Transportation Division of the City of Winnipeg Public Works

Department.

Each collision is identified with a unique code and general information concerning

location of the collision, date, time, weather and light conditions, traffic control,

severity of the collision, and number of vehiclesipersons/pedestrians involved.

The database obtained from the City of Winnipeg is an MS Access file with 3,351

records of pedestrian collisions only, between 2000 and 2004. Each record

Table 3.1 Data Elements of the Pedestrian Collision Database.

Data Element
About the Collision

Data Element
About the Vehicle

Data Element
About the

Pedestrian/Passenqer
Basic Description Vehicle Number Person lD

Collision lD Vehicle lD Person Age
Location lD Driver Age Person Gender

Location Driver Gender lnjuries
Collision Date Manoeuvre Person Action

Time of the Collision Vehicle Type Person Position
Type of Collision by Severity Direction

Traffic Control Road Surface Type

Light Conditions Road Surface Condition

Weather Conditions

Number of Vehicles

Number of Persons

Number of Pedestrians

Source: Transportation Division of the City of Winnipeg Public Works Department.
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represents an individual involved in the collision (i.e. driver, passenger,

pedestrian); therefore the database contains more records than the total number

of collisions. ln addition, each record is identified with a unique code assigned in

the "Vehicle lD" or "Person lD" fields.

3.2. HISTOR¡CAL DISTRIBUTION OF GOLLISIONS

There were a total of 77,326 reported collisions between 2000 and 2004 in

Winnipeg (this does not include parking lots and back lanes)2. During the same

time period, there were 1,642 reported collisions involving pedestrians - about

two percent of the total collisions in the city. These pedestrian collisions resulted

ín 1,669 pedestrians injured and 34 pedestrians fatally injured. Of these

collisions, 981 took place at intersections and 661 took place away from

intersections. Nearly 60 percent of intersection pedestrian collisions (575 of 981)

took place at signalized intersections. The analysis in this chapter refers to the

575 pedestrian collisions taking place at signalized intersections.

Figure 3.1 illustrates the historical distribution of pedestrian collisions at

signalized intersections during the five-year period. Between 2000 and 2004,

there were, on average, 115 pedestrian collisions per year at signalized

intersections. Years 2000 and 2003 are over the average while 2002 and 2004

2 Based on statistics provided in the 2OO4 collision report of the City of Winnipeg Public Works
Department (http://r¡invw.winnipeq.calpublicworks/Transportation/collisions rep svstem.asp).
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are under the average. Excluding 2003, there is indication of a decreasing trend

in the proportion of pedestrian collisions at signalized intersections over the

years.
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Figure 3.1 Pedestrian collisions at signalized intersections in Winnipeg (2000-2004).
Source.' Eased on analysis of pedestrian collision database

3.3. SEVERITY OF COLLISIONS

During the five-year period there were 575 collisions involving 599 pedestrians at

signalized intersections in Winnipeg. Of these, 555 are injury collisions, 10 are

fatal collisions, and eight are property damage only. ln two cases the severity

outcome is unknown. Table 3.2 shows the collision outcome for pedestrians in

terms of severity and pedestrian action. Pedestrian action is discussed in detail

in Section 3.6. As the table shows, in more than one-half of the cases

pedestrians involved in collisions at signalized intersections had the right-of-way

when the collision occurred.

2000 20042003
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3.4. TEMPORAL DISTRIBUTION OF COLLISIONS

Temporal distribution refers to month of year, day of week, and time of day.

Figure 3.2 shows the percent distribution of pedestrian collisions by month of

year at signalized intersections in Winnipeg, over the five-year period. There is

an average of 10 pedestrian collisions per month per year at signalized

intersections. Pedestrian collisions during fall (September to November) and

winter (December to February) account for 28 and 27 percent of the collisions,

respectively. One-quarter of pedestrian collisions take place during spring

(March to May) and 20 percent during summer (June to August).

Table 3.2 Pedestrian Collision Severity by Pedestrian Action

Pedestrian Action Fatal lnjury Unknown Total

Crossing with the right-of-way 5 329 5 339

Crossing without the right-of-way 3 140 1 144

Other action 1 5B 3 62

Unknown 1 52 1 54

Total Pedestrians involved in collisions at
signalized intersections 10 579 l0 599

Source: Based on analysis of pedestrian collision database
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n = 575 collisions

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 3.2 Pedestrian collisions at signalized intersections by month of year (2000-2004).

Figure 3.3 shows the percent distribution of pedestrian collisions by day of week

at signalized intersections in Winnipeg, over the five-year period. Weekends

show the smallest percent of pedestrian collisions at signalized intersections,

accounting for 15 percent, while Wednesdays show the highest proportion,

accounting for 20 percent.
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Figure 3.3 Pedestrian collisions at signalized intersections by day of week (2000-20041.
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Figure 3.4 shows the pedestrian collision distribution at signalized intersections

by time of day. The figure shows three peaks which coincide with vehicular

traffic peak periods-from 8 to g am, from 11 am to 1 pm, and from 3 to 5 pm.

n = 575 collisions

0 1 2 3 4 5 6 7 I 9 1011121314151617181920212223

Time of Day (hour)

Figure 3.4 Pedestrian collisions at signalized intersections by time of day (2000-2004).

Temporal distribution of collisions was also analyzed for those records for which

pedestrian age is known (517 pedestrians in total). Figure 3.5 shows the

dístribution of these collisions by season and by pedestrian age. Pedestrians

between 25 to 54 years of age are more involved in collisions during winter and

spring than during summer and fall. The number of collisions involving

pedestrians 65 years of age and older is constant regardless of season.

Pedestrian exposure data by age is not available to make more meaningful

comparisons.
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Figure 3.5 Pedestrians involved in collisions at signalized intersections by season and
pedestrian age (2000-2004).

Note: Based only on those records for which pedestrian age rs known.

3.5. DISTRIBUTION OF COLLISIONS BY AGE AND GENDER

Of the 599 pedestrians involved in the 575 collisions at signalized intersections,

age and gender are known for 517 pedestrians. Of these 299 are female (about

58 percent) and 218 are male. Figure 3.6 shows the distribution of pedestrians

involved in these collisions by age and gender, from 2000 to 2004. As the figure

illustrates, older pedestrians (people 65 years of age and older) account for 12

percent of pedestrians involved in these collisions. The figure also shows that

women, between 15 and 24 years of age and between 45 to 54 years of age,

have the greatest involvement in collisions at signalized intersections. ln

addition, older women are more involved in collisions than older men.
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Figure 3.6 Pedestrians involved in collisions at signalized intersections (2000-2004).

3.6. PEDESTRIAN ACTION

Pedestrian action is reported for 545 pedestrians. Table 3.3 summarizes the

pedestrian action for these cases. The table shows that more than 60 percent of

the pedestrians involved in collisions at signalized intersections were crossing

the intersection with the right-of-way.

Age and gender are known for 291 of 339 pedestrians involved in collisions when

crossing with the right-of-way. Figure 3.7 shows the age distribution of

pedestrians involved in these collisions. The figure shows that pedestrians

between 35 to 54 years of age are more involved in this type of collisions than

older pedestrians. Pedestrians aged 65 and older account for 15 percent of the
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total. Of these, pedestrians between 75 and 84 years of age are more involved

in collisions when crossing with the right-of-way.

Note: pedestrian action is unknown for 54 pedestrians.
Source: Based on analysis of pedestrian collision database

n = 291 pedestrians
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Figure 3.7 Pedestrians involved in collisions while crossing with the right-of-way at
signalized intersections (2000 - 2004).
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Table 3.3 Pedestrian Action for Collisions at Signalized lntersections (2000-2004).

Pedestrian Action Total oflo

Crossing at the intersection with the right-of-way 339 62

Crossing at the intersection without the right-of-way 144 26

Running into the roadway 28 5

Coming from behind the vehicle or object on the roadside 12 2

On sidewalk, median, or safety zone 7 1

Pushing or working on a vehicle 3 <1
Walking on Roadway (traveled portion) 3 <1
Workíng on roadway 3 <1
Getting on/off of another vehicle 3 <1
Walking along roadway with traffic 2 <1
Crossing at the intersection with non-traffic control 1 <1

Total 545 100
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3.7. DRIVER AGE AND GENDER

There were 594 drivers involved in pedestrian collisions at signalized

intersections in Winnipeg during the five-year period. Of these, age and gender

are known for 483 drivers. Figure 3.8 shows the collision distribution by driver

age in pedestrian collisions at signalized intersections. The distribution shows

that drivers between 25 and 34 are more involved in collisions striking

pedestrians than drivers in other age categories. Drivers aged 65 years and

older are involved in 10 percent of pedestrian collisions at signalized

intersections over the five-year period.
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Figure 3.8 Drivers involved in pedestrian collisions at signalized intersections by driver
ase (2000-2004).

Driver age is known for 259 drivers involved in pedestrian collisions when the

pedestrian crossed with the right-of-way (ROW), and for 138 drivers involved in

pedestrian collisions when pedestrians crossed without the ROW. Figure 3.9
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shows the distribution of drivers involved in pedestrian collisions by age, when

pedestrians crossed with or without the ROW at signalized intersections. This

figure shows that younger drivers (under 45 years of age) are involved in about

70 percent of pedestrian collisions when pedestrians cross without the ROW. ln

contrast, older drivers (65 years and older) are involved in three percent of this

type of collisions. The figure also shows that older drivers are involved in 15

percent of the pedestrian collisions when pedestrians crossed with the ROW at

the signalized intersection.
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Figure 3.9 Drivers involved in pedestrian collisions at signalized intersections in by driver
age and pedestrian action (2000-2004).
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3.8. GEOGRAPHICAL LOCATION OF PEDESTRIAN COLLISIONS

Figure 3.10 shows Winnipeg's signalized intersections at which pedestrian

collisions took place between 2000 and 2004. This figure shows the

concentration of collisions in downtown and throughout main corridors of the city

such as Portage Avenue, Henderson Highway, Main Street, and Pembina

Highway, where high traffic volumes exist. ln fact, 112 of 575 or 22 percent of

pedestrian collisions at signalized intersections take place along Portage

Avenue.

Figure 3.11 shows those signalized intersections in Winnipeg with five or more

pedestrian collisions during the five-year period. Three of these intersections

registered seven collisions during the five-year period. Traffic volumes range

between approximately 20,000 and 85,000 entering vehicles per day. Appendix

B lists these signalized intersections.

Figure 3.12 shows the location of fatal pedestrian collisions at signalized

intersections in Winnipeg, from 2000 lo 20O4. All of these fatal collisions are

located west of downtown. Four of the fatal pedestrian collisions occurred at

intersections along Portage Avenue. A map of the location of pedestrian

collisions by severity at signalized intersections is provided in Appendix B.
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Map by J. Arango (c) UMTIG, 2008

Figure 3.10 Pedestrian collisions at signalized intersections in Winnipeg.
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Figure 3.11 Signalized intersections with the highest pedestrian collisions frequency

(2000-2004).
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Figure 3.12 Location of fatal pedestr¡an collisions at signalized intersections (2000-2004).

3.9. SUMMARY

This chapter analyzes pedestrian collisions taking place in Winnipeg during the

period from 2000 to 2004, in order to determine pedestrian collision's patterns.

The data were provided by the Transportation Division of the City of Winnipeg
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Public Works Department. Understanding pedestrian collision patterns reveals

the importance of improving the engineering practices regarding the

accommodation of pedestrians in relation with other users of the transportation

system.

The analysis found that 28 and 27 percent of the total collisions at signalized

intersections occurred during fall (September to November) and winter

(December to February), respectively. Weekends account for 15 percent of

pedestrian collisions at signalized intersections while Wednesdays show the

highest proportion, accounting for 20 percent.

The analysis also found a constant number of pedestrian collisions at signalized

intersections involving older pedestrians (65 years of age and older) regardless

of season. ln addition, older women are more involved ín these collisions than

older men.

It was also found that in approximately 60 percent of pedestrian collisions at

signalized intersections, the pedestrian crossed with the right-of-way. Of these,

in about 50 percent of the cases the vehicle that hit the pedestrian was turning

left.
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Regarding the geographical location of pedestrian collisions at signalized

intersections, it was found that they are concentrated in downtown and

throughout main corridors of the city. All fatal pedestrian collisions at signalized

intersections are located west of downtown.

The collision analysis reveals the need for improving the accommodation of

pedestrians at urban signalized intersections. This would also apply to older

pedestrians and pedestrians with impairments.
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4. METHODOLOGY USED TO DETERMINE PEDESTRIAN

WALKING SPEED

This chapter discusses the methodology used in this research for the data

collection process and to determine pedestrian walking speed. The chapter

starts by describing the methodology used when collecting data at signalized

intersections. lt then presents the methodology used for data collection along a

road segment. Methodology as published in the Transportation Research Board

by Arango and Montufar (2008); and Montufar et al. (2007).

For this research, the normal walking speed is defined as the speed at which

pedestrians walk when they go about their daily activities, without needing to

cross any intersection, and without having any external pressures as a result of

having to cross the intersection. Crossing walking speed is defined as the speed

at which pedestrians cross a given signalized intersection.

Pedestrian walking speed data were collected under two different scenarios. The

first scenario involves collecting data at signalized intersections for the purpose

of measuring normal and crossrng walking speed of younger versus older

pedestrians, as well as walking speed of pedestrians using walkers or canes.

The second scenario involves collecting data along a road segment in a
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residential neighbourhood to measure normalwalking speed of older pedestrians

using walkers or canes for mobility, and compare this result to that obtained from

the intersection analysis.

4.1. METHODOLOGY FOR SIGNALIZED INTERSECTIONS

The methodology used at signalized intersections involves the following: (1)

determining the characteristics of the study groups; (2) determining the sample

size; (3) selecting the sites for field investigations; (4) preparing for the data

collection; and (5) collecting the data.

4.1,1. Gharacteristics of the Study Group

Walking speed data were collected for two groups of people at various signalized

intersections throughout the city. One group involves older pedestrians (i.e.,

those who appear to be 65 years of age and older), and the other involves

younger pedestrians (i.e., those who appear to be between 20 and 64 years of

age).

The following situations and/or types of pedestrians were excluded during the

data collection process to avoid biases in the analysis:

Pedestrians walking with children.
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. Pedestrians walking with dogs or other pets.

. Pedestrians walking with bikes, using roller-skates, skateboards or any

other similar device.

. People using any kind of assistive device for mobility different to walkers

or canes.

. People for whom gender or age were not easily determined when

conducting the data collection.

. Pedestrians running for part of the way, or for the entire distance of

interest.

. Pedestrians not following the crosswalk alignment (i.e., crossing

diagonally).

. Pedestrians not completing the crossing (i.e., stopping in the median) for

unknown reasons but not because they did not have enough time to cross.

. Pedestrians who cross away from the intersection.

. Pedestrians accompanied by someone else, and who were distracted by

carrying on a conversation.

Sínce the objectives of this research involve the investigation of walking speed as

a function of age and gender in real-life conditions, it was important to consider

only people who were walking alone. ln other words, when a person walks

accompanied by someone (either a child or someone else), the walking speed

may be different from what it would be if the person were walking alone. For
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example, in cases where children are walking with an adult, it is not possible to

determine if the child is walking faster to keep up with the adult, or if the adult is

walking slower to accommodate the child. The same situation applies to people

who are walking together and carrying on a conversation. Therefore, to avoid

biases in the walking speed analysis, these situations were excluded from the

data collection process.

4.1.2. Sample Size

A total sample of 1,792 pedestrians was collected for statistical significance

purposes. Of these, 1,104 records correspond to summer and 688 to winter.

Additionally, a sample size of 72 older pedestrians using walkers or canes for

mobility was obtained to analyze normal and crossing walking speed for this

pedestrian group. Of these, 33 records correspond to summer and 39 to winter.

4.1.3. Selection of Sites for Field lnvestigations

Sites were selected based on two primary criteria: (1) demographic

characteristics based on the most recent census data; and (2) expert knowledge

about the demand for pedestrian travel in a given area. The census information

was used to identify areas with high older population densities. Once these

areas were identified throughout the city, expert knowledge was used to select

sites for data collection purposes. For example, given the right demographic
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characteristics for a given area, sites located close to a nursing home are

selected over sites located close to a secondary school. Similarly, sites located

close to businesses such as pharmacies or shopping malls are selected over

sites located far from any major attractor. The reason for doing this is the

interest in maximizing exposure to older pedestrian activity. lt was believed that

regardless of the location, there would always be more younger than older

pedestrians.

Figure 4.1 shows the eight locations selected for data collectíon: (1) Leila

Avenue at Sinclair Street; (2) Henderson Highway at Mcleod Avenue; (3)

Graham Avenue at Donald Street; (4) Graham Avenue at Kennedy Street; (5)

Osborne Street at River Avenue; (6) Osborne Street at Stradbrook Avenue; (7)

St. Anne's Road at Niakwa Road; and (B) Meadowood Drive at Dakota Street.

ïhese are the general characteristics of these intersections:

All are signalized intersections with traffic volumes ranging from 8,000 to

49,000 vehicles per day, and pedestrian activity ranging from about 1,000

to 12,000 pedestrians per day.

lntersection widths range from 8.00 m (26.25 ft) to 28.00 m (91.00 ft) at

roads with or without medians.

The number of lanes to cross range from two to six.

All intersections allow the operation of buses and trucks.
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No countdown pedestrian signals are in place.

All intersections have four legs with the exception of one intersection

which is a T-intersection.

Five of the intersections have pushbuttons and the other three are pre-

timed.

All signal timing plans are conseruative, and the minimum WALI(DON'T

WALK times are based on the current Canadian MUTCD standards. ln

the case of push button signals, if pedestrians do not push the button, no

WALK signal will appear.

Seven of the eight intersections have signal timing plans that assume a

walking speed of 1.2 m/s (4 fVs). The other location is programmed

assuming a walking speed of 1.0 m/s (3.28 fUs). The actual WALI(DON'T

WALK times allowed for pedestrians vary depending on the crosswalk

width.

4.1.3.1. Leila Avenue and Sinclair Street

The intersection of Leila Avenue and Sinclair Street is a four-leg signalized

intersection with sidewalks on all legs. Although the area is mainly residential,

there is a commercial mall at the southeast corner (Leila Square).

Leila Avenue is an east-west arterial. At this intersection, Leila Avenue is a six-

lane divided roadway with traffic volumes ranging approximately from 27,000 to
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29,000 vehicles per day. At this intersection, Sinclair Street is a two-lane

undivided collector. Figure 4.2 shows the layout of this intersection.

Figure 4.1 Data collection sites.

4.1.3.2. Henderson Highway and McLeod Avenue

This is a four-leg signalized intersection with sidewalks on all legs. The area

houses many residential developments, as well as several commercial

developments, including two gas stations.

Henderson Highway is a six-lane divided arterial which runs north-south, and has

traffic volumes ranging approximately from 37,000 to 42,000 vehicles per day.
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Mcleod Avenue is an east-west collector which changes its name at the west

side of the intersection to Rowandale Avenue. At this intersection, Mcleod

Avenue is a three-lane undivided roadway with traffic volumes around 12,000

vehicles per day (AWDT). Figure 4.3 shows the layout of this intersection.

Figure 4.2 lntersection of Leila Avenue
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Figure 4.3 lntersection of Henderson Highway and McLeod Avenue.

4.1.3.3. Graham Avenue and Donald Street

This is a four-leg signalized intersection with sidewalks on all legs. This

intersection is located in the core area of downtown Winnipeg.

At this intersection, Donald Street is a four-lane undivided roadway with traffic

volumes ranging approximatelyfrom 14,000 to 15,000 vehicles perday. Graham
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Avenue is an east-west two-lane undivided collector. Figure 4.4 shows the

layout of this intersection.

Figure 4.4lntersection of Donald Street and Graham Avenue.

58



Jorge Arango

4.1.3.4. Graham Avenue and Kennedy Street

This is a four-leg signalized intersection with sidewalks on all legs. This

intersection is located in the core of downtown Winnipeg.

At this intersection, Kennedy Street is a two-lane undivided arterial, and Graham

Avenue is two-lane undivided collector running in the east-west direction. Figure

4.5 shows the layout of this intersection.

4.1.3.5. Osborne SfreeÍ and River Avenue

This is a four-leg signalized intersection with sidewalks on all legs. This

intersection is located in a mixed land use area.

At this intersection, Osborne Street is a four-lane undivided north-south arterial

with traffic volumes ranging from approximately 30,000 to 39,000 vehicles per

day. At the north of the intersection, Osborne Street has an additional lane which

is a bus priority lane. River Avenue is a two-lane undivided roadway with an

additional lane for right turning movements on the east side of the intersection.

Traffic volumes on River Avenue range from approximately 8,700 to 9,600

vehicles per day. Figure 4.6 shows the layout of this intersection.
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Figure 4.5 lntersection of Graham Avenue and Kennedy Street.
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Figure 4.6 Intersection of Osborne Street and River Avenue.

4.1.3.6. Osborne Sfreef and Stradbrook Avenue

This is a four-leg signalized intersection with sidewalks on all legs. The

intersection is located in a mixed land use area. ln addition, the south-east

corner houses a fire station.
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At this intersection, Osborne Street is a four-lane divided arterial with traffic

volumes ranging from approximately 30,000 to 34,000 vehicles per day. On the

south of the intersection, Osborne Street has an additional lane for right turning

movements. Stradbrook Avenue is an undivided arterial with traffic volumes

ranging from approximately 8,200 to 8,500 vehicles per day. Stradbrook Avenue

has three lanes with a curb extension in the east side of the intersection. Figure

4.7 shows the layout of this intersection.

4.1.3.7. Sf. Anne's Road and Niakwa Road

The intersection of St. Anne's Road and Niakwa Road is a three-leg signalized

intersection with sidewalks on all legs. Although the area is mainly residential,

there are also commercial developments on the northeast (a gas station and a

shopping mall) and on the west side of the intersection.

At this intersection, St. Anne's Road is a four-lane divided roadway with traffic

volume of approximately 28,000 vehicles per day. Niakwa Road is an east-west

undivided collector with three lanes at the íntersection. Figure 4.8 shows the

layout of this intersection.
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Figure 4.7 Intersection of Osborne Street and Stradbrooke Avenue.
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Figure 4.8 lntersection of St. Anne's Road and Niakwa Road.

4.1.3.8. Meadowood Drive and Dakofa Súreeú

The intersection of Dakota Street and Meadowood Drive is a four-leg signalized

intersection with sidewalks on all legs. The intersection is located in a mix land

use area. The St. Vital Mall is located on the north-west corner of this
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intersection. At this intersection, Dakota Street is a six-lane divided arterial with

traffic volumes of approximately 25,000 vehicles per day. Meadowood Drive is a

four-lane divided collector. Figure 4.9 shows this layout.

Figure 4.9 lntersection of Dakota Street and Meadowood Drive.
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4.1.4" Preparation for Data Collect¡on

Two types of distances were measured at each intersection prior to data

collection, as illustrated in Figure 4.10. Thefirstdistance (D1), called the normal

distance, is located on the sidewalks a distance away from the intersection. This

ís the distance used to determine the normal walking speed of pedestrians. As

stated earlier, this is the speed at which pedestrians walk when they go about

their daily activities, without needing to cross the given intersection, and without

having any external pressures as a result of having to cross the intersection.

Because pedestrians can approach the intersection from different directions, a

total of I distances D1 were identified per location (two per leg - one on either

side of each leg). These distances were measured in the field with measuring

tape and they varied from 4 m (13.12 ft) to 12 m (39.37 ft) in length, depending

on the location. The second distance (D2) corresponds to the crosswalk,

measured from curb to curb using GIS software. This distance is used to

determine the pedestrian crossrng speed. The crossrng speed is the speed at

which pedestrians cross the signalized intersection.

4.1.5. Data Collection Process

At each location, unaware pedestrians were timed as they traversed both

distances (normal and crosswalk). The times were taken by two data collectors

Ín the field using stop watches. Each pedestrian was timed for both the normal

and the crosswalk distances (D1 and D2) to determine and compare normal
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walking speed with crosstng walking speed. Additional information such as

approximate age of pedestrian (over or under 65 years of age), gender, weather

conditions, temperature, use of walkers or canes, and survey date was collected

at each site. Appendix C shows the survey form used for data collection.

Figure 4.10 Schematic of intersection layout and distances of interest.

At crosswalks, pedestrians were timed from the instant when they stepped onto

the crosswalk to the ínstant when they left the crosswalk (i.e., from curb to curb).

All pedestrians for which data was collected stafted walking at the beginning of

the WALK phase. This meant that data for only two pedestrians could be

obtained per cycle as only two observers were collecting the information (one

pedestrian per obseruer). lt was imporlant to consider only pedestrians who

D1(r ililtilrilil1

tffililillil Â
(notto scale)
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started walking at the beginning of the WALK phase to avoid biases in terms of

walking speed as a result of having started to cross later in the cycle.

Data was collected in 3-hour periods in the morning and/or early afternoon

between 10:00 am and 2:00 pm atthe same location until the minimum required

sample size was achieved for each group (younger and older pedestrians who do

not need assistive devices for ambulation). This time frame was selected in

order to maximize older pedestrian exposure. Each intersection was visited

during the same time in winter and summer to be able to extract seasonal

comparisons. Once the sample size was obtained, the researcher proceeded to

collect data at the next location in the same manner.

Because older pedestrians using walkers or canes are less frequent at

intersections, data was collected for this group as they appeared at each

intersection. The required sample was collected over a period of 1B months.

4.2. METHODOLOGY FOR THE ROAD SEGMENT

Similar to the signalized intersections, the road segment methodology involved

the following: (1) determining the characteristics of the study group; (2)

determining the sample size; (3) selecting the site for field investigations; (4)

preparing for the data collection; and (5) collecting the data.
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This data collection was done to confirm the results obtained from the signalized

intersection analysis regarding normalwalking speed of older pedestrians using

walkers or canes.

4.2.1. Characteristics of the Study Group

Walking speed data was collected for older people using assistive devices for

mobility such as walkers and canes at one residential location. Older

pedestrians are those who appeared to be 65 years of age and older. To avoid

any biases in the walking speed analysis it was decided to exclude the following

situations from the data collection process:

. Pedestrians walking with children.

. Pedestrians walking with dogs or other pets.

. People using assistive devices other than canes or walkers.

. People for whom gender or age were not easily determined by the

researchers conducting the data collection.

. Pedestrians not completing the distance of interest (i.e., stopping).

. Pedestrians accompanied by someone else, and who seemed to be

distracted by carrying on a conversation.

4.2.2. Sample Size

A total sample size of 118 older pedestrians using walkers or canes was

collected along the road segment to determine their normalwalking speed only,
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as they were not crossing any intersections. Data were collected only in summer

during June and July, 2006. Data were not collected in winter because when the

sidewalk is covered with snow or ice, older pedestrians tend to avoid the

sidewalk and walk on the road instead.

4.2.3. Selection of Site for Field lnvestigations

A road segment was selected on Niakwa Road between St. Anne's Road and the

west side of the bridge over the Seine River as illustrated in Figure 4.11. The

road segment is located at Alpine Place, a neighbourhood with about 42 percent

of the population being 60 years of age or older.

The road segment was also selected based on: (1) demographic characteristics

based on the most recent census data; and (2) expert knowledge about the

demand for pedestrian travel in the area.

4.2.4. Preparation for Data Collection

Figure 4.12 illustrates the road segment layout. Various normaldistances (D1)

were measured along the segment prior to data collection. They were located on

the sidewalks a distance away from any intersection. These distances varied

from 5 m (16.39 ft) to 14 m (45.90 ft) in length, depending on the location.
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Pedestrians walking on this road segment did not have to cross any signalized

intersection.

Figure 4.11 Road Segment on Nialarya Road.
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Figure 4.12 Schematic of road segment layout and distances of interest.

4.2.5. Data Collect¡on Process

Unaware pedestr¡ans were timed as they traversed any of the normal distances.

The times were taken by one data collector in the field using stop watches.

Additional information such as gender, weather condition, temperature, use of

walkers or canes, and survey date was collected. Appendix C shows the survey

form used in the data collection process.

Data was collected in 3-hour periods during the morning and the afternoon,

between 9:00 am and 12:00 pm, and 1:00 pm to 4:00 pm, atthe same location

during two months.
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5. PEDESTRIAN WALKING SPEED

This chapter discusses the data analysis involving pedestrian walking speed. A

key element of the analysis is to describe and characterize the normalwalking

speed and the crosstng walking speed of pedestrians while accounting for age,

gender and seasonal differences. The analysis is divided into two components:

(1) walking speed of pedestrians who do not use assistive devices for mobility

(both older and younger), and (2) walking speed of older pedestrians who need

walkers or canes for mobility. Appendix D and Appendix E contain the statistical

analysis for this chapter. Analysis as published in the Transportation Research

Board by Arango and Montufar (2008); and Montufar et al. (2007).

5.1. PEDESTRIANS WHO DO NOT USE ASSISTIVE DEVICES FOR MOBIL¡TY

A total of 1,792 pedestrians were timed at the selected sites throughout the city

to determine their normal and crossrng walking speeds. Of these, 60 percent

were female and 40 percent were male. Nearly one-half of these pedestrians

were older and one-half were younger, as defined in this research.

A three-way Analysis of Variance (ANOVA) was conducted to determine if

differences in gender, age, and season were statistically significant for each

normal and crossrng walking speeds at a g5 percent confidence level. ln each
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case, walking speed was treated as the dependent variable while gender, age,

and season were the independent variables. The Holm-Sidak test was used to

find where the statistical differences were.

The next step was to conduct a repeated measures analysis of variance to

determine whether statistical differences existed between normal and crossrng

walking speeds for each pedestrian. Table 5.1 shows the results of the repeated

measures analysis. From this table, it can be seen that differences between

normal walking speed and crossrng walking speed are statistically significant at

the 95 percent confidence level in all cases, regardless of age and gender (p <

0.001). The following sections provide a more detailed discussion about the

findings from the analysis.

Table 5.1 Repeated Measures ANOVA for Walking Speed Type Comparisons

Effect Sum of
Squares

Degree of
Freedom

Mean of
Squares F Ratio p

Gender 5.524 1 5.524 49.84 < 0.001

Age 46.755 1 46.755 421.89 < 0.001

Gender"Age 0.008 1 0.008 0.07 0.786

Walking Speed Type 44.666 1 44.666 906.62 < 0.001

Walking Speed Type"Gender 0.003 1 0.003 0.06 0.804

Walking Speed Type*Age 0.160 1 0.160 3.25 0.072

Walking Speed Type*Age*Gender 0.004 1 0.004 0.09 0.766

Note: p value s 0.05 indicates the difference is statistically significant.
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5.1.1. Walking Speed of Older Pedestrians

A total sample of 865 older pedestrians was used in this analysis. Of these, 541

correspond to summer and 324 to winter. Table 5.2 shows the average and 15th

percentile walking speeds for older pedestrians under normal and crossing

walking conditions.

Table 5.2 illustrates that in general, based on average walking speed, older

pedestrians walk faster when crossing the street (1.36 m/s or 4.46 ft/s) than

when walking normally (1.14 m/s or 3.74 ftls). These figures are statistically

Table 5.2 Walking Speed of Older Pedestrians (Age 65 and Older)

Description
Number

of
Records

Percent
of Total

Average Walking
Speed (m/s)

I 5th Percentile Walking
Speed (m/s)

Normal Crossing Normal Crossing

Full Data Set

AllSeniors 865 '100 1.14 1.36 0.88 1.08

Female Seniors 527 61 1.11 1.33 0.85 1.06

Male Seniors 338 39 1.19 1.40 0.94 1.11

Summer

AllSeniors 541 '100 1.18 1.35 0.94 1.08

Female Seniors 324 60 1.15 1.33 0.90 1.08

Male Seniors 217 40 1.23 1.39 0.97 1.09

Winter

AllSeniors 324 100 1.08 1.36 0.81 1.06

Female Seniors 203 63 1.05 1.33 0.79 1.03

Male Seniors 121 37 1.12 1.42 0.86 1.12

Note: 1 ft/s = 0.305 m/s
Senior refers to the older pedestrian age group þ- 65 years old)
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different at the 95 percent confidence level (p < 0.001). ln addition, the table

shows clear diflerences between the average walking speeds of male and female

pedestrians in this age category. Older males walk faster than older females in

both cases-normal walking and crosslng conditions, regardless of the season.

These differences are also statistically significant at the 95 percent confidence

level (p < 0.001).

Regarding seasonal effects on walking speed of older pedestrians, the analysis

found that the average normalwalking speed is greater in summer than in winter

(1.18 m/s or 3.87 fUs versus 1.08 m/s or 3.54 fUs) (p < 0.001). However, the

average crossing walking speed is greater in winter (1.36 m/s or 4.46 ftls) than in

summer (1.35 m/s or 4.43 ftls). For all practical purposes, the crossrng speeds

are about the same for both seasons although the results are statistically

different at the 95 percent confidence level.

Table 5.2 also illustrates the 1sth percentile walking speeds. The same

obseruations are drawn regarding each of the issues previously discussed,

except for crossrng speed in summer versus winter. ln this case, the winter

crossing speed is lower than that of summer (1.06 m/s or 3.48 ftls in winter

versus 1.08 m/s or 3.54 fUs in summer).
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Figure 5.1 illustrates the cumulative distributions of normal and cross/ng walking

speed for older pedestrians. Based on this figure, it can be seen that using a

design value of 1.2 m/s (4.0 fVs), as recommended in the current Canadian and

U.S. MUTCD, nearly two{hirds of older pedestrians would be excluded in the

design process based on their normal walking speed. lf the crossrng walking

speed were used instead, nearly 40 percent of older pedestrians would be

excluded when using the MUTCD values for design. However, with the proposed

amendment to the U.S. MUTCD to lower the walking speed assumption to 3.0

fUs (0.91 m/s) for the walk phase and clearance interval, nearly all older

pedestrians would be accommodated, given that the 15th percentile normal

walking speed is 0.88 m/s (2.89 fUs).
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Figure 5.1 Normal and crossing walking speeds of older pedestrians.
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5.1.2. Walking Speed of Younger Pedestrians

A total sample of 927 younger pedestrians was used ¡n this analysis. Of these,

563 correspond to summer and 364 to winter. Table 5.3 shows the average and

15th percentile walking speeds for younger pedestrians under normal and

crossing walking conditions. Similar to the situation with older pedestrians, Table

5.3 illustrates that in general, based on average walking speed, younger

pedestrians walk faster when crossing the street (1.61 m/s or 5.28 fVs) than

when walking normally (1.36 m/s or 4.46 fUs). These figures are statistically

different at the 95 percent confidence level (p < 0.001). ln addition, the table also

shows clear differences between the average walking speeds of male and female

pedestrians in this age category. As is the case with older pedestrians, younger

males have a greater normaland crossing walking speed than younger females

regardless of the season. These differences are also statistically significant at

the 95 percent confidence level (p < 0.001).

Regarding seasonal effects on walking speed of younger pedestrians, the

analysis shows that the average normalwalking speed is greater in summer than

in winter (1.40 m/s or 4.59 fUs versus 1.31 m/s or 4.30 fUs). However, the

average crossing walking speed is significantly greater in winter (1.64 m/s or 5.38

fUs) than in summer (1.58 m/s or 5.18 ft/s).

78



Jorge Arango

It is interesting to note from the 1Sth percentile speeds in Table 5.3 that for the

slowest younger pedestrians, season is not an issue when it comes to crosslng

speed, as there is no difference between crossrng speed in winter and summer

(1.33 m/s or 4.36 fVs).

Figure 5.2 illustrates the cumulative distributions of normal and crossrng walking

speed for younger pedestrians. Based on this figure, it can be seen that most

younger pedestrians are properly accommodated when using a design value of

1.2 mls (4.0 fUs), as recommended in the current MUTCD in Canada and the

Table 5.3 Walking Speed of Younger Pedestrians (Between 20 and 64 years of age)

Description
Number

of
Records

Percent
of Total

Average Walking
Speed (m/s)

1 sth Percentile Walking
Speed (m/s)

Normal Crossing Normal Crossing

Full Data Set

AllAdults 927 100 1.36 1.61 1 .10 1.33

Female Adults 523 56 1.33 1.57 1.05 1.32

Male Adults 404 44 1.41 1.65 1.15 1.36

Summer

AllAdults 563 100 1.40 1.58 1.16 1.33

Female Adults 315 56 1.36 1.55 1.12 1.31

Male Adults 248 44 1.45 1.63 1.21 1.36

Winter

AllAdults 364 100 1.31 1.64 1.03 1.33

Female Adults 208 57 1.27 1.61 1.00 1.32

Male Adults 156 43 1.35 1.69 1.09 1.36

Note: 1 ft/s = 0.305 m/s
Adults refers to the younger pedestrian age group (between 20 and 64 years old)
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U.S. However, although 90 percent of the younger population would be properly

accommodated when using crosstng speed for design purposes (as shown in the

figure), based on the normalwalking speed of pedestrians, the figure shows that

about one{hird of these road users would be excluded when using this value for

design. The proposed amendment to the U.S. MUTCD would have a positive

impact on these pedestrians.

Figure 5.2 Normal and crossing walking speeds of younger pedestrians.

5.1.3. Walking Speed of Older Versus Younger Pedestrians

Table 5.4 illustrates the resulting walking speeds for both age groups. Note that

the numbers in brackets correspond to the walking speeds of younger

pedestrians, while the numbers outside brackets correspond to older

pedestrians. From this table it can be seen that younger pedestrians walk faster
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than older pedestrians, regardless of season (p . O.OO1), and their average

walking speed is greater than 1 .2 mls (afUs). This means that for a given

signalized intersection where 1.2 mls (afVs) has been used for signal timing

design, older pedestrians would have to walk faster than they normally do to

successfully cross the street, while younger pedestrians could successfully cross

without changing their pace. Furthermore, the average speed that older

pedestrians can attain while crossing (i.e., their crossrng speed) is the same as

that of younger pedestrians when walking normally (1.36 m/s or 4.46 ftls).

Table 5.4 Walking Speed of Older and Younger Pedestrians

Description
Number

of
Records

Percent
of Total

Average Walking Speed
(m/s)

1Sth Percentile Walking
Speed (m/s)

Normal Grossing Normal Crossing

Full Data Set

All Pedestrians 1792 100 1.14 (1.36) 1.36 (1 .61) 0.BB (1.10) 1.08 (1.33)

Female 1050 59 1.11 (1.33) 1.33 (1.57) 0.85 (1.05) 1.06 (1.32)

Male 742 41 1.1s (1.41) 1.40 (1.65) 0.e4 (1 .15) 1.1 1 (1.36)

Summer

All Pedestrians 1104 100 1 .18 (1 .40) 1.35 (1.58) 0.e4 (1.16) 1.08 (1.33)

Female 639 58 1 .15 (1 .36) 1.33 (1.55) 0.e0 (1.12) 1.08 (1.31)

Male 465 42 1.23 (1.45) 1.3e (1.ô3) 0.e7 (1.21) 1.0e (1.36)

Winter

All Pedestrians 688 100 1.08 (1.31) 1.36 (1.64) 0.81 (1.03) 1.06 (1.33)

Female 411 60 1.05 (1.27',) 1 .33 (1 .61) 0.7e (1.00) 1.03 (1.32)

Male 277 40 1.12 (1.35) 1.42 (1.6e) 0.86 (1.0e) 1.12 (1.36)

Note: 1 ft/s = 0.305 m/s
Number in brackets refers to walking speed of younger pedesfnans (between 20 and 64 years
old). Numbers oufsrde the brackets refer to walking speed of older pedesfrians þ 65 years old).
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Ïhe normal average walking speed of younger males is the greatest (1.41 m/s or

4.63 fUs), followed by younger females (1.33 m/s or 4.36 fUs), and older males

(1.19 m/s or 3.90 fUs). The slowest walkers are older females, who have a

normal average walking speed of 1.11 m/s (3.6a fUs). This comparison between

males and females also holds true for crossrng speed and for 15th percentile

walking speeds, regardless of season.

The seasonal effect on average walking speed is more evident for normal than

crossing walking speed. Both younger and older pedestrians walk faster in

summer than in winter. However, when it comes to crossing the street, both

groups walk faster in winter than summer. This could be due to a lower sense of

security experienced during winter, which leads to a desire to minimize their

exposure on the street and unwillingness to take any risks while crossing. One

important point to note, however, is that older females do not show a change in

their crosstng walking speed from winter to summer. This could be related to the

relative age of females versus males within this age category. ln other words,

the older females in the group might have been much older than the

corresponding males (but all over age 65). This is based on the fact that women

have a higher life expectancy than males in North America. lf this is the case, it

is possible that these older females were already crossing as fast as they could

in the summer, and could not go any faster in winter, as their male counterparts.
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The analysis also shows that in summer, older females increase their walking

speed by 16 percent when they cross the street (from 1 .1 5 m/s 'for normal to 1 .33

m/s for crosslng). However, in winter, the increase in speed nearly doubles to 27

percent (from 1.05 m/s for normal to 1.33 m/s for crossrng). The increase in

speed from normal to crossing for older males is lower in summer but the same

in winter as that of older females. This is about 13 percent in summer (from 1 .23

m/s for normalto 1.39 m/s for crossrng), and 27 percent in winter (from 1.12 mls

for normal to 1.42 m/s for crossing). Comparatively, younger pedestrians

increase their walking speed by 13 percent in summer (from 1.40 m/s for normal

to 1.58 m/s for crosstng), and 25 percent in winter (from 1.31 m/s for normal to

1.64 m/s for crossing). lf younger pedestrians were assumed to be the reference

group, then this would mean that older pedestrians see themselves forced to

increase their walking speed to the limit of their capabilities in order to cross a

signalized intersection, even though their physical capabilities diminish with age.

ln the case of older females this occurs not only in winter but also in summer.

5.2. OLDER PEDESTRIANS USING ASSISTIVE DEVICES FOR MOBILITY

A total of 72 older pedestrians using walkers or canes were timed at signalized

intersections throughout the city to determine their normal and crossing walking

speeds. Additionally, a total of 118 older pedestrians using walkers or canes

were timed along the road segment to determine their normal walking speed

only, as they were not crossing any intersections.
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5.2.1. Walking at Signalized lntersect¡ons

A repeated measures analysis of variance (RM-ANOVA) was conducted to

determine whether statistical differences existed between normal and crossing

walking speeds for the 72 pedestrians timed at signalized intersections.

Table 5.5 shows the results of this analysis. From this table it can be seen that

the differences between normal and crossing walking speeds are statistically

significant at the 95 percent confidence level in the case of pedestrians using

walkers or canes at signalized intersections (p < 0.001).

Table 5.5 Repeated Measures ANOVA for Walking Speed Comparisons.

Treatment Name
Number of
Records

Mean
(m/s)

Standard
Deviation

Standard
Error of the

Mean

Confidence
lntervals of
the Mean

Normalwalking speed 72 0.78 0.196 0.0231 0.05

Crossrng walking speed 72 0.95 0.223 0.0262 0.05

Source of Variation Degree of
Freedom

Sum of
Squares

Mean of
Squares F Ratio P

(probability)

Between subjects 71 5.181 0.0730

Between treatments 1 1.022 1.022 68.096 < 0.001

Residual 71 1.065 0.01s0

Total 143 7.269

Note: p value s 0.05 indicates the difference is statistically significant
Power = 1.00 (power of performed test with a = 0.05)

A Two-way Analysis

differences in gender

and crossrng walking

of Variance

and season

speed at the

(ANOVA) was conducted

were statistically significant

95 percent confidence level.

to determine if

for each normal

Walking speed
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was treated as the dependent variable while gender and season were

independent variables. The Holm-Sidak test was used to find where

statistical differences were.

Table 5.6 shows the results of the Two-Way ANOVA. This table shows that

differences in normal walking speed due to gender or season are not statistically

significant at the 95 percent confidence level. The table also shows, at the 95

percent confidence level, that differences in crossrng walking speed due to

season are not statistically significant. However, differences in crossrng walking

speed due to gender are statistically significant at the 95 percent confidence

level.

Table 5.7 shows the average and 15th percentile walking speeds for older

pedestrians using walkers and canes under normal and crossrng walking

conditions. Table 5.7 illustrates that, based on average walking speed, older

pedestrians using walkers and canes walk faster when crossing the street (0.95

m/s or 3.12 fUs) than when walking normally (0.78 m/s or 2.56 ft/s). These

figures are statistically different at the 95 percent confidence level (p < 0.001).

However, there is no difference between the walking speeds of male and female

pedestrians who use these assistive devices. Table 5.6 shows that this is true at

the 95 percent confidence level (p=0.81 1 for normal walking speed, and p=Q.941

for crossrng walking speed).

the

the
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Regarding seasonal effects on walking speed of older pedestrians using walkers

and canes, no statistical differences were found between the average normal

Table 5.6 Two Way ANOVA for Normal and Grossing Walking Speed.

NormalWalking Speed

Source of Variation Degree of
Freedom

Sum of
Squares

Mean of
Squares F Ratio P

(probability)
Season 1 0.00326 0.00326 0.0820 0.775

Gender 1 0.00229 o.oo22s 0.0574 0.811

Season X Gender 1 0.0185 0.0185 0.464 0.498

Residual 6B 2.706 0.0398

ïotal 71 2.730 0.0384

Crossing Walking Speed

Source of Variation Degree of
Freedom

Sum of
Squares

Mean of
Squares F Ratio P

(probability)

Season 1 0.361 0.361 7.800 0.007

Gender 1 0.000259 0.000259 0.00560 0.941

Season X Gender 1 0.0117 0.0117 0.253 0.616

Residual 6B 3.1 51 0.0463

ïotal 71 3.517 0.0495

Note: p value < 0.05 indicates the difference is statistically significan

Table 5.7 Walking Speed of Older Pedestrians Using Walkers or Canes.

Description
Number

of
Records

Percent
of Total

Average Walking Speed
(m/s)

1 5th Percentile Walking
Speed (m/s)

Normal Crossing Normal Crossing

All Pedestrians 72 100 o.78 0.95 0.57 0.73

Female 41 57 0.78 0.94 0.57 0.75

Male 31 43 0.77 0.95 0.58 0.73

Summer 33 46 0.78 0.87 0.57 0.66

Winter 39 54 o.77 1.01 0.58 0.81

Note: 1 ft/s = 0.305 m/s
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walking speed in summer and that in winter (p=0.775). However, the average

crossrng walking speed appears to be greater in winter (1.01 m/s or 3.31 fVs)

than in summer (0.87 m/s or 2.85 fUs). The result is statistically significant at the

95 percent confidence level (p=0.007).

Table 5.7 also illustrates 15th percentile walking speeds. The same observations

are drawn regarding each of the issues previously discussed.

Figure 5.3 illustrates the cumulative distributions of normal and crossrng walking

speed of older pedestrians using walkers or canes at signalized intersections.

Based on this figure, it can be seen that more than g5 percent of this population

does not reach the design value of 1.2 m/s (4.0 fUs), as recommended in the

current Canadian and U.S. MUTCD, when walking normally. Moreover, if the

crossrng walking speed were used instead, nearly 90 percent of these

pedestrians would still be excluded when using the MUTCD values for design. ln

addition, the assumed pedestrian walking speed of 3.5 fUs (1.07 m/s),

recommended in the Traffic Control Devices Handbook (2001) for areas with a

high volume of "slower" pedestrians, still excludes about g0 percent and 75

percent of older pedestrians using walkers or canes when looking at their normal

and crosstng walking speeds, respectively. With the proposed amendment to the

U.S. MUTCD to lower the walking speed to 3.0 fUs (0.91 m/s), nearly 82 percent
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and 55 percent of this pedestrian group would still be excluded from the design

based on their normaland crossing walking speed, respectively.

Figure 5.3 Normal and crossing walking speeds of older pedestrians using walkers or
canes for mobility at signalized intersections.

5.2.2, Walking Along the Road Segment

This analysis refers only to normal walking speed because the data collection

process only involved pedestrian walking speed along a road segment. A One-

way Analysis of Variance (ANOVA) was conducted to determine if differences in

gender were statistically significant for normal walking speed along the road

segment at the 95 percent confidence level. Walking speed was treated as the

dependent variable while gender was the independent variable.
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A total sample of 118 pedestrians was used in this analysis. Only comparisons

regarding gender were possible because the data was collected only during

summer. Table 5.8 shows the normal walking speed for this sample group. The

analysis found no statistical differences between the average normal walking

speed of female and male pedestrians at the 95 percent confidence level

(p=0.863). Table 5.8 also shows for this group of pedestrians, that males are

slower than females looking at the 1Sth percentile normal walking speed.

5.2,3. Signalized lntersections versus Road Segment

Collecting data along the road segment allowed this research to increase the

total sample size for normal walking speed, in turn strengthening the quality of

the results for this aspect of the analysis.

A One-way Analysis of Variance was conducted to determine if there were

differences between the normal walking speed of older pedestrians using walkers

or canes when data was collected at signalized intersections versus when data

was collected along the road segment. The analysis yielded no statistical

Table 5.8 NormalWalking Speed of Older Pedestrians Using Walkers or Canes.

NormalWalking Speeds
Number

of
Records

Percent
of Total

Average
walking

speed (m/s)

Confidence
lntervals of
the Mean

15"'
Percentile

(m/s)

All Records 118 100 0.75 0.032 0.56

Female 68 58 0.75 0.042 0.58

Male 50 42 0.76 0.049 0.54

Note: 1 ft/s = 0.305 m/s
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differences between the two cases. This is valid at the g5 percent confidence

level (p=g.408). Regarding pedestrian gender, no statistical difference in the

normal walking speed of female and male was found, with a 95 percent

confidence level.

Figure 5.4 illustrates the cumulative distribution of normalwalking speed of older

pedestrians using walkers or canes along the road segment. Comparing the

normal walking speed of Figure 5.3 to that of Figure 5.4, it can be seen that

slightly slower pedestrians were found along the road segment than at the

signalized intersections. However, in general, the same conclusions can be

drawn from both figures regarding the 15th percentile and B5th percentile values.

NormalWalking Speed
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0)I
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()

(d

=U

100

80
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40

20

0
c.ì \qqlnoq

OO

Walking Speed (n/s)

Note: 1 ft/s = 0.305 m/s

Figure 5.4 Normal walking speed of older pedestrians using walkers or canes, along the
road segment.
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5.3" COMPAR¡SONS BETWEEN OLDER PEDESTRIANS USING WALKERS

OR CANES AND OLDER PEDESTRIANS WHO DO NOT NEED ASSISTIVE

DEVICES FOR MOBILITY

This section presents key comparisons regarding walking speed at signalized

intersections of older pedestrians using walkers or canes for mobility, relative to

older pedestrians who do not use any assistive devices for mobility. Table 5.9

shows the walking speeds found for these two groups.

Table 5.9 Walking Speed of Older Pedestrians Who Do Not Need Assistive Devices for
Mobility and Older Pedestrians Using Walkers or Ganes for Mobility.

The following observations are drawn from Table 5.9:

Description
Number

of
Records

Percent
of Total

Average Walking Speed
(m/s)

1 Sth Percentile Walking
Speed (m/s)

Normal Grossing Normal Grossing

Full Data Set

AllSeniors s37 100 1.14 (0.78) 1.36 (0.e5) 0.88 (0.57) 1.08 (0.73)

Female 568 61 1.11 (0.78) 1.33 (0.e4) 0.85 (0.57) 1.06 (0.75)

Male 369 39 1.1e (0.77) 1.40 (0.e5) 0.e4 (0.58) 1.11 (0.73)

Summer

AllSeníors 574 100 1.18 (0.78) 1.35 (0.87) 0.94 (0.57) 1.08 (0.66)

Winter

All Seniors 363 100 1.08 (0.77) 1.36 (1.0r) 0.81 (0.58) 1.06 (0.81)

Note: 1 ft/s = 0.305 m/s
Number in brackets refers to walking speed of older pedesfrans þ 65 years old) usíng walkers
or canes for mobility. Numbers outside the brackets refer to walking speed of older
pedestrians þ 65 years old) who do not need asslsúive devices for mobility.
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The crossrng walking speed was higher than the normal walking speed for

both pedestrian groups at signalized intersections. This reflects a behavior

in which regardless of season, age, gender, and ambulatory capability

(whether using assistive devices or not), pedestrians walk faster when

crossing the street. However, not all pedestrians increase their speed by

the same amount from normal to crossing. This speed increment seems

to depend on gender and season. ln general, there is a 19 percent

increase in average walking speed (from normal to crossrng) for older

pedestrians who do not use assistive devices for mobility. Comparatively,

this change in average walking speed is 22 percent for older pedestrians

using walkers or canes when crossing the street (going from 0.78 m/s or

2.56 fUs as the normal walking speed to 0.95 m/s or 3.12 ftls as the

crossrng walking speed). The increase in average walking speed is higher

in winter than in summer, and it is also higher for older pedestrians using

walkers or canes than for older pedestrians not using assistive devices for

mobility. ln winter, there is a 26 percent increase in going from the

average normal walking speed to crossrng walking speed for older

pedestrians without assistive devices (1.08 m/s to 1.36 m/s, or 3.54 fUs to

4.46 fVs). Comparatively, this change in speed is 31 percent for older

pedestrians using walkers orcanes (0.77 m/s to 1.01 mis, or2.53 fUs to

3.31 fUs). This means that older pedestrians using canes or walkers have

to increase their walking speed by much more than other older
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pedestr¡ans when crossing a signalized intersection. This increase is also

higher for older women than for older men who do not use assistive

devices to cross a signalized intersection. comparatively, the average

walking speed increment from normal to crossrng in older pedestrians

using walkers or canes is the same for females and males. The increase

in average walking speed (from normalto crossrng) for older females and

males not needing assistive devices is 20 percent and 18 percent

respectively. ln the case of older pedestrians using walkers and canes,

this increment is about 22 percent for both genders.

For both normal and crossrng walking speed of older pedestrians with no

assistive devices, older males walk faster than older females. This is not

the case for older pedestrians using walkers or canes, where both

genders appear to walk at the same speed. This behavior holds true for

both the average and 15th percentile walking speeds.

The normal average walking speed is greater in summer than in winter for

older pedestrians with no assistive devices (1.18 m/s or 3.87 ftls in

summer compared to 1.08 m/s or 3.54 fvs in winter). However, there is no

seasonal difference in normal walking speed for older pedestrians using

walkers or canes (0.78 m/s or 2.56 fVs in summer compared to 0.77 m/s

or 2.53 fUs). These figures are within the range of average walking speed
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when using canes or walkers, found by Perry (1992) and referenced in the

Traffic Engineering Handbook (1 999).

The crossing average walking speed is about the same in winter and

summer for older pedestrians with no assistive devices (1.36 m/s or 4.46

fUs in winter compared to 1.35 m/s or 4.43 ftls in summer). However,

there is a noticeable seasonal effect for older pedestrians using walkers or

canes (1.01 m/s or 3.31 fUs in winter compared to 0.87 m/s or 2.85 fUs in

summer). The reason for these differences is not clear but it could be

associated with a desire by pedestrians to minimize their exposure to risk

as they cross an intersection.

5.4. IMPLICATIONS FOR TRAFFIC ENGINEERING

It is a common practice to use a walking speed of 1.2 m/s (4.0 fUs) when

designing for pedestrians, and to use a lower value when slower pedestrians are

present. lt is also well-known that as people age, they will walk slower. ln

addition, as people age, mobility constrains become more frequent, resulting in

impairments. When engineers and planners fail in their purpose to properly

design for all users, impairments are translated into disabilities.

This research has found differences between the speed at which pedestrians

walk under normal conditions versus when they cross at signalized intersections.
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ln addition, there are other issues that must be considered when designing for

pedestrian accommodation. These are not necessarily related to the dataset, but

ceftainly came about as a result of the data collection process. One specific

example is the fact that older pedestrians are not as present in the system during

winter as they are in summer. ls this because they are trying to minimize their

exposure to risk, or is it because of other reasons?

As transportation engineers, it is important to understand what is not seen, just

as well as what is. Not being able to see older pedestrians at locations where

they are commonly seen during summer may raise interesting questions about

reasons why this may be the case as well as the ability to properly accommodate

them at these locations. Furthermore, the difference between normal and

crossing walking speed is reflecting a behavior in all pedestrians where,

regardless of season and gender, they tend to walk faster when they cross a

signalized intersection. This has large implications for the design of

transpoftation facilities that look to accommodate pedestrians in an efficient and

equitable manner. Which walking speed should be used for the design?

Certainly, pedestrian normal walking speed is lower than pedestrian crossing

walking speed in all the cases. However, from a practical perspective, it is also

important to understand the implications of designing according to this value for

traffic flow and other traffic engineering issues.
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This research has found that even when younger pedestrians are able to

complete the crossing at their normal walking speed, they choose to cross at a

faster speed. The reason for this is not obvious, but if a person does not feel

confident enough to increase their normalwalking speed to cross the street (as

may be the case with older pedestrians), he/she may choose to avoid using the

facility. For example, in the case of older pedestrians using walkers or canes,

the speed increment from normal to crossrng walking speed is the highest.

However, the crossrng walking speed that they are able to reach is still under the

common practice value of 1 .2 m/s (their 1Sth percentile crossing walking speed is

0.73 m/s). Again, when engineers and planners fail in their purpose to properly

design for all users, any impairment is translated into a disability.
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6. CONCLUSIONS AND RECOMMENDATIONS

This chapter discusses research findings and conclusions as well as

opportunities for further research.

The purpose of this research is to investigate the normal and crossing walking

speed of pedestrians at urban signalized intersections in Winnipeg. This

research defines normalwalking speed as the speed at which pedestrians walk

when they go about their daily activities without needing to cross a given

intersection; and crossrng walking speed as the speed at which pedestrians walk

when crossing a signalized intersection. The research considers only the

following pedestrian groups: (1) younger pedestrians (ages 20 to 6Q; Q) older

pedestrians (ages 65 and older); and (3) older pedestrians using assistíve

devices for mobility.

The following conclusions are drawn from the research:

6.1. ENVIRONMENTAL SCAN

An environmental scan regarding walking speed of pedestrians including those

who use assistive devices for mobility was conducted in this research. The
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environmental scan, which was comprised of a literature review and a

jurisdictional survey, found the following:

. The population in North America is aging rapidly, and with age, comes the

higher likelihood of having impairments.

. There has been extensive research done on walking speed, but not much

of this research has been conducted in a real life environment.

. ln general, the published literature has found average walking speeds

ranging from 1.20 to 1.34 m/s and 1Sth percentile walking speeds ranging

from 0.94 to 0.97 m/s for older pedestríans (about 60 to 65 years old and

older). ln the case of pedestrians with impairments, the literature shows

mean walking speeds ranging from 0.63 to 1.03 m/s.

. Nothing in the literature addresses the issue of differences between

normal and crossing walking speed of pedestrians with and without

impairments.

. The jurisdictional survey found that most places in North America follow

the recommendations of the MUTCD, assuming a walking speed of 1.2
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m/s. Fu¡lhermore, most jurisdictions use a lower walking speed if required

due to large volumes of older pedestrians or people with impairments.

Many jurisdictions are applying advanced technologies to better

accommodate pedestrians at signalized intersections. The most common

type of technology is Accessible Pedestrian Signals (APS).

6.2. PEDESTRIAN COLLISIONS IN WINNIPEG

Pedestrian collisions taking place in Winnipeg during the period from 2000 to

2004 were analyzed. The analysis focuses in the identification of patterns in

collisions involving pedestrians at signalized intersections in Winnipeg. The

following are key findings from this analysis:

There were 1,642 pedestrian collisions in Winnipeg from 2000 to 2004. Of

these, about 60 percent occurred at intersections (981) and 35 percent at

signalized intersections (575).

Pedestrian collisions account

at signalized intersections

(September to November)

respectively.

for 28 and 27 percent of the total collisions

at signalized intersections during fall

and winter (December to February),
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Weekends show the smallest proportion of pedestrian collisions at

signalized intersections (15 percent), while Wednesdays show the highest

proportion (20 percent).

The number of pedestrian collisions at signalized intersections involving

pedestrians 65 years of age and older is constant regardless of season.

ln addition, older women are more involved in these collisions than older

men,

ln 60 percent of pedestrian collisions at signalized intersections,

pedestrians were crossing with the right-of-way. Of these, in about 50

percent of the cases the vehicle that hit the pedestrian was turning left.

Pedestrian collisions at signalized intersections are concentrated in the

downtown area and throughout main corridors of the city. ln addition, all

fatal pedestrian collisions at signalized intersections are located west of

downtown.

6.3. PEDESTRIAN WALKING SPEED ANALYSIS

This research analyzed pedestrian walking speed at signalized intersections.

One key element was to describe and characterize hhe normal walking speed
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and the cross/ng walking speed of pedestrians while accounting for age, gender

and seasonal differences. The analysis was divided into two components: (1)

walking speed of pedestrians who do not use assistive devices for mobility (both

older and younger), and (2) walking speed of older pedestrians who need

walkers or canes for mobility. Conclusions as published in the Transporlation

Research Board by Arango and Montufar (2008); and Montufar et al. (2007).

A total of 1,792 records between older and younger pedestrians were collected in

addition to 72 records of older pedestrians using walkers and canes, over a

period of 1B months throughout the city to understand the difference between

normaland crossing walking speed of pedestrians at signalized intersections, as

well as to determine the effect of seasonality on walking speed, taking into

account age and gender. Additionally, 118 records of older pedestrians using

walkers or canes were collected over a period of two months on a selected road

segment to determine their normal walking speed. The following was obtained

with statistical significance at the 95 percent confidence level:

6.3.1. Normal Walking Speed

The average walking speed of younger and older pedestrians at signalized

intersections is 1.36 mis (4.46 fUs) and 1.14 mls (3.74 fUs) respectively,

and their 1Sth percentile walking speed is 1.10 m/s (3.61 fUs) and 0.BB

m/s (2.89 fVs) for younger and older pedestrians respectively.
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The average walking speed of older pedestrians using walkers or canes is

0.78 m/s (2.56 fls) at signalized intersections, and 0.75 m/s (2.46 ftls)

along the road segment, and their 1Sth percentile walking speed is 0.57

m/s (1.87 fUs) at signalized intersections and on the road segment.

For older and younger pedestrians, walking speed in summer is greater

than in winter. However, for older pedestrians using walkers or canes, the

walking speed is the same during summer and winter.

Women have slower walking speeds than men regardless of season and

age. However, there is no such a gender difference regarding walking

speed of older pedestrians using walkers or canes for mobility.

Using a design value of 1.2 m/s (4.0 ftls), as recommended in the current

Canadian and U.S. MUTCD, nearly two-thirds of older pedestrians and

more than 95 percent of older pedestrians using walkers or canes would

be excluded in the design process based on their normal walking speed.

With the proposed amendment to the U.S. MUTCD to lower the walking

speed to 3.0 ftls or 0.91 m/s, this figure decreases to approximately 20

percent and 85 percent, respectively.
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6.3.2. Crossing Walking Speed

The average walking speed for younger and older pedestrians is 1.61 m/s

(5.28 ft/s) and 1.36 m/s (4.46 fUs) respectively, and the 15th percentile

walking speed is 1.33 m/s (4.36 fVs) and 1.08 m/s (3.54 fUs) for younger

and older pedestrians respectively.

The average walking speed of older pedestrians using walkers or canes is

0.95 m/s (3.11 fUs), and the 15th percentile walking speed is 0.73 m/s

(2.3e fUs).

Contrary to the case for normal walking speed, the average crossing

walking speed in winter is greater than in summer for all pedestrian

groups. However, for older pedestrians there is no practical difference in

the average walking speed because the differences in walking speed of

women compared to that of men are about the same. Furlhermore, when

looking at older pedestrians using walkers or canes for mobility, the

seasonality difference in walking speed is again notorious, because there

is no dífference in walking speed of women compared to that of men. ln

addition, looking at the 15th percentile walking speed, there is not practical

seasonality differences for younger and older pedestrians, unlike the case

of older pedestrians using walkers and canes for mobility where the 1Sth

percentile walking speed in winter is greater than in summer.
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Women have slower walking speeds than men regardless of season and

age. However, there is no such a gender difference regarding walking

speed of older pedestrians using walkers or canes for mobility.

Using a design value of 1.2 m/s (4.0 ftls), as recommended in the current

Canadian and U.S. MUTCD, nearly 40 percent of older pedestrians and

90 percent of older pedestrians using walkers or canes would be excluded

in the design process based on their crossing walking speed. With the

proposed amendment to the U.S. MUTCD to lower the walking speed to

3.0 fUs or 0.91 m/s, this figure decreases to approximately 10 percent and

55 percent, respectively.

6.3.3. Walking Speed of Older Versus Younger Pedestrians

Younger pedestrians have higher walking speeds than older pedestrians,

regardless of season. The average walking speed that older pedestrians

can attain when crossing a signalized intersection is the same as that of

younger pedestrians when walking normally (1.36 m/s or 4.46 ftls).

The normal average walking speed of younger pedestrians is the greatest

(1.41 mls or 4.63 fVs) followed by younger females ((1.33 m/s or 4.36 fUs).

The slowest walkers are older females (1.11 m/s or 3.64 fUs). This
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comparison between males and females is also true for the crossing

walking speed and for the 1Sth percentile walking speed, regardless of

season.

. Both younger and older pedestrians have higher walking speed in summer

than in winter. However, when it comes to crossing the street, both

groups have higher walking speed in winter than summer.

6.3.4. Walking Speed of Older Pedestrians without Walkers or Canes

Versus Older Pedestrians Using Walkers or Canes

. Older pedestrians using walkers or canes have lower walking speed than

older pedestrians who do not use walkers or canes for mobility, regardless

of the season.

. For bofh normal and crossrng walking speed of older pedestrians, older

males have higher walking speed than older females. This is not the case

for older pedestrians using walkers or canes, where there is no difference

in walking speed regarding gender.

. The average walking speed that older pedestrians using walkers or canes

can attain when crossing a signalized intersection (0.95 m/s or 3,12 fUs) is
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less than that of the slowest older pedestr¡ans (15th percentile) when

crossing a street (1.08 m/s or 3.54 fUs).

6.3.5. Grossing Walking Speed Versus Normal Walking Speed

Pedestrian crossing walking speed is higher than pedestrian normal

walking speed regardless of season, age, gender, and ambulatory

capability (whether using assistive devices or not).

The seasonal effect on average walking speed is more evident for normal

than for crossrng walking speed. Both younger and older pedestrians

(with or without walkers or canes) have higher normalwalking speed in

summer than in winter. However, when it comes to crossing the street,

both groups have higher walking speed in winter than summer.

The increment in walking speed from normal to crossing depends on

genderand season. ln general, there is a 19 percent increase in average

walking speed (from normalto crossing) for older pedestrians who do not

use assistive devices for mobility. Comparatively, this change in average

walking speed is 22 percent for older pedestrians using walkers or canes

when crossing the street (goíng from 0.78 m/s or 2.56 ft/s as the normal

walking speed to 0.95 m/s or 3l2ftls as the crossing walking speed).
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The increment in average walking speed from normal to crossing is higher

in winter than in summer, and it is also higher for older pedestrians using

walkers or canes than for older pedestrians not using assistive devices for

mobility. ln winter, this increment is 26 percent for older pedestrians

without assistive devices (1.08 m/s to 1.36 m/s, or 3.54 fUs to 4.46 fVs).

Comparatively, this change in speed is 31 percent for older pedestrians

using walkers or canes (0.77 m/s to 1.01 m/s, or 2.53 ftls to 3.31 fVs).

The increment in average walking speed from normal to crossrng is higher

for females than males except in the case of older pedestrians using

walkers or canes. ln this case the increment is the same for females and

males.

ln general, the provision of an equitable transportation system for all road users

is, to a certain extent, dependent on new information about its users. New

ínformation is presented in this research regarding the walking speed of younger

pedestrians, older pedestrians, and older pedestrians using walkers or canes for

mobility. For example, the use of cumulative distribution graphs of pedestrian

walking speeds, similar to the design domain approach for road design, could be

used for designing traffic signal timing. This approach will help traffic engineers

to accommodate all segments of the population based on knowledge about
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pedestrian activity, population demographics, and pedestrian walking speed in

real life environment.

The information presented in this research could be used for improved urban

planning, transit operations, signal timing, and other transportation engineering

applications. lmproving the transportation system based on this new knowledge

could result in a better quality of life for a big segment of the population.

6.4. REGOMMENDATIONS FOR FURTHER RESEARCH

This research has resulted in the following recommendations about research

opportunities in the future:

More comprehensive pedestrian data is required to gain a better

understand of pedestrian activity. As an example, exposure data by age

and more extensive pedestrian counts will enhance collision analysis, and

will allow producing pedestrian collision rates by number of pedestrians

crossing at intersections.

It is important to understand the reasons for the differences between

pedestrian normal walking speed and pedestrian crossing walking speed.

This could assist signals engineers in better providing for pedestrian

accommodation at these locations.
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. Different types of signal devices such as pedestrian countdown signals

may have an impact on pedestrian walking speed. lt is important to

understand if there are any differences in pedestrian walking speed as a

function of signal type, and what these differences are.

109



Jorge Arango

REFERENCES

Arango, J., J. Montufar. (2008). "Walking speed of older pedestrians who use
canes or walkers for mobility". Presented at the BTth Annual Meeting of the
Transportation Research Board, January 15, 2008, Washington, D.C., and
accepted for publication in the 2008 series of the Transportation Research
Record: Journal of the Transportation Research Board (forthcoming). Used with
permission of the Transportation Research Board.

Akçelik & Associates Pty Ltd. (2001). "An lnvestigation of Pedestrian Movement
Characteristics at Mid-block Signalised Crossings". Technical Report. Australia,
December, 2001 .

Bennett, S., A. Felton, R. Akçelik (2001). "Pedestrian Movement Characteristics
at Signalised lntersections". 23'd Conference of Australian lnstitutes of Transport
Research (CAITR 2001), Monash University, Melbourne, Australia, 10-12
December 2001.

Carthy, T., D. Packham, D. Salter, and D. Silcock (1995). "Risk and Safetyon
the Roads: The Older Pedestrian". Automobile Association Foundation for Road
Safety Research, Basingstoke; University of Newcastle upon Tyne, United
Kingdom, 1995.

Centre on Aging (2005a), "Manitoba Fact Book on
University of Manitoba, 2005. pp. B - 14.

Centre on Aging (2005b), "Manitoba Fact Book on
University of Manitoba, 2005. pp. 1B - 20.

Aging". Centre on Aging,

Aging". Centre on Aging,

Coffin,4., and J. Morrall (1995). "Walking Speeds of Elderly Pedestrians at
Crosswalks". ln Transportation Research Record; No. 1487,1995, pp. 63 - 67.

Dunbar, G., C.A Holland, E.A. Maylor (2004). "Older Pedestrians: A Critical
Review of the Literature". University of Wanruick. Department for Transport:
London. June 2004. pp.43 -48.

Federal Highway Administration, (FHWA, 2001). U.S. Depaftment of
Transportation. "Highway Design Handbook for Older Drivers and Pedestrians".
Publication No. FHWA-RD-O1-103. October 2001.

110



Jorge Arango

Federal Highway Administration (FHWA, 20O4a), U.S. Department of
Transportation. "PEDSAFE: Pedestrian Safety Guide and Countermeasure
Selection System". Publication No. FHWA-SA-04-003. September 2004. pp. 1 -
10.

Federal Highway Administration, (FHWA, 2004b). U.S. Department of
Transportation. "A Review of Pedestrian Safety Research in the United States
and Abroad". Publication No. FHWA-RD-03-042. January 2004.

Fitzpatrick, K., M.A. Brewer, and S. Turner (2006). "Another Look at Pedestrian
Walking Speed". CD-ROM. ln Transportation Research Board 2006 Annual
Meeting CD-ROM.2006, pp. 1 - 16.

Fugger, T.F., B.C. Randles, A.C. Stein, W.C. Whiting, and B. Gallagher (2000).
"Analysis of Pedestrian Gait and Perception-Reaction at Signal-Controlled
Crosswalk lntersections". ln Transportation Research Record, No. 1705,2000,
pp. 20 - 25.

lnstitute of Transportation Engineers, (lTE, 1999). "Traffic Engineering
Handbook". 5th Edition.. Washington, D.C. pp. 36 - 49.

lnstitute of Transportation Engineers (lTE, 2001). "Traffic Control Devices
Handbook'. Fifth Edition. James L. Pline, Editor. 2001. pp.321 -323.

lnstitute of Transportation Engineers (lTE, 2002). "Professional Traffic
Operations Engineers Certification Program Refresher Course". lnstitute of
Transportation Engineers, Washington, D.C.

Knoblauch, R., M. Pietrucha, and M. Nitzburg (1996). "Field Studies of
Pedestrian Walking Speed and Start-Up Time". ln Transportation Research
Record; No. 1538, 1996, pp. 27 -38.

Laplante, J., T. Kaeser (2004\. "The Continuing Evolution of Pedestrian Walking
Speed Assumptions". ITE Journal, September 2004. pp 32 -40.

Manual of Uniform Traffic Control Devices for Canada, MUTCDC (2002).
Transportation Association of Canada, Fourth Edition, 1998, Section B,4.1.1

Manual on Uniform Traffic Control Devices for Streets and Highways, MUTCD
(2003a). CD-ROM. U.S. Department of Transportation, Federal Highway
Administration, 2003 Edition, pp. 4E-1 to 4E-9.

lll



Jorge Arango

Manual on Uniform Traffic Control Devices for Streets and Highways, MUTCD
(2003b). CD-ROM. U.S. Department of Transportation, Federal Highway
Administration, 2003 Edition, pp. 4A-1.

Milazzo ll, J.S., N.M. Rouphail, J.E. Hummer, and D.P. Allen (2000). "Quality of
Service for Interrupted-Flow Pedestrian Facilities in Highway Capacity Manual
2000". ln Transportation Research Record, No.1678, 1999, pp. 25 - 31.

Montufar, J., J. Arango, M. Porter, and S. Nakagawa (2007). "Pedestrians'
normal walking speed and speed when crossing a street". Jn Transpo¡fation
Research Record; No 2002, 2007, pp. 90 - 97. Used with permission of the
Transportation Research Board.

National Center for Health Statistics (NCHS, 2005). "Health, United States,
2005: With Chartbook on Trends in the Health of Americans". Hyattsville,
Maryland,2005.

National Highway Traffic Safety Administration (NHTSA, 2005a). "National
Center for Statistics and Analysis. Traffic Safety Facts 2005". Washington, DC.

National Highway Traffic Safety Administration (NHTSA, 2005b). "National
Center for Statistics and Analysis. Traffic Safety Facts, Pedestrians".
Washington, DC. Accessed in November 29,2007. Available online at:
httpl/vwwv-nrd.nhtsa.dot.gov/pdf/nrd-30/NCSA/T5F2005/2005T5F/810_624/images/810624.pdf

National Highway Traffic Safety Administration (NHTSA, 2005c). "National
Center for Statistics and Analysis. Traffic Safety Facts, Older Population".
Washington, DC. Accessed in November 29,2007. Available online at:
http : //www- n rd. n hts a. d ot. gov/ pdf/n rd- 3 0/ N C S NT S F 2 0 0 5/ I 1 0 62 2. pdf

Organization for Economic Cooperation and Development, (OECD, 2001).
"Ageing and Transport. Mobility Needs and Safety lssues". France, 2001.

Oxley, J. (non-dated). "Elderly Pedestrian lssues". Accident Research Centre.
Monash University. Victoria, Australia.

Oxley, J., B Fildes (1999). "Safety of Older Pedestrians: Strategy for Future
Research and Action lnitiatives". Report 157. Accident Research Center,
Monash University, Melbourne, Australia, 1 999

Oxley, J., B. Fildes, R. Dewar (2004). "Safety of Older Pedestrians". ln
Conference Proceedings 27, Transportation in an Aging Society, A Decade of
Experience, Technical Papers and Repoñs from a Conference. Transportation
Research Board, Washington, D.C., pp. 167 - 191.

tt2



Jorge Arango

Perry, J. (1992). "Gait Analysis". McGraw Hill. New York. 1992.

Statistics Canada (2002), "A Profile of Disability in Canada, 2001". Housing,
Family and Social Statistics Division. Ottawa, December 2002.

Statistics Canada (2007a), "Population by Sex and Age Group". Accessed in
November 29,2007.
http ://wunv4O. statca n. cal10 1 /cstO 1 /d e mo 1 0a. htm

Statistics Canada (2007b), "Population by Sex and Age Group, by Province and
Territory (Proportion of, Both Sexes)". Accessed in November 29,2007.
http ://www40. statcan. cal|0'1 /cst0 1 /d emo3 1 d. htm

Statistics Canada (2007c), "Projected Population by Age Group According to
Three Projection Scenarios for 2006, 2011, 2016, 2021, 2026 and 2031, at July.
(2026,2031)". Accessed in November 29,2007.
http ://unvlv40. statca n. call 0 1 /cstO 1 /d e mo0Bc. htm

Statistics Canada (2007d), "Life Expectancy at Birth, by Sex, by Province".
Accessed in November 29,2007.
http ://www40. statca n. cal10 1 /cstO 1 /h ea lth26. htm

TCRP Report 112|NCHRP Report 562 (2006). "lmproving Pedestrian Safety at
Unsignalized Crossings". Transportation Research Board. Washington D.C.,
2006.

Transport Canada (200aa). "Pedestrian Fatalities and lnjuries, 1992 - 2001".
Prepared by the Road Safety and Motor Vehicle Regulation Directorate. Ottawa,
December 2004.

Transport Canada (2004b). "Vulnerable Road User Safety: A Global Concern".
World Health Organization 2004. March 2004.

Transport Canada (2007). "Canadian Motor Vehicle Traffic Collision Statistics:
2005". lnternet Release by October 10,2007. Accessed in November 29,2007.
http ://wunv.tc. gc. calroadsafety/t p ltp3322l 2005/pageg. htm

United Nations (2000), Division for Social Policy and Development. "lnternational
Year of Older Persons 1999. Conceptual Framework". Accessed in November
29,2007.
http ://wvrw. u n. o rg/esa/socd ev/iyo p/iyo pcf 1 . htm

113



Jorge Arango

United Nations (2007), Division for Social Policy and Development. "Vienna
lnternational Plan of Action on Ageing". Accessed in November 29,2007.
http://rrvunv. un.org/esa/socdev/ageing/vienna_intlplanofaction. htm I

U.S. Census Bureau (2007a). "U.S. lnterim Projections by Age, Sex, Race, and
Hispanic Origin". lnternet Release by March 18,2004. Accessed in November
29,2007.
http ://www. census. gov/i pc/r,mmv/usi nteri m proj/

U.S. Census Bureau (2O07b), "Population Profile of the United States: 2000,
(lnternet Release)". Chapter 19. Created in February 15,2002. Page last
modified in June 28,2007. Accessed in November 29,2007.
http://wwl.census.gov/population/wwrru/pop-profile/profile2000. html

World Health Organization (WHO, 1980). "The lnternational Classification of
lmpairments, Disabilities, and Handicaps (lclDH)". Genova, 1980.

World Health Organization WHO (2004). "World Report on Road Traffic lnjury
Prevention". Geneva , 2004. pp.71 - 105.

World Health Organization WHO (2006). "Road Traffic lnjury Prevention:
Training Manual". Geneva,2006. pp. 11 - 16.

World Health Organization (WHO, 2007). "lnternational Classification of
Functioning, Disability and Health". Accessed by November 29,2007.
http ://wr,vw3.who. i nUicf/o n I inebrowser/icf. cfm

lt4



Jorge Arango

APPENDIX A

JURISDICTIONAL SURVEY FORM
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UNÍVERSITY OF 14À.¡ITOBÀ TRANSPORT INFORI'IÀTION GROUP

The purpose of this survey is to obtain an understanding about your jurisdiction's

practice regarding the accommodation of pedestrians at signalized intersections.

1 . What guideline(s)/standard(s) are used in your jurisdiction for traffìc signal

timing regarding pedestrians?

US MUTCD: CAN _ MUTCD: Other:

Specify:

2. What pedestrian walking speed is assumed at most of the locations for traff¡c

signal timing purposes? (e.9. 4.0 frls, 1.2 m/s, etc.)

Specify:

3. Do you use a different walking speed to accommodate older pedestrians and

pedestrians with disabilities? (e.9. people using walkers, canes, etc.)

No: I Yes:

If you answered YES, please provide the most comnton value used in this case

(e.g. 3.5 frJs,2.5 ff/s, 1.0 n/s, 0.9 rnls, etc.):

4. lf slower pedestrian walking speeds are used at particular locations, what are

the criteria for selecting these locations?
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5.

WIVERSITY OF I'lÀ}iIlOBÀ TRÀNSPORT INFORI.{ÀIION GROUP

Have you implemented any special measures or technologies to
accommodate older pedestrians or pedestrians with disabilities at signalized

intersections? lf yes, please explaln what they are.

Yes: I No:

o. What criteria are used

technologies to implemenl

to determine the type of special measures or

for the accommodation of these pedestrians?

7. Has your jurisdictlon conducted any research regarding pedestrian walking

speed, recently? lf yes, would it be possible to obtain a copy of the produced

report?

No: I Yes:
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APPENDIX B

COLLISION ANALYSIS
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Source: Transportation Division of the City of Winnipeg Public Works Department.

Signalized lntersections with Highest Pedestrian Gollisions, Winnipeg (2000 to 2004r.

Signal ized lntersection Collisions

McGregor St & Selkirk Ave 7

Pembina Hwy & PlazaDr 7

Portage Ave & Arlington St 7

Balmoral St & Colony St 6

Donald St & Portage Ave 6

Osborne St & Morley Ave 6

Portage Ave & Sherbrook St 6

Portage Ave & Garry St 6

Salter St & Selkirk Ave 6

Donald St & St Mary Ave 5

Graham Ave & Vaughan St 5

Henderson Hwy & Hespeler Ave 5

Main St & McDermot Ave 5

Notre Dame Ave & Portage Ave 5

Pembina Hwy & McMillan Ave 5

Portage Ave & Bedson St 5

Portage Ave & Carlton St 5

Portage Ave & Cavalier Dr 5

Portage Ave & Queen St 5

RegentAveW & Stapon Rd 5

St Mary's Rd & River Rd 5
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Enlargement of Downtown

Location of pedestrian collisions at signalized intersections by sever¡ty, 2000 to 2004.

:

i.rì;:._'

'':
'r''

Pedestrian Collisions at Signalized
lntersections (2000 - 2004)

Severity
10

,...: 5
(ôÞ.s

Þ FATAL

Þ ruoru_rnrnl
þ orxen

0246

------------
Kilometers

Map by J. Arango (c) UMTIG, 2007
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APPENDIX C

PEDESTRIAN WALKING SPEED DATA COLLECTION FORM
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APPENDIX D

STATISTICAL ANALYSIS REPORTS
OLDER AND YOUNGER PEDESTRIANS

124



Jorge Arango

Three Way Analysis of Variance
Pedestrian Crossing Walking Speed at Signalized Intersections

Older and Younger Pedestrians Who Do Not Need Assistive Devices for Mobility

Data source: Elderly2006 in Elderlydatabase.SNB

General Linear Model

Dependent Variable: XING_SPEED

Normality Test: Failed (P < 0.050)

Equal Variance Test: Failed (P < 0.050)

Source of Variation DF SS MS F P
PERIOD I 0.552 0.552 6.284 0.012
GENDER I 2.638 2.638 30.034 <0.001
SENIOR I 25.5t7 25.511 290.412 <0.001
PERIOD x GENDER | 0.0241 0.0247 0.281 0.596
PERIOD x SENIOR I 0.203 0.203 2.312 0.129
GENDER x SENIOR I 0.0001 16 0.000116 0.00133 0.911
PERIOD x GENDER x SENIOR I 0.0132 0.0132 0.150 0.698
Residual 1784 156.719 0.0878
Total l19l 188.022 0.105

The difference in the mean values among the different levels of PERIOD are greater than would be
expected by chance after allowing for the effects of differences in GENDER and SENIOR. There is a
statistically significant difference (P : 0.012). To isolate which group(s) differ from the others use a
multiple comparison procedure.

The difference in the mean values among the different levels of GENDER are greater than would be
expected by chance after allowing for the effects of differences in PERIOD and SENIOR. There is a
statistically significant difference (P : <0.001). To isolate which group(s) differ from the others use a
multiple comparison procedure.

The difference in the mean values among the different levels of SEMOR are greater than would be
expected by chance after allowing for the effects of differences in PERIOD and GENDER. There is a
statistically significant difference (P : <0.001). To isolate which group(s) differ from the others use a

multiple comparison procedure.

The effect of different levels of PERIOD does not depend on what level of GENDER is present. There is
not a statistically significant interaction between PERIOD and GENDER. (P : 0.596)

The effect of different levels of PERIOD does not depend on what level of SEMOR is present. There is
not a statistically significant interaction befween PERIOD and SENIOR. (P : 0.129)

The effect of different levels of GENDER does not depend on what level of SENIOR is present. There is
not a statistically significant interaction between GENDER and SENIOR. (P:0.971)
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All Pairwise Multiple Comparison Procedures (Holm-Sidak method):
Overall significance level : 0.05

Comparisons for factor: PERIOD
Comparison Diff of Means t Unadjusted P Critical Level Significant?
Winter vs. Summer 0.0368 2.507 0.0123 0.050 Yes

Comparisons for factor: GENDER
Comparison Diff of Means t Unadjusted P Critical Level Significant?
M vs. F 0.0805 5.480 0.0000000485 0.050 Yes

Comparisons for factor: SENIOR
Comparison Diff of Means t Unadjusted P Critical Level Significant?
N vs. Y 0.250 17.043 L837E-060 0.050 Yes

Power of performed test with alpha: 0.0500: for PERIOD :0.632
Power of performed test with alpha: 0.0500: for GENDER : 1.000
Power of performed test with alpha : 0.0500: for SENIOR : 1.000
Power of performed test with alpha:0.0500: for PERIOD x GENDER : 0.0500
Power of performed test with alpha: 0.0500; for PERIOD x SENIOR :0.194
Power of performed test with alpha: 0.0500: for GENDER x SENIOR : 0.0500

Least square means for PERIOD :

Group Mean SEM
Summer 1.473 0.00905
Winter I .5 10 0.01 l6

Least square means for GENDER :

Group Mean SEM
F 1.451 0.00937
M 1.532 0.0113

Least square means for SENIOR :

Group Mean SEM
Y 1.366 0.0107
N 1.617 0.010r

Least square means for PERIOD x GENDER :

Group Mean SEM
SummerxF 1.437 0.0117
SummerxM 1.509 0.0138
WinterxF 1.466 0.0146
WinterxM 1.554 0.0180
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Least square means for PEzuOD x SENIOR :

Group Mean SEM
SummerxY 1.359 0.0130
SummerxN 1.587 0.0126
WinterxY 1.374 0.0170
WinterxN 1.646 0.0157

Least square means for GENDER x SENIOR :

Group Mean SEM
FxY 1.326 0.0133
FxN 1.571 0.0132
MxY 1.407 0.0168
MxN 1.651 0.0151

Least square means for PEzuOD x GENDER x SENIOR :

Group Mean SEM
SummerxFxY 1.325 0.0165
SummerxFxN 1.548 0.0167
SummerxMxY 1.393 0.0201
SummerxMxN 1.626 0.0188
WinterxFxY 1.326 0.0208
WinterxFxN 1.605 0.0206
WinterxMxY 1.421 0.0269
WinterxMxN 1.681 0.0237
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Three Way Analysis of Variance
Pedestrian Normal Walking Speed at Signalized Intersections

Older and Younger Pedestrians Who Do Not Need Assistive Devices for Mobility

Data source: Elderly2006 in Elderlydatabase.SNB

General Linear Model

Dependent Variable: NORMAT,_SPEED

Normality Test: Failed (P < 0.050)

Equal Variance Test: Passed (P :0.413)

Source of Variation DF SS MS F P
PERIOD 1 4.156 4.t56 59.555 <0.001
GENDER | 2.466 2.466 35.336 <0.001
SENIOR I 20.090 20.090 281.920 <0.001
PERIOD x GENDER I 0.0261 0.0267 0.382 0.536
PERIOD x SENIOR I 0.0106 0.0106 0.151 0.697
GENDER x SENIOR I 0.0176 0.0176 0.252 0.616
PERIOD x GENDER x SEMOR t 0.000289 0.000289 0.00414 0.949
Residual 1784 124.480 0.0698
Total 1791 153.596 0.0858

The difference in the mean values among the different levels of PERIOD are greater than would be
expected by chance after allowing for the effects of differences in GENDER a¡d SENIOR. There is a
statistically significant difference (P : <0.001). To isolate which group(s) differ from the others use a
multiple comparison procedure.

The difference in the mean values among the different levels of GENDER are greater than would be
expected by chance after allowing for the effects of differences in PERIOD and SEMOR. There is a
statistically significant difference (P : <0.001). To isolate which group(s) differ from the others use a
multiple comparison procedure.

The difference in the mean values among the different levels of SENIOR are gr€ater than would be
expected by chance after allowing for the effects of differences in PERIOD and GENDER. There is a
statistically signihcant difference (P : <0.001). To isolate which group(s) differ from the others use a
multiple comparison procedure.

The effect of different levels of PERIOD does not depend on what level of GENDER is present. There is
not a statistically significant interaction befween PERIOD and GENDER. (P : 0.536)

The effect of different levels of PERIOD does not depend on what level of SENIOR is present. There is
not a statistically significant interaction between PERIOD and SENIOR. (P : 0.697)

The effect of different levels of GENDER does not depend on what level of SENIOR is present. There is
not a statistically significant interaction between GENDER and SENIOR. (P : 0.616)
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All Pairwise Multiple Comparison Procedures (Holm-Sidak method):
Overall significance level: 0.05

Comparisons for factor:
Comparison
Summer vs. Winter

PERIOD
Diff of Means

0.101

Comparisons for factor: GENDER
Comparison Diff of Means t
M vs. F 0.0118 5.944

Comparisons for factor: SENIOR
Comparison Diff of Means t
N vs. Y 0.222 16.968

Power of performed test with alpha : 0.0500:
Power of performed test with alpha: 0.0500:
Power ofperformed test with alpha: 0.0500:
Power of performed test with alpha : 0.0500:
Power of performed test with alpha: 0.0500:
Power of performed test with alpha: 0.0500:

Least square means for PERIOD :

Group Mean SEM
Summer 1.299 0.00806
Winter 1.198 0.0103

Least square means for GENDER :

Group Mean SEM
F 1.209 0.0083s
M 1.287 0.0101

Least square means for SENIOR :

Group Mean SEM
Y t.t37 0.009s4
N 1.359 0.00896

Least square means for PERIOD x GENDER :

Group Mean
Summer x F 1.256
Summerx M 1.342
Winterx F L163
Winter x M 1.232

t Unadjusted P
1 .7 1l I .965E-0 l4

Unadjusted P
0.00000000333

Unadjusted P
5.530E-060

Critical Level Significant?
0.050 Yes

Critical Level Significant?
0.050 Yes

Critical Level Significant?
0.050 Yes

SEM
0.0105
0.0123
0.0130
0.0160

for PERIOD : 1.000
for GENDER; 1.000
for SENIOR; 1.000
for PERIOD x GENDER : 0.0500
for PERIOD x SENIOR : 0.0500
for GENDER x SEMOR : 0.0500

129



Jorge Arango

Least square means for PERIOD x SENIOR :

Group Mean SEM
SummerxY Ll90 0.0116
SummerxN 1.407 0.0112
WinterxY 1.084 0.0152
WinterxN l.3ll 0.0140

Least square means for GENDER x SENIOR :

Group Mean SEM
FxY 1.101 0.0118
F x N 1.317 0.01 l8
MxY 1.113 0.0150
MxN 1.401 0.0135

Least square means for PERIOD x GENDER x SENIOR :

Group Mean SEM
SummerxFxY 1.150 0.0147
SummerxFxN 1.361 0.0149
SummerxMxY 1.230 0.0179
SummerxMxN 1.453 0.0168
WinterxFxY 1.053 0.0185
WinterxFxN 1.273 0.0183
WinterxMxY 1.115 0.0240
Vy'interxMxN 1.350 0,0211
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Descriptive Statistics
Pedestrian Normal and Crossing Walking Speed at Signalized Intersections

Older and Younger Pedestrians Who Do Not Need Assistive Devices for Mobility

Data source: Data I in Elderlydatabase.SNB

Jorge Arango

Column
NORMAT,_SPEED
XING_SPEED
GENDER
SENIOR
PERIOD

Column
NORMAT 

-SPEEDXING_SPEED
GENDER
SENIOR
PERIOD

Column Skewness
NORMAL-SPEEDO.47O
XING-SPEED 1.029
GENDER
SENIOR
PERIOD

Size
t792
1792
t792
t792
t792

Range Max
2.230 2.688
3_.452 4_.127

Kurtosis
t.152
4.594

Missing Mean
0 1.257

0 1.485
1192
1192
1792

Std Dev Std. Error
0.293 0.00692
0.324 0.00765

Median 25o/" 75o/"
1.250 1.057 1.440
t.465 t.276 1.658

K-S Prob.
0.003

<0.001

C.I. of Mean
0.0r36
0.0150

Min
0.458
0_.67 5

K-S Dist.
0.0215
0.0506

Sum Sum ofSquares
2252518 2984978
2660.818 4139.061
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APPENDIX E

STATISTICAL ANALYSIS REPORTS
OLDER PEDESTRIANS USING WALKERS OR CANES
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One Way Repeated Measures Analysis of Variance
Normal versus Crossing Walking Speed of Pedestrians at Signalized Intersections

Older Pedestrians Using \ilalkers or Canes

Data source: NormalandCrossingT2records in DescripStatistDisPedsNorm.SNB

Normalify Test: Failed (P < 0.050)

Equal Variance Test: Passed (P: 1.000)

Treatment Name N Missing Mean Std Dev SEM
NORMAL_SPEED 72 0 0.111 0.t96 0.0231
XING_SPEED 12 0 0.945 0.223 0.0262

Source of Variation DF SS MS F P
Between Subjects 11 5.181 0.0730
Between Treatments I 1.022 1.022 68.096 <0.001
Residual 7l I.065 0.0150
Total 143 1.269

The differences in the mean values among the treatment groups are greater than would be expected by
chance; there is a statistically significant difference (P: <0.001). To isolate the group or groups that differ
from the others use a multiple comparison procedure.

Power of performed test with alpha: 0.050: L000

All Pairwise Multiple Comparison Procedures (Holm-Sidak method):
Overall significance level: 0.05

Comparisons for factor:
Comparison Diff of Means t Unadjusted P Critical Level Significant?
XING_SPEED vs.
NORMAL_SPEED 0.168 8.252 5.701F-012 0.050 Yes
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Trvo Way Analysis of Variance
Pedestrian Crossing Walking Speed at Signalized Intersections

Older Pedestrians Using Walkers or Canes

Data source: NormalandCrossingT2records in DescripStatistDisPedsNorm.SNB

General LinearModel

Dependent Variable: XING_SPEED

Normality Test: Failed (P < 0.050)

Equal Variance Test: Passed (P : 0.877)

Source of Variation DF SS MS F P
PERIOD I 0.361 0.36t 7.800 0.007
GENDER I 0.0002s9 0.0002s9 0.00560 0.941
PERIOD x GENDER I 0.0117 0.0117 0.253 0.616
Residual 68 3.151 0.0463
Total 11 3.517 0.0495

The difference in the mean values among the different levels of PERIOD is greater than would be expected
by chance after allowing for effects of differences in GENDER. There is a statistically significant
difference (P : 0.007). To isolate which group(s) differ from the others use a multiple comparison
procedure.

The difference in the mean values among the different levels of GENDER is not great enough to exclude
the possibility that the difference is just due to random sampling variability after allowing for the effects of
differences in PERIOD. There is not a statistically significant difference (P : 0.941).

The effect of different levels of PERIOD does not depend on what level of GENDER is present. There is
not a statistically significant interaction befween PERIOD and GENDER. (P:0.616)

Power of performed test with alpha:0.0500; for PERIOD : 0.738
Power of performed test with alpha: 0.0500: for GENDER : 0.0500
Power of performed test with alpha: 0.0500: for PERIOD x GENDER : 0.0500

Least square means for PERIOD :

Group Mean SEM
Summer 0.866 0.0383
Vy'inter 1.01I 0.0346

Least square means for GENDER :

Group Mean SEM
F 0.931 0.0336
M 0.940 0.0392
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Least square means for PERIOD x GENDER :

Group Mean SEM
SummerxF 0.878 0.0481
SummerxM 0.855 0.0597
Vy'interxF 0.996 0.0470
WinterxM 1.026 0.0507

All Pairwise Multiple Comparison Procedures (Holm-Sidak method):
Overall significance level: 0.05

Comparisons for factor: PERIOD
Comparison Diff of Means t Unadjusted P Critical Level SignifTcant?
Winter vs. Summer 0.144 2.193 0.00678 0.050 Yes

Comparisons for factor: GENDER
Comparison Diff of Means t Unadjusted P Critical Level Significant?
M vs. F 0.00386 0.0748 0.941 0.050 No

Comparisons for factor: GENDER rvithin Summer
Comparison Diff of Means t Unadjusted P Critical Level Significant?
F vs. M 0.0221 0.288 0.774 0.050 No

Comparisons for factor: GENDER within Winter
Comparison Diff of Means t Unadjusted P Critical Level Significant?
M vs. F 0.0298 0.432 0.661 0.050 No

Comparisons for factor: PERIOD within F
Comparison Diff of Means t Unadjusted P Critical Level Significant?
Wintervs. Summer 0.118 1.758 0.083 0.050 No

Comparisons for factor: PERIOD rvithin M
Comparison Diff of Means t Unadjusted P Critical Level Significant?
Winter vs. Summer 0.170 2.172 0.033 0.050 Yes
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Trvo Way Analysis of Variance
Pedestrian Normal Walking Speed at Signalized Intersections

Older Pedestrians Using Walkers or Canes

Data source: NormalandCrossingT2records in DescripStatistDisPedsNorm.SNB

General Linear Model

Dependent Variable: NORMAL_SPEED

Normality Test: Failed (P < 0.050)

Equal Variance Test: Passed (P :0.292)

Source of Variation DF SS MS F P
PERIOD I 0.00326 0.00326 0.0820 0.11s
GENDER I 0.00229 0.00229 0.0574 0.81I
PERIOD x GENDER I 0.0185 0.0185 0.464 0.498
Residual 68 2.706 0.0398
Total 71 2.130 0.03 84

The difference in the mean values among the different levels of PERIOD is not great enough to exclude the
possibility that the difference is just due to random sampling variabilify after allowing for the effects of
differences in GENDER. There is not a statistically significant difference (P : 0.775).

The difference in the mean values among the different levels of GENDER is not great enough to exclude
the possibility that the difference is just due to random sampling variability after allowing for the effects of
differences in PERIOD. There is not a statistically significant difference (P : 0.81 l).

The effect of different levels of PERIOD does not depend on what level of GENDER is present. There is
not a statistically significant interaction between PERIOD and GENDER. (P :0.498)

Power of performed test with alpha: 0.0500: for PERIOD : 0.0500
Power of performed test with alpha: 0.0500: for GENDER : 0.0500
Power of performed test with alpha: 0.0500: for PERIOD x GENDER : 0.0500

Least square means for PERIOD :

Group Mean SEM
Summer 0.784 0.0355
'Winter 0.170 0.0320

Least square means for GENDER :

Group Mean SEM
F 0.783 0.0312
M 0.111 0.0363
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Least square means for PERIOD x GENDER :

Group Mean SEM
SummerxF 0.713 0.0446
SummerxM 0.795 0.0553
WinterxF 0.192 0.0435
WinterxM 0.748 0.0470
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Descriptive Statistics
Pedestrian Normal and Crossing Walking Speed at Signalized Intersections

Older Pedestrians Using Walkers or Canes for Mobility

Data source: NormalandCrossingT2records in DescripStatistDisPedsNorm.SNB

Column Size Missing Mean Std Dev Std. Error C.I. of Mean
NORMAT._SPEED t2 0 0.777 0.196 0.023 I 0.046t
XING_SPEED 12 0 0.945 0.223 0.0262 0.0523

Column Range Max Min Median l5'/o 85yo
NORMAT._SPEED 0.820 1.290 0.470 0.750 0.573 0.911
XING_SPEED |.260 1.820 0.560 0.920 0.733 l.16 t

Column Skewness Kurtosis K-S Dist. K-S Prob. Sum Sum of Squares
NORMAT _SPEED 0.848 0.205 0.0966 0.093 55.910 46.145
XING SPEED r.126 2.291 0.122 0.010 68.040 67.81s
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One Way Analysis of Variance
Pedestrian Normal Walking Speed along the Road Segment

Older Pedestrians Using Walkers or Canes for Mobility

Data source: DataAlll I SRecords in DescripStatistDisPedsNorm.SNB

Dependent Variable: NORMAT _SPEED

Normalify Test: Passed (P : 0.156)

Equal Variance Test: Passed (P:0.997)

Group Name N Missing Mean Std Dev SEM
F 68 0 0.7 52 0. I 75 0.0212
M 50 0 0.751 0.174 0.0246

Source of Variation DF SS MS F P
Between Groups I 0.000902 0.000902 0.0297 0.863
Residual I 16 3.523 0.0304
Total ll7 3.524

The differences in the mean values among the treatment groups are not great enough to exclude the
possibility that the difference is due to random sampling variability; there is not a statistically signifìcant
difference (P:0.863).

Power of performed test with alpha: 0.050: 0.047
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Jorge Arango

Descriptive Statistics
Pedestrian Normal Walking Speed along the Road Segment

Older Pedestrians Using Walkers or Canes for Mobilify

Data source: DataAlll I SRecords in DescripStatistDisPedsNorm.SNB

Column Size Missing Mean Std Dev Std. Error C.I. of Mean
NORMAT._SPEED 118 0 0.754 0.t74 0.0160 0.0316

Column Range Max Min Median l5o/o 85'
NORMAT._SPEED 0.844 1,25t 0.407 0.148 0.556 0.898

Column Skewness Kurtosis K-S Dist. K-S Prob. Sum Sum of Squares
NORMAT._SPEED 0.492 0.363 0.0648 0.2s3 88.964 10.s97
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Jorge Arango

One Way Analysis of Variance
Pedestrian Normal Walking Speed along the Road Segment

versus Pedestrian Normal Walking Speed at Signalized Intersections
Older Pedestrians Using Walkers or Canes for Mobility

Data source: BothDatabases in DescripStatistDisPedsNorm.SNB

Normality Test: Failed (P < 0.050)

Equal Variance Test: Passed (P = 0.253)

Group Name N Missing Mean Std Dev SEM
SignalNormal 72 0 0.777 0.196 0.0231
SegmtNormal I l8 0 0.754 0.174 0.0160

Source of Variation DF SS MS F P
Between Groups I 0.0228 0.0228 0.686 0.408
Residual 188 6.253 0.0333
Total 189 6.276

The differences in the mean values among the treatment groups are not great enough to exclude the
possibility that the difference is due to random sampling variability; there is not a statistically significant
difference (P : 0.408).

Power of performed test with alpha : 0.050: 0.047
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