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Abstract
This paper describes the results of an attitude survey with elderly pedestrians in order to identify the factors that influence their perception of the quality of sidewalks.  A panel of specialists selected 12 sidewalk quality attributes to be used in a survey with elderly walkers with no handicap affecting their mobility.  The respondents indicated their agreement with statements related to the 12 quality attributes (in a five-point Likert-type scale).  The results were factor analyzed to reduce the number of questions to a smaller set of underlying dimensions.  The factor analysis suggests that the somewhat dense concept of “sidewalk quality” can be defined along the three distinct dimensions of safety, comfort and environment quality.
1. Introduction
Walking is an excellent exercise for everyone, particularly for the elderly.  It is a cheap and effective means to limit the increasing health burden of sedentary behavior.  Several researchers have highlighted the benefits of exercise and physical activity for older adults (Stevens et al, 1999; Gaurchard et al, 2003; Bean et al, 2004).
Safe and accessible sidewalks offer seniors the opportunity to stay healthy and connected to the community where they live.  The existence of an adequate walking environment enables older people to visit friends and family, work, learn, go out to dinner, see a movie, window shop, travel to the grocery store, and access health care with freedom and independence (Metz, 2000; Alsnih and Hensher, 2003; Sant’Anna et al, 2003; Banister and Bowling, 2004).
Nevertheless, in many Brazilian cities, the most common pedestrian environment - the sidewalks - are characterized by insufficient maintenance, inadequate pavement, ramps and stairs.  In some areas, sidewalks are virtually non-existent.  All pedestrians have to exercise greater care and have to adopt a preventive behavior, in the more dangerous environment.

The elderly face the same dangers as younger pedestrians but often have less physical agility to cope with these dangers.  The aging process is associated with reduced abilities in several anatomical and physiological aspects that influence the elders' performance as pedestrians.  Their visual acuity is not as good; there are often substantial hearing losses, slower reactions and less agility.  A very large number of elderly pedestrians are injured in "sidewalk accidents" (by trips, slips and falls where no vehicle is involved) but, because no records of these are kept, the number of victims is unknown (Bakland and Schonfield, 2005).

Brazil, as well as most countries, is experiencing an aging phenomenon as the proportion of individuals aged 65 or more increases.  According to the Brazilian Census (2000), there was a contingent of 15 million individuals with 65 or more years of age (9% of the population).  It is estimated that until the year 2030, 20% of the population will be in this age stratus.  Moreover, the increase in the proportion of elderly is also associated with an increase in longevity and greater demands for individual mobility.
According to the Brazilian Ministry of Health (2002) among the external causes of elderly deaths, traffic accidents and falls (including the ones associated with the walking environment) occupy the first two places (Fig. 1)

Making sidewalks friendlier for older pedestrians should be a priority in Brazilian cities.  High automobile speeds and incomplete sidewalks may convey the perception that it is unsafe for the elderly to use the local environment for walking and the fear of walking may lead many to become housebound and dependent.

This paper describes the results of an attitude survey with elderly pedestrians in order to identify the factors that influence their perception of the quality of sidewalks.  It should be noticed that this survey was part of a broader study and was designed to address only the quality of the stretches of sidewalk, not the conditions faced by the elderly when crossing streets.
The results of this research may be used in marketing campaigns to encourage walking and may guide the public administration in identifying areas in the city where improvements are more necessary and urgent.

2. The Quality of Sidewalks
The basic requirements for walking in acceptable conditions are (Ramsey, 1990):

· availability: the system must be accessible by right to all users

· negotiability: the routes, surfaces, etc. should not present a real barrier to any significant group

· safety: the pedestrian must be able to use the system with a good prospect of traffic safety and personal security

· economy: pedestrians should not be subject to congestion and undue delay, whether caused by lack of footpath capacity or obstructing streams of vehicles

· convenience: any implied detours should be very limited

· comfort: users should not have to suffer distressing conditions (climatically or socially)

· amenity: every effort must be made in planning, design, construction and management to provide as pleasant and enjoyable an environmental experience as possible

The quality of sidewalks, as is clear from these requirements, is a broad term.  It covers such concepts as safety, convenience and comfort that are too general to be measured.  Each of these dimensions can be expressed by different variables, no one of which alone, fully describes that dimension.  In addition, the aspects that depict the quality of pedestrian spaces are not insulated.  There are several overlapping among them.  For instance, some attributes that might comprise the concept of comfort also contribute for the aspect of safety.  Besides, these qualitative aspects are rather subjective and may be perceived differently by different people.  For these concepts to be effectively used for the evaluation of sidewalks, it is necessary that they be represented by sets of more objective variables. 

For this research, a set of attributes that characterize the quality of sidewalks was proposed.  The selection was based on the literature (Fruin, 1987; Cambridge Systematics, 1993; Khisty, 1994; Sarkar, 1995a,b; Dixon, 1996) and the general experience of the authors in the subject area (Ferreira and Sanches, 1999).  In order to ensure that the list covered the most important attributes and to eliminate the less important ones the list was sent to a panel of 15 specialists.  The panel included academics, government officials concerned with this issue and people who worked with the elderly.  The members of the panel were asked to add any additional attribute that they felt should be on the list and to rate all the attributes on a five-point scale.  Considering their responses, 12 quality attributes of the sidewalks were finally selected to be used for this research (Table 1).

3. The survey 
The survey consisted of a questionnaire that was answered by a sample of people over 65 year of age, with no handicap affecting their mobility.  The questionnaire had two sections.  The first dealt with the measurement of perceptions of the elderly about the quality of the sidewalks, the second with the collection of the socio-economic characteristics of the elderly. 

Students enrolled in the Civil Engineering Course at the Federal University of São Carlos applied the survey to a sample of 292 elderly walkers who attend a Senior Citizens Association.  This convenience sample was based on easy availability and accessibility.  Table 2 summarizes some key characteristics of the sample.  As can be seen, the majority of the respondents walk daily and the main reason is for exercise.
In the first part of the questionnaire (attitudinal survey), the respondents indicated their agreement with 12 statements about the quality of the sidewalks on a five-point Likert-type scale.  These statements were related to the 12 attributes that were assumed to affect the quality of the sidewalks (as described in Table 1).  Table 3 presents the attitudinal statements included in the survey.

After the data was consolidated, the attitudinal questions were factor-analyzed to reduce the number of questions to a smaller set of underlying dimensions.  This smaller set of factors is more likely to be a basis for individual perception of the quality of sidewalks than the larger number of inter-related attributes.

4. Results of the attitudinal survey
98% of the respondents are concerned about the quality of the pavement.  Only 1% of the sample does not care about broken and uneven pavement (Fig. 2).

The volume and speed of the traffic is a nuisance to almost 80% of the elderly, while 17% of them do not care about traffic on busy streets (Fig. 3).

Density is an important aspect in the evaluation of pedestrians' spaces (TRB, 1994).  71% of the elderly pedestrians did agree that a crowded sidewalk is not a nice walking environment (Fig. 4).  One explanation to this result may be that, when there are too many people, elderly walkers cannot move freely and are more vulnerable to purse-snatchers and pickpockets.
Some elderly pedestrians feel unsafe when they are exposed to conflicts with motor vehicles on the sidewalk (53%).  On the other hand, 38% of the respondents do not seem to care when the vehicles cross the walkway to get into driveways and parking lots (Fig. 5).

Improper placing of street furniture (bus stops, newsstands, signs and café-tables), trashcans and rubbish may obstruct the walkway and force the pedestrians to walk on the road, confronting the vehicular traffic.  This situation is considered annoying by the great majority (94%) of elderly pedestrians (Fig. 6).

Most pedestrians (nearly 90%) feel uncomfortable on inadequately lit sidewalks.  This was to be expected because missing or broken streetlights create blind spots along some stretches of the sidewalks where pedestrians may be vulnerable to assaults or stumbling (Fig. 7).

The threat of being assaulted is enhanced by the conditions of the environment.  Most elderly pedestrians (76%) feel unsafe when walking near empty lots, with overgrown hedges that might conceal a criminal (Fig. 8).

The noise and air pollution from motor vehicles are evaluated negatively by 69% of the respondents, while only 24% are not bothered by these environmental aspects (Fig. 9).

Ramps built across the sidewalk, connecting the street to driveways, are uncomfortable to elderly pedestrians.  Most of them (85%) do not like the extra effort required in order to use these stretches of sidewalk, which are completely unsuitable for the physically challenged pedestrians (Fig. 10).

Illegal parking of vehicles on the sidewalks disturbs the elderly pedestrians.  Only a few of them (less than 10%) do not think these vehicles are a nuisance.  The majority object to the loss of pavement space to the vehicles and the obstruction caused by it (Fig. 11).

It was expected that patches of grass on the sidewalk would be considered uncomfortable by elderly pedestrians because they make the surfaces uneven.  Nevertheless, the majority of them (56%) think these sidewalks are nice to walk on (Fig. 12).

Surprisingly, only 40% of the elderly perceive the separation of modes as a measure of safety.  Even though the literature stresses the importance of pedestrian-vehicle separation (SARKAR, 1995a), more than 50% of the respondents do not agree or are not sure about the statement that a barrier of landscaping provides safety for the elderly (Fig. 13).
5. Factor analysis
Factor analysis is a statistical procedure to uncover relationships among many variables.  This allows numerous inter-correlated variables to be condensed into fewer dimensions, called factors.  In the context of this research, the variables are the degree of agreement with various specific attitude statements, and the factors are the general underlying attitudes.  By using factor analysis, it is possible to clarify some of the underlying, though not always observable or easily measurable, dimensions of the quality of sidewalks. 

The factor analysis procedure produced 3 factors that account for 56.1% of the variations in the attitudinal questions (using a Varimax rotation of the initial factors).  Table 4 shows, for each variable, the factor loadings that are greater than 0.40.  For ease of interpretation, variables in Table 4 are listed according to the size of their factor loadings in each factor. 

From the loadings, clearly the first factor, which accounts for 21.8% of the total variation, represents "Safety".  This factor structure suggests that the elderly pedestrians perceive the aspect of safety as including conflicts with motor vehicles, as well as the aspect of security (fear of others).  The most important variables are the ones related to security (pedestrian density, the risk of assault and street lighting).  The variables related to conflicts with vehicles as less important.  It seams the elderly are more concerned with the risk of being attacked (also of pick-pocketing and snatching bags) than with the risk of being hit by a motor vehicle.

The second factor, explaining 18.2% of the variation, captures the "Comfort" dimension.  Here, three variables load almost equally: pavement condition, obstacles and vehicles parked on the sidewalk.  The variable “transversal ramps” is less important.  The variable “parking on the sidewalk” has a negative loading because the statement in the survey was negatively oriented to the factor.  It should be noted that both positively and negatively oriented statements were used in the survey to minimize an automatic response bias by the pedestrians.

The final factor (which explains 16.1% of the total variance) may be interpreted as the “sidewalk environment”.  Surprisingly, the elderly pedestrians associated the existence of a buffer of shrubs along the curb with the attractiveness of the sidewalk and not with protection from motor vehicles.
6. Conclusions 

Factor analysis was successful in explaining three of the underlying dimensions of sidewalk quality, according to the elderly pedestrians.  The extracted factors and their relationship to the original variables are logical and interpretable.  Furthermore, the factor analysis results suggest that the somewhat dense concept of “sidewalk quality” can be defined along the three distinct dimensions of safety, comfort and environment.

The elderly want nice sidewalk, where they can walk comfortably and feeling safe.  However, often, the areas where they walk are intimidating or uninspiring.  It is important to improve these areas in an effort to ensure the quality and ease of their journeys.

The provision of safer and more pedestrian friendly environments alone will not change behavior, but they are important elements to change community health and tempt the elderly to walk more and are fundamental aspects to be considered in a most needed transportation policy for an aging society.
References
Alsnih, R.; Hensher, D. (2003) “The mobility and accessibility expectations of seniors in an aging population”, Transportation Research Part A 37, pp. 903–916

Badland, H.; Schofield, G. (2005) “Transport, urban design, and physical activity: an evidence-based update”, Transportation Research Part D 10, pp. 177–196.

Banister, D.; Bowling, A. (2004) “Quality of life for the elderly: the transport dimension”, Transport Policy 11, pp. 105–115

Bean, J. F.; Vora, A.; Frontera, W. (2004) “Benefits of Exercise for Community-Dwelling Older Adults”, Arch Phys Med Rehabil Vol 85, Suppl 3, S31-S42.

Cambridge Systematics (1993) The Pedestrian Environment – Volume 4A – Making the Land Use Transportation Air Quality Connection – 1000 Friends of Oregon, http:www.bts.gov/ntl/, obtained in April l/98.

Dixon, L.B. (1996) “Bicycle and pedestrian level-of-service performance measures and standards for congestion management systems”, Transportation Research Record 1538, pp.1-9.

Ferreira, M.A.G. e Sanches, S.P. (1999) Evaluating the safety and quality of urban pedestrian spaces.  Proceeding of the Conference on Civil and Environmental Engineering, Asian Institute of Technology, Thailand, Vol.4. Section 1, 1/22 - 1/30.

Fruin, J.J. (1987) Pedestrian Planning and Design. Elevator World Inc., USA. 

Khisty, C.J. (1994) “Evaluation of pedestrian facilities: beyond the level-of-service concept”, Transportation Research Record 1438, pp.45-50.

Metz, D.H.(2000) “Mobility of older people and their quality of life”, Transport Policy 7, pp.149–152.

Rahaman, K.R.; Ohmori, N.; Harata, N. (2005) Evaluation of the roadside walkway environment of Dhaka City, Proceedings of the Eastern Asia Society for Transportation Studies, Vol. 5, p. 1751–1766.

Ramsay, A. (1990). “A systematic approach to the planning of urban networks for walking”, in Tolley, R., ed. (1990). The greening of urban transport: planning for walking and cycling in western cities.  John Wiley and Sons.

Sant’Anna, R.; Câmara, P.; Braga, M.G.C. (2003) “Mobilidade na Terceira Idade: como planejar o futuro?” (Elderly's mobility: how can we plan the future?) Textos Envelhecimento v.6 n.2 Rio de Janeiro.

Sarkar, S. (1995a) “Evaluation of different types of pedestrian-vehicle separations”, Transportation Research Record 1502, pp.83-95.

Sarkar, S. (1995b) “Evaluation of safety for pedestrian at macro and micro levels in urban areas”, Transportation Research Record 1502, pp.105-118.

Stevens, M. et al (1999) “Groningen Active Living Model (GALM): Stimulating Physical Activity in Sedentary Older Adults”, Preventive Medicine 29, pp.267–276.
Suen, S. and Sen, L (2004) “Mobility Options for Seniors”, in TRB (2004) Transportation in an Aging Society - A Decade of Experience Transportation Research Board Conference Proceedings 27, pp. 97-113.
TRB – Transportation Research Board (1994). Highway Capacity Manual – Special Report 209, Washington D.C. 

* Corresponding author. Tel.: +55 16 3351 8262 # 233; fax: +55 16 3351 8295

e-mail addresses: ssanches@power.ufscar.br (S. Sanches), dmag@power.ufscar.br (M. Ferreira)

Table 1
Attributes that affect the quality of the sidewalk

	1.  Condition of the pavement 

	2.  Traffic volume and speed

	3.  Crowding (pedestrian density)

	4.  Conflicts with motor vehicles on the sidewalk

	5.  Obstacles: vending machines, trash cans, bus stops, newsstands, signs

	6.  Street lighting 

	7.  Risk of assault (hiding places for burglars)

	8.  Level and ubiquity of the noise and air pollution

	9.  Ramps across the sidewalk 

	10. Vehicles parked on the sidewalk

	11. Grass patches on the sidewalk (discontinuous pavement) 

	12.  Existence of a buffer from speeding traffic


Table 2
Sample characteristics

	Gender

Masculine - 46%

Feminine - 54%

Schooling

Basic - 20%

High School - 44%

College - 36%
	Purpose

Shopping - 17%

Exercise - 50%

Other - 33%

Frequency

Daily - 70%

Several times in a week - 15%

Occasionally - 15%


Table 3
Attitudinal statements included in the survey

	1.  I don't like to walk on sidewalks with broken and uneven pavement because I may stumble and fall.

	2.  I feel unsafe walking on sidewalks along streets with too much speeding traffic.

	3.  I don't like to walk on crowded sidewalks.

	4.  I fear I may be hit by a motor vehicle when I walk in front of driveways and parking lots with lowered curbs.

	5.  It annoys me when there are obstacles on the sidewalk (trash cans, bus stops, newsstands, signs, café tables, rubbish)

	6.  I feel uncomfortable when I walk on a dark, poorly lit sidewalk.

	7.  I am afraid to walk near empty lots, with overgrown hedges, because I am exposed to the risk of assault.

	8.  The noise and air pollution from motor vehicles bother me a lot when I am walking on a sidewalk.

	9.  I don't like when I have to pay attention in order not to trip over ramps built across the sidewalk, in front of driveways.

	10. Vehicles parked on the sidewalk are not a nuisance because I can walk around them.

	11. Sidewalks with grass patches are nice to walk on

	12. Pedestrians are safer on sidewalks that have a buffer of bushes along the curb 


Table 4
Factor loadings

	
	Factor loadings on

	
	Safety factor
	Comfort factor
	Environment factor

	Pedestrian density
	0.744
	
	

	Risk of assault
	0.721
	
	

	Street lighting
	0.610
	
	

	Conflicts with vehicles
	0.587
	
	

	Traffic volume and speed
	0.409
	
	

	Pavement condition
	
	0.658
	

	Obstacles on the sidewalk
	
	0.647
	

	Parking on the sidewalk
	
	- 0.617
	

	Transversal ramps
	
	0.537
	

	Grass patches
	
	
	0.759

	Pollution
	
	
	0.652

	Buffer from traffic
	
	
	0.583

	Explained Variation (%)
	21.8%
	18.2%
	16.1%


Captions to illustrations
Fig. 1. Mortality of elders due to external causes, in Brazil

Fig. 2. Answers to “I do not like to walk on sidewalks with broken and uneven pavement because I may stumble and fall” (%).

Fig. 3. Answers to “I feel unsafe walking on sidewalks along streets with too much speeding traffic” (%)

Fig. 4. Answers to “I do not like to walk on crowded sidewalks” (%)

Fig. 5. Answers to “I fear I may be hit by a motor vehicle when I walk in front of driveways and parking lots with lowered curbs” (%)

Fig. 6. Answers to “It annoys me when there are obstacles on the sidewalk (trash cans, bus stops, newsstands, signs, café-tables, rubbish)” (%)

Fig. 7. Answers to “I feel uncomfortable when I walk on a dark, poorly lit sidewalk” (%)

Fig. 8. Answers to “I am afraid to walk near empty lots, with overgrown hedges, because I am exposed to the risk of assault” (%)

Fig. 9. Answers to “The noise and air pollution from motor vehicles bother me a lot when I am walking on a sidewalk” (%)

Fig. 10. Answers to “I do not like when I have to pay attention in order not to trip over ramps built across the sidewalk, in front of driveways” (%)

Fig. 11. Answers to “Vehicles parked on the sidewalk are not a nuisance because I can walk around them” (%)

Fig. 12. Answers to “Sidewalks with grass patches are nice to walk on” (%)

Fig. 13. Answers to “Pedestrians are safer on sidewalks that have a buffer of bushes along the curb” (%)
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