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Urban Trails and Physical Activity
A Natural Experiment
Eugene C. Fitzhugh, PhD, David R. Bassett Jr., PhD, Mary F. Evans, PhD
Background: The built environment in which a person lives and works is thought to have a strong
influence on his or her level of physical activity. However, this belief is largely based on crosssectional studies underlining the need for prospective studies using natural experiments.

Design: This study adopted a quasi-experimental research design with multiple control neighborhoods and was conducted between 2005 and 2007. Data were analyzed in 2008.

Setting/participants: The subjects were children, adolescents, and adults in free-living conditions
within one experimental and two control neighborhoods.
Intervention: An urban greenway/trail was retrofıtted in a neighborhood that lacked connectivity
of the residential pedestrian infrastructure to nonresidential destinations.

Main outcome measures: The main outcomes were 2-hour counts of directly observed physical
activity in the general neighborhood and, at the school level, active transport to school.

Results: At the neighborhood level, the 2-hour counts of physical activity signifıcantly increased
between 2005 and 2007 (p⫽0.000) in the intervention neighborhood, with a median increase of 8.0
counts. The control neighborhoods had a signifıcant decrease in counts (p⫽0.000). The pre- and
post-intervention changes between experimental and control neighborhoods were signifıcantly
different for total physical activity (p⫽0.001); walking (p⫽0.001); and cycling (p⫽0.038). There was
no noted change over time for active transport to school in either the intervention or control
neighborhoods.
Conclusions: Changes to the pedestrian connectivity of the built environment infrastructure may
lead to greater levels of physical activity. However, this positive effect was limited to physical activity
at the neighborhood level and not to active transport to school.
(Am J Prev Med 2010;39(3):259 –262) © 2010 American Journal of Preventive Medicine

Introduction

T

he built environment is thought to have a strong
role in facilitating or hindering physical activity
across multiple domains, including transportation and leisure-time physical activity. This belief is based
largely on cross-sectional research that is limited by its
inability to demonstrate causal relationships.1,2 As such,
“natural experiments” using quasi-experimental research
designs have been identifıed as the top research priority in
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detecting causality between the built environment and
physical activity.1,3
In 2004, an opportunity to conduct a natural experiment presented itself in Knoxville TN to examine the
impact of one aspect of the built environment, neighborhood connectivity, on physical activity. The specifıc intervention involved retrofıtting a neighborhood with an
urban greenway/trail to connect the pedestrian infrastructure with nearby retail establishments and schools.
Construction of trails that encourage walking and other
forms of physical activity has been shown to be associated
with increased physical activity among sedentary individuals and with maintenance of physical activity among the
currently active.4 – 6
A 6-month period between the announcement of the
greenway/trail project and construction allowed investigators to implement a quasi-experimental research design with baseline (2005) and post-intervention (2007)
assessments. Direct observation of physical activity was
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used to examine whether improvements in the built environment causes increases in physical activity, in both
neighborhood and school settings, in the intervention
and control neighborhoods. Direct observation of physical activity in public places provides contextually rich
data and has been successfully used in built environment
studies.7–12

Table 1. Socioeconomic measures comparing
experimental and control neighborhoods based on 2000
U.S. Census data (% unless otherwise indicated)
Socioeconomic
measure

Methods
The study utilized a quasi-experimental multiple-control neighborhood research design to explore causal relationships between
the built environment and physical activity.13 Specifıcally, the
methodology was designed to detect changes in directly observed
physical activity at the neighborhood level after exposure to an
improved pedestrian infrastructure that enhanced connectivity to
retail and school destinations. The research design was planned
around the start of greenway/trail construction (May 2005) in the
intervention neighborhood. Pre-intervention assessment of directly observed physical activity occurred in March 2005, with
follow-up observation in March 2007. The construction of the
greenway/trail ended in December 2005, allowing a 14-month
exposure before the post-intervention assessment.

Intervention and Control Neighborhoods
The Knoxville–Knox County Metropolitan Planning Commission
fırst identifıed the intervention neighborhood in 1995 as a “special
planning opportunity area” for retrofıtting existing physical assets
of the built environment to achieve a “true urban village form.”14
The neighborhood was well established, characterized by a mix of
residential and commercial uses, including apartments, condominiums, single-family homes, privately owned stores, large franchises, specialty shops, restaurants, three public schools, churches,
and a post offıce. Because of the unfriendliness of the pedestrian
environment, the planning committee recommended retrofıtting
the neighborhood with an urban greenway/trail, with the intent to
provide pedestrian-friendly links among residences, businesses,
schools, and other public spaces. Construction of the 8-foot-wide
and 2.9-mile-long asphalt greenway cost $2.1 million.15,16
At baseline, the intervention neighborhood was characterized by
a population density of 2590 people per square mile; 2207 occupied
housing units; 17.7% minority ethnicity; 10.9% elderly (aged ⱖ65
years); 32.2% living in poverty; and with 9.6% of intersections
connected by three or more street segments.17 Investigators identifıed fıve candidate neighborhoods that matched the intervention
neighborhood along socioeconomic dimensions, and two control
neighborhoods were selected. Table 1 provides data on socioeconomic measures in these neighborhoods.

Experimental Control
neighborhood neighborhoodsa

Less than high school
education

9.3

9.7

Black

6.9

5.4

Unemployed

5.6

4.4

Female

50.2

53.0

Houses with mortgages

63.5

63.0

Median year house built
Median age (years)
Median household
income ($)

1950
30.0
36,563

1967
39.5
50,612

a

For each socioeconomic measure, Table 1 presents the mean value
across two control neighborhoods.

and research review board of the Knox County Schools approved
the school-level direct observation protocol.
Neighborhood-level direct observation, based on the pedestrian
count survey methodology,11 was conducted for 2 hours each in the
morning (7:00 –9:00AM); midday (11:00AM–1:00PM); and evening
(4:00 – 6:00PM) on 2 days (Wednesday and Saturday). In each
neighborhood, research assistants (in teams of two) were positioned unobtrusively at a location that provided distinct views of
physical activity. The locations, days, and times were consistent
across study years. Direct observation protocol included contingency plans for inclement weather. However, no weather-related
factors impeded neighborhood-level direct observation. Research
assistants recorded counts of pedestrians, cyclists, and individuals
performing other forms of physical activity (e.g., skateboarding).
School-level direct observation, which followed the protocol
developed by Suminski and colleagues,12 was conducted for 2 days
(Tuesday and Thursday) during the hours of 7:00 –9:00AM and
2:30 – 4:00PM in order to best capture active transport to school
(ATS). Permission from each respective school principal (Intervention: two elementary and one high school; Control: two elementary and one middle school) was secured in order to identify
the best locations for unobtrusive observation. Because of the multiple corridors of possible ATS at each school, one research assistant was positioned at each location, with two to four assistants in
total at each school. Research assistants recorded the number of
school-aged youth observed in ATS.

Statistical Analysis
Direct Field Observation of Physical Activity
Direct observation of physical activity, at both the neighborhood
and school levels, was conducted during the 4th week of March in
2005 (pre-intervention) and 2007 (post-intervention) by trained
research assistants. Training consisted of 4 hours of classroom and
in-fıeld instruction focusing on identifying valid physical activities,
coding schemes, and data-entry procedures. The University of
Tennessee IRB approved both the direct observation protocols,

The count-level data generated through direct observation in the
present study possessed both non-normal distributions and outliers. Therefore, analysis utilized a series of nonparametric tests
conducted in SAS, version 9.2. The analysis used Fisher’s exact tests
to detect statistically meaningful relationships among the counts of
physical activity observed (1) in the experimental and control areas
during the same year and (2) in the same neighborhood between
the pre- and post-intervention periods. The Wilcoxon rank sums
www.ajpm-online.net
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test was used to compare changes in physical activity during the
study period between the experimental and control areas.

Results
Figure 1 presents the 2-hour physical activity counts observed in the experimental and control neighborhoods.
At baseline (2005), there was no signifıcant relationship
between the 2-hour total physical activity counts in the
experimental and control neighborhoods (p⫽0.370). Focusing on pedestrian- and cycling-specifıc physical activity yielded similar fındings (p⫽0.176 for walkers,
p⫽0.060 for cyclists). However, at follow-up (2007), the
2-hour count of total physical activity was signifıcantly
(p⫽0.028) higher in the experimental neighborhood than
in the control neighborhoods. This signifıcant difference
was also noted among walkers (p⫽0.002) and cyclists
(p⫽0.036).
In the experimental neighborhood, the 2-hour physical activity counts increased between pre- and postintervention (p⫽0.000), with a median increase of 8
counts. If a similar increase was observed throughout the
average daylight period of 12 hours per day, then a total daily
increase in physical activity of 48 counts would be expected.
In contrast, in the control neighborhoods, the 2-hour
counts of physical activity between 2005 and 2007 decreased (p⫽0.000), with a median difference of –1 counts.
When these pre- and post-intervention changes in physical activity counts for the experimental neighborhoods
were compared to those for the control neighborhoods,
the experimental neighborhoods’ change in physical activity was found to be signifıcantly different from the
control neighborhoods’ for pedestrian (p⫽0.001); cycling
(p⫽0.038); and total physical activity (p⫽0.001).
The 2-hour observation counts for ATS in the experimental and control schools are presented in Figure 2. For

Figure 1. Two-hour counts of total physical activity (walking and cycling) observed in the neighborhood setting:
pre-intervention (2005) and post-intervention (2007)
September 2010

Figure 2. Two-hour counts of active transport to school:
pre-intervention (2005) and post-intervention (2007)

both the pre- and post-intervention periods, ATS was
generally higher in the control schools than in the experimental schools. However, this difference was signifıcant
in 2007 only (p⫽0.026). Wilcoxon rank sums test detected no signifıcant difference in the pre–post intervention change in ATS for the experimental compared to the
control schools (p⫽0.2061).

Discussion
The current study confırms that enhancing a neighborhood’s pedestrian infrastructure increases outdoor physical activity. However, the positive increase detected in
the current study was limited to physical activity observed in the general neighborhood and did not extend to
the school environment. Previous cross-sectional research on walking and ATS can provide some insight into
these fındings.
Walking for transport is positively related to neighborhood density, resident proximity to nonresidential destinations, and land use mix.18,19 It is important to note that
in the current study both the experimental and control
neighborhoods were judged to have all three of these characteristics. What they failed to have at pre-intervention was
street/sidewalk connectivity that would allow safe, direct
routes to proximate nonresidential destinations. Street/
sidewalk connectivity has not been found to be a factor
consistently associated with walking.19 However, the
fındings in the present study provide indirect evidence of
the importance of pedestrian infrastructure connectivity
in promoting physical activity at the neighborhood level.
Our fınding that enhanced pedestrian infrastructure
connectivity does not increase ATS reinforces current
thoughts in the literature. The prevailing belief is that
changes in the built environment alone are unlikely to
lead to increases in ATS.20 –23 ATS has been found to be
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associated with multiple factors related to the parents and
the school.20,22,24,25 Many now believe that improvements in the built environment need to be reinforced
with parental education to address safety concerns and
perceived barriers.22,25 In order to maintain the integrity
of the current research design, the study neighborhoods
were not exposed to any social marketing or awareness
campaigns during the course of the study.
The present study did not permit an investigation of
the types of users represented in the increased physical
activity counts observed in the experimental neighborhood. However, since the greatest increase in greenway/
trail users was observed among walkers, it is likely that the
increased physical activity occurred among new users
that lived within the neighborhood. It is possible, however, that some of the greenway/trail users in the present
study, especially those observed cycling, originated from
outside the neighborhood, perhaps from neighborhoods
close to the experimental neighborhood.10
A key strength of the current study is the quasiexperimental research design that used multiple control
neighborhoods.26 However, as with any community-based
research, there are limitations that need to be considered
when interpreting the results. First, the use of direct observation to document physical activity does not allow a
distinction to be drawn between transport and leisuretime physical activity.20 In addition, a defınitive statement about causality requires accurately identifıed controls. Although the methods used in the current study
included appropriate techniques for identifying control
neighborhoods, the possibility remains that the experimental and control areas differ along unobservable
dimensions.
This study was supported by grants from the Offıce of
Research and the Southeastern Transportation Center at
the University of Tennessee, Knoxville.
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collection phase of this research.
No fınancial disclosures were reported by the authors
of this paper.

References
1. Sallis JF, Story M, Lou D. Study designs and analytical strategies for
environmental and policy research on obesity, physical activity, and
diet: recommendations from a meeting of experts. Am J Prev Med
2009;36(2S):S72–7.
2. Committee on Physical Activity, Health, Transportation, and Land
Use. Does the built environment influence physical activity? Examining the evidence—Special Report 282. Washington DC: IOM, 2005.

3. Story M, Giles-Corti B, Yaroch AL, et al. Work group IV: future
directions for measures of the food and physical activity environments.
Am J Prev Med 2009;36(4S):S182– 88.
4. Brownson RC, Housemann RA, Brown DR, et al. Promoting physical
activity in rural communities: walking trail access, use, and effects.
Am J Prev Med 2000;18(3):235– 41.
5. Brownson RC, Baker EA, Boyd RL, et al. A community-based approach
to promoting walking in rural areas. Am J Prev Med 2004;27(1):28 –34.
6. Gordon PM, Zizzi SJ, Pauline J. Use of a community trail among new
and habitual exercisers: a preliminary assessment. Prev Chronic Dis
2004;1(4):A11.
7. McKenzie TL. Use of direct observation to assess physical activity. In:
Welk GJ, ed. Physical activity assessments for health-related research.
Champaign IL: Human Kinetics, 2002:179 –95.
8. Reger BC, Booth-Butterfıeld L, Smith S, et al. Wheeling walks: a community campaign using paid media to encourage walking among sedentary older adults. Prev Med 2002;35:285–92.
9. Sirard JR, Ainsworth BE, Mclver KL, Pate RR. Prevalence of active
commuting at urban and suburban elementary schools in Columbia,
SC. Am J Public Health 2005;95(2):236 –37.
10. Cohen D, Sehgal A, Williamson S, et al. Impact of a new bicycle path on
physical activity. Prev Med 2008;46:80 –1.
11. Langford F. Christchurch central city pedestrian counts survey.
Christchurch, New Zealand: Monitoring and Research Team, 2001.
12. Suminski RR, Petosa RL, Poston WC, Stevens E, Katzenmoyer L. An
observation method for determining the number of children and adults
walking/biking to elementary school. J Phys Act Health 2006;3:37– 47.
13. Koepsell TD. Epidemiologic issues in the design of community intervention trials. In: Brownson RC, Petitti DB, eds. Applied epidemiology:
Theory to practice. New York, NY: Oxford University Press, 1998:
177–211.
14. Metropolitan Planning Commission. The Bearden village opportunity
plan. Knoxville TN: Metropolitan Planning Commission, 2001.
15. City of Knoxville fınishes signifıcant greenway extension in Bearden.
News releases, City of Knoxville TN. www.ci.knoxville.tn.us/Press_
Releases/Content/2007/0409.asp.
16. Bearden Village Greenway. 2009. City of Knoxville TN. www.ci.
knoxville.tn.us/greenways/bearden.asp.
17. Environmental Systems Research Institute. Community Info for Education. Redlands CA: ESRI, 2004.
18. Frank LD, Kerr J, Sallis JF, Miles R, Chapman J. A hierarchy of sociodemographic and environmental correlates of walking and obesity.
Prev Med 2008;47:172– 8.
19. Saelens BE, Handy SL. Built environment correlates of walking: a
review. Med Sci Sports Exerc 2008;40(7S):S550 – 66.
20. Ewing R. Can the physical environment determine physical activity
levels? Exerc Sport Sci Rev 2005;33(2):69 –75.
21. McMillan TE. The relative influence of urban form on a child’s travel
mode to school. Transp Res Part A 2007;41:69 –79.
22. Davison KK, Werder JL, Lawson CT. Children’s active commuting to
school: current knowledge and future directions. Prev Chronic Dis
2008;5(3):1–11.
23. Franzini L, Elliott MN, Cuccaro P, et al. Influences of physical and
social neighborhood environments on children’s physical activity and
obesity. Am J Public Health 2009;99(2):271– 8.
24. Kerr J, Rosenberg D, Sallis JF, Saelens BE, Frank LD, Conway TL.
Active commuting to school: associations with environment and parental concerns. Med Sci Sports Exerc 2006;38(4):787-4.
25. McMillan TE. Urban form and a child’s trip to school: the current
literature and a framework for future research. J Plann Lit 2005;
19(4):440 –56.
26. Boarnet MG. The built environment and physical activity: empirical
methods and data resources. Committee on Physical Activity, Health,
Transportation, and Land Use; 2004 July 18.

www.ajpm-online.net

