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Abstract Parks may provide opportunities for people
to increase their physical activity and improve health.
Yet, parks are generally less plentiful and underutilized
in low-income urban neighborhoods compared with
more advantaged neighborhoods. Renovations within
and around parks may improve park utilization but the
empirical evidence supporting this relationship is scarce.
This study assessed the impact of greenspace, housing,
and commercial investments on street characteristics
(walkability, amenities, incivilities/poor esthetics) and
park use by examining park use over time in two low-
income neighborhoods in Pittsburgh, PA (n =17 parks),
before and after neighborhood-based renovations that
were primarily centered in one neighborhood. We used
systematic observation of parks, park use, and street
blocks surrounding parks to examine the impact of
neighborhood changes on park use. We used
difference-in-differences to test whether park use and
street characteristics surrounding the parks improved
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more in the intervention neighborhood than in the com-
parison neighborhood. We also used zero-inflated neg-
ative binomial regression with interactions by time to
test whether changes in street characteristics were asso-
ciated with changes in park use over time. We found that
improved walkability, incivilities, and esthetics sur-
rounding parks in socioeconomically disadvantaged
neighborhoods were associated with greater park use
and may help increase visits to underutilized parks.

Keywords Parks - Physical activity - Neighborhood

Introduction

Physical activity is considered critical for health and can
reduce the risk of disease, including cardiometabolic
disease, diabetes, depression, certain cancers, and obe-
sity [1-3]. Based on the most recent 2016 National
Health Interview, only about half of US adults reported
meeting the recommended [4] amount of leisure time
aerobic activity. Furthermore, low-income and racial/
ethnic minority populations are the least likely to
achieve recommended levels of activity [5, 6], which
may contribute to well-documented and pervasive dis-
parities in obesity-related morbidity (e.g., cardiovascu-
lar disease and diabetes) as well as other health
disparities.

The socioecological perspective recognizes multiple
levels of interrelationships between individuals, and
social, physical, and policy environments that impact
people’s physical activity [7-11]. In particular, the built
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features of where one lives (e.g., sidewalk conditions,
traffic calming measures) may limit or promote physical
activity and so the neighborhood environment is a po-
tential policy target to improve population-level health
behaviors. Parks, in particular, are an important part of
the public landscape that provide opportunities to expe-
rience nature and for recreation. However, parks located
in low-income neighborhoods tend to be underutilized
[12, 13] which may be due to lack of park programming,
facilities, and amenities, as well as concerns about safety
[12, 14-16]. Yet, the association between objectively
measured neighborhood characteristics and physical ac-
tivity behaviors is not well understood (see reviews [17,
18]), especially in minority populations, such as low-
income African Americans [19, 20].

Recent advances in longitudinal research capitalizing
on natural experiments and randomized control trials
suggest that park renovations and marketing/outreach
may attract park users and increase the physical intensity
of'the activities that take place on park grounds [21-27].
For example, one study in Los Angeles, CA, showed
that urban parks with new outdoor exercise equipment
had greater increases in new park users and higher
estimated energy expenditure than comparison parks
without new equipment [26]. In Victoria, Australia,
introducing a walking track and amenities (e.g., fenced
leash-free area for dogs and an all-abilities playground)
in a neighborhood park increased park use overall and,
in particular, increased the number of walkers and vig-
orously active park users [21]. In addition, a free exer-
cise program in San Leandro, CA, attracted a large
number of people to engage in moderate-to-vigorous
physical activity during the class time [27].

While programming and facilities seem to be impor-
tant to whether and how people use parks, the surround-
ing neighborhood context has been less studied. It is
important to examine because people in urban areas
typically access parks by walking to them. Among
Latino Los Angeles residents living within 1 mile of
50 parks who reported visiting a park, half reported
walking to get there [28]. Research has supported links
between built and social environmental factors and
physical activity [17, 29], and the area surrounding
parks has been recognized as one of the four geographic
areas that should be considered when assessing parks for
their relationship to physical activity [30].

In this paper, we examine these issues using data
collected as part of a natural experiment. In Pittsburgh,
a plan (known as Greenprint) for greenspace

improvement in the Hill District neighborhood, a low-
income, predominantly African American urban neigh-
borhood, presented an opportunity to examine the role
of neighborhood investments in greenspace and sur-
rounds on park use. The City of Pittsburgh Department
of Urban Planning, the Pittsburgh Parks Conservancy,
the Hill District Consensus Group, and a nonprofit
group called Find the Rivers! came together to form a
plan which included proposed creation and renovation
of current greenspace, including multiple parks, six
outdoor stairwells, and three trails connecting parks.
This formed the basis for the design of a natural exper-
iment to examine whether improvements in the Hill
District (intervention) influenced park use or resident
physical activity. Homewood, a sociodemographically
similar Pittsburgh neighborhood, was selected to serve
as a comparison neighborhood to control for secular
changes that may have been occurring regardless of
neighborhood investments. While developments were
also planned for Homewood, the scale of the invest-
ments was much lower than it was in Hill District.

Despite the methodological strengths of natural ex-
periments, in reality they can present practical chal-
lenges. The intervention neighborhood faced delays in
expansive greenspace renovations that were scheduled
to occur during the study period (2012-2015), including
the opening of multiple new parks (which ultimately
happened following the study period). The Cliffside/
August Wilson park was fully renovated and opened
to the public in August 2016. Nonetheless, there were
other major investments that directly changed the land-
scape of Hill District, including major public housing
development construction and renovations that changed
the surrounding neighborhood characteristics. The Pitts-
burgh Hill/Homewood Research on Neighborhoods,
Exercise and Health (also known as PHRESH Plus)
was designed to collect resident physical activity among
a randomly selected cohort of participants, as well as
objective data on the built and greenspace environment
in Hill District and Homewood prior to and after chang-
es in the physical environment.

We used a variety of measures that describe each park
or the area surrounding it to test hypotheses about how
changes in park use relate to renovations and the chang-
ing environment surrounding the parks. We hypothe-
sized that park use, park-based physical activity, and
neighborhood conditions (e.g., walkability) would all
improve more in the intervention neighborhood than in
the comparison neighborhood.
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Methods

We collected objective measures of park use for all
publicly accessible parks and playgrounds in
Pittsburgh’s Hill District and Homewood neighbor-
hoods, as well as audits of street characteristics sur-
rounding the parks. At baseline, we collected data on
19 parks but at follow-up, two parks were inaccessible
due to construction so we did not include them in the
analytic sample (n = 17). Baseline park observations and
street audit collection occurred in 2012, prior to any
renovations. At that time, local parks across both neigh-
borhoods, although accessible, were largely
underutilized [12]. In 2015, following completion of
planned improvements to Hill District (intervention),
we completed follow-up data collection.

Park Use and User Characteristics

We used the System for Observing Play and Recreation
in Communities (SOPARC) [31] which is a validated
method using momentary time sampling to assess the
characteristics of parks and their users, including their
physical activity levels. The details regarding use of
SOPARC in PHRESH Plus are described elsewhere
[12]. Briefly, each park was mapped and divided into
distinct target areas. Field staff systematically rotated
through all target areas in each of the parks and play-
grounds on Tuesdays, Thursdays, Saturdays, and Sun-
days. The data collectors performed 4 scans per day at
different times of day (morning, afternoon, midday,
evening) resulting in 16 scans per park. Larger parks
required scanning of more target areas than smaller
parks. Park users in target areas were categorized by
gender (male, female), age group, (child, teen, adult,
senior), and physical activity level (sedentary [e.g.,
seated, standing], moderate [e.g., walking], vigorous
[e.g., running, climbing]). We included senior park users
(users who appeared to be ~60 years or older) in the
adult group because, on average, fewer than 1 senior
was observed per hour across parks at baseline and
follow-up, respectively. We combined moderate and
vigorous physical activity into one moderate-to-
vigorous category (MVPA). Since each scan lasted
roughly 1 h, we estimated hourly park use as the number
of users per scan. We collected park use data at baseline
(August to October 2012) and at follow-up (August to
October 2015). However, in October 2016, we observed
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park use for the Cliffside/August Wilson park after its
renovation was completed.

Because park use varies by day of the week and time
of day, we attempted to complete scans at the same day/
time at follow-up as at baseline. In a few cases, that was
not possible. To address this, we dropped any scan of a
day of the week/time of day combination (n = 10) that
was not collected at both years, resulting in a total of 525
scans. In the event of rain, data collectors made up the
observation at the same day of the week and time of day
at a different week.

Street Characteristics

Using geographic shapefiles provided by ESRI and the
city of Pittsburgh, we located 2027 street segments in
2012 located within the study neighborhoods. We ran-
domly selected 511 or 25% of these segments (both
sides of a street between two cross streets) (25%), with
an additional oversampling of 85 segments where there
was anticipated investment or change. For this analysis,
we examined only the subset of street segments that
were within a half-mile radius of each park. We chose
a one-half radius because, conceptually, this made sense
to our team when looking and examining each of the
parks and surrounds. In addition, we chose this distance
based on prior research on a nationally representative
survey which reported that people will walk about up to
a half mile for recreation [32]. In both neighborhoods,
trained data collectors conducted audits on a total of 502
(intervention n =305, comparison n=197) street seg-
ments. Each street segment was audited by a team of
two data collectors, which is shown to improve reliabil-
ity of ratings [33]. The data—collector pair walked both
sides of the street segment to complete a single set of
ratings. The data—collector pair walked the length of
each segment in 2012 (October to November) and again
in 2015 (August to November) to complete the audits:
adapted from the Bridging the Gap Street Segment Tool
[34-36]. A field coordinator oversaw data collection,
reviewed, and resolved any remaining disagreements in
ratings. We also assessed inter-rater reliability testing
using a random 10% sample of street segments. Across
all items, we had about 90% agreement in 2012 and
94% in 2015. Examples of items with poor agreement
included amount of litter present which can vary over
time and buildings which were not easily identified as
vacant or inhabited. We constructed variables describing
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the characteristics of segments surrounding the parks
that we hypothesized would predict park use. Specifi-
cally, we created three street characteristic variables that
capture incivilities/poor esthetics, amenities, and
walkability.

The walkability index was designed based on evi-
dence that sidewalks in good condition and other char-
acteristics such as good lighting and pedestrian cross-
ings are associated with increased physical activity/
walking [29, 37, 38]. Specifically, we used a walkability
index used by others [35] composed of the sum of the
following scores: traffic signs at the intersection (4
points), pedestrian crossings (2 points), sidewalks (10
points), lighting (2 points), transit (2 points), and mixed
use (e.g., commercial versus residential) (2 points). The
scale ranges from 0 to 22, with higher scores indicating
greater walkability.

We summed the following items present in the street:
lack of art, lack of garden, litter, vacant housing, bars on
windows, broken windows, and the data collector
reporting that they did not feel safe walking on the
segment to form the incivilities/poor esthetics variable.
Higher scores indicate greater incivilities and poorer
quality esthetics.

We created an amenities score (with a range of 0-5)
as the sum of the following items present in the street:
public trash can, street dispenser/vending machine,
benches or other seating, drinking fountain, bicycle
parking.

To convert the street-level variables to park-level
variables, we then took all sampled street segments
within a half-mile radial distance surrounding parks
(n=502) and created an average of the street-level
measures, by multiplying by the length of the segment
and dividing by the total length of all sampled street
segments surrounding each park (within the half-mile
radial-distance buffer). Then, we summed the values
across each park buffer. In addition, we normalized the
street characteristic variables to facilitate interpretations
of change of variables with different scales by
subtracting the pooled sample mean and dividing by
the standard deviation.

Statistical Analyses

We performed descriptive analyses and multivariable
models using Stata 14.0 (StataCorp, College Station,

TX). We calculated adjusted means and standard devi-
ations of park use and street characteristic variables.

To test our hypothesis that park use, overall and by
type of user (e.g., child) and activity (e.g., MVPA),
would increase more in the intervention neighborhood
than in the comparison neighborhood. We performed
difference-in-difference (DID) tests. We maximized var-
iability across the 17 parks by analyzing the data at the
park scan level (n=559) but included clustering by
park. For each park user and activity-level outcome,
we calculated the (i) average difference between base-
line and follow-up values in the Hill District parks
(intervention), (ii) average difference between baseline
and follow-up values in Homewood parks (compari-
son), and (iii) a difference-in-difference estimator indi-
cating changes over time in the intervention group com-
pared with those in the comparison group. Because use
of parks was low, the park use (e.g., observed number of
users) variables contained many zeros (ranging from 57
to 95%). That is, often no one was observed using the
park during the scan. Therefore, we used zero-inflated
negative binomial (ZINB) regression. ZINB models
simultaneously estimate the associations between the
independent variables and park use counts and the odds
of no park use.

Our hypothesis rests on the assumption that street
conditions improved more so in the intervention than
in the comparison neighborhood. We repeated the DID
approach to examine this. Here, the outcomes were
street walkability, amenities, and incivilities/poor
esthetics.

In addition, regardless of neighborhood, changes in
the conditions of the area surrounding the parks might
influence changes in park use. We used zero-inflated
negative binomial regression to model the street charac-
teristic by year associations with changes in park use,
with clustering on the park. We controlled for the
Cliffside/August Wilson park because it was renovated.
We report the incidence rate ratios (IRR) for all ZINB
models.

Covariates

In all models, we controlled for the size of the park (in
acres), whether the observation occurred on a weekend
(yes/no), and during daytime (morning/midday/after-
noon versus evening). In the models where the exposure
was change in street characteristics (i.e., non-DID
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models), we controlled for neighborhood (comparison
versus intervention).

Results

The parks varied in size across the two neighborhoods
from 0.2 to 23.3 acres in the intervention neighborhood
(Hill District) and from 0.2 to 10.8 acres in the compar-
ison neighborhood (Homewood) (Table 1). Park use
increased in the renovated Cliffside/August Wilson
park. The street characteristics suggest that the areas
surrounding the parks were in slightly better condition
in the intervention than in the comparison neighborhood
(Table 2). While the intervention neighborhood ap-
peared to have greater walkability and fewer
incivilities/better esthetics at both years than the com-
parison, the number of amenities was similar across
neighborhoods.

Table 3 presents within-neighborhood changes in
total park users and by user demographics and activity
level, as well as the DID tests across the two neighbor-
hoods. The number of park users ranged from about 1 to

about § users per hour. In both neighborhoods, park
users were more likely to be children versus adolescents
or adults, and males used parks more than females. Park
users were typically engaged in sedentary (e.g., sitting)
activity with some moderate-to-vigorous activity. While
park use appeared to decline in both neighborhoods, we
observed no significant DID across neighborhoods.
However, we did find a marginally significant DID that
suggests the decline in children using parks may have
been slightly greater in the comparison than in the
intervention neighborhood (DID =+ 1.0, p=0.10).
While mean changes were negative, they were not sig-
nificant; therefore, park use appeared to be relatively
stable in the intervention neighborhood.

Table 4 presents the changes and DIDs for the street
characteristics. Walkability declined slightly in the com-
parison neighborhood, and remained relatively stable in
the intervention neighborhood (DID =+ 0.7, p=0.01).
Similarly, amenities declined in the comparison neigh-
borhood but remained relatively stable in the interven-
tion neighborhood (DID=+ 1.1, p<0.01). In contrast,
incivilities/poor esthetics increased in the intervention
neighborhood but did not change in the comparison

Table 1 Park in two low-income neighborhoods (Pittsburgh, PA) and estimated weekly park use

Neighborhood parks

Size (acres)

Baseline 2012
Users per week

Follow-up 2015
Users per week

Hill District (intervention)

Al Graham 0.3
Ammons 8.8
Cliffside/August Wilson' 39
Granville 0.6
Kennard 13.4
Robert E Williams 12.3
Vincennes 1.6
West Penn Rec 233
Homewood (comparison)
Baxter Park 2.8
Chadwick 6.8
Dallas 0.4
JuneBug 0.2
KaBoom 29
Larimer 1.1
Willie Stargell 2.7
Westinghouse 10.8
Wilkinsburg 0.3

24.9 (58.0)
150.6 (227.9)
6.2 (17.0)
145.1 (263.4)
884.4 (1716.9)
117.3 (366.1)
99.0 (123.9)
460.6 (724.2)

74.8 (120.2)
901.3 (1632.4)
170.5 (280.4)
110.0 (285.0)
110.0 (205.6)
197.3 (319.6)
4455 (1472.6)
266.8 (295.9)
513 (116.7)

10.3 (29.8)
120.3 (312.6)
28.2 (64.8)
96.9 (232.9)
613.1 (1465.8)
294.1 (503.7)
35.4 (76.7)
446.9 (465.2)

68.2 (102.0)
98.3 (125.3)
81.1 (127.6)
0.0 (0.0)

19.3 (57.9)
58.4 (80.4)
200.8 (549.4)
501.9 (591.1)
21.3 (68.6)

! Park use at follow-up was observed in October 2016 after renovations were complete
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Table 2 Park and street characteristics by neighborhood

Street characteristics Intervention Comparison
(N=525) (Hill District) (Homewood)
(N =8 parks) (N =9 parks)
2012 2015 2012 2015
Mean Mean Mean Mean
(SD) (SD) (SD) (SD)
Walkability 8.1 (0.8) 8.4(0.5) 7.4(0.6) 7.2(0.6)
Amenities 0.3(0.1) 0.4 (0.1) 0.3(0.1) 0.2(0.1)
(e.g., benches)
Incivilities/poor 4.0(0.4) 45(04) 52(0.1) 52(0.4)
esthetics
(e.g., broken
windows)

neighborhood (DID =+ 0.7, p =0.02). These results in-
dicate that changes in the intervention neighborhood
were not as uniformly positive as anticipated, rendering
our difference-in-difference approach to testing our hy-
potheses less informative.

Thus, we conducted regression analyses that tested
associations between the street characteristics surround-
ing each park and park use changes over time using the
combined sample of parks across both neighborhoods.
Any interaction between time (baseline versus follow-
up) and street characteristics would indicate that change
in that characteristic is associated with park use. The
interaction terms for walkability by time were

significant for the outcomes of total, adult, male, and
sedentary users. Effects are illustrated in Fig. 1. One
specific example shows that increased walkability (by
one standard deviation) in the streets surrounding the
parks was associated with over a two and a half-fold
increase in hourly adult park users between follow-up
and baseline (IRR=2.75, p<0.01). Increased
walkability was also associated with increased sedentary
(e.g., sitting) park use (IRR=2.24, p=0.02), and in-
creased park use for males (IRR=2.12, p=0.01) and
users (IRR=2.09, p=0.01). Lastly, an increase in
incivilities/poor esthetics near parks was associated with
a decrease in adult park use by a factor of about 0.6
(IRR=0.61, p=0.04) as well as decreased male (IRR =
0.47, p<0.01) and sedentary (IRR=0.55, p=0.03)
park use. None of the amenities by year associations
was significant. The interaction model estimates are
presented in the Supplemental file (Table S1).

Discussion

Using objectively measured park use and street charac-
teristics, we found correlational evidence that increases
in walkability and improvements in esthetics were asso-
ciated with increases in park use. However, using our
natural experiment design, we did not find that
greenspace renovations resulted in greater park use

Table 3 Estimated park users per hour by type and activity level means, standard deviations (SD), and difference-in-difference tests

Intervention (Hill District)

Comparison (Homewood)

2012 2015 Mean p 2012 2015 Mean p Difference-in-difference p
Mean Mean change value Mean Mean change value (Hill value
(SD) (SD) (SD) (SD) District — Homewood)
Park users by type of person
Total users 8.8(49) 6322 —-25 041 7.8(3.0) 3.2(0.6) —4.88 0.17 2.4 0.30
Children 52(55) 3.6@3.1) —-1.6 058 3.7(.9 13(0.2) —26 0.02 1.0 0.10
Teenagers 1.6 (0.4) 0.8(0.3) —0.89 022 1.7(09) 1.2(0.7) —047 063 -04 0.69
Adults 32(1.5) 2.6(0.6) —0.57 0.68 3.6(2.2) 0.8(0.1) —3.37 0.26 2.8 0.19
Female 24(1.1) 240.79 0.01 099 23(0.8) 1.0(02) —14 0.23 1.4 0.18
Male 6.4(3.8) 4.1(1.8) —2.38 029 55(2.2) 22(0.6) —3.51 0.15 1.1 0.36
Park users by type of activity
Sedentary 54(42) 39(1.8) —1.51 058 49(2.0) 1.7(03) —3.57 0.14 2.1 0.22
Moderate to 33(1.0) 1.6(04) —1.83 0.15 35¢0.9 2.20.5) —133 0.04 -0.5 0.54
vigorous

Italics indicates p < 0.05
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Table 4 Street characteristics: means, standard deviations (SD), and difference-in-difference tests

Street Intervention (Hill District) Comparison (Homewood) Difference-in-difference )4
characteristic (intervention — comparison) value
2012 2015 Mean p 2012 2015 Mean P
Mean Mean change value Mean Mean change value
(SD) (SD) (SD) (SD)
Walkability 0.4(04) 0.8(0.3) 04 0.16 —-04 -0.7 -0.3 <0.01 0.7 0.01
0.3) 0.3)
Amenities 0.2(0.3) 0.5(0.3) 0.3 005 010.4) —0.7 -0.8 <0.01 1.1 <0.01
0.3)
Incivilities/poor  — 1.2 - 04 0.8 <0.01 0.7(0.1) 0.8(0.2) 0.1 073 0.7 0.02
esthetics 0.2) 0.3)

Italics indicates p < 0.05

Variables were normalized by subtracting the pooled sample mean and dividing by the standard deviation

and physical activity in the intervention neighborhood.
This may be because changes were not uniformly more
positive in the intervention than the control. Walkability
and amenities improved, but incivilities/poor esthetics
actually increased. Given that walkability was associat-
ed with increased use and incivilities with decreased use
in our analysis across neighborhoods, this may explain
why the neighborhood-based DID analysis of park use
outcomes was not significant. Nevertheless, improving
the walkability and reducing incivilities/poor esthetics
in the areas around parks in socioeconomically disad-
vantaged neighborhoods may help increase use of
underutilized parks.

Improving neighborhood walkability around parks
may make park use more appealing. Contrary to our
hypothesis, sedentary activity appeared to increase with
greater walkability more than MVPA. However, these

findings are consistent with another study that reported
that, in city parks (Ghent, Belgium; and San Diego, CA)
neighborhood walkability was positively associated
with in-park user count, sedentary activity, and walking
but not vigorous activity [39]. However, even sedentary
park users may have expended more physical activity
than they otherwise would have if they had not visited
the park. About half of park users in low-income neigh-
borhoods reported walking as their means of transpor-
tation to parks [40]. Promoting more intense physical
activity in parks may require constructing new/
refurbishing park facilities or developing attractive park
activity programs. For example, offering free exercise
classes in a low-income, predominantly Latino neigh-
borhood park increased moderate-to-vigorous physical
activities, especially among women users [27]. Social
factors (e.g., safety concerns) that can impede park

Street characteristic-by-time associations with park use

Incidence rate ratios

Walkability

M Total users M Children ® Teenagers Adults

Amenities

M Females

Incivilities/aesthetics

B Males ™ Sedentary M Moderate-to-vigorous

Fig. 1 Interaction between time (baseline versus follow-up) and street characteristics
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programing in disadvantaged neighborhoods should al-
so be considered [24].

This study highlights the challenges and opportuni-
ties associated with natural experiments that investigate
health outcomes as a consequence of policy changes.
Natural experiments are needed to rigorously test how
environmental changes can impact health behaviors.
Yet, this study was challenged by the fact that the
originally planned changes did not happen according
to schedule or of the predicted magnitude that was
originally anticipated. Despite enthusiasm, the compre-
hensive Greenprint goals were not fully realized by
2015. However, during our study period, we found
evidence that some street features surrounding the parks
did improve substantially more in the intervention
neighborhood than in the comparison neighborhood.
However, studying the impact of these with a natural
experiment proved difficult, given that there were con-
comitant negative changes in the intervention
neighborhood.

Our study has limitations. Even in light of the rigor-
ous longitudinal study design, our findings should not
be interpreted as causal influences on park use. Our set
of 17 parks is relatively small and may have limited our
power to detect effects. Moreover, our study is set in one
city so our findings may not generalize to other settings.
Given the natural experimental design of our study, it is
possible that construction that we were not aware of
occurred and could have impacted our street measures
and park use. The street audits occurred in slightly
different time frames. Although we do not expect most
of the street characteristics that we assessed would sys-
tematically vary between August and October, we tested
multiple models so some significant findings may be
due to chance. Yet, the consistent pattern of results with
walkability across several types of park users reduces
the possibility these are spurious findings. Moreover, we
relied on field staff perceptions to categorize park users
which could introduce a measurement error. Our study
lacked information about park management practices
(e.g., marketing/outreach) or programming that have
been shown to influence park use [13, 14]. Our study
has other notable strengths. We used a quasi-
experimental approach to capitalize on a natural exper-
iment assessing changes within and around parks in
relation to changes in park use in low-income urban
neighborhoods. We collected repeated measures of park
use and street characteristics objectively using validated
tools.

Conclusions

Parks are underutilized yet they hold the potential to
provide people opportunities to be physically active and
improve health. Improving the public park landscape
may be even more important for low-income popula-
tions who are at high risk of inactivity and activity-
related disease than higher income populations. In ad-
dition to improving the quality of parks and greenspace,
policy-makers should consider how the areas surround-
ing neighborhoods can attract park users. Notably, in-
creasing walkability and safety from crime may increase
park use and the intensity of park-based physical
activity.

Acknowledgments The authors express sincere appreciation
and gratitude to La’Vette Wagner, field coordinator of the Pitts-
burgh Hill/Homewood Research on Eating, Shopping, and Health
study, and the data collection staff. In particular, we acknowledge
Jennifer Sloan and Alvin Nugroho who provide essential support
to the project. The authors thank the Hill House Association,
Operation Better Block, and Homewood Children’s Village. With-
out their participation, the study could not have happened.
Funding was provided by the National Cancer Institute (Grant
No. ROICA164137 “Impact of Greenspace Improvement on
Physical Activity in a Low Income Community” and National
Heart Lung Blood Institute (Grant No. R01 HL122460 “Neigh-
borhood Change: Impact on Sleep and Obesity-Related Health
Disparities”).

References

1. Andersen LB, Harro M, Sardinha LB, Froberg K, Ekelund
U, Brage S, et al. Physical activity and clustered cardiovas-
cular risk in children: a cross-sectional study (the European
Youth Heart Study). Lancet. 2006;368(9532):299-304.

2. Boreham C, Riddoch C. The physical activity, fitness and
health of children. J Sports Sci. 2001;19(12):915-29.

3. Carson V, Ridgers ND, Howard BJ, Winkler EA, Healy GN,
Owen N, et al. Light-intensity physical activity and cardio-
metabolic biomarkers in US adolescents. PLoS One.
2013;8(8):¢71417.

4. Office of Disease Prevention and Health Promotion.
Physical activity guidelines. (2016); https://www.cdc.
gov/nchs/data/nhis/earlyrelease/earlyrelease201705.pdf.
Accessed March 13, 2016.

5. Tucker JM, Welk GJ, Beyler NK. Physical activity in U.S.:
adults compliance with the physical activity guidelines for
Americans. Am J Prev Med. 2011;40(4):454-61.

6. Parks SE, Housemann RA, Brownson RC. Differential cor-
relates of physical activity in urban and rural adults of
various socioeconomic backgrounds in the United States. J
Epidemiol Community Health. 2003;57(1):29-35.

@ Springer



212

Richardson et al.

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Mozaffarian D, Afshin A, Benowitz NL, Bittner V, Daniels
SR, Franch HA, et al. Population approaches to improve
diet, physical activity, and smoking habits a scientific state-
ment from the American Heart Association. Circulation.
2012;126(12):1514-63.

Bauman AE, Reis RS, Sallis JF, Wells JC, Loos RJ, Martin
BW, et al. Correlates of physical activity: why are some
people physically active and others not? Lancet.
2012;380(9838):258-71.

Coombes E, Jones AP, Hillsdon M. The relationship of
physical activity and overweight to objectively measured
green space accessibility and use. Soc Sci Med.
2010;70(6):816-22.

Saelens BE, Sallis JF, Black JB, Chen D. Neighborhood-
based differences in physical activity: an environment scale
evaluation. Am J Public Health. 2003;93(9):1552-8.

Sallis JE, Owen N, Fisher EB. Ecological models of health
behavior: Glanz, K., Rimer, B.K., Viswanath, K. ed. San
Francisco, CA: Jossey-Bass 2008.

Cohen DA, Hunter G, Williamson S, Dubowitz T. Are food
deserts also play deserts? J Urban Health. 2016;93(2):235-43.
Cohen DA, Han B, Nagel CJ, Harnik P, McKenzie T,
Evenson KR, et al. The first national study of neighborhood
parks: implications for physical activity. Am J Prev Med.
2016;51(4):419-26.

Cohen DA, Marsh T, Williamson S, et al. Parks and physical
activity: why are some parks used more than others? Prev
Med. 2010;50(Suppl 1):S9-12.

Kaczynski AT, Potwarka LR, Saelens BE. Association of
park size, distance, and features with physical activity in
neighborhood parks. Am J Public Health. 2008;98(8):
1451-6.

Lapham S, Cohen D, Han B, et al. How important is per-
ception of safety to park use?—a four-city survey. Urban
Stud. 2015;53(12):2624-36.

Ding D, Gebel K. Built environment, physical activity, and
obesity: what have we learned from reviewing the literature?
Health & place. 2012;18(1):100-5.

Van Cauwenberg J, De Bourdeaudhuij I, De Meester F, et al.
Relationship between the physical environment and physical
activity in older adults: a systematic review. Health & place.
2011;17(2):458-69.

Feng J, Glass TA, Curriero FC, Stewart WF, Schwartz BS. The
built environment and obesity: a systematic review of the
epidemiologic evidence. Health Place. 2010;16(2):175-90.
Kumanyika SK, Gary TL, Lancaster KJ, Samuel-Hodge CD,
Banks-Wallace J, Beech BM, et al. Achieving healthy
weight in African-American communities: research perspec-
tives and priorities. Obes Res. 2005;13(12):2037-47.
Veitch J, Ball K, Crawford D, Abbott GR, Salmon J. Park
improvements and park activity: a natural experiment. Am J
Prev Med. 2012;42(6):616-9.

Tester J, Baker R. Making the playfields even: evaluating the
impact of an environmental intervention on park use and
physical activity. Prev Med. 2009;48(4):316-20.

Cohen DA, Golinelli D, Williamson S, Sehgal A, Marsh T,
McKenzie TL. Effects of park improvements on park use
and physical activity: policy and programming implications.
Am J Prev Med. 2009;37(6):475-80.

Cohen DA, Han B, Derose KP, Williamson S, Marsh T,
Raaen L, et al. Promoting physical activity in high-poverty

@ Springer

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

neighborhood parks: a cluster randomized controlled trial.
Soc Sci Med. 2017;186:130-8.

Cohen DA, Han B, Isacoff J, Shulaker B, Williamson S,
Marsh T, et al. Impact of park renovations on park use and
park-based physical activity. J Phys Act Health. 2015;12(2):
289-95.

Cohen DA, Marsh T, Williamson S, Golinelli D, McKenzie
TL. Impact and cost-effectiveness of family fitness zones: a
natural experiment in urban public parks. Health Place.
2012;18(1):39-45.

Han B, Cohen DA, Derose KP, Marsh T, Williamson S, Loy
S. Effectiveness of a free exercise program in a neighbor-
hood park. Prev Med Rep. 2015;2:255-8.

Derose KP, Han B, Williamson S, Cohen DA, Corporation R.
Racial-ethnic variation in park use and physical activity in the
city of Los Angeles. J Urban Health. 2015;92(6):1011-23.
Ding D, Sallis JF, Kerr J, Lee S, Rosenberg DE.
Neighborhood environment and physical activity among
youth a review. Am J Prev Med. 2011;41(4):442-55.
Bedimo-Rung AL, Mowen AJ, Cohen DA. The significance
of parks to physical activity and public health: a conceptual
model. Am J Prev Med. 2005;28(2 Suppl 2):159-68.
McKenzie TL, Cohen DA, Sehgal A, Williamson S,
Golinelli D. System for observing play and recreation in
communities (SOPARC): reliability and feasibility mea-
sures. J Phys Act Health. 2006;3(Suppl 1):S208-22.

Yang Y, Diez-Roux AV. Walking distance by trip purpose and
population subgroups. Am J Prev Med. 2012;43(1):11-9.
Clifton KJ, Smith ADL, Rodriguez D. The development and
testing of an audit for the pedestrian environment.
Landscape Urban Plan. 2007;80(1-2):95-110.

Kelly CM, Schootman M, Baker EA, Barnidge EK, Lemes
A. The association of sidewalk walkability and physical
disorder with area-level race and poverty. J Epidemiol
Community Health. 2007;61(11):978-83.

Slater SJ, Nicholson L, Chriqui J, Barker DC, Chaloupka FJ,
Johnston LD. Walkable communities and adolescent weight.
Am J Prev Med. 2013;44(2):164-8.

Bridging the Gap Program. Bridging the Gap Community
Obesity Measures Project. 2018; http://www.
bridgingthegapresearch.org/research/community data/, 2018.
Accessed 1 Jan 2012

Smith KR, Zick CD, Kowaleski-Jones L, Brown BB, Fan
JX, Yamada I. Effects of neighborhood walkability on
healthy weight: assessing selection and causal influences.
Soc Sci Res. 2011;40(5):1445-55.

Dunton GF, Kaplan J, Wolch J, Jerrett M, Reynolds KD.
Physical environmental correlates of childhood obesity: a
systematic review. Obes Rev. 2009;10(4):393—402.

Van Dyck D, Sallis JF, Cardon G, et al. Associations of
neighborhood characteristics with active park use: an obser-
vational study in two cities in the USA and Belgium. Int J
Health Geogr. 2013;12:26.

Cohen DA, Han B, Park S, Williamson S, Derose KP. Park
use and park-based physical activity in low-income neigh-
borhoods. J Aging Phys Act. 2018:1-9.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional
affiliations.



	Improved Street Walkability, Incivilities, and Esthetics Are Associated with Greater Park Use in Two Low-Income Neighborhoods
	Abstract
	Introduction
	Methods
	Park Use and User Characteristics
	Street Characteristics
	Statistical Analyses
	Covariates
	Results
	Discussion
	Conclusions
	References


