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Abstract
Background—The Systematic Observation of Play and Recreation in Communities (SOPARC)
was designed to estimate the number and characteristics of people using neighborhood parks by
assessing them 4 times/day, 7 days/week. We tested whether this schedule was adequate and
determined the minimum number of observations necessary to provide a robust estimate of park
user characteristics and their physical activity levels.

Methods—We conducted observations every hour for 14 hours per day during one summer and
one autumn week in 10 urban neighborhood parks: 2 each in Los Angeles, CA, Albuquerque, NM,
Columbus, OH, Durham, NC, and Philadelphia, PA. We counted park users by gender, age group,
apparent race/ethnicity, and activity level. We used a standardized Cronbach’s alpha and intra-
class correlation coefficients to test the reliability of using fewer observations.

Results—We observed 76,632 individuals, an average of 547/day (range 155 – 786). Inter-
observer reliability ranged from 0.80 to 0.99. Obtaining a robust estimate of park user
characteristics and their physical activity required a schedule of 4 days/week, 4 times/day.

Conclusion—An abbreviated schedule of SOPARC was sufficient for estimating park use, park
user characteristics, and physical activity. Applying these observation methods can augment
physical activity surveillance.

Keywords
Physical activity; parks; measurement; direct observation; surveillance

Introduction
Physical activity is one of the most important health behaviors given its strong and
consistent association with longevity and many chronic diseases1. Population-level
surveillance of physical activity has relied primarily on self-reports garnered from large
national surveys such as the Behavioral Risk Factor Surveillance System (BRFSS)2.
Recently, surveillance efforts have been augmented by the use of more objective methods,
including individuals participating in the National Health and Nutrition Examination Survey
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(NHANES) wearing accelerometers3. However, the wide discrepancy in the findings from
objective and subjective surveillance methods (e.g., 51% of NHANES participants reporting
meeting physical activity guidelines compared to <5% by objective measures3) gives rise to
concerns as to whether population-level physical activity is best assessed by measures at the
individual level.

Systematic observation is a direct method of assessing physical activity and has been
primarily used in school settings to assess the quality of physical education instruction4. It
has also served as a tool to assess children’s physical activity levels in free play
environments and has aided in understanding how the intensity of physical activity at recess
is associated with environmental factors5, 6. Direct systematic observation is promising as a
population measure because it can assess activity in large numbers of people in a short
period of time without placing a burden on participants. Whether it can be used as a
surveillance tool depends upon the ability of a limited number of sample observations to
represent the population and their physical activity levels that would occur in the settings
over time.

Population-level measures of physical activity are important not just for surveillance and as
a means to assess the impact of community level interventions, but also to understand the
association of physical activity with the built and social environments. Historically, many
adults engaged in physical activity as part of their jobs, but as work in today’s society
becomes increasingly sedentary, physical activity, when performed, more often occurs
during leisure time. Venues for leisure-time physical activity include streets, health and
fitness clubs, parks, and homes. In some surveys, community members have identified parks
as the place they most commonly exercise7 and an estimated 70% of the US population lives
within 2 miles of a public park8, There is increasing interest in how parks can support many
modes and levels of physical activity9, 10.

Since increasing physical activity is an important public health goal,11 it is critical to have
tools that not only help identify the role of environmental factors, but also to measure
whether physical activity goals are being achieved. To that end, the System for Observing
Play and Recreation in Communities (SOPARC) was designed to capture both park and park
user variables in urban and suburban neighborhood parks. It documents throughout the day
and across an entire week the level to which park areas are being used, including the number
of park users, and reliable judgments about their age group, apparent race/ethnicity, and
level of physical activity. Because physical activity behavior is dependent upon contextual
factors 12, SOPARC also measures an area’s accessibility, usability, and whether or not
activities are organized, equipped, and supervised. In the original implementation of
SOPARC, park areas were observed 4 times per day during each day of the week for seven
days 13.

A limitation to using systematic observation is the cost in both time and money. It is
important to have sufficient samples of days and times during the day to be able to obtain
valid estimates. For the most precise measure of park use, observations should ideally be
continuous, with samples taken every minute throughout every day of the week and during
different seasons of the year. Selecting too few observations could potentially be inaccurate
and may introduce very large variability, thus misrepresenting usage through the day,
between weekdays and weekends, between holidays and non-holidays, and even between
weeks and seasons. Selecting too many observations increases significantly the costs of
conducting such research. However, given limited resources, a balance between cost and
precision must be attained, allowing researchers to sample only some days and some hours
during the day. How should observations be optimally scheduled for reliable estimation of
park usage and physical activity? Can limited observations robustly estimate the diversity of
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use among genders, age groups, and race/ethnic populations? In this study, we address these
questions by comparing various potential samples of observations to the total aggregate
sample of park usage measured during hourly observations over the 7 days of the week in a
diverse sample of urban parks.

Methods

SOPARC provides observational user data and contextual information on the setting in
which the physical activity occurs. During a scan (i.e., an observation sweep moving from
left to right) the physical activity of each individual is coded as sedentary (i.e., lying down,
sitting, or standing), walking, or vigorous. These activity codes have been validated using
heart rate monitoring and by accelerometry in physical education classes with children and
youth in kindergarten through twelfth grade14, 15. The activity codes are also consistent with
published energy expenditures for adults 16. People are counted only if they are in a
specified target area at the time of the scan and their level of activity at the moment of
observation is recorded. Separate scans are made for females and males. The predominant
type of activity in each area that females and males are engaging in also is recorded, drawing
from a pre-developed list of activities (e.g., basketball, football).

Two neighborhood parks from each of five cities which provided geographic and
demographic diversity were selected for observation (Los Angeles, CA, Albuquerque, NM,
Durham, NC, Columbus, OH, and Philadelphia, PA). Neighborhood parks are the
recreational and social focus of communities and considered by city planners to be
recreational and social centers and comprise the basic unit of the park system17. Parks were
chosen from diverse income areas and observed during 2008. Park characteristics and
seasons of observation are described in Table 1. Socio-demographic characteristics of the ½
mile area surrounding the park were obtained from block group data from the US 2000
Census18. The 10 parks were mapped into 274 discrete target areas, which included such
facilities as basketball courts, tennis courts, and playgrounds. Having target areas facilitated
observations and allowed for the documentation of the how different park areas were used.

Observer Training and Reliability Assessment—Coordinators and lead observers
from each of the five sites met at a central location for initial training; and they, in turn,
trained local data collectors. Observers became familiar with the operational definitions,
instrument notation, coding conventions, and discriminating among various physical activity
and contextual characteristics. They then practiced coding and received feedback on their
scoring using examples contained in a SOPARC training DVD. Afterwards observers
reviewed the materials and practiced their skills in diverse field exercises conducted in local
parks. Finally, observers demonstrated their accuracy in coding by completing assessments
of one round of a park scan in 1 hour or less and by completing an assessment of 5
challenging situations in a park in which in 5 separate target or sub-target areas had at least
10 people to be counted. Certification was conferred if staff had an accuracy rate of at least
90% with respect to the number of people counted and 85% for all other categories, except
race/ethnicity and challenging situations (e.g., >5 people engaged in vigorous activity)
where 80% reliability was accepted.

Using the SOPARC protocol13, trained field staff rotated through the park areas in a
systematic manner, coding each individual in a target area separately by gender for age
group (child, teen, adult, or senior), race/ethnicity (White, African-American, Latino, or
Asian and Other), and activity level (sedentary, walking, or vigorous). A rotation through all
park target areas usually took less than one hour to complete. When a target area was
crowded, sub-target scans were made by dividing the target areas into smaller observation
areas.
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We observed each target area every hour for 14 hours per day for two weeks during clement
weather (i.e. no precipitation), including one week in the summer and one in the fall. Missed
observations were made up during the following week in the same time period. An
exception was in Los Angeles, where one park was observed for 2 consecutive weeks in the
spring and one week in the fall and the second park was observed for only one week in the
fall. In addition, during the data collection period we assessed inter-rater reliability for 15%
of the 980 observations (N=147) by having two observers collect data simultaneously but
independently13.

Data analyses
Given that 14 hours of daily observation for 7 days was our “gold standard”, we used a
reliability estimation technique to test whether an abbreviated schedule (e.g., collection on
Monday, Wednesday and Saturday with observations collected only twice a day), could
produce comparable estimates of park usage. Within each target area in each park, using the
abbreviated schedules, we computed the average hourly park usage to see if the abbreviated
schedules would approximate the hourly park usage obtained from the gold standard.

Multiple methods have been designed for reliability estimation including test-retest
reliability, inter-rater and intra-rater reliability as well as internal consistency 19 and
generalizability theory 2021. When the interest is in estimating the proportion of individual
variances in park usage due to individual factors such as days of the week and times of the
day, a variance component estimation using intra-class correlations (ICC) can assess the
reliability of continuous measures. This ICC is based on one-way analysis of variance. We
used the following cut-points to interpret their estimates: ICC values <0.4 signify poor
agreement, values between 0.4 and 0.75 signify fair to good agreement, and values >0.75
signify excellent agreement beyond chance 22.

We also used a measure of internal consistency, the standardized Cronbach’s alpha.
Cronbach’s alpha is a measure between 0 and 1, and examines the correlations between the
“gold standard” or comparison schedule and the abbreviated schedules. We used the
following criteria to evaluate the alpha coefficient: < 0.7 is poor, between 0.7 to <0.8 is
acceptable, between 0.8 and <0.9 is good, and between 0.9 and 1 is excellent. Very high
reliability (0.95 or higher) is indicative that the estimates may be entirely redundant 23, 24.
We used these thresholds for defining acceptable schedules to estimate park usage and
physical activity.

To determine the number of randomly chosen days and the number of randomly chosen
times necessary for the reliable estimation of park usage, we estimated the reliability of the
hourly park usage for all possible abbreviated schedules: combinations of two, three, or four
observation times per a day compared to the 14 times per day. Twice a day collection was
defined as once in the morning (6:30 AM to 12:30 PM at 30 minutes after the hour) and
once after noon (1:30 PM to 8:30 PM at 30 minutes after the hour); three times a day was
defined as early morning (6:30 AM to 11:30 AM), midday (12:30 AM to 3:30 PM) and
afternoon-evening ( 4:30 PM to 8:30 PM); and four times a day was defined as early
morning (6:30 AM to 9:30 AM), early midday (10:30 AM to 1:30 PM), afternoon (2:30 PM
to 5:30 PM) and evening (6:30 PM to 8:30 PM).

There are multiple ways to schedule observations; for example, there are 56 different
combinations of one-hour time frames in the morning and the afternoon (56=7×8, 7 possible
times in the morning and 8 possible times in the afternoon) and 35 different ways to choose
three days in the week, leading to a total of 1,960 ways of choosing a 3 day, twice a day
schedules for park observations. For each one of the 1,960 possible schedules, we computed
a reliability estimate. The same procedure was conducted for all the other abbreviated
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schedules. Together there are over 46,000 possible observation schedules that could be
chosen from 1 to 6 days per week and 2 to 4 observations per day (Table 2).

The same methods were used to estimate the reliability of all the characteristics measured—
including by gender the number of users, age group, race/ethnicity, and activity levels.
These reliability analyses were conducted at the park level as well as at the target area level,
which is more accurate for estimating the number of people in different areas of a park
hourly.

Results
The 10 parks ranged in size from 4.7 to 39.5 acres and they had an average of 31 target areas
(range 19–53). Population density within a one-half mile radius around the park ranged from
8,039 to 28,111 with an average of 17,258 (Table 1). Four parks had more than 15% of
households in poverty and six had a majority white population. Facilities and amenities
varied greatly: they all had playground areas, but only 9 had outdoor basketball courts, 8 had
tennis courts, 7 had multi-purpose fields and baseball fields, and 6 had picnic areas. Five had
an indoor gymnasium, and two had swimming pools which were open in the summer only.
Six had full time recreational staff, and 4 of the eight parks observed in the summer held day
camps for children during the observation period.

Overall (i.e., for 14 hours/day for 7 days per week during two different weeks), we observed
a total of 76,632 individuals. Table 1 shows the range of park users, with 1091 people being
counted during one fall week in the least busy park in NC and 7,858 being counted during a
summer week in the busiest park in OH. On average, 547 people were counted in a park per
day (range 155–786), with the differences in individual park use between summer and fall
varying from no meaningful change to nearly a two-fold difference. Park use varied from
day-to-day and hour-to-hour. On average we observed 39 people in a park every hour (range
12 to 76 from park to park). These numbers comprised an estimated 21 men (range 9 to 41)
and 19 women (range 4 to 35).

Inter-rater Reliability
Agreements for park user characteristics between two independent observers were high--
averaging 94.2%, with a range from 85% to 99%. When examining only the instances when
the target areas were not empty, average agreement on specific park user characteristics was
87% for the total number of individuals, 82% for race/ethnicity, 82% for age group and 80%
for activity level, a high level of concordance.

Variation in Use over Hours of the Day and Days of the Week
In general, parks were busiest in the evenings and weekends and used the least in the
mornings. When observed on an hourly basis, an average of 76% of the target areas was
empty. The percentage of empty target areas was highest in Southern Boundaries, NC (89%)
and lowest in Queen Anne, CA (57%). The number and characteristics of persons using
parks differed not only between weekdays and weekends, but also between Saturdays and
Sundays. The most people were observed on Saturdays (n=12,635), with the fewest on
Fridays (n=9,324) and Tuesdays (n=9,399). Playgrounds were the location where the largest
number of park users was observed; the fewest were observed in classrooms.

Table 3 reports the average reliability of park use estimates for all possible combinations of
days a week and number of times a day. When the interest is in the accuracy of observations
in each target area, scheduling data collection on 4 (randomly chosen) days a week and 4
times a day produced excellent consistency (i.e., close to perfect replication of the full day, 7
days observations) of the estimation of the total park usage for all characteristics studied by
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target area except for the number of people doing vigorous activity. The reliability for
estimating the number of people vigorously engaged (alpha=0.86, ICC=0.73) produced a
“good” consistency threshold and agreement. The 4 days a week, 4 times a day schedule,
produced an average (over all users and not divided by activity type) reliability for the total
number of users that was excellent (alpha=0.90 and ICC=0.81). Moreover, with the 6,720
possible ways of choosing 4 observations on each of 4 days per week, the 95% confidence
intervals around these average estimates were narrow.

A 3-day schedule observing four times/day might be chosen if the outcome of interest was
the count of the number of people using the different target areas (average alpha=0.88 and
ICC=0.76) and might still produce to close to excellent reliability even when activity types
are of interest. On the other hand, when specific target areas are not of importance, the
schedules required to estimate total park use are less demanding (Table 4). Scheduling
observations 4 times a day for 2 days, or 3 times a day for 3 days, or twice a day for 5 days
allowed for accurate estimation of the sum of all target areas over 14 hours.

Discussion
Efforts to objectively measure park use previously have primarily been limited to large parks
in which counts were based upon the number of pedestrians, bicycles, and vehicles traveling
through specific entrances and often measured using mechanical counting technology
operating 24 hours/day, 7 days a week or by counting entrance fees.25 While SOPARC
provides a snapshot of an hourly count and duplicates counts of park users who stay more
than one hour, we found that selecting as few as 12–16 hours a week of measurement
appears sufficiently robust for estimating 96 hours of park use and physical activity over a
week’s time. Moreover, SOPARC is designed to capture many details that have not been
noted in studies of larger parks, including personal characteristics of users, the intensity of
their activity, the types of activities they engage in, and the specific sites in the parks where
they spend time. It also measures routine use of local neighborhood parks which have many
entrances, making the use of mechanical counters infeasible.

The high inter-rater reliabilities that resulted from a few days of training and practice for
staff recruited locally suggest that this method is one that could readily be used in most
settings. The potential uses of SOPARC data are many. If SOPARC were used in parks
throughout the country it could ultimately be possible to define the characteristics of
successful parks and to develop standards and benchmarks for population physical activity
in different settings. There is potential to address health disparities related to physical
activity if the health disparities are shown to be associated with park features or park
programming that can be changed.

In addition to serving as a surveillance and evaluation tool, the data from SOPARC provide
an indication as to when and where marketing and park programming might be introduced to
increase park use, or to potentially shift some of the use from the busiest times (or locations)
to less used times (or locations). The usage patterns indicate particular facilities and features
that either enhance or potentially detract from park use. This information would be useful to
park designers and landscape architects to inform renovations and new designs.

Limitations
A limitation of the study is that we assessed most parks during only two different seasons,
making it impossible to infer annual usage rates across all seasons of the year. We also
assessed parks only during clement weather, rescheduled observations if it rained, and did
not made adjustments for diminished park use associated with poor weather conditions. The
sample of parks, while diverse, was a convenience sample and included only neighborhood
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parks of a limited size and none in rural geographic areas. We had just one observation team
per park, so limited parks to those that could be rated within a one hour period. Finally,
SOPARC is only a snapshot of park use at particular points in a day and week; while an
abbreviated scheduled sufficiently represents a more intensive assessment, we still do not
know how accurately the intensive assessment represents the actual daily park use.

Conclusion
Cities have built a large infrastructure of parks and play spaces. Considering the high
frequency with which we observed park areas in our sample to be vacant, parks across the
country appear to be underutilized. Thus, parks are ripe for interventions which SOPARC
can inform as well as evaluate. SOPARC methodology can be used for merely 4 times per
day, 3 to 4 days per week to provide a robust assessment of urban and suburban
neighborhood park use.
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