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2000–10), and high population density (≥110 people/
acre). Thirty-five of these parks are part of Phase 1 of
CPI (closure in late 2016) and 12 parks are part of Phase
2 (closure in late 2017); 30 of these parks have been se-
lected for the intervention group (See Fig. 2). A sample
list of the types of redesign and renovation is shown in
Table 2. Another 20 CPI park neighborhoods with no
renovation planned during the study period serve as the
control group. Intervention and control park neighbor-
hoods are selected based on best frequency matches
(±6%) on key aggregated socio-demographic characteris-
tics (Table 3). On average, intervention and control
parks are 1.16 and 1.10 acres, respectively. For the pur-
pose of this study, park neighborhoods are defined as
the area encompassing 0.3-mile distance from the per-
imeter of each park given that most New Yorkers report
walking up to 5 blocks to a park (unpublished data from
NYC Parks). If a public housing complex straddles the
border of such a buffer, the entire public housing com-
plex is considered location-eligible.
Given that CPI is focused on low-resource neighbor-

hoods, the PARCS Study will target public housing resi-
dents to enroll in the study. NYC ranks first in the
country for public housing accommodation [10]. A total
of 599,493 (2016) New Yorkers are served by the New
York City Housing Authority (NYCHA), representing
11.9% of the city’s rental apartments. NYCHA housing is
spread throughout the city but concentrates in the
lower-income neighborhoods featured in the current
study. Families in NYCHA programs pay on average
30% of their family income for rent. Average family in-
come is $23,672 and rent average is $483/month [10].
Because rent is highly subsidized, NYCHA residents rep-
resent a very stable population, an important factor for
recruitment and retention.

Inclusion and exclusion
Participants must live within designated NYCHA buildings
or otherwise live within the 0.3-mile buffer of each study
neighborhood. To maximize recruitment and minimize re-
fusal, non-NYCHA residents can qualify for the study if
they indicate they have lived in the neighborhood for at
least two years, intend to stay in the neighborhood over the
next four years or are otherwise engaged in a community
organization (i.e., factors that improve chance of retention).
We will include adults ≥18 years of age with no mobility
problems and who understand/speak English, Spanish or
Chinese (Mandarin or Cantonese).

Participant incentives and retention
Participants will be offered $50 for each wave of data
collection (up to 4 assessments total: baseline and 1, 2
and 3 years post-renovation). In addition, participants
can receive an additional $10 per each successful referral

(friend or neighbor but not family member from the
same household). Participant retention is enhanced by
the use of multiple strategies: 1) The sampling design
around NYCHA or civically engaged residents increases
the potential to retain and track participants over time

Table 2 Comparison of existing (Baseline/Control) and
renovated (Intervention) features

Physical Elements

Existing Renovated

• Out of date sports courts with
cracked pavement and missing
features

• Refurbished and reconstructed
basketball, handball, tennis and
other courts, including regulation
sizes

• Asphalted play areas • Synthetic turf conversions and
multi-purpose fields

• Old-fashioned spray showers
and mini pools

• Contemporary water feature
elements

• Play equipment dating from
1960s–1990s

• Playground equipment meeting
current safety and design standards,
including ADA

• No or closed comfort station • Refurbished or new construction
comfort station meeting ADA
standards

• Poorly configured benches
and picnic tables in need
of repair

• New tables, i.e. for chess, picnics;
new benches and seating for
passive recreation

• Minimal and unplanted
horticultural beds and trees

• Increased plantings and horticulture

• Adult fitness equipment

• Performance and community event
spaces

• Skate park features

• Green infrastructure
components, i.e. rain gardens,
bioswales, subsurface retention
systems, permeable surfaces

• Lower, more welcoming fences

• New lighting fixtures

Programming and Outreach
Elements

Existing Renovated

• Citywide and Borough-
organized recreational
programming

• Dedicated 6-month Playground
Associates staffing all-day programs
at capital renovation sites

• Enhanced free adult fitness classes
at sites

• New partner programs, i.e. mobile
library, running or bike classes,
movie van

• Minimal or no direct
community engagement
specific to capital program
sites

• Expanded outreach and community
engagement staff dedicated to
program neighborhoods

• Limited stakeholder
engagement in capital process

• Held public scoping meetings to
gather input on design program
and park use with more than 1,100
attendees across 30+ sites
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in an urban environment known for its high levels of
mobility; 2) Recruitment and outreach efforts are built
into existing infrastructure and activities of Partnership
for Parks, a community outreach organization supported
by NYC Parks and the City Parks Foundation, which en-
sures regular and frequent touch points with participants
throughout the year; 3) Designated study ambassadors
will liaise and engage communities year-round; 4) We
will provide participants with feedback by sharing early
findings from some of their own data (data visualization)
and give opportunities to partake in additional short but
fun surveys throughout the year, with the potential to
earn prizes if they engage; and 5) We will have the op-
tion to increase our incentive for later waves of data col-
lection, as needed.

Study protocol
Study staff will approach residents at each eligible
NYCHA location to invite them to participate, and
screen them for their eligibility using a mobile phone-
based survey. If a participant is deemed eligible, study
staff will register the participant through an app that is
downloaded onto the participant’s mobile phone. The
app, PiLR EMA™, is used to obtain electronic written
consent from participants and provide the platform for
time/location-triggered (e.g., park usage) and annual sur-
veys (i.e., psychosocial questionnaires). The app is also
GPS-enabled to track the participant usage of study
parks. The participant will be given instructions to wear
an Actigraph accelerometer (GT3X-BT, Pensacola, FL)
for the next seven days. A second app, CentrePoint, will
also be downloaded onto the participant’s phone, which
enables the participants to upload accelerometer data at
the end of each day for study staff to monitor wear com-
pliance. A prepaid envelope will be provided to each par-
ticipant to mail-return the accelerometers after 7 days of
wear; unreturned devices after 2 weeks will be retrieved
in person. An Android (v.4.3 or higher) or iOS (v.4 o
higher) smartphone is required for data collection and
study participation. According to the Pew Research Cen-
ter, the digital divide among this audience is closing fast,

and smart phone ownership, especially among Hispanics
is at or over rates for other groups [11]. Daily phone/text
reminders will be sent to participants to ensure acceler-
ometer and survey compliance.

Measures
Standard demographic information, smoking status [12],
flu shot behavior [12], coffee consumption [13] (the lat-
ter two will be used as health risk behavior covariates
and negative control outcomes [14]) will be collected in
the screener or annual surveys in addition to the key
outcome measures described below (see Table 4 for a
summary of all measures).

Physical activity
Physical activity will be measured using a 3-pronged ap-
proach over 7 consecutive days at baseline and at 1 and
3 years post park renovation: accelerometry for daily
movement detection, GPS for location detection, and
text-based self-reported physical activity behavior. The
primary outcome is total volume of physical activity
measured as average activity counts/min, consistent with
the reported measure in existing literature on the built
environment and physical activity. In addition, average
vector magnitude (VM)/min and the same measures in
15-s epochs will also be examined (to leverage latest
technology).
Accelerometry: Study participants’ physical activity will

be measured by 7-day accelerometry using the Acti-
Graph GT3X-BT (Pensacola, FL), which provides activity
counts for 3 axes (summarized as VM defined by adding
the squared term for each of the three axes and then
taking the square root of the sum) and steps taken. From
these data we can estimate time spent engaging in sed-
entary behavior and in activity at different intensity
levels (e.g., minutes of light, moderate, vigorous physical
activity per day), and characterize individuals based on
their pattern of physical activity. In addition, each of
these indicators can be summarized as daily, weekday or
weekend averages, by time of day (e.g., before/after trad-
itional work hours), or during park use (as determined

Table 3 Socio-demographic characteristics of study sites

Citywide Intervention Sites (n = 30) Control Sites (n = 20) Difference

Total population 8,175,133 860,098 515,626 344,472

Population over 18 years 78.4% 76.2% 76.9% −0.7%

White residents 33.3% 18.5% 16.1% 2.3%

Black residents 22.8% 25.5% 31.6% −6.1%

Asian residents 12.6% 14.2% 13.1% 1.1%

Hispanic residents 28.6% 39.7% 37.2% 2.5%

Population change 2.1% 3.6% 3.2% 0.4%

Population living below poverty line 20.3% 30.2% 27.6% 2.6%

Data in Table 3 are publicly available data
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by accompanying location data). The placement and
wear time protocol follows from prior experience in
deploying accelerometers and analyses of accelerometry
data [15]. The GT3X-BT has 4GB of data storage and a
rechargeable battery capable of providing power for
25 days between charges. Accelerometry data will be
downloaded and managed using CentrePoint and the
ActiLife software from ActiGraph and integrated with
spatial location data (see Physical Activity Data Integra-
tion). Accelerometers will be worn for 7 consecutive
days annually on the right hip attached to an adjustable
belt. Participants will be instructed to wear the monitors
at all waking times except when bathing or swimming.
Accelerometer non-wear will be defined by an interval
of at least 90 consecutive minutes of zero VM counts/
15-s, with allowance of up to 2 min of nonzero counts if
no counts were detected during both the 30 min up-
stream and downstream from that interval [16]. Any
nonzero counts (except the allowed short intervals) will

be considered wear time. Counts in the non-wear period
will be set to missing. To be included in the analysis, we
will require ≥4 of 7 adherent days with an adherent day
indicated by ≥10 h of wear.
Smartphone-app for GPS: Location detection will be

measured using MEI Research’s smartphone-based PiLR
EMA™ app (Edina, MN). PiLR EMA integrates the GPS
function of Plot Projects™ and will track participants’
geo-spatial location throughout the same 7-day period
as the accelerometer. Tracking is done via region-
monitoring where park locations are preprogrammed
into the app and identified when participants start and
stop accessing the parks and their periphery (adjacent
streets). This significantly reduces privacy concerns as
we are not tracking residences, travel routes or other
participant destinations outside of park locations. PiLR
EMA geolocation can be assisted via cellular, WiFi and
satellite connections, which is ideal for urban locations
in which satellite connections may not always be

Table 4 Key measures

Construct Variables (Sources)

Physical activity (PA, total volume)
Primary outcome

• Accelerometry data (ActiGraph GT3X-BT)

PA in study parks
Secondary outcome

• GPS data (ActiPalTM app)

Improvements in park features,
programs and quality (direct
observation)
Process/fidelity measures

• SOPARC: accessible, usable, equipped, supervised, organized activity, dark, empty [18]
• NYC Parks checklist: sustainability, accessibility, community health, safety and utility features,
programming, partnerships

• Park Quality Index: sustainability, beautification, community health, recreational options,
accessibility, utility, safety

Park usage and engagement
Mediator

• Direct observation through SOPARC: count of park users, gender, age, level of PA [18]
• Self-reported reason for visit, visit length, mode of transport to park, visit companions,
travel time, frequency of park usage in past 3 months, level of PA while at park in
past 3 months [4]

• Text-based self-reported diary of park usage

Park satisfaction and perception
Mediator

• Accessibility, well kept, safety, ability to relax in park, ability to use for recreational purposes,
walking distance, sufficient in neighborhood [24, 25]

• Perception of neighborhood parks: overall quality, usage, attractive, safety, maintenance,
shade, dog walking facilities, presence of gangs or vandalism, children’s interest in parks,
time to walk to park, importance of particular park features for encouraging park-based
physical activity [4]

Psychosocial/mental health
Secondary outcomes

• Perceived Stress Scale [26]
• Quality of Life Short-Form 12 [27]
• Public Health Surveillance Well-being Scale [28]
• Self-efficacy for Exercise Behaviors [29]
• Social support for exercise behaviors [30]

Community wellbeing
Secondary outcomes

• Social cohesion [33]
• Perceived physical environment (Neighborhood Environment Walkability Scale) [35]
• Contact with friends and neighbors [31]
• Neighborhood Social Ties [32]
• Sense of Community Index [34]

Demographic information
Covariates, moderators
Negative controls

• Age, sex, gender identification, income level, employment status, education level,
marital status, number of children, size of household, language spoken at home,
length of residency in neighborhood, smoking status, sexual orientation [12]

• Flu shot behavior [12], coffee consumption [13]
• flu shot behavior [57], coffee consumption [58]

Weather
Covariates

• Daily high and low temperatures, humidity and rain/sun conditions
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available. Data will be time-stamped and synchronized
with the accelerometer data, as described in Physical Ac-
tivity Data Integration.
Real-time text-based physical activity and park use

survey: Through time and location-triggered surveys on
PiLR EMA, participants will record their daily physical
activity behavior and park usage during the same time
period as the accelerometer and GPS data are collected.
Specifically, we will ask whether participants have used
the neighborhood park and for what purpose (e.g., recre-
ation or transit).
Physical activity data integration: Accelerometer and

GPS data will be spatially and temporally integrated to
understand the geo-spatial context of study participants’
physical activity patterns. The integration of the acceler-
ometer and GPS data will allow us to identify and quan-
tify the frequency, duration and level of study
participants’ physical activity specifically during park
visits or en route to/through parks. Readings from accel-
erometer and GPS devices will be normalized into a
common measurement frequency to account for differ-
ences in device sampling frequency. Next, the readings
will be aligned using interpolation and/or extrapolation
to aggregate several short periods into a single long
period or to separate a single long period into several
small periods. Data then will be aggregated over 30-s
epochs and classified into activity intensities [17]. We
will investigate the applicability of different strategies to
account for missing device readings such as using im-
putation or adjusting for time worn as part of analysis.
Information collected through the GPS app also can be
integrated with other GIS data sets for future research.
We will integrate daily high and low temperatures, hu-
midity, and rain/sun conditions based on zip codes of
parks with individual physical activity data over the 7-
day period.

Direct observations of park usage and habitual park usage
Park usage will be measured through both direct obser-
vation and study participant surveys. Using the System
for Observing Play and Recreation in Communities
(SOPARC), direct observations of aggregate park usage
at baseline and 1 and 3 years post-renovation will meas-
ure the average number of park users at each study park
as well as their gender, age and activity level. SOPARC is
a validated direct observation tool that captures park
characteristics and park users’ behavior [18]. In addition,
study participants (not park users during SOPARC) will
also provide self-reported measures of habitual park
usage in annual surveys at baseline and at 2 years post-
renovation via questions developed by Veitch et al. [4]
These questions have demonstrated good test-retest reli-
ability [4].

Changes in park facilities, programs, engagement, and
quality
Park improvements will be measured in three ways: 1)
We will use SOPARC to document changes in park con-
ditions and usership; 2) NYC Parks maintains a detailed
checklist of park features, programming and partnership
activities. Using this checklist, we will closely track
changes in the physical structures and green spaces of
parks as well as changes in programming and partner-
ships; and 3) To further measure the impact of CPI on
park quality and to use park quality in analysis, we will
develop a park quality index that serves as a composite
quality score based on the following design features: sus-
tainability, beautification, community health, recreational
options, accessibility, utility and safety. The park quality
index will be an observation tool at the park level repre-
senting the summary of all domain-specific indicators.
We will adapt similar rating tools [19–21] to account for
dimensions beyond previously used scales such as sus-
tainability, programming and partnerships, all of which
have been implicated as important attributes of park
quality [22, 23].

Park satisfaction and perception
Study participants’ satisfaction with and perception of
parks will be measured at baseline and at 2 years post-
renovation using previously validated items. To measure
perceptions of neighborhood green space in general, we
will use survey questions from the EURO-URHIS 2 pro-
ject which measure the quality and access of green space
in relation to psychological distress [24]. These survey
questions were adapted from the validated Neighbour-
hood and Health Questionnaire used in the “Vitamin G”
research study [25]. To assess participants’ perceptions
of specific neighborhood parks, we will also use survey
questions developed for a similar, though smaller-scale,
park renovation natural experiment study [4]. The park
perception questions developed by Veitch demonstrated
good test-retest reliability [4].

Psychosocial and mental health
To assess study participants’ psychosocial and mental
health, the survey will include questions to measure
stress, quality of life, physical activity self-efficacy, and
social support for physical activity. The selected con-
structs have been widely used and validated in obesity
and physical activity research. Mental health will be
assessed through the Perceived Stress Scale [26], Short-
Form 12 (SF-12) [27] will assess overall mental and
physical health and the Public Health Surveillance Well-
being Scale [28] will measure general wellbeing. Two
additional scales, Self-efficacy for Exercise Behaviors [29]
and Social Support for Exercise Behaviors [30], will be
used. Stress and quality of life will be measured at
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