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Abstract

Background: Research has demonstrated that children who participate in active play are more likely to be
physically active, thereby improving long-term health outcomes. Many adult studies have also shown that
neighborhood built environments can encourage or discourage routine physical activity. Limited evidence

has demonstrated that children who reside in neighborhoods with a built environment that is more inviting to
active play exhibit lower overweight and obesity rates as well as an overall better state of well-being. This Built
Environment and Active Play (BEAP) Study aims to develop a neighborhood playability rating system in the
Washington, DC (DMV) area. Similar to walkability scores, these playability scores will estimate how affable a
neighborhood is to active play. The BEAP Study will attempt to provide a broad view of factors influencing the
level and type of active play among children.

Methods/Design: Using a cross-sectional design, the BEAP Study will collect data using a mail questionnaire
administered to the parents and/or guardians of 2000 children aged 7-12 years residing in select DMV areas in
October of 2014. Questionnaire data, including information on active play, home and neighborhood characteristics,
parental perceptions, and sociodemographic characteristics will be merged through a geographic information
system (GIS) with objective built environment measures in the participants’ neighborhoods. An ordered logit model
will be used to regress an ordinal active play outcome on built environment exposure variables while adjusting for
potential confounders. Upon the construction of the final model, predictor coefficients will be used as parameters
in the scoring system to develop neighborhood playability scores.

Discussion: The BEAP Study intends to generate a neighborhood playability index by characterizing and quantifying
children’s active play using parent-reported physical activity data in children, GIS data and built environment measures
in participant neighborhoods. The BEAP Study will improve our understanding of the built environment and childhood
playability relationship while also contributing to the body of evidence-based built environment and physical
activity research.
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Background

In the past 30 years, the prevalence of childhood obesity
has more than doubled in children and quadrupled in
adolescents [1,2]. In Washington, DC and the sur-
rounding areas of Maryland, and Virginia (DMV), the
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prevalence rates of childhood obesity or overweight
are 35% (Washington, DC), 31.6% (Maryland) and
29.8% (Virginia) [3]. Although poor nutrition is con-
tributing to these rates of childhood overweight and
obesity, the lack of physical activity also plays a role.
Physical inactivity is increasing at disparate levels es-
pecially among some race and ethnic populations,
adolescent girls, and lower socioeconomic groups
[4,5]. The “2008 Physical Activity Guidelines for
Americans” recommends that children have 60 minutes
or more of physical activity each day, however, more
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than 80% of children and adolescents do not engage in
enough aerobic physical activity to meet these guide-
lines [6-9]. In 2013, it was reported that only 16.4%,
21.6%, and 23.8% of the children and adolescents in
Washington, DC, Maryland, and Virginia, respectively,
were physically active for at least 60 minutes per day
on the prior seven days and, nationwide, only one in
three children report that they are physically active
every day [8,10].

Research has demonstrated that children who partici-
pate in moderate-to-vigorous physical activity (MVPA)
have improved long-term physical as well as mental
health outcomes [11]. Studies in adults have shown that
living in neighborhoods characterized by a poor quality
built environment (e.g. limited green spaces and recre-
ational facilities) is associated with a greater likelihood
of depression and lower levels of physical activity
[12-17]. Within this same age group, it was also found
that as the amount of neighborhood park space in-
creased, the level of physical activity increased [18]. Des-
pite a growing body of research-based evidence, the
relationship between the built environment and child-
hood recreational physical activity is still unfolding. The
limited evidence has demonstrated that children who
reside in neighborhoods with a higher quality built en-
vironment, or one that is more inviting to play engage-
ment exhibit lower overweight and obesity rates as well
as an overall better state of well-being [16,17]. Yet, re-
cent built environment and physical activity research in
children and adolescents have also shown some findings
that are antithetical to what had been revealed in adults.
For example, it has been observed that for adolescent
children, as street connectivity of a neighborhood in-
creased or as the density of cul-de-sacs decreased, the
level of physical activity also decreased [18-20]. In con-
trast, for adults, higher levels of neighborhood walkabil-
ity and lower cul-de-sac density have been identified
with higher physical activity rates [21-25]. One of the
underlying reasons for these contradictory findings be-
tween adults and children is that active transport is a
significant component of adult physical activity while a
much greater proportion of children’s physical activity
consist of active play [26,27]. The same built environ-
ment characteristics that encourage adults’ active trans-
port may inhibit childhood active play because of traffic
or safety concerns. For the purpose of this Built Environ-
ment and Active Play (BEAP) Study, physical activity
will be defined as active play, which is further being de-
fined as participating in vigorous-intensity or moderate-
intensity activities for fun and enjoyment in an official
(e.g. team sports) or unofficial capacity (e.g. neighbor-
hood game of basketball). This distinction is refined for
children because active play, such as jumping rope or
climbing trees, is their primary mode of physical activity
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and it is assumed that there is an underlying level of fun
and enjoyment [28], while older populations of adoles-
cents and adults are often more motivated to engage in
physical activity for health or weight loss objectives
[29,30]. Furthermore, it has been found that as children
age and progress through adolescence, physical activity
decreases by 60-70% (e.g. 9 year old girls median phys-
ical activity - 43.7 minutes per day vs. 15 year old girls
median physical activity - 14.9 minutes per day) and
sedentary behavior exceeds over 420 minutes or seven
hours a day [31-33].

There has been research examining the reduction of
physical activity in the school setting, but there is a pau-
city of literature on the association of outdoor physical
activity or neighborhood active play with the built envir-
onment and other social determinants. Some studies
have examined this issue in the Seattle, Washington, and
San Diego, California areas, however, to date there has
not been any study performed in the DMV [16,17,34].
The DMV has a residential population of over 5.8
million and is unique in that it is exceptionally heteroge-
neous with respect to race/ethnicity, income, birth origin
and a variety of built environment variables, which may
be contributing to the disparity rates of childhood phys-
ical activity, overweight and obesity. The BEAP Study
will attempt to provide a broad view of factors, specific-
ally neighborhood and/or social factors, influencing the
level and type of active play among children. This will be
achieved by developing a neighborhood playability rating
system. Similar to walkability scores, these playability
scores will estimate how conducive a neighborhood is to
active play. Data obtained from this research study can
provide vital information to community planners and to
parents as they make residential location choices.

Methods/Design
The cross-sectional study checklist for the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) was used as a guideline to structure and
guarantee the presence of all recommended elements
within this section.

Study design

Using an observational, cross-sectional design, this study
will collect data through mail delivery of the BEAP
Study questionnaire, which will be administered to the
parents and/or guardians of 2000 children between the
ages of 7-12 years residing in select areas of the DMV.
The development of the BEAP Study questionnaire used
in this study was adapted from a research instrument
created in 1999 for the Neighborhood Impact on Kids
Project that underwent several iterations of reliability
and validity testing, including cognitive interviewing,
and has been used in similar research studies [35,36]. An
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additional file provides the BEAP Study questionnaire in
its entirety (See Additional file 1). Data from the BEAP
Study questionnaire including information on active
play, physical activity behaviors, home and neighborhood
characteristics, parental neighborhood perceptions, and
sociodemographic characteristics will be merged with
geospatial data and objective measures of the built envir-
onment in the participants’ neighborhoods using their
residential mailing address to model neighborhood play-
ability scores (Figure 1). Selection of participants will
occur in the DMV area using addresses purchased from
Alesco Data Group, a direct marketing services company
that provides mailing lists, data and related services for
direct mail research. Upon receipt of the BEAP Study
questionnaire, each participant will receive a $10 gift
card redeemable at a pharmacy/general merchandise
retail establishment, as well as, a postage-paid self-
addressed envelope for the return of the completed
BEAP Study questionnaire with a specified return date.
Participants will also have the option of completing an
identical online version of the BEAP Study questionnaire
via Qualtrics.com with a provided secure and encrypted
web address and unique access code.

Setting

Washington, DC (District of Columbia) and six contigu-
ous counties were selected from the DMV area for inclu-
sion in the BEAP Study (Figure 2). Within these major
DMV areas, authoritative data containing parks and
open space location are readily obtainable from local
government sources, which will provide the foundation
for geographic information system (GIS) analysis. Data
will be collected from eligible households in October of
2014 within the geographic borders of (1) Washington,
DC; (2) Fairfax County, VA; (3) Arlington County, VA;
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(4) Loudon County, VA; (5) Montgomery County, MD;
(6) Prince George’s County, MD; and (7) Frederick
County, MD (Table 1). The BEAP Study area mirrors
the larger DMV with respect to sociodemographic
characteristics and built environment features includ-
ing residential density, green and open spaces, street
intersection density, and urban form of neighbor-
hoods, all of which are expected to be significantly as-
sociated with active play.

Built environment areas and participant selection

Street Smart Walk Score®, developed in conjunction with
Walk Score®, will be used as a tool for the BEAP Study’s
stratified sampling strategy [37]. Calculated using walk-
ing routes to nearby amenities and road connectivity
metrics, such as block length and intersection density,
Street Smart Walk Scores® will be obtained for randomly
selected street location(s) using latitude and longitude
coordinates within the U.S. Census block groups of the
seven major DMV areas. This BEAP Study area consists
of 2901 block groups with varying population densities
and land area sizes. The number of Street Smart Walk
Scores® assigned to each block group will range from 1
(high population density-small land area) to 16 (low
population density-large land area) depending on the
total street length of the block group. Finally, the median
Street Smart Walk Score® of the randomly selected loca-
tion(s) will be used to assign each block group into one
of five built environment classes using the classification
scheme developed by Walk Score®: (1) Walker’s Paradise
(90-100 score); (2) Very Walkable (70-89 score);
(3) Somewhat Walkable (50-69); (4) Somewhat Car-
Dependent (25-49); and (5) Very Car-Dependent (0-
24) [37]. Potential participants from the BEAP Study
area will be stratified into one of five strata based on
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the block group of their residential location. The use
of the Street Smart Walk Score® for stratified sampling
will help ensure adequate coverage of exposure to
varying built environments [38].

Potential participants will be involved in one voluntary
data collection activity, which will entail questionnaire
data. Pre-eligibility will be assessed though the purchase
of 2000 household addresses in the DMV of parents
and/or guardian of children aged 7-12 years. Alesco Data

Group has approximately 1.9 million DMV addresses
and 150,000 unique addresses that meet this study’s age
criteria from the study area. Addresses will be purchased
from the five strata proportional to the population of
households with children as estimated by the U.S.
Census Bureau [39]. Prior to the mailing of the BEAP
Study questionnaire, a brief pre-notice letter will be sent
to the potential participants three days prior to the
BEAP Study questionnaire mailing, which will describe
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Table 1 DMV study setting areas

Location Population size Population density

(Persons per square mile)

Washington, DC 646,450 9,856
Fairfax County, VA 1,131,000 2,7667
Arlington County, VA 225,000 7,994
Loudon County, VA 350,000 606
Montgomery County, MD 1,017,000 1,978
Prince George's County, MD 890,100 1,789
Frederick County, MD 241,400 354

the study and provide the study staff contact information
in the event respondents have questions prior to study
participation. Reminder and/or thank you post cards will
be mailed seven days after the BEAP Study question-
naires have been sent.

For this study, the face page of the mailed BEAP Study
questionnaire will contain the information generally
found in a consent form. There will be a statement on
that face page that will indicate that by answering the
questions and returning the BEAP Study questionnaire
in the postage-paid self-addressed envelope, the partici-
pant is providing and documenting his/her consent.
With the online BEAP Study questionnaire version, the
same consent information will be provided.

Sample size

To construct the playability index, the BEAP Study will
use a multiple regression fixed model to determine the
relative weighting for each of the built environment
components. It has been estimated that a total sample of
520 participants recruited from the entire BEAP Study
area would allow the detection of a large effect with 80%
power. The calculated sample size assumes a two-tailed
probability level of 5% and a regression model with 15
covariates explaining 20% of the outcome variance size
(R*=0.2). Assuming a highly conservative 30% response
rate, 2000 BEAP Study questionnaires will be sent to
DMV residents to achieve an exceedance of this sample
size (2000 x 0.30 = 600) [40]. In addition to the benefit
mentioned previously, the BEAP Study’s stratified sam-
pling scheme is expected to reduce sampling error and
increase the power to detect associations between built
environment factors and active play.

Exposure study variables

Objective built environment measures

GIS data will facilitate the creation of objective built en-
vironment measures in the participants’ neighborhoods.
These data will be used to characterize the built environ-
ment surrounding the home residence of each partici-
pant with varying buffer distances (e.g. % mile, 1 mile)
that will be able to appraise the characteristics and
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heterogeneity between many exposure limits. For ex-
ample, open space buffer zones can be created and ap-
plied to each home residence to determine the density,
distance and location of parks relative to each partici-
pant’s home. A geographic database of potential child-
hood play locations and road networks across the study
area will be created using county/city authoritative data
sources as well as data obtained from the U.S. Census
Bureau, U.S. National Park Service, and OpenStreetMa-
p.org. Subsequently, three types of objective built envir-
onment measures will contribute to assessing the
feasibility of active play, including (1) open recreational
space; (2) street connectivity (block size; block length;
and intersection density); and (3) net residential density
(Table 2). Open recreational space will be defined as any
land use area officially designated as a park or recre-
ational area. Schoolyards and playgrounds will also be
incorporated in this definition of open recreational
space. Highly connected street networks create shorter
and more abundant routes to destinations. Furthermore,
increased connectivity has been associated with in-
creased walkability while those that include longer
blocks, fewer intersections, and more dead-ends may in-
hibit walking [41-45]. The relationship between street
connectivity, including block size and block length,
and playability may not be the same as the relationship
with walkability, however street connectivity may still
be a significant predictor of playability. Another meas-
ure of street connectivity is intersection density, which
will be defined in this study as the number of intersec-
tions within a specified buffer zone. Intersection dens-
ity is inversely related to block size and smaller blocks
have been shown to make a neighborhood more walk-
able [41]. A recent study found that of all the built
environment measurements, intersection density has
the largest effect on walking, which may also have an
impact on playability [46]. Residential density refers to
the total residential units divided by the total residen-
tial land area. High (e.g. 10,000 ppsm) to medium (e.g.
1,000 ppsm) residential densities have been shown to
be walk promoting environments when the purpose of
walking is travel or leisure, but not overall physical
activity [47].

Home and neighborhood characteristics

Questions in the BEAP Study questionnaire on each
child’s home and neighborhood will collect information
about the characteristics of the home and neighborhood,
including (1) home building type; (2) presence of home
yard; (3) sidewalk availability; and (4) street type. Data
have shown that the availability of green space in the
form of front or back yards or the presence of cul-de-
sacs and sidewalks can be active play promoting envi-
ronments [17,48-50].
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Table 2 Summary of study variables

Exposure study variables

Study covariates (continued)

Objective built environment

Measures
Open recreational space
Block size
Block length
Intersection density
Residential density

Home and neighborhood
characteristics

Home building type
Home yard
Street sidewalks
Street type

Neighborhood accessibility
Education destinations
Transport destinations
Recreation destinations
Food retail destinations

Social destinations

Outcome study variable

Child active Play
Minutes/day of active play

Occurrence of active play

Study covariates

Demographics
Child age
Child sex
Child race/ethnicity
Child nativity
Child education
Parent age
Parent sex
Parent race/ethnicity
Parent nativity
Parent education

Household income

Body size and health conditions

Child BMI

Parent BMI

Child anxiety
Child asthma
Child ADHD/ADD

Child electronic availability and use

Presence of electronics in bedroom

Ownership of electronics

Minutes/day of sedentary behavior
Child active commuting

Frequency of active commuting

Duration of active commuting
Dog ownership

Frequency of child dog walking

Frequency of child dog playing
Parent rules

Child’s homework rules

Child's electronic use rules

Child's outdoor play rules
Parent neighborhood perceptions

Perceived neighborhood safety

Perceived neighborhood quality
Parent physical activity

Employment physical activity

Recreational physical activity
Active play qualifiers

Location of active play

Type of active play

Independence of active play
Weather

Total rainfall

Mean temperature

Neighborhood accessibility

Participant walking access to recreational facilities, friend’s
home and other locations or destinations for active play
will be estimated using BEAP Study questionnaire re-
sponses. The number of minutes to walk to these loca-
tions from the home will be estimated to provide a
characterization of the urban infrastructure distribution.
Five types of destinations will be captured: (1) education;
(2) transport; (3) recreation; (4) food retail; and (5) social.
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Outcome study variable

Child active play

Active play will be estimated by gathering information
on frequency per week or month of active play inside
the home, neighborhood and other locations (e.g., public
playground). A single outcome variable of active play
will be constructed using participant responses to two
questionnaire items: 1) “For the past seven days, how
many minutes per day has your child participated in ac-
tive play?” and 2) “Over a typical or usual week, how
many days has your child participated in active play for
a total of at least 60 minutes per day?”.

Study covariates

Demographics

Parent and child age, sex, race/ethnicity, nativity and high-
est level of education will be collected from the partici-
pants through the BEAP Study questionnaire. Data on the
total annual household income will also collected.

Body size and health conditions

In the absence of anthropometric measurement collec-
tion for body mass indices (BMI), self-reported height
and weight measurements are often collected from par-
ticipants. As an alternative to anthropometrics, there are
limitations with these self-reported measurements, such
as bias and poor accuracy, which may be a result of so-
cial desirability or difficulties with recall [51]. However,
if self-reported measurements are corrected for biases
associated with sociodemographic characteristics of the
study respondents, these data can prove to be very use-
ful [52]. Parent and child BMIs will be estimated using
height and weight BEAP Study questionnaire responses.
BMI will be calculated by dividing weight in pounds by
height in inches squared and multiplying by a conver-
sion factor of 703. For adults 20 years old and older,
BMI will be interpreted using standard weight status cat-
egories that are the same for all ages and both sexes
[53]. For children, the interpretation of BMI will use
both age- and sex-specific categories [54]. Data on pre-
existing medical conditions that may affect a child’s abil-
ity to engage in active play or that may be related to
physical inactivity will also be collected.

Children’s availability and use of electronic devices

The availability of electronics (e.g., television) in the
child’s bedroom and the ownership of personal electron-
ics (e.g. iPad) will qualitatively determine the level of
electronic usage. Additionally, questions in the BEAP
Study questionnaire will subjectively assess the number
of minutes per day of various sedentary behaviors (e.g.,
watching television).
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Child active commuting

For an average week, the frequency and duration of
active commuting trips to or from school for the child
will be estimated using responses from the BEAP Study
questionnaire. The BEAP Study will assess three modes
of active commute: (1) walk; (2) bike; and (3) public
transportation.

Dog ownership

Research has demonstrated that dog ownership is associ-
ated with children’s walking and physical activity. A re-
cent study found that dog ownership was associated
with, on average, 29 more minutes of walking and 142
more minutes of physical activity per week among
children [55]. For this study, the number of days per
week for dog walking and playing with the dog will be
quantified based on BEAP Study questionnaire data.

Parent rules

Since the goal of the BEAP Study is to model neighbor-
hood playability by characterizing and estimating chil-
dren’s active play, capturing an understanding of parental
rules, which may act as an active play barrier, is essential.
Questions on the enforcement of homework (e.g., Do
homework before going outside), electronics use (e.g.,
Hours per day of television) and outdoor play (e.g., Stay in
neighborhood) rules will collect these data in the BEAP
Study questionnaire.

Parent neighborhood perceptions

Parent neighborhood perceptions can play a significant
role in the level of outdoor physical activity among chil-
dren [17]. Research has shown that children whose par-
ents perceived their neighborhoods as unsafe watched
more television and participated in less physical activity
[56]. The relationship between parent neighborhood
perception and childhood physical activity has varied
based on age, sex, two-parent household and urbanicity
[57-64]. Through a series of statements in the BEAP
Study questionnaire, parent neighborhood perception of
safety and the neighborhood quality of physical activity
promotion will be assessed.

Parent and peer physical activity

Early research has demonstrated a positive relationship
between parent and child physical activity. For example,
when both parents are active, the children can be 5.8
times as likely to be active [65]. Other studies have
found a positive relationship with parent supportive
behaviors for their child’s physical activity and child
physical activity [66]. Although the positive relationship
between parent and child physical activity has not been
consistently demonstrated, the BEAP Study will explore
this relationship [67-70]. Data will be collected on parent
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occupational and recreational physical activity in the
BEAP Study questionnaire.

Active play qualifiers

Active play will be characterized by gathering informa-
tion on location (e.g. home) and type (e.g., playing catch)
of active play. Data on the participation of active play
with peers, sibling or parents, as well as, the participa-
tion of school or community sport teams will be col-
lected to determine the level of independent active play.

Weather

The impact of weather conditions on physical activity in
children has been explored. Although conclusions re-
garding the effect modification of weather have been in-
conclusive, these variables should not be overlooked
[71,72]. By using the return date of the questionnaire
as a set point, data on the total rainfall and mean
temperature at the nearest land-based observation sta-
tion during the preceding seven days will be obtained
from the National Oceanic and Atmospheric Administra-
tion (NOAA) Climatic Data Center in order to monitor
the potential confounding effect of weather conditions.
The occurrence of active play on warmer days or week-
ends will also be assessed.

Statistical analysis and bias
The primary goal of the BEAP Study is to develop a
playability index or score by establishing the relationship
between active play in children and various measure-
ments of their neighborhood built environment after ad-
justment for potential confounding. To this end, an
ordered logit model will be used regressing an ordinal
active play outcome on built environment exposure
variables. Associations between exposure (built environ-
ment) and outcome (active play) variables will be esti-
mated based on data derived from the participant BEAP
Study questionnaire and objective built environment
measures, such as land use data and GIS, in order to
model neighborhood playability scores. Any incomplete
BEAP Study questionnaire data will be excluded from
analysis and assumed to be randomly missing.
Demographic variables will automatically be added as
covariates in this primary model. Due to the large num-
ber of other potential confounders measured in the
BEAP Study, a systematic approach will be used to select
additional variables for inclusion in the model. First, a
correlation matrix will be built and used to select covari-
ates that show an association with active play. Akaike
Information Criterion (AIC), a penalized measure of
model fit, will be used to determine which of these co-
variates will be included in the final model based on the
trade-off between the model’s goodness of fit and com-
plexity. Following the construction of the final model,
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the predictor coefficients will be used as parameters in
the playability scoring system while weighing the various
built environment predictors relative to their adjusted
association with childhood active play.

Ethics and dissemination

The BEAP Study received ethical approval from the Uni-
formed Services University of Health Sciences, Human
Research Protections Program Office (USUHS IRB). The
face page of the BEAP Study questionnaire will contain
the information generally found in a consent form.
There will be a statement on that face page that will in-
dicate that by answering the questions and returning the
questionnaire in the postage-paid self-addressed enve-
lope, the participant is providing and documenting his/
her consent. The Principal Investigator (PI) will annotate
the questionnaire to the effect informed consent was re-
ceived. The mailed BEAP Study questionnaire will also
encourage the alternative option of completing the iden-
tical online version of the questionnaire via Qualtrics.-
com with the provided secure and encrypted web
address and unique access code. With the online ques-
tionnaire version, the same consent information will be
provided with the addition of a statement indicating that
the participant’s IP address will remain unknown. Simi-
lar to the mail version, the online questionnaire version
will provide a statement indicating that by beginning the
questionnaire, the participant acknowledges that he/she
has read this information and agreed to participate in
this research with the knowledge that he/she is free to
withdraw participation any time without penalty. The
consent information is written at a reading level that is
easily understood by all.

All data will be stored in a secure and password pro-
tected location prior to and after data entry. The data
entered through the online questionnaire via Qualtrics.-
com will use Transport Layer (TLS) encryption (also
known as HTTPS) for all transmitted data. The data will
be secured and encrypted in the user account. Qualtrics
will not have ownership of the data and Qualtrics em-
ployees will not have access to the data. Only the desig-
nated researchers listed in the USUHS IRB will have
access to the data. Participation in this study will be an-
onymous and each questionnaire will have a unique
identification number. Data collected from the study will
be stored for up to 5 years and then all identifying infor-
mation will be destroyed and discarded.

At the conclusion of this study, written reports of the
key findings will be provided to all study participants.
BEAP results will also be disseminated through peer-
review publications and conference presentations. Key
stakeholders, government and non-government orga-
nizations will also have access to study findings and
recommendations resulting from this research through
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newsletters, seminars and an official BEAP Study
website.

Discussion

We have described the BEAP Study methodology which
intends to generate a neighborhood playability index by
characterizing and quantifying children’s active play
using parent-reported physical activity data in children,
GIS data and built environment objective measures in
participant neighborhoods. A unique facet of this study
is the examination of the relationship between parent-
reported physical activity, parent perception, and built
environment objective measures specific to DMV neigh-
borhoods. Compared to other areas, such as Seattle,
Washington and San Diego, California, where similar re-
search has been performed, the DMV holds over 25%
Black residents [73]. In contrast, the proportion of Black
residents in Seattle and San Diego is 5% and 6%, respect-
ively [74,75]. This is a unique aspect of the DMV dem-
ography particularly since over 35% of Black girls and
boys are obese or overweight [1]. While San Diego has a
large Hispanic population of 30%, another ethnic group
with a childhood obesity and overweight prevalence over
35%, the DMV area maintains a healthy population size
of both racial and ethnic groups [1,75]. Interestingly, the
minimum level of educational attainment, which may
influence household physical activity levels and parental
neighborhood perceptions, in the DMV area is higher
than the country’s average. With respect to post-
graduate degree attainment, the rate is 23%, compared
to 14%, 17% and 11% in Seattle, San Diego and the en-
tire United States, respectively. In addition to the unique
socioeconomic diversity, the DMV neighborhoods repre-
sent an area comprised of varying degrees of sprawl,
urbanization, single-use and low-density zoning, transit
developments, housing subdivisions, protected green
spaces and other elements that create the building
blocks of a built environment. As outlined, the associa-
tions between these variables will be achieved through
several measures, such as the BEAP Study questionnaire
and publically available data, to promote awareness in
this critical area of obesity related research, policy ad-
vancement, and most importantly health outcomes of
children and adolescents.

In recent research, long-term physical and mental
health outcomes have been demonstrated to improve in
children who participate in social interactions that in-
volve physical activities [11]. Associations have also been
identified between residential placement in poor quality
built environment and adverse health outcomes including
reduced levels physical activity [12-17]. Previous research
has demonstrated that proximity to recreational facilities,
parks, and schools was positively association with physical
activity levels in adolescents [76], whereas negative local
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conditions (e.g., traffic hazards, crime, area deprivation)
had a negative association [77,78]. Exploring and under-
standing these associations between the built environment
and active play or playability has become even more im-
portant because of the significant increase in childhood
obesity throughout the U.S. This study will further support
the need to continue research in this area in order to fully
understand the complexities surrounding childhood over-
weight and obesity.

The BEAP Study will improve our understanding of
the built environment and childhood playability relation-
ship while also adding a new and unexplored knowledge
base of this research within the DMV area. Subjective
variables, such as parental neighborhood perception,
may also have a significant influence on childhood active
play and thus neighborhood playability scores. A unique
feature of the BEAP Study is that it will take place in the
DMV and a study of this type has not been conducted
within the DMV area, one that maintains a mosaic of
built environments leveraged on race/ethnicity, income,
education, nativity and many other socioeconomic
factors. Hence, these factors and others provide the
foundation for subjectivities, which can dictate parental
choices, such as where one lives or if and where children
are permitted to play. This research will provide add-
itional insight to the bi-directional connection and de-
pendence of subjective parental choices, objective built
environment measures and childhood active play.

The BEAP Study will contribute to the body of
evidence-based built environment and physical activity
research by creating a DMV research arm. As this study
should result in an abundance of rich data that will be of
interest to secondary or auxiliary aims, there exists the
possibility of additional analyses. One such example is
the relationship between objective measurements to sub-
jective parental opinion of the built environment. Results
from the BEAP Study and future research conducted in
the DMV area may be generalized to both the national
and international scale, as a variety of built environ-
ments (e.g. urban, suburban, rural) exist within this area.

The primary weakness of this study is the use of sub-
jective, parent-reported measurements of physical activ-
ity. Thus, a future goal of this research is to continue
exploring the aforementioned associations, however,
with the use of objective physical activity measurements.
Potential additional weaknesses include biased sampling
of the selection of child households from a consumer
marketing company and error in measuring neighbor-
hood recreation space due to the technical difficulty in
fully capturing all potential playable areas. One source of
this difficulty may arise from the lack of quality GIS
parks data, however, by appropriately adjusting for this
and other study limitations, findings from the BEAP
Study will not be significantly compromised.
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Finally, by illustrating the association between the built
environment and active play or playability and ultimately
child health outcomes, local, regional, and national pol-
icy and land use planners may find utility to the research
findings and conclusions of the BEAP Study. Engage-
ment of policy and land use planners will ensure future
improvements to neighborhood design and playability.
Promulgation of the BEAP Study findings to all inter-
ested and influential parties will augment the potential
impact of these findings on a national scale.

Additional file

Additional file 1: BEAP study questionnaire. PDF (Adobe Acrobat).
BEAP study questionnaire.
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