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ARTICLE INFO ABSTRACT

Keywords: Children and adolescents gain more weight in the summer than the school year, and there are race/ethnic
Youth differences in this pattern. Youth physical activity is lower in the summer, and the main aim of the present study

ObESif‘Y was to examine race/ethnic and sex differences in adolescent physical activity, sedentary behavior, and related
;:Xgmse behavi variables, comparing the school-year and summer. Adolescents aged 11-17 years were recruited from lower-
Dl;::izs enavior income areas of five states in 2017-2018, and n = 207 completed surveys in both the school-year and summer:

56 African Americans, 30 American Indians, 21 Asian/Pacific Islanders, 49 Latinos, and 51 White, non-
Hispanics. Of these, n = 150 also had accelerometer data. Objectively-measured physical activity was lower in
the summer, especially among American Indian, Asian/Pacific Islander, and Latino subgroups. Reported screen
time was substantially higher in the summer (p < .04), with the biggest increase among African Americans.
Reported enjoyment of physical activity was generally lower in the summer (p < .02), which could help explain
reduced physical activity. Which race/ethnic groups were at higher risk in the summer varied for physical
activity and screen time, so interventions should be tailored for each group. Improved strategies to increase
physical activity in the summer, especially among higher-risk groups, could contribute to youth obesity control.

Health equity

1. Introduction

Childhood and adolescent obesity is a prevalent health problem in
the United States that continues to increase (Health Resources and
Services Administration, 2018; Skinner et al., 2018). There are persis-
tent disparities, with particularly high obesity rates among American
Indian, Latino/Hispanic, and African American youth (Ogden et al.,
2018; Skinner et al., 2018). Over the past 10-15 years cities and states
have mounted initiatives to reduce youth obesity with a variety of
approaches and levels of comprehensiveness (Bleich et al., 2013; Ickes
and Sharma, 2013). Several strategies were found to reduce youth
obesity (Wang et al., 2015). The Healthy Communities Study of 130
communities found a relation between extent of interventions and re-
duced youth BMI overall. However, there was no relation between
strength of interventions and BMI outcomes in predominantly Latino/
Hispanic and lower-income communities (Strauss et al., 2018). These
troubling inequalities in outcomes indicate that current interventions
are not effective in some of the communities at highest risk for youth
obesity. Interventions may need to be more tailored to each high-risk
community, and this will likely require a better understanding of obe-
sity risk factors and intervention opportunities among multiple high-

risk demographic groups.

One potential contributor to disparities in youth obesity and re-
sponses to intervention may be weight gain in the summer (Beets, 2015;
Franckle et al., 2014). Several studies showed youth gained more
weight during the summer than the entire school year (Baranowski
et al., 2014; Moreno et al., 2013; Franckle et al., 2014; von Hippel et al.,
2007). A large study of over 5000 children reported race/ethnic dis-
parities in this pattern, with African American and Latino/Hispanic
children increasing BMI more in the summer than other subgroups (von
Hippel et al., 2007).

A possibly related phenomenon is the finding that children and
adolescents were less physically active in the summer than during the
school year (Beets, 2015). Similarly, increases in physical fitness as a
result of effective school-based interventions were lost over the summer
(Fu et al., 2017; Gutin et al., 2008; Yin et al., 2012; Sallis et al., 1997).
Because young people are not required to sit for many hours in school
during the summer, youth would be expected to have more time for
physical activity during the summer. A major limitation of the studies
on summer versus school-year physical activity was that results were
not reported separately by demographic subgroups. Lower-income also
appears to be a risk factor for inactivity (Stalsberg and Pedersen, 2010),
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and it could potentiate risk in some racial and ethnic groups. Thus, it is
not known whether race, ethnic, and income differences in summer
weight gain are concordant with physical activity patterns.

To lay the foundation for evidence-based and subgroup-tailored
solutions to summer inactivity and weight gain, a useful starting place
is to examine physical activity patterns of youth during summer in
contrast to the school year among major race/ethnic groups in the US.
The primary aim of the present study was to compare physical activity
and sedentary behaviors of adolescents across the summer and school
year for major race/ethnic subgroups, as well as by sex. All partici-
pating youth were recruited from lower-income communities in several
regions of the US. The secondary aim was to examine subgroup dif-
ferences in expected psychosocial (preferred activities, enjoyment, self-
efficacy, social support) and environmental (current and preferred
places for physical activity) correlates of physical activity that could
inform development of subgroup-tailored interventions to increase
physical activity in the summer.

2. Methods
2.1. Study design

The target population was adolescents aged 10-17 years, living in
lower income areas (based on a median split of 2010 census-based
household income), and representing one of five race/ethnic groups:
African American, American Indian, Asian/Pacific Islander, Latino, and
White, non-Hispanic. Adolescents were targeted for the present study so
a broad range of reported activities and psychosocial variables could be
assessed. Using a repeated measures design, adolescents were measured
once during the school year and once during summer break during
2017-2018. The Institutional Review Board at University of California
San Diego reviewed and approved this study.

2.2. Study procedures

2.2.1. Recruitment

Procedures were designed to identify and recruit adolescents with
highly diverse demographics living in selected low-income neighbor-
hoods. To enhance diversity we recruited adolescents from several
states, namely California, Mississippi, New Mexico, Maryland, and
Hawaii. Based on 2010 census data, low-income neighborhoods were
defined as census block groups below the county median household
income in urban and suburban areas or below the state median
household income in less densely populated or rural areas. Census data
were used to identify neighborhoods with a high proportion of the
population representing a particular race/ethnic group, so that targeted
recruitment efforts could reach adolescents in each of the subgroups.

Initial recruiting efforts used lists purchased from a commercial
marketing company to identify households containing adolescents
within the study's age range. From this list, potential participants were
randomly selected and contacted by both phone and mail. While this
approach had been used successfully in previous studies conducted by
the research team (e.g., Sallis et al., 2018), it proved only marginally
successful in the current study due to inaccurate data that misidentified
households with adolescents. Recruitment methods were therefore ex-
panded to establish contacts for distributing study recruitment fliers
through community organizations, schools, and other public sites (e.g.,
Craigslist) that served multiple race/ethnic communities within the
identified low-income/high-ethnic population areas. See Botchwey
et al. (in press) in this issue for more information on recruitment
methods, challenges, and results.

When potential participants were reached by phone (either through
recruiters' outreach or after they called the study's toll-free number
provided on fliers), recruiters asked to speak to a parent/guardian to
explain the study, and then asked to speak with the adolescent.
Participation criteria included age range, targeted race/ethnic group,
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and no condition that would affect their physical activity or ability to
complete a survey. If both the parent/guardian and adolescent agreed,
they were mailed consent/assent forms to sign and return.

Response rates were challenging to estimate because various re-
cruitment approaches were used (e.g., commercial lists with phone
numbers that research staff called versus flyers distributed with inter-
ested individuals calling the research team). There were almost 10,000
potential contact numbers in our recruitment database, but we were not
able to make any contact with just over 83% (e.g., numerous phones
were disconnected, wrong numbers, never answered). Of the 1684
households where contact was made, 927 (55%) did not have an eli-
gible adolescent living there. Of the 757 eligible households contacted,
the participation rate was 41% with 310 of 757 consenting to partici-
pate and providing some data (survey or accelerometer) at one or both
time points (school year and summertime). However, only n = 207 of
the 310 completed surveys at both time points (i.e., loss-to-follow up
rate = 33%).

2.2.2. Data collection

Participants with signed parent permission and adolescent assent
forms were asked to complete a survey (either a mailed paper version or
online version) and wear an activity monitor (mailed along with
wearing instructions). Completing the survey and wearing the activity
monitor were required twice by each participant: once during the
school year and once during summer break. Postage-paid return en-
velopes were provided for mailing all materials back to the university.
Adolescents who participated at both time points and returned surveys
and activity monitors received a $30 gift card incentive.

2.3. Study measures

Three categories of measures were used: (a) objectively assessed
physical activity and sedentary time (accelerometer); (b) self-reported
physical and sedentary activities, including active transportation, lei-
sure-time physical activity, screen time, current and preferred places
and types of physical activity; and (c) psychosocial measures related to
physical activity. Descriptions of measures, along with sources, scoring,
and psychometric properties, are provided in Table 1.

The activity monitors were Actigraph accelerometers (models GT3X
+ or GT3X-BT; Pensacola, FL). Participants were instructed to wear the
accelerometer on a belt around the waist during all waking hours (ex-
cept when bathing or swimming) for 7-10 days, as well as complete a
wear-diary. When accelerometers were returned, data were down-
loaded and aggregated to 30-s epochs using the Low Frequency
Extension (Cain et al., 2013a) and screened for valid data and device
malfunction. A valid wearing day was defined as having at least 10 h of
wearing time, with non-wear time defined as 60+ minutes of con-
secutive ‘0’ counts (Cain et al., 2017). Data were scored using Evenson
cut points (Evenson et al., 2008) for moderate-to-vigorous physical
activity (MVPA), and sedentary time was scored with the commonly-
used cut point of <100 counts per minute (Evenson et al., 2008; Cain
et al., 2013b) using MeterPlus version 5.0. The MVPA and sedentary
time measures used in the statistical analyses were “average minutes
per day”, calculated by averaging minutes per day at a given intensity
level (MVPA or sedentary) across all valid wearing days for each par-
ticipant. Four days of accelerometer monitoring is generally considered
a good estimate of habitual physical activity, at least for a given season
(Trost et al., 2000). In the current sample of adolescents with accel-
erometer data at both time points, 90% of participants during the
school-year and 80% during summer had 4+ valid wearing days.
However, to maximize the sample size available for statistical analyses,
only 1+ valid days of accelerometer wearing was required.

2.4. Statistical analyses

Analyses were conducted using SPSS Version 25. Descriptive
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analyses were done to examine distributional characteristics of all
measures and ensure there were no improbable outliers. To address the
primary aim of comparing physical activity, sedentary behavior, and
psychosocial characteristics across school year and summer, by race/
ethnic subgroups, and by sex, the General Linear Model (GLM)
Repeated Measures procedure was used. Models contained two be-
tween-groups factors (race/ethnic group and sex), one within-group
repeated measures “time” factor (school year versus summer), and one
covariate (age). Main effects for race/ethnic groups, sex, and time, and
the interaction effects for race/ethnic group*time and sex*time were
tested in a model for each key outcome measure, and age-adjusted
means were plotted (see Figures). The GLM models for accelerometer
outcomes (MVPA and sedentary time) used for the figures did not in-
clude wear time as a covariate, so that an identical set of covariates
could be used across all nine outcomes analyzed. However, we ran
models both with and without wear time to ensure that results were not
affected by its omission. The patterns of effects were identical, and
there were no significant (p > .05) interactions between wear time and
either race/ethnicity or sex. Lastly, to examine the most frequently
reported current and preferred places to engage in physical activity and
the preferred types of physical activities, simple descriptive statistics
(means, percentages) were calculated and tabled.

0.68

Peer support a = 0.60.
Norman et al., 2005

Family support a = 0.79
Test-retest ICC

Psychometric properties
Test-retest ICC = 74.

(reference)

2 scales: Mean of 2 youth items and mean of 3 adult-
related items; higher scores indicate higher social

Measure used in analyses
support for PA

3. Results
3.1. Participants

The final sample examined was n = 207 adolescents who completed
both school year and summer time surveys, so differences between time
points could be assessed. As shown in Table 2, the sample included 56
African Americans (39% girls), 30 American Indians (53% girls), 21
Asian/Pacific Islanders (52% girls), 49 Latinos (57% girls), and 51
White, non-Hispanics (41% girls). Overall, 56% of the adolescents lived
in households with one or more members having a college degree
(subgroups ranged from 33% among American Indians to 78% among
White, non-Hispanics). A majority of the parents/guardians were mar-
ried or living with a partner (65% overall, ranging from 45% to 82%
across subgroups). For the overall sample, the median BMI percentile
(CDC age- and sex-adjusted calculations) was 78.4, ranging from 66.2
for Asian/Pacific Islanders to 89.3 for American Indians. Of the 207
participants with surveys at both time points, 150 adolescents also
provided accelerometer data at both time points. There were significant
(p < .05) race/ethnic group differences for highest household educa-
tion, parents' marital status, and number of accelerometer wearing days
during school-year and summer assessments (see footnotes in Table 2).
There were no significant race/ethnic group differences for age, sex, or
BMI percentiles.

A goal of the present paper was to include as many findings as
possible, so the multiple results could be interpreted in an integrated
manner. To accomplish this while keeping the paper concise, the
Results section is truncated, and the key results are both presented and
interpreted in the Discussion section.

and 3 items related to social support for PA from an “adult
in household”. A five-point response scale ranged from 0

2 items for support provided by “brothers/sisters or friends”
“never” to 4 “very often”.

Number of items; responses

3.2. Race/ethnic groups, sex, and school versus summer effects

Comparisons assessing differences over time (school year versus
summer), race/ethnic groups, and sex for 9 study measures are illu-
strated with plots of age-adjusted means and F/p-values from the GLM
analyses (see Figs. 1 and 2). Differences between school year and
summer, as indicated by either time main effects or time interaction
effects with race/ethnic group or sex, were a consistent finding, with 7
of 9 measures showing at least one significant time-related main or
interaction effect. Race/ethnic- and sex-related effects (trends or sig-
nificant main or interaction effects) occurred in 5 of 9 outcomes ex-
amined though they were less consistent than time-related effects.

Separate scales for youth-provided and adult-provided social
support for physical activity (e.g., encourages physical

activity or sports, does PA with adolescent).

Descriptions

Social support for
physical activity (2
scales)

Measure

Table 1 (continued)



J.F. Sallis, et al.

Preventive Medicine 129 (2019) 105795

Table 2
Demographics of participants (N = 207) who completed both school-year and summer surveys and wore accelerometers by race/ethnic groups.
Race/ethnic group: African American American Indian Asian/Pacific Islander Latino White, non-Hispanic Total
Number of participants: 56 30 21 49 51 207
Age” in years:
Mean 14.0 13.7 14.9 13.9 13.8 13.9
SD 1.94 0.88 1.88 2.03 1.92 1.85
Range 10-17 12-15 12-17 10-17 11-17 10-17
Sex™: counts
Girls 22 (39%) 16 (53%) 11 (52%) 28 (57%) 21 (41%) 98 (47%)
Boys 34 14 10 21 30 109
Highest household education”: counts
< High school degree 5 4 6 10 0 25
High school completed 11 8 0 10 3 32
Some college 5 8 4 10 8 35
College degree or higher 35 (63%) 10 (33%) 11 (52%) 19 (39%) 40 (78%) 115 (56%)
Parents' marital status®: counts
Married or living with partner 25 (45%) 15 (50%) 16 (76%) 37 (76%) 42 (82%) 135 (65%)
Divorced or separated 13 7 4 11 9 44
Widowed or single/never married 18 8 1 1 0 28
Adolescents BMI percentile® (CDC):
Mean 75.6 75.5 61.5 63.6 62.2 68.0
SD 28.4 29.6 23.7 34.4 31.8 30.9
Median 86.2 89.3 66.2 80.9 70.5 78.4
Interquartile range: 25th, 75th percentiles 71, 96 59, 96 46, 79 33, 96 34, 91 46, 95
Minimum 1.0 0.2 4.4 0.2 0.6 0.2
Maximum 99.6 99.3 96.6 99.6 99.4 99.6
Accelerometer data
Number of participants 34 23 16 39 38 150
School year: Mean wearing days per person 8 6 8 8 8 8
Summer time: Mean wearing days per person’ 7 5 6 8 7 7

? No significant (p = .05) differences across race/ethnic groups.

b Significant (p < .05) differences across race/ethnic groups with fewer American Indians and Latinos and more White,non-Hispanics living in households with a

college graduate.

¢ Significant (p < .05) differences across race/ethnic groups with fewer African Americans and American Indians and more White,non-Hispanics living in

households with parents that were married/living with a partner.

4 Significant (p < .05) differences across race/ethnic groups with American Indians wearing fewer days than other race ethnic groups.

3.3. Current and preferred places and activities

In Tables 3-5 descriptive results show the patterns of race/ethnic
group and sex differences in the current and preferred places for phy-
sical activity and the types of physical activities adolescents like to do
most often. For each subgroup the tabled values are the top 5-9 places
with the highest average reported frequencies or with at least 70% of
participants reporting activities they would like to do most often. In
one's home or yard/common area were the places most consistently
reported as the most frequent current and preferred places for physical
activity. Walking was the type of physical activity adolescents reported
wanting to do most often.

4. Discussion

4.1. School-year versus summer differences in physical activity and
sedentary behaviors

The previously reported lower levels of youth physical activity
during the summer were strongly replicated in the present diverse
sample of adolescents using accelerometer measures (Fig. 1A). Declines
from the school year to summer were apparent in all race/ethnic groups
and both sexes in the current sample. The overall difference in objec-
tively measured MVPA was about 14 min/day. However, there were
significant race/ethnic differences in the decline. American Indians
showed the greatest decline, about 27 min/day, and White non-His-
panics showed the least decline, about 5 min/day. One of the reasons
for these differences may be that American Indians had the highest
MVPA during the school year, and White non-Hispanics had the lowest.
However, American Indian and Latino adolescents had the lowest

summer MVPA. The school year to summer decline showed a trend to
be greater among boys (17 min/day) than girls (10 min/day), though
girls' MVPA was consistently lower than boys'.

Although lower summer physical activity should be seen as a po-
pulation-wide concern, present results identified substantial race/
ethnic and sex inequalities that could be used to target intervention
resources to groups at higher risk. Keep in mind that all participants
were recruited from lower-income areas because lower-income is a risk
factor for youth obesity (Ogden et al., 2018; Skinner et al., 2018). In the
present sample, American Indians, Latinos, and girls had the lowest
objectively-measured MVPA in the summer, indicating these subgroups
were at particularly high risk.

Reported participation in organized leisure physical activity and
active transport showed very different patterns across subgroups, sup-
porting the promise of tailoring interventions to the needs of each
subgroup. There were no significant season, race/ethnic, or sex differ-
ences in reported leisure time physical activity, defined as participation
in organized sports teams and physical activity classes outside of school
(Fig. 1B). However, this was a limited measure. It may be particularly
limited with lower-income adolescents who may not be able to afford
participation fees. The mean for every subgroup at both time points
indicated the average adolescent participated in fewer than one team or
class per assessment period. The lowest participation rates were seen
among Latinos and girls, so extra efforts to provide free or low-cost
programs throughout the year that appeal to, and are marketed to,
these groups, appear to be justified.

Frequency of active transport varied widely across race/ethnic
groups, and there was no consistent seasonal pattern across subgroups
(Fig. 1C). The significant race/ethnic group-by-seasonal effect was due
mainly to much higher active transport in summer, compared to the
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by race/ethnicity and sex.
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Fig. 1. A-E. School-year versus summer differences in physical activity and sedentary behavior by race/ethnicity and sex.
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Fig. 2. A-D. School-year versus summer differences in physical activity-related psychosocial variables by race/ethnicity and sex.

school year, only in the Asian/Pacific Islander group. Qualitative
follow-up studies are needed to identify reasons for this dramatic dif-
ference among Asian/Pacific Islander adolescents and the inconsistent
differences seen across the race/ethnic subgroups. Active transport to/
from school has been studied extensively (Larouche et al., 2014), but
adolescent active transport to other destinations has been less studied.
However, complex findings have been reported (e.g., Wang et al.,
2017).

Youth sedentary behaviors have not been consistently associated
with health outcomes such as obesity (van Ekris et al., 2016). However,
because students are required to sit during school, it is of interest to
understand seasonal differences in overall sedentary time and specific
sedentary behaviors. In the present study accelerometer-measured se-
dentary time (Fig. 1D) was not significantly different by season or race/
ethnic group, with all results in the range of 8-9h per day. Girls had
significantly more total sedentary time (average difference of 12.5 min/
day) than boys. The similarity of sedentary time in the school year and
summer was surprising and did not support a hypothesis that sedentary
time might be less in the summer when school policies do not enforce
sitting. Another hypothesis that was not tested is that in lower-income
areas, high parental concern about crime safety (Ding et al., 2012)
could lead to parental restrictions about adolescents going outdoors
unsupervised in the summer.

The finding of greater screen time in the summer than the school
year might be explained by restrictions on going outdoors, but many
youth can use their portable screens anywhere, and the measure did not
specify the location of screen use. It appears that all race/ethnic groups
increased screen time in the summer, except American Indians
(Fig. 1E). The summer increase in screen time was particularly high
among African American adolescents, and this finding was consistent
with previous studies of television viewing and screen time (Carson
et al.,, 2015). One interpretation of the finding that screen time in-
creased during summer is that enforced sitting time during school may
be replaced by more screen time in the summer. Present results provide
more seasonal specificity and suggest that interventions to reduce
screen time in the summer are most needed for African American
adolescents.

4.2. School-year versus summer differences in psychosocial variables

Several psychosocial variables were assessed that have been sup-
ported as physical activity correlates in prior studies (Sallis et al.,
2000). These results can be used to inform the design of interventions
targeting adolescents and their family that are tailored to the needs of
different subgroups and to target specific times of year. A significant
race/ethnicity-by-time interaction indicated self-efficacy for American
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Table 5

Preventive Medicine 129 (2019) 105795

Activities you would like to do often: percent of “yes” responses 70% or higher per Race/Ethnic groups and Sex for School Year and Summer.

Percent of “yes” responses

African American American Indian

Asian/Pacific Islander

Physical activities you ~ School =~ Summer  School Summer School

would like to do

during...
Walking 91% 93% 87% 100% 100% 86%
Exercise 79% 70% 73% 77% 90% 76%
Running 82% 73% 87% 80% 81% -
Water play - - - - - 81%
Bicycling 73% 73% - - - -
Ball playing 71% 73% 80% - - -

Outdoor play - - - - - —
Swimming laps - - - - - -

Summer

Latino White, non-Hispanic Boys Girls

School Summer School Summer School Summer School Summer
90% 88% 76% 75% 83% 83% 93% 93%

- 71% 75% - 77% 71% 73% 72%

- 71% 73% - 76% 72% 79% 68%
81% 88% - 80% - - 77% 87%

- - - 76% 72% 74% - -

- - - 75% - - 71% 74%

- 73% - - - - - -

Indians was higher in the summer, showed the largest decline in the
summer for White non-Hispanics, and was unchanged for Latinos
(Fig. 2A). A significant sex-by-time interaction indicated self-efficacy
was lower in the summer for boys but was higher in the summer for
girls. The findings for American Indians, Latinos, and girls were not
concordant with the MVPA patterns, so the relevance of self-efficacy in
designing targeted interventions is not clear.

By contrast, the results for enjoyment of physical activity may be
more informative (Fig. 2B). There were modest but significant declines
in enjoyment of physical activity in the summer, so it is possible en-
joyment is a mediator of the summer decline in physical activity. Re-
duced enjoyment in the summer was consistent across race/ethnic and
sex subgroups. It would be valuable to conduct studies to understand
reasons for this decline. One hypothesis to explore is that the greater
difficulty of being active with peers in summer could reduce enjoyment
of summer activities. While virtually all physical activities in or after
school are with peers during the school year, in the summer most of
these lower-income adolescents did not participate in organized activ-
ities, and they spent more time looking at their screens. Perhaps there
are barriers to informal activities with peers living in lower-income
areas that could be identified in research, then addressed in interven-
tions.

Social support results may be useful in targeting adolescent sub-
groups that show reduced social support in the summer. Although the
interaction effect was nonsignificant, reported social support from
youth (peers, siblings) had a significant seasonal effect and trend for a
race/ethnicity effect (Fig. 2C). The significant decline in peer social
support during summer was accounted for primarily by African Amer-
icans and American Indians, who also had the highest school-year social
support for physical activity from peers. Thus, both African American
and American Indian youth might be able to benefit from culturally-
tailored interventions to prevent the decline and enhance social support
from peers in the summer. Reported social support from an adult in the
household had a significant sex-by-time interaction, indicating social
support for physical activity was lower for boys in the summer
(Fig. 2D). Perhaps this is an indication that boys are more motivated
than girls to be active in the summer and require less social support
from an adult in the household.

4.3. Preferred activities and places for physical activity

The ratings of preferred physical activities and current and pre-
ferred places to be active shown in Tables 3-5 were intended to provide
information that could be used in the design of subgroup-tailored in-
terventions. Because this was considered formative evidence, statistical
tests were not conducted, so interpretation was based on examination
of the top-rated options in all tables, compared across race/ethnic and
sex subgroups. The findings for preferred activities demonstrated sur-
prising consistency, with walking being the most preferred physical

activity across all subgroups and seasons. This is a clear indication that
walking should be a major focus of interventions. Exercise (perhaps
interpreted as dance exercise) and running were highly rated by all
race/ethnic groups, and girls showed strong preferences for water play.

Current and preferred places for physical activity also tended to be
similar across subgroups. With just a few exceptions, the most frequent
current places for physical activity were inside the home or in the yard
or common area for all subgroups during the school year and summer.
School grounds was another frequently-used location by virtually every
subgroup, with the expected lower frequency of use in the summer.
Nearby parks were not among the most-used locations, except for
American Indians.

When asked where they would ideally like to do physical activity, in
the home and around the home still rated highly regardless of season,
but school grounds dropped out of the top choices for all subgroups
except Latinos and White non-Hispanics. There was more variety across
subgroups in top choices. The most preferred places included playing
fields/courts by African Americans, American Indians, and boys in the
school year; biking/hiking/walking paths by Asian/Pacific Islanders in
the school year; and swimming pools by Latinos, White non-Hispanics,
and girls, regardless of season. Nearby parks were among the highly-
rated locations in the summer by Asian/Pacific Islanders and Latinos,
but American Indians' top-rated location for the summer was parks
outside the neighborhood.

4.4. Strengths and limitations

Strengths of the study included the focus on recruiting diverse
adolescents from lower-income areas, analysis of all results by race/
ethnic subgroups, use of device-based and reported physical activity
and sedentary behavior, and inclusion of psychosocial variables. The
formative assessment of preferred physical activities and places to be
active can be used to tailor physical activity interventions for subgroups
of adolescents at high risk for reduced physical activity in the summer
and obesity in general.

Limitations of the study largely stemmed from challenges of re-
cruitment described in the present paper and an accompanying paper
on recruitment from all the PARC research groups (Botchwey et al., in
press). Because of this, several of the samples were smaller than
planned, Asian and Pacific Islander youth had to be combined for
analyses, and it was not feasible to summarize or analyze data by sex for
each race/ethnic subgroup. Race/ethnic group was partially con-
founded by state of residence, so these effects cannot be separated.
There was a wide range of parent education levels across race/ethnic
groups. Almost all American Indian participants were recruited from
one school. The sample cannot be considered generalizable, and though
participants were recruited from multiple geographies to produce a
more diverse sample, it was not possible to evaluate regional or urban/
suburban/rural differences. Present results showing important race/
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ethnic, sex, and seasonal differences justify larger studies with more
representative samples. Although weather and temperature are related
to youth physical activity (Ridgers et al., 2015), weather data were not
collected, and it is possible that hot summer weather plays an important
role in lower physical activity in the summer. Measurement dates were
based on child availability and time of recruitment rather than being
randomly assigned. Some participants had fewer than the re-
commended number of accelerometer wearing days, which may have
produced imprecise measures of habitual activity. Additional accel-
erometer data collection periods during each season would be expected
to produce more precise physical activity and sedentary behavior esti-
mates. Parent/guardian physical activity was not assessed in the pre-
sent study, so it was not possible to determine whether adult patterns of
school-year versus summer physical activity comparisons were similar
to adolescent patterns. A review concluded adults were generally more
active in summer (Tucker and Gilliland, 2007), but studies of parents
from specific race/ethnic groups might yield different findings. Because
some youth were measured first in the school-year and others were
measured first in the summer, it was not possible to analyze BMI
changes.

5. Conclusion

The diverse sample of adolescents, though not ideal in composition,
allowed comparisons across five race/ethnic subgroups that are rarely
possible with such detailed data related to physical activity. Results
clearly showed a substantial summer decline in total physical activity
that generalized across all the race/ethnic groups studied, so popula-
tion-wide interventions seem to be needed. The study also identified
higher-risk subgroups, with American Indians, Asian/Pacific Islanders,
Latinos, and boys having the largest declines in overall physical activity
from the school-year to the summer. Some findings were particularly
useful in identifying reasons for the summer decline overall or in spe-
cific subgroups that could be used to design subgroup-tailored inter-
ventions. Enjoyment of physical activity was generally lower in the
summer, and screen time was generally higher, so these patterns could
help explain the summer decline and are worthy of further study.
Walking was the most preferred physical activity in all subgroups,
providing a justification for population-wide efforts to promote walking
among adolescents, though specific intervention approaches can be
tailored using results from the psychosocial variables and preferred
locations. The significant variations across race/ethnic groups found in
the present study justify studies with larger samples of adolescents to
explore subgroup-specific barriers to, and opportunities for, physical
activity. Because declines in physical activity during the summer could
be contributing to excessive summer weight gain, additional evidence is
needed to inform subgroup-tailored interventions that could be eval-
uated.
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