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ABSTRACT

Purpose: To identify associations between amount of school recess provision and children’s
physical activity (PA), weight status, adiposity, cardiorespiratory endurance, muscular strength,
and muscular endurance. Method: Data from 6—11-year-old participants (n=499) in the 2012
National Youth Fitness Survey were analyzed. Parents/guardians reported children’s PA levels
and recess provision, categorized as no/minimal (9.0%), low (26.1%), medium (46.0%), or high
(18.9%). Children wore a wrist-worn accelerometer for seven days and completed
anthropometric measurements. Fitness was assessed using grip strength, and treadmill, pull-up,
and plank tests. Cross-sectional linear and logistic regression compared outcomes across levels
of recess provision adjusting for the survey’s complex sampling design. Results: Children with
high provision of recess were 2.31 times more likely to meet PA guidelines than those with
no/minimal recess. Accelerometer-measured PA (overall, weekdays, and weekends) was higher
in children with high compared to low recess provision. There were no associations with weight
status, adiposity, or fitness. Conclusion: Provision of 30 mins of recess, 4-5 days*week-1 was
associated with a two-fold-greater likelihood of achieving the PA levels recommended for health
and wellbeing in youth. Recess provision should be protected within the school day due to its
important role in the PA levels of youth.
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INTRODUCTION

The United States (US) Physical Activity Guidelines for Americans (44) recommend that
children participate in 60 minseday-1 of moderate-to-vigorous physical activity (PA), as well as
muscle- and bone-strengthening activities. Only 25.9% of children aged 6-13 years met the daily
aerobic PA goals in 2016-2017 based on parent/guardian reports (15). There are numerous
benefits associated with PA, including, but not limited to, reduced adiposity and risk for
overweight/obesity, and improved cardiorespiratory and muscular fitness (43). Moreover, PA
and associated benefits can track into adulthood (43, 53). Low PA levels in children is therefore
a significant public health problem with potential long-term implications for population health.

School is an important opportunity in which to promote PA, not least because most
children regularly attend and spend approximately half of their waking weekday time in this
setting (based on a 7-hour school day). There are discrete periods which can be used to
promote PA during the predominantly sedentary school day, namely Physical Education (PE)
lessons, active classroom breaks, and recess. The purpose of PE is to develop knowledge and
motor skills through sequential, planned instruction (16), while active classroom breaks seek to
provide a few minutes of PA and simultaneously break prolonged sedentary periods, without
leaving the classroom (21). In contrast, recess is the only opportunity for children to engage in
unstructured free-play during the school day, offering children a respite from the supervision of
adults and the structured nature of the classroom (20, 40). During recess, children may
socialize, play, be physically active, and use their motor skills (41, 45).

Recess makes an important contribution to children’s daily PA levels (22, 36, 46, 49),
with studies reporting that children spend approximately 40% of recess time in moderate-to-
vigorous PA (19). Positive recess experiences have been shown to translate to additional PA
due to increased PA enjoyment (37) and/or the development of foundational movement skills
(31). Furthermore, PA during recess may contribute to improved cardiorespiratory fitness (18,
54), whilst specific activities, such as climbing playground equipment or using swings, may
improve muscle strength and endurance (25, 28, 30). Nonetheless, the influence of recess
provision on muscular and cardiorespiratory fithess remains to be fully elucidated, with scant
literature available on how the amount of recess provided is associated with these outcomes.

Despite the known and potential benefits of recess, recess provision has declined over
the last century (5, 6, 29, 40), a phenomenon largely attributed to increased focus on core
academic subjects (38). Indeed, in the five years following the No Child Left Behind Act in 2001,
schools that reduced recess provision did so by an average of 50 minseweek-1 (38). It is
recommended that schools provide at least 20 minutes of daily recess (15, 50), but the amount
of recess required to confer benefits, and indeed whether there is a dose-response relationship,
is unknown. There is considerable variability in the amount of recess provided (13), which could
be attributed to recess provision decisions being made at the school level or informed by district
and state policy. Understanding the optimal duration and frequency of recess would inform
school practices and policy. The aim of this study was to characterize the association of recess
provision with PA, adiposity, weight status, cardiorespiratory endurance, and muscular strength
and endurance.
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METHOD

The National Youth Fitness Survey (NYFS) was designed as a supplement to the 2012
National Health and Nutrition Examination Survey (NHANES) to better capture the PA and
physical fitness of non-institutionalized US children and adolescents aged 3-15 years. In 2012,
participants were randomly sampled based on age and sex from dwelling units within segments
(city blocks or equivalent) nested within the NHANES primary sampling units. The protocol was
approved by the National Center for Health Statistics ethics review board in compliance with the
Department of Health and Human Services policy for the protection of research participants.

Following informed parental/guardian consent and participant assent, a parent/guardian
completed an interview at home and children completed assessments in a mobile examination
center. The method has been fully described in Borrud et al. (7). In the present study, children
aged 6-11 years were eligible for inclusion (Figure 1). Exclusion criteria included being classified
as underweight according to Body Mass Index percentile (BMI; < 5th percentile), activity limited
a lot, moderately, or a fair amount by wheezing, a physical limitation or health condition that
affects ability to walk, run, or play, or receiving special education or early intervention services
(i.e., services provided by the state or school system for children with special needs or
disabilities). Moreover, given the specific focus on school recess, those who had only attended
kindergarten or had never attended school, according to parent/guardian response to a question
about the child’s highest grade completed, were excluded.

Exposure

In the present study, the main exposure was recess provision, which was calculated
from recess duration and frequency, as reported by the parent/guardians of the 6-11-year-old
children during the interview. Parents/guardians who responded ‘yes’ to the question “Does
(child’s name) have recess during school days?” were asked to provide the frequency of recess
as ‘one day a week,’ ‘two days a week,’ ‘three days a week,’ ‘four days a week,’ or ‘every day’.
Duration was reported in response to the question ‘On average, how long is the recess period?’
as ‘less than 10 minutes’, '10-15 minutes’, '16-30 minutes’, or ‘more than 30 minutes’.

We classified overall recess provision as no/minimal, low, medium, or high based on a
combination of the duration and frequency variables (Table 1). Specifically, the majority of
children (~90%) fell in to four clear categories- no recess (4.7 + 1.3%), or 10-15 minutes (20.1 +
4.6%), 16-30 minutes (44.6 = 4.3%), and more than 30 minutes (17.9 = 2.8%), of recess five
dayseweek-1. Estimates for other specific combinations of recess duration and frequency had
insufficient reliability (>30% relative standard error) to be individually reported. Thus, while
actual recess provision in minutes cannot be computed due to the NYFS categorical response
options, the remaining combinations of duration and frequency (~10% of children) were sorted
into the four aforementioned recess provision categories based on the approximate amount of
recess provision to which they would equate. For example, >30 minutes of recess four
dayseweek-1 would be greater than or equal to 120 minutes of recess weekly and was classified
within the high recess provision category.
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Outcome

Outcomes included PA, weight status, adiposity, cardiorespiratory endurance, muscular
strength, and muscular endurance. PA was measured by parent/guardian report and
accelerometry. Specifically, during the interview, parents reported a number from zero to seven
days in response to the question “During the past week, on how many days did this child
exercise, play a sport, or participate in physical activity for at least 60 minutes?” Responses
were recategorized as meeting the US PA guidelines, and therefore engaging in at least 60
minutes of moderate-to-vigorous PA, seven days a week, or not. Children wore an ActiGraph
GT3X+ on their non-dominant wrist for seven days following their visit to the mobile examination
center. Daily Monitor-Independent Movement Summary (MIMS) units (32) for each participant
were used to derive average MIMS overall, and for week and weekend days separately which
were then compared to age- and sex-specific percentiles (4). The first and last wear day were
removed (4) and only days with at least 10 hours of waking wear-time were included in the
analyses (39).

Stature and body mass were measured using a SECA stadiometer and scale to the
nearest 0.1 cm and 0.1 kg, respectively. BMI percentile was used to classify children as healthy
weight (BMI =25th and <85th percentile) or overweight/obese (BMI = 85th percentile). Adiposity
was assessed as the sum of the calf, triceps, and subscapular skinfold thickness (mm; 8), which
were each measured to the nearest 0.1 mm using the Holtain skinfold caliper.

Cardiorespiratory endurance was assessed as test duration (in seconds) using an age-
appropriate treadmill walking and running test (11, 26). Muscular strength was assessed by
relative grip strength and a pull-up test (33). Specifically, relative grip strength was measured
using a dynamometer and calculated as maximum grip strength from each hand combined,
divided by body mass. The pull-up test, measured by the number of pull-ups correctly
completed, was conducted with participants lying on their back (12). Muscular endurance was
assessed by a plank test, whereby the participant holds themselves in a prone, raised position
on their forearms and toes with their back straight and is timed, in seconds, for how long they
can hold the correct position (33). Relative grip strength and the timed plank results were
compared to age- and sex-specific percentiles (33). However, the researchers who developed
the percentiles for the pull-up test indicated that using specific percentiles was not advised due
to the high proportion of children who complete no, or one, pull-ups (33), so the number of pull-
ups completed was used as the outcome. Similarly, cardiorespiratory endurance was not
compared to percentiles due to the limited number of age- and sex-specific percentiles available
(26).

Statistical Analysis

Linear regression was used to compare continuous outcomes (overall, weekend, and
weekday MIMS percentiles, grip strength percentiles, plank percentiles, cardiorespiratory
endurance, pull-ups, and skinfold thickness) across recess provision categories. Logistic
regression was used to estimate odds ratios for binary outcomes (meeting PA guidelines,
overweight/obese), with no/minimal recess provision as the reference group. To account for
their recognized effects on our outcomes (10, 14, 47, 55), the models were adjusted for
race/ethnicity, grade (dichotomized as below vs. equal to or above 6th grade as this is when
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recess provision declines; 14), income to poverty ratio (accounts for family size and geographic
residence), six-month measurement period when the exam was conducted, school sport
participation, age and sex (when not an age- and sex-specific percentile) and weight status
(except for adiposity, weight status, or grip strength outcomes).

All analyses accounted for the complex sampling design and incorporated the NYFS
examination survey weights. Taylor series linearization was used to estimate variance. Analyses
were conducted in RStudio (Vienna Austria; version 1.3.1056) using the ‘survey’ and ‘emmeans’
packages (versions 4.0 and 1.5.5, respectively). Unadjusted means that accounted for the
survey design, but not covariates, were estimated using the ‘svyby’ command, while means
adjusted for the survey design and covariates were derived using ‘svypredmeans.’ Means
stratified by sex were calculated but formal statistical testing was not conducted by sex due to
the small sample size. Significance was indicated when pairwise comparisons had a p-value of
<0.05.

RESULTS

Participants (n=499) were 9.0 £ 0.1 years of age and had completed 1st to 6th grade
(Table 2). In the US, children in 1st grade are approximately 6 years of age while children in 6th
grade are approximately 12 years of age (although age was limited in the present study to 6-11
years of age). As shown in Table 1, almost half of the children had medium levels of recess
provision (46.0 + 4.3%), while fewer had no/minimal recess (9.0 £ 2.0%), low (26.1 £ 4.3%), or
high (18.9 + 3.0%) recess provision.

Unadjusted means and standard errors for all outcomes accounting for the survey
design are reported in Table 3; corresponding bar charts are presented in Supplementary
Figure 1. Outcomes in their original units (instead of percentiles) are shown in Supplementary
Table 1. Marginal means adjusted for covariates and the survey design are reported in
Supplementary Table 2, with means stratified by sex presented in Supplementary Tables 3
(boys) and 4 (girls).

The odds of a parent reporting that their child met PA guidelines were 2.31 (95%
confidence interval: 1.04, 5.13) times higher in those with high levels of recess provision
compared to those with no/minimal recess provision. When comparing the group means (Table
3), parents reported approximately one additional day of 60 minutes of PA in children with high
levels of recess provision compared to no/minimal recess (5.9 vs. 4.3 days, respectively).
Children with high recess provision had significantly higher overall, weekday, and weekend
MIMS percentiles, in comparison to children with low recess provision (+16, 14, and 15
percentile points, respectively). Children with no/minimal recess provision had higher weekend
MIMS compared to children with low recess provision (+13 percentile points).

Odds of being overweight were not significantly different across levels of recess
provision when using no/minimal recess provision as the referent group. There were no
significant pairwise differences between levels of recess provision in skinfold thickness or any of
the fitness outcomes (cardiorespiratory endurance, relative grip strength percentile, plank
percentile, or pull- ups).
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189 Table 1. Percent of children (+ standard error) with each level of recess provision, which was
190 categorized using parent-reported frequency and duration of recess

Recess Provision Frequency and Duration Percent + SE

No/Minimal No recess 9.0+20
1 daysweek', any duration
2 dayseweek ', < 30 min/recess
3 dayseweek, < 15 minserecess™
4-5 dayseweek'< 10 minserecess™
Low 2 dayseweek ', > 30 minserecess’ 26.1+4.3

3 dayseweek', 16-30 minserecess'
4 dayseweek ', 10-30 minserecess’’

5 dayseweek', 10-15 minserecess
Medium 3 dayseweek, > 30 minserecess’ 46.0+4.3
5 dayseweek', 16-30 minserecess’

High 4-5 dayseweek ', >30 minserecess’’ 18.9+3.0

191
192



193 Table 2. Participant characteristics and recess provision. Data are shown as mean * standard
194  error and are adjusted for the complex sampling design of the National Youth Fithess Survey.

Characteristic Mean + SE
Age (years) 9.0+£0.1
Sex (%)
Boys 459+ 1.6
Girls 54.1+1.6
Race (%)
Mexican-American 14.1+4.1
Other Hispanic 10.2+3.8
Non-Hispanic White 50.3+5.9
Non-Hispanic Black 142+ 3.8
Other race or multi-racial 11.2+29
Grade (%)
1t 23.6+23
2nd 19.3+15
3d 22.3+19
4th 226+23
5t 10.7+1.3
6" 1.5+05
Income to poverty ratio 25+0.2
Sport participation (%) 47.2 + 3.7
Measurement period (%)
November 1 through April 30 62.7+11.6
May 1 through October 31 37.3+11.6

195



Table 3. Unadjusted physical activity, weight status, adiposity, and fitness by level of recess
provision. Significant differences are listed below the mean + standard error, adjusted for the
complex sampling design of the National Youth Fitness Survey.

Recess Provision

No or Minimal Low Medium High
Meeting physical activity guidelines (%) 374+58 585+32 537 +47 62.7+5.6
High - - No/Minimal
Parent-reported physical activity (days) 43+03 58+0.1 57+0.2 59+0.2
Low, High No/Minimal - No/Minimal
Overall MIMS (percentile) 533+53 457 +3.5 533+1.6 61.6+27
- High - Low
Weekday MIMS (percentile) 540+54 49.8 + 3.6 563+ 1.6 64.0+ 2.6
- High - Low
Weekend MIMS (percentile) 501 +54 37.0+39 453 +1.8 51.9+3.1
Low No/Minimal, High - Low
Overweight or obese (%) 477 +74 33.6+59 329+23 43.0+ 7.1
Skinfold thickness (mm) 425+ 3.8 411+20 39.7+15 38.1+29
Relative grip strength (percentile) 484 +55 504+2.8 503+ 2.1 497+2.8
Plank (percentile) 487 +6.3 604 +28 573+ 3.1 53.6 +4.1

All authors have read and approved this version of the

manuscript. This article was last modified on Month XX, YEAR.

Authors X @xtwitter and Y @ytwitter

can be reached on Twitter.



Pull-up (number) 52+£15 54+£06 47+04 42+03

Cardiorespiratory endurance (s) 641.5+24.0 654.1+17.0 6454+11.6  660.7 £19.1

MIMS: monitor-independent movement summary. Differences indicate pairwise differences
significant at a level of p<0.05



DISCUSSION

This study explored the association of amount of recess provision with children’s PA,
weight status, adiposity, cardiorespiratory endurance, muscular strength, and muscular
endurance, to inform school practices and policy. The findings indicate that high levels of recess
(>30 minutes, 5 dayseweek-1), beyond currently recommended levels (15, 50), are positively
associated with PA, but not weight status, adiposity, muscular fithess, or cardiorespiratory
endurance. These results demonstrate the important role of recess as a PA opportunity for
youth, highlighting the need for recess provision to be protected within the school day.

Irrespective of assessment type (parent/guardian report or device-based), children with
high levels of recess provision engaged in the most PA. Specifically, children with the highest
levels of recess provision participated in approximately one more day a week of PA according to
parent/guardian report and had significantly higher levels of both week and weekend day PA,
according to device-based data. This study therefore supports the consensus that recess is
fundamental for children’s overall PA levels (6, 20, 22, 36, 45, 46, 49) and builds on previous
research by examining the association of recess with week and weekend day PA. While PA on
weekend days is consistently lower than week days (9), our findings are congruent with prior
research that indicated the most active children are better able to maintain PA on weekend days
(23). The ability of a school-based intervention to influence weekend behavior is supported by
Sigmund et al. (51) who reported that an intervention providing 6-9 year-old Czech children with
additional PA opportunities during school (including recess) improved weekend PA (51). These
findings support that sufficient recess, beyond current recommendations (15, 50), may be a
strategy for increasing the number of children who meet PA guidelines.

Despite the general finding that high levels of recess provision facilitate PA, the device-
based data followed more of a U- or J-shaped curve, in which children with no/minimal recess
provision had similar levels of overall, week and weekend day PA as those with high levels of
recess provision (Supplementary Figure 1). Parent/guardian report did not reveal the same U/J-
shaped curve, but rather, a typical dose-response in which more recess resulted in higher PA
levels. There are at least two potential explanations for this pattern. One explanation is that
children with no/minimal recess provision compensate for low levels of PA opportunity with
additional, unplanned activity, or an increase in intensity within specific activities (48). An
example of this type of activity could occur if a child runs instead of walks up the stairs. The
MIMS unit (32) captures total PA volume, so this type of behavior would be captured by the
accelerometer but may not be considered by parents when reporting their child’s PA levels.
There may also be reporting bias wherein parents assume children are physically active during
recess. Of note, parents responded to the overall PA question prior to questions regarding
recess. No information was available about the type of school children attended, so it is possible
that children with no/minimal recess are in a unique situation (e.g., home schooling). These
children may not have traditional ‘recess’ but have other opportunities for PA during the day.

All authors have read and approved this version of the Authors X @xtwitter and Y @ytwitter
manuscript. This article was last modified on Month XX, YEAR. can be reached on Twitter.



Children’s weight status and adiposity were characterized by BMI percentile and skinfold
thickness, respectively, but there were no differences by level of recess provision. In contrast to
our null cross-sectional findings, Fernandes and Sturm (24) reported in their longitudinal study
that recess provision of at least 100 minssweek-1 was associated with a 0.74 point reduction in
a child’s BMI percentile from 1st to 5th grade (~7-11 years of age). In addition to differences in
study design, our null findings for weight status may be due to classification of children as
healthy weight versus overweight/obese; however, sensitivity analyses using age- and sex-
specific BMI percentiles also showed no association with recess provision (data not shown).
Follow-up studies employing a longitudinal design are needed to clarify these discrepancies.
This study found no relationship between recess provision and cardiorespiratory endurance,
plank percentile, relative grip strength percentile, or pull-ups completed. Changes in fitness are
dependent on baseline fitness levels (1, 2) so future research should seek to identify whether
recess differentially benefits children with the lowest fitness levels (we do not have the sample
size for this type of sub-group analysis). While not statistically significant, we note that children
with lower recess provision tended to have higher fitness levels. There may be other PA
opportunities for which we could not control. For example, while we controlled for school sport
participation, PE provision may confound the relationship between recess provision and fithess
as previous research indicates an inverse relationship between provision of recess and PE (52).
Information related to PE was not provided by study participants but the mixed findings
regarding the effects of PE on fithess (42) make it unclear if/how this would impact our results.

The intensity, duration, and type of activity during recess are likely important moderators
of the relationship between provision of recess and children’s fithess that were not captured in
the survey analyzed in this study. Prior research on PE (42) and recess (54) indicates that PA
intensity during the class or recess period is associated with the accompanying fitness benefits.
It is important to consider activity type, as some children may engage in muscle-strengthening
exercises, while others may do activities that are not aligned with fithess, such as socializing.
Activity type and intensity is also affected by markings on the schoolyard and/or the
type/amount of equipment, which have been associated with children’s fitness (25, 28, 30). In
addition to information about children’s behavior during recess, the quality of recess provided
should be considered. A recent review of PE interventions indicates that improving the quality,
instead of the quantity, of PE may be sufficient to improve fitness (27). Capturing the context
and quality of recess may provide a better understanding of the association of fitness with
recess provision.

Although there are strengths of this study, including the use of a nationally
representative sample, a major limitation is the cross-sectional design. Further, while these are
the most up-to-date US surveillance data, it is unknown if or how relationships between recess
provision and these outcomes may have changed, particularly in response to the COVID-19
pandemic. Parents may be more familiar with the amount of scheduled or planned recess,
which may not align with the actual amount provided. The use of pre-defined categories for



recess duration and frequency makes it difficult to disentangle exactly how much recess is
beneficial. Moreover, parents did not report frequency of recess per day which precludes us
from estimating actual volume of recess provided or exploring how the pattern of recess
provision is associated with outcomes. Despite this limitation, we note that children with high
recess provision definitively exceed the recommendation of 20 min of daily recess so positive
effects in this group can be interpreted as a positive effect of providing children with more
recess than is currently being recommended. Regardless, future surveillance efforts may benefit
from assessing recess provision more precisely.

As boys are more active than girls during recess and participate in different activities (19,
47), we reported means stratified by sex but did not examine statistical associations for these
subsets due to the small sample size. There do not appear to be obvious differences by sex in
the association of recess with outcomes (Supplementary Tables 3 and 4) but future research
should examine whether the benefits of recess are consistent by sex or other characteristics,
such as socioeconomic status, congruent with prior PE research (34). It is noteworthy that
biological maturation, which impacts PA levels, adiposity, and fitness (3), was not controlled for
in the present study. While our sample included younger children (6-11 years), some early-
maturing girls may have been nearing their period of peak growth in which the largest changes
in these outcomes occur (35). Lastly, a third of participants had measurements conducted
between May and October. If a child was not in school at the time of the assessment, parents
responded to recess questions according to when the child was last in school. As the outcomes
considered here are typically poorer during school breaks (10), this would weaken their
relationship with recess; parents would report typical recess provision even though children
were not actually receiving recess. Nonetheless, whilst the statistical power was reduced,
removal of these participants did not influence the overall findings (data not shown). While we
only had statistical power to detect medium-to-large effects in the present study, the results may
inform future surveillance efforts.

Overall, high levels of recess provision (>30 minssday-1) were positively associated with
PA but less than 20% of children receive this amount of recess. The majority of children in the
present study (46%), and the majority of schools according to national surveillance data (59%;
13), provided ‘medium’ levels of recess. Indeed ‘medium’ levels of recess provision are in line
with recommendations (17, 50) and a Healthy People 2020 objective which sought to increase
the number of school districts requiring 20 minutes of scheduled recess per day (15). Prior to
modification of these recommendations, the costs and benefits of additional recess (including on
educational outcomes) should be considered and larger scale cross-sectional or longitudinal
studies using more specific measures of recess provision are needed to inform policy makers.
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