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" Catawba College, Salisbury, NC, United States, ? San Diego State University, San Diego, CA, United States, ° North Carolina
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Background: Organized sports provide children and adolescents with opportunities to
achieve recommended amounts of moderate to vigorous physical activity (MVPA), and
schools are a primary setting for sports programs. The main aims of this study were
to examine participant physical activity (PA) levels during the most popular high school
sports in the United States and to assess the influences of practice contextual factors
on PA levels.

Methods: Participant PA and its contexts were assessed during practices for the
10 most popular girls’ and boys’ high school sports in the United States. Data were
obtained during 598 practice sessions in 12 schools in North Carolina using a validated
direct observation instrument (System for Observing Fitness Instruction Time (SOFIT). A
regression model was applied to understand the association between sport context and
athletes’ PA.

Results: Overall, athletes were observed engaging in MVPA 60% of practice time. MVPA
varied among sports and levels were highly influenced by practice contexts. Among girls’
sports, cross country and soccer practices provided the highest proportion of MVPA and
MVPA percent during boys’ practice sessions was highest during cross country and track
and field. Practice contexts were associated with MVPA accrual with time allocated for
gameplay and fitness activities associated with the highest levels of PA.

Conclusions: The results contribute to an understanding of which sports and how
their practices are conducted facilitate increased PA. Findings indicate athletes accrue
substantial amounts of PA during high school practices, but that it varies from sport to
sport. As well, the context that characterizes sport practices is a significant determinant
in how much PA occurs. Most sports that emphasized game simulation, fitness, and
skill development drills had higher levels of MVPA. Given the length and frequency of
practices and how the content is delivered, we can accurately predict how much PA
athletes are likely to achieve during a given sport season. The findings from this study
demonstrate that sport can make a useful, if not sufficient role in helping high school
athletes reach recommended PA levels. PA engagement can be optimized by attending
to the management of contexts surrounding the sports.
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BACKGROUND

Participation in physical activity (PA) is associated with
numerous health benefits in children and adolescents (Janssen
and Leblanc, 2010) and current guidelines recommend children
accrue 60 min of moderate-to-vigorous physical activity (MVPA)
per day [U.S. Department of Health and Human Services
(USDHHS), 2018]. Youth meeting this recommendation can be
expected to improve their health and well-being in a number of
different areas, including decreased cardiovascular disease risk
factors (Carnethon et al., 2005), lower blood pressure (Nielsen
and Andersen, 2003), weight management (Ness et al., 2007),
increased bone density (Petit et al., 2002), muscular (Kriemler
etal., 2011), and cardiovascular fitness (Fernhall and Agiovlasitis,
2008). Additionally, PA engagement during the early years has
been shown to be strongly associated with the adoption of a more
active lifestyle in adulthood (Ekblom-Bak et al., 2018).

Research reviews indicate children in the United States fall
short of meeting recommended amounts of daily PA (Centers for
Disease Control Prevention., 2018). For instance, only 22 percent
of adolescents meet the national PA guidelines (CDC - Centers
for Disease Control Prevention., 2018) and approximately one
out of five high school aged youths are completely inactive
(Physical Activity Council, 2019). Meanwhile, organized sports
have been identified as an opportune strategy for adolescents to
achieve recommended PA levels (Centers for Disease Control
Prevention., 2018) and these are available in most communities
in the form of private sports clubs, public recreational offerings,
and school interscholastic athletics (Demetriou et al., 2017).
In the United States, sports programs offered at schools are
particularly important because children and adolescents spend a
major proportion of their waking hours there. Middle and high
schools, in particular, usually have well-trained/certified staff and
facilities to support sport programs (Mears and Jago, 2016).

In the United States, 58 percent of youth, ages 6 to 17 years,
participate in team sports or take sports lessons after school
or on weekends [The Child Adolescent Health Measurement
Initiative, 2017; U.S. Department of Health and Human Services
(USDHHS), 2019]. Specifically within high schools, ~8 million
students participate in sport programs annually (DeMartelaer
and Theeboom, 2006) and these account for 54 percent of
all eligible students. Given the large numbers participating
in high school sport (and sport in general), coupled with
the myriad of associated health and developmental benefits,
sport has the potential to be a powerful health-promoting
setting for adolescents, especially related to MVPA engagement
(Wickel and Eisenmann, 2007).

Meanwhile the association between sport participation and PA
remains unclear (Camire, 2014). Studies generally paint a positive
picture of the role of sports participation on PA (Guagliano et al.,
2013; Ball and Bice, 2015). For example, football and soccer
participants were found to have more MVPA on sports days
than non-sports days (Wickel and Eisenmann, 2007) and other
studies found that the MVPA typically accrued on sport days
was replaced by low-intensity, and sedentary activities on non-
sport days (Machado-Rodrigues et al., 2012; Vella et al., 2013).
These findings are consistent with other research indicating that

adolescents are unlikely to compensate for missing MVPA when
not engaging in sports (Dale et al., 2000) and suggest that sport
has strong potential for increasing PA levels and reducing bouts
of sedentary behavior (Kanters et al., 2015).

Some studies indicate MVPA during sport is dependent on
organizational and environmental contexts such as facilities
and coach behavior [National Federation of State High School
Associations (NFHS), 2017]. Two studies, for example, have
reported that adolescents spent up to 70 percent of their
practice time engaged in sedentary or minimally active behavior
(Wickel and Eisenmann, 2007; Kanters et al., 2015). Additionally,
athletes have been reported to be physically active during only
one third of the time during basketball and soccer practices
(Guagliano et al., 2013) and soccer games (Sacheck et al., 2011).
Nonetheless, the preponderance of research supports the notion
that children and adolescents who play sports are more active
than those who do not. With so many children participating
in organized and adult-led physical activities (National Physical
Activity Plan Alliance, 2018), the role that sports can play in
adolescent development is undeniable. However, discussions on
how organized sports serve as a method to facilitate PA and
an active lifestyle are equivocal (Janssen and Leblanc, 2010;
Demetriou et al., 2017; McKenzie, 2019).

Studies rarely examine how MVPA varies within the type and
level of sport or within the contexts of sport practices (McKenzie,
2019). MVPA does not just “occur;” but is governed by the
nature of the sport (e.g., rules, policies, and game strategies),
space/facilities in which it occurs, and how coaches manage and
structure practice time (Ball and Bice, 2015). High school sports
in the U.S. are fragmented with little to no continuity from
program to program (Camire, 2014). A downside to this lack of a
cohesive interscholastic sports organization is the overabundance
of untrained coaches (Seefeldt and Ewing, 1997; Conroy and
Coatsworth, 2006) resulting in inefficient organization of sport
practices that may be compromising associated outcomes like PA
(Coakley, 2011; Bocarro et al., 2014; Coté and Vierimaa, 2014).

Moreover, large-scale studies using objective techniques to
simultaneously examine PA and its contexts during high school
sport practices are absent. Therefore, the primary aim of this
study was to objectively measure the PA levels of high school
female and male athletes during public high school sport
practices and to assess the results based on sport type and
associated with practice contexts, including how they were
organized, structured, and delivered. The following research
questions guided our inquiry: (a) how physically active are
athletes during high school sports practices? (b) what are the
variations in PA across different sports for boys and girls? and
(c) how are practice contexts associated with MVPA accrual?

METHODS

Student athletes in 12 public high schools in the U.S. State of
North Carolina (NC) participated. High school level was selected
because it provides a setting in which the structure and delivery
of sport is governed by a State level authority. Unlike club and
community recreation sports which have fewer consistent rules
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TABLE 1 | Characteristics of North Carolina High Schools and Students in the Study.

School Students # Class Title I school % Free or reduced lunch % Black % Hispanic % White
1 1,689 4A No 27.9 121 13.0 69.4
2 1,072 2A Yes 35.7 11.8 8.7 75.7
3 933 2A No 27.7 3.3 5.0 85.3
4 1,401 4A No 36.9 28.3 5.1 61.2
5 1,851 4A Yes 52.6 41.4 29.4 23.8
6 1,907 4A Yes 39.1 26.2 17.6 46.8
7 1,612 4A Yes 52.2 55.4 5.8 34.0
8 1,351 4A No 32.6 0.9 5.6 89.3
9 1,398 3A Yes 46.0 411 14.9 39.6
10 1,360 3A Yes 63.2 14.9 41.8 38.1
11 1,519 4A Yes 45.8 4.5 6.7 83.9
12 2,018 4A No 53.6 58.9 16.2 17.9

regarding participation, season length, practice frequency and
length and other factors, high school sports provide a more
standardized setting that allows for greater generalizability across
various settings and different sports. Schools were selected from a
comprehensive list of all high schools in NC (N = 686) obtained
from the North Carolina High School Athletic Association
(NCHSAA). The lead author fielded interest from school officials
via email and phone calls until a sizable index of potential sites
was developed. The 12 schools (Table 1) were selected using
a stratified random sample to ensure the representativeness
that considered district-level per-pupil expenditure, percent of
student body eligible for free/reduced lunch, percent of student
body of racial minority, and geography (to prevent regional
clustering) (U.S. Department of Education: Institutional of
Education Sciences, 2017). Another consideration was school
location, with schools having to be within 15 miles of a trained
data collector. In most cases, data collectors were teachers and
coaches already working on site so no travel was necessary.
For participating, schools received a monetary gift card for
the purchase of athletic supplies or equipment. Table 1 lists
characteristics of the 12 participating schools.

Based on a national high school athletics participation
survey [National Federation of State High School Associations
(NFHS), 2017], the 10 most popular team sports for high
school boys and girls were studied. Boys sports included
tennis, track and field, soccer, basketball, lacrosse, cross
country, swimming, baseball, football, and wrestling. Girls’ sports
included tennis, track and field, soccer, basketball, lacrosse, cross
country, swimming, softball, cheerleading, and volleyball. Sport
practices were selected rather than competitions as athletes
typically spend more time participating in them (often 5
days/week). As all team members (not just the most skilled)
participate during them, practice sessions are more inclusive than
competitions and coaches have more control over MVPA accrual
(Kanters et al., 2015).

Instrumentation and Procedures
The System for Observing Fitness Instruction Time (SOFIT)
(McKenzie et al., 1991) was used to objectively assess the sport

practices. This tool has been widely used to assess student PA
and instructional contexts (e.g., how session time is spent and
instructor behavior) nationally and internationally (McKenzie
and Smith, 2017). SOFIT is based on momentary time-sampling
techniques in which objective information on athlete PA
levels and the practice contexts are assessed simultaneously.
Immediately prior to the official start of each practice, data
collectors randomly selected five participating athletes (four to
observe and one as a backup). Observers were located to not
interfere with instructional methods or materials, typically on
the side of the field or court near the main instructional area.
Once the practice started, data collectors observed the first athlete
for 4min by rotating between a 10s observation interval that
was followed by a 10s record interval. Pacing was provided
automatically by the observers’ iPad; signaling when it was time
to observe and record. During each observation interval, athlete
PA level (i.e., lying down, sitting, standing [Sedentary]; walking
[Moderate]; or Vigorous and practice context (i.e., how time
was allocated—management, knowledge content, fitness, skill
practice, gameplay, or other) were recorded.

Variable definitions were similar to those in the original
SOFIT protocol (McKenzie et al, 1991), but the language
was adjusted to reflect sport practices rather than PE lessons.
Management time refers to time allocated to management of
participants or the environment by engaging in non-sport tasks
including transitions, break times, changing gear, and moving
from one space to another. Knowledge content refers to time
allocated to the acquisition of relevant knowledge such as
technique, strategy, rules, and teaching from coaches. Fitness
refers to activities with the major purpose of altering the physical
state of the athlete in terms of cardiovascular endurance, strength,
or flexibility. Skill practice refers to time allocated primarily to
develop the sport-relevant skills. The primary characteristic is
the targeting of a specific skill (e.g., dribbling a basketball) and
the athlete repeating the drill in efforts to refine that skill. Game
play refers to time allocated to applying the skills in a game-
like setting including simulated competitions or scrimmages.
Other refers to allocated time that does not fit into any of
the previously identified categories (e.g., unorganized free play).
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After 12 iterations of 10 s observe/record intervals (i.e., 4 min),
the remaining three athletes were observed in sequence. At
the conclusion of the 12th iteration for the fourth athlete, the
data collector observed the first athlete again and this process
continued until practice ended.

To enter data, observers used the most recent version
of iSOFIT® (v. 1.6.0), an interactive Apple® application
compatible with iPad devices. The layout and main functions of
iSOFIT® are similar to the original protocol and data collection
follows the same procedures as SOFIT. The additional features
enabled the streamlining of data processing, automated time-
keeping, and secure data storage.

Observer Training and Reliability

Assessment

A total of 25 data collectors, typically teachers and coaches,
were recruited from participating schools and were paid to
participate in SOFIT observer training and data collection.
Observers participated in a 2h, face-to-face session with the
project manager at their respective high schools using the latest
SOFIT training materials (Mears and Jago, 2016; McKenzie
and Smith, 2017); beginning in a classroom and then followed
by interactive practice in the field. The data collectors were
issued an iPad-mini™ device and trained in the use of the
iSOFIT® app, and they were required to submit a 30 min
practice observation to the project manager within 48h of the
training to demonstrate their comprehension of the protocols.
The project manager reviewed the exported data from the
practice sessions prior to clearing data collectors to begin
observing practices.

During data collection, two trained data collectors
simultaneously coded the same athletes independently during
the practices and percent inter-observer agreement (IOA) was
calculated using Cohen Kappa for observations of PA level
and practice context (van der Mars, 1989). Each observer was
assessed for reliability during a minimum of two practices.
Overall, IOA for PA level was 0.73 with a rage from 0.62 to 0.98
and 0.73 for practice context with a range from 0.67 to 1.00.
This indicates a high degree of reliability (McKenzie, 2019)
but below the eighty percent level recommended for claiming
excellent agreement (van der Mars, 1989). Yet, the consistency
among observers was still within the acceptable range of other
scholars who consider 0.70 and above as excellent agreement
(Fleiss et al., 2003).

Data Collection

Study methods were approved by the Institutional Review Board
for Human Subjects Research at North Carolina State University
prior to the start of the study. Sports were assigned to data
collectors based on their availability and/or comfort with certain
sports (e.g., some requested to observe only sports that matched
their gender). Observers were asked to record at least 10 full
practices for their respective sport by the end of the regular
season. A total of 30 practice sessions were targeted to be
observed for each of the 20 identified sports. Sports were
categorized into one of three seasons: fall, winter, or spring.
Each season had an official launch and end date although there

TABLE 2 | High School Sports Ranked on Average METs PER PRACTICE.

Sport type Average Std.  # Observations
METs Dev.
Boys sports
Cross Country (BTFBBase, GCHGSB,GTF) 4.84 1.75 2,794
Track and field (BCC.BBase,GCH,GSB,GTF) 4.62 1.76 2,618
Swimming (BW.GSW,BBase,GCH GSB GT) 4.11 218 6,649
Wrestling'(GSW.BBase, GCH,GSB,GTF) 4.10 2.13 11,825
Soccer BSW,BW,GSW,BBase, GCH,GSB,GTF) 4.05 202 5,462
Lacrosse (BBaskGY) 3.82 2.07 8,324
Basketball BF.BL.GV,BBase, GCH,GSB,GTF) 3.71 1.96 8,444
Football (GL.BTN,BBask BBase, GCH,GSB,GTF) 3.62 1.99 11,894
Tennis'(GBase,GTN,GL‘BF,BBase,GCH,GSB,GTF) 3.61 2.05 3,580
Baseball*** 3.02 1.98 3,338
Girls sports
Cross country (BBase.GCH.GSB,GTF) 4.35 1.98 2,187
Soccer (BSO.GCC BBase,GCH,GSB,GTF) 4.03 204 5,258
Swimming (BW/BSW.BS0 BBase,GCH.GSB,GTF) 4.11 217 7,202
Basketball (GTN.GL.BTN,BBase,GCH,GSB,GTF) 3.51 2.01 10,022
Volleyball BBask BLBBase GCH,GSB,GTF) 3.89 2.08 6,888
Lacrosse (@B.GTN.BTN BF BBase,GCH,GSB,GTF) 353 2.00 4,039
Tennis (GB.GLBTN,BBase, GOH,GSB,GTF) 3.46 1.8 5,501
Track and Field*** 3.24 1.93 6,909
Softball*** 2.76 1.72 4,930
Cheerleading™* 2.41 1.64 6,432

“*\Where sports METs are significantly different for all sports and *SUPscpts Shows where
sports METs are significantly different from specific sports at p < 0.05 using Dunn’s post-
hoc test. For the subscripts, G, girl followed by the sport and B boy followed by
the sport.

METs, metabolic equivalent of athlete engagement.

were a few exceptions based on extenuating circumstances (e.g.,
weather). Each of the 20 high school sports were observed
in their respective regular sport season (i.e., no postseason
practice sessions).

Analysis
Data were analyzed using the Statistical Package for Social
Sciences (SPSS) Version 26.0 software. The unit of analyses
was the sport practice session (1 = 598 sessions). Sport type
and practice context subcategories (i.e., management, fitness,
knowledge, skill, game play, and other) served as the independent
variables. The dependent variables were the subcategories of PA
(i.e., lying down, sitting, standing [sedentary], walking/moderate,
vigorous, and a combined category of moderate and vigorous
physical activity [or MVPA]. The PA subcategory measures
represent the proportion of practice observations/time coded
as either sedentary, moderate, or vigorous activity. For each
practice session, the proportion of practice time that the observed
athletes spent in MVPA was automatically calculated by the
iSOFIT® app.

Observed PA data were also converted to standard metabolic
equivalents (METs) in order to compare estimated energy
expended during practices (see Table 2). METs were calculated
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by multiplying participants PA level with assigned energy
expenditure values: 1.5 for sedentary, 3.0 for every moderate,
and 6.0 for vigorous. These values are widely accepted and used
for estimating energy expenditure based on observational data
(Ainsworth et al., 2011; Edwards et al., 2014).

To test relationships between the independent variables and
PA levels, we measured the categorical independent variables
to test for differences in the means across the ordinal PA
dependent variables, specifically for sport type. Chi-square
tests for independence and association were performed to test
associations between practice context and PA level Previous
SOFIT studies have used one-way ANOVAs in order to determine
whether percentages of time spent in MVPA differed or changed
based on athlete PA and other contexts (Curtner-Smith et al.,
2007; Cotton and O’Connor, 2013). Because our data did not
meet all required assumptions for normality, Kruskal-Wallis tests
were used as a non-parametric alternative. The Kruskal-Wallis
test is a non-parametric test based on ranks. This test is also
appropriate for ordinal level data as the primary dependent
variable, and the advantage of using this type of test is that it
can be used to calculate differences between two or more means
(Ruxton and Beauchamp, 2008). In cases where statistically
significant differences existed, pair-wise comparisons were made
for each subgroup within that specific category using Dunn’ post-
hoc test. Level of significance for inferential tests was established
at p < 0.05.

Ordinary least squares (OLS) regression was used to predict
the association between practice context and observed mean
levels of METs. Two dummy variables for Fall and Spring were
created to control for seasons since is a categorical variable. Mean
METs per observation was calculated by aggregating all METs
scores from each interval within one observation and dividing
METs total by the number of intervals. Practice was used as the
unit of analysis.

RESULTS

Data collectors observed 2,408 total athletes during 696h of
practice time (i.e., during 598 varsity practices across the 20
sports) for a total of 125,218 individual observations. Mean
practice length was 80 min, with high variability across sports (SD
= 26.4min). Overall, athletes engaged in vigorous activity 43%
of practice time, moderate PA 17% of the time, and sedentary
activity 40% of the time. For girls, cross country and soccer
produced the highest proportion of MVPA with cheerleading
and softball having the greatest amounts of sedentary behavior
(Table 3). For boys, cross country and track had the highest
amounts of MVPA and baseball had the greatest amounts of
sedentary behavior (Table 3).

Based on estimated MET values (Table 2), boys cross country
produced the highest average MET value followed by boys’ track
and field and girls’ cross country. Sports with the lowest MET
levels were girls’ cheerleading, girls’ softball, boys’ baseball, girls’
track and field, and girls’ tennis. Overall, boys expended more
energy during practices (m = 3.89) than girls (m = 3.51) (F =
215.72, p < 0.001).

TABLE 3 | Percent of practice time that athletes engaged in sedentary, moderate
and vigorous physical activity.

Girls sports Sedentary (%) Moderate (%) Vigorous (%) MVPA (%)
Basketball 44.80 15.70 39.50 55.20
Cheerleading 71.50 12.40 16.00 28.40
Cross country 24.90 17.80 57.30 75.10
Lacrosse 40.10 22.30 37.60 59.90
Soccer 29.40 15.10 55.50 70.60
Softball 55.60 24.80 19.60 44.40
Swimming 38.60 5.00 56.40 61.40
Tennis 40.50 23.80 35.70 59.50
Track 45.70 23.50 30.70 54.20
Volleyball 36.50 15.50 48.00 63.50
Boys sports Sedentary (%) Moderate (%) Vigorous (%) MVPA (%)
Baseball 57.20 13.60 29.20 42.80
Basketball 32.90 26.90 40.20 67.10
Cross Country 13.50 18.30 68.20 86.50
Football 36.50 24.60 38.90 63.50
Lacrosse 37.20 17.00 45.80 62.80
Soccer 29.80 20.20 49.90 70.10
Swimming 39.10 4.30 56.60 60.90
Tennis 40.70 18.60 40.70 59.30
Track 12.50 27.40 60.10 87.50
Wrestling 36.50 8.40 55.10 63.50

TABLE 4 | Overall percent of time allocated to practice contexts.

Context % of observed practice time
Fitness 19.0%
Game play 14.8%
Knowledge content 13.60%
Management 11.0%
Skill practice 35.9%
Other 5.80%

Separate Kruskal-Wallis tests revealed there were significant
differences in the PA engagement of athletes by sport type, and
practice contexts (p < 0.001). Overall, a majority of practice time
was allocated to skill development activities (36%), defined as
activities repeated for the purposes of targeting a specific skill.
Fitness was the next most common context (19%), followed
by game play (15%), knowledge (14%), management (11%),
and other (4%) (Table4). The girls' sports with the highest
amount of practice time allocated for game play were soccer,
softball, and tennis. Boys’ sports with the highest amount of game
play were tennis, cross country, and basketball. Sports with the
greatest proportion of practice time for fitness development were
cross country, swimming, and track and field for both genders
(Table 5).

Mean METs were calculated at the observational level for each
of the six practice contexts. A chi-square test of independence

Frontiers in Sports and Active Living | www.frontiersin.org

July 2021 | Volume 3 | Article 548516


https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org
https://www.frontiersin.org/journals/sports-and-active-living#articles

Carlton et al.

Physical Activity During Sport Practices

TABLE 5 | Percent of practice time for sports by gender.

Girls sports Fitness (%) Game play (%) Knowledge (%) Management (%) Skill practice (%) Other (%)
Basketball 7.40 12.60 26.90 8.50 44.20 0.50
Cheerleading 18.00 8.00 22.50 9.70 34.80 7.00
Cross country 33.80 12.80 8.20 15.70 14.50 15.00
Lacrosse 17.70 21.70 12.40 6.70 38.90 2.60
Soccer 14.90 30.90 16.60 5.10 26.70 5.70
Softball 10.20 22.10 12.60 6.80 44.30 4.00
Swimming 30.80 1.30 9.20 22.70 27.80 8.30
Tennis 13.50 21.80 12.90 4.30 36.90 10.60
Track 31.10 2.70 10.00 30.30 21.40 4.40
Volleyball 11.60 17.90 9.70 11.20 48.40 0.90
Boys sports Fitness (%) Game play (%) Knowledge (%) Management (%) Skill practice (%) Other (%)
Baseball 17.10 22.90 14.10 3.00 41.30 1.60
Basketball 4.60 22.30 10.30 13.90 42.40 6.60
Cross Country 40.20 32.80 9.80 11.00 4.60 1.50
Football 9.70 14.30 11.30 11.00 53.00 0.40
Lacrosse 17.40 18.90 14.00 17.10 30.20 2.40
Soccer 27.30 20.20 12.90 6.90 27.40 5.20
Swimming 39.30 2.20 11.60 14.50 29.00 3.30
Tennis 9.50 40.30 12.90 4.70 31.70 0.90
Track 31.40 15.40 14.00 8.90 30.00 0.20
Wrestling 28.90 5.00 14.40 3.50 46.30 1.90
revealed a statistically significant association between practice ~ TABLE 6 | Ordinary Least Squares Regression Analysis for Mets.
context and PA level (x?> = 42560.39, p < 0.001) and a

... .. . . Model B Beta S.E. P
statistically significant difference in METs were observed between
the contexts, F(g 123499) = 8793.78, p < 0.001). Constant 4210 _ 0177 0.000

Practice time allocated to game play (4.67 MET average) was 0326 0152 0.093 0.001
associated with higher levels of MVPA. Practice time allocated Spring 0599 0184 0.096 0.000
for fitness activities (4.54) and skill practice (4.28) were both Fitness % 0.006 0.134 0.002 0.002
also associated with mean PA levels above 4.00 METs. Practice Game play % 0.007 0.155 0.002 0.000
time allocated for other activities (2.18), management. (2.11)., and Knowledge content % 0,016 0245 0.003 0.000
k'nov'vledge content (1.71) ba‘d reduced MET levels with a higher Management % 0019 0030 0.003 0.000
likelihood of sedentary activity. Other % 0017 0162 0,004 0.000

N 598

Practice Context-Level Model R2 0.18

An ordinary least squares (OLS) regression analysis was
conducted to establish whether differences in levels of observed
METs (outcome variable) existed across practice context factors
(Table 6). The variables were tested for multicollinearity and the
presence of outliers. We also examine a potential effect of seasons
(e.g., Fall, Winter, and Spring) on and METs levels.

For our model, the amount of time spent in knowledge,
management, and other practice context factors significantly
reduced mean METs. However, time in fitness related activities
and game play significantly increased mean METs in comparison
to skill development activities (Table 6). Seasons or time of year
were included in the model and when compared to Winter, Fall,
and Spring significantly reduced mean levels of METs.

Since METs were calculated from levels of physical activity,
a cross-tabulation between time of year and levels of physical

activity showed that Fall sports had 39.1% of participants
sedentary, 19.7% moderate and 41.2% vigorous. Spring sports
had a similar pattern with 40.8% sedentary, 19.8% moderate and
39.4% in vigorous activity. Winter sports, however, had about the
same sedentary levels (38.6%) but lower moderate (12.6%) and
higher vigorous levels of participation with 48.8%.

DISCUSSION

The primary purpose of this study was to examine sport practice
participation and its contexts on the PA of high school athletes.
More specifically, it assessed the association between PA output
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by sport participants and the practice activities in 10 different
sports for both male and female athletes. The study aimed to
provide insight into the differences in PA between particular
sports and determine what contextual factors are most influential
for MVPA during sport practices.

This study is the first to provide a detailed account of a
large cross-section of high school sport practices using SOFIT,
an observational tool that simultaneously examines athlete PA
and practice contextual information. Although there are no
specific recommendations for the amount of time to be spent
in MVPA for youth sports, there are guidelines for PE classes,
which recommend students engage in MVPA at least 50 percent
of lesson time (U.S. Department of Health and Human Services
(USDHHS), 2012). The results from our study indicate that
across all sports, 60 percent of practice time was spent in MVPA,
exceeding the PE benchmark. Study findings can be summarized
within three categories that contribute to our understanding of
PA in youth sport settings: (1) gender differences; (2) sport type;
and (3) the influence of practice context.

First, consistent with previous work comparing girls and boys
in after-school settings (Bocarro et al., 2014), boys were more
physically active during practices than girls. As Leek et al. (2011)
found in baseball/softball practices, only two percent of girls
obtained 60 or more minutes of MVPA compared to about 32
percent of boys (Leek et al., 2011).

Gender inequality in PA engagement is a persistent concern,
magnified by lower PA among girls. Furthermore, there is a
clear trend of decreasing PA levels with aging and with the
disparity between girls and boys widening (Bailey et al., 2004).
For example, one study estimated that PA declined during high
school by 7.4 percent for girls and only 2.7 percent for boys
(Sallis, 1993). Another study suggested female adolescents were
~20 percent less active than their male peers (Booth, 1997). The
picture for sports participation is more positive in some (but not
all) developed countries. In the U.S., there has been an increase
in the number of girls participating in sports over recent decades
(Coakley, 2011) but many still do not participate because of
limited opportunities, structural barriers, and gender stereotypes
and their participation rates do not match those of boys (Bailey
et al., 2004). As such, girls have been identified as a high priority
group for PA promotion (Biddle et al, 2014). Gender role
stereotyping exists in sports, and coaches and parents play an
influential role in both the selection of which sports to play and
approaches to practice and play (Coakley, 2011). This study’s
findings supports the notion that coaches may frame practices
differently based on athlete gender. However, further study of
coach behavior, practice context, and subsequent physical activity
of boys and girls sports is warranted.

Second, the data indicate that athletes were more active
during practices in running-centric sports than other sports.
This finding supports the conventional wisdom that athletes
in sports such as cross country and soccer achieve more
MVPA than sports characterized by more bouts of inactivity
like cheerleading and baseball (Leek et al, 2011). Also, the
sports with a lower proportion of MVPA during practice time
were those that require athletes to be proficient in technical
skills. For example, baseball and football may require increased

practice time allocated to skill building activities, teaching
tactical strategy, or other inactive instruction. While sports
that require extensive aerobic capacity, such as swimming and
track, are likely to allocate more practice to MVPA activities.
As well, team (vs, “individual”) sports require practice time
be allocated to developing collaboration/unity/tactics among
athletes (especially those that demand team strategies) would
likely allocate more practice time dedicated to strategy and other
more sedentary activities.

Third, practice context factors highly influenced the amount
and level of PA. Sports with more time allocated to game
play, fitness, and skill practice activities were associated
with increased MVPA (80, 79, and 72% of context time,
respectively). Conversely, MVPA was lowest during knowledge
and management contexts (10 and 37% of the time, respectively).
Meanwhile, it is important to consider there are other goals of
participating in sport (e.g., social and cognitive development)
than PA and reaching these may require athletes to be stationary
(Jones et al., 2016). Thus, practices should balance allocated time
to facilitate participants’ achievement of a full range of intended
benefits, including adequate bouts of MVPA.

An unexpected finding was how close fitness and game play
were in their production of PA. Athletes in fitness activities
during practice would be expected to be physically active,
but game play is not so intuitive. As previously indicated,
a characteristic of the game play code was practice activity
“generally performed without major intervention from the
coach” that mimics a real game/match/meet. Hence, while
scrimmaging in a game-like simulation, with little contact with
the coach, athletes were more likely to be physically active
during fitness and game play than during any other practice
context codes.

While a limited body of literature has examined youth sport
program delivery, the few that exist confirm that the context
of youths’ sport programs can play a significant role in the
sport outcomes experienced (Fraser-Thomas et al., 2005; Leek
et al.,, 2011; Sacheck et al., 2011; Guagliano et al., 2014, 2015;
Kanters et al., 2015; Ridley et al., 2018; Schlechter et al., 2018).
Recent research has supported that high school athletes spend
<50 percent of practice time engaged in MVPA during sports
practices (Schlechter et al., 2017). Although social influencers,
organizational capacities, and program features may impact the
ability of youth sport programs to facilitate healthy outcomes
(Doherty and Cousens, 2013), empirical research to back up these
claims is limited. As a result, there is a large body of literature
linking sport with a variety of physical, social, and psychological
outcomes but little insight on the practical implications for
understanding this process.

The benefits of sports are much more likely to occur
when quality, intentional programming is provided (President’s
Council on Sports, 2019). Quality sports programs typically
focus on individual and team development through skill building
while recognizing the value of a well-balanced practice that may
include sedentary time. Sports-based development programs
may provide youth with a substantial amount of PA (Perkins
and Borden, 2006). In fact, the recent National Youth Sports
Strategy report focuses on the benefits of sports participation
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and strategies to create quality sports programming that will
increase the likelihood of youths obtaining these benefits [U.S.
Department of Health and Human Services (USDHHS), 2019].

Although large amounts of sedentary activity were found
during knowledge transfer and management activities, these
components of a practice are not necessarily negative when
considering the holistic development of an athlete. Physical
inactivity or sedentary behavior is independent of PA and is also
multi-dimensional. Although the biomedical view of PA is critical
of excessive inactivity, many sedentary behaviors are highly
valued such as school, studying, or reading and have benefits
for young people. PA and inactivity are independent behaviors
performed in a societal context, and both have high value in
a sport practice. There is a need for better understanding of
the meanings attached to and motivations for PA and sedentary
behaviors by adolescents, particularly at the high school age.
Most U.S. high schools (91%) offer students opportunities to
participate in at least one interscholastic sport per year (Lee et al.,
2007).

Time of year or season showed a positive association with
levels of physical activity. While most seasons showed similar
patterns of physical activity level distribution, it is worth noting
that winter showed lower levels of moderate but the highest
levels of vigorous physical activity of all seasons. However, it
is important to note that while time of year may influence the
level of PA among sport participants and that activity levels in
general are higher when the weather is warmer, high school
sports are intentionally scheduled to minimize this effect. For
example, outdoor sports like football and baseball are scheduled
in the early Fall and late Spring, while indoor sports like
basketball and swimming occur during the winter. Therefore, the
finding that higher amounts of vigorous activity were reported
during the Winter season is likely due to the indoor sports
that occur during that time (e.g., basketball and swimming).
Furthermore, the intent of this study was to examine the activity
levels of high school sport participants during practices and
to identify the influence of practice context factors. While
seasonal variations may impact activity levels at times (e.g.,
during significant inclement weather) the overall impact on
participant activity across the various high school sports is likely
very low.

The current study indicates that athletes were generally very
active during practices, however, some sports (e.g., baseball and
cheerleading) could be enhanced by implementing strategies to
increase PA during all practice contexts. For example, splitting
the team into different subgroups or establishing stations for
the same activity could reduce sedentary time spent standing
in line to participate (Kanters et al., 2015). Also, coaches could
minimize time spent doing management tasks (e.g., transition
periods and equipment setup). Providing coaches with more
support, education, and strategies on how to design practices to
maximize PA outcomes has been recommended (Schlechter et al.,
2018) and are highly encouraged by the current study. Thus, there
is clearly an opportunity to optimize MVPA levels and reduce
inactivity and light PA during sport practices by modifying the
activities themselves as well as the logistics of how to maximize
the playing space.

There were several limitations to the study. Data were
collected during only one traditional American high school
academic year and was restricted to North Carolina high schools
only. Not all high school sports were included (e.g., ice hockey
and golf) and only 12 representative schools were included,
limiting the power and generalizability of our analysis. Additional
studies are needed to capture a larger cross section of schools in
different regions of the country. As well, conclusions on PA in
sports should recognize that participation is influenced by diverse
biological, behavioral, cultural, and psycho-social factors-these
were investigated in this study.

As well, studies are needed to examine how the built
environment influences practice management and subsequent
activity levels of participants. For example, low levels of PA
during a swimming practice study was partly explained by the
small size of the pool (Warburton and Woods, 1996). This brings
about an important question when addressing the delivery of
sport in school settings: Is there enough space for coaches to
support large bouts of MVPA during practice time? Theoretically,
more people in a small space yields less PA than fewer people in
a large area, regardless of the practice context. However, highly
structured activities delivered by trained coaches in confined
spaces have demonstrated comparable PA levels to the same
activities delivered in larger spaces (Kanters et al., 2015).

Despite these limitations, this study used objective measures
to rigorously describe PA levels accrued during practices in
school sports with the highest participation rates in the U.S.
[National Federation of State High School Associations (NFHS),
2017]. The results add to the understanding of the contribution
of sports to PA during practices. Additionally, the context
that characterizes sport practices is significant in determining
how much PA occurs. Sports that allocate emphasis on game
simulation, fitness, and skill development can be expected to have
higher levels of MVPA. Based on how practices are delivered, it is
possible to predict how much PA athletes can expect to achieve
within a given sport season assuming length and frequency of
practices are recorded.

Sports have unique characteristics that suggest it can play
a valuable role in the promotion of PA, especially during the
teenage years. The findings from this study demonstrate that
sport can make a useful, if not sufficient role in helping high
school athletes reach recommended PA levels. The effect this
has on later PA is not yet known, but a case can be made for a
generally positive influence of sporting context.
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