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Abstract
The purpose of this study was to evaluate the validity and inter-rater reliability of the
Observation System for Recording Activity in Children: Youth Sports (OSRAC:YS). Children
(N=29) participating in a parks and recreation soccer program were observed during regularly
scheduled practices. Physical activity intensity and contextual factors were recorded by
momentary time-sampling procedures (10-sec observe, 20-sec record). Two observers
simultaneously observed and recorded children’s PA intensity, practice context, social context,
coach behavior, and coach proximity. Inter-rater reliability was based on agreement (Kappa)
between the observer’s coding for each category, and the Intraclass Correlation Coefficient
(ICC) for percent of time spent in MVPA. Validity was assessed by calculating the correlation
between OSRAC:YS estimated and objectively measured MVPA. Kappa statistics for each
category demonstrated substantial to almost perfect inter-observer agreement (Kappa = 0.67 to
0.93). The ICC for percent time in MVPA was 0.76 (95% C.I. = 0.49 - 0.90). A significant
correlation (» = 0.73) was observed for MVPA recorded by observation and MVPA measured via
accelerometry. The results indicate the OSRAC:YS is a reliable and valid tool for measuring

children’s physical activity and contextual factors during a youth soccer practice.
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Introduction

The health benefits of regular physical activity in children and adolescents are well-
established (7,15,24). Yet, despite the benefits, population level surveillance studies suggest that
less than half of U.S. children and adolescents meet public health recommendations for physical
activity (3,21). In the 2003-2004 cycle of NHANES, only 42% of children aged 6 to 11 years and
7.6% of adolescents aged 16 to 19 years accumulated 60 minutes or more of moderate-to-
vigorous physical activity daily (21). Of concern, the prevalence of meeting the 60-minute
guideline is lower among girls than in boys, and higher in white compared to African American
and Hispanic youth (3,21).

Participation in organized youth sports is considered an excellent source of physical
activity (8,9,16,25). National data from the CDC Youth Risk Behavior Survey indicate that
adolescents participating in youth sports report significantly more vigorous physical activity than
adolescents not involved in youth sports programs (16). Moreover, in a study employing
accelerometers to objectively measure physical activity, children participating in youth sports
demonstrated significantly greater time in moderate-to-vigorous physical activity (MVPA) on
sport practice days compared to non-practice days (25).

Although participation in organized youth sports continues to be promoted as an
important source of health-enhancing physical activity, studies measuring physical activity levels
during regularly scheduled sports practices, suggest that activity levels are relatively low and
insufficient for meeting guidelines for daily participation in MVPA. Leek et al. (11) measured
physical activity levels in children aged 7 to 14 years participating in youth sports programs for
soccer and softball/baseball. On average, children spent less than half of practice time (46.1%) in

MVPA during soccer practice and 35.5% of practice time during baseball/softball practice. Less
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than one-fourth of children met the 60-minute physical activity guideline as a direct result of
participating in youth sports practices

In order to devise effective policies and practices to promote higher MVPA levels during
youth sports practices, it is important to understand what factors influence physical activity in
this setting (1). To do so, a reliable and valid instrument is needed to measure children’s physical
activity and the contextual factors that influence physical activity during youth sports practice.
While direct observation systems have been developed for observing physical activity during
school physical education (13), community parks (14), and family homes (12), we are unaware
of any physical activity observation tools developed specifically for the youth sports setting.
Therefore, the primary purpose of this study was to evaluate the validity and reliability of a
newly developed direct observation system for measuring children’s physical activity and the
contextual factors that are associated with physical activity during participation in youth sports.
A secondary purpose was to use the accelerometer data to estimate the proportion of practice
time spent in MVPA.

Methods

Participants and Setting

A purposive sample of five soccer teams from a single community-based parks and
recreation program located in the north-western United States took part in the study. After
receiving the approval from the Program Director, coaches were approached and invited to
participate in the study. Coaches from all five teams agreed to participate. After receiving
consent from the coaches, members of each team were invited to participate in the study. Of the
40 players eligible (8 players per team), 29 players (72.5%) completed the mandatory parental

written consent and child assent procedures (15 males, 14 females). The teams were grouped
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according to grade level: two teams were K-1* grade, two 2"*-3" grade, and one 4™-5" grade.
The study was approved by the university’s institutional review board.
Development of the OSRAC:YS

The Observation System for Recording Activity in Children: Youth Sports (OSRAC:YS)
is based on the OSRAC observational tools for documenting physical activity levels and
contextual factors in preschools (OSRAC-P) and family homes (OSRAC-H) (2,12).
Observational systems developed for measuring physical activity level, lesson context, and
teacher behavior during physical education classes also informed the development of the
OSRAC:YS (13,14). Five observational categories are included in the OSRAC:YS - physical
activity level, practice context, social context, coach behavior, and coach proximity.

Consistent with the approach used in other OSRAC observation tools, physical activity
intensity level was measured using the Children’s Activity Rating Scale (CARS) in which the
child’s physical activity level is coded as one of five levels - stationary/motionless, stationary
with movement of trunk or limbs, slow/easy movement, moderate movement, and fast movement
(18). Practice context described the type of practice activity and included seven codes: warm-up,
drills, tactic/instruction, fitness, game, cool down, and transition. Social context described the
social structure and included four codes: individual, one-to-one, small group, and full team.
Coach behavior described the actions of the coach. Coach behavior codes included: watching the
child with verbal feedback, watching the child without verbal feedback, demonstration of a skill
or drill, management or general instruction, and disengaged or off-task. Coach proximity
described the location of the coach relative to the focal-child. Proximity codes included,

proximal to the child and distal to the child. Proximal was operationalized as being within the
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boundary of the practice area or playing area (e.g., sideline). Distal was operationalized as being
outside the boundary of the practice or playing area.

Like the other members of the OSRAC suite of observational systems, the OSRAC:YS
utilized a momentary time-sampling procedure recording the activity of a single focal-child and
the coach. Each 30-second cycle included a 10-second observation and 20-second recording
interval during which the observer recorded a single code for each category. The focal-child’s
physical activity level, coded first, was coded as the highest level observed during the 10-second
observation period. If the team under observation had more than one coach, codes were recorded
for only one coach.

Observation Protocol

Prior to each observed practice session, participants were randomly assigned to 10-
minute observation blocks. At the beginning of the practice session, the observer positioned
themselves on the sideline of the playing field with a clear view of the practice. A single focal-
child was observed during each 10-minute observation block. Pre-recorded audio prompts to
“observe” and “record” guided the observers through the observation and record cycles. Codes
were recorded on blank recording forms. Observers also noted the start and stop time of each
observation window, which allow temporal matching to the accelerometer data. At the
completion of the 10-minute observation block an automated alarm signaled the end of the
session. The process was repeated with a new focal-child until the end of practice. The primary
observer (AC) completed the observational protocol on all 29 participants from the five teams,
yielding a total of 580 coded intervals for descriptive analyses (29 players x 20 coding intervals

per 10 min block = 580).
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For the assessment of inter-observer reliability, the focal child and coach were
concurrently observed by two trained observers (AC and SM). Concurrent observations were
completed on 19 children and their coaches, yielding a total of 380 coded intervals for the
reliability analyses (19 players x 20 coding intervals per 10 min block = 380).

Accelerometry

The ActiGraph GT1M or GT3X accelerometer-based motion sensor (ActiGraph
Corporation, Pensacola, FL) was used to objectively measure children’s physical activity during
the observed youth sports practices. Accelerometers are small light-weight motion sensors that
have been shown to be a valid and reliable method for measuring physical activity in children
(23). In addition, recent work has shown the output from the GT1M and GT3X models to be
identical (19). To ensure synchronization with the observational system, the accelerometers were
initialized to record counts in 1-second epochs.

For the current study each child wore a single accelerometer for the duration of practice.
At the start of practice, an accelerometer was secured around the child’s waist by an elastic waist
belt resting on the right hip and then removed at the end of practice. For each child, the time was
recorded for placement on and removal of the accelerometer. A single time clock synchronized
to the ActiGraph proprietary software was used for recording observation and accelerometer time
periods. At the end of practice, accelerometer data were downloaded and later reduced to
estimates of physical activity intensity and duration using a customized Excel macro.

Data Reduction

The percentage of observation intervals with MVPA during each 10-min block was

determined by calculating the percentage of 30-sec observation intervals with CARS activity

codes of codes 4 or 5 (moderate-movement, fast-movement). To evaluate the relative validity of
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this estimate, accelerometer data for the corresponding 10-min time period were parsed and
reduced to the percentage of 15-sec epochs classified as MVPA. Epochs were classified using
the intensity-based cut-points established by Evenson et al. (4). The percentage of time in MVPA
for the entire practice session was based on the full-length accelerometer data and was calculated
as time spent in MVPA ([Number of 15-sec epochs with MVPA / 4]) divided by practice time.
Statistical Analyses

Percent agreement and Kappa coefficients were used to assess inter-rater reliability for
each of the OSRAC:YS’s five coding categories. In addition, an Intraclass Correlation
Coefficient (ICC) (absolute agreement) for the percentage of observation intervals coded as
MVPA was calculated. The validity of the OSRAC:YS to measure physical activity intensity was
evaluated by determining the Pearson correlation between observer-rated and accelerometer-
determined percentage of intervals/epochs with MVPA during the 10-minute observational
period.

Results

Descriptive results for the OSRAC:YS observational categories are reported in Table 1.
Approximately one-third of observation intervals (33.3%) were coded as slow or easy
movement, with 33.1% of intervals codes as either moderate (12.4%) or vigorous movement
(20.7%). The majority of practice time was allocated to drills (45.7%) and game play (29.8%).
Practice activities were most frequently completed individually (50.9%) or as a full team
(36.2%). Coaches watched and provided feedback to players approximately 50% of the time,
while management/general instruction accounted for approximately 27% of all observational
intervals. Coaches were nearly always observed as being in close proximity to the focal child

(90.7%).
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Although the study was not designed to evaluate the influence of the contextual factors,
the MVPA levels associated with each of the OSRAC:YS contextual codes are reported for
illustrative purposes. MVPA tended to be higher during drills and fitness instruction and higher
during small group and individual practice activities. MVPA levels tended to be lower when
coaches were demonstrating skills, providing general instructions, or disengaged. Coach
proximity had little impact on MVPA.

--Insert Table 1 near here--

Physical activity levels across the entire practice session, as measured by accelerometry,
are reported in Table 2. On average, children spent 23 + 6.8 minutes or 36.8% of practice time
engaged in MVPA. Children engaged in sedentary behavior for 15.2 + 6.2 minutes or 24.2% of
practice time.

Inter-observer percent agreement scores and Kappa coefficients for each of the five
OSRAC:YS categories are presented in Table 3. For interpretation of the Kappa coefficients, we
followed the ratings suggested by Landis and Koch (10): 0-0.2 poor, 0.2—0.4 fair, 0.4-0.6
moderate, 0.6—0.8 substantial, and 0.8—1.0 almost perfect. The resultant Kappa coefficients
indicated almost perfect agreement for practice context and social context and substantial
agreement for physical activity intensity level, coach behavior, and coach proximity. The inter-
rater reliability ICC for percentage of intervals coded as MVPA was substantial at 0.76 (95% CI:
0.48 — 0.90).

--Insert Tables 2 and 3 near here--
Figure 1 shows a scatterplot depicting the relationship between OSRAC:YS observed and

accelerometer-measured MVPA for temporally matched 10-minute observation periods (N=29).
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The percentage of intervals with MVPA was significantly correlated with the percentage of 15-
sec epochs with MVPA, as measured by the accelerometer. (r = 0.73, P <0.001)
--Insert Figure 1 near here--
Discussion

The results indicate that the OSRAC:YS observational system is a valid and reliable tool
for measuring children’s physical activity and contextual factors during a youth sports practice.
High levels of inter-observer agreement were reported for practice context and social context,
while agreement statistics for child physical activity level, coach behavior, and coach proximity
were moderate to strong. At the individual level, MVPA estimates derived from the OSRAC:YS
were strongly correlated with accelerometer-based estimates of MVPA. At the practice level, the
OSRAC:YS estimate of one-third of practice time engaged in MVPA aligned well with the
36.8% of practice time measured via accelerometry.

Our findings for inter-rater reliability are comparable to those obtained for other OSRAC
observation systems. The OSRAC:P included eight observational categories specific to the
preschool setting - children’s physical activity level, type, and location, indoor and outdoor
activity context, activity initiator, group composition, and prompts (2). Kappa statistics for four
of the eight OSRAC:P categories exhibited moderate agreement (0.4-0.6), with the remaining
categories exhibiting Kappa statistics indicating almost perfect agreement (0.8-1.0). The
OSRAC:H included 10 observational categories, 8 previously developed for the preschool
setting, plus two additional categories for the home - engagement and screen time. Kappa
statistics for the physical activity prompts and initiator categories exhibited moderate agreement

(0.4-0.6); physical activity level and screen time categories exhibited substantial agreement (0.6-
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0.8); with the remaining six categories - activity type, activity location, indoor context, outdoor
context, group composition, and engagement exhibiting almost perfect agreement (0.8-1.0) (12).

Participants in this study spent approximately one-third of practice time engaged in
MVPA. This result is lower than the MVPA levels reported by Leek et al. (11) among children
aged 7-14 years participating in a youth soccer program. In that study, children spent 46% of
practice time in MVPA. The MVPA levels observed in this study were also lower than those
reported by Wickel and Eisenmann (25) among boy’s aged 6-12-years who spent 43% of
practice time in MVPA. The lower levels of MVPA observed in the current study may be
attributable to sample differences with respect to age, gender, and types of sport studied. The
current study included boys and girls from grades K through 5 (generally between the ages of 5
to 10 years), whereas Leek et al. recruited participants aged 7 to 14 years, and Wickel and
Eisenman recruited only boys aged 6 to 12-years. Wickel and Eisenman measured physical
activity levels during flag football and basketball practices, in addition to soccer, and differences
in the type of practice activities performed in each sport may have influenced the level MVPA.
The discrepancy in findings may also be attributable, in part, to differences in the accelerometer
data reduction protocol. In both the Leek and Wickel studies, time spent in MVPA was
measured by applying the Freedson age-specific cut-point for 3 METs (5) which has been shown
to significantly overestimate MVPA levels, particularly among children under the age of 10
years (22). In the current study, accelerometer counts were classified as MVPA using the
Evenson et al. (4) cut-point, which has shown to be the most accurate of all currently available
cut-points for children and youth aged 6 to 15 years (22).

The OSRAC:YS is a direct observation system for measuring children’s physical activity

and contextual factors of physical activity behavior during youth sports practice. The instrument
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could be used to provide information on physical activity levels of children participating in youth
sports programs, including the overall contribution of youth sports practices to the recommended
60-minutes of MVPA per day. In addition, by measuring contextual factors, the OSRAC:YS
provides information regarding environmental and social influences on children’s activity
behavior. This information could be used by programmers to develop training programs for
volunteer coaches to maximize opportunities for physical activity. For example, children’s
MVPA levels observed during small group activities were higher than that observed during
activities involving the full team. Thus, a training module designed to improve a volunteer
coach’s knowledge of small group activities could be an effective strategy to promote physical
activity. Also, the low levels of MVPA observed when coaches focused on tactical instruction or
provided demonstrations suggests that volunteer coaches be educated on how to minimize the
time allocated to these activities or explore strategies to integrate them into other more active
practice contexts. Of note, in both scenarios, the OSRAC:YS could be employed as a tool to
monitor progress and provide feedback to coaches.

To our knowledge, this is the first study to develop and test a direct observation system
for contextualizing physical activity levels in the youth sports practice setting. A further strength
was the use of an objective measure of physical activity as a validation realm. Limitations
included a modest sample size, observation of only one sport, potential for reactivity, and
recruitment of participants from a single geographic location. However, it is important to note
that for the reliability assessments, simultaneous observations were completed on 19 participants,
yielding a total of 380 concurrent observation intervals for the agreement analyses. Additionally,
for the validity analysis, the sample size of 29 participants provided 80% power to detect a

correlation of 0.50 or larger. Therefore, the sample size was adequate to evaluate validity and
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reliability. Furthermore, although validity and reliability was evaluated using observations from
a single sport, the observational categories and codes included in the OSRAC:YS were, by
design, generic in nature and relevant to a wide range of team sports. Nonetheless, future studies
exploring the utility of the OSRAC:YS should examine different sports and employ larger
samples with greater age and gender diversity.

In summary, the OSRAC:YS was a reliable and valid instrument for measuring children’s
physical activity levels and the contextual factors potentially associated with physical activity
during youth soccer practice. The OSRAC:YS could thus be a useful instrument for studying
children’s physical activity in the youth sports setting, and potentially contribute to the

development of training programs to increase activity levels and coaching quality.
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Table 1. Descriptive results for the OSRAC:YS observations (N=29).

Observational Observational Codes Percentage 01f % Intervals2
Category Intervals (%) with MVPA
Physical Activity Level  Stationary/motionless 19.8 -
Stationary with movement of limbs or 13.8 -
trunk
Slow/easy movement 333 -
Moderate movement 124 -
Fast movement 20.7 -
Practice Context Warm-up 7.1 17.0
Drills 45.7 44.5
Tactic / Instruction 4.5 0.0
Fitness 2.1 41.7
Game 29.8 28.3
Cool-Down 1.7 0.3
Transition 9.1 18.9
Social Context Individual 50.9 373
lvs. 1 11.5 284
Small Group 1.4 62.5
Full Team 36.2 27.6
Coach Behaviour Watching with Verbal Feedback 49.7 43.4
Watching without Verbal Feedback 10.9 44.4
Demonstration 5.9 20.6
Management / General Instruction 26.7 15.5
Disengaged / Off Task 6.9 20.1
Coach Proximity Proximal to the Child 90.7 333
Distal to the Child 9.3 31.5

1. Based on 580 observation intervals (29 participants x 20 observation intervals per participant)
2. Percentage of observation intervals with MVPA (Moderate or Fast Movement)
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Table 2. Children’s physical activity levels during youth soccer practice. Results from accelerometer data
recorded over the duration of practice (N=29).

Mean (SD) Range 95% Confidence
Interval

Practice Time 62.5 (8.7) 52.0-80.0 59.5-65.4
(minutes)
MVPA Time

Minutes 23.0 (6.8) 7.3-33.1 20.8-25.2

% Practice Time 36.8 (9.9) 12.6-55.1 33.6-40.0
Sedentary Time

Minutes 15.2 (6.2) 4.6-29.9 13.2-17.2

% Practice Time 24.2 (9.2) 8.2-38.5 21.2-27.2
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Table 3. OSRAC:YS Category Reliability Coefficients (N=19)

0,
OSRAC-YS Percent 9,56
. Kappa Confidence
Variables Agreement
Interval

Physical 63.3% 0.71 0.66t0 0.75
Activity Level
Practice 90.2% 0.91 0.87100.94
Context
Social 96.2% 0.93 0.89to0 0.97
Context
Coach. 80.0% 0.75 0.69t0 0.81
Behavior
Coach 94.3% 0.67 0.54 t0 0.80
Proximity

Note: Analysis based on 380 concurrently coded observation intervals (19 subjects x 10 min/subject x 2
codes/min = 380)
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Figure 1. Correlation between observed and objectively measured MVPA during each 10-min observational
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