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Abstract The purpose of the current study was to assess the utility, feasibility, and

reliability of Fitbit accelerometers to measure physical activity (via steps) of 15 young

children simultaneously during recess. Fitbit-recorded steps per minute (SPM) were

used as the primary measure to assess levels of activity in children playing in various

structured (i.e., instructed) and unstructured (i.e., free play) recess activities. The

results suggested that the number of steps measured by two Fitbits resulted in high

levels of agreement, and the Fitbits were successful at identifying differential levels of

activity across multiple types of play activities. Across all children, running or walking

was associated with the most SPM (M = 89) and highest percentage of moderate-to-

vigorous physical activity (MVPA; M = 47%), followed by soccer (M = 58 SPM;

M = 12% MVPA), free play (M = 53 SPM; 3% MVPA), and tag (M = 43 SPM; 7%

MVPA). The utility of the Fitbit’s minute-by-minute data records was demonstrated,

with the use of additional third-party software by Python, as differential levels of

physical activity associated with various play behaviors were detected, and all 15

participants were assessed simultaneously with very few observers.
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Introduction

Obesity and lack of physical activity (PA) are common concerns for children, with

obesity prevalence rates increasing to 16.9% for children with chronological age

2–19 (Ogden et al. 2014). Children who are overweight or obese may experience
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health-related problems (e.g., cardiovascular disease and hypertension; Normand

2008) and stigmatization (Reilly and Kelly 2011). These issues may lead to adult

morbidity and mortality (Reilly and Kelly 2011), which are associated with high

medical costs (Cawley 2010; Trasande and Chatterjee 2009).

Adequate PA, along with a nutritious diet, can lower body mass and reduce

associated health risks (Blair and Brodney 1999). Many studies have demonstrated

links between increased PA in childhood and levels of PA in adults that are

associated with health benefits (e.g., Cleland et al. 2012). Moderate-to-vigorous

physical activity (MVPA) is generally considered more beneficial than low-intensity

activities given its association with elevated heart rates and caloric expenditure

(Ainsworth et al. 2000). The Centers for Disease Control and Prevention (CDC

2014) recommends that children, regardless of their current weight, engage in at

least 60 min of MVPA each day. The CDC offers examples for MVPA as activities

equal in intensity to walking or biking (i.e., moderate PA) and playing tag and sports

(i.e., vigorous PA), which typically are associated with higher heart rates; however,

the recommendations do not include precise criteria (such as heart rate ranges) for

what constitutes MVPA for children. In addition, it is likely that not all children

engage in each of these activities with the same level of physical exertion. Thus, the

types of activities recommended that typically evoke MVPA in children remain ill

defined.

Schools may be an ideal setting for providing children with opportunities to

engage in PA given the high percentage of student enrollment. Although many

schools include physical education (PE) classes in their curriculums, schools that

proactively attempt to maximize these opportunities for beneficial PA are limited

(Lee et al. 2007) with relatively few school days with scheduled PE classes and

short class durations (Parsad and Lewis 2006). Even with more scheduled PE days

and longer durations, previous research suggests that PE classes alone are unlikely

to provide children sufficient opportunities to meet the daily MVPA recommen-

dation due to low opportunities to be physically active (e.g., 3.6 min of opportunity

in a 30 min class; Fogel et al. 2010; Shayne et al. 2012) and high sedentary

activities (McIver et al. 2016). Recess provides another opportunity for PA at school

and may account for a higher percentage of available opportunity for children to be

active than PE and after-school extracurricular activities (Robert Wood Johnson

Foundation 2007). Unfortunately, like PE, many studies report that children are

typically not engaging in MVPA during the majority of recess time and are mostly

sedentary or minimally physically active (McIver et al. 2016). For example, one

study found that children only stepped an average of 937 steps in 15 min during

recess (Erwin et al. 2012). Further, evidence suggests that providing some structure

or instruction for recess activities may produce more PA than unstructured recess

(Efrat 2013; Larson et al. 2014).

A feasible approach to measuring PA, and specifically MVPA, during school

recess is needed. Many studies utilize a direct observation approach to measuring

PA that typically requires an extensive training period where observers utilize a

system of codes created to describe and record the context of PA that children

engage in during certain activities. For example, the Observational System for

Recording Physical Activity in Children (OSRAC; Brown et al. 2006) includes
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codes to differentiate activity types across 5 levels, ranging from sedentary to fast

movement, with the highest levels 4 and 5 indicating MVPA. Recent research

utilizing the OSRAC has videotaped sessions and later used 1-s interval recordings

when evaluating the context and consequences that affect MVPA exhibited by

preschoolers (e.g., Larson et al. 2013, 2014). However, studies utilizing OSRAC

and similar methods are typically conducted with a small number of participants

(2–4) who are observed individually. This is most likely because direct observation

requires that at least one observer focuses all attention on one participant (and

occasionally, two are needed to assess interobserver agreement), and as the number

of participants being observed increases, so does the number of required observers.

Thus, these approaches may not be feasible for teachers and other staff members

who have limited time and resources when supervising recess.

Another way to measure individual PA is by collecting quantitative data via

mechanical devices (e.g., heart rate monitors, pedometers, accelerometers) worn

during activity (Sirard and Pate 2001; Van Camp and Hayes 2012). These devices

may allow for daylong assessment of activity, the simultaneous measurement of

activity of multiple participants without the need to increase the number of

observers, and may provide more objective measures that are less likely to be

affected by observer bias, drift, and reactivity (Sirard and Pate 2001). Additionally,

mechanical measures allow for setting defined standards for the minimum

requirements for differential levels of activity. For example, 100 steps per minute

(SPM) are a standard that is used by many to indicate MVPA (Tudor-Locke et al.

2011). Because of these qualities, many school-based studies have utilized this

method instead of more cumbersome direct observation methods to evaluate MVPA

during recess (Howe et al. 2012; Ridgers et al. 2005). However, due to potential

high costs for class- or school-wide implementation, some of these devices may not

be affordable for some schools (e.g., $225 per ActiGraph accelerometer and $1695

for software; www.actigraphcorp.com). Pedometers and inexpensive accelerometers

may be more affordable, but many are deemed invalid (Schneider et al. 2004). As

such, less costly and valid alternatives are needed.

The Fitbit (Fitbit Inc., San Francisco, CA) is a wearable accelerometer that

measures physical movement by recording steps taken in 1-min intervals. These

data are wirelessly uploaded to the Fitbit Web site (www.fitbit.com) and can later be

viewed graphically or extracted for analysis. Thus, individuals are provided with

information on their activity levels throughout the day, and they can examine the

data for associations between activity levels and certain types of activities (e.g.,

walking to work vs sitting at their desks). Additionally, these Fitbits are more

affordable (current retail for the basic Zip model is $59.95; www.fitbit.com).

Studies suggest that Fitbits, in particular those that can be clipped to the body at the

waist or chest, are both reliable and valid devices for steps measured, with no

significant differences when compared to other validated devices (e.g., the Acti-

Graph; Gusmer et al. 2014; the Actical; Noah et al. 2013). However, these studies

were conducted in a controlled environment, typically with adults walking a pre-

determined length of time on a treadmill. Fewer studies have determined whether

Fitbits are equally reliable when worn by children in a natural setting.
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Fitbits have already been used in recent studies aimed at increasing daylong PA

in adults (e.g., Kurti and Dallery 2013; Washington et al. 2014); however, to date

only one published study has utilized Fitbits to measure PA of children during

school recess (Hayes and Van Camp 2015). In that study, researchers used Fitbits to

simultaneously measure step counts of 6 third grade students during unstructured

recess. Components from both self-management and contingency management (e.g.,

self-monitoring, goal setting, feedback, tangible rewards) increased steps during

intervention phases compared to baseline phases. Further, steps were evaluated on a

minute-by-minute basis to determine whether participants met MVPA criterion (via

100 SPM; Tudor-Locke et al. 2011). Results suggested that average percentage of

minutes in MVPA were higher during the intervention phase (M = 25%) than pre-

intervention (M = 4%) and post-intervention (M = 13%) baseline phases. To test

reliability of Fitbits during unstructured exercise, participants periodically wore a

secondary Fitbit. Agreement between primary and secondary Fitbits was high

(M = 95%).

The purpose of the current study was to partially replicate and extend the findings

of Hayes and Van Camp (2015), and other Fitbit studies, with a larger group of

children during semi-structured recess in a public school setting. Specifically, we

evaluated whether Fitbits could be used to provide objective measures of physical

activity during school recess where multiple children were simultaneously engaged

in various activities. We further evaluated whether differential levels of PA could be

detected without interrupting the participants’ play, as participants engaged in two

to three different types of sports and games during one recess period. Specifically,

we evaluated whether children were indeed engaged in MVPA when participating in

various sports (e.g., soccer) using the 100 SPM criterion.

Participants, Setting, and Materials

Participants were recruited from a local public elementary school. First, the

principal was asked if this study could be conducted at her school. After final

Institutional Review Board approval was obtained, the principal identified a

volunteer classroom for the study to be implemented. Parental permission forms

were distributed to all 22 students in the class, and 15 were returned. All participants

enrolled in the study gave their assent at the beginning of the study, and the

participants were asked before each session if they wanted to continue in the study.

At no time did any participant decline to participate. All 15 participants were

typically developing, the majority were female (53.33%), and their ages were

7–8 years. Individual participant demographics are listed in Table 1.

Sessions were conducted at the participants’ school at their outdoor playground

area during their typically scheduled recess period. The playground included fixed

equipment (e.g., slides, swings, monkey bars) and several open spaces that included

soccer nets. The class brought additional equipment for recess including soccer

balls, kick balls, jump ropes, and bases used during kickball. Each participant also

wore one or two Fitbits as described below.
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Procedures

Each participant was assigned a primary Fitbit (‘‘classic’’ model), which was labeled

with a unique number. No participant-specific information was entered onto the

Fitbit Web site, and Fitbit accounts were registered to and only accessed by the

researchers. Prior to the start of recess, the researchers met with the participants

outside of the classroom entrance and placed the assigned Fitbit onto each

participant’s waistband or in his or her pocket, on the right side. Occasionally

participants wore dresses, and in those instances the Fitbits were placed on their

collars near the shoulder, also on the right side. Participants were instructed not to

touch the devices at any time. Students then joined the rest of the class and

proceeded to the outdoor recess area.

Data were collected during 6 recess sessions. The teacher’s assistant organized

and led each day’s recess activities according to her own schedule, which she had

devised prior to involvement in this study. No changes to the schedule were made as

the intent of the study was to assess PA levels during ‘‘typical’’ recess. Participants

played primarily with students from their own class, although occasionally another

class joined them on the playground.

All students from the second-grade class were instructed to begin recess with

‘‘laps’’: walking or jogging around the playground; this activity typically took

5 min. Thereafter, one of three activity patterns took place: (1) free play for the

remainder of recess, (2) a structured activity led by the teacher’s assistant followed

by a period of free play, or (3) a period of free play followed by a structured activity.

Structured activities included soccer, which consisted of nearly all students (except

the goalies) walking or running back and forth between nets, and ‘‘toilet tag,’’ a

variation of freeze tag whereby one child was selected to be the tagger, and any

Table 1 Participant

characteristics
Participant Gender Race Age Missed session

FB-1 Female White 8 Session 4

FB-2 Female Hispanic 8

FB-3 Female White 8 Session 6

FB-4 Female Black 8

FB-5 Male Hispanic 8

FB-6 Male Hispanic 8

FB-7 Female Hispanic 8

FB-8 Female White 8

FB-9 Male Multiracial 7

FB-10 Male White 8

FB-11 Male Black 8

FB-12 Male White 8

FB-13 Female White 7 Session 6

FB-14 Female White 8

FB-15 Male White 7

398 J Behav Educ (2017) 26:394–409

123



child who was touched by the tagger froze in his position with one hand out like a

toilet handle and remained frozen until another child pressed down on their

‘‘handle.’’ Unstructured free-play activities varied and included playing ‘‘basket-

ball’’ (throwing a ball in-between the rungs of the monkey bars), playing catch,

climbing on the monkey bars, role-playing, swinging, jumping rope, and socializing

while walking or remaining stationary. The activities (structured or free play) and

their orders in each session are listed in Table 2. All sessions began with laps, and

all included at least some free play. Two sessions included soccer, and two included

tag.

Three to five research assistants observed the children while they were at recess.

They noted the time (via cell phone clocks) when each class-wide activity started

and ended. They also were assigned 3–5 participants to focus on during data

collection. They collected general information about the types of activities the

participants engaged in during free play and also looked for any instances of

participants touching the Fitbits. When the teacher’s assistant called an end to

recess, the participants gathered around the researchers who assisted with Fitbit

removal and led students back to their classroom.

Measures and Reliability

The measure of interest was SPM, as recorded by the primary Fitbit. Data were

synchronized to the Fitbit Web site each day within hours of the recess sessions.

Data were available in 1-min intervals; however, these data were only available

visually and required secondary software to extract quantification of SPM. At the

time of this study, a Python program (Python Software Foundation. Python

Language Reference, version 2.7. Available at http://www.python.org) was used to

extract the data for analysis in Excel�. First, we logged into the Fitbit account to

obtain the user identification codes (User ID, Sid, Uid, Uis). These codes were

entered into a template Python program, and the revised program was saved. Thus,

each Fitbit was associated with a specific Python program that contained identifiers

specific to that Fitbit account. After each session and for each Fitbit, we ran the

Table 2 Session activities and duration in minutes

Session Activity order Laps Soccer Tag Free play Total

1 Soccer/free play 3 15 – 11 29

2 Free play 3 – – 19 22

3 Free play/tag 3 – 14 13 30

4 Soccer/free play 3 17 – 14 34

5 Free play 3 – – 28 31

6 Free play/tag 3 – 19 23 45

Activity order is the order each activity occurred in after laps
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Python program, which prompted the user to enter the year, month, and day, and

then the program extracted that day’s step data into Excel� in 1-min bins. After the

data were extracted, the times associated with the beginning and end of each activity

(as noted by the research assistants during observations) were used to identify which

intervals of Fitbit data were associated with each activity. The Python program and

full instructions are available from the first author.

Participants at times took up to 1 min to transition from one activity to another.

Thus, steps taken during the first and last minute of each activity were not included

in the final analysis to ensure that the steps analyzed were representative of the

activities and did not include misrepresentative data due to transition times. Given

this timing correction, session lengths ranged from 22 to 45 min total. The laps

period was consistent at 3 min, soccer and tag activities ranged from 14 to 19 min,

and free-play periods ranged from 11 to 28 min. The duration of each activity

within each session is listed in Table 2. Steps per min were calculated by totaling

the number of steps taken within each activity period and dividing by the length

(min) of each activity period. In addition, a measure of MVPA was derived by

counting the number of minutes (during each activity period) that participants took

at least 100 SPM, dividing by the number of minutes, and multiplying by 100.

Reliability of the Fitbit data was assessed periodically by having participants

wear a second Fitbit on the left side of the body. Data for the two Fitbits were

compared by first calculating the total number of steps recorded within each activity

type (e.g., laps, free play) by both Fitbits worn by individual participants.

Agreement was calculated by dividing the smaller number of steps by the larger

number of steps and multiplying by 100. Records of activity changes and times were

also compared across observers to confirm the timing of such events (i.e., when laps

began, when the participants transitioned to the next activity), and no disagreements

were noted.

Results

Opportunities for calculating Fitbit agreement were limited to the number of devices

that were available. As such, only five participants each session wore a second

Fitbit, for a total of 30 reliability assessments (out of 87 total opportunities;

34.49%). Each individual participant experienced one to three sessions with

reliability assessment. Average agreement between the two Fitbits was calculated

for each participant across all activities in a single session. Average session

agreement was 95% or higher for all participants, except one participant during one

session (M = 96.31%, range 75.01–99.96%). Average agreement was also calcu-

lated for each activity (averaged across participants). Average activity agreement

was 92.4% for laps, 92.4% for soccer, 94.9% for free play, and 91.71% for tag.

The average number of SPM for all 15 participants as a group is represented in

Fig. 1 top panel. Stable and relatively high levels of SPM were associated with laps

(M = 89). Consistently lower levels of SPM were associated with soccer (M = 58

SPM), free play (M = 53 SPM), and tag (M = 43 SPM). Although these 3 latter

activities were associated with similar levels of activity, there was some
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differentiation in that soccer was correlated with more SPM compared to both free

play and tag, and tag was associated with the lowest levels of SPM. The average

percentage of each session with MVPA for all participants is represented in Fig. 1

bottom panel. Similar to steps, the highest level of MVPA was associated with laps

(M = 47%). All other activities were associated with similarly low percentages of

MVPA: soccer (M = 12%); free play (M = 3%); tag (M = 7%).

Individual participant step data are presented in Fig. 2. Though there was some

variability across individuals, very similar patterns emerged. Higher differentiated

levels of activity were associated with laps for 11 participants (FB-5, 4, 9, 7, 13, 14,

8, 11, 15, 1, and 10). The remaining participants (FB-3, 6, 12, and 2) also showed

higher activity levels during laps, but there was more overlap with other activities.

Another consistent finding was that tag and free play were most often the activities

associated with the lowest level of PA. Interesting individual differences were also

observed. For example, some participants seemed to reach similar levels of SPM

during laps and soccer (FB-9 and 3), suggesting that perhaps they moved more

during soccer than most other participants. Some participants were least active

during free play (FB-4, 7, and 14), and it was observed that these participants spent

most of the free play time talking to each other while engaging in very little PA.
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Fig. 1 Averages for all 15 participants across recess sessions during laps, soccer, tag, and free-play
activities. Average number of steps per minute is shown in the top panel. Percentage of session with
moderate-to-vigorous physical activity (MVPA) is shown in the bottom panel
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Absolute differences in activity levels were also noted, with some participants

engaging in overall low levels of activity (e.g., FB-2, M = 43 SPM) and others

engaging in overall higher levels of activity (e.g., FB-6, M = 87 SPM).

Individual participant MVPA data are presented in Fig. 3. Similar to individual

step patterns, laps were associated with higher differentiated levels of activity for

most participants (FB-5, 4, 9, 7, 13, 14, 8, 6, 11, 15, 12, 1, and 10). Although the

remaining participants (FB-3 and 2) had clear differentiation in 2 sessions of laps

and other activities, there was more overlap with other types of physical activity.

For most participants, there was no differentiation in MVPA for soccer, free play,

and tag. However, soccer was associated with higher MVPA levels than free play

and tag for 6 participants (FB-9, 3, 8, 6, 15, and 1).

0 
30 
60 
90 

120 
FB-5-M FB-4-F FB-9-M 

0 
30 
60 
90 

120 
FB-7-F FB-13-F FB-3-F 

0 
30 
60 
90 

120 
FB-14-F FB-8-F FB-6-M 

0 
30 
60 
90 

120 
FB-11-M FB-15-M FB-12-M 

0 
30 
60 
90 

120 

1 2 3 4 5 6 

FB-1-F 

1 2 3 4 5 6 

FB-10-M 

1 2 3 4 5 6 

FB-2-F 

Recess Sessions 

A
ve

ra
ge

 N
um

be
r o

f S
te

ps
 P

er
 M

in
ut

e 
Laps 

Soccer 

Free Play 

Tag 

Fig. 2 Average number of steps per minute for individual participants across recess sessions during laps,
soccer, tag, and free-play activities. ‘‘F’’ and ‘‘M’’ following each FB number indicates the participants’
gender
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Finally, some gender differences were observed. Figure 4 left panels display the

average number of SPM for male and female participants across laps (upper left

panel), free play (second left panel), tag (third left panel), and soccer (lower left

panel). Notably, female participants engaged in consistently lower average SPM

during free play (M across sessions = 39 SPM) compared to the male participants

(M across sessions = 62 SPM). The finding that male children, on average, engage

in more intense PA is consistent with previous research (see Epstein et al. 2013 for a

review). However, in 4 of 6 sessions, male participants engaged in relatively

equivalent levels of SPM during laps. No systematic differences were observed

between male and female participants for the soccer and tag activities, though this

comparison is limited by the relatively few recess sessions that included these
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participants across recess sessions during laps, soccer, tag, and free-play activities. ‘‘F’’ and ‘‘M’’
following each FB number indicates the participants’ gender
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activities. Gender differences for percentage of session with MVPA are presented in

Fig. 4 right panels. Results were similar to SPM in that laps were associated with

the highest levels of MVPA for both males (M across sessions = 50%) and females

(M across sessions = 44%) with males engaging in more MVPA during laps than

females for 4 of 6 sessions. Results were mixed for other activities with females

engaging in more MVPA during soccer (M = 14% for females; M = 9% for

males), males engaging in more MVPA during tag (M = 11% for males; M = 4%

females), and no discernible differences during free play (M = 1% for females;

M = 5% for males).

Discussion

The present study assessed the overall utility, feasibility, and reliability of Fitbits to

measure PA of children engaged in recess play, and partially replicated and

extended the findings of Hayes and Van Camp (2015). Again, we found Fitbits to be
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a successful and reliable method for assessing SPM during recess. Our extensions

included simultaneous assessment of PA, specifically MVPA via 100 SPM criterion,

for a relatively large group of 15 younger children. Further, we evaluated SPM

within a semi-structured rather than unstructured recess play, which systematically

programmed for some activities during recess that are commonly associated with

MVPA. For example, although the CDC identifies soccer as an activity that

produces MVPA, our data suggest this may not be the case for all children, as we

observed individual differences with respect to the physical exertion (as indicated

by SPM) expended by participants across the various activities. This finding

suggests that it may be important to objectively measure SPM associated with

specific activities for individual children instead of assuming that certain activities

will evoke high levels of SPM for all children engaged in the activity.

In addition, we were able to separate SPM for each type of play activity even as

children transitioned through multiple activities during a single recess session. The

Fitbit data, which were collected continuously by the devices in one-minute

intervals, were also time-stamped, allowing us to associate specific activities with

increased and decreased SPM without interrupting the children’s play. The lack of

interruption allowed the children to have more opportunity for PA, which is

important especially because time allocated for recess may be short (e.g., 30 min).

Such data could be collected, also without interruption, by observers; however, over

15 data collectors would be needed to collect data on all 15 children simultaneously.

Pedometers may be able to collect session-long step data without the use of several

observers, but one would have to note the steps recorded at the beginning and end of

each specific activity, which would require the children to stop and have their data

recorded between each activity. The time-stamped minute-by-minute data collected

by the Fitbit could also be useful for future studies aimed at identifying what

activities produce the most MVPA and increasing MVPA in those activities. Other

studies have utilized this feature to evaluate within-day patterns of PA in adults

(e.g., bout analysis; Washington et al. 2014).

In addition to the success of the Fitbit reliably measuring activity and providing

useful data, we found the use of the Fitbit to be a feasible method within the school

setting. The ease of use was also reported anecdotally by the teachers, as they found

the procedure of us putting on and taking off the devices relatively non-disruptive,

and the participants themselves at the end of the study stated that they no longer

needed help putting them on. Further, relative to the number of participants, few

observers were needed; three observers were used each session and at most, two

additional observers were required to assess reliability. In contrast, using a direct

observational approach such as recording activity levels on the OSRAC would

require the presence of at least 15 observers simultaneously: one per participant and

occasionally two observers per participant to assess interobserver agreement.

Another option would involve video-recording sessions, which may require multiple

cameras and additional time needed to code individual participant data. This is not

only impractical for a teacher who may have only one aide available, but could

perhaps increase the reactivity of the children to the observers, thus decreasing

confidence in the data collected.
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In addition to reducing the need for a large number of observers, using the Fitbit

for this type of assessment was less costly than other mechanical devices used in

similar research. Providing 15 Fitbits using the current Zip model would cost

$899.25 ($59.95 per device) compared to $3375 for ActiGraph accelerometers ($225

per device). Further, the Fitbit comes with free use of their software with web access

(www.fitbit.com) and a free Fitbit application. Although for the purpose of the study

we utilized a Python program to extract the data rather than utilize the Fitbit software

(specifically, to transfer the minute-by-minute data to our graphing software), the

Python program was also free. It should be noted that the Fitbit Web site automat-

ically graphs data free of charge. In comparison, the ActiGraph accelerometers

would require an additional $1695 for graphing and analysis software.

There were some limitations to the current study that should be considered when

interpreting the results. First, although general agreement between primary and

secondary Fitbits was high, those data indicate only that the Fitbits produce reliable,

but not necessarily accurate, data on SPM. Although previous research conducted

with adults (e.g., Takacs et al. 2014) suggests that clip-on Fitbits are reliable and

valid, additional research is needed to further validate the devices with children. For

example, future studies should compare Fitbit-measured steps to directly observed

(and counted) steps. In addition, SPM measured by the Fitbit could be compared to

other measures of physical activity and exertion (e.g., heart rate) while children

engage in structured and unstructured activities.

A second limitation to the study is the overall low levels of MVPA exhibited by

children across all activity types. For example, although laps were associated with

the most MVPA compared to other types of activities, average MVPA during laps

across sessions was still low (M = 47%) and individual differences were evident.

For example, FB-5 averaged 77.78% MVPA across all laps sessions (including two

sessions at 100% MVPA). Comparatively, FB-10 averaged only 44.44% MVPA

across laps sessions. Some children walked laps, while others jogged (and some

participants may have switched from jogging to walking during a session), which

may contribute to the varying levels of MVPA. However, the teacher’s aide only

required that the students traversed around the playground during laps; she did not

require that they jog. The observers recorded that the participants did indeed

traverse around the playground, but they did not gather systematic data on duration

of walking versus jogging for individual participants. Future studies could

systematically collect and evaluate topographic information (e.g., walking slowly,

walking briskly, jogging, sprinting) to help strengthen data interpretation.

Systematic data were also not collected on the specific activities of individual

children during free play, primarily due to the limited number of observers.

Although one of the benefits of utilizing Fitbits is to reduce the number of required

observers, future research could evaluate whether mechanical measures of PA (e.g.,

SPM via Fitbits) systematically covary with measures of PA from direct observation

during semi-structured or unstructured activities. Previous research has assessed

unstructured recess activities (Hayes and Van Camp 2015); however, further

evaluation of activities that students choose to engage in themselves during free

play could be useful in arranging structured activities during recess aimed at

increasing recess PA in schools.
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The involvement of the teacher’s aide and her pre-developed schedule of

activities allowed us to assess a semi-structured recess. However, as the intent of the

study was to assess PA levels during ‘‘typical’’ recess, we did not make any changes

to the schedule; thus, some order effects may have contributed to the differential

levels of activity associated with specific activities. For example, we found that laps

were associated with the most steps. However, it may be the case that laps were

associated with the most steps because it was the first activity each session, and

presumably the participants were less tired at the beginning of recess. To identify

possible fatigue effects, we evaluated the minute-by-minute data for all sessions and

did not observe any decreasing trends across the duration of each activity types. For

example, there were no decreasing trends in steps during the two longer free play

sessions, and the two free play sessions that occurred after the soccer sessions were

not associated with lower SPM compared to the free play session that occurred prior

to the tag sessions. Nevertheless, it is possible that free play, soccer, and tag

activities would have been associated with higher SPM had each not been preceded

by laps.

Given these limitations and the small number of participants evaluated in this

study, general statements about the level of MVPA commonly associated with

specific activities (laps, soccer, etc.) are preliminary, as are the findings of the

relatively minimal gender differences. However, the methodology used to identify

individualized levels of PA associated with specific activities may have wide

applications. For example, to maximize the opportunity for PA during recess, a

teacher could increase the time engaged in laps while encouraging all students to jog

rather than walk. Future research may focus on determining whether a number of

other activities (e.g., basketball, kickball) are associated with MVPA. For example,

students in a large PE class could wear Fitbits to determine the extent to which some

activities evoke beneficial levels of PA. Teachers may identify some activities that

are less likely to evoke MVPA in most children and change their schedules

accordingly. In addition, the data could be used to identify individual students who

may need encouragement to increase their exertion levels during some activities.

Finally, Fitbits could be used as an objective and verifiable measure of daylong

evaluations of PA in children, as the devices are small and can be worn discretely

without discomfort for long periods of time.
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