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Abstract 

The Influence of Accelerometer Cut Points on Determining the Percent of Preschool-Age 

Children Meeting Physical Activity Guidelines 

 

Anna E. Scott 

 

Reduced physical activity is thought to be a major contributor to energy imbalance and 

obesity in children and adolescents.  A challenge for researchers is selecting a tool that will 

accurately measure physical activity, especially in young children.  A current tool that is used is 

an accelerometer.  This study had two objectives.  The first examined if different sets of 

accelerometer cut points developed for preschool-age children would produce the same physical 

activity results when identical raw data were run through them.  Through the use of 

accelerometer data the second objective aimed to determine the percent of children who met the 

physical activity guidelines for 3 to 5 year olds, which recommend 180 minutes of combined 

light to vigorous activity each day.  Participants wore accelerometers for 7 consecutive days.  

Raw accelerometer data were run through five sets of accelerometer cut points.  A paired t-test 

was used to compare the minutes per day reported in sedentary, light, moderate to vigorous, and 

light to vigorous physical activity.  The light to vigorous results calculated from the five sets of 

cut points were used to determine the percent of children who were meeting the physical activity 

recommendation.  While some of the cut points when compared against each other did produce 

equal results within a particular physical activity threshold, no overall sets of cut points produced 

the same levels of physical activity across all activity thresholds.  Two sets of cut points 

classified the same percent of participants (10.67%) as achieving the recommended 180 minutes 

of activity.  A large range of participants (87.33%-0.33%) met the recommendations based on 

the other sets of cut points.  The cut points chosen to process raw accelerometer data influenced 

the reported levels of physical activity.
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Chapter 1- Introduction 

Obesity is a major health issue of our time.  The rate of obesity in children is particularly 

of concern.
1
  According to the 2011-2012 National Health and Nutrition Examination Survey 

(NHANES) 17% of youth are obese, and specifically 8.4% of children aged 2-5 years old are 

obese.
2
  Obesity in children has been linked with health problems such as hyperlipidemia, 

hypertension, insulin resistance, respiratory problems, and orthopedic complications, which are 

diagnoses that were previously only seen in adults.
3,4

  Obese children also have a higher risk of 

becoming obese adults.
3
 

Lifestyle behaviors such as diet and physical inactivity are contributors to energy 

imbalance and obesity, with reduced physical activity cited as being a major contributor in 

children and adolescents.
1,4

 Preschool aged children (3-5 year olds) have been identified as an 

important group to study for early intervention due to a number of reasons, one of which being 

that, according to Trost et al., it is “a time when physical activity habits are established.”
3
 A 

second reason is that physical activity levels have been seen to decrease with age.  Physical 

activity has been reported to drop by 49% from age 5 to 12 and by 36% in adolescents from age 

13 to 17, which makes establishing appropriate physical activity levels in young children 

important.
5
  

Recent reports have recommended that preschool age children achieve at least 180 

minutes of combined light, moderate, and vigorous physical activity throughout each day.
6,7,8 

 A 

challenge for researchers is selecting a tool that will accurately measure physical activity, 

especially in young children, and therefore be able to determine a valid relationship between 

physical activity and health.
9
  Assessment of physical activity changes is important in tracking 

the effectiveness of intervention programs and setting policy.
10,11
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Researchers can utilize different tools to approximately measure physical activity in 

preschool aged children including direct observation, motion sensors, heart rate monitors, doubly 

labeled water, proxy report questionnaires, and accelerometers.
12

 Accelerometers are small 

electrical devices worn on the hip that record activity counts on vertical, horizontal, and diagonal 

axes, vector magnitude, and steps taken.
13

   They are used as an objective measure of physical 

activity, which researchers can then qualify as sedentary, light, moderate or vigorous activity.
3,14

  

The established thresholds of physical activity intensity called “cut points” were developed from 

calibration studies.
13

 

Evenson et al. reported on advantages to accelerometers, which included elimination of 

“recall bias, social desirability bias, overcoming language challenges, and literacy difficulties.”
14

    

However, this system of data collection comes with limitations like detection errors, participant 

compliance issues, user wear time validation, lack of information about the type of activity, and 

appropriate cut points for the youth population.
1,15

 

 Purpose of Study 

This study examined two objectives centered around physical activity levels in preschool-

age children.  The first objective examined the many ways in which raw accelerometer data 

could be processed.  Calibration studies such as the ones conducted by Puyau et al.
16

, Sirard et 

al.
17

, Pate et al.
1
, Evenson et al.

14
, and Butte et al.

13
 have all produced different sets of cut points.  

This study ran identical raw accelerometer data through each of the cut point sets to determine if 

they produced similar results and could thus be used interchangeably to determine physical 

activity levels.   

The second objective was to determine the percent of participants that were meeting the 

physical activity recommendation of achieving 3 hours of combined light, moderate, and 
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vigorous physical activity daily.  The minutes per day spent in light to vigorous activity for each 

participant, which were generated from the five sets of cut points, were used to determine the 

percent of participants that met the recommendation.  Differences between the cut point results 

were compared for statistical significance. 
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Chapter 2 - Literature Review  

 Childhood Obesity 

 Prevalence 

 Obesity has been on the rise in this country for the past 30 years.  Increases in prevalence 

have been seen across the population regardless of socioeconomic status, race, age, sex, or 

geographic location.
18

  The World Health Organization (WHO) has called overweight and 

obesity a global epidemic.
19

  The definition of overweight in children is a body-mass index 

(BMI) in the 85th to 95th percentile for age and sex and a BMI above the 95th percentile for 

obese.
18

  Obesity is characterized by an excess of body fat.
19

  According to the Centers for 

Disease Control and Prevention (CDC) approximately 17% of children age 2-19 in America are 

obese.
20  

The rate of obesity has tripled in children age 2-5 years old since the 1970’s.
21

  While 

the rate for this age range has dropped slightly in recent years, as of 2011-2012 the CDC still 

reported that 8.4% of 2 to 5 year olds were obese.
20 

 Complications 

Obesity in children has brought on a new wave of complications that were previously 

rarely seen in the adolescent population.  For example, the incidence of type 2 diabetes has 

increased 10 fold in the last two decades, and fatty liver disease is now seen in one out of three 

obese children.
18

  Other complications include asthma, sleep apnea, acanthosis nigricans, 

cardiovascular disorders, skeletal disorders, and psychological disorders.
19,21,22

   

What is also concerning are the long term implications of childhood obesity.  Researchers 

have speculated that obese children are anywhere from 70% to 80% more likely to become obese 

adults, which increases their risk of mortality due to type 2 diabetes, cardiovascular disease and 

digestive diseases.
21,23

 Concerns for decreased life expectancies have been raised within this 
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population.
21

  Obese adolescent girls are thought to be two to three times more at risk of dying 

by middle age than their normal weight counterparts.
18 

Obesity is a complex disease and the root cause is an imbalanced energy intake to energy 

expenditure.
21

 Genetic variation is thought to play a role in the risk for obesity, but little is 

known about the exact link of genetic determinants to the disease.
19,23

  Environmental factors 

like changes in the food environment, sedentary lifestyles, physical activity, and diet are seen as 

crucial components to the development of obesity.
19,23 

The prevention of childhood obesity has focused on changing environmental factors.  

Dietary recommendations include limiting sweetened beverages, eating 5 or more fruit and 

vegetable servings a day, limiting meals away from home, and eating as a family.
22

 Limits on the 

amount of screen time have been recommended to no more than 2 hours per day.
22  

Physical 

activity is recommended every day and is defined by raising energy expenditure levels above 

resting rates.
22,24

  
 

 Physical Activity Recommendations 

The physical activity recommendations among preschool age children are not as clear as 

they are for older children.  The CDC recommends that children age 6-17 get 60 or more minutes 

of moderate to vigorous aerobic physical activity daily, muscle-strengthening physical activity 3 

days a week, and bone-strengthening physical activity 3 days a week.
25

 But, the CDC does not 

provide any recommendations for 3-5 year olds.   

The National Association for Sports and Physical Activity (NASPE) recommends that 

preschoolers get at least 60 minutes of structured physical activity every day and 60 minutes or 

more of unstructured play.
5 

Structured physical activity was defined as planned movement that 

was designed and scheduled; however, the intensity of the physical activity was not defined.
24
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In recent years the Australia Government Department of Health and Ageing, the United 

Kingdom (UK) Chief Medical Officers, and the Canadian Physical Activity guidelines 

recommend that preschool-age children get at least 3 hours of physical activity each day.
8,26

  The 

levels of physical activity intensity for those recommendations can be vague such as the one 

reported by the Australia Government Department of Health and Ageing which simply states that 

children should be physically active, or they can be more specific as reported by the UK Chief 

Medical Officers which defined physical activity as including light, moderate, and vigorous 

activity.
8
   

A challenge for researchers is to accurately determine the percent of children who meet 

these recommendations.  One method for tracking compliance with physical activity 

recommendations is through the use of accelerometers. 

 Accelerometers 

Accelerometers have become an accepted objective tool for measuring physical activity.  

The devices are noted for their ability to detect differing levels of physical activity intensity.
14

 

Accelerometers record data in raw counts, which then must be interpreted in order to produce 

meaningful results.
14

   

Studies have been conducted to calibrate accelerometer cut points, which act as 

definitions of physical activity intensity, by comparing raw accelerometer counts against oxygen 

consumption, direct observation, heart rate levels, doubly labeled water or a combination of these 

during structured and free-living physical activities.
1,13,14,27

 Each calibration study varied in 

design and results.  There were no established protocols for calibrating accelerometer cut points 

referenced in any of the studies that were compared. Accelerometer cut points must also be 
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calibrated for distinct age ranges, due to differences in physical activity habits seen across the 

life span.
1
   

Studies such as the ones conducted by Puyau et al.
16

,
 
Pate et al.

1
,
 
Evenson et al.

14
, and 

Butte et al.
13

 used indirect calorimetry as a metabolic measure to compare accelerometer counts 

against, but each study used the technique in varying ways.  Pate et al. and Evenson et al. both 

used a portable metabolic system, and each calibrated their accelerometer cut points by having 

children engage in different physical activities that were pre-determined to qualify as sedentary, 

light, moderate or vigorous activity.
1,14

  The activities that were chosen between the two studies 

varied and the resulting cut point recommendations differed.  For the ActiGraph accelerometer 

that was used in both studies, Evenson et al. reported cut points as sedentary 0-25 counts/15 

seconds, light 26-573 counts/15 seconds, moderate 574- 1002 counts/ 15 seconds, and vigorous 

over 1003 counts/15 seconds, while Pate et al. reported cut points as moderate 420 counts/15 

seconds and vigorous 842 counts/15 seconds.
1,14

  Pate et al. included an unstructured free-play 

calibration piece to the study in order to cross validate their results, which was not present in the 

Evenson et al. study.
1,14

  

The study conducted by Puyau et al. used room respiration calorimetry as an 

accelerometer cut point validation tool while their participants engaged in structured physical 

activity that were predetermined to achieve different levels of physical activity intensity over the 

course of 6 hours.
16

 Data were collected in 1 minute epochs with participants ranging in age from 

6 to 16 years old.
16 

When calibration studies such as Butte et al. and Trost et al. are compared dramatically 

different calibration methods were used with limited evidence as to which method was 

superior.
13,27

  Butte et al. used a combination of structured lab visits utilizing heart rate monitors 
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and room respiration calorimetry along with a 7 day free-living validation using doubly labeled 

water, while Trost et al. used a modified Children’s Activity Rating Scale (CARS) to code 20 

minutes of free-play for comparison to accelerometer counts.
13,27

   

Sirard et al. produced three sets of cut points, which were specific to 3, 4, and 5 year 

olds.
17

 The study was comprised of two parts.  The first part calibrated cut points based on five 

CARS determined structured activities of different intensities.
17

  The second part was a 

validation study to compare the newly established cut point in a free living environment when 

compared to direct observation.
17

   

Each calibration study used techniques that were justifiable yet still produced different 

cut points.  Figure 1 shows the differences between studies and the cut points that were 

calculated by each study. 

Figure 1. Comparison of Accelerometer Studies: Cut Points 

Author Design Measurement 

Period 

Measure of PA Cut Points Epoch 

Evenson
14

 

(2008) 

5-8 years 

 

n=30 

 

Females 

=63.6% 

Males= 

36.4% 

 

Normal 

BMI  

Two separate 

structured lab 

visits: 

(Accelerometer 

+ COSMED) 

-ActiGraph 

accelerometer 

 

-Actical 

Accelerometer  

 

-COSMED 

portable 

metabolic system 

Counts/15 sec 

 

ActiGraph: 

SED 0-25  

LT 26-573  

MOD 574-

1002  

VIG over 1003  

 

 

15 seconds 
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Butte
13

 

(2014) 

3-5 years  

 

n=50 model 

validation 

of  CSTS 

and MARS  

 

n=105 

model 

validation  

under free- 

living 

 

Healthy 

 

One  7hr 

structured  lab 

visit: 

(Actiheart+ 

ActiGraph 

GT3X+ Room 

respiration 

calorimetry) 

 

Seven  free-

living days: 

(ActiGraph 

GT3X+ 

Doubly labeled 

water 

 

-Actiheart 

(uniaxial 

accelerometer + 

electrocardiogram 

signal processor) 

 

-ActiGraph GT3X 

accelerometer 

 

-Room respiration 

calorimetry 

 

-Doubly labeled 

water 

Counts/min 

 

Actigraph x-

axis:  

SED/LT 240  

LT/MOD 2120 

MOD/VIG 

4450 

60 seconds 

(15 sec 

epochs for 

data 

acquisition 

storage. 

Data 

collapse 

after 

download 

into 60 sec 

intervals to 

align with 

calorimeter 

data) 

Pate
1
 

(2006) 

3-5 years 

 

n=29 

 

Males= 

44.8% 

 

No physical 

limitations 

 

One structured 

lab visit: 

(ActiGraph+ 

COSMED) 

 

Two visits to 

schools for 

unstructured 

play time: 

(ActiGraph+ 

COSMED) 

-ActiGraph 

Model 7164 

accelerometer 

 

-COSMED 

portable 

metabolic system 

Counts/15 sec 

 

MOD 420 

VIG 842 

15 seconds 

Trost
27

 

(2012) 

16-35 

months 

 

n=22 

validation 

and 

calibration 

females= 

20 min 

videotaped 

play period 

ActiGraph GT1M 

accelerometer 

 

Modified 

Children’s 

Activity Rating 

Scale (CARS) 

Counts/15 sec 

 

SED 0-48 

LT 49-418 

MOD/VIG  

over 418 

15 seconds 



10 

14  

males= 8 

 

n=18 

cross-

validation 

females=10 

males= 8 

 

No physical 

limitations 

Sirard
17

 

(2005) 

3-5 years 

 

n=16 cut 

point 

calibration 

 

n= 269 

Validation 

One structured 

lab visit 

performing  

five structured 

activities, 

based on the 

CARS 

intensity 

categories, for 

3 min each 

 

One to three 

direct 

observations 

while child 

wore 

accelerometer 

at preschool 

ActiGraph 

accelerometer 

 

Modification of 

the Child Activity 

Rating Scale 

(CARS) 

 

Direct 

observation 

 

Palm, Inc. 

3 year olds 

SED 0-301 

LT 302-614 

MOD 615-

1230 

VIG over 1231 

 

4 year olds 

SED 0-363 

LT 364-614 

MOD 812-

1230 

VIG over 1235 

 

5 year olds 

SED 0-398 

LT 399-890 

MOD 891-

15 seconds 
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1254 

VIG over 1255 

Puyau
16

 

(2002) 

6-16 years 

old 

 

n=26 

 

Females=12 

Males=14 

 

Healthy 

with 

No physical 

limitations 

One  6hr 

structured  lab 

visit: 

(Actigraph+ 

Mini-Mitter 

Actiwatch 

monitors+ 

room 

respiration 

calorimetry+ 

microwave 

detector+ 

telemetry ) 

 

One outdoor 

field 

measurement 

Computer Science 

and Applications 

Actigraph (CSA) 

 

Mini-Mitter 

Actiwatch (MM) 

monitors 

 

room respiration 

calorimetry 

 

microwave 

detector 

 

heart rate by 

telemetry 

Counts/min 

 

CSA: 

SED <800 

LT<3200 

MOD<8200 

VIG>8200 

1 minute 

SED sedentary, LT light, MOD moderate, VIG vigorous physical activity 

 

Many other factors can influence the final physical activity results, such as the epoch 

length, which is the data acquisition storage period.
13

 Adults are typically recorded in 1 minute 

epochs as opposed to children, where it is recommended that their counts be recorded in 15 

second epochs.
1
 The studies examined used both 15 second epochs and 1 minute epochs to 

collect data.  

Another component to processing accelerometer data includes determining valid wear 

time when collecting from a free-living study design.  Researchers have attempted to refine 

accelerometer data by eliminating the time the device was not worn before raw data were 

processed into intensity thresholds.
15

   Troiano et al. defined valid wear time by subtracting non-



12 

wear time from a 24 hour period.
15

   Non-wear time was defined as “having an interval of 60 

minutes with zero activity counts with allowance for 1–2 minutes of counts between 0 and 

100.”
15

 The most common non-wear time parameter for this age group was 20 minutes or more 

of zero activity counts.
28

 An early reference to this concept can be found in a paper by Esliger et 

al. which claims that 20 minutes or more of zero counts is biologically implausible for this age 

group.
28 

Once valid wear time is estimated certain factors must be considered, such as how many 

hours of wear time qualify as a valid day and how many valid days must be present for inclusion 

into the final analysis.  Troiano et al. defined a valid day as having 10 or more hours of valid 

wear time and in order to qualify for the majority of the analysis participants needed at least 3 

valid days out of 7 total collection days.
15

  In the 6-11 year age range 21.4% of males wore the 

accelerometer for 6 days and 23.4% for 7 days, compared to females in the same age range 

where 22.2% wore it for 6 days and 18.6% for 7 days.
15

  Butte et al. did not reference applying 

valid wear time parameters to their data, but did report an average wear time of 6.7 days out of 

the 7 total collection days with 94% of the children having six or seven days of accelerometer 

wear.
13 

A study by Penpraze et al. examined 5 and 6 year olds and determined that the most 

reliable criteria for measuring physical activity was 7 days of wear with 10 hours of wear time 

per day.
29

  However, they concluded that as little as 3 hours a day for 5 days could produce 70% 

reliable physical activity data.
29

  Rich et al. concluded in their study of six thousand 7 year olds 

that highly reliable results were produced with just 2 days of wear but 10 hours a day.
30

  Hislop 

et al. claimed 3 days of wear for 7 hours per day would produce reliable results.
31

  Finally a 
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meta-analysis by Cliff et al. claimed 3 days of wear could be sufficient in preschool-age children 

and that 3 hours per day could provide reliable estimates of physical activity.
24 

With the introduction of accelerometers as an objective tool to measure physical activity 

in free-living environments, the data collected provides new insight into the amounts of physical 

activity certain segments of the population are engaged in.
15

 Accelerometer data can be 

interpreted into the amount of time spent in sedentary, light, moderate, or vigorous physical 

activity.
1,13,14

  Therefore researchers can use the data as a comparison to physical activity 

guideline recommendations, and determine the percent of population that are meeting or not 

meeting recommendations.   

 Reported Physical Activity Levels in Young Children 

Studies, meta-analysis, and government issued reports all contain different conclusions 

about the amount of physical activity children are engaged in.  While some provide only broad 

generalizations of physical activity levels other provide specific statistics.   

One meta-analysis reported that preschool-age children accumulated between 40 to 100 

minutes of moderate or vigorous physical activity per day which makes it difficult to determine 

an accurate measure of how much activity they were getting.
32

  Another report claimed that only 

half of preschool-aged children were meeting NASPE physical activity recommendations.
5
  

Others reported that preschool-aged children exhibit high levels of inactivity and that there has 

been a decrease in the number of children who are physically active.
33,34

   

Different sets of cut points and valid wear time parameters were used throughout many of 

the preschool-aged physical activity studies.  This made it difficult to compare the results.   
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A study that examined the effects of allowing children to have more recess time used cut 

points described by Sirard et al. and determined that the children in their study were sedentary 

for 90% of the time that they were awake.
35

   

Another study which used Sirard et al. cut points and collected data in 15 second epochs 

found that 8% of their participants were achieving 60 minutes of moderate to vigorous activity 

each day.
36

 This result differed drastically from a study that used Freedson et al. cut points and 

collected data in 1 minute epochs.
12

 They reported that 90% of the 5-6 year olds that participated 

were achieving 60 minutes of moderate to vigorous physical activity everyday.
12

   

One study that looked at the relationship of movement skills to physical activity levels in 

preschoolers used cut points described by Puyau and Reilly and determined that their participants 

spent 76.3% of their time as inactive and only 26.7% of their time in light to vigorous physical 

activity.
37

  In a different study which also used cut points described by Puyau and Reilley to 

process their accelerometer data reported that their participants spent 77% of their time in 

sedentary behavior and only 3% of their total time in moderate to vigorous physical activity.
38

  

Both studies collected data over the course of 6 days.
37,38 

Using a combination of cut points developed by Sirard, Trost, Pfeiffer, Dowda, and Pate 

as a guide for determining physical activity cut point thresholds, one study reported that their 

participants spent 84.7% of their time as sedentary and 15.3% of their time in light to vigorous 

activity.
39

 Data were collected over 5 days in 15 second epochs.
39 

 The CDC provided physical activity results based on national and state levels.  The 2014 

State Indicator Report on Physical Activity determined that 27.1% of youth nationally and 31% 

of youth in West Virginia were meeting aerobic activity guidelines.
25   
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A precise and accurate description of preschool age physical activity is still somewhat 

unknown.
32,33  

Differences in reporting are tied to the fact that there is no precise measure of 

physical activity in young children.
33

  While advancements in the use of accelerometers have 

provided valuable data, the device still has limitations.   

Accelerometers cannot provide data on the types of activities people are engaged in.  

Certain activities like bicycling and swimming are not captured by an accelerometer.
15  

As 

referenced above in the Troiano et al. and Butte et al. studies participant wear compliance can 

vary.
13,15

  The age of participants can affect cut point accuracy, such as in preschool-age children 

where it can be difficult to differentiate between moderate and vigorous activity due to the idea 

that preschoolers do not “attain or sustain high levels of physical exertion for extended 

periods”.
13

 No gold standard cut points have been identified for preschool age children, and cut 

point definitions can vary dramatically between calibration studies.  This can make it difficult to 

compare the physical activity results reported by studies using different sets of cut points.
 

Preschool-age children exhibit unique patterns of physical activity when compared to 

other age groups which makes it particularly difficult to define the amount of activity they get.
40

  

Their physical activity is often seen in short unplanned moderate to vigorous burst followed by a 

recovery period.
40

  They are less likely to participate in planned or structured activity, however 

they may start to participate in in modified sports like soccer or basketball.
24,40

  Developmentally 

they are continuing to work on locomotor, stability, and object control skills.
24

  Daytime naps are 

common and typically last anywhere from a half hour to three hours.
24 

Accelerometers have been used to determine more than the amount of time children 

spend in light, moderate, and vigorous activity.  Accelerometers have been used to identify 

decreases in physical activity with the progression of age, which has served as a means of 
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pinpointing important ages for intervention.
15,27

   Accelerometer studies have allowed researchers 

to conclude that males participate in higher levels of physical activity when compared to females 

over almost all age ranges.
15 

 They have been used to determine that parents play an influential 

role on physical activity at this age.  It has been shown that when parents participate in more 

physical activity with their children, their children are more physically active.
40

  Children who 

spend more time outdoors have been shown to be more physically active by using 

accelerometers.
40

  
 

 Policy  

The recognition of the importance of physical activity for weight maintenance in children 

has had an impact on policy recommendations.  Professional groups like the American Medical 

Association have proposed increases in physical activity in schools as well as changes to parks 

and neighborhoods to allow for more physical activity opportunities.
22

  Healthy People 2020 also 

advocates for more opportunities for physical activity in schools and hopes to increase the 

proportion of schools that require daily physical education.
41

  Changes in school policy are one 

way that the initiative hopes to reach their goal of increasing the proportion of children who meet 

the federal physical activity guidelines.
41 

In order to determine physical activity levels and track changes researchers must collect 

data on current levels of physical activity.  There are many methods and instruments available 

for gathering that type of data, but no gold standard exists.  Accelerometers are one tool for 

collecting data on physical activity, and they come with a series of pros and cons. 
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Chapter 3 - Methods 

This study addressed two objectives.  The first objective was to examine the multiple 

ways in which raw accelerometer data can be processed.  There are many calibration studies 

which have been developed, including ones specific to preschool age children, to classify raw 

accelerometer counts into meaningful physical activity results.  However, there appears to be no 

consensus on a superior method for processing the data.  Each study used slightly different 

designs for calibrating their accelerometers and subsequently produced varying cut points.   This 

study compared the sets of cut points established by Puyau et al.
16

, Sirard et al.
17

, Pate et al.
1
, 

Evenson et al.
14

, and Butte et al.
13

 Identical raw accelerometer data that were collected from 

participants were run through each set of cut points.  The reported levels of physical activity 

produced by each set were measured against each other for statistical significance. 

The second objective was to determine the percent of children in the study who met the 

recommendation of achieving 180 minutes of combined light to vigorous physical activity each 

day.  To accomplish this, identical raw accelerometer data were run through each of the five cut 

point sets used in objective one.  Based on the levels light, moderate, and vigorous physical 

activity reported by the cut points the percent of participants who achieved the physical activity 

recommendations was determined.  The results produced by each of the five cut point sets were 

then compared against each other to test if the use of different cut points would generate 

equivalent proportions of participants who achieved the physical activity recommendations.   

 Participants 

Data were obtained through part of a larger study which was researching obesity 

prevention in preschool-age children.  Data on participant physical activity were collected 
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through the use of accelerometers.  The accelerometers were distributed in the fall, winter and 

spring of each intervention year to three successive cohorts (1.0, 1.5, and 2.0).   

 Participant Recruitment 

The study was open to children entering pre-kindergarten in Monongalia and Kanawha 

counties of West Virginia.  Families were enrolled during Monongalia and Kanawha pre-

kindergarten round up recruitment events and pre-kindergarten open houses.  Finally, teachers 

were given fliers to place in their students backpacks to take home.  Families could contact the 

study though information provided on the fliers. 

 IRB Approval 

The research protocol was approved by the International Review Board (IRB) of West 

Virginia University and consent was obtained from the families before they were allowed to 

participate in the study.   

 Research Instruments 

 Accelerometers 

This study used the ActiGraph GT3X monitor (ActiGraph, Pensacola, FL).  This device 

is a three axis accelerometer.  It recorded data on vertical axis activity acceleration, horizontal 

axis activity acceleration, and perpendicular axis activity acceleration.
43

  The raw data were 

converted into the minutes per day and percent of time each participant spent in sedentary, light, 

moderate and vigorous activity using established sets of cut points in ActiLife version 6 

software.   

The devices were small, measuring 4.6 x 3.3 x 1.5 centimeters and lightweight, weighing 

19 grams.  Data were collected in 10 second epochs to capture the maximum amount of sporadic 
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activity of the participants but was later scaled up to 60 second equivalents by the ActiLife 

version 6 program to align with their cut point definitions.
44 

 Cut Points 

Five established sets of cut points created from calibration studies were used for 

processing raw accelerometer data.  The cut points selected were created specifically for young 

children.  Evenson et al. developed cut points based on a calibration study using 5-8 year olds.
14

  

The study used a combination of ActiGraph accelerometers, Actical Accelerometers, and the 

COSMED portable metabolic system during structured lab visits to determine their cut points.
14

  

The developed cut points for the sedentary threshold were determined to have 95% sensitivity 

and 93% specificity, the moderate threshold cut points had 77% sensitivity and 81% specificity, 

and the vigorous threshold cut points had 68% sensitivity and 89% specificity.
14

  

The cut points developed by Puyau et al. were developed for slightly older children 

ranging in age from 6 to 16 years old but have been used in previous studies examining the 

physical activity of preschool-age children.
16,37,38

  The study consisted of structured lab visits, 

which utilized room respiration calorimetry, microwave detection, and heart rate monitoring by 

telemetry as means for developing cut points, as well as structured outdoor activities.
16 

Butte et al. studied 3-5 year olds during a structured lab visit as well time spent in a free 

living environment.
13

  The study used Actiheart, ActiGraph GT3X accelerometers, room 

respiration calorimetry, and doubly labeled water for cut point development.
13

  The study found 

cut points correctly classified rates of sedentary physical activity behavior 82% of the time, light 

58%, moderate 37%, and vigorous 29% of the time.
13

   Pate el al. also used 3-5 year olds in their 

study with a design that included a structured lab visit as well as 2 unstructured play times.
1
  

Their study used ActiGraph Model 7164 accelerometers and the COSMED portable metabolic 
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system.
1
  Pate et al. found their cut points for vigorous activity to have a sensitivity of 66% and a 

specificity of 95%, however, when they combined moderate and vigorous cut points the 

sensitivity was 97% and the specificity was 82%.
1
   

The final study by Sirard et al. calculated cut point for 3-5 year olds by calibrating 

ActiGraph accelerometers during structured lab visits using CARS developed intensity 

categories.
17

  Children also were observed during free play to validate the cut points.
17

  The study 

developed cut points specific to 3, 4, and 5 year olds.  This study chose to use the cut points 

calibrated for 4 year olds.  Sedentary physical activity was shown to have a sensitivity of 100% 

and a specificity of 100%, moderate activity had a sensitivity of 87% and specificity of 90%, and 

vigorous activity had a sensitivity of 100% and specificity of 80%.
17 

Physical Activity Recommendations 

The recommendation of achieving 180 minutes of combined light, moderate, and 

vigorous activity each day was based on three published reports by the Australia Government 

Department of Health and Ageing, the UK Chief Medical Officers, and the Canadian Physical 

Activity Guidelines for the Early Years.
8,26

  Recommendations were based on each agencies’ 

review of evidence and consideration of expert opinions, which examined the relationship 

between adequate levels of physical activity and the prevention of chronic disease.
6,7 

The UK Chief Medical Officers report was specific to preschool-age children.
7
   The 

Canadian guidelines were developed specifically for children age 0-4 years old, and the Australia 

Government Department of Health and Ageing recommendations were for 3 to 5 year olds.
6,26

   

The UK report on physical activity described light physical activity as including activities 

such as strolling and standing up, and moderate to vigorous activities as including climbing, 

swinging, dancing, and running.
7
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Children age 0-5 in the past have not been included in population wide physical activity 

recommendations.
7
 In recent years agencies have developed and published recommendations for 

this age group. 

 Procedures 

 Accelerometers 

For this study only those accelerometers that were distributed in November and 

December of 2012, 2013, and 2014 to cohorts 1.0, 1.5, and 2.0, respectively, were used in 

analysis.  Accelerometer data from all three waves were not examined together because wave 

two accelerometer data were incomplete.  Accelerometer data were missing from the 

Monongalia County cohort 1.0 wave 2 collection period.  Therefore, only the first wave of 

complete accelerometer data, which were collected at the beginning of the study were analyzed.  

This also allowed for a baseline description of participant physical activity levels.  

Accelerometers were delivered to the study participants at their schools and attached to 

the child’s right hip using an elastic clip belt by research assistants.  Participating children were 

asked to wear the belt every day for 7 consecutive days.  Research assistants returned to the 

schools 7 days after their initial visit to collect the accelerometers.  If the child had not returned 

the accelerometer after the initial collection date, several more attempts were made to collect the 

device from the school before mailing participants an addressed and postage paid envelope for 

returning the device.  Once the accelerometers were returned they were downloaded to 

computers using ActiLife version 6 software.   

Cohort 1.0 was not compensated for their accelerometer participation, but cohort 1.5 and 

2.0 were. 
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 Data Analysis 

The accelerometer data were downloaded onto computers using the ActiLife version 6 

software.  Raw accelerometer data were initially cleaned in ActiLife following recommendations 

provided by Cliff et al.
24

 Non-wear time was defined as 20 consecutive minutes with zero 

recorded activity counts, which was determined to be biologically implausible by Esliger et al.
28

  

Minimum wear time per day was set to three hours in order to qualify as a valid day, and 

participants had to have a minimum of three valid days to be included in the final statistical 

analysis.
24

   

Once the raw accelerometer data were cleaned they were run through five sets of ActiLife 

version 6 software cut points, which included those described Puyau et al.
16

, Sirard et al.
17

, Pate 

et al.
1
, Evenson et al.

14
, and Butte et al.

13
.  All of the cut points came pre-installed in ActiLife 

with the exception of Sirard et al., which had to manually be entered into the software.  ActiLife 

scales all measurements up to 60 seconds, so the cut points for four year olds described in the 

Sirard et al. study, which were based on 15 second epochs, were multiplied by 4 before they 

were entered into the software. 

The results produced by ActiLife were displayed as the percent of time as well as the 

total minutes spent in sedentary, light, moderate, and vigorous activity.  An average minutes per 

day spent in each physical activity threshold was calculated for every participant by dividing 

their total time spent in each activity level by their reported number of valid wear days.   

 Objective One 

For the first part of the study results produced by the five sets of cut points were 

compared.  Statistical analysis was a paired t-test in Stata 13.1. The mean minutes per day spent 
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in sedentary, light, moderate to vigorous, and light to vigorous activity were compared between 

all five sets while using identical raw accelerometer data. 

 Objective Two  

The second part of the study was focused on the light to vigorous activity results 

produced by the five sets of cut points.  From them we were able to determine those participants 

who engaged in, on average, 180 minutes or more of light to vigorous activity and those who did 

not.  The proportion of participants who met the recommendation versus those who did not was 

calculated using a proportions estimation.  The proportion of participants who accumulated 180 

minutes or more of light to vigorous activity were compared across all five sets of cut points to 

test for statistical significance using a paired t-test.   
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Chapter 4 - Results 

 Participants  

There were 463 accelerometer entries from the wave 1 accelerometer data collection.  

After removing accelerometer data, which contained errors and did not meet the valid wear time 

parameters, 300 participants remained for the primary analysis.  Due to data loss issues within 

the project only 242 participants had complete data sets available for descriptive statistics.  The 

mean age of the children was 4.65 years (SD 0.42).  The minimum age of participants was 3.26 

years and the maximum age was 6.49 years.  Table 1 displays participant characteristics.  

Table 1. Participant Characteristics within the Study 

Sample Size (n) 242 participants 

County Distribution   

Monongalia 155 (64.05%) 

Kanawha 87 (35.95%) 

Gender   

Male  128 (52.89%) 

Female 114 (47.11%) 

Participant Age   

3 11 (4.55%) 

4 187 (77.27%) 

5 40 (16.53%) 

6 4 (1.65%) 

Participant Weight Status  

Underweight (<5
th

 percentile) 7 (2.89%) 

Healthy (<85
th

 percentile)  160 (66.12%) 

Overweight (>85
th

 percentile)  37 (15.29%) 

Obese (>95
th

 percentile)  38 (15.7%) 

 

For this study 64.95% of the participants who wore an accelerometer in wave 1 met the 

minimum wear time inclusion criteria.  The mean wear time for accelerometers in the study was 

572.15 minutes per day (SD 121.64) for 5.92 days (SD 1.66).  Figure 2 displays the justification 

for choosing the participants who were included in the final analysis. 
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Figure 2. Participant Inclusion for Analysis 

 

n=463 

Acceelometer 

Entries 

n=462 

•Removed n=1 

•Removed for dataset time of 5 days 15 
hours 

n=461 

•Removed n=1 

•Removed for dataset time of 5 days 17 
hours 

n=460 

•Removed n=1 

•Removed for dataset time of 2 days 15 
hours 

n=459 

•Removed n=1 

•Removed for dataset time of 12 days 23 
hours 

n=406 

•Removed n=53 

•Removed for dataset time of 23 days 7 
hours 

n=300  

Final 
participants 
in analysis  

•Removed n=106 

•Removed for less than 3 days with less 
than 3 hours of valid wear time per day 
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 Objective 1 Comparison of Cut Points 

Analysis included accelerometer data from 300 participants who met the valid wear time 

criteria.  A paired t-test was used to compare the minutes per day spent in sedentary, light, 

moderate to vigorous, and light to vigorous activity produced by each set of cut points.  The cut 

points used were those developed by Puyau et al.
16

, Sirard et al.
17

, Pate et al.
1
, Evenson et al.

14
, 

and Butte et al.
13

  The resulting mean differences can be seen in Table 2. 

Table 2. Objective 1: Paired t-Test of Accelerometer Cut Points 

   
95% CI for the Mean 

Difference 
  

  

Mean 

Difference  

(min.day) 

Lower Upper t P value 

SED 

Pate vs Butte 85.51 82.94 88.08 65.52 <.001 

Butte vs 

Evenson 
44.23 42.98 45.48 69.50 <.001 

Sirard vs 

Butte 
133.17 129.12 137.22 64.71 <.001 

Pate vs 

Evenson 
129.74 125.97 133.51 67.74 <.001 

Sirard vs 

Pate 
47.66 46.11 49.2 60.68 <.001 

Sirard vs 

Evenson 
177.4 172.19 182.61 67.04 <.001 

Sirard vs 

Puyau 
47.7 46.11 49.2 60.68 <.001 

Puyau vs 

Evenson 
129.74 125.97 133.51 67.74 <.001 

Puyau vs 

Butte 
85.51 82.94 88.08 65.52 <.001 

Puyau vs 

Pate 
0 0 0 - - 

LT 

Butte vs Pate 103.41 100.32 106.51 65.68 <.001 

Evenson vs 

Butte 
49.96 48.57 51.35 70.72 <.001 

Butte vs 

Sirard 
105.11 101.82 108.41 62.82 <.001 

Evenson vs 

Pate 
153.37 148.93 157.81 68.03 <.001 

Pate vs 1.701 0.88 2.52 4.07 <.001 
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Sirard 

Evenson vs 

Sirard 
155.07 150.45 159.69 66.11 <.001 

Puyau vs 

Sirard  
46.92 45.4 48.44 60.72 <.001 

Evenson vs 

Puyau 
108.15 104.87 111.43 64.81 <.001 

Butte vs 

Puyau 
58.19 56.21 60.18 57.59 <.001 

Puyau vs 

Pate 
45.22 43.52 46.92 52.34 <.001 

MVPA 

Pate vs Butte 17.9 17.26 18.54 55.31 <.001 

Butte vs 

Evenson 
5.72 5.51 5.94 51.92 <.001 

Butte vs 

Sirard 
28.05 26.94 29.17 49.59 <.001 

Pate vs 

Evenson 
23.63 22.78 24.47 54.84 <.001 

Pate vs 

Sirard 
45.95 44.22 47.69 52.21 <.001 

Evenson vs 

Sirard 
22.33 21.42 23.23 48.64 <.001 

Puyau vs 

Sirard 
0.73 0.7 0.77 39.22 <.001 

Evenson vs 

Puyau 
21.59 20.72 22.46 48.81 <.001 

Butte vs 

Puyau 
27.32 26.24 28.4 49.75 <.001 

Pate vs 

Puyau 
45.22 43.52 46.92 52.34 <.001 

LMVPA 

Butte vs Pate 85.51 82.94 88.08 65.52 <.001 

Evenson vs 

Butte 
44.23 42.98 45.48 69.5 <.001 

Butte vs 

Sirard 
133.17 129.12 137.22 64.71 <.001 

Evenson vs 

Pate 
129.74 125.97 133.51 67.74 <.001 

Pate vs 

Sirard 
47.66 46.11 49.20 60.68 <.001 

Evenson vs 

Sirard 
177.4 172.19 182.61 67.04 <.001 

Puyau vs 

Sirard  
47.66 46.11 49.20 60.68 <.001 

Evenson vs 

Puyau 
129.74 125.97 133.51 67.74 <.001 

Butte vs 85.51 82.94 88.08 65.52 <.001 
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Puyau 

Puyau vs 

Pate 
5.76e-15 -1.35e-14 2.51e-14 0.59 0.56 

Degrees of freedom 299 

SED Sedentary activity 

LT Light activity 

MVPA Moderate to Vigorous Physical Activity 

LMVPA Light to Vigorous Physical Activity 

 

The results illustrate that only a couple of cut point definitions produced the same levels 

of physical activity.  The first cut point comparison that did not produce a statistically different 

mean difference was between Puyau sedentary (M=441.67, SD=96.27) and Pate sedentary 

(M=441.67, SD=96.27), which had a mean difference equal to zero.  The second cut point 

comparison that did not produce a statistically different mean difference was between Puyau 

light to vigorous (M=130.48, SD=40.48) and Pate light to vigorous (M=130.48, SD=40.48), 

t(299)= 0.59, p<.56.   

There were statistically significant differences between Puyau light (M= 104.09, SD= 

31.03) and Pate light (M=58.87, SD= 16.86), t(299)= 52.34, p<.001as well as between Puyau 

moderate to vigorous (M= 26.39, SD= 11.82) and Pate moderate to vigorous (M= 71.61, SD= 

25.65), t(299)= 52.34, p<.001.  There were statistically significant differences between the 

remainder of the cut point comparisons across all activity levels.   

The results showed a large range in the mean minutes per day within the activity 

thresholds between the five sets of cut points.  The most extreme differences in mean minutes 

per day was between Sirard sedentary (M= 489.33, SD= 105.06) and Evenson sedentary (M= 

311.93, SD= 75.2), t(299)= 67.04, p<.001 as well as Evenson light to vigorous (M= 260.22, SD= 

68.77) and Sirard light to vigorous (M= 82.82, SD= 28.63), t(299)= 67.04,  p<.001.  The smallest 

mean differences in minutes per day were between the results described by Butte moderate to 
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vigorous (M= 53.7, SD= 20.59) and Evenson moderate to vigorous (M=47.98, SD=18.88), 

t(299)= 51.92, p<.001 as well as Puyau moderate to vigorous (M= 26.39, SD=11.82) and Sirard 

moderate to vigorous (M=25.65, SD=11.55), t(299)= 39.22, p<.001.   

While some of the cut points within a particular physical activity threshold did produce 

equal results when they were compared against each other there were no overall sets of cut points 

that produced the same levels of physical activity across all activity thresholds.  Therefore, 

different sets of cut point will not equally classify all levels of physical activity.  Furthermore, 

sets of cut points cannot be used interchangeably and physical activity results generated from a 

study can differ depending on choice of cut points. 

 Objective 2 Participants Meeting Physical Activity Recommendations 

To answer the second part of the study identical raw accelerometer data were analyzed 

using five sets of cut points developed by Puyau et al.
16

, Sirard et al.
17

, Pate et al.
1
, Evenson et 

al.
14

, and Butte et al.
13

.  Focusing on the levels of light to vigorous physical activity produced by 

each set of cut points enabled classifying participants into those who did and did not obtain the 

recommended 180 minutes of physical activity a day.  We then calculated the proportion of 

participants, using each of the five sets of cut points, who met the recommendation to those that 

did not.  The proportional results can be seen in table 3.  

Table 3. Objective 2: Proportion of Participants Meeting Physical Activity 

Recommendations 

Cut Point  % 180 minutes or more 

LMVPA (CI) 

% under 180 minutes  

LMVPA (CI) 

Butte 74 

(68.71, 78.67) 

26.00 

(21.32, 31.29) 

Sirard 0.33 

(0.05, 2.35) 

99.67 

(97.65, 99.95) 

Evenson 87.33 

(83.04, 90.66) 

12.67 

(9.34, 16.96) 

Pate 10.67 

(7.63, 14.72) 

89.33 

(85.28, 92.37) 
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Puyau 10.67 

(7.63, 14.72) 

89.33    

(85.28, 92.37) 

CI 95% confidence interval 

Number of Observations 300 

LMVP light to vigorous physical activity 

 

A paired t-test was conducted to test for similarities between the percent of participants 

who met the recommendation within each set of cut points.  The results of the test can be seen in 

Table 4. 

Table 4. Objective 2: T-Test Results Comparing Percent of Participants Who Met 

Recommendation by Cut Point Sets 

   
95% CI for the Mean 

Difference 
  

  

Mean 

Difference   

(% Participants 

> 180 min.day 

LMVPA) 

Lower Upper t P value 

LMVPA 

Butte vs Pate 63.33 57.85 68.82 22.73 <.001 

Evenson vs 

Butte 
13.33 9.46 17.2 6.78 <.001 

Butte vs 

Sirard 
73.67 68.65 78.68 28.92 <.001 

Evenson vs 

Pate 
76.67 71.85 81.48 31.34 <.001 

Pate vs 

Sirard 
10.33 6.87 13.8 5.87 <.001 

Evenson vs 

Sirard 
87 83.17 90.83 44.73 <.001 

Puyau vs 

Sirard 
10.33 6.87 13.8 5.87 <.001 

Evenson vs 

Puyau 
76.67 71.85 81.48 31.34 <.001 

Butte vs 

Puyau 
63.33 57.85 68.82 22.73 <.001 

Pate vs 

Puyau 
0 0 0 - - 

Degrees of Freedom 299 

LMVPA Light to Vigorous Activity 
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The results show that Pate (M=10.67%, SD=30.92%) and Puyau  (M=10.67%, 

SD=30.92%) classified the same percent of participants as achieving the recommended 180 

minutes of light to vigorous activity per day.   

There were statistically significant differences between the other comparisons.  The 

largest difference in the percent of children who met the recommendation could be seen between 

Evenson (M=87.33%, SD=33.31%) and Sirard (M=0.33%, SD=5.77%), t(299)=44.73, p<.001. 
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Chapter 5 - Discussion 

This study investigated two objectives.  The first objective was to determine if different 

sets of cut points developed for preschool-age children would produce the same physical activity 

results when identical raw data is processed through them. The second objective was to calculate 

the percent of participants who were reaching the physical activity recommendation of 180 

minutes a day of light to vigorous activity. 

 Cut Points 

According to the results of this study different sets of cut points did not result in equal 

reporting across all physical activity levels.  This study did however show that the cut points 

developed by Pate et al.
1
 and Puyau et al.

16
 produced the same results when comparing levels of 

sedentary behavior.  The sedentary activity threshold was set to 0-799 counts per minute for both 

sets in ActiLife.  This resulted in identical classification of sedentary activity when raw 

accelerometer data were analyzed.  Pate et al.
1
 and Puyau et al.

16
 also produced the same levels 

of light to vigorous activity.  By collapsing the light, moderate, and vigorous activity thresholds 

into one category the results masked the differences in cut points for the individual activity 

levels.   

The light, moderate, and vigorous cut points for Pate et al.
1
 in ActiLife were set to 800-

1679 counter per minute, 1680-3367 counts per minute, and 3368 counts per minute and above 

respectively.  These varied from the light, moderate, and vigorous cut points for Puyau et al.
16

 

which were 800-3199 counts per minute, 3200-8199 counts per minute, and 8200 counts per 

minute and above respectively.   
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The discrepancies in cut points between Puyau et al.
16

 and Pate et al.
1
 were obvious when 

the results of the paired t-test were examined.  A mean difference of 45 minutes could be seen 

between the two sets in their reporting of light activity as well as moderate to vigorous activity.   

The variation in study calibration designs might have accounted for the cut point 

disagreement seen between the sets.  For one thing the participants in the Pate et al. study were 3 

to 5 years old, while the participants in the Puyau et al. study were 6 to 16 years old.
1,16

   

The activities chosen to represent the physical activity thresholds also differed.  Puyau et 

al. calibrated sedentary behavior with activities like playing Nintendo, painting while seated, and 

playing with toys on the floor; light activity with a warm up exercise and walking on a treadmill 

at a speed of 2.5 miles per hour; moderate activity with bouncing a ball, using a hula hoop, 

jumping jacks, and walking on a treadmill at a speed of 3.5 miles per hour; and vigorous activity 

with jogging on a treadmill at a speed a speed of 4.5 miles per hour.
16

  Pate et al. described 

having participants partake in three different speeds of walking or jogging for their cut point 

calibration.
1
  The two speeds of walking were undertaken at 2 miles per hour and 3 miles per 

hour while jogging was performed at 4 miles per hour.
1
 

Discrepancies in calibration techniques could be seen between the other studies.  The 

study conducted by Sirard et al. utilized CARS to choose activities which had been identified as 

falling into categories with significantly different energy expenditures.
17

  The activities included 

sitting and talking, walking at an average speed of 2 miles per hour, walking at an average speed 

of 2.7 miles per hour, and jogging at an average speed of 4.3 miles per hour.
17

   

While Sirard et al. and Pate et al. had similar activities that were used within the two 

studies they collected data in different ways.  Sirard et al. calibrated their accelerometer cut 

points while participants engaged in activities that were designed to meet the definition of 
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sedentary, light, moderate, and vigorous activity based on CARS defined activity thresholds.
17

  

The study then used direct observation to validate their developed cut points.
17

  Pate et al. used a 

portable metabolic system to measure oxygen consumption during both the calibration portion of 

their study as well as the validation portion of their study.  The relationship between maximal 

oxygen uptake and accelerometer counts during each structured activity was examined to 

produce the accelerometer count cut points for each physical activity level.
1
   

Evenson et al., like Pate et al., used a portable metabolic system to record oxygen 

consumption for accelerometer calibration, however the ages of the participants were slightly 

older: 5 to 8 years old.
14

 Along with oxygen consumption the study included a heart rate 

measurement while children preformed activities such as climbing stairs, dribbling a ball, 

watching a DVD, coloring, and walking or jogging on a treadmill.
14

   

The study conducted by Butte et al. used heart rate measurements to determine 

accelerometer cut points.  By using established heart rate cut points for sedentary, light, 

moderate, and vigorous activity the study was able to determine accelerometer count thresholds 

for each activity level.
13

   

Each calibration study used different techniques for determining their cut point thresholds 

and as a result the cut points between the studies varied.  This resulted in each set of cut points 

producing different reports of light and moderate to vigorous physical activity, and nearly all sets 

of cut points producing different reports of sedentary and light to vigorous activity.   

What is more is there seems to be little consensus on a superior set of cut points or even 

calibration design.  All of the cut points were created from validated calibration studies, and 

were all appropriate for the classification of physical activity for participants within this study.  
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Yet the choice of cut points would result in different reports of physical activity levels for this 

study. 

 Physical Activity Recommendations 

The differences in the level of physical activity which were reported by the sets of cut 

points in objective 1 were mirrored in the results of objective 2 when the percent of children who 

were meeting the recommended 180 minutes of combined light to vigorous activity was 

determined.  The percent of participants who met the recommendation was the same between 

Puyau et al.
16

 and Pate et al.
1
  The cut point definitions for light to vigorous activity were the 

same for the two sets at 800 counts per minute or above in ActiLife.   

The percent of participants who met the recommendation varied widely between all of 

the other sets of cut points.  The cut points calibrated by Butte et al.
13

 determined that 74% of the 

participants met or exceeded 180 minutes of light to vigorous activity, with the cut point for 

activity set at 240 counts per minute in ActiLife.  Sirard et al.
17

 cut points determined less than 

1% of the participants met the recommendation with their ActiLife threshold for activity over 

sedentary set at 1453 counts per minute.  Evenson et al.
14

 determined the highest percent of 

participants meeting the 180 minute recommendation at 87%.  The ActiLife threshold for any 

activity above sedentary was set to 101 counts per minute.   

Other studies have investigated the percent of children who meet various physical activity 

guidelines.  In one study, which also examined the percent of children who were meeting the 

Australia Government Department of Health and Ageing, the United Kingdom (UK) Chief 

Medical Officers, and the Canadian Physical Activity guideline recommendations, used the cut 

points developed by Evenson et al. to process raw accelerometer data into physical activity 

results.
45

   The study determined that 98.4% of the 4 to 6 year olds met the recommendation, 



36 

which was in contrast to this study where only 87% of the children met the recommendation 

when using Evenson et al. cut points.
45

   

The study used other parameters around the accelerometer data, which could have 

influenced the final results.  Unlike this study which recorded accelerometer counts in 10 second 

epochs and included children with 3 hours of valid wear time into the data analysis the study by 

Vale et al. recorded activity in 5 second epochs and required 10 hours of valid wear time per 

day.
45

  It is difficult to know if the children in the two studies were indeed engaging in different 

amounts of physical activity or if the difference in data collection and processing accounted for 

the discrepancies in the results  

A Canadian study, which aimed to determine the percent of 3 to 4 years olds in Canada 

who were meeting the 180 minute physical activity recommendation, used data collected from 

the Canadian Health Measures Survey (CHMS).
46

  The cut point of 100 counts per minute was 

chosen to differentiate sedentary behavior from light to vigorous physical activity.
46

  Data were 

collected in 60 second epochs.
46

  The study concluded that 84% of Canadian children were 

meeting the physical activity recommendation.  These results were similar to those determined in 

this study when using Evenson et al. cut points which also used a 100 count per minute sedentary 

activity upper threshold.
14,46

  

The choice of physical activity guidelines that were used in studies to determine the 

percent of participant adherence varied.  The physical activity recommendations established by 

NASPE were also used in a number of studies.  The recommendations state that preschool age 

children should engage in 120 minutes of activity each day, which includes 60 minutes of 

structured activity and 60 minutes or more of unstructured activity.
47

  The NASPE 

recommendations left room for interpretation within the phasing and therefore different studies 
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defined the recommendations in a number of ways.
47

  Some of the interpretations included 120 

minutes of light to vigorous activity each day, 60 minutes of moderate to vigorous physical 

activity each day, or 120 minutes of moderate to vigorous physical activity each day.
47,48,49

   

One study used cut points described by Sirard et al. to determine that only 26% of their 

participants reached the recommended 120 minutes of light to vigorous physical activity while 

another study, which used cut points described by Reilly et al., determined on weekdays that 

74.3% of the children in their study met recommendations.
48,49

   

A study, which used the 120 minutes of light to vigorous activity definition,  found that 

between 13% to 99.5% of their participants met the recommendation depending on which cut 

point classification was used.
47

  Across multiple studies a range of 0.0% to 95.7% of participants 

were determined to accumulate 60 minutes or more of moderate to vigorous activity.
47,48,49

   

This study was in keeping with current research, which shows a wide range in the percent 

of participants meeting physical activity guidelines based on the choice of cut points.  Between 

0.33% and 87.33% of the participants in this study met the recommendation of 180 minutes of 

daily combined light to vigorous activity.  Based on the literature no gold standard exists 

therefore, results calculated in this study could justifiably be used to describe the percent of 

participants meeting the recommendation.   

One thing that does seem to be consistent across all studies regardless of the cut points 

used is that preschool age children partake in more sedentary behavior than all other activity 

levels combined.  The amount of time children in this study spent in sedentary behavior ranged 

from 54.52% to 85.52% of their total recorded time.  Other studies have reported children 

spending between 50% to 84.7% of their time in sedentary behavior. 
46,48,49
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 Future Research 

This study examined whether accelerometer cut points developed from calibration studies 

could be used interchangeably to produce similar reports of time spent in physical activity.  After 

the analysis, they cannot be used interchangeably, except in certain circumstances when multiple 

activity levels are collapsed.  No set of cut point was a superior choice to others for processing 

data.  Therefore, it must be understood that any analysis conducted with one chosen set of cut 

points could produce results that would have be different had another set of cut points been used.   

This study also aimed to define the percent of participants that met the 180 minute daily 

combined light to vigorous activity recommendation set forth by the Australia Government 

Department of Health and Ageing, the UK Chief Medical Officers, and the Canadian Physical 

Activity Guidelines for the Early Years.
8,26 

 A range of 0.33% to 87.33% of participants met the 

recommendation.  This highlights the need for a standardized set of guidelines that can be 

referenced when collecting and processing accelerometer data.  It is justifiable to use a wide 

range of cut point classifications which have been developed and validated.  However, it is not 

clear which one most accurately represents the true level of physical activity within a sample.  

Future studies should be conducted to validate a superior set of cut points.  

 Limitations 

This study was not able to definitively describe the percent of participants within the 

study who were meeting physical activity guidelines due to the wide range of results produced 

by the varying set of cut points.  In order to report a single statistic the study must acknowledge 

that if any cut points, other than those described by Pate et al. and Puyau et al., are used they will 

produce statistically different results.    
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Chapter 6 - Conclusion  

Physical activity is connected to energy balance, weight, and disease prevention .
1,4

  

Guidelines have been established to define the amount of physical activity that different age 

groups within the population should be meeting in order to reduce the risk of chronic disease.
8,26

    

It is important to be able to accurately describe the amount of activity children are engaging in 

every day in order to determine the percent of the population who are not meeting the 

recommendations and are therefore at an increased risk of developing a chronic disease.
47

.   

Accelerometers are one tool to collect data on physical activity.  Accelerometer data have 

been used to classify physical activity into sedentary, light, moderate, and vigorous thresholds, 

but there are many methods available for processing data.  This study compared five different 

sets of calibrated cut points to determine if they produced statistically equal classifications of 

physical activity.  Next the study used the light to vigorous results produced by each set of cut 

points to determine the percent of participants who were meeting the preschool-age physical 

activity recommendation of 180 minutes of light to vigorous physical activity each day. 

The results produced by this study indicate that the five sets of cut point calibrated by 

Puyau et al.
16

, Sirard et al.
17

, Pate et al.
1
, Evenson et al.

14
, and Butte et al.

13
 produced different 

amounts of time spent in physical activity across all activity thresholds.  However, the cut points 

developed by Puyau et al.
16

 and Pate et al.
1
 were able to classify the same levels of sedentary and 

light to vigorous physical activity.  When the light to vigorous results from the five sets of cut 

points were used to determine those participants who had over 3 hours of physical activity Puyau 

et al.
16

 and Pate et al.
1
 classified the same percent of children as meeting the recommendation.  

None of the other cut point sets produced the same percent of participants who met the 

recommendation.   
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The techniques used to determine accelerometer cut points in each of the calibration 

studies varied.  Subsequently the majority of cut points that designated activity thresholds were 

different between Puyau et al.
16

, Sirard et al.
17

, Pate et al.
1
, Evenson et al.

14
, and Butte et al.

13
.  

The differences between the cut point definitions where enough to produce widely varying 

reports of the minutes per day participants spent in sedentary, light, moderate, and vigorous 

activity. 

These results suggest that Puyau et al.
16

 and Pate et al.
1 

will classify the same percent of 

the population as meeting the physical activity recommendation for 3 to 5 year olds to obtain 180 

minutes of light to vigorous activity each day.  However, the results also indicate that the choice 

of cut points in most cases will affect the levels of physical activity reported.  This helps to 

highlight the necessity of developing guidelines for the processing and analysis of raw 

accelerometer data. 

Any further physical activity analysis conducted should anticipate that there is no one 

correct set of cut points with which to use and the choice of cut points will affect the final 

reports.   
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Appendix A - Percent of Time in Activity 

Table 5. Percent of Time Participants Spend in Sedentary and Light to Vigorous Activity 

by Cut Point Set 

 Mean % of time 

in Sedentary 

Activity 

95% Confidence 

Intervals 

Mean % of time 

in Light to 

Vigorous 

Activity 

95% confidence 

Intervals 

Butte 62.25 61.54 - 62.96 37.75 37.04 - 38.46 

Sirard 85.52 85.1 - 85.95 14.47 14.05 - 14.9 

Evenson 54.52 53.75 - 55.28 45.48 44.72 - 46.24 

Puyau 77.19 76.64 - 77.75 22.8 22.25 - 23.36 

Pate 77.19 76.64 - 77.75 22.8 22.25 - 23.36 

300 observations 
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