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Key Planning Issues 

• Number of Days of Monitoring

• Epoch Length

• Monitor Distribution and Collection

• Promoting Compliance



Days of Monitoring – Adult Studies
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Days of Monitoring – Youth Studies
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Effect of Epoch Length
• Cut-points based on 1-min epochs could 

significantly underestimate children’s 
highly sporadic and intermittent activity 
patterns.

• Over the 1-min period, bursts of vigorous 
activity and brief periods of inactivity are 
averaged

• Vigorous activity becomes “masked”
• Unexplored issue in the adult population



Effect of Epoch Length
16 children (mean age 7.5 ± 0.3 y)

Wore monitor on right hip and lower back

4 monitoring days,  5-second epoch

Mins of PA estimated via Freedson adult cut-points

Nilsson, Ekelund, Yngve,& Sjostrom (2002) Pediatric Exercise Science,14,87-96



Effect of Epoch Length
Baquet et al. (2007)

26 children (mean age 9.95 ± 0.99 y)

Epoch set for 2-seconds

Minutes of PA estimated via Freedson adult cut-points

LPA – 70.8 ± 13.2 seconds

MPA – 9.0 ± 2.8 seconds

VPA – 4.7 ± 1.2 seconds

80% of MPA bouts, 93% of VPA bouts lasted < 10 seconds

Baquet, Stratton, Van Praagh, Berthoin Preventive Medicine 2007;44:143-147



Effect of Epoch Length

Baquet, Stratton, Van Praagh, Berthoin Preventive Medicine 2007;44:143-147



McClain et al. Med Sci Sports Exerc 2008;40:2080-2087

Epoch and Cut-Points



Distribution & Collection
• Face to face at home, school or other community 

setting – collection the same.
• Mail to subject and return via mail.
• Combination of distributing face-to-face by 

returning via mail.
• Postage or shipping option viable.
• Compensation contingent upon the safe return of 

monitor.
• This has not been systematically studied



Promoting Compliance
• Multiple single day monitoring
• Frequent contacts during the monitoring period
• Written materials/ flyers 
• Logs – promotes self-monitoring
• Apply “relapse prevention model”
• Giving them options for wearing under clothes 
• Educate teachers, coaches, referees, and other 

sport officials
• Show participants graphical display of data 
• Providing incentives contingent on compliance  –

money, gift certificates, coupons, extra credit.



Key Data Reduction Issues 
• Minimal wear requirements /  a valid day

• Identifying spurious data

• Computing summary variables
– Calibration of accelerometer output

• Extracting bouts

• Imputing data



What is a complete day ?
• Zero Count method

Counting strings of consecutive 0 counts

60-minutes

20-minutes

10-minutes

• Compared to criterion for “registered counts”
720 - 840 1-min epochs

12 -14 hours per day of wearing time

“Bouts” of zero strings > 3 bouts indicate non-wearing



Cut-off for “complete” day

• 70/80 rule
– Find 70th percentile of on and off times
– Define adherence as 80% of the difference in on/off 

times. 
• Weekdays

– on: 7:15 AM; off: 9:15 PM (14 hrs)
– Adherence 11.2 hours

• Weekends
– on: 12:15 PM; off: 9:15 PM (9 hrs)
– Adherence 7.2 hours



What is a complete monitoring day ?

Sample Data Approach used in the TAAG intervention study



Identifying Spurious Data

• Variety of criteria have been used
• ≥ 16,000 - 20,000 counts
• Percentile Approach
• # of SD’s
• Should also screen for negative counts 

strings of identical counts
• Possible with ActiGraph software



Computing Summary Variables
• Usually calculated for each monitoring day
• Total Counts 
• Average counts per minute?
• Time spent in sedentary, light,  moderate, 

and vigorous physical activity
• Meeting guidelines
• Based on the average or aggregate?
• # of valid days makes a big difference



Calibration of Activity Monitors
• Numerous equations exist!!!

• Early studies were treadmill-based.

• More recent studies use “free living” non-
ambulatory activities plus locomotor activity.

• Predictive validity in field settings remains a 
question.

• NB: None appear to be valid for individual 
level prediction of PAEE.



Lots of Equations!



NHANES Cutpoints for Adults

Author Moderate n Vigorous n
Freedson Treadmill 1952 50 668.49 5725 50 1960.62
Yngve Track 2743 28 526.05 6403 28 1227.97

Treadmill 2260 28 433.43 5896 28 1130.74
Brage Treadmill 1810 12 148.77 5850 12 480.82
Leenders Treadmill 1267 28 242.99 6251 28 1198.82

2019.7 5999.0

Note heterogeneity among studies in cut-points, especially 
for moderate activities.

Decision: weighted average of these studies.

Slide courtesy of Rick Troiano NCI



Why do the cut-points differ so much?



Matthews CE. Med Sci Sports Sci 2005 37(11 Suppl):S512-522



A step forward – 2 regression model
• Crouter et al. JAP 100:1324-1331
• Background

– No single equation line is able to accurately 
predict EE or time spent in different intensity 
categories across a wide range of activities

– Overestimation of walking and running

– Underestimation of lifestyle activities

– Hypothesized that walking and running can be 
distinguished from other activities on the basis 
of variability in counts



Crouter, Clowers, Bassett J Appl Physiol 2006;100:1324-1331



Crouter, Clowers, Bassett J Appl Physiol 2006;100:1324-1331



Crouter, Clowers, Bassett J Appl Physiol 2006;100:1324-1331



Crouter, Clowers, Bassett J Appl Physiol 2006;100:1324-1331









Physical Activity at Work – Lauren
• Wore the Actigraph GT1M accelerometer for 

the entire work day starting at 6:00 am 
• Downloaded at the bar at ~9:45 pm
• Accumulated 18,481 steps

– 83 min of MVPA (through walking at work)
– Note: 31 min of MVPA in bouts >= 10 mins
– 440 min of Light Intensity activity
– 418 min of Sedentary activity
– Crouter 479 mins of MVPA (only 5 mins walking)
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Freedson vs. C2R
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Calibration in Children and Youth



Effects of Growth and Development of MET 
level during walking 2.5 mph
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Calibration of Activity Monitors - Youth

Trost SG. Am J Lifestyle Med 2007;299-314



Trost et al. MSSE 2006



Trost et al. MSSE 2006

Classification Accuracy

Trost Equation (MSSE 1998;30:629-633

Kcal/min = -2.23 + 0.0008 counts/min



ROC Curve Approach

• A graphical representation of the trade offs 
between sensitivity and specificity for 
different cut-points

• False positive rate on x-axis
• True positive rate on y-axis
• Determine the cut-point that yields the 

fewest misclassifications
• Maximizes AUC (mean of Se & Sp)



ROC Curve Approach



Area under the ROC Curve

Values
• > .90 Excellent
• .80 - .90 Good
• .70 - .80 Fair
• < .70 Poor



Evenson et al. (2008) J Sport Sci 26;1557-1565



Predictive Validity – ActiGraph Equations

Equation SED LIGHT MVPA

Se% Sp% AUC Se% Sp% AUC Se% Sp% AUC

Freedson 100 75.1 0.88 42.7 91.5 0.67 87.9 92.0 0.90

Puyau 100 73.5 0.87 38.5 65.6 0.52 52.0 99.0 0.76

Treuth 98.2 89.1 0.94 65.1 89.7 0.77 83.2 91.1 0.87

Mattocks 100 76.7 0.88 53.7 67.0 0.60 57.0 99.6 0.78

Evenson 100 75.4 0.88 44.7 91.0 0.68 87.3 93.1 0.90



Extracting Bouts

• Guideline driven
• Adults studies typically specify that activity 

be counted only in 10-min bouts
• Has a huge impact on the estimated 

amount of moderate physical activity
• Definition of a bout



Extracting Bouts

• Strict definition of a bout.  
• Minutes are accumulated if and only if they were 

performed as part of a 10-min or longer bout in 
which 10 or more consecutive 1-min epochs 
were above the count cutoff for moderate 
intensity activity (3 METs).  

• The bout, and hence the accumulation of MVPA 
minutes, ends as soon as the program 
encounters a single count below the moderate 
cut-point. 



Extracting Bouts
• Variety of approaches are possible
• Need for ecologically validity 

– Interruption Interval - Counts are permitted to 
dip below the count cut-point for 1-min 

– The bout and hence the accumulation of 
MVPA minutes will continue if the program 
encounters a count above the threshold 
immediately after reading the last count below 
threshold. 



Imputation of Missing Data

• Observed data values are used to predict missing 
values.

• Accuracy will depend on the number of predictors 
available, correlation with missing variable, 
amount of missing data, and pattern of missing 
values.

• Multiple Imputation methods could be used to 
predict missing values for segments within a day 
or the entire day. Proc MI in SAS

• See Catellier et al. MSSE NOV 2005 Suppl.



The Future -Pattern Recognition?


