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Overview 

• Focus on large-scale etiologic studies 

• Why internet-based measures? 

• History/evolution of physical activity 

questionnaires (PAQs) 

• Limitations of PAQs and SBQs (sedentary 

behavior questionnaires) 

• An Internet-based Approach: Activities 

Completed by Time in 24 Hours (ACT24) 

 



 

 

Why internet-based measures? 



 

Temporal trends in access to time-saving and labor-saving  

technology (% US Households) 

1900                                      1945                                            1990      2005 

W.M. Cox & R. Alm. You Are What You Spend, NY Times Feb. 10, 2008 

Computer Use and Broadband 

Access – US Adults 2011* 
 

Computer users 

• 30-49 yrs  87% 

• 50-64 yrs  74% 

• 65+ yrs     42% 
 

Broadband access 

• 30-49 yrs  73% 

• 50-64 yrs  57% 

• 65+yrs      29% 

*The Pew Internet & American Life Project (www.pewinternet.org) 



Strengths/weaknesses of internet-based 

data collection in epidemiology 

Strengths 

Improved data quality 

• Logic/error checking; data entry/processing 

• Flexibility, responsiveness of assessment 

• Automated data collection/reminders 

Reduced costs (economies of scale) 
 

Limitations 

Selection factors (computer users; internet access) 

Non-response bias (generalizability) 
 

Need More Information 

Do traditional methods translate to e-environment? 

Gelder et al. AJE 172: 1292, 2010; Ekman and Litton.  Eur J Epid 22: 285, 2007  



History and evolution of physical 

activity questionnaires (PAQs) 

 



Initial assessment methods for free-living 

physical activity behaviors 

 

Early 1950’s  1970s 



 
Waking  ~15.5 hrs 

Sitting ~6.9 hrs (45%) 

Active ~8.6 hrs (55%) 

Waking  ~14.9 hrs 

Sitting ~6.8 hrs (46%) 

Active ~8.1 hrs (54%) 



•   Type of activity: Occupation, leisure-time, but not household 
 

•   Time spent in activity-related behaviors captured by 

decomposing key elements of the behaviors to estimate the mean 

duration for the past year (months/year; days/week; time per 

occasion).   

 

• Development of questionnaire-based process to obtain 

quantitative estimates of habitual activity patterns (past 

year) 

• Use of METs to estimate the energy cost of behaviors 

taking into account body mass, where,… 

  MET = work metabolic rate/basal metabolic rate 

“We are not deluded into thinking these are precise 
quantitative values.  However, using three or four groups of 
people of different habitual activity enables one to test 
hypotheses about the relationship of physical activity to 
biomedical measurements, risk factors, et cetera.” 
 
Montoye  AJCN 24:1113, 1971 

Henry Montoye’s contribution 



Example: Overall sitting in one question 

Streamlined assessments in current 

etiologic/prospective studies 

NIH-AARP Diet and Health Study 

 

 

 

 

 

 

 

 

 

 

National Health and Nutrition Examination Survey 



Marshall et al. MSSE 42:1094, 2010 

Examples of domain/behavior-specific 

questions 



Limitations of Questionnaires to Estimate Usual 

Physical Activity (PA) and Sedentary Behavior 

• Success in etiologic studies, but measurement 

errors are large 

• Cognitive demands associated with reporting long-

term averages are extraordinary  

• Scope of questionnaires often limited (e.g., only 

leisure-time, television, or MVPA) 

• Systematic reporting errors typically assumed 

(i.e., social desirability) 
 

• Assessment of sedentary behavior in its infancy 

 

 



Options for improving measures of activity-related behaviors 

and obtaining better estimates of behavior-disease 

associations 

Participant’s 

behavior 
Reporting 

error 

Assessment  

Instrument 

(analytic error) 

Behavior-disease 

association  

observed 

Attenuation 

Current status: Large measurement errors and high levels of attenuation 

Participant’s 

behavior 
Reporting 

error 

Assessment  

Instrument 

(analytic error) 

Behavior-disease 

association  

observed 

Attenuation 

Option 2: Eliminate reporting errors: use objective indicators of behavior  

(e.g., accelerometers) 

Participant’s 

behavior 
Reporting 

error 

Assessment  

Instrument 

(analytic error) 

Behavior-disease 

association  

observed 

Attenuation 

Option 1. Use measurement error correction methods to minimize the impact of  

reporting errors 

 

Participant’s 

behavior 
Report error 

Assessment  

Instrument 

(analytic error) 

Behavior-disease 

association  

observed 

Attenuation 

Option 3. Use short-term recalls to reduce the amount of reporting error  

in active and sedentary behaviors  

 

Matthews et al. ESSR (in press) 2012 = application of measurement error correction models 



Rationale for Short-term Recalls in Large-

scale Studies 

Short-term PA recalls (diaries, previous-day 

recalls) 

• Often used as a reference instrument (assumed 

more valid). 

• Rarely used as a primary exposure due to expense 

(to studies) and burden (on participants). 
 

Internet-based implementation 

• Automated data collection/scoring 

• Economies of scale 

• A modest number of recalls may be sufficient (for 

many “current” behaviors) 

 



An Internet-based Approach: Activities Completed by 

Time in 24 Hours (ACT24) Activities Completed by Time in 24 Hours (ACT24)  

Development Team 

 

Steven Moore 

Heather Bowles 

Amy Subar 

Gordon Willis 



Activities Completed by Time in 24 

Hours (ACT24) System 

Objective  

• To assess how adults spend their time in sleep, 

active, and sedentary behaviors over 24-hrs via 

an automated email/web-based system 

 Development 

• Review extant PA instruments and time use data 

• Feasibility testing (NIH-AARP participants) 

• Cognitive testing (card sorting, usability testing) 

 



 

ACT24 Design Considerations 

• 14 Major categories 

• 111 individual activities (plus “Other”) 

• Exercise/sports search (~110 activities) 

• Four 6 hour time-periods 

 



 

Activities added  

      to timeline 

Posture-based estimates 

of sedentary time 



ACT24 Next Steps 

Methodological Studies 
 

MEASURE Studies 

• ACT24 vs. DLW, PA Monitors (ActiGraph, activPAL) 
 

 

Quantify error structure in self-report relative to reference 

instruments 

•  Active behaviors (hrs/d, PAEE), sedentary behaviors (hrs/d) 

 

Determine optimal sampling strategy to estimate usual 

amount (long-term average) of active/sedentary behavior  

•  How many days, how many periods/seasons (per year)? 

 



ACT24 Next Steps  

MEASURE  Studies 

• Lifestyle Validation Studies (Harvard School of 

Public Health) 

– Nurse’s Health Study (women); N=750  

• Started Fall 2010, just completed 

– Health Professionals Follow-up Study (men); N=750 

• Starting Spring 2012 
 

• Interactive Diet & Activity Tracking in AARP (iDATA, 

US National Cancer Institute) 

– AARP (women, men); N=760 

– Started Winter 2012 

 

 



Development of Researcher Site  

• Provide access to external studies 

• Fall/winter 2012 
 

 

If you want to take a look 
 

ACT24 Next Steps (continued) 

http://act24demo.westat.com 



Summary / Conclusions 

Better measures of active and sedentary 

behavior are needed in in large-scale 

epidemiologic studies  

 

Internet-based measures may enable 

implementation of less error prone 

(“traditional”) methods in large-scale 

epidemiologic studies  



Thanks! 
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What kinds of studies do our 

measures need to serve? 

Association studies (etiology of active and 
sedentary behaviors and disease outcomes, 
determinants studies) 
• Long-term average, or usual level of behavior 

• Specificity: targeted behaviors & contexts 
 

Interventions (assess changes in sedentary time in 
response to intervention messages) 
• Specificity  (targeted behaviors) / responsiveness 

 

Surveillance (estimate population average, or 
prevalence during specific period of time). 
• Specificity  (behaviors tracked by PHS) 

 



Additional Questions for Certain 

Behaviors 

Transportation  

• Purpose of trip (e.g., commuting, errands, etc) 
 

Sports/exercise 

• Details about selected activities (e.g., walking, 

running, swimming distance) 

• Rating of perceived exertion (relative intensity) 

• Contextual information (where?, with whom?) 



Approaches to Self-Reported Physical Activity 

Category    Level of Detail Timeframe        Uses 

Diaries           High (all activities) Real time          Validation 
 

Logs           High (specific activities)    Real time, past day    Intervention 

                 adherence 
 

Recalls          Medium (selected activities)   Past 1 to 7 days         Changes,   

                           current activity 
 

Question-      Medium (selected activities)   Past year, usual         Usual activity 

naires 
 

Global            Low (broad categorization) Current, unspecified    Ranking usual 

surveys       activity 

 

Adapted from Sternfeld JPAH 9:S19, 2012 



Test-retest (9 wk) reliability (ICC) for the Past Year 

Total Physical Activity Questionnaire 
Friedenreich et al. AJE 163: 959, 2005 

Men (n=75) Women (n=79)
0.0

0.2

0.4

0.6

0.8

1.0

Total PA

Occupation

Household

Recreational

In
tr

a
-c

la
s
s
 C

o
rr

e
la

ti
o

n
 (

IC
C

)



 

Matthews et al. MSSE 44: S68, 2012 



Reliability and prevalence of reporting in 

the Yale PA Survey, by activity type 
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Study Types and Objectives 

Consider three study types,… 

 

1. Surveillance  (public health objectives) 

2. Interventions (behavior change) 

 

 
 

3. Association studies (etiologic relations) 

Population estimates 

(means, prevalence [%]) 

Individual estimates 

(classification) 



Accuracy: 

Long-tern  

Recall 

Higher 

Lower 

Characteristics of free-living active/sedentary behaviors 

High frequency (weekly, within-day) 

Short duration (daily) 

Spontaneous/unstructured 

Lower frequency (within wk or day) 

Long duration (per day, 10+ mins) 

Planned/structured 

Characteristics of behavior, cognition, 

and accuracy of long-term recall 

Estimation strategies 

Recall specific  

events / behaviors 

Exercise 

Occupation (broad) 

Television 

Commuting 

Housework 

Occupation (details) 

Common daily activities 

Sedentary time 

Light, moderate activity 


