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Growth of wearable sensors



Oh my how they have grown ☺

Jawbone circa 2013 Garmin 2018



Health Outcome Physical 
Activity

All-cause mortality ✔

Cardiovascular disease ✔

Stroke ✔

Hypertension ✔

Atherogenic dyslipidemia ✔

Type 2 diabetes ✔

Obesity ✔

Bone health ✔

Physical function/falls ✔

Some cancers ✔

Cognitive function ✔

Depression ✔



Health Outcome Physical 
Activity

Sedentary 
Behavior

All-cause mortality ✔ ✔

Cardiovascular disease ✔ ✔

Stroke ✔ ✔

Hypertension ✔ ✔

Atherogenic dyslipidemia ✔ ✔

Type 2 diabetes ✔ ✔

Obesity ✔ ✔

Bone health ✔ ✔

Physical function/falls ✔ ✔

Some cancers ✔ ✔

Cognitive function ✔ ✔

Depression ✔ ✔



Health Outcome Physical 
Activity

Sedentary 
Behavior

Sleep

All-cause mortality ✔ ✔ ✔

Cardiovascular disease ✔ ✔ ✔

Stroke ✔ ✔ ✔

Hypertension ✔ ✔ ✔

Atherogenic dyslipidemia ✔ ✔ ✔

Type 2 diabetes ✔ ✔ ✔

Obesity ✔ ✔ ✔

Bone health ✔ ✔ ✔

Physical function/falls ✔ ✔ ✔

Some cancers ✔ ✔ ✔

Cognitive function ✔ ✔ ✔

Depression ✔ ✔ ✔



Validation of commercial-
and research-grade 
sensors for 24-hour 

assessment of behaviors.

Smartphone ‘apps’ for 
behavior change across 
the 24-hour spectrum for 
cardiometabolic health

BeWell24

“…understanding the dynamic interplay of sleep, sedentary, and more active 
behaviors, and how collectively these behaviors may be harnessed for health 

promotion and disease prevention.” 

Sedentary behavior in the 
workplace



Outline for today’s talk

1. Using wearables to assess and monitor 24h 
behaviors

2. Novel analytics in 24h data

3. Using wearables (and smartphones) to intervene
across the 24h



Using wearables to assess and monitor 
behaviors across the 24 hours



Accuracy of smartphone applications and wearable
devices for tracking physical activity data

JAMA 2015; 3313(6): 626



Validation of wearable monitors
10 sensors 23 activities 3 Sub-studies Sample

Stepwatch
Omron HJ-112
Actigraph GT3x+
Fitbit One
Jawbone UP
Fitbit Flex
Nike Fuelband
Geneactiv
Sensewear
Zephyr Bioharness

Free ambulation (8)
Graded ambulation (4)
Treadmill (8)
Non ambulatory (3)

Lab-based validation

Free-living validation -
with sleep (n=30)

Ongoing monitoring 
(behavior change)

48 normal weight
48 overweight
48 obese
24 tall
24 elite runners
96 seniors

288 total



Results Percent Error (%)



Equivalency (N=160)

Grayed regions indicate proposed equivalence range (±10% of direct observation mean); 
Error bars indicate 90% confidence interval for accelerometer means

Jawbone UP (wrist)

Fitbit Flex (wrist)

Nike Fuelband (wrist)

Fitbit One (hip)

Omron HJ-112 (hip)



Proprietary algorithms

Fitbit Flex more 
accurate than 

Jawbone UP at 
2mph

Jawbone UP more 
accurate than Fitbit 

Flex at 3mph



Twenty-four Hours of Sleep, Sedentary 
Behavior, and Physical Activity with Nine 
Wearable Devices



Some questions/reflections on these data (and 
others)

1. How accurate is accurate enough?

2. How much does wearability matter?

3. Do they change behavior?



This study found no evidence for 
initial efficacy as a stand-alone 

tool for increasing physical activity 
or improving sleep.





Novel analytics for wearable data 
across the 24 hours



Isotemporal Substitution Method

Target Behavior Replace with… Health Outcome

↓Television viewing ↑Brisk walking
↑Desk work
↑Sleep
↑Household chores

???
???
???
???

↓Sleep ↑Running
↑Sitting

???
???

• 24h day is distributed between sleep, sedentary, 
and active behaviors
• Time in finite; increasing one behavior means 
decreasing another



For a fixed amount of time engaged in physical activity, activity choice 
may affect body weight differentially depending partly on other activities’ 
displacement. Typical models used to evaluate effects of physical activity 

on body weight do not directly address these substitutions.



Nutritional and Health Examination Survey (NHANES)

(N=2185 adults >20 years of age)

Outcomes: Cardiometabolic risk factors

Sedentary
<100 cts/min

Light
100-1,951 cts/min

MVPA
≥1,952 cts/min

Total Activity

Sleep
Self-reported



Results (per 30min re-allocation)

2.4% to 2.6% 
reduction

4.3% to 4.4% increase

7.4% to 9.3% 
reduction

10.7% to 14.4% 
reduction

No re-allocation differences between 
sleep and light intensity (LIPA)

2.2% reduction (HOMA-B also)







Behavioral periodicities

Continuous raw wrist-worn accelerometry data (40hz – sampled to 1min 
epoch)

Looking for patterns (e.g., daily, weekly, annual)



Behavioral periodicities are repeating patters



Changes in behavioral periodicity strength over 
time



Behavioral periodicities and health outcomes



Using wearables to intervene across 
the 24 hours



BeWell24 Smartphone “app” that uses evidence-
based behavioral strategies to target the full 24h 
spectrum of health behaviors 



Activity Monitoring

• Users self-report behaviors 
across the 24h

• Able to report context of 
behaviors
• Sleep quality metrics
• Domains of sitting (e.g., work, TV, 

transport)
• Types of exercise

• Ideally 5min in morning and 5min 
in evening



Sleep

• Evidence-based treatment to re-
associate bed with restful sleep

• Personalized wake time 
calculator with feedback

• Basic sleep hygiene tips



Sedentary
• Focus on reducing time 

spent sitting by swapping 
sitting with other 
activities

• Gives context-specific 
(i.e., work, TV) feedback 
and tips



Physical activity
• Provides automated 

goal suggestions 
based on previous 
behavior

• Provides user-
generated tips for 
motivation



BeWell24 Pilot study (N=26)

M
O

ST
 d

es
ig

n

Continuous sleep, sedentary, and activity via accelerometry

Timeline
Intervention periodRun-in (3 weeks) Week 8Week 0

Goal setting for physical activity with 
personalized and adaptive feedback

Behavioral replacement for context-specific 
sitting behaviors with personalized and adaptive 
feedback

Stimulus control therapy for sleep with 
personalized and adaptive feedback

Behavioral self-monitoring

Assess

Week 8Week 0 Week 4

Behavioral outcomes: 
Physical activity and dietary 
recalls, Postural allocation

Cardiometabolic outcomes: Waist 
circumference, blood pressure, lipids, 
leptin, IL-6, glucose/insulin, proteomics



Participants

• 49 ± 9 years (range: 36-65)

• 85% men

• 73% Caucasian

• BMI = 35.0 ± 8.3 kg/m2

• 81% retention



Synergistic results
7% increase in 
sleep efficiency

12% of 47 min/day 
in sitting

105% or 11 min/day of 
moderate-vigorous physical activity

12.3% reduction in 
fasting glucose



“Smartphone-delivered Diabetes Prevention in the 
VA” (in progress)

NIH: R18DK109516 (PI: Buman & Reaven)

Aim

To test whether BeWell24 app + FitBit 
will improve glucose metabolism 
(fasting glucose, HbA1c) over 9 
months relative to usual care. 



Fitbit integrated components



Linking wearable data back to providers



“SleepWell24: An Innovative Smartphone App to Improve PAP 
Adherence” (in progress)

NIH: R21NR016046 (PI: Buman & Petrov)



Integration with clinical team: “Show my provider”



Some final thoughts on wearable 
technology for 24 hour behaviors



Where are we on activity identification?
• Progress has been slower than 

expected

• Few accessible models currently 
exist

• Industry is much further along 
than researchers

Walking upstairs

Walking downstairs

Self-paced walking



Pick your sensors carefully

• Be clear about your purpose

• Self-monitoring is a critical component of 
successful behavior change

• Don’t be afraid to use both

• Leverage consumer devices for trajectory 
and process purposes



24-hour monitoring brings new challenges
Sedentary time looks a lot like sleep

Recommend using a log (for now)

Also brings new opportunities and metrics



Thank you!

Matthew Buman, PhD, FACSM, FSBM
mbuman@asu.edu



Temporal Association Studies
Between-person – “average effects”

Within-person – “daily effects”

Exercise Sleep

E S E S E S E S

Day 1 Day 2 Day 3 Day 4

CHRONIC

ACUTE



Subjective PA and sleep (daily diary)
N = 79 older adults x 126 observations

Between-person – “average effects”

Within-person – “daily effects”

Exercise WASO

E SQR E E E

Dzierzewski, Buman, et al., 2014, J Sleep Res

Day 1 Day 2 Day 3 Day 4

CHRONIC

ACUTE

SQR SQR SQR



Objective PA and sleep (Actigraph & Actiwatch)
N = 143 older women x 7 observations

Between-person – “average effects”

Within-person – “daily effects”

Exercise Sleep

E TST, 
SE E E E

Lambiase, et al., 2014, Med Sci Sports Exerc

Day 1 Day 2 Day 3 Day 4

CHRONIC

ACUTE

TST, 
SE

TST, 
SE

TST, 
SE



• Leveraging intensive longitudinal data we are already collecting

• Exploiting within-person variability in behavior, biology, and affect

• Offers an opportunity to study the “context” of movement behaviors “in 
the moment” in an ecologically valid setting



Intensive measures of sedentary time, 
affect/mood, and glucose

activPAL micro

Freestyle Libre 
continuous 
glucose monitor

Affective prompts via EMA Meynard Toledo



Affective states



EMA and CGM matched with activPAL



Dietary 
Log

Create ASA24 
accounts

Enter dietary logs 
in ASA24

Calculate 
macronutrients of 

meals

Summarize by 
meal

Item File

Merge with the 
account file

Dietary Dataset

ASA24 Account 
File

CGM
(5-min 
epoch)

activPAL
(Events file)

Identify and 
remove potential 

non-wear

Expand to 1-min 
epochs

Merge with daily 
log

Daily Log File

Tag wake/sleep 
period

1-min AP File

Expand to 1-min 
epochs

Merge with 1 min 
AP file

Identify invalid obs
(Scan for moving SD of 20 

observations)

SD = 0

BG set to missing Retain BG value

Ye
s

N
o

Merge with 
dietary dataset

Tag postprandial 
periods

Collapse to 5-min 
epoch

5-min 
CGM+AP+Diet 

File

https://drive.google.com/open?id=1yKlltr-FFsRjm0PFv_qdMjkM2u8Ziy6B
https://drive.google.com/open?id=1yTSBid8we54cVLlbfh3roAXj6JiEcYvQ
https://drive.google.com/open?id=1ydYHtrascE--WHZ_y5dVM0VbvxqIIkeg
https://drive.google.com/open?id=1yc2sPYLekmJKtHR2yiACS6VLwjO0qKBa
https://drive.google.com/open?id=1yf9fD3ydbgpJAGt3wGBwT22QmHQMkJkw




Relationship of glucose with sedentary and more active behaviors. Figures A and B plot the change in predicted glucose values from the 
models that exclude behaviors in the final model. Figures C and D plot the change in glucose levels (kt-kt-1) from previous observation against 
sitting and LPA.

Sitting time Light-intensity PA time



Implications of temporal association studies
● Understanding the contextual circumstances of behaviors

● Intensively-adapting interventions

● Multi-level decision-making framework (system science)
○ just-in-time strategies (e.g., prompts)
○ shaping strategies (e.g., self-monitoring, feedback)



Accelerometer and Direct Observation 
Assessment of Physical Activity: 

Application in Children and Adolescents 

David Dzewaltowski, Ph.D.

Ann M. Essay, MPH



Disclosures
• Whole-of-Community Systems Intervention for Youth 

Population Physical Activity
• R01CA215420-01A1, NIH, National Cancer Institute 

• Indigenous Qualitative Inquiry in Implementation Science 
of Community Hub Coalitions in Whole-of-Community 
Systems Interventions
• R01CA215420-02S1

• Dissemination of the Evidence-Based SWITCH® Program 
for Childhood Obesity Prevention
• 2015-68001-23242, USDA, National Institute of Food and 

Agriculture

• Evaluating a Systems-Based Health Intervention for 
Middle School Wellness 
• R21 HD090513-01A1, NIH, NICHD

• Patient-Clinic-Community Integration to Prevent Obesity 
among Rural Preschool Children

• Patient Centered Outcomes Research Institute 

“Research reported in this publication was supported by the National Cancer Institute of the National Institutes of Health under Award 
Number R01CA215420. The content is solely the responsibility of the authors and does not necessarily represent the official views of the 
National Institutes of Health.”



Agenda

• The Phenomenon of Physical Activity
• Assessment Using Accelerometers
• Assessment Using Observation
• Concurrent Use of Accelerometers and Observation

• Research Question
• Context-Behavior Relations

Physical Activity



What is Physical Activity?

U.S. Department of Health and Human Services. (2018). Physical Activity Guidelines for Americans, 2nd edition. Washington, DC: U.S. Department of Health and Human Services.

Physical Activity Phenomenon



Physical Activity Phenomenon

Research Question Drives PA Definition and Measurement

Intervention
(Context)

Health 
Outcome

IPhysical
Activity

Construct
Definition

Operational
Definition



PA Construct Definition and Measurement

• Physical activity. Bodily 
movement produced by 
skeletal muscles that results in 
energy expenditure. The term 
does not require or imply any 
specific aspect or quality of 
movement and encompasses 
all types, intensities, and 
domains. 

• Movement Behavior or Energy 
Expenditure?
• Mode?

• Intensity?

• Duration?

• Frequency?

• Volume?

• Meeting Physical Activity Guidelines?

2018 Physical Activity Guidelines Advisory Committee. 2018 Physical Activity Guidelines Advisory Committee Scientific Report. Washington, DC: U.S. Department of Health and Human 
Services, 2018. 

Physical Activity Phenomenon



PA Construct Definition and Measurement
• Absolute intensity. The rate of energy 

expenditure required to perform any given 
physicalactivity. It can be measured in 
metabolic equivalents, kilocalories, joules, or 
milliliters of oxygen consumption. 

• • Metabolic equivalent of task (MET). A unit 
that represents the metabolic cost of physical 
activity. One MET is the rate of energy 
expenditure while sitting at rest, which, for 
most people approximates an oxygen uptake 
of 3.5 ml per kg per min. The energy 
expenditure of other activities is expressed in 
multiples of METs.For example, for the 
average adult, sitting and reading requires 
about 1.3 METs, strolling or walking slowly 
requires about 2.0 METs, and running at 5 
miles per hour requires about 8.3 METS. 

Absolute rates of energy expenditure are 
commonly divided into four categories: 
• Sedentary activity. Activity requiring 1.0 to 

1.5 METs, such as sitting and reading or 
watching television, or standing quietly. 

• Light intensity. Activity requiring 1.6 to less 
than 3.0 METs, such as walking at a slow pace 
(2 mph or less) or cooking. 

• Moderate intensity. Activity requiring 3.0 to 
less than 6.0 METs, such as walking briskly (3 
to 4 mph), mopping or vacuuming, or raking a 
yard. 

• Vigorous intensity. Activity requiring 6.0 or 
greater METs, such as walking very fast (4.5 to 
5 mph), running, mowing grass with a hand-
push mower, or participating in an aerobics 
class. 

2018 Physical Activity Guidelines Advisory Committee. 2018 Physical Activity Guidelines Advisory Committee Scientific Report. Washington, DC: U.S. Department of Health and 
Human Services, 2018. 

Physical Activity Phenomenon



PA Construct Definition and Measurement

Validity
• Interpretation/Use Argument 

(Kane, 1992, 2002b, 2006, 2013)
• “Validity is not a property of the test. Rather, 

it is a property of the proposed inter-
pretations and uses of the test scores. 
Interpretations and uses that make sense and 
are supported by appropriate evidence are 
considered to have high validity (or for short, 
to be valid), and interpretations or uses that 
are not adequately supported, or worse, are 
contradicted by the available evidence are 
taken to have low validity (or for short, to be 
invalid).  (Kane, 2013, p. 3)

Validity for what
• Movement Behavior or Energy 

Expenditure?
• Mode?

• Intensity?

• Duration?

• Frequency?

• Volume?

• Meeting Physical Activity Guidelines?

Physical Activity Phenomenon



Physical Activity Phenomenon

Haskell, W. L. (2009). Evolution of physical activity recommendations. Epidemiologic methods in physical activity studies, 283, 301.

• Exercise Training Paradigm
• Pre 1995
• Goal was fitness/performance

• Health Paradigm
• Goal was health



History of the Physical Activity Guidelines

20182008 2013

Physical Activity Phenomenon



Physical Activity Phenomenon

Haskell, W. L. (2009). Evolution of physical activity recommendations. Epidemiologic methods in physical activity studies, 283, 301.



Physical Activity Phenomenon

Haskell, W. L. (2009). Evolution of physical activity recommendations. Epidemiologic methods in physical activity studies, 283, 301.



Relationships of MVPA to all-cause mortality, with 
highlighted characteristics common to studies of this type. 
Shown is the relation of leisure time physical activity 
amount and HR for mortality. The points shown represent 
the mortality HR for each of the physical activity 
categories; the vertical lines represent the 95% CI for that 
physical activity category. The reference category no 
leisure time physical activity. The lines connecting the 
points help to illustrate the dose–response relationship 
between physical activity and risk of mortality; the shape of 
the association shown here is similar to that obtained using 
spline modeling. As discussed in the text and displayed in 
this graphic, the characteristics of this curve seems to apply 
for most studies of the relationships of MVPA with all-
cause and CVD mortality, as well as with incident coronary 
artery disease, ischemic stroke and all-cause heart failure: 
there is no lower threshold for effect; there is a steep, 
early slope; about 70% of the benefit obtained by physical 
activity alone is reached by 8.25 MET·h·wk−1 (150 min of 
“brisk walking” (3 mph); there is not apparent upper 
threshold for effect; there is no evidence for increased risk 
at the greatest amounts of physical activity; and there is 
not obvious “best amount.” Source: adapted from Moore 
et al. (17).

Copyright © 2020 by the American College of Sports Medicine 13

Physical Activity, All-Cause and Cardiovascular Mortality, and 
Cardiovascular Disease

KRAUS, WILLIAM E.; POWELL, KENNETH E.; HASKELL, WILLIAM L.; 
JANZ, KATHLEEN F.; CAMPBELL, WAYNE W.; JAKICIC, JOHN M.; 
TROIANO, RICHARD P.; SPROW, KYLE; TORRES, ANDREA; PIERCY, 
KATRINA L.; FOR THE 2018 PHYSICAL ACTIVITY GUIDELINES 
ADVISORY COMMITTEE*

Medicine & Science in Sports & Exercise51(6):1270-1281, June 
2019.

doi: 10.1249/MSS.0000000000001939

Physical Activity Phenomenon

https://journals.lww.com/acsm-msse/Fulltext/2019/06000/Physical_Activity,_All_Cause_and_Cardiovascular.22.aspx


Relationships of MVPA to all-cause mortality, with 
highlighted characteristics common to studies of this type. 
The ranges of physical activity relative to 2008 US Physical 
Activity Guidelines for aerobic activity are shown as ranges. 
There is no increase in risk noted up to 10 times the 
current guidelines PA amounts. Source: adapted from 
Arem et al. (15).

Copyright © 2020 by the American College of Sports Medicine 14

Physical Activity, All-Cause and Cardiovascular Mortality, and 
Cardiovascular Disease

KRAUS, WILLIAM E.; POWELL, KENNETH E.; HASKELL, WILLIAM L.; 
JANZ, KATHLEEN F.; CAMPBELL, WAYNE W.; JAKICIC, JOHN M.; 
TROIANO, RICHARD P.; SPROW, KYLE; TORRES, ANDREA; PIERCY, 
KATRINA L.; FOR THE 2018 PHYSICAL ACTIVITY GUIDELINES 
ADVISORY COMMITTEE*

Medicine & Science in Sports & Exercise51(6):1270-1281, June 
2019.

doi: 10.1249/MSS.0000000000001939

Physical Activity Phenomenon

https://journals.lww.com/acsm-msse/Fulltext/2019/06000/Physical_Activity,_All_Cause_and_Cardiovascular.22.aspx


Dose–response relationships between total physical 
activity and risk of breast cancer, colon cancer, diabetes, 
ischemic heart disease, and ischemic stroke events using 
174 studies (43 for ischemic heart disease, and 26 for 
ischemic stroke). For reference, shown are the lower end 
(red arrows and dotted line) and upper bounds (green 
arrows and dotted line) of the 2008 guidelines for MVPA. 
Also indicated is the MVPA amount associated with 
normalization of the risk from >8 h·d−1 of sedentary 
activity from Ekelund, 2016 (8) (gold arrows and dotted 
line). The latter would represent the amount of physical 
activity required to compensate for an entirely sedentary 
lifestyle. The risk for ischemic heart disease and ischemic 
stroke are reminiscent of the characteristic dose–response 
relationships established for all-cause and cardiovascular 
mortality noted previously and in Figure 2. The universality 
of the dose–response relationships described in the 
caption of Figure 2 to other outcomes—such as type 2 
diabetes and some cancers—are shown in this figure. 
Reproduced with permission from Kyu HH, Bachman VF, 
Alexander LT, et al. Physical activity and risk of breast 
cancer, colon cancer, diabetes, ischemic heart disease, and 
ischemic stroke events: systematic review and dose–
response meta-analysis for the global burden of disease 
study 2013. BMJ. 2016;354:i3857. Copyright © 2013 BMJ 
Publishing Group Ltd.
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Physical Activity, All-Cause and Cardiovascular Mortality, and 
Cardiovascular Disease

KRAUS, WILLIAM E.; POWELL, KENNETH E.; HASKELL, WILLIAM L.; 
JANZ, KATHLEEN F.; CAMPBELL, WAYNE W.; JAKICIC, JOHN M.; 
TROIANO, RICHARD P.; SPROW, KYLE; TORRES, ANDREA; PIERCY, 
KATRINA L.; FOR THE 2018 PHYSICAL ACTIVITY GUIDELINES 
ADVISORY COMMITTEE*

Medicine & Science in Sports & Exercise51(6):1270-1281, June 
2019.

doi: 10.1249/MSS.0000000000001939

Physical Activity Phenomenon

https://journals.lww.com/acsm-msse/Fulltext/2019/06000/Physical_Activity,_All_Cause_and_Cardiovascular.22.aspx


Research Question Drives Definition

Definition Outcome Measure
• MET-h/w
• % time in moderate-to-vigorous physical 

activity 

• Min of MVPA per day or per week 
• Meeting physical activity guidelines?

Physical Activity Phenomenon

• Physical activity is?



Summary -Research Question Drives Definition

• Begin with research question and basic assumptions

• Our Work
• Physical activity is a word that defines a classification of high 

frequency movement behavior

• Research Questions
• What drives PA (PA)?
• What interventions impact drivers impact population health PA?

Physical Activity Phenomenon



Physical Activity Phenomenon





Accelerometry



• Intensity 
• Cut points for behavior 

frequency
• Duration

• 15 sec or 30 sec bouts
• Frequency

• Min MVPA/Day

• Volume
• Time spent in sedentary, light, moderate, 

and vigorous intensity physical activity 
(PA) can be quantified 

• Mode
• ?

Accelerometry



Physical Activity Measurement
Data collection decisions
• Device placement 

• Hip (Wrist challenges)
• Wear time

• 7-days
• Time Segment

• Data collection sampling 
frequency
• Smallest possible  - Leave 

to data processing
• Epoch length

Accelerometry



Physical Activity Measurement
Data processing decisions
• Cut point
• Time segment

Accelerometry



Physical Activity Measurement
Youth-Specific Cut Points

Author Sedentary Light Moderate Vigorous

Evenson et al. ≤100 >100 ≥2296 ≥4012

Freedson et al. ≤100 >100 ≥2200 ≥4136

Mattocks et al. ≤100 >100 ≥3581 ≥6130

Pate et al. ≤148 >148 ≥1680 ≥3368

Puyau et al. <800 ≥800 ≥3200 ≥8200

Treuth et al. ≤100 >100 ≥3000 ≥5200

Counts per minute

Accelerometry



Norm Standard
Recommended
• Hip-worn
• 7-day monitoring period

Challenges
• Compliance
• Valid day, valid week
• Cut points

Accelerometry



“It is the theory that describes 
what we can observe”

Observation of behavior in the 
natural environment

Jane Goodall (1934 – )Albert Einstein (1879 - 1955) 
Physicist & Nobel Laureate

Naturalistic Observation



Event – Unit of observation 

Individual Group

Observation

Place



School

Recess Recess PEClassroom ClassroomLunchClassroom

Event - Spatial and Temporal Boundaries

Observation



Event – Sampling Time

Instantaneous 
Moment

Continuous

Observation



Direct Observation Systems
Observation



Observation Unit – Place Assessment of Target Areas

McKenzie, T. L., Marshall, S. J., Sallis, J. F., & Conway, T. L. (2000). Leisure-time physical activity in school environments: an observational study using SOPLAY. Preventive medicine, 30(1), 70-77.
McKenzie, T. L., Cohen, D. A., Sehgal, A., Williamson, S., & Golinelli, D. (2006). System for Observing Play and Recreation in Communities (SOPARC): reliability and feasibility measures. Journal of Physical Activity and Health, 3(s1), S208-S222.

SOPARC and SOPLAY
Observation

Write in the most 
prominent (primary) 
physical activity that 
females and males are 
doing in the area. If 
applicable, write in the 
second most prominent 
physical activity (secondary) 
that females and males are 
doing. A space is also 
provided to write in the 
most prominent activity 
attracting female and male 
onlookers/spectators to the 
area (this only applies to 
organized activities). 



Unit of Observation
• Individual

Time Boundary
• 30-minute observation block

Sampling Method 
• Focal Sampling

• One focal child
• Temporal Sampling

• Momentary time sampling
• 5 second observe, 25 second 

record
• Highest level of PA exhibited 

during observation window

Brown, W. H., Pfeiffer, K. A., McIver, K. L., Dowda, M., Almeida, J. M., & Pate, R. R. (2006). Assessing preschool children's physical activity: the Observational System for Recording 
Physical Activity in children-preschool version. Research quarterly for exercise and sport, 77(2), 167-176.

Observational System for Recording Physical Activity of Children 

OSRAC-P
Observation



Brown, W. H., Pfeiffer, K. A., McIver, K. L., Dowda, M., Almeida, J. M., & Pate, R. R. (2006). Assessing preschool children's physical activity: the Observational System for Recording 
Physical Activity in children-preschool version. Research quarterly for exercise and sport, 77(2), 167-176.
Puhl, J., Greaves, K., Hoyt, M., & Baranowski, T. (1990). Children's Activity Rating Scale (CARS): description and calibration. Research Quarterly for Exercise and Sport, 61(1), 26-36.

OSRAC-P
Observation



• Influences on PA of children with 
Autism Spectrum Disorders (ASD) 
during summer camp

• 6 ASD and 6 neurotypical (NT) boys (5 
to 6 years of age)

• PA codes aggregated to create variable 
for sedentary, light and MVPA, and 
MVPA

Schenkelberg, M. A., Rosenkranz, R. R., Milliken, G. A., & Dzewaltowski, D. A. (2015). Social environmental influences on physical activity of children with 
autism spectrum disorders. Journal of Physical Activity and Health, 12(5), 636-641.

OSRAC-P
Observation



Unt of Observation
• Group

Time Boundary
• Total setting time (e.g. total PE class)

System for Observing Fitness Instruction Time (SOFIT)

Sampling Method 
• Focal Sampling

• Choose 4 children and 1 alternate
• Follow each child for 4 minutes then rotate

• Temporal Sampling
• Interval (teacher behavior)
• Momentary time sampling (context, PA)
• 10 second observe, 10 second record
• Point estimate

McKenzie, T. L., Sallis, J. F., & Nader, P. R. (1992). SOFIT: System for observing fitness instruction time. Journal of teaching in physical Education, 11(2), 195-205.

SOFIT
Observation



McKenzie, T. L., Sallis, J. F., & Nader, P. R. (1992). SOFIT: System for observing fitness instruction time. Journal of teaching in physical Education, 11(2), 195-205.

SOFIT
Observation



The El Paso Coordinated Approach to Child Health

Coleman, K. J., Tiller, C. L., Sanchez, J., Heath, E. M., Sy, O., Milliken, G., & Dzewaltowski, D. A. (2005). Prevention of the epidemic increase in child risk of overweight 
in low-income schools: the El Paso coordinated approach to child health. Archives of pediatrics & adolescent medicine, 159(3), 217-224.

SOFIT
Observation



• Physical activity during PE class was assessed 
• Each school was observed for grades 3, 4, 5, for 8 observation periods per year

Coleman, K. J., Tiller, C. L., Sanchez, J., Heath, E. M., Sy, O., Milliken, G., & Dzewaltowski, D. A. (2005). Prevention of the epidemic increase in child risk of overweight 
in low-income schools: the El Paso coordinated approach to child health. Archives of pediatrics & adolescent medicine, 159(3), 217-224.

SOFIT
Observation



Observation 
Method OSRAC SOFIT

Level of Observation Individual Group

Focal Sampling 1 focal child 4 children and an alternate, 
follow each for 4 minutes

Temporal Sampling Momentary time sampling Momentary time sampling

Boundary 30-minute block Total setting time

Comparison of Two Systems
Observation



Observation Method OSRAC SOFIT

Physical Activity Measures 

1 – Stationary or motionless
2 – Stationary w/ limb or 

trunk movements 
3 – Slow-easy movements 
4 – Moderate movements 

5 – Fast movements 

1 – Lying
2 – Sitting 

3 – Standing
4 – Walking
5 – Vigorous 

Physical Activity Outcome Outcome of Individual Outcome of a Group 

Comparison of Two Systems
Observation



Sampling Methods

• Instantaneous / continuous 
• Individual / group/place
• Boundaries

Frequency and Length of Observations

• Number of measurements to 
correctly classify PA

• Depends on research question and 
setting

Key Considerations



Observer Training and Maintenance

• Study and memorization of protocols
• Practice videos
• Field practice

Observer Reliability

Other

• Time investment
• Access to settings

Key Considerations



Observing Context-Behavior Relations
Concurrent Observation and accelerometry



• Methods to collect data in real-time
• Electronic surveys through mobile phones

• Information about where and what type of activity

• Locations of PA
• Combine accelerometer, GPS, GIS

• Challenge to measure context 

Ecological Momentary Assessment

(Carlson et al., 2016; Dunton, 2017; Lee et al., 2016; Romanzini et al, 2019;  Zenk et al., 2011)



Context

OSRAC-P SOFIT

Contexts

Activity Type 
Location

Indoor Activity Codes
Outdoor Activity Codes

Activity Initiator
Group Composition

Prompts

Lesson Context
Teacher Behavior

Concurrent Observation and accelerometry



Schlechter, C. R., Rosenkranz, R. R., & Dzewaltowski, D. A. (2017). Girl Scout Troop Meeting Time-segmented Patterns Of Physical Activity Driven By Task.: 3145 
Board# 50 June 2 3. Medicine & Science in Sports & Exercise, 49(5S), 888.

• Continuous sampling to divide time into segments based on context 
characteristics

• Captures natural changes

Observing Drivers of PA 
Concurrent Observation and accelerometry



Concurrent Observation and accelerometry

Schlechter, C. R., Guagliano, J. M., Rosenkranz, R. R., Milliken, G. A., & Dzewaltowski, D. A. (2018). Physical activity patterns across time-segmented youth sport flag 
football practice. BMC public health, 18(1), 226.



Schlechter, C. R., Guagliano, J. M., Rosenkranz, R. R., Milliken, G. A., & Dzewaltowski, D. A. (2018). Physical activity patterns across time-segmented youth sport flag 
football practice. BMC public health, 18(1), 226.

Observing Drivers of PA 
Concurrent Observation and accelerometry



Schlechter, C. R., Guagliano, J. M., Rosenkranz, R. R., Milliken, G. A., & Dzewaltowski, D. A. (2018). Physical activity patterns across time-segmented youth sport flag 
football practice. BMC public health, 18(1), 226.

Concurrent Observation and accelerometry



• Accelerometry provides data for many different types of outcome 
measures

• Direct observation can provide contextually rich data on the influences of 
PA in real-world settings 

• Methods provide distinct types of data – choose method based on 
research question of interest

• Limited assessment of real-time activity and context, temporal 
components, or questions about the distribution of PA within settings

Summary



Accelerometry

Kim, Y., Beets, M. W., & Welk, G. J. (2012). Everything you wanted to know about selecting the “right” Actigraph accelerometer 
cut-points for youth, but…: a systematic review. Journal of Science and Medicine in Sport, 15(4), 311-321.

Migueles, J. H., Cadenas-Sanchez, C., Ekelund, U., Nyström, C. D., Mora-Gonzalez, J., Löf, M., ... & Ortega, F. B. (2017). 
Accelerometer data collection and processing criteria to assess physical activity and other outcomes: a systematic review and
practical considerations. Sports medicine, 47(9), 1821-1845.

Trost, S. G., Mciver, K. L., & Pate, R. R. (2005). Conducting accelerometer-based activity assessments in field-based research. 
Medicine & Science in Sports & Exercise, 37(11), S531-S543.

Direct Observation 

Protocols for direct observation systems available from Active Living Research (http://activelivingresearch.org/) 

McKenzie, T. L. (2002). The use of direct observation to assess physical activity. In G. Welk (Ed.), Physical activity assessments 
for health-related research (pp. 179-195). Champaign, IL: Human Kinetics.

McKenzie, T. L. (2010). 2009 C. H. McCloy Lecture: Seeing is believing: Observing physical activity and its contexts. Research 
Quarterly for Exercise and Sport. 81(2), 113-122.

Resources

http://activelivingresearch.org/
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Overview

• Use of surveillance 

• Physical activity surveillance – children & adults

• System-level physical activity surveillance

• Considerations 

• Resources



From: National Collaborative on Childhood Obesity Research (NCCOR)



Surveillance

“ongoing, systematic collection, analysis, and 
interpretation of outcome-specific data for use in the 

planning, implementation, and evaluation of public 
health practice”

Thacker, S. B., & Berkelman, R. L. (1988). Public health surveillance in the United States. Epidemiologic 
reviews, 10(1), 164-190.



• Use of surveillance: 
• Understand prevalence and trends 

• Extent of disease and behavior

• Inform public health interventions 
• Timely, effective decisions
• Monitor progress of efforts

• Resource allocation 

• Data have been used to develop the CDC growth charts 

| Use of Surveillance



• Data collected at an individual level  aggregated
• Age
• Race/ethnicity
• Region 

• Physical activity surveillance 
• Most are self-report 

• Some use of devices

• Domains of physical activity 
• Outcomes vary 

| Use of Surveillance



| Use of Surveillance



| Use of Surveillance





Children
• Variable physical activity patterns 

• Fewer bouts of continuous movement compared with adults 

• Difficult to recall physical activity

• Parent proxy – decent, but do parents know what their kids are 
doing at all times? 



• National surveillance systems for youth

• 1960s– National Health and Nutrition 
Examination Survey (NHANES)
• 2012 – National Youth Fitness 

Survey 

• 1991 - Youth Risk Behavior Survey 
(YRBS)
• High school students
• No national middle school survey 

| Children



| Children



| Children

NHANES
• Accelerometers

• 2003-2004, 2005-2006 cycles 
• 7-days, waist-worn
• Poor compliance – 25%

• 2011-2012, 2013-2014 cycles
• 7-days, wrist-worn (non-dominant wrist)
• Improved compliance – 70-80% compliance (6 days/wk)

(Troiano et al., 2014)



What’s Missing? 
• Limited surveillance for 2-14 years

• Limited in monitoring where and 
when children are active

• Limited in monitoring forms, or 
types, of activity

| Children



Youth Activity Profile (YAP)
• Developed for calibration 

• Assessment and promotion 

• When are children active? 
• School physical activity
• Out-of-school physical activity
• Sedentary time

| Children

Slide adapted from Greg Welk



| Children - YAP

 PA to School
 PE
 Recess
 Lunch
 PA from School

School Items 
(5)

Out-of-School 
Items (5)

Sedentary 
Items (5)

Before School
After School
Evening
Saturday
Sunday

Computer Time
TV time
Video Games
Cell Phone
Sedentary 

Slide adapted from Greg Welk



| Children - YAP
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Slide adapted from Greg Welk



| Children - YAP

• Multiple Levels
• Coordinator 
• School
• Student

• Full administrative controls

• Auto-generated reports

Slide adapted from Greg Welk



| Children - YAP

• Multiple Advantages
• Youth can learn about their 

behaviors
• Teachers can reinforce physical 

activity
• Schools gets summary report of 

outcomes
• Project leaders get aggregated 

data

Slide adapted from Greg Welk



Russell R. Pate, PhD, Kerry McIver, PhD, Marsha Dowda, PhD, 
Michaela A. Schenkelberg, MPH, Michael Beets, PhD, Christine 
DiStefano, PhD

Medicine & Science in Sports & Exercise, 2018

An Instrument for Surveillance of 
Physical Activity in Youth. 

Purpose: To apply state-of-the-
art psychometric methods in 
developing a youth physical 
activity self-report instrument 
that could be used in public 
health surveillance systems.

| Children



| Children

(Pate et al., 2018)



(Pate et al., 2018)



| Children

(Pate et al., 2018)



• Percentage of students who met MVPA guidelines:
• 23.1% of boys, 5.4% of girls

• Receiver operator characteristics (ROC)
• To determine optimal score to determine ≥60 min MVPA

• Sensitivity (Se), specificity (Sp), and area under the curve 
(AUC)

• Optimal score for detecting compliance: 22 
• Se = 0.90, Sp = 0.44, AUC = 0.68

| Children

(Pate et al., 2018)



| Children

(Pate et al., 2018)

• Multiple Advantages

• Items were identified and considered important by youth 
• Identified response format 
• Selected the items 

• Detects compliance with youth PA guidelines 
• Detects forms, or types, of physical activity

• Inform public health interventions 

• Supports both public health surveillance and interventions 



Adults

• Behavioral Risk Factor Surveillance System (BRFSS)

• National Health and Nutrition Examination Survey (NHANES)

• National Health Interview Survey (NHIS)



| AdultsBRFSS NHANES NHIS
Established 1984; annual 1960s, continuous from 

1999
1975, annual since 
1990

Topics Health-related risk 
behaviors, chronic 
health conditions, 
preventive services

Health and nutrition status 
of adults and children 
(interviews and physical 
exams)

Vigorous, light-
moderate leisure 
physical activity, 
strengthening 
exercises, 
occasionally walking

Purpose Track state/local 
health objectives, 
public health 
planning, disease 
prevention and 
health-promotion 
activities

Vital and health statistics; 
prevalence of major 
diseases, relationship 
between nutrition and 
health outcomes, 
standards for height, 
weight, blood pressure

Monitor health; 
national-level 
estimates, track 
Healthy People 2020 
Progress



| Adults - BRFSS

• During the past month, other than your regular job, did you participate in any 
physical activities or exercises such as running, calisthenics, golf, gardening, 
or walking for exercise?

• What type of physical activity or exercise did you spend the most time doing 
during the past month? (Coding List of PAs)

• How many times per week or per month did you take part in this activity during 
the past month? How many minutes or hours did you usually keep at it?
(Repeat)

• During the past month, how many times per week or per month did you do 
physical activities or exercises to strengthen your muscles?



| Adults - NHANES

• Does your work involve vigorous-intensity activity that causes large increases 
in breathing or heart rate like carrying or lifting heavy loads, digging or 
construction work for at least 10 minutes continuously? (Repeat – moderate)
• In a typical week, on how many days [how much time] do you do 

vigorous-intensity activities as part of your work? (Repeat – moderate)

• Repeat for: 
• Walking/using a bicycle for at least 10min to get to and from places
• Vigorous-intensity sports, fitness, or recreational activities 
• Moderate-intensity sports, fitness, or recreational activities 
• Sitting at work, home, getting to and from places, with friends, etc. 

• Past 7 days, how many days were you active at least 60min per day? 



| Adults - NHIS

Redesigned items (2020, 2022, 2024, 2026): 

• Frequency of moderate-intensity leisure-time activities (# times per 
day/week/month/year) If at least once per year (Number of hours/minutes each 
time) [repeat for vigorous]

• Frequency of leisure-time muscle-strengthening activities (# times per 
day/week/month/year)

• Walked at least 10min to get someplace (number of times, average length, 
number of days) [repeat for walking for fun/leisure]

• In the past 12 months, did your doctor advise you to exercise more? 



| Adults 

• Several assessments that have been used for decades 
• Opportunity for examining patterns and trends
• Exercise caution – different items, methodologies 

• Prevalence estimates vary (Carlson et al., 2009)
• NHIS 2005: active = 30.2%, inactive = 40.7%
• NHANES 2005-2006: active = 33.5%, inactive = 32.4%
• BRFSS 2005: active = 48.3%, inactive = 13.9%



Systems

• Schools

• Healthcare

• Workplace



Schools
• School Health Polices and Practices Study (SHPPS)
• Established in 1994, every 2yrs since 2012
• State, district, school, classroom levels 

• Topics: 
• Health education 
• Health services 
• Health and safe school environment 
• Nutrition services 
• Physical education and activity



| Systems - Schools

Feasibility of engaging rural communities in implementing whole-of-
community youth physical activity surveillance through school systems.
Bavari, AE, Schenkelberg, MA, Essay, A, Norgelas, SJ, Rosenkranz, RR, Welk, GJ, Dzewaltowski, 
DA (2020). Abstract submitted to Interdisciplinary Association for Population Health Sciences.

Purpose: Engage community partners to implement a population-level 
online PA surveillance tool. 



| Systems - Schools

• System-wide implementation to enhance reach

• Coordinated with local health departments 
• Data-sharing agreement with the schools
• Delivered in-person training sessions 

• YAP and how to use data

• Implementation 
• School administrators coordinated with teachers 
• All 3rd through 6th grade students (2x per year)
• Individualized and school-level reports 



| Systems - Schools

• 23 teachers and administrators attended the meetings 
• Contacts at schools managed their school’s YAP platform 

• UNMC team provided technical support, if needed

• Year 1: 
• 465 3rd - 6th graders enrolled 
• Response rates: 86.1% - 95.4%

• Varied by community and semester

• Year 2: 
• 501 3rd - 6th graders enrolled 
• Completing YAP in April 2020



| Systems - Healthcare

Healthcare
• PA advisement from healthcare provider in the past year

• 32.4% (Barnes & Schoenborn, 2012)
• Limited time with patients (~7.6min per visit) (Nathan et al., 2017)

NASEM 2019



| Systems - Healthcare

• 98% of physicians assess physical activity in youth 
• 66% ask about duration, intensity, type
• 7% use a standardized questionnaire 
• 6% use another written type of assessment 

• Systematic physical activity assessment in adults
• Physical activity vital sign (PAVS) – electronic health 

records (EHR)
• Promoted through ACSM’s Exercise is Medicine 
• Recommendation of NASEM Surveillance Report

Huang et al., 2011; Joy & Lobelo, 2017; Lobelo et al., 2020



• BRFSS Items (n=2)
• Screens for inactivity in clinical settings 
• Increased physical activity counseling

• Adults with obesity, diabetes (Grant et al., 2014; Mann et al., 2016)

Joy & Lobelo, 2017; Lobelo et al., 2020

| Systems - Healthcare



• Pediatric PAVS (5-18yrs)
• Kaiser Permanente Health System 
• Modeled off YRBS (not yet validated)
• Integrated with health visit and HER (McGlynn et al., 2014)

Joy & Lobelo, 2017; Lobelo et al., 2020

| Systems - Healthcare



• Surveillance via wearable devices? 
• ~22% adults use wearable devices (Hyde et al., 2020)

• 76.3% were willing to share with healthcare provider
• Integrate with EHRs and use as PAVS 

• Issues: 
• Vary in validity, reliability - difficulty comparing across devices 
• Privacy concerns 
• Data need to be interpreted (raw scores  PA guidelines?)

| Systems - Healthcare



| Systems - Healthcare

• Implementing surveillance in healthcare settings
• Not currently part of national surveillance – but could be!

• Strengths
• Potentially greater reach – efficient
• Personal, local, and national data

• Tailored physical activity advice/counseling/referrals
• Disease and behavior trends in local population 
• National surveillance of patterns of behavior  

• Wearables are promising – need some work



Considerations
• Trade-offs associated with self-report 
• Comparisons across instruments, years, methods, etc. 
• Enhance existing national systems 
• Explore novel approaches / technological developments
• System-wide surveillance 

• Population-level 
• Environmental factors (i.e., policies and practices)



Resources
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