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A brief tour through ideas

ÅHow do we frame the modeling problem to address 
public health questions?

ÅWhy is it important to use measurement error 
models?

ÅHow do we think about constructing statistical 
models that account for errors?

ÅWhat do these models look like? How do you design 
a study to use them?

ïUnbiased activity measure

ïBiased activity measure
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What is the relevant concept?

ÅMany health outcomes are related to the 
long-term behavior of individuals, not what an 
individual did yesterday or last week

ÅLong-term behavior is characterized by the 
usual activityfor an individual

Usual Activity
!ƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ŀŎǘƛǾƛǘȅ ǇŜǊ ǳƴƛǘ ǘƛƳŜ 
averaged over a long period of time
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Inference about whom?

ÅAlthough usual activity is an individual-level 
metric, our focus is on public health questions

ÅTo address these questions, we need to 
characterize usual activity patterns for a group 
or population of individuals

ïRequires individual measurements on a 
(probability) sample of individuals from the pop.

ÅFrom this, we can estimate pop. characteristics

ï% of population with inadequate activity

ïRelation between health outcome & usual activity4



Basic approach

ÅUse self-report activity data on a sample of 
individuals to make inferences about usual 
activity in the population

ÅBecause self-report activity data measure 
ǳǎǳŀƭ ŀŎǘƛǾƛǘȅ ǿƛǘƘ ŜǊǊƻǊΣ ǿŜΩƭƭ ƴŜŜŘ 
measurement error models to obtain 
inferences about usual activity in the 
population that are adjusted for error
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²Ƙŀǘ ƛŦ ǿŜ ŘƻƴΩǘ ŀŘƧǳǎǘ ŦƻǊ ŜǊǊƻǊ ƛƴ 
self-report activity?

ÅBiased estimates of 
correlation and 
regression coefficients

ÅFor correlation or a 
regression that uses 
self-reported activity as 
the only covariate, 
slope is attenuated

ÅBias not predictable in 
regression with more 
covariates than self-
reported activity

Activity per unit time
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²Ƙŀǘ ƛŦ ǿŜ ŘƻƴΩǘ ŀŘƧǳǎǘ ŦƻǊ ŜǊǊƻǊ ƛƴ 
self-report activity?

ÅWant to estimate 
average activity levels in 
the population?

ïIf self-reported data are 
biased, estimated mean 
usual activity is biased

ÅWant to estimate the 
percent of population with 
poor activity levels?

ïExtra variation in self-reported 
data cause the spread of 
distribution to be too wide, 
percentages are biased

------- 24hr recall

_____ Usual activity

kcal / d
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Addressing errors in variables requires 
attention to design and analysis methods

ÅάwƛƎƘǘέ ƳŜŀǎǳǊŜƳŜƴǘΥ  
data collected are 
related to the concept 
of interest (if possible)

ÅάDƻƻŘέ ƳŜŀǎǳǊŜƳŜƴǘΥ  
protocol or question to 
generate accurate and 
precise measurements 
or responses

ÅStatistical models that 
include terms to 
describe systematic and 
random errors

ÅStatistical designs that 
generate the kind of 
data required to 
estimate these 
parameters
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Prevention
Avoid error

Adjustment
Reduce impact of error



Sources of errors

ÅError framework used in statistical surveys to 
describe errors

ïSampling error

ïCoverage (frame) error

ïNonresponse error

ïSpecification error

ïMeasurement error

ïProcessing error
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Sample design and 
response process

Measurement and 
data generation 

process



Specification error

ÅWe are generally interested in collecting data 
on a specific concept (construct), even if we 
ŎŀƴΩǘ ŀƭǿŀȅǎ ŘƛǊŜŎǘƭȅ ƻōǎŜǊǾŜ ƛǘ

ÅExample

ïConcept:  usual daily activity

ïMeasurement:  activity yesterday (1 day)
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Specification Error
Error that arises when our question or measurement 

method does not match the target concept



Measurement error

ÅExamples

ïRespondent errors in recalling prior activities

ïDeliberate or subconscious over-reporting of time 
spent in vigorous activity

ïMistakes in recording data
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Measurement error
Error that arises in obtaining a response or 

measurement during data collection



Processing error

ÅExamples

ïAssigning METs to self-reported activities

ïCriteria for classifying a behavior as MVPA or as 
sedentary

ïProprietary processing algorithms applied to data 
from an activity monitor
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Processing error
Error that is induced in manipulating the raw data to 

create analysis variables


