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Measurement Error
• Epi studies can be viewed a 

exercises in measurement measurement (i.e., 
measuring disease frequency, 
measuring effect in relative or 
absolute terms)

• All measurements are 

susceptible to errorsusceptible to error

• There are two types of 
measurement errors :

– Random error (imprecision)

– Systematic error (bias) “Train wreck = a disaster or 

failure, especially one that is 
unstoppable or unavoidable
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Random and Systematic ErrorRandom and Systematic Error
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Parameters and Estimates

ParametersParameters

–– ErrorError--freefree

–– CanCan’’t be t be 

calculatedcalculated

EstimatesEstimates

–– ErrorError--proneprone

–– Calculated (what we Calculated (what we 
““observeobserve”” in the data)in the data)

All epidemiologic measures of disease frequency and effect 
studied to date have merely been estimatesestimates.

Understanding statistics begins by distinguishing between 
parametersparameters and estimatesestimates
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Parameters and Estimates 

�Let  represent the  estimate from study i RR iφ

5 separate studies 

completed under 
identical conditions 
derive 5 different 

estimates of Φ
LetΦΦΦΦΦΦΦΦ represent the RRRR parameterparameter that 

quantifies the truetrue effect of the exposure
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Random Error (Imprecision)

• Random error follows 
the rules of probability

• Probability models are 
used to help infer the 
parameter 

• Two main methods of 
statistical inference:
–– Confidence intervals Confidence intervals 

((CIsCIs) ) 
–– PP--values (significance values (significance 

tests)tests)
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Confidence Intervals (CI)
• Surround point estimate with margin of error

• The resulting interval has a (1 − α)100% chance of 
capturing the parameter e.g., a 95% CI for an RR has 
95% chance of capturing the “true” RR 

• CI width quantifies precision of the estimate

• Confidence intervals address random error only!
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Fig 9.5: Mammographic Screening 
and Breast Cancer

• RR estimates 
from 8 studies 

• The diamond 
represents the 
summary (“meta-
analysis”) RR 

• It is statistical  
malpractice is to 
reduce a CI to a 
significance test 
(next slide)

0.66

9

P-values (Significance Tests)

• P-value stands for Probability 

Value; it is always number between 
0 and 1

• Widely misinterpreted 

• The problem comes in using the 
procedure without an understanding 
of its underlying method of 
reasoning

• Like CIs, P values address random 
error only!

R.A. Fisher

P-values

• P-values address if the data fit a null null 
hypothesis (hypothesis (HH00)) of “no association”

• The larger the P-value, the more consistent the 
data are with the null hypothesis

• The smaller the P-value, the more consistent the 
data are with the alternative hypotheses (alternative hypotheses (HHaa))
of “association”

• If P is low � H0 must go

• There are two ways to “use” the P-value. This 
causes confusion. Watch this video: 
http://youtu.be/9XffGE2M7tY

11

Childhood Social Factors and Stroke

Factor RR P-value
Crowding 0.4 (no crowding) 

1.0 (slight crowding, ref) 

0.6 (crowded)
1.0 (very crowded)

trend P = 
0.53

Tap water 0.73 P = 0.53

Toilet type 1.3 (flush/not shared)

1.0 (flush/shared; referent)

1.0 (no flush) 

trend P = 
0.67

Ventilation 1.0 (good; ref.)

1.7 (fair)
1.7 (poor)

trend P = 
0.08

Cleanliness 1.1 (good)

1.0 (fair; ref.) 
0.5 (poor)

trend P = 

0.07

Source: Galobardes et al., Epidemiologic Reviews, 2004, p. 14

Low P-values 
� good 
evidence

High P-values 
� weak 
evidence
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Fallacies of Statistical Fallacies of Statistical 

SignificanceSignificance
• A high P value means that we should accept H0

•• Wrong!Wrong! A high P value just says there is not enough evidence 
to reject

• The P value is the probability that the null hypothesis is 
correct. 

•• Wrong!Wrong! The P value is the probability of the data assuming 
the null hypothesis is correct.

• p < .05 has an objective basis. 

•• Wrong!Wrong! p < .05 is an unwise and arbitrary convention (“surely 
G-d loves P = .06 nearly as much as P = .05”)

• Rejections of H0 means the null hypothesis is wrong

•• Wrong!Wrong! You can never totally rule out the null hypothesis.

• A “significant” result is important

•• Wrong!Wrong! Wrong! Wrong! Wrong! Wrong! Statistical significance implies 
nothing about practical importance
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P-values: recommendations

• Avoid P value whenever 
possible (use confidence 
intervals instead

• If you must use a P-value, 
report it as a continuous 
measures of evidence and 
do NOT as “significant” or 
“insignificant” Cohen, J. (1994). The 

earth is round (p < .05). 
American Psychologist, 

49, 997-1002.

The probability of 

hypotheses depends on 
much more than just the p-

value, a point that has been
made in the medical

literature for at least four
decades. – Goodman and 

Greenland, 2007 

Computer Applications 

• Use computer applications to calculate CIs and 
P values

• “Swiss Army tool” apps

– OpenEpi.com

– WinPEPI 
(best, but requires Windows)

• Full applications

– SPSS

– SAS

– STATA

– R 
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§9.3 Systematic Error (Bias)

•• Definition of bias Definition of bias ≡≡≡≡≡≡≡≡ systematic error in 

inference (not an imputation of prejudice)

•• Types of biases Types of biases 

––selection biasselection bias

––information bias information bias 

––confounding biasconfounding bias

• Assess the Amount of bias (none, a little, a lot)

• Direction of bias (“Toward the null” or “Away from null”)
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Types of Bias
•• Selection biasSelection bias:
participants selected in 
a such a way as to favor 
a certain outcome

•• Information biasInformation bias: 
misinformation favoring 
a particular outcome

•• Confounding biasConfounding bias:
Bias of the estimated 
effect measure due to 
extraneous variables
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Selection Bias

•• Definition Definition ≡≡≡≡≡≡≡≡ Selection of 

study participants in a way as to 
favor a certain outcome 

• Examples of specific types of 
selection bias:

– Berkson’s bias (hospital admission 

rate bias)

– Prevalence-incidence bias

– Publicity bias

– Convenience sample bias

– The healthy worker effect

– Healthy user effect 
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Information Bias

•• Definition Definition ≡≡≡≡≡≡≡≡
Misinformation favoring a 

particular outcome

• Examples

– Recall bias

– Diagnostic suspicion 

bias

– Obsequiousness bias

– Clever Hans effect
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The Misinformation Effect
•• Memory is constructed rather Memory is constructed rather 

than played backthan played back

• The Misinformation Effect ≡ a

memory bias that occurs when 
misinformation alters the way 
people report their own 
memories

• False presuppositions: The 
question “Did the car stop at the 
stop sign?” yields false 
information when in fact there 
was no stop sign

Loftus, E. F. & Palmer, J. C. (1974). Reconstruction of automobile 

destruction. Journal of Verbal Learning and Verbal Behaviour, 13, 585-589. 
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Potential Effect of Recall Bias 

in a Case-Control Study

Cases Controls

Exposure reported ↑↑↑↑↑↑↑↑A1
B1

Exposure not 
reported

A0 ↓↓↓↓↓↓↓↓B0

Cases may over-report exposures they believe to be hazardous
Controls may underreport the same exposure

This will inflate the odds ratio:

� 1 0

1 0

/
an inflated relative risk estimate

/

A A
OR

B B

↑
= ⇒

↓
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Differential & Nondifferential 
Misclassification

• Non-differential 
misclassification: groups 
equally misclassified �
effects are predictable (no 
bias at all or bias toward the 
null) 

• Differential 
misclassification: 
groups misclassified 
unequally � bias either 
toward or away from null
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Nondifferential and Differential 
Misclassification Illustrations
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ConfoundingConfounding
•• Definition Definition ≡≡≡≡≡≡≡≡ a distortion in an association 

brought about by an extraneous factor / 
confounding variable

• From the Latin meaning “to mix together” (effects 
of the exposure get mixed with the effects of the 
confounder)
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“Helicopter evacuation” example

Died Survive Total

Helicop 64 136 200
Road 260 840 1100

Source population: 
individuals evacuated 
from road accidents 

Exposure: evacuation 
method (helicopter or 
road)

Study outcome: Death 
(yes or no)

Potential confounder:  
seriousness of 

accident

• R1 = 64 / 200 = .3200 

• R0 = 260 / 1100 = .2364

• RR = .3200 / .2364 = 1.35

•• ∴∴∴∴∴∴∴∴ Positive associationPositive association
• Confounding!
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Properties of a Confounder

•• EExposure is 
associated with the 
CConfounder

•• CConfounder is an 
independent risk 
factor for the 
DDisease

•• CConfounder is not 
in causal pathway
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To Confirm and Control for 
Confounding

• Stratify the results according to the 

confounder

• Helicopter example 

E = type of evacuation (helicopter or road)

D = death (yes or no)

C = seriousness of accident (serious or minor)

• Stratify according to C
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Serious Accidents (Stratum 1)

Died Survived Total

Helicopter 48 52 100

Road 60 40 100

• R1 = 48 / 100 = .4800 

• R0 = 60 / 100 = .6000

• RR1 = .48 / .60 = 0.80

•• Negative associationNegative association between helicopter 
evacuation and death (unconfounded association)
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Minor Accidents (Stratum 2)

Died Survived Total

Helicopter 16 84 100

Road 200 800 1000

• R1 = 16 / 100 = .16

• R0 = 200 / 1000 = .20

• RR2 =.16 / .20 = 0.80

•• Negative associationNegative association between helicopter 
evacuation and death (unconfounded association)
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Summary

• All sorts of things can go wrong in an epi study
• The two types of errors in epi studies: random 

(imprecision) & systematic (bias)
• CI and P values are used to deal with random error 
• Three types of systematic error: selection bias, 

information bias, confounding
• Selection bias and information bias are due to flaws in a 

study’s design
• Confounding bias is due to the influence of extraneous 

variables lurking in the background
• Confounding variable are:

– associated with the exposure
– independent risk factor for the disease

– is not intermediate in the causal pathway


