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EPI 203:  Measurement Reproducibility and Validity
	The first task is to establish the purpose of the work (i.e., what is the question?):  
· assessment of reproducibility of a particular measurement; 
· agreement between two or more measurement approaches purporting to measure the same thing, neither of which is the gold standard; or 
· evaluation of the validity of a measurement in the context of a gold standard

	Purpose/Question
	Name of Parameter
	Design
(What data are needed?)
	Graphic
(What to plot?)
	Initial Calculation
	Final Equation
	Interpretation

	1. Reproducibility
-- What is the degree to which a particular measurement process/technique/approach provides same result each time it is performed on a given participant or specimen?
	
	

	Research:

Should additional work/effort be performed to enhance reproducibility for research?
	Intraclass correlation coefficient (ICC)a
	Repeated (>1) measurements on each person
	There is no graphic needed for any specific decision, but it is good practice to always view a Bland-Altman plot showing the within-subject standard deviation on Y axis and the within-subject mean on X axis to see  outliers/ data entry errors
	Determination of overall variance (2O ), between-subject variance (2T), and within-subject (2E) variance.  This is typically calculated within the context of ANOVA (analysis of variance).  There are several different variations of how to make the estimation.
	


	Fraction of overall observed variability that is accounted for by the underlying true variability between the participants.  Higher values indicate that most of the overall variability is because of true inherent between-person differences and there is less of a need (or yield) to improve reproducibility.

	Individual participant-level characterization:

  What is the difference between any single measurement on a single person and the true underlying measurement (this is “random measurement error”)?  
	No conventional nameb
	Repeated (>1) measurements on each person
	Bland-Altman Plot: 
Within-subject standard deviation (Y) vs. Within-subject mean (X)
	Within-subject standard deviation (sw) = square root of the mean (common) within-subject variance; use if sw is roughly constant over range of within-subject means data.  Use geometric within-subject standard deviation if sw is proportional to the mean.
	= 1.96sw

(Must assume errors have a mean of 0, and are random and normally distributed)
	The difference between any single measurement on a person and the true underlying measurement (which is random error), assuming an unbiased measurement tool, is expected to be ≤1.96sw (or “as much as 1.96sw”) for 95% of measurements. If geometric sw is used, this refers to ratio between the single measurement and truth rather than absolute difference (“ratio will be as much as 1.96sw-fold”).

	Individual participant-level characterization:  

What is the difference between any two measurements made on a single person? Useful in clinical management and individual-level classfication
	Repeatability; or Repeatability coefficient
or
Coefficient of Repeatabilityb,c
	Repeated (>1) measurements on each person
	Bland-Altman Plot: 
Within-subject standard deviation (Y) vs. Within-subject mean (X)
	Within-subject standard deviation (sw) = square root of the mean (common) within-subject variance; use if sw is roughly constant over range of within-subject means data.  Use geometric within-subject standard deviation if sw is proportional to the mean.
	
= √2 x 1.96sw
= 2.77sw

(Must assume differences between any two replicates have a mean of 0 and are normally distributed)
	The difference between any two measurements made on a single person is expected to be ≤2.77sw (or “as much as 2.77sw”) for 95% of the pairs of measurements.  If geometric sw is used, this refers to the ratio between any two measurements rather than absolute difference (“ratio between any two measurements will be as much as 1.96sw-fold”).  Higher values indicate lower reproducibility.   

	Individual participant-level characterization: 

What is the variability of replicate measures expressed as a fraction of the true value?
	Coefficient of variation (CV)d
	Repeated (>1) measurements on each person 

	Bland-Altman Plot:  
Within-subject standard deviation (Y) vs. Within-subject mean (X).  Applicable only if within-subject standard deviation is proportional to the mean value.
	Determine within-subject standard deviation (sw) and mean value (w) of the replicates for each participant.  For each participant, calculate the coefficient of variation as (Sw / w).  
	



A simple mean of the individual-level coefficients of variations
	The variability of replicate measurements expressed as a fraction of the actual values on the native scale of the measurement.  Lower CV indicates higher reproducibility.  

	2. Method Agreement
-- How close are two distinct measurement approaches that are purporting to measure the same thing, neither of which are unequivocally the gold standard?
	
	

	How close are two distinct measurement approaches that are purporting to measure the same thing, neither of which are unequivocally the gold standard?
	95% limits of agreemente,f
	At least one replicate per participant from one measurement tool in question and at least one replicate from another method, neither one is considered the “gold standard”



	Bland-Altman Plot: 
Within-subject difference between methods (Y) vs. within-subject mean of methods (X)


	Mean of within-subject differences between one method and the other method.

Standard deviation of the within-subject differences ( sd ).
	= mean difference ± 1.96sd
	The difference between the measurements in a single person, using two different methods, will reside between (mean difference +1.96sd) and (mean difference -1.96sd) for 95% of the persons.

	3. Validity 
-- Evaluation of the validity of a measurement in the context of a gold standard.  How well does the measurement depict/measure what it purport to measure?
	
	

	How well does the measurement depict/measure what it purport to measure?
	95% limits of agreemente,f
	At least one replicate per subject from the new measurement tool in question and at least one replicate from the “gold standard” measurement 
	Bland-Altman Plot: 
Within-subject difference between methods (Y) vs. gold standard (X)
	Mean of within-subject differences between new tool and gold standard.  This is also known as the bias (or the “numerical bias”).

Standard deviation of the within-subject differences ( sd ) 
	= mean difference ± 1.96sd
	The difference between measurements in a single person using the new method and the “gold standard” will reside between (mean difference +1.96sd) and (mean difference -1.96sd) for 95% of the persons. 



Notes:  sw = common (mean) within-subject standard deviation.  To calculate sw, you must calculate the average of the individual within-subject variances and then take the square root.  You cannot simply average all the individual within-subject standard deviations.

A Bland-Altman plot can mean plotting one of 3 things: 
a) within-subject standard deviation vs within-subject mean if the task is assessment of reproducibility; 
b) within-subject difference vs the mean of 2 measurement methods if the task is assessment of agreement of two methods and neither is considered a gold standard; or 
c) within-subject difference vs the value of a gold standard if the comparator technique is considered a gold standard
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