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Background
• Analytical procedures are measuring devices used in 

the pharmaceutical industry that provide the basis for 
key decisions regarding compliance with regulatory, 
compendial, and manufacturing limits. 

• An analytical procedure includes steps such as 
sample preparation, analytical technique, calibration, 
and definition of the reportable result.
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Differences With Other Industries

• Measurement errors (particularly bioassays) are 
extremely large relative to true process variation.

• Specifications are typically based on capability, as 
opposed to the “voice of the customer”.

• Although specifications are often consistent with 
clinical experience, it is virtually impossible to 
obtain a specification that covers the entire range of 
allowable values based on safety and efficacy. 
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Definition of an Analytical Procedure
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Stage Description of Stage 

Laboratory Sample The material received by the laboratory. 

Analytical Sample Material created by any physical manipulation of the laboratory sample 
such as crushing or grinding. 

Test Portion The quantity (aliquot) of material taken from the analytical sample for 
testing. 

Test Solution The solution resulting from chemical manipulation of the test portion such 
as chemical derivatization of the analyte in the test portion or dissolution of 
the test portion. 

Reading  

(Individual determination) 

The measured numerical value from a single unit of test solution. 

Reportable Value Average value of readings from one or more units of a test solution.  It is a 
value that is compared to a specification. 

  



Procedure Validation

• Procedure validation is the process of demonstrating that a 
procedure, when run under standard conditions, will satisfy 
the requirement of being “fit for purpose”. 

• Procedure validation refers to the analytical procedure 
qualification stage of the method lifecycle following design 
and development, and prior to commercial testing.

• Because validation must provide evidence of a procedure’s 
fitness for use, statistical intervals are commonly used for 
validation consistent with USP <1225>.
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Measurement Error Model

• Two important attributes that must be validated are accuracy 
and precision.

• Validation is performed based on the measurement error 
model

• where Y is a reportable value,  τ is the true or accepted 
reference value, β is the systematic bias of the procedure, and   
E is a random normal measurement error with mean 0 and 
standard deviation σ. 
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Accuracy

• Accuracy of an analytical procedure expresses the expected 
closeness of agreement between Y and τ.

• Closeness is expressed as the long-run average of Y−τ .  

• This long-run average is called the systematic bias and 
represented with the Greek letter β.

• In order to estimate β, it is necessary to know τ.   

• USP <1225> notes that a reference standard or a well-
characterized procedure can be used to assign the value of τ .
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Precision

• Precision of an analytical procedure is the degree of 
agreement among reportable values when the procedure is 
applied repeatedly (possibly under different conditions) to 
multiple test portions of a given analytical sample. 

• The most common precision metric is the standard deviation 
which is denoted as σ in this presentation.

• Precision improves as σ decreases.  

• Many commonly used statistical procedures rely on the 
assumption of the normal distribution, for which σ is a natural 
descriptor of variability. 
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Example
• Consider validation of a test procedure using High 

Performance Liquid Chromatography (HPLC).  

• The unit of measurement on each reportable value is the mass 
fraction of drug substance (DS) expressed in units of mg/g. 
(often expressed as a percent of the API label claim for the 
drug)

• Three different quantities of reference standard were weighed 
to correspond to three different percentages of the test 
concentrations: 50, 100, and 150%. 

• The measured DS is a USP compendial substance, so it is 
known τ=1000 mg/g for all concentration levels.

• The DS product specification is from 980 to 1020 mg/g.
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Experimental Design
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Test Concentration (%) Test Solution (Plate or Run) Reportable Value (mg/g)
50 1 1000.57
50 2 996.93
50 3 1002.4
50 4 994.91
100 5 994.16
100 6 992.72
100 7 1000.03
100 8 1004.89
150 9 1002.53
150 10 1004.83
150 11 998.17
150 12 994.15

Sample mean 998.86
Sample standard deviation 4.31



Example
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Validation of Accuracy

• Accuracy is typically validated using a two-sided confidence interval on β
to perform a two one-sided test (TOST) of statistical equivalence. 

• An equivalence acceptance criterion (EAC) is established prior to the 
validation and included in a protocol.

• If the computed confidence interval falls between the range from –EAC to 
+EAC, accuracy is validated.
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Validation of Precision

• Precision is typically validated using the upper confidence 
bound on σ.

• If the upper bound is less than a pre-defined acceptance 
criterion, precision is validated.
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Example Calculations
• A 90% two-sided confidence interval on β is

• Assume the accuracy requirement is validated if evidence 
demonstrates that β is no greater in absolute value than 
EAC=10 mg/g (arbitrarily selected for this example).

• Since the entire confidence intervals falls between -10 and 10, 
accuracy is validated.

15

( )

( )

0 95 1

4 311 80998 86 1000
12

3 38 to 1.09 mg/g

. :n
SY

.

t
n

..

.

τ −− ± ×

± ×

−

−



Example Calculations

• A 95% upper bound on σ is

• Assume the pre-defined acceptance criterion for precision 
requires σ to be less than 10 mg/g (1% of τ).

• Since 6.69 is less than 10 mg/g, precision has been validated.
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Validation of Measurement Uncertainty

• When assessing whether an analytical procedure is fit for 
purpose, it is often useful to consider the combined impact of 
bias and precision. 

• The degree to which β impacts the usefulness of an analytical 
procedure depends in part on σ. A procedure with a relatively 
small value of σ can accommodate a relatively greater value 
of β than a procedure with a greater value of  σ.

• For this reason, it is useful to establish a single criterion that 
can be used to validate measurement uncertainty.
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Validation of Measurement Uncertainty

• One such criterion proposed in a series of articles by Hubert et al. (2004, 
2007a, 2007b) seeks to ensure 

• λ>0 is an acceptable limit defined a-priori to be consistent with the 
purpose of the procedure.  

• The term P is a desired probability value (e.g., P=0.90). 

• This probability statement has a dual interpretation.  
1. The probability that the next reportable value falls in the range from  

−λ+τ to  λ+τ is greater than or equal to P, or 
2. The proportion of all future reportable values falling between −λ+τ 

and λ+τ is greater than or equal to P. 
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An Heuristic Approach for Procedure 
Validation

• Accordingly, two statistical intervals have been proposed for 
validation:
1. A prediction interval based on a sample of reportable values (also 

referred to as an expectation tolerance interval), and
2. A tolerance interval based on a sample of reportable values (also 

referred to as a content tolerance interval).

• The prediction interval considers Y to be the next reportable 
value.

• The tolerance interval considers Y to represent all future 
process reportable values, and is necessarily wider than the 
prediction interval.

• Neither interval requires knowledge of τ.
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An Heuristic Approach for Procedure 
Validation

• Both intervals can be used in the following manner to validate 
measurement uncertainty:  
1. Compute the appropriate statistical interval (i.e., the prediction or 

tolerance interval).
2. If the computed interval falls completely in the pre-specified range 

from −λ+τ to λ+τ mg/g, the procedure is validated for measurement 
uncertainty.

• A Bayesian process can also be used to estimate                           
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Example

• A 90% prediction interval is

• Assume the pre-defined criterion defines −λ+τ=985 and 
λ+τ=1015 mg/g with P=0.90.

• Since the entire prediction interval falls in this range, both 
accuracy and prediction have been validated.
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Example
• A 90% tolerance interval that contains 90% of future process 

reportable values is 

• Since 988.46 to 1009.26 is contained in the interval from 985 
to 1015, both accuracy and precision have been validated.

• Because the focus of inference is greater, the tolerance 
interval is wider than the prediction interval.
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Estimation of OOS Rates
• It is often difficult to come up with validation criteria for both 

the individual and simultaneous validation of accuracy and 
precision.  

• A metric that seems easier to assess is the out-of-specification 
(OOS) rate.

• Because specifications are capability based, most OOS 
signals are false failures. 

• The probability of an OOS signal can be estimated directly 
given specifications,     , and S.
• Based on the non-central t-distribution for 1-sided specifications, and 
• Mee (1988) provides an algorithm for 2-sided specifications. 
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Example

• Suppose accuracy and precision are validated against the 
specifications of LSL=980 to USL=1020 mg/g if the 
probability of an OOS signal is 1-P=0.10 or less. (−λ+τ=LSL 
and λ+τ=USL). 

• Using the results of Mee (1988), the 95% upper bound on the 
proportion of future reportable values that will be OOS is 
0.024.

• Since 0.024 is less than 0.10, accuracy and precision are 
validated.
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Incorporation of Process Error

• The previous calculation allows measurement error to fill the 
entire specification range.

• More realistically, if validating against specifications, it is 
necessary to include room for process variation.

• Consider 

• The statistical intervals are now used to validate against the 
specifications by replacing S with 
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Example

• Assume in the example that ρ=0.7 

• The 90% prediction interval for the reportable value with the 
added process error is from 984.1 to 1013.6.

• The 90% tolerance interval with 90% coverage is from 980.0 
to 1017.8.

• The 95% upper Mee bound on the OOS rate is 0.081.

• Since both statistical intervals fall within the specifications of 
980 to 1020, both accuracy and precision are validated.

• Since the 95% upper bound on OOS is less than 1-P=0.10, 
both accuracy and precision are validated against the OOS 
criterion.
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Final Comments

• If one desires both false failures and missed faults, Burdick, 
Borror, and Montgomery (2005) provide methods for 
constructing confidence intervals on both misclassification 
rates.

• Although analytical procedures in the pharmaceutical industry 
have characteristics that differ from those in traditional 
manufacturing industries, treatment of measurement error can 
borrow many of the successful ideas employed in the more 
traditional fields.
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