
Measuring Variation

in the Laboratory



Let’s Define Variation

• Analytical Variation (Error): The collection of factors

causing drift from the true value of a measurement.



Systematic Variation

• Systematic Variation: Variation caused by a 

component that is (ideally) controllable.

• Corrections for systematic variations are accounted 

for after the measurement is taken.

• Example: A thermometer reading 99 degrees C when 

placed in water at 100 degrees C.



Random Variation

• Random Variation - Non-repeatable inaccuracy 

caused by unknown or uncontrollable influences.

• Random Variations can have varying magnitudes of 

influence over multiple measurements.

• For any “stable” system, random variations in 

measurement will cause a cluster of observed values.



Random Variation

• Larger sample sizes tend toward normal 

distribution (Gaussian).

• Random Variation allows us to ideally 

establish the limits for a measurement, but 

not the accuracy of a measurement.



Blunders

• This would be considered an outright mistake 

and not factored in for variation. 

• Transcription errors, dilution errors, or dropping 

samples would be examples of blunders.

• Usually not frequent or are one-time mistakes.



Sources of Variation
• Environmental – Conditions within and surrounding a test system.

• Test Methods and Method Validation –Sensitivity, Selectivity, and Matrix 

applicability.

• Equipment – Calibrations and Inherent Difference between instruments, Reagents, 

and Standards.

• Measurement Traceability – Weighing and volumetric determinations

• Sampling – Sample Homogenization, Sample  Weight, and Sample Matrix.

• Handling of Test Items – Sample integrity.

• Human Factors – Training, Experience, Technique.



Environmental Conditions

• Each of the following factors can add uncertainty:

– Humidity

– Temperature

– Contaminants

– Lighting

– Elevation

– Vibration

– Gravity

– Pressure

– Static Electricity



Test Methods and Method Validation

• Method Sensitivity –

• Method Selectivity –

• Scope of matrices applicable to method.

The capacity of a method to 
detect the desired analyte.

Ability of method to find a particular 
analyte in a complex mixture without interference.



Equipment

• Equipment not having regular calibration or maintenance.

• Not all lab instruments are created equal.

• Reagents and Standards used in the testing.

• Correction Factors



Measurement Traceability

• Level of Measurement.

• Classes of glassware or calibration of equipment.

• Environmental factors

• Damage to glassware or equipment



Handling of Test Items

• Conditions of sample during initial packaging.

• Sample travel conditions.

• Sample prepped for testing incorrectly.

• Sample stored incorrectly.



Sampling

• Samples are not always homogenous upon arrival to 

a lab.

• Sampling of these compositions can lead to variable 

results.

• Sample size can affect how particles in the 

composition are represented.



AAFCO Sampling Example

• The type of spatula used for sampling can affect how composition is 

represented. (AAFCO, 2018)

Thiex Laboratory Solutions, N. T., Canadian Food Inspection Agency, A. P., APHL and AFDO, Y. S., Dept of Agric and Consumer Services, J. C., MT 
Dept of Agric, H. H., SD State Univ, L. N., . . . Univ of KY, S. W. (2018). Good Test Portions [PPT]. Champaign, IL: AAFCO.



The Human Factor

“Knowledge and error flow from the 

same mental sources; only success can 

tell one from the other.”  - Ernst Mach



The Human Factor

• Training between analysts is almost never the same 

quality.

• New analysts begin with different levels of 

experience.

• Analysts develop different techniques and skills (i.e., 

pipetting, weighing, performing steps in the method).



Measurement of Uncertainty

• Have to quantify expected variance as an interval 

from the expected true value.

• A Measurement of Uncertainty shows the analytical 

variance of a method as it relates to a specific result.

• Can be calculated using a confidence interval to 

provide a range of expected variation for a result.



Simple Uncertainty Calculation

• Calculate Relative Standard Deviation for a minimum of 20 data 

points: (Use a T Table if at least 20 data points are not available)

rsd = (standard deviation / average)

• Calculate MU(Relative) = k * rsd (k is based on confidence interval)

• Calculate absolute measurement uncertainty:

MU(Absolute) = MU(Relative) * Test Result



Claims of Accuracy

• Measurements of Uncertainty help us determine the 

maximum bounds of variation.

• Ex: If x is accurate to within 3 (units), then the maximum 

expected value of |xmeasured - xtrue| is   |xtrue | ± 3 (units).

• When calculating an MU, remember that the number of 

significant figures is dependent on the precision of the 

measurement. 



Summary

• A major goal of any analysis process is to identify and 

minimize variation as to provide the most accurate 

result possible.

• What variation is still present in a process or method 

can be quantified and reported.

• Understanding what variation is present can help with 

improving processes or methods.
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