Skill session: Systematic errors, random errors and bias
This task addresses the following key science skills:
· U2 AOS3 KS, U4 AOS3 KS - methods of organising, analysing and evaluating primary data to identify patterns and relationships including sources of error and uncertainty, and limitations of data and methodologies 
· U2 AOS3, U4 AOS3 Key Science Skill - Analyse and evaluate data, methods and scientific models
Introduction
All measurement results are affected by errors which can be divided into two types - random errors and systematic errors. 
Random errors cause measurements to vary in an unpredictable way and are usually caused by unknown and unexpected variations in equipment. For example, vibrations or air currents cause the reading on a mass balance to vary. They could also be caused by changes in the environmental conditions such as changes in the temperature of glassware. The effect of random errors on experimental data can be minimised by repeating the experiment many times and finding the average of the results. 
Systematic errors is the measurement error in the replicates that remains constant or varies in a predicatable way. Systematic errors are usually caused by errors in the design of the experiment. For example, not calibrating a HPLC with certified standards, or heat loss of a bomb calorimeter. The effect of systematic errors can only be minimised by changing the experiment. This could could be by specifying the calibration method for the HPLC or by determining the calibration factor of the bomb calorimetry. The effect of systematic errors on the experimental data can be estimated by determining the bias which is difference between the average value of the large series of measurements and the accepted true.systematic error
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Figure 1. Graphical representation of bias, systematic and random error.

Apply your knowledge
The effect of systematic errors and random errors can be represented graphically (Figure 1.) 
a) [bookmark: _GoBack]Explain why random errors are represented by data points being above or below the true value.



b)  Why are systematic errors represented by data being consistently higher than the true value?






c) Why is it possible to to reduce the effect of random errors by repeating the experiment many times and finding the average of the results? Explain also why systematic errors cannot be eliminated using the same strategy.





d) Explain why the bias can be used to estimate the effect of systematic errors on the experimental results.


