Skill session: Accuracy and precision
This task addresses the following key science skills:
· U2 AOS3 KS, U4 AOS3 KS - the characteristics of scientific research methodologies and techniques of primary qualitative and quantitative data collection relevant to the selected investigation: volumetric analysis, instrumental analysis, calorimetry and/or construction of electrochemical cells; precision, accuracy, reliability and validity of data; and minimisation of experimental bias
Introduction
All measurements vary in some way from the true value. It is therefore important to always evaluate the accuracy and precision of experimental results.Accuracy
closeness of agreement between measured value and true value
Accuracy is improved by removing systematic errors. e.g. calibrating equipment.
Test for accuracy by calculating the measurement error; measured value – true value
Precision 
closeness of agreement between replicate values obtained under the same conditions

Accuracy is the closeness of agreement between the measured value and the true value. Accuracy is affected by the systematic errors in the design of the experiment. For example, a mass balance may read 1.00g but if it is not calibrated the mass could in fact be 0.98g. Therefore, eliminating systematic errors can improve accuracy such as specifying that pipettes be used rather than beakers to deliver volumes in a titration. It is possible to test for accuracy by calculating the measurement error which is the measured error minus the true value. At times, there is no accepted true value for an experiment. In these occasions, the accuracy can be determined from examining the errors and comparing the value to an estimate of the true value.
Precision is the closeness of agreement between replicate values obtained under the same conditions. The precision of experimental data is limited by random errors. For example, measurements that require greater estimation will be less precise. A 50 mL burette, which has graduations of 0.1 mL, will deliver a far more precise volume than a 50 mL measuring cylinder which has graduations of 1 mL. Repeating experiments will reduce the effect of random errors and improve precision. Selecting equipment suitable for the experiment will also improve precision. For example, titrations often require grade A glassware while a measuring cylinder can be used to deliver volumes in an organic synthesis reaction.
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Figure 1. Graphical representation of accuracy and precision.

Accuracy and precision can be represented graphically (Figure 1.) \
a) Why is greater precision represented by a narrower graph?


b) Why is there more overlap between the mean or the average of  experimental result for more accurate data sets?
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c) Is it possible to have a situation where the experimental results are accurate but not precise? Give an example.


d) Is it possible to have a situation where the experimental results are precise but not accurate? Give an example. 


