[bookmark: _GoBack]Skill session: The three R’s -repeatability, reproducibility and reliability
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
IntroductionRepeatability is the closeness of results obtained with same method, same person, same location within short time frame
Reproducibility is the closeness of results obtained in different conditions
Reliability
· consistent results are obtained in a reliable experiment
· refers to whether another person can achieve same results for same experiment
Improve reliability by repeating experiment and averaging results. This minimises effect of random errors and removes outliers


Repeatability, reproducibility and reliability refers to the precision of an experiment under different conditions. 
Repeatability is the closeness of results obtained with same method, same person, same location within short time frame. For example, results are said to be repeatable when three or more concordant results are obtained by one person, using the same equipment, in the same laboratory on one day. Repeatability can be improved by using more precise equipment and increasing the number of replicates.
Reproducibility is the closeness of results obtained in different conditions. These different conditions can include different operators, different laboratories, different equipment, different environmental conditions. Greater variation in the conditions will mean that there is a high likelihood of random errors affecting the results. Reproducibility can also be improved by using more precise equipment and increasing the number of replicates.
Reliability refers to whether the experiment will produce consistent results for a range of conditions with minimal variation in the data.  An experiment is said to be reliable when another person can achieve the same results for same experiment. Greater reliability can be achieved by repeating the experiment and averaging the results. This minimises effect of random errors and removes outliers.23.87 mL
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Application of knowledge
a) Himmet determined four titre values for a ethanoic acid/sodium hydroxide titration. The results were recorded during one lesson using the same equipment and in the same laboratory. Were the results concordant? Were they repeatable? Give reasons to support your answer.


b) Julia repeated the same experiment the following day using new equipment, new unstandardised sodium hydroxide and in a different laboratory. The results were concordant, but there were differences in the overall titre value. Suggest changes to the method which could improve the reproducibility of the technique.





c) Two students are designing a new titration technique which they hope can be a standard analysis technique for vitamin C. How can they improve the reliability of the technique?



