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In life sciences, it is not uncommon to design experiments without explicitly considering the ensuing computational or statistical processing. This may however lead to experiments that are doomed to failure or, even worse, to experiments that provide misleading results. A notable observation is that if an experiment has low statistical power, many classical statistical tests can claim a “significant” result when the measured effect in fact has the opposite sign than the true effect (Type S error) or is of vastly different magnitude (Type M error) [1].  Calculating statistical power during design of the experiment lets the experimenter notice possible problems early. Nevertheless for non-trivial analytical tools – which are common in bioinformatics – power calculations become challenging to perform and may require expert statistical knowledge.
An accessible but powerful method to understand what can be expected from the experiment is to simulate multiple datasets across the range of plausible effect sizes, run the planned procedure and examine the distribution of results. This process allows the experimenter to estimate statistical power and foresee possible problems without mathematical analysis of the statistical/computational procedure. While most useful for experiment design, simulation studies can also help us better understand the tools we use, interpret experiments after they have been performed and warn us of possible Type S and Type M errors in published literature.
In this talk I will discuss some of the underlying statistical concepts and show two example simulation studies using the classical t-test and the popular differential expression tool DESeq2. Code for the simulations can be found at https://github.com/cas-bioinf/statistical-simulations.
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