An Analytical, Closed-Form Power Correction for Trial Averaging

Maria Azanova'?, Nikolai Kapralov'3, Tim Paul Steinfath'3, Vadim V. Nikulin?, Arno Villringer"

MAX- 'Department of Neurology, Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany “Max Planck School of Cognition, Leipzig, Germany
scHooL 3International Max Planck Research School NeuroCom, Leipzig, Germany
. MAX-PLANCK-INSTITUT
cogniti:n @ azanOva@Cbsmpg de FUR KOGNITIONS- UND NEUROWISSENSCHAFTEN

THE PROBLEM: number of trials and noise level affect power of a test THE SOLUTION: straightforward power-adjustment formula

In this EEG/MEG example, we start from single-trial observations per participant
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_ _ _ _ o 2 Assumptions. within ‘noise’ is i.i.d. for trials, participants, groups, conditions; numbers of trials per condition or group are
Then, we average single-trial observations to obtain evoked responses per participant. O-W equal, the number of participants in each group is the same, within and between variabilities are the same for groups or
«  With growing number of trials n;, confidence interval decreases — we obtain a more stable response o conditions. Note that reasonable assumptions’ violations (1) are well approximated by the general formula, as assessed via
 HEP seems to have “noise” a;, on a scale similar to other ERP —likely due to neural and hardware noise nt simulations, and (2) can be derived as more complex but exact formuals.
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Q From our data, we have estimated that r for heartbeat-evoked responses is around 0.07. For feedback
ﬁ 25 25 25 25 responses (e.g., P300), it is around 0.1. Within variances had similar scale, while between differed.
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Discussion points
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The proposed power correction works directly Compute r on the exact measure used in

for many frequentist tests. It may be analysis (e.g., single-trial average within ROI).
conservative but it is generalizable and simple. + Can be estimated from pilot data or other data
It does not cover mixed models (that estimate recorded with similar set up or can be assumed
within-between variances directly), simr [4] based on previous studies (if reported).
package can be used for power estimation then <« Simulation-based power computation is the

If a dataset does not have enough power for a most precise, but it also rests on assumptions
simple test — would you really believe in the about the data, takes time to develop, and
results? Complex tests should follow simple difficult to review what exactly was estimated.
ones, for clarity and reliability. Within variance is not "pure noise” - in fact, it
Infinite number of trials does not compensate may stop decreasing at some trial number,

for lack of participants. indicating that it is a “natural variability”.
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