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

In this EEG/MEG example, we start from single-trial observations per participant

SUGGESTION: let‘s report between-within ratio r

Feedback-Evoked Response Heartbeat-Evoked Response
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Then, we average single-trial observations to obtain evoked responses per participant. 

• With growing number of trials 𝒏𝒕, confidence interval decreases – we obtain a more stable response

• HEP seems to have “noise” 𝝈𝒘
𝟐  on a scale similar to other ERP –likely due to neural and hardware noise
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Inference is often based on aggregation of averaged values across participants.

 In tests, we use the observed variability 𝝈𝒑𝒐𝒐𝒍
𝟐 , which reflects both 

variability across participants 𝝈𝒃
𝟐 and trials 𝝈𝒘

𝟐  - not only participants.
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𝝈𝒑𝒐𝒐𝒍
𝟐  = 𝝈𝒃

𝟐 +
𝝈𝒘

𝟐

𝒏𝒕

Observed (pooled) variability 𝝈𝒑
𝟐 is affected by:

𝝈𝒃
𝟐 – variability between participants and 

𝝈𝒘
𝟐  – variability within participants, reduced by

𝒏𝒕– number of averaged observations (trials/epochs) [1,2]

𝒅𝒂𝒅𝒋 = 𝒅𝒎𝒊𝒏 𝟏 +
𝟏

𝒏𝒕𝒓

Applying the formula in practice

Estimate between-within ratio r in one line of code

𝝆𝒂𝒅𝒋 = 𝝆𝒎𝒊𝒏 𝟏 +
𝟏

𝒏𝒕𝒓𝒙
𝟏 +

𝟏

𝒏𝒕𝒓𝒚

𝒓 =
𝝈𝒃

𝟐

𝝈𝒘
𝟐

Example estimates

For one-sample, paired, two-sample t-tests, 
and ANOVA contrasts or regressions with a 

single factor

For correlation and simple regression with
standardized coefficients

Assumptions: within ‘noise‘ is i.i.d. for trials, participants, groups, conditions; numbers of trials per condition or group are

equal, the number of participants in each group is the same,  within and between variabilities are the same for groups or
conditions. Note that reasonable assumptions‘ violations (1) are well approximated by the general formula, as assessed via 

simulations, and (2) can be derived as more complex but exact formuals. 

Between-within variability ratio 𝒓 can be used to obtain

𝒅𝒂𝒅𝒋– minimal detectable Cohen’s 𝒅 effect size after trial averaging from

𝒅𝒎𝒊𝒏– minimal detectable Cohen’s 𝒅 with perfect observations. Similarly,

𝝆𝒂𝒅𝒋, 𝝆𝒎𝒊𝒏 – measures of 𝒙 , 𝒚 correlation strength,  adjusted and not

Sample N

Stat. test

Desired 

power

Power computation 

(e.g.,, with pwr 

package [3])

𝒅𝒎𝒊𝒏 𝒅𝒂𝒅𝒋

Trials 𝒏𝒕

Ratio 𝒓

Resulting power, 
required N or 𝒏𝒕, can
also be recovered if

others are known

m <- lmer(signal~1+(1|participant), data=data)

between = VarCorr(m)$vcov[1]
within = sigma(m)^2

Given “data“ that contains single-trial values of “signal“ for participants

Extract between and within variances of signal to obtain the ratio r

N t r d_true d_observed power d_adj

30 300 0.01 0.5 0.43 0.63 0.61

30 300 0.1 0.5 0.49 0.74 0.53

60 100 0.01 0.5 0.35 0.77 0.52

60 100 0.1 0.5 0.47 0.95 0.38

60 10 0.1 0.8 0.56 0.99 0.52

60 10 0.01 0.8 0.24 0.45 1.2

From our data, we have estimated that r for heartbeat-evoked responses is around 0.01. For feedback
responses (e.g., P300), it is around 0.1. Within variances had similar scale, while between differed.

We discussed this topic in supplementary of
our heartbeat responses review

All code, derivations
and online resources
will appear at
https://github.com/ma
riaazanova/CorrectFor
Trials

• It is an easy-to-compute measure that 

describes signal-to-noise properties 

often disregarded in analyses and 

power computation

• If reported systematically, can be used 

for benchmarking across studies, 

fostering transparency

• Not only affects prior or post-hoc 

power estimates, adjustments of 

design or conclusions, but also allows 

others to judge provided evidence

• Informative for all analysis 

approaches, including Bayesian

Discussion points

• The proposed power correction works directly 

for many frequentist tests. It may be 

conservative but it is generalizable and simple.

• It does not cover mixed models (that estimate 

within-between variances directly), simr [4] 

package can be used for power estimation then

• If a dataset does not have enough power for a 

simple test – would you really believe in the 

results? Complex tests should follow simple 

ones, for clarity and reliability. 

• Infinite number of trials does not compensate 

for lack of participants.

• Compute r on the exact measure used in 

analysis (e.g., single-trial average within ROI).

• Can be estimated from pilot data or other data 

recorded with similar set up or can be assumed 

based on previous studies (if reported).

• Simulation-based power computation is the 

most precise, but it also rests on assumptions 

about the data, takes time to develop, and 

difficult to review what exactly was estimated.

• Within variance is not ”pure noise” - in fact, it 

may stop decreasing at some trial number, 

indicating that it is a “natural variability”.

𝝈𝒘
𝟐

𝒏𝒕

Therefore, it is incorrect to compute power as if we have one perfect observation per participant.

Number of trials and potential within-participant variabilities need to be accounted for.

𝝈𝒑𝒐𝒐𝒍
𝟐  = 𝝈𝒃

𝟐 +
𝝈𝒘

𝟐

𝒏𝒕

𝝈𝒑𝒐𝒐𝒍
𝟐  ≠ 𝝈𝒃

𝟐
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