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Power failure: why small sample
size undermines the reliability of

neuroscience

Katherine S. Button'?, John P. A. loannidis®, Claire Mokrysz', Brian A. Nosek*,

Jonathan Flint>, Emma S. J. Robinson® and Marcus R. Munafo’

Abstract | A study with low statistical power has a reduced chance of detecting a true effect,

but it is less well appreciated that low power also reduces the likelihood that a statistically

significant result reflects a true effect. Here, we show that the average statistical power of

studies in the neurosciences is very low. The consequences of this include overestimates of

effect size and low reproducibility of results. There are also ethical dimensions to this

nroblem asunreliable research is inefficient and wasteful |morovina renroducibilitv in
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Why Most Published Research Findings

Are False

John P.A.loannidis

Summary

There s increasing concern that most
current published research findings are
false.The probability that a research claim
is true may depend on study power and
bias, the number of other studies on the
same question, and, importantly, the ratio
of true to no relationships among the
relationships probed in each scientific
field. In this framework, a research finding
is less likely to be true when the studies
conducted in a field are smaller; when
effect sizes are smaller; when there isa
greater number and lesser preselection
of tested relationships; where there is
greater flexibility in designs, definitions,
outcomes, and analytical modes; when
there is greater financial and other
interest and prejudice;and when more
teams are involved in a scientific field
in chase of statistical significance.
Simulations show that for most study
designs and settings, it is more likely for
aresearch claim to be false than true.
Moreover, for many current scientific
fields, claimed research findings may
often be simply accurate measures of the
prevailing bias. In this essay, | discuss the
implications of these problems for the
conduct and interpretation of research.

ublished research findings are
sometimes refuted by subsequent

factors that influence this problem and
some corollaries thereof.

Modeling the Framework for False
Positive Findings

Several methodologists have

pointed out [9-11] that the high

rate of nonreplication (lack of
confirmation) of research discoveries
is a consequence of the convenient,
yetill-founded strategy of claiming
conclusive research findings solely on
the basis of a single study assessed by
formal statistical significance, typically
for a pvalue less than 0.05. Research
is not most appropriately represented
and summarized by pvalues, but,
unfortunately, there is a widespread
notion that medical research articles

It can be proven that
most claimed research
findings are false.

should be interpreted based only on
pvalues. Research findings are defined
here as any relationship reaching
formal statistical significance, e.g.,
effective interventions, informative
predictors, risk factors, or associations.
“Negative” research is also very useful.
“Negative” is actually a misnomer, and
the misinterpretation is widespread.
However, here we will target

lationships that investi claim

is characteristic of the field and can
vary a lot depending on whether the
field targets highly likely relationship
or searches for only one or a few

true relationships among thousands
and millions of hypotheses that may
be postulated. Let us also consider,
for computational simplicity,
circumscribed fields where either the
is only one true relationship (among
many that can be hypothesized) or
the power s similar to find any of the
several existing true relationships. Th
pre-study probability of a relationshiy
being true is R/(R + 1). The probabi
of a study finding a true relationship
reflects the power 1 - B (one minus
the Type II error rate). The probabili
of claiming a relationship when nonc
truly exists reflects the Type I error
rate, 0. Assuming that ¢ relationships
are being probed in the field, the
expected values of the 2 x 2 table are
given in Table 1. After a research
finding has been claimed based on
achieving formal statistical significan
the post-study probability that it is tru
is the positive predictive value, PPV.
The PPV is also the complementary
probability of what Wacholder et al.
have called the false positive report
probability [10]. According to the 2
x 2 table, one gets PPV = (1-B) R/ (K
- PR+ @). A research finding is thus

evidence, with ensuing confusi
and disappointment. Refutation and
controversy is seen across the range of
research designs, from clinical trials
and traditional epidemiological studies
[1-8] to the most modern molecular
research [4,5). There is increasing
concern that in modern research, false
findings may be the majority or even
the vast majority of published research
claims [6-8]. However, this should
not be surprising. It can be proven
that most claimed research findings
are false. Here I will examine the key
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exist, rather than null findings.

As has been shown previously, the
probability that a research finding
is indeed true depends on the prior
probability of it being true (before
doing the study), the statistical power
of the study, and the level of statistical
significance [10,11]. Consider a 2 x 2
table in which research findings are
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compared against the gold standard
of true relationships in a scientific
field. In a rescarch field both true and
false hypotheses can be made about
the presence of relationships. Let R
be the ratio of the number of “true
lationshins” to “no i
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Data and code sharing

* Sharing data and code can help increase
computational reproducibility

 Doesn’t indicate how analyses may have
changed over time

* Mainly for published papers
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Publication Bias

e Positive results more likely to get published



Figure 1. Positive Results by Discipline.
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Publication Bias

e Positive results more likely to get published
* The file drawer problem

* Leads to biased accumulation of knowledge
through the published literature
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Research Degrees of Freedom

* Any data processing and analytical choices
made after seeing and interacting with data

* Can severely inflate false positive

e Often occur outside of conscious awareness



How can improve?

* |ncrease documentation of the workflow
 Document from the beginning

 Make discoverability of all research,
published or unpublished, easier



Open Science Framework

https://osf.io
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Resources

® Free consulting on reproducible stats and

methods
o stats-consulting@cos.io
o https://cos.io/stats consulting/

e OSF Helpdesk
o support@osf.io




