Correspondence

Two Methodologies in “Amygdala Activation and
Connectivity to Emotional Processing Distinguishes
Asymptomatic Patients With Bipolar Disorders and
Unipolar Depression” That Can Produce False-
Positive Results and Some Statistical
Recommendations

To the Editor:

| was recently made aware of the article by Korgaonkar et al. (1)
through a media article on ScienceDaily (2). Intrigued by the
strong statements in the media article, | read the peer-reviewed
article and was surprised to see the authors used two meth-
odological procedures that have been demonstrated to pro-
duce high false-positive rates (3-5) and biased results (6,7).
This correspondence is not to discredit the results of Kor-
gaonkar et al. (1), but to emphasize the importance of using
statistical tools that produce unbiased estimates and proba-
bilities, so that readers can assess the amount of evidence
provided by the results. The questionable methodological
procedures | am referring to are Gaussian random field (GRF)-
based spatial extent inference (SEl), which has been demon-
strated to yield nominal type 1 error rates only at conservative
cluster-forming thresholds (CFTs) (p < .001) and large
smoothing kernels; and circularity analysis, where imaging
variables are selected by testing associations in the full sample
and subsequently used in prediction (6-8). Although the
association of high false-positive rates with these methodo-
logical procedures has been highly publicized (3,6,9,10), use of
these procedures is still common in neuroimaging studies
(1,11,12). Both of these approaches produce apparently
interesting associations with a high probability when, in fact,
there is no association. | discuss these two analytical ap-
proaches and the importance of accurate procedures.

GRF-Based SEI False-Positive Rates

Type 1 error rates of GRF-based SEI have been demonstrated
to be highly sensitive to the choice of CFT, image resolution,
and image smoothness (3,5,13,14). At anticonservative CFTs (p
> .001), type 1 error rates of GRF-based methods can be as
high as 60%, and the actual error rates are highly dependent on
the intrinsic and synthetic smoothness of the data and the
software package used (3-5). Despite these results and rec-
ommendations about parameter settings from GRF proponents
(18), some authors continue to use anticonservative thresholds.

The use of anticonservative testing procedures is caused, in
part, by the overemphasis on an adjusted p value passing the
.05 threshold. It is likely that some investigators select their
p value adjustment software to pass this classical threshold.
This approach affects the reader’s ability to interpret the
strength of the results because the adjusted p values do not
accurately describe the probability of a type 1 error. If correct
study procedures are used, the p value contains important
information; it describes the likelihood that the procedures
used will produce a result as extreme or more extreme under
the specified null hypothesis.
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There are several practices that may ameliorate this
problem:

1. Spatial extent p values should be reported without thresh-
olding; when these are accurately computed, they repre-
sent the probability of a cluster equal or larger under the null
that the image mean is unassociated with the covariate.

2. Corrected and uncorrected results should be reported and
made available through an organized data sharing system
so that evidence can be aggregated across studies (15,16).

3. Software tools that use GRF-based SEI should prohibit
investigators from using thresholds where the theory is
known to perform poorly.

4. Reviewers and journals should encourage the use of the
latest statistical tools that robustly yield nominal type 1
error rates across any range of CFTs, voxel size, and
smoothness (3-5). Many software packages (e.g., AFNI,
FreeSurfer, FSL, SnPM) have introduced permutation SEI
procedures (17) as well as cluster-free testing procedures
(4,18). We recently proposed a robust semiparametric so-
lution to this problem that is appropriate for multilevel
models (19).

Circularity Errors

One form of a circularity error occurs when a scientist performs
feature selection using the full sample and then assesses the
accuracy of those features using cross-validation (1,8). In 2009,
Kriegeskorte et al. (8) found that 56 of 134 sampled functional
magnetic resonance imaging studies reported selectively ob-
tained results. This error, combined with weak type 1 error
control, can produce high prediction accuracy when no asso-
ciation exists. This is a critical problem because prediction ac-
curacy is highly valued, and scientists unaware of the mistake
may have overconfidence in the study findings. Moreover,
prediction accuracy is more easily communicated to the public
than other specialized concepts, so these artificially confident
results are often strongly emphasized in media sources.

Circularity errors are difficult to identify without a detailed
description of the methodological procedures. Two recent
studies found that 14% and 11.6%, respectively, of the articles
sampled did not describe methods clearly enough for the au-
thors to determine whether circularity errors were made (8,12).
Use of the general recommendations below may help to avoid
this problem.

General Recommendations and Conclusions

Some of the following recommendations have been stated
elsewhere:

1. Journals and reviewers should not place emphasis on a
p value passing the .05 threshold. This is a reiteration of a
statement made by the American Statistical Association
(20). If a scientist has a well-founded hypothesis, a p value
above the threshold may suggest that the study had low
power or that the hypothesis should be revised; this can
be determined from other statistics reported in the article.
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2. Reproducible research practices should be required, such
as code sharing, version tracking (e.g., with Git), repro-
ducible software practices (e.g., R Markdown, Jupyter), and
data sharing where possible (15,16).

3. Clear scientific reporting, as in the article by Korgaonkar
et al. (1), is critical for reviewers to identify circular analyses.

4. Authors should be transparent about study procedures,
such as data dredging, p-hacking, and use of multiple end
points (21). An effort should be made to estimate the type 1
error of these procedures, e.g., with permutation testing.

5. Using or requiring data science experts as coauthors and
reviewers allows scientists to more accurately implement
advanced machine learning and statistical tools.

The two methodologies in the article by Korgaonkar et al. (1)
are well characterized, yet they persist in neuroimaging studies
(12). These procedures produce bias that can deceive readers
about the strength of the findings. This is particularly impactful
when the results are publicized in the media where study
findings are often enthusiastically overstated. Honest and clear
scientific reporting along with the practices described above
may help to improve the replicability and validity of study
findings.
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