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ARTICLE INFO ABSTRACT

Keywords: GingerALE, a widely used neuroimaging meta-analysis software package, contained errors in
Meta-analysis earlier versions that were later corrected. The technical report “Implementation errors in the
Guidelines

GingerALE Software: description and recommendations” by Eickhoff et al. (2017) documented

gﬂegonmagmg these errors and their corresponding fixes. In the current study, the papers that cited the Gin-
GingerALE gerALE technical report were analyzed to identify the reasons for these citations. In August 2023,

a search through Web of Science Core Collection identified 158 papers that cited the GingerALE
technical report. These papers were manually examined to extract the citation statements and
code the citation reasons into 12 categories. The analysis revealed that the most frequent reason
for citing the report was to justify the use of a specific statistical threshold, followed by a simple
acknowledgement of using GingerALE, acknowledging the impact of the errors in earlier versions
of GingerALE on prior studies or the lack of effect on current results, and justifying the number of
experiments in a meta-analysis. A small number of reasons related to non-GingerALE software,
matters not related to activation likelihood estimation (ALE), or statements not mentioned in the
GingerALE technical report.

Citation analysis

1. Introduction

Due to the high cost and complexity of data acquisition in neuroimaging studies, some studies might have small sample sizes.
Subsequently, concerns have been raised about statistical power and the heterogeneity of data analysis methodologies, which in turn
have led to questions about the reproducibility of research findings [1-7]. While some neuroscience journals encourage replication
studies [8], relatively few have actually been published in certain fields of neuroscience [9]. As a practical solution, meta-analyses can
be used to evaluate whether robust and coherent results can be obtained by pooling data acquired across studies using various ap-
proaches, such as activation likelihood estimation (ALE) [10-13].

GingerALE is a specialized software package developed to conduct ALE meta-analyses [14-16]. It was used by over 600
meta-analysis papers published during 2010-2019 [17]. Similar to other software, GingerALE had its functionality frequently updated,
with newer versions released regularly until May 16, 2019. As of the time of writing, the latest version available is Version 3.0.2
released on May 16, 2019. In 2017, the GingerALE development team published a 5-page technical report [18] that documented two
notable errors in earlier versions of the software related to statistical thresholds. The report urged researchers to use the newly
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introduced, debugged version. For clarity, this 5-page technical report would be referred as the GingerALE technical report hereafter.
The first error was found in Version 1.0 to Version 2.3.2 and affected inferences based on false-discovery rate (FDR) correction, as it
made the “effective threshold became too lenient and did not fully control the FDR at the desired level”. The second error was found in
Version 2.2 to Version 2.3.5 and affected cluster-level inference based on familywise error rate (FWE) correction, as it “yielded
thresholds that did not control the FWE of the clusters, but rather resulted in inference based on uncorrected cluster-level P values”. In
summary, both errors found in the GingerALE software would make the statistical threshold more liberal than intended and increased
the likelihood of false-positive results. The first error was fixed in Version 2.3.3 whereas the second error was fixed in Version 2.3.6. As
aresult, Version 2.3.6 (released in April 2016) was no longer impacted by these errors. The authors of the GingerALE technical report
recommended that researchers who published meta-analyses using GingerALE prior to Version 2.3.6 repeat their analyses with the
newer, error-free versions of the software, and submit “corrective communications” to the journals to supplement the original reports
[18]. At least four such article “corrections” have been published in accordance to the recommendation and reported updated
meta-analytic results [19-22]. Please see Fig. 1 for a timeline that illustrates these key events.

Previous citation analyses of software packages have shown that software packages were not always cited properly [23,24]. For
instance, Schindler et al. [23] reported that approximately 21 % of 175,350 neuroscience papers indexed in PubMed Central had a
formal citation (a citation listed in the bibliography of the paper) to the software used. Meanwhile, Howison and Bullard [24] reported
that 37 % of 286 software mentions retrieved from 90 biology papers were formal citations to previous publications, whereas another
31 % were in-text name mentions only. One would expect ALE meta-analysis papers published in 2017 or 2018 might probably cite the
GingerALE technical report in their methodology to remind the readers that a newer, error-free version of the GingerALE software was
used to conduct the analyses. Such practice might have faded gradually as the current versions (Version 2.3.6 or later) no longer
contain such errors that inflated the false-positive rate. Meanwhile, papers might continue to cite the GingerALE technical report as the
errors existed in the earlier versions of the software package could be a reason to explain the differences between the current results
and results from prior studies, or a justification to conduct a new meta-analysis on a previously published topic. Although the
take-home messages of the GingerALE technical report were short and clear, it has already accumulated over 150 citations within 7
years (2017 until 2023). The current study aimed to reveal why researchers were citing the GingerALE technical report. Ideally, re-
searchers should only cite the technical report to convey two messages: (1) there were software bugs in prior versions of GingerALE
that may have affected previously published results, and (2) justify the use of the newer versions. It would also be helpful to reveal
other citation rationales, especially those related to other aspects of GingerALE or ALE meta-analysis, if available.

2. Methods
2.1. Literature search strategy

The online Web of Science Core Collection (including Science Citation Index Expanded, Social Sciences Citation Index, Arts &
Humanities Citation Index, Conference Proceedings Citation Index [both CPCI-S and CPCI-SSH], and Emerging Sources Citation Index)
was queried on August 4, 2023. First, the GingerALE technical report [18] was identified by title search. The database showed that it
was cited by 149 papers. To double check, its article title was entered into cited reference search. Several variants were identified with

o Release of GingerALE Version 1.0

13 Apr | °® Functionality of voxel-level inference with FDR calculation
2007 (with 15t error)

¢ Release of Version 2.2

14 May * Introduction of cluster-level inference with FWE calculation
2012 (with 2 error)

e Release of Version 2.3.3

1;-0“ng « Correction to FDR calculation (1% error fixed)

| Release of Version 2.3.6
26 Apr e Correction to FWE calculation (2" error fixed)
2016 @ °Free from both errors

[ o Publication of the GingerALE technical report that
documented the errors and their corresponding fixes

Jan 2017| « pyblished as online first on 11 Aug 2016

* Release of Version 3.0.2

120'\:? « Most updated version at the time of writing this article

Fig. 1. Timeline that illustrates the key events concerning the GingerALE software.
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different publication year, volume, and page numbers (Fig. 2). Together, it was confirmed that a total of 158 papers cited the Gin-
gerALE technical report. The records of all 158 papers were exported. No duplicate existed within these 158 papers as confirmed by
manual check. An Excel data extraction sheet was prepared to manually record the exact lines of the citations and code the citation
reasons of each paper into 12 categories (Table 1). The coding scheme was originally devised according to the content mentioned about
the GingerALE technical report, and subsequently modified and finalized after evaluating the data. The coded data was double-checked
by the author 2 weeks after the initial coding, and no amendment was made.

3. Results

The coded data sheet can be found as the Supplementary Data File 1. The most frequent reason of the citations was to justify the use
of certain statistical threshold (n = 64) (Fig. 3). This finding remained unchanged when the papers were further divided into primary
research papers (papers classified as Articles according to Web of Science) and other papers (Fig. S1). To be precise, most of these citing
papers were using cluster-level inference with cluster-level Pryg = 0.05 with the cluster-forming threshold of voxel-level Pyncorrected =
0.001. The second most frequent reason of the citations was a simple acknowledgement of using GingerALE (n = 50). Acknowledging
that the error in earlier versions of GingerALE might affect results from prior studies (n = 36) and reporting the use of an updated/fixed
version to produce accurate results (n = 21) ranked 3rd and 5th on the list, respectively. The 4th most frequent reason was to justify the
number of experiments of a meta-analysis (n = 27), usually stating a requirement of at least 17-20 experiments to have sufficient
statistical power.

The popular reasons of the citations listed above directly dealt with statistical power which was the main concern of the imple-
mentation errors found in the earlier versions of GingerALE. Upon closer examination, 7 of 64 citations (10.9 %) to justify the use of a
certain statistical threshold were deemed erroneous (Table 2). In fact, the GingerALE technical report recommended the use of cluster-
level inference with FWE correction, and discouraged the use of voxel-level FDR correction. Meanwhile, several citation reasons were
related to other ALE aspects seemed not to be mentioned by the GingerALE technical report (Table 3). The most common one among
them was to address the issue of adjusting for multiple contrasts.

Some papers cited the GingerALE technical report for reasons not related to ALE and not mentioned by the GingerALE technical
report (Table 4). Sometimes, the citations were related to other software or tools, such as the Anatomy Toolbox [46-48] and AFNI [49].

4. Discussion

This study found that many researchers cited the GingerALE technical report for reasons other than acknowledging the imple-
mentation errors in the GingerALE software. Some of these citations were not supported by the content of the GingerALE technical
report and were unrelated to GingerALE or ALE meta-analysis. These citations could be seen as giving credit to secondary sources
rather than the original (primary) source, and may be perceived as potentially “incorrect” or “lazy” by some researchers [55,56].

Citing

O v Cited Author Cited Work Title Year Volume Issue Page Identifier i

. Implementation errors in the
Eickhoff, S. B.; HUM BRAIN -
GingerALE software: 7-

(] (...); Fox, P. M. MAPP — 2016 38 1
description and 11

recommendations

v v

. Implementation errors in the
Eickhoff,S.B.;  HUM BRAIN .
GingerALE Software:

O (..); FOX, P.T. MAPP o 2016 4
description and

recommendations

v v

Implementation errors in the

' HUMAN BRAIN .
Eickhoff, S. B GingerALE Software:
(m] MAPPING m— 2016 3
v description and
recommendations
i Implementation errors in the
Eickhoff, SB; HUMAN BRAIN -
GingerALE software:
(m] (...); Fox, PT MAPP m— 2016 15 8 1
description and
v v
recommendations
. Implementation errors in the
Eickhoff, SB; HUM BRAIN -
GingerALE Software: 7-
0 (...); Fox, PT MAPP o 2017 38 1 10.1002/hbm.23342 149
Description and 11

v v

recommendations

Fig. 2. A total of 5 variants of cited references belonging to the GingerALE technical report were found in Web of Science Core Collection online
database. These 5 records received a total of 158 citations.
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Table 1

Coded reasons for citing the GingerALE technical report and relevant excerpts.
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Citation reason

Relevant excerpt from the GingerALE technical report

Example of citation statement

(1) Acknowledge that the error in earlier
versions of GingerALE might affect
results from prior studies

(2) Acknowledge that the error would not
affect the current results based on an
updated/fixed version

(3) Justify the use of certain statistical
thresholds

(4) Justify the number of experiments
(power) of a meta-analysis

(5) Address the issue of adjusting for
multiple contrasts®
(6) Address the issue of using diagnostics

(e.g. % of contributing experiments)
on the revealed clusters®

(7) Justify the inclusion of whole brain

results only®

(8) Generic claim of following some

guidelines/recommendations for ALE

(9) Acknowledge the use of GingerALE

(10) Describe technical details of ALE

(11) Appear in the reference list only
(12) Irrelevant®

Not applicable

Not applicable

Regarding FWE correction: “Cluster-level FWE
thresholding is designed to apply a ‘cluster-forming
threshold’ (typically and standard in GingerALE: P <
0.001) ... the cluster-level FWE is controlled given that
only 5 % of all random realizations of the null-hypothesis
will entail one or more clusters larger than the ones that
were deemed significant.”

Regarding FDR correction: “For maximal statistical
rigor, FWE thresholding should be used for ALE analyses in
preference to FDR.”

“Further, to have sufficient power to detect moderately
sized effects, ALE analyses should be based on workspaces
containing

17-20 experiments or more [28].”

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable
Not applicable

“Finally, another aspect that is difficult to evaluate
retrospectively was the finding of two errors in the multiple
comparisons correction step in earlier implementations of
GingerALE [citation here], which presumably affected the
meta-analyses published prior to that report.” From [25]
“Second, we used an updated ALE algorithm, which had
addressed previous implementation errors in multiple
comparison corrections [citation here].” From [26]

“The ALE maps for the food and non-food odor conditions
were thresholded using a voxel-level threshold of uncorrected
p < 0.001 for cluster-formation and regarded as significant
atp < 0.05 family-wise error corrected for multiple
comparisons with 1000 permutations [citation here].” From
[27]

“Analyses were conducted where there were adequate
numbers of experiments (k = 17) as recommended by
Eickhoff et al. [citation here]” From [29]

“Reported foci originating from an identical sample were
integrated once only to avoid repeated effects [citation here*,
1 other citation]. ”® From [30]

“For the selection of significant clusters, additional criteria
were applied where each cluster must have contributions from
at least two experiments to minimize the influence of outliers,
with the average contribution of the most dominant
experiment (MDE) not exceeding of 50 % and the two most
dominant experiments (2MDEs) not exceeding of 80 %
[citation here].” From [31]

“Thus, to avoid such bias and self-fulfilling prophecies, it is
proposed to only include results of whole-brain analyses in
neuroimaging meta-analyses [citation here, 1 other
citation].” From [32]

“We first employed an anatomical likelihood estimation
(ALE) [3 other citations] following the recommendation
suggested by Eickhoff et al. [citation here].” From [33]
“Meta-analyses were performed using activation likelihood
estimation (ALE) performed in GingerALE version 3.0.2
(https://brainmap.org/ale/; [citation here, 3 other
citations]).” From [34]

“ALE creates a likelihood map for each peak coordinate by
convolving an isotropic kernel with each peak and then
modeling the likelihood of task-based activity in that area as a
normally distributed Gaussian probability distribution
[citation here, 2 other citations].” From [35]

No citation statement. From [36]

“To supplement the anatomical labels provided by Talairach
Daemon, we also report on the MNI labels provided in
Anatomy Toolbox v2.2c [citation here].” From [37]

*The citation was listed as Eickhoff et al. (2016) in the original text, but actually it should be Eickhoff et al. (2017).
“These citation reasons are related to ALE but not mentioned by the GingerALE technical report. See Table 3 for more examples.
PIrrelevant means not related to ALE and not mentioned by the GingerALE technical report. See Table 4 for more examples.

Several examples are provided below to illustrate this.

The most frequent reason to cite the GingerALE technical report was found to be a justification to use certain statistical thresholds,
mostly the cluster-level inference with cluster-level Pgyg = 0.05 with the cluster-forming threshold of voxel-level Pyncorrected = 0.001
deemed standard practice by the current ALE meta-analysis community [17,57-59]. The introduction of cluster-level inference with
FWE correction into GingerALE was described by Ref. [14] in 2012. That paper did not explicitly recommend a voxel-level clus-
ter-forming threshold, though it mentioned that: “in theory, this threshold can be arbitrarily chosen, though conventionally, an uncorrected
voxel-wise threshold of P<0.001 has been most prevalent in both fMRI and meta-analyses”. The cluster-forming threshold for cluster-level
inference with FWE correction was revisited by a 2014 paper that reported a literature survey and a simulation study [60]. That
simulation study concluded that a cluster-forming threshold of voxel-level Pypcorrected = 0.01 was too liberal and recommended setting
voxel-level Pyncorrected = 0.001 as “a lower limit default, and using more stringent primary thresholds or voxel-wise correction methods for
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o O

Frequency count
— N W R W
o O

[

(3) Stat threshold

(9) GingerALE used
(1) Affect prior

(2) Fixed version used
(5) Multiple contrasts
(10) Technical details
(12) Irrelevant

(8) Generic

(6) Diagnostics

(7) Whole-brain

(4) No. of experiments
(11) Reference list only

Reasons for citing GingerALE technical report

Fig. 3. Breakdown of various reasons for citing the GingerALE technical report in descending order. It should be noted that 53 papers contributed to
more than one reason. The keys are as follows. Stat threshold: Justify the use of certain statistical thresholds. GingerALE used: Acknowledge the use
of GingerALE. Affect prior: Acknowledge that the error in earlier versions of GingerALE might affect results from prior studies. No. of experiments:
Justify the number of experiments (power) of a meta-analysis. Fixed version used: Acknowledge that the error would not affect the current results
based on an updated/fixed version. Multiple contrasts: Address the issue of adjusting for multiple contrasts. Technical details: Describe technical
details of ALE. Irrelevant: Irrelevant citations. Generic: Generic claim of following some guidelines/recommendations for ALE. Diagnostics: Address
the issue of using diagnostics (e.g. % of contributing experiments) on the revealed clusters. Whole-brain: Justify the inclusion of whole brain results
only. Reference list only: Appear in the reference list only. The indices of the citation reasons correspond to those in Table 1.

Table 2
Seven erroneous citations to the GingerALE technical report with regard to the choice of statistical thresholds. For simplicity, citations to papers other

than the GingerALE technical report are omitted in the citation statements.

Type of error Citation statements

Justify the statistical threshold for conjunction or contrast analysis, a “Referring to the recommendations of Eickhoff et al. [citation here], the ALE comparison and
topic not mentioned by the GingerALE technical report (n = 2) conjoint analysis of did not use FDR correction, but an uncorrected threshold of p < 0.05 and
a minimum cluster standard of 200 mm3 were employed.” From Ref. [38].
“In GingerALE, the ALE analyses revealed the conjunction image (similarity) between two ALE
maps and contrast images which were created by directly subtracting one input image from the
other (i.e., exploration > risk and risk > exploration). The threshold for these analyses was set
top < 0.01 uncorrected with 5000 permutations and a minimum volume of 200 mm3, which
was a recommended method for calculating the results [citation here].” From Ref. [39].
The statistical threshold is more liberal than the one suggested by the  “In other words, multiple comparisons corrections for all analyses were applied using a cluster-
GingerALE technical report (n = 2) forming threshold (pvoxel-level <0.005) and a cluster-extent threshold (pFWE-
corrected <0.05) [citation here].” From Ref. [40].
“The resulting ALE map was thresholded at p < 0.05 at voxel-level, and p < 0.001 at
cluster-level for multiple comparison correction [citation here].” From Ref. [41].
“The ALE map derived from the analysis of the whole insula (obtained through Search 1) was
thresholded at a voxel-level (FWE p < 0.05) [citation here].” From Ref. [42].
“ALE maps were thresholded at a voxel-level FWD p <0.05, in line with Eickhoff et al.
[citation here]” From Ref. [43].
Justify the use of voxel-level FDR correction, a method discouraged by  “Corrections for multiple comparisons based on false-discovery rate (FDR) were applied atp <
0.05, in accordance with Eickhoff et al. [citation here].” From Ref. [44].

The statistical threshold is more stringent than the one suggested by
the GingerALE technical report (n = 2)

the GingerALE technical report (n = 1)

highly powered studies”. Readers should note that this study in 2004 focused on statistical threshold for original studies but not ALE
meta-analyses. In 2016, another simulation study [57] recommended the use of cluster-level inference with cluster-level Pgyg = 0.05
that “involves the use of an uncorrected cluster-forming threshold” for ALE meta-analysis. In 2017, the GingerALE technical report, being
evaluated in the current study, again mentioned that cluster-level inference with cluster-level Pryg = 0.05 should be accompanied with
a “‘cluster-forming threshold’ (typically and standard in GingerALE: P < 0.001)” [18]. It was until 2018 an explicit and clear recom-
mendation was made by Ref. [58] for ALE meta-analysis: “Importantly, on the voxel-level a cluster forming threshold of p < 0.001 and a
cluster-level threshold of p < 0.05 is recommended.” Fig. 4 illustrates the citation cascade of the abovementioned papers, implying the
development of the recommended statistical threshold for ALE meta-analysis over time. In the current study, 10.9 % of the citations to
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Representative examples for citation reasons related to ALE aspects not mentioned by the GingerALE technical report. For simplicity, citations to
papers other than the GingerALE technical report are omitted in the citation statements.

Citation reason

Illustrative example

Address the issue of adjusting for multiple contrasts (n = 15)

Address the issue of using diagnostics (e.g. % of contributing
experiments) on the revealed clusters (n = 4)

Justify the inclusion of whole brain results only (n = 1)

“The most recent algorithm minimizes within-group effects and provides increased power by allowing
for inclusion of all possible relevant experiments [citation here].” From Ref. [45].

“For the selection of significant clusters, additional criteria were applied where each cluster must have
contributions from at least two experiments to minimize the influence of outliers, with the average
contribution of the most dominant experiment (MDE) not exceeding of 50 % and the two most
dominant experiments (2MDEs) not exceeding of 80 % [citation here].” From Ref. [31].

“Thus, to avoid such bias and self-fulfilling prophecies, it is proposed to only include results of whole-
brain analyses in neuroimaging meta-analyses [citation here].” From Ref. [32].

Table 4

Representative examples for citation reasons not related to ALE and not mentioned by the GingerALE technical report. For simplicity, citations to
papers other than the GingerALE technical report are omitted in the citation statements.

Citation reason

Illustrative example

Acknowledge the use of Anatomy Toolbox (n = 2)

Address that very early “meta-analyses” relied on visual
inspection instead of statistical tests (n = 1)

Claim that certain brain regions are responsible for extraction
of semantic information (n = 1)

Claim that meta-analysis is a solution to the replicability issue
of individual studies (n = 1)

Claim that an error was found in AFNI software which was
subsequently fixed (n = 1)

Acknowledge the use of data mining (n = 1)

“To supplement the anatomical labels provided by Talairach Daemon, we also report on the MNI labels
provided in Anatomy Toolbox v2.2c [citation here].” From Ref. [37].

“Such analysis only contained, however, a very small number of studies (only eight studies involving
execution tasks were included) and, most importantly, it did not rely on specific statistical tests or
validated procedures, but rather the authors identified commonalities across experiments by visually
inspecting the foci of activation [citation here].” From Ref. [50].

“Emotional facial stimuli are also thought to recruit the fusiform gyrus for early detection, in addition to
the pSTS for the extraction of semantic information [citation here].” From Ref. [51].

“With regard to the fact that ‘replicability of individual studies is an acknowledged limitation,’ Eickhoff
et al. [citation here] suggest that ‘Coordinate-based meta-analysis offers a practical solution to this
limitation.” From Ref. [52].

“In the recent case of Eklund et al., the discovery of an error in the algorithm for controlling for cluster-
wise fMRI activation effects quickly led to changes in the widely-used AFNI package [citation here].”
From Ref. [53].

“Data mining is an integral component of knowledge discovery. It aims at automatically extracting
implicit previously unknown and potentially useful information from a large database [citation here,
also cited 5 other papers completely unrelated to neuroscience].” From Ref. [54].

Eickhoff et al. 2012
\
\
\‘ Woo et al. 2014 |
\ [
’ 4 -
\\ Eickhoff et al. 2016 | :
\ L y [
\
\ | :
v [ A 1
v | Eickhoff et al. 2017 1
' L J !
\ 1
v [
[
Miiller et al. 2018 1

Fig. 4. Citation cascade of papers dealing with the development of the recommended statistical threshold for ALE meta-analysis [14,18,57,58,60].
In short, it was Eickhoff et al. (2016) that devised an optimal statistical threshold for ALE meta-analysis, taking considerations from an initial
suggestion from Eickhoff et al. (2012) and then from Woo et al. (2014) who devised an optimal threshold for original studies. This optimal threshold
was then reiterated by the GingerALE technical report (displayed in the figure as Eickhoff et al., 2017) as well as a meta-analytic guideline by Miiller
et al. (2018). Solid lines indicate citations dealing with statistical threshold matter, whereas dotted lines indicate citations dealing with
other matters.
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the GingerALE technical report to justify the use of a statistical threshold were considered erroneous. If researchers wanted to adopt a
certain statistical threshold, they should cite the proper source to avoid confusion.

Ten papers cited the GingerALE technical report to address the issue of adjusting for multiple contrasts with a consistent citing line
that always cited Turkeltaub et al. (2012) and the GingerALE technical report [16,18] and contained three phrases/concepts, namely
“(most recent) algorithm minimizes within-group effects”, “increase(d) power”, and “inclusion of all relevant experiments” [39,45,
61-68]. Readers should be aware that a few of these citing papers had the same first author or similar contributing authors. Hence, this
finding could be potentially biased by papers from the specific research group. See the example line listed in Table 3. In the Intro-
duction of the GingerALE technical report, the historical development of GingerALE was briefly reviewed: “Other developments include
the replacement of the initial fixed-effects modeling with random-effects analyses of convergence over experiments rather than individual foci
[15] and a correction to avoid summation of within-group effects [16].” The issue of within-group effects was fixed by Ref. [16] published
in 2012, so it was not related to the changes to the GingerALE software reported by the GingerALE technical report published in 2017.
Perhaps a proper citation approach would be to acknowledge either the original algorithm that minimized the within-group effects
[16], and/or a general guideline on neuroimaging meta-analysis [58]. Fig. 5A and B give readers a better understanding on the citation
counts received by the primary GingerALE papers and the GingerALE technical report. It appears that the primary GingerALE papers
have experienced a greater increase in annual citation count compared to the GingerALE technical report.

Similarly, 4 papers cited the GingerALE technical report to address the issue of using diagnostics on the significant meta-analytic
results. All four papers cited that: “the average contribution of the most dominant experiment (MDE) should not exceed 50 % and the two most
dominant experiments (2MDEs) should not exceed 80 %", with or without some paraphrasing. It was clear that the GingerALE technical
report did not mention these numbers. To identify the source of information, a Google Scholar search was performed with the search
string “most dominant experiment (MDE)”, as Web of Science does not index the main text of papers. The search yielded 12 papers, all
of which contained this line about MDE and 2MDEs. Four of the 12 papers cited the GingerALE technical report and they were already
included in the dataset of this study. The remaining 8 papers cited [57]. To verify, the entire citation statement (the average contribution
... should not exceed 80 %, without double quotations) was entered into Scite.ai (https://scite.ai/), which returned with 12 relevant
citation statements from 8 papers. Ten of these statements cited [57] and only 2 cited the GingerALE technical report. The results from
Google Scholar and Scite.ai indicated that [57] should be considered the primary source for the recommendation on diagnostics, rather
than the GingerALE technical report which was sometimes incorrectly cited even though it was not a secondary source. In fact, an
empirical simulation study published in 2016 [57] suggested that an ALE meta-analysis should include at least 17 experiments,
because: “using cluster-level FWE thresholding, 17 experiments ensure a top-contribution of less than 50 % and a contribution of the two most
dominant experiments of less than 80 %”. While it could be argued that the main point raised by Ref. [57] was the number of experiments
to be included in an ALE meta-analysis, rather than the contributing ratio of one or two MDEs, a subsequent guideline for conducting
and reporting neuroimaging meta-analyses [58] recommended diagnostics that “identify and count all experiments that report foci directly
lying in a specific cluster or within a specific localization uncertainty range”, without explicitly mentioning percentages for the MDEs.

Finally, researchers should refer to the developer’s websites to confirm the publications/references to be acknowledged with the
use of statistical software or toolboxes. For instance, whereas it was important to notify the readers that the GingerALE software used in
the meta-analysis had been updated to fix the errors, the GingerALE technical report should be cited together with the papers that
introduced the software itself [14-16]. Meanwhile, the Anatomy Toolbox, formally known as the JuBrain Anatomy Toolbox (or SPM
Anatomy Toolbox), was introduced by Refs. [46-48] but unrelated to the GingerALE technical report. Certainly, it could not be ruled
out that some of these citations deemed not relevant could be due to processing/typesetting errors during the publication procedures,
as it could be observed that one paper listed the GingerALE technical report in its reference list without citing it in the main text.

Imprecise citations might have some practical implications. For example, papers that made the citation to justify the use of a certain
statistical threshold that was not mentioned in the GingerALE technical report might be read by future researchers, who might make
the identical citation for the same justification. A similar issue was found in a recent study that analyzed the citations of fMRI papers
[69]. If so, the actually unjustified methodology would be perpetuated in subsequent research work, as demonstrated in the case of
meta-analyses on the effectiveness of prostaglandin analog eye drops [70]. In short, among the meta-analyses on eye drops that used
incorrect statistical methods, only one cited a predecessor that employed appropriate methods [70]. When a cited reference failed to
substantiate, was unrelated to, or even contradicted the assertion, some researchers would consider it as a major quotation (citation)
error which accounted for 64.8 % of all quotation errors [71]. Besides, researchers tended to cite papers that were already highly cited,
a phenomenon known as the Matthew effect [72]. As such, when researchers cited the GingerALE technical report for secondary
(non-original) recommendations/concepts, the original sources would lose not only this single citation, but also future citations given
that the secondary source became a highly cited reference. It might become more difficult for junior researchers to properly identify
the original sources of concepts. The prevalence rate of such improper secondary citations was estimated to be around 10.4 % in the
literature [71].

This study had some limitations. First, data extraction and manual coding were performed by a single author. The evaluation
process could be less subjective if there was another independent rater, who performed the coding with a copy of the coding guideline
without additional guidance from the author. Hence, future projects should consider the calculation of the inter-rater agreement.
Second, some researchers have published multiple meta-analytic papers using the GingerALE software. Some of these researchers may
“reuse” certain paragraphs from their previous papers, particularly from the introduction and methods sections, and copy references
from the bibliography. It is possible that even if some papers were not written by the same authors, independent authors may refer to
the writing style of each other. Junior authors may also implicitly follow the citation behavior and writing style of famous authors or
research groups. As a result, it is difficult to quantify the bias caused by any particular group of authors.
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Fig. 5. Comparison of (A) annual and (B) cumulative citation counts received by the primary GingerALE papers and the GingerALE technical report.
The 3 primary papers [14-16] were listed in the official website of the software (https://brainmap.org/). The citation counts were extracted from

Web of Science Core Collection on June 13, 2024.

5. Conclusion

This study found that the GingerALE technical report on the implementation errors of earlier versions of the software was cited by
158 papers. However, many researchers cited the report not primarily for the implications related to the errors, but rather to justify the
use of specific statistical thresholds or the number of experiments to be included in a meta-analysis. Other reasons for citation, though
less relevant to the effect of software bugs, included adjusting for multiple contrasts, using diagnostics to examine meta-analytic re-
sults, and including whole brain results only. Additionally, there were citations related to non-GingerALE software, non-ALE matters,
or statements not mentioned in the GingerALE technical report. Nevertheless, it is reassuring that the neuroimaging community

demonstrated an awareness of and adherence to the statistical considerations of ALE meta-analysis.
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