O 00N O WU

10
11
12
13
14
15

16

17

18
19
20
21
22
23
24
25
26

27
28
29
30
31
32
33
34
35
36

37
38
39
40
41
42
43
44

The EEGManyPipelines Dataset: Metascientific Data on 168 Independent
Analyses of a Single EEG Dataset

The list of authors and their affiliations appear in the Appendix at the end of the paper.

Abstract

There is a growing need for large-scale, global studies in response to the replication crisis, which has
raised concerns across many scientific fields and prompted efforts to understand the sources of
variability in research outcomes. Here we describe the EEGManyPipelines dataset: a many-analyst
study aiming to examine how differences in electrophysiology (EEG) data analysis may contribute to
differences in the results. We describe data shared and analyzed by 168 analyst teams. The original
shared raw data consisted of behavioral data and EEG recordings of 33 participants performing a long-
term memory task, together with 8 hypotheses regarding event-related potentials and time-frequency
effects. Analyst teams also provided meta-scientific data detailing analysts’ approach to hypotheses:
processed EEG data, scripts, and answers to questionnaires. We propose this unique dataset for future
use to study analytical flexibility, research culture, and scientific decision-making. It offers a valuable
tool for meta-scientific, global and multicenter studies, EEG methodology, and reproducibility studies.

Background and Summary

In the last decade, many fields—including experimental psychology, cognitive neuroscience, and

several biomedical, behavioral, and social sciences—have faced a replication crisis, with sometimes
half or more of studies estimated to fail to replicate’™. Among the explanations proposed, one key
contributor may be variability in data processing and analysis®>>®. Recently, several projects have used
a many-analysts approach to systematically map variability in data analysis practices onto variability
in research outcomes’®. This approach involves independent teams analyzing the same dataset to
answer the same research questions®. Under these controlled conditions, differences in results
between analysts can only be attributed to variations in analysis choices. The EEGManyPipelines
project was launched to explore the extent of this variability in real-world EEG analysis practices and
their effect on research outcomes®.

Neuroimaging data, including electroencephalography (EEG) data, allow considerable flexibility in data
processing and analysis choices. Analytical variability in functional magnetic resonance imaging (fMRI)
has been demonstrated to substantially affect scientific conclusions’. However, we do not know to
what extent these results transfer to other neuroimaging modalities, such as EEG. Researchers’
degrees of freedom for EEG data analysis practices are comparable to those in fMRI, both due to
intrinsic data properties, the many available data analysis packages, published pipelines, and general
reliance on custom code. However, EEG recordings are particularly susceptible to artifacts linked to
experimental task design, such as sweating or involuntary facial muscle contractions during
demanding tasks. Moreover, less technical support is required for EEG compared to fMRI, leading to
limited support from specialized staff such as MR physicists.

To investigate variability in EEG data analysis practices and effects on results, the EEGManyPipelines
project was launched at the end of 2020. Initially, 327 teams consisting of 1-3 analysts each signed up
for the project (sign-up phase was July—September 2021) and received the same dataset to analyze
with the methods they typically use. The EEG dataset consisted of a typical visual recognition memory
experiment: a continuous recognition task, with some images repeating multiple times. Together with
the data, analyst teams received a set of eight hypotheses to test (Box 1). The hypotheses varied in
specificity, ranging from narrow hypotheses about condition-specific effects on EEG voltage at a
specific set of channels within a specific time window, to more open-ended hypotheses about


https://www.zotero.org/google-docs/?707DUE
https://www.zotero.org/google-docs/?PG5ELH
https://www.zotero.org/google-docs/?8IVs5Y
https://www.zotero.org/google-docs/?oxG1j8
https://www.zotero.org/google-docs/?xKzxzr
https://www.zotero.org/google-docs/?44T7Zg

45
46

47
48
49
50
51
52

53
54
55
56
57
58
59
60
61

62
63
64
65
66

67

68

69
70
71
72
73
74
75
76

77

78
79
80
81
82
83

84
85
86
87
88

condition differences at any possible time point, channel location, or frequency band. Analyst teams
had eight months to analyse the data (the data analysis phase lasted October 2021—May 2022).

A total of 168 teams out of 327 (51.4%) completed data analysis and submitted results. Teams
reported the outcomes of their hypothesis testing in both a standardized format (by filling in a
guestionnaire form) and as a free-text results report. They also submitted processed EEG data, analysis
scripts, a detailed description of their processing pipeline, and the results. Additionally, all individual
analysts provided demographic information and rated their confidence in the evidence for each
hypothesis tested before and after data analyses.

The EEGManyPipelines project aimed to link the variability in data analysis choices to the variability in
results. Together with the original dataset sent to the analyst teams, we share the original meta-
scientific data as submitted by the analysts and a version curated for consistency, which allows users
to process all data using software of their own choice. This rich dataset can be used to address a wide
range of questions, including how features of data analytic decisions affect reported results, different
approaches to hypothesis testing and decision making. In addition, EEGManyPipelines provides a rich
database of coding practices using different software tools with the added advantage of direct
comparability (all code was developed to analyze the same dataset and answer the same research
guestions).

The data is available free of charge through the open-source brainlife.io cloud platform.!! The
following sections present our project, structured in three parts: first, we describe the data and
information that was sent to analyst teams. Second, we describe the data collected after the analysis
phase (referred to as meta-scientific data). Finally, we provide a description of the curation process
and the curated meta-scientific data.

Methods

Overview

We shared the same EEG dataset, along with a set of hypotheses, with expert teams and asked them
to analyze the data in line with their typical analysis practices. At the end of the data analysis phase,
analyst teams submitted detailed responses for every tested hypothesis and provided cleaned EEG
data as well as the code for processing it. Below, we provide a more detailed description of the
analysts, procedures, and documentation, as well as of the data sent to and received from the analyst
teams by the end of the analysis phase. We curated the EEG preprocessed data, the Analysis
guestionnaire, and the Result forms for convenient handling (i.e., we converted them to the same
format).

Analysts

Analysts were invited to join the EEGManyPipelines project through advertisements in mailing lists,
social media posts, presentations at conferences, and word-of-mouth. To be eligible to participate,
each team was required to include at least one member who had published an EEG study in a peer-
reviewed journal before the registration deadline. The EEGManyPipelines study was approved by the
ethics committee of the Faculty of Psychology and Sports Sciences at the University of Minster,
Germany (#2021-06-NB and #2021-52-NB-FA).

A total of 327 eligible teams signed up, but 57 teams cancelled participation (Figure 1, panel A). Teams
could consist of up to three individual researchers. An analyst could not join multiple teams. All team
members signed a participation agreement permitting their data and results to be shared online under
CC-BY license (see the participation agreement at https://osf.io/zq3ca). Every team could choose a
team identifier themselves, or allow the Steering Committee (members of the Steering Committee are
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listed in the Author contributions section) to pick a random identifier consisting of letters and
numbers.

The analysis phase lasted from October 2021 to May 2022. Upon request, 34 teams were granted a
15-day deadline extension, and nine teams were granted a one-month extension. In total, 168 teams
submitted processed data, scripts, answers to questionnaires, and results for all eight hypotheses—
these teams are the final EEGManyPipelines analyst teams who contributed to the shared data. These
168 teams comprised 396 individual researchers (mean age 33.7 + 7.5 years; 150 female, 223 male, 2
self-identified as diverse, 21 did not give an answer). The demographics are summarized in Figure 1,
panels B-E (further details can be found in Tributschek et al. (2024)). Analysts who completed the
assignment were invited as co-authors on this and the main EEGManyPipelines paper.

The geographical distribution of the analysts is comparable with that of the broader EEG research
community, based on the geographical distribution of PubMed-indexed EEG articles published 2017—
2022. The geographical distribution of EEGManyPipelines analysts included Europe (69%), North and
South Americas (14%), Asia (12%), and Oceania (5%). In comparison, PubMed analyses revealed that
most published research based on authors’ affiliation comes from Europe (48%), North and South
Americas (24%), Asia (24%), Oceania (4%), and African countries (<1%) (see Triibutschek et al. (2024),
Figure 1 for details).

A Dropout rates and final sample C Geographical distribution of analysts

Original sample J Reason for exclusion
S| | Eigile teams (n=327) |

I———-{ Cancelled participation (n=57)

Teams at the end of the ‘

analysis phase (n=270) » Cancelled participation (n =10 )

+ Did not submit data (n=87)
i— * Missing scripts, Analysis
questionnaire, Result report Number of analysts

Submitted complete data (n=1)
(n=168) * Missing Analysis questionnaire 12 3 45 610 11202140 >40
and Result report (n=1)
l + Missing Analysis questionnaire D Ana[ysts ! gender

(n=1)
* Missing Result report (n=1)
* Missing scripts (n=1)

Curated data:
+ Epoched EEG data (n=117)

* Result tables (n=140) male- 56.2%
« Corrected Analysis female - 37.8%
questionnaire (n=168) no-answer - 5.3%

diverse- | 0.5%

B Experience in the field E Analysts’ position

EEG years EEG papers EEG datasets

- PhD student- 29%
Postdoc/Fellow/Scholar - 24.4%
Junior Professor/Researcher - 15.4%
Senior Professor- 14.1%
Research Assistant/Technician - 8.1%
Lecturer/Instructor - 4.5%
Pregraduate student- 3%

N<373-5M6-9M10-40 W<3 3-5M6-19M20-150 B<33-5M6-90>10 Outside academia- U 1.3%

Figure 1. Inclusion flowchart and demographic information of participating analysts (n=168). A. Flow diagram
indicating team numbers at different stages and reasons for dropout. B. Expertise in performing EEG, the number
of published EEG papers, and the number of collected EEG datasets. C.-E. Charts summarize demographic data
of the participating analysts: geographical distribution of analysts (C), gender (D), and self-reported job position
grouped into categories (E). The figure in panel C was adapted from Triibutschek et al. (2024).
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Analysis task and data shared with the analysts

Acquisition of the EEG dataset

The EEG dataset sent to the analysts was recorded from 33 participants (22 female; 4 left-handed;
mean age 27 years) with normal or corrected-to-normal vision who participated for course credit or
financial compensation. Although a relatively small sample size increases the possibility of diverging
results when testing the same hypotheses, it represents a typical sample used in similar research.
Clayson et al. (2019) suggested that an average sample size for event-related potentials (ERP) research
was 21 participants. The dataset sent to analyst teams was collected for a different pilot long-term
memory study; however, no results using this data had been previously published.

The EEG experiment was approved by the Ethics Committee of the Faculty of Psychology and Sports
Sciences at the University of Minster, Germany (#2016-22-NB). Participants received written
information about the aims and procedures before participating in the study. All participants gave
written informed consent and agreed to have the data and results shared openly.

The data were recorded in two distinct laboratory locations. The first 17 participants were recorded
in a Faraday cage, while the last 16 participants were recorded in a different soundproof booth lacking
electrical shielding.

Experimental design and stimuli

Participants performed a continuous visual recognition task!?%. They viewed a stream of images (see
Figure 2) where some images were repeated, and were asked to judge if each image was seen for the
first time (“new”), or had been seen before (“old”) in the experimental session by lifting a finger from
one of two response keys (left/right CTRL). Images were displayed for 500 milliseconds, followed by a
blank screen until a response was made (self-paced). Feedback was provided via a color change of the
fixation cross: the grey cross turned green or red for 200 milliseconds, indicating correct and incorrect
responses, respectively. Releasing both keys together initiated a variable inter-trial interval (1000-
3000 milliseconds) followed by the next trial. A gray fixation cross was displayed at the center of the
screen during a response period and inter-stimulus intervals. The experimental conditions (scene
category, number of presentations, correct/incorrect responses, reaction times) are coded in the EEG
trigger markers. The experiment was programmed in MATLAB (The MathWorks, Natick, MA, USA)
using the PsychToolbox*.

The experiment included 600 unique images: 300 were presented only once, and 300 were presented
three times, totaling 1,200 trials. Stimuli were presented in a pseudo-randomized order such that
repeated images reappeared after 10 to 60 intervening trials. The stimuli consisted of 600 grayscale
images from four scene categories (forests, highways, beaches, and buildings) sourced via Google
Image Search. Each image measured 10 x 7.5 (horizontal x vertical) degrees of visual angle (dva) and
was presented on a black background. Stimuli were presented on a calibrated LCD monitor
(VIEWPixx/EEG) with 1920 x 1080 pixel resolution and a refresh rate of 100 Hz, positioned 86 cm from
the participants’ eyes. Head position was stabilized using a chin rest.
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Figure 2. Timeline of an example trial in the EEG continuous visual recognition memory experiment.
Participants viewed images of natural (i.e., beaches, forests) and man-made (i.e., highways, buildings) scenes.
The task was to indicate whether they had been shown this image previously. Feedback (correct/incorrect) was
indicated by a green/red cross.

EEG recordings

EEG was recorded using a 64-channel BioSemi Active-Two amplifier system with 64 Ag/AgCl
electrodes, arranged according to the international 10-10 system. Two additional electrodes were
placed on the mastoids. Horizontal and vertical electro-oculograms (EOG) were recorded from
electrodes at the lateral canthi and below the eyes, respectively. The Common Mode Sense (CMS) and
Driven Right Leg (DRL) electrodes were placed on the left and right sides of electrode POz. EEG was
recorded in DC mode at a sampling rate of 1024 Hz with a 200 Hz low-pass filter and 24-bit AD
conversion. EEG was recorded in an acoustically shielded recording booth. The onset time of scene
images was marked and recorded in the EEG data by a trigger sent from the stimulus computer to the
BioSemi ActiView recording software.

EEG preparation

The EEG data underwent minimal preprocessing, which included: (i) re-referencing to electrode POz,
which resulted in POz containing only zeros; (ii) vertical EOG computation by subtracting infra-orbital
channels (101 and 102) from super-orbital channels (Fp1 and Fp2), (iii) horizontal EOG computation by
subtracting the right channel (AFp10) from the left channel (AFp9), (iv) downsampling to 512 Hz by
using the EEGLABY function pop_resample, which uses an anti-alias filter to 0.9 of the Nyquist
frequency, (v) simplification of event codes (to retain only information relevant for the eight
hypotheses).

Hypotheses

Analysts tested the eight hypotheses presented in Box 1, featuring questions about ERP and time-
frequency effects. "EEG voltage" refers to the conventional time-domain signal. “Spectral power”
refers to the result of a (time-)frequency transform (e.g., fast-fourier-transform, wavelets,
multitapers, etc.). All timing-related specifications are relative to image onset as indicated by the
trigger markers in the EEG data.

The hypotheses were formulated by steering committee members, who have extensive experience in
memory research. Only hypotheses that were typically studied in memory research and that would
allow for a binary comparison were selected. The terms and concepts in the hypotheses (e.g., N1
component, spectral power, theta power) should be familiar to most EEG researchers. We did not
specify the definitions of the concepts used in the hypotheses. For example, "theta power" and "alpha
power" refer to the response within the canonically defined alpha and theta frequency bands in the
EEG literature, but exact frequency ranges (e.g., 7—-12 Hz for alpha) were left unspecified in the
instructions to accommodate analysts using their own definitions.

Hypotheses were arranged in order of approximate specificity or ambiguity regarding “when” and
“where” to test for an effect. For the comparatively ambiguous hypotheses, there were a priori a larger
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number of justifiable approaches to analyze the data. The comparatively ambiguous hypotheses (i.e.,
hypotheses 3a, 3b, 4a, 4b, see Box 1) invited for different methodological approaches (the selection
of channels, time window, or frequency ranges were left open) to testing the same idea as compared
to specific hypotheses (i.e., hypotheses 1, 2a—c, see Box 1), which specified an ERP component, time
window, or channel locations.

Box 1. Hypotheses sent to the analyst teams.

H1. There is an effect of scene category (i.e., a difference between images showing man-made vs.
natural environments) on the amplitude of the N1 component, i.e. the first major negative EEG voltage
deflection.

H2. There are effects of image novelty (i.e., between images shown for the first time/new vs.
repeated/old images) within the time-range from 300-500 ms ...

a. ... on EEG voltage at fronto-central channels.
b. ... on theta power at fronto-central channels.
c. ... on alpha power at posterior channels.

H3. There are effects of successful recognition of old images (i.e., a difference between old images
correctly recognized as old [hits] vs. old images incorrectly judged as new [misses]) ...

a. ... on EEG voltage at any channels, at any time.
b. ... on spectral power, at any frequencies, at any channels, at any time.

H4. There are effects of subsequent memory (i.e., a difference between images that will be successfully
remembered vs. forgotten on a subsequent repetition) ...

a. ... on EEG voltage at any channels, at any time.

b. ... on spectral power, at any frequencies, at any channels, at any time.

Instructions for analysts

At the beginning of the analysis phase, teams received instructions describing the dataset and
hypotheses, along with guidance on how to approach the data. Instructions were intentionally kept
open, giving analysts freedom to choose how to process the data and test the hypotheses. Analysts
were instructed to analyze the data with pipelines corresponding as closely as possible to the pipelines
that they would use to analyze their own data. Analysts were not expected to analyze the data beyond
what was required for testing the hypotheses provided. In addition, analysts were given instructions
on how to report results, as well as guidelines for submitting code and processed EEG data. Below, we
detail instructions for the meta-scientific data we collected (more details about the questionnaires in
A, B, and C sections can be found below, in the Raw meta-scientific data section):

A) Instructions for the Prior and Posterior expectations questionnaire. In the instructions
document, we asked analysts to fill in the questionnaires before and after hypothesis testing.
We informed them that they would have to provide a binary response stating their subjective
belief about each hypothesis test and their confidence rating to the indicated result (both
before and after having analyzed the data). Within the instructions document, the Posterior
expectations questionnaire is also referred to as the Results questionnaire.

B) Instructions for the Free-text results report. The analyst teams were asked to report their
results for each hypothesis in a free-text format. We asked for the report to be concise and
formatted similarly to the results section of a scientific journal article (about one paragraph
per hypothesis).
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C) Instructions for the Analysis questionnaire. Here, we asked for as many details as possible in
response to a comprehensive list of questions about EEG processing steps and statistical
procedures. We recommended taking notes and documenting the analysis steps.

D) Instructions for submitting analysis scripts. We asked analysts to use the same analysis
pipelines as they would apply to data they collected themselves. Analyst teams were
instructed to submit the code used and/or generated during their analysis of the EEG data.
They were asked to provide all scripts needed to reproduce their analyses. Instructions
included a recommendation to clearly indicate the order of processing (e.g., by using a
separate text file or by numbering the scripts). Analysts were encouraged to comment and
document scripts. If analysts used a graphical user interface (GUI) analysis software, they were
asked to provide GUI screenshots or a text file (e.g., in .txt, .docx, or .pdf formats) detailing
the steps. If the software packages allowed for exporting an ordered list of functions (with all
the input settings), analysts were asked to export and submit such documentation. The
instructions included examples for the most common EEG analysis software.

E) Instructions on how to submit processed EEG data. Analyst teams were asked to submit the
trial-by-trial pre-processed EEG data for each participant (i.e., after any data cleaning and
processing steps but before averaging and inference). Data had to be arranged in separate
folders for each participant (e.g., subj01, subj02, ...), even if participants were excluded from
further analysis. All processed data of one participant had to be stored within a single file.
There were no restrictions on file formats. Teams were asked to submit data in the native
format used by their chosen analysis software. Additionally, teams had to include: (i) a tabular
file (.txt or .csv) with the numbers/labels of channels that were identified as “bad channels”
(e.g., channels that were removed and/or eventually interpolated) for each subject, (ii) a
tabular file (.txt or .csv) with indices of rejected trials during pre-processing for each
participant (while retaining consistent trial indices relative to all trials), (iii) a text file
description (in .txt, .pdf, or. docx formats) detailing the total number of independent
components (ICs) obtained after independent component analysis (ICA) decomposition and
the number of ICs selected for removal, and the reason for their removal.

Raw meta-scientific data

Raw meta-scientific data comprises the data as submitted by analyst teams. It contains their
demographic data, answers to questionnaires, results from hypothesis testing, processed EEG data,
and scripts with documentation.

Demographic data. Analysts provided demographic information that included their age, gender,
country of residence, highest degree obtained, and number of years since obtaining that degree, job
position, number of years in that position, EEG-related research areas and topics, years of experience
with EEG, number of EEG datasets analyzed, and number of published EEG papers. To reduce the
possibility of linking team identifiers to persons, we split the demographic table into two: one without
information on country of residence and gender, and a separate table containing only the country and
gender information with a randomly assigned team number.

Prior expectations questionnaire. Before being given access to the EEG data, each analyst was asked
to complete a questionnaire about their prior expectations concerning each hypothesis. They were
asked to indicate the expected outcome (confirmation or rejection of the hypothesis), their confidence
level based on their current understanding of the topic (on a scale from 0 to 100%, with 1%
increments), and to indicate what percentage of teams they believed would confirm each hypothesis.
Finally, analysts were asked to rate their expertise in all topics related to the hypotheses. The
questionnaire can be found at https://osf.io/p9kda*®.
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Analysis questionnaire. Each analyst team completed the Analysis questionnaire detailing their data
processing steps. The questionnaire consisted of three parts: (i) analysis software, (ii) preprocessing,
and (iii) inferential statistics. If analysts used different processing pipelines for different hypotheses,
they were asked to report the pipeline they used for testing hypothesis 4b (i.e., the most open or
unspecified one; Box 1). They were also asked to use the free-text options of the subsections of the
guestionnaire to report any deviation in this step for the other hypotheses. The questionnaire can be
found at https://osf.io/cemb6*®.

Free-text results report. Analyst teams provided free-text reports of their findings for each hypothesis,
similar to the results sections of peer-reviewed journal articles. We asked them to include the
statistical parameters in the reports (e.g., test-statistic, p-value, or other decision criterion) that
guided the decisions on whether the hypotheses were confirmed or not. We asked them to report
numerical values with a high level of precision (e.g., 7-8 digits after the comma or a numerically exact
fraction). Analysts were encouraged to include additional relevant information, for instance, when
and where any condition differences were found, how strong they were, and to briefly discuss their
findings. The form can be found at https://osf.io/zdpu7*®.

Processed EEG data and scripts. Analyst teams submitted processed EEG data for each participant,
along with text files that detailed participant-level information, including removed channels, removed
bad trials, and specifics of the independent component analysis and component rejection. Analyst
teams were also asked to submit all scripts with the code used to process and analyze EEG data in a
separate folder. The document with the instructions sent to the analysts can be found at
https://osf.io/4nhck®®.

Posterior expectations questionnaire. At the end of the analysis phase, analysts were asked to report
the results for each hypothesis. We asked analysts to rate their confidence in the reported result (on
a scale from 0 to 100%, with 1% increments) and to indicate their beliefs on what percentage of teams
will confirm the hypothesis. The Posterior expectations questionnaire was formulated in a similar way
to the Prior expectations questionnaire. The questionnaire can be found at https://osf.io/7x9jp*®.

Curated meta-scientific data

The Steering Committee curated the data submitted by analyst teams for the following reasons: to
match the format across teams for more efficient data handling (i.e., Curated processed EEG data), to
aggregate and harmonize the level of detail in the original meta-scientific data (i.e., Curated result
forms), and to correct possible reporting errors (i.e., Corrected analysis questionnaire). Specifically,
the curated meta-scientific data included:

A) Curated processed EEG data. The processed EEG data (described in the section Raw meta-
scientific data) were submitted in various file formats with differing names, data structures,
channel orders, and epoch lengths. To facilitate data analysis across multiple teams, we
converted the epoched EEG data into a common format, matching the data files in terms of
their sampling rate (250 Hz), epoch length (from -200 to 600 ms relative to image onset), and
number and order of channels.

B) Curated result forms. The free-text result forms submitted by some analyst teams (described
in more detail in the section Raw meta-scientific data) lacked sufficient detail for statistical
analyses and comparison between the teams. To acquire sufficient detail in the result reports,
we asked all analyst teams to fill in a report form with predefined sections several months
after the end of the analysis phase. Analysts were asked to fill in information about the time
window of the effect, sensor or channel locations, frequency range (if applicable), effect size,
statistical significance, corrected statistical significance (if correction for multiple comparisons
was used), and interpretation of the result (significant or not) for each hypothesis separately.
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C) Corrected analysis questionnaire. We compared the responses from the Analysis
guestionnaire (described in more detail in the section "Raw meta-scientific data") with the
data processing scripts. We developed a semi-automatic procedure to scan through the scripts
and generate a report for each analyst team, listing the functions and steps detected in the
scripts (a more detailed description is provided under the Technical validation section). We
then compared these reports to the responses in the Analysis questionnaire. Responses in the
Analysis questionnaire were revised, taking the information found in the scripts as the correct
answer whenever a mismatch was detected through the script check procedure. The template
for comparing the Analysis questionnaire responses to the processing scripts can be found at
https://osf.io/4237v"®.

Data Records

The  EEGManyPipelines dataset is available through the brainlife.io platform:
https://brainlife.io/project/6863bf5c1521e536327bfea7'’. Everyone can access and download the
data after registering on brainlife.io’” platform and agreeing to the brainlife.io Acceptable Use Policy
and Privacy Policy. The data is available under the Creative Commons Attribution (CC-BY 4.0) license,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

The data can be downloaded through the web interface. When using a web interface, in the Files
section, select the desired files or folders by checking the box next to each item. A green Download
button will then appear in the lower-right corner of the interface, allowing you to download either
individual files or entire folders.

The instructions for the analysts detailing the EEG dataset and task, questionnaires, and forms can
also be found at the EEGManyPipelines Open Science Framework repository®®.

Dataset structure

The complete EEGManyPipelines dataset is arranged in three main folder structures: Data shared with
analysts, Raw meta-scientific data, and Curated meta-scientific data (see Figure 3). The Data shared
with analysts folder contains data from 33 subjects, information on channel locations, and
documentation that was sent to the EEGManyPipelines analyst teams. The Raw meta-scientific data
folder contains data collected from the analyst teams: demographic data, preprocessed EEG data,
scripts, and questionnaires. The Curated meta-scientific data folder contains data from the Raw meta-
scientific data folder that was brought to a uniform format across teams (i.e., preprocessed EEG data,
curated result forms) or corrected based on information found in the scripts (i.e., corrected analysis
guestionnaire). Dropout rates for analyst teams at each data curation stage are shown in Figure 1A.
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Figure 3. File structure of the EEGManyPipelines dataset. Schematic representation of data shared with
analysts, raw meta-scientific data, curated meta-scientific data, and the sub-folders included in the datasets (i.e.,
EEG files, preprocessing scripts, and questionnaires). The size of files and folders is listed on the right.

Data shared with the analysts

The folder Data shared with analysts contains the EEG data and instructions as it was shared with the
analysts. The EEG data is provided in 32-bit BrainVision format files (.dat, .vhdr, and .vmrk); the data
files are formatted consistent with the BIDS specification®®.

In addition to the BIDS-formatted EEG data, the folder has additional subfolders that contain
information about channel locations, trigger events in the EEG data, and documentation. Channel
coordinates are stored in the chanlocs_ced.txt file (using polar, cartesian, and spherical coordinates)
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and in the text file chanlocs_besa.txt (using BESA notation). All trigger values and their associated
experimental conditions are stored in the TriggerTable.csv file. Information about each trial was
provided as a text file for each participant. All data files included information about timing and type
of relevant experimental events in the form of triggers in the data. The files with a file extension task-
XXX_events.tsv accompanying each EEG data set also describe the trigger codes (trigger onset time,
data sample, trigger channel, and trigger value), which have been extracted from the trigger channel
in the corresponding EEG data file as per the BIDS standard.

Raw meta-scientific data

Demographics. Demographic information about the analysts can be found in the two comma-
separated files demographic_final sample_teamID _reduced.csv and
demographic_country_gender.csv. The file demographic final_ sample_teamlID_reduced.csv contains
information on team identifier, age, job position, years in their current job position, highest degree,
years since obtaining the degree, EEG field, EEG topics, years working with EEG, number of EEG
datasets, and number of EEG papers published. The file demographic_country gender.csv contains
information on the analyst’s country of residence and gender with a randomly assigned team number.

Questionnaires. The Questionnaires folder contains data from four questionnaires that analyst teams
submitted after the data analysis phase:

® Prior and posterior beliefs. The folder contains files of Prior expectations and Posterior
expectations questionnaires for each team. The data for the Prior expectations questionnaire
is stored in the comma-separated file manypipelines_table_prior_questionnaire.csv. The data
contains analysts' beliefs (confirmation or rejection) and confidence ratings for each
hypothesis, along with their predictions of other teams’ outcomes. The data for the Posterior
expectations questionnaire is stored in the comma-separated file
manypipelines_table posterior_questionnaire.csv. The data contains information on analysts’
reports, including whether their team confirmed or rejected each hypothesis, their confidence
rating, and their beliefs on the percentage of teams that confirmed/rejected each hypothesis.
Both files contain responses from every team member coded in the ‘id’ column with values
ranging from 1-3 depending on the team’s size.

® Analysis questionnaire. The analyst teams documented their analysis pipelines and the
rationale behind each step. Their responses can be found in the Analysis_questionnaire.csv
file. The columns contain codes for each question from the questionnaire. The list of questions
and the corresponding column code can be found in the file
Analysis_questionnaire_code_questions.csv.

® Free-text results report. The Free text results are shared in the
manypipelines_table freetext result.csv file as well as in separate text files, one file for each
hypothesis (see Figure 3). The documents contain information on team identifiers and team
responses to the results of each hypothesis test.

Processed EEG data and scripts. Processed EEG data and scripts that were submitted at the end of the
analysis phase are stored in folders named with team identifiers. Each folder contains Data and Scripts
subfolders (see Figure 3). Within the Data folder, processed EEG data are stored together with
complementary files for the participant (e.g., sub-001) in four folders:

® Preprocessed time-series data. The preprocessed EEG data and its supplementary files for
each subject. The file formats depend on the software the team used.
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® Excluded sensors. A text file containing information about the number or a label of channels
excluded from the original dataset.

® Excluded trials. A text file with indices of the trials rejected during the preprocessing of each
subject’s EEG data.

® Removed ICA components. A .txt, .docx, or .pdf file with a full-text description of the total
number of ICs retained in the ICA decomposition, the overall number of ICs selected for
removal, and a breakdown of the number of ICs identified as pertaining to non-brain signal.

The Scripts folder contains the script files with the code each team used to process the EEG data. The
file formats depend on the software used to process the data. If a team used GUI-based software, the
Scripts folder will contain a .txt or .pdf file with a description of the steps and values used.

Curated meta-scientific data

Curated analysis questionnaire. The curated analysis questionnaire file format is identical to the
analysis questionnaire file (described in more detail in the section "Raw meta-scientific data"), except
that individual values have been corrected based on the provided scripts (for more details, see the
Technical Validation section). The information can be found in the
Analysis_questionnaire_corrected.csv file. The order of steps was not corrected in this file, but the
corrected version can be found in the Analysis_questionnaire_script_order corrected.csv file.

Curated result forms. Curated results forms were shared by 140 out of 168 teams, either as separate
Excel files, as a single Excel file containing separate sheets for each hypothesis, as a .ods, .csv, .pdf, or
.html file. In cases where separate files were submitted to the project, we combined them into a single
Excel file (by adding results from different hypotheses to separate sheets) to facilitate file handling. If
a team submitted a result form in a PDF or HTML format, we left the format intact.

Curated preprocessed EEG data. All curated processed EEG data files (n=117) are provided as a single
.mat file per team in the typical FieldTrip structure format'®. Each team file contains data on every
participant that was included in the analysis. The trial-by-trial EEG data have the same epoch duration
from -200 to 600 ms relative to image onset. All of the files contain the same number and order of
channels. In case a team submitted shorter epochs or fewer channels than our defined standard, we
filled the missing time points and channels with NaN values. Each file contains a prefix ‘standart ' and
a team identifier, followed by a file .mat extension. Files contain the following fields: a time vector for
every epoch, channel labels, epoched EEG data, sampling frequency, configuration structure, the
order of dimensions, and trial info. More details about the curated preprocessed EEG data and data
exclusion criteria can be found in the Technical Validation section.

Technical Validation

Data shared with the analysts

To confirm data integrity and verify that the dataset contained all necessary information for analysis,
the EEGManyPipelines steering committee members conducted an ERP analysis following the same
instructions given to the analysts. These results were not available to analysts. Specifically, we
compared man-made scenes with natural scenes, old with new items, hits with misses, and
subsequently remembered with forgotten items (see hypotheses 1-4 in Box 1). No statistical tests
were carried out on these data. The condition effects identified in this analysis (Figure 4) are closely
aligned with published findings in the memory literature (e.g.,?°). This analysis was conducted solely
for the purposes of verifying data integrity and illustration. It should not be regarded as a ground truth
against which the analysts' results can be compared.
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Besides the minimal processing of the data described above in section EEG recordings and
preprocessing, the EEG data were provided as “raw data” without any corrections to bad channels or
artifacts, as the purpose of EEGManyPipelines was to gather information on the different ways
researchers would carry out these types of analyses.

A B (o3 D
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Figure 4. Analyses of four hypotheses by the EEGManyPipelines steering committee for data validation. ERP
results as processed and analyzed by the lab that collected the original data. ERP analysis comparing (A) man-
made vs. natural scenes (H1), (B) old vs. new items (H2), (C) remembered vs. forgotten items (H3), and (D)
subsequently remembered vs. forgotten items (H4). The shaded grey areas represent intervals of mean
amplitude values used to compute topographies. ERP time series are averaged across electrodes indicated by
white markers in the topographies. No statistical tests were used in these analyses.

Note that the data were recorded in two distinct laboratory locations. The consistency of the trigger-
to-image-onset offset between recordings from the two laboratories was tested using a photodiode,
and it was consistent in both setups. Although the EEG setup, presentation software, and stimulation
script were identical, the data were collected using two different computer and monitor systems, and
we cannot entirely rule out the possibility that differences in acquisition setup introduced minor
variations in the collected data, beyond the expected electrical interference at 50 Hz. In particular,
one analyst team conducted a detailed comparison of the two sub-groups and reported a delay of ~16
ms in the first negative peak to visual stimulus onset at occipital channels between participants 1-17
(N1 mean peak latency = 71 ms) and participants 18—33 (N1 mean peak latency = 87 ms).

Raw meta-scientific data

We did not modify the data uploaded by the analyst teams. However, we checked the data for
completeness by confirming successful upload of the results (listed in the Raw meta-scientific data
part of the Methods section) to the provided platform. It is important to note that this nevertheless
could not prevent cases of missing parts of the reports (e.g., the completeness of result reports for
each tested hypothesis) or missing parts of the files (e.g., missing parts of the scripts, empty EEG data
within a file, and missing markers). We did not exclude any team based on the findings or procedures.

Curated meta-scientific data

Corrected analysis questionnaire. To correct the Analysis questionnaire for possible errors as well as
empty responses, we developed a semi-automatic procedure, which included the following steps:

1. We used an automated procedure to identify the functions used by each team in their
submitted code. We identified function names for MATLAB-based toolboxes as strings before
a bracket. For Python-based toolboxes, we used the AST (Abstract Syntax Tree) module to
systematically extract function names along with their input parameters.
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2. We visually inspected the list of all unique function names found in step 1 and determined
whether the function was relevant for data processing (based on function names found in
toolboxes for EEG data processing).

3. We grouped all function names into 12 categories representing different processing steps
based on all identified functions found in the scripts (i.e., filtering, re-referencing,
downsampling, subject exclusion, trial exclusion, artefact correction, baseline correction,
epoching, interpolation, detrending, sensor exclusion, and multiple classes for functions that
were used for multiple processing steps, including the aforementioned ones).

4. We used the relevant function list from step 2 to scan the codes again, but this time, we looked
for the parameters passed to the functions.

5. We created a list of all function names and function arguments, as well as their class (based
on step 3), for each team.

6. We compared the list from step 5 to the self-report of each team in the Analysis questionnaire,
correcting mismatches (taking the information found in the scripts as the correct answer) or
filling in missing data. These steps included choices associated with downsampling, segment
exclusion, channel exclusion, interpolation, participant exclusion, high-pass, low-pass, and
notch filters, re-referencing, method of artifact correction and selection, detrending, spatial
transformation, order of steps, baseline correction, and epoching. These selected steps
encompassed 59 questions on the data processing choices and 15 questions on the order of
steps (and an additional 16 clarification questions) from the Analysis questionnaire that were
checked in 165 teams (totalling 12,210 entries). Entries of three teams could not be corrected
due to difficulties in opening files containing code.

Based on this procedure, we corrected 281 entries (44 empty responses and 237 mismatches, a total
of 2.9% of the responses) from the selected 59 fields in the Analysis questionnaire. Reports from 104
teams were adjusted based on this procedure. We did not include counts of errors or misses in the
reported order of steps. This was due to ambiguities in the reports, as several teams described steps
that were not specified in the order of steps section of the Analysis questionnaire. A corrected version
of the step order, with the number of steps held constant, is provided in the file
Analysis_questionnaire_script_order _corrected.csv.

Curated preprocessed EEG data. We validated that the data could be opened and loaded into MATLAB
software. We also confirmed that all data in the Curated preprocessed EEG data folder has the same
epoch length, aligned to the image onset, and has a matching order of channels, and has the same
sampling rate. We curated the data of 117 teams. Data from 51 teams could not be brought to the
common format due to the following reasons: non-epoched data (n=23), failure to open the data
(n=18), missing channel or time information (n=8), mismatch in data dimensions (n=1), and a part of
the files missing (n=1). Data submitted in volts were converted to the same scale (microvolts) for 34
teams.

Curated results forms. Out of 140 teams, two teams submitted the result forms in a .pdf file format,
two teams submitted .ods files, one team submitted a .csv file, and one team submitted an HTML file.
Six teams submitted files that could not be aggregated within a single file and were added to the Other
subfolder.
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Usage Notes

Data shared with the analysts

The EEG dataset shared with the analysts may be used just as any other EEG dataset. The data can be
used to investigate research questions on neural dynamics underlying different memory processes.

Raw and curated meta-scientific data

At the time of releasing the EEGManyPipelines dataset, we analyzed the processed EEG data and
statistical test outcomes submitted by the analysts for three hypotheses (hypotheses 1, 2a, and 3a,
see Box 1). The main findings concerning the results of these hypotheses will be published under the
same project name. All three hypotheses concerned EEG voltage differences between different
conditions and were analyzed by linking EEG data processing steps (from the corrected analysis
guestionnaire) to the obtained p-value and ERP difference waves. Other hypotheses, including
hypotheses regarding the effects of the time-frequency distribution and power of two oscillatory
bands, have not yet been analyzed. In addition to the hypotheses not yet analyzed, we suggest several
other lines of research worthy of further investigation from a metascience perspective. Below, we
outline a few potential uses for the data.

The EEGManyPipelines dataset contains a comprehensive comparative database of code from
researchers who were asked to analyze the same data and address the same research questions. A
single dataset comprising 168 pipelines enables the systematic mapping of tool choice, pipeline
complexity, and adherence to best-practice guidelines. Since the task and data are the same for all
analysis teams, it offers better comparability and more reliable options for estimating variability
compared to scraping scripts and code from researchers’ repositories (e.g., GitHub), which are
typically developed to answer different questions and applied to various datasets.

The scripts collected in the database provide a unique sample of coding practices in cognitive
neuroscience that allows not only to explore questions that are specific to the task given in the
EEGManyPipelines project, but also to go beyond the original task and focus more generally on coding
practices and technical implementation. The scripts could be used, for example, to guide the teaching
of neuroscience students or to test the robustness of pipelines by investigating how well the code
performs across different systems and platforms. They can also be analyzed using text mining or other
approaches that quantify aspects of the scripts themselves—for example, investigating which
functions or tools were used across teams to study variability in coding style. The scripts can also be
used to explore how accessible the code is or to evaluate how well the coding practices follow
established recommendations for building analysis pipelines (e.g., Van Vliet, 2020 2).

The EEG data shared with the analysts can serve as a reference for comparing data before and after
processing for each of the datasets submitted by the analysts. This is useful for further analyses that
seek to compare the impact of specific analysis steps identified in EEG pipelines, e.g., testing if and
how a given processing step reduces variability or noise by comparing raw to processed data (e.g.,
Delorme, 20232%). The raw data can also be used to replicate the processing by the analysts by applying
their scripts to the data. Note that the submitted processed data includes different file formats,
depending on the software that was used to analyze the data. While most EEG analysis software
supports cross-format reading of EEG data files, there may be cases where specific software is needed.
In such cases, please refer either to (i) the analysis questionnaire where the analysts reported what
software they used, (ii) the code provided by the analysts, or (iii) to the code used to read and
aggregate curated EEG data. This can also be used to explore specific technical details about the data,
such as file formats used, the size of data files, or similar questions.
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Finally, the EEGManyPipelines dataset is rich in unrestrained qualitative reports of tests of different
hypotheses. The free-text results sections, submitted by analyst teams in addition to their binary
hypothesis test outcomes, offer a unique opportunity to study how reporting practices and scientific
conclusions are influenced by sociological factors other than data and hypotheses. The free-text forms
provide both a qualitative description of the results and a window into how the analysts chose to
summarise their findings — it can be used for qualitative analyses or quantified with various text mining
approaches. Findings such as these could be relevant not only to the EEG community but also to
cognitive neuroscientists at large.

Limitations

We would like to outline a few limitations of the collected data. Although the analyst teams constitute
an expert sample, they varied in familiarity with the hypotheses. High variability in reporting practices
within Free-text results reports can make it challenging to automatically extract distinct information
(e.g., channels included in the analyses) across all reports. Advanced text mining techniques may be
required to address these challenges. Furthermore, the Free-text results report might lack details
about the statistical outcome and conclusion for each hypothesis (e.g., the location of an effect is
often under-reported). Finally, collected data does not allow addressing replication problems related
to differences in hardware (e.g., different montages, amplifiers, impedances).

Ethical considerations in data use

As a comprehensive metascience repository, the EEGManyPipelines dataset can be used to explore
numerous metascience questions. It is shared with the intent of Findability, Accessibility,
Interoperability, and Reuse of digital assets (FAIR, https://www.go-fair.org/fair-principles/) for
researchers to pursue their metascience analyses. This can encompass testing a metascience
hypothesis not covered by the initial intent of the EEGManyPipelines project, for instance, by exploring
associations between the demographic data, analysis questionnaire, or scripts used to process EEG
data. We encourage researchers to use the dataset to its fullest to boost the emerging field of
metascience and provide new insight into scientific practices. However, we discourage analyses that
seek to single out specific individuals or demographic groups. The EEGManyPipelines project is a large
collaborative project built on trust between all involved researchers and dedication to sharing one’s
analysis choices and processed data. To be part of many analyst studies requires a certain open-
mindedness and willingness to put one’s research practice under scrutiny for the betterment of
science.

Data Availability

The EEGManyPipelines dataset can be downloaded from the brainlife.io platform
(https://brainlife.io/project/6863bf5¢c1521e536327bfea7’) under the Creative Commons Attribution
(CC-BY) license. The instructions for the analysts detailing the EEG dataset and task, the
guestionnaires, and forms can also be found at the EEGManyPipelines Open Science Framework
repository?®.

Code Availability

The code for the curated EEG data, as well as plots for the data descriptor paper, can be found at
https://github.com/EEGManyPipelines/Dataset paper.
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