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a b s t r a c t 

As the number of EEG papers increases, so too do the number of guidelines for how to report what has been 
done. However, current guidelines and checklists appear to have limited adoption, as systematic reviews have 
shown the journal article format is highly prone to errors, ambiguities and omissions of methodological details. 
This is a problem for transparency in the scientific record, along with reproducibility and metascience. Following 
lessons learned in the high complexity fields of aviation and surgery, we conclude that new tools are needed to 
overcome the limitations of written methodology descriptions, and that these tools should be developed through 
community consultation to ensure that they have the most utility for EEG stakeholders. As a first step in tool 
development, we present the ARTEM-IS Statement describing what action will be needed to create an Agreed 
Reporting Template for Electroencephalography Methodology - International Standard (ARTEM-IS), along with 
ARTEM-IS Design Guidelines for developing tools that use an evidence-based approach to error reduction. We 
first launched the statement at the LiveMEEG conference in 2020 along with a draft of an ARTEM-IS template for 
public consultation. Members of the EEG community are invited to join this collective effort to create evidence- 
based tools that will help make the process of reporting methodology intuitive to complete and foolproof by 
design. 
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. Introduction 

In any research context where multiple decisions must be made
bout how to handle, process and analyse data, a researcher has a high
umber of ‘degrees of freedom’ in their methodology. This phenomenon
s also known as the ‘garden of forking paths’ ( Gelman and Loken, 2013 ).
n the field of EEG, and neuroscience in general, the number of differ-
nt methodological decision points is extremely high, massively inflat-
ng the possible ‘paths’ a researcher might take through the garden. For
xample, in one preregistered study, Š o š ki ć et al. (2019) have shown
hat implementing only 2-4 ‘settings’ for each of 11 ‘steps’ in an EEG
re-processing and analysis pipeline results in no less than 864 possible

paths’ through the garden. 
With so many methodological decisions to be reported, omissions

nd ambiguities are likely to occur in the process of reporting, re-
ising, and copy-editing written methodology descriptions in jour-
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al articles. For example, in one systematic review, Š o š ki ć and col-
eagues (2021) evaluated methodology reporting in 132 peer reviewed
400 journal articles published between 1988-2018. The results showed

hat some methodological items were reported in most, although not
ll, cases (e.g., sample size, measurement window, offline filter cut-offs,
umber of trials presented). Others were frequently omitted, or reported
ith substantial ambiguities (e.g., filter roll-off and slope details, trials

emaining after rejections, order of pre-processing operations). In some
ases it was possible to infer omitted values from other reporting items
e.g., sample size following exclusions could be reconstructed from the
egrees of freedom in statistical analyses). However, other items were
ot possible to infer or reconstruct (e.g., order of operations). Overall all
apers in the systematic review omitted at least some methodological
etails, and 46% of papers contained ambiguities. These omissions and
mbiguities demonstrate a lack of transparency in the current scientific
iterature. 
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.1. Consequences for reproducibility and replicability 

If methodology reports contain errors, omissions and ambiguities,
his prevents a researcher following the precise sequence of steps in
ubsequent studies that aim to either reanalyse an existing data set
i.e., reproducing results) or run a previously validated study with a
ew sample of participants (i.e., replicating a study). It could be ar-
ued that ambiguities in a methodological pathway may not be press-
ng if most pathways lead to the same outcome (i.e., if outcomes are
obust to changes in methodological decisions). However, studies inves-
igating the robustness of EEG results to methodological variation have
epeatedly shown that this is not the case. Following the same path
xcept for one crossroad: Multiple publications have shown that indi-
idual decisions and steps in the pipeline have the potential to modify
he effect size and study outcomes, as has been shown for sample size
 Boudewyn et al., 2018 ), EEG recording systems ( Melnik et al., 2017 ),
lectrode impedance ( Kappenman and Luck, 2010 ), filters ( Tanner et al.,
015 ), and statistical analysis ( Luck and Gaspelin, 2017 ). Picking multi-
le different paths through the garden: In the EEG subdomain of event-
elated potentials (ERP), two multiverse reanalyses have examined con-
equences of systematically sampling across the methodological possi-
ility space, and shown that different analysis pathways have conse-
uences on study outcomes such as the difference between conditions,
ffect size, statistical power, psychometric properties and their associa-
ion with gender and behaviour ( Sandre et al., 2020 ; Š o š ki ć et al., 2019 ).

Furthermore, Š o š ki ć et al. (2021) argue that this is not just a theoret-
cal concern for methodologists, but that lack of detail in the published
iterature has real world outcomes in the field of replication science. In
 recent multi-lab study ( Nieuwland et al., 2018 ), which failed to repli-
ate an influential N400 paper by DeLong, Urbach and Kutas (2005) ,
ne of the points of discussion about the reasons for failure was adher-
nce to details of the pre-processing pipeline, more specifically, baseline
orrection ( DeLong et al., 2017 ; Nieuwland et al., 2018 ). This discussion
nderscores the importance of providing full methodological reports in
rder to allow direct replication of procedures, and, consequently, ade-
uate assessment of the replicability of results. This challenge can only
ecome greater as the larger replication projects, such as the EEGMany-
abs ( Pavlov et al., 2021 ), are emerging in the field, in line with general
ovements for greater transparency and replicability in the medical and
sychological sciences ( Ioannidis et al., 2014 ; Nosek et al., 2015 ). 

It is important to note that inability to replicate previously published
ffects is likely to have the greatest impact on researchers new to the
eld of EEG research, who may not be the beneficiaries of decades long
xperience in particular methodological traditions, or the knowledge
ontained in unpublished materials like ‘lab handbooks’ which may be
assed down through generations of scholars within a research team.
his means the researchers most impacted by the failure to replicate
revious research are likely to be those in new or underfunded re-
earch environments, and at early career stages - a sentiment echoed
y Bishop (2017) and incorporated into the British Neuroscience Asso-
iation’s ‘Credibility in Neuroscience Manifesto’ (2019). 

.2. Consequences for metascience 

In addition to consequences for individual studies, if methodology
eports contain errors, omissions and ambiguities, this can create ob-
tacles for a researcher who wants to combine the results of previous
tudies into a large-scale review using the tools of meta-science (e.g.,
eta-analysis, or qualitative synthesis). A PubMed search for the phrase

vent related potentials with a filter for “systematic review ” gives 267
ndings since 1998, 61% of which have been published since 2018 (on
7th May 2021). This large number demonstrates substantial interest
n synthesizing empirical findings across multiple individual studies.
s we have shown, the brief verbal descriptions in journal articles ob-
cure similarities and differences between publications. As a result, it
s not possible to identify and group papers that have used similar, or
2 
ven identical processing, or to establish how much of the variability
ound in the literature can be attributed to methodological choices. In-
eed, the errors and ambiguities in reporting observed in the Š o š ki ć
t al., systematic review (2021) were so pervasive that our review team
ere obliged to abandoned a secondary plan to conduct statistical meta-
nalysis of the sample. Moreover, as methodological documentation is
lmost exclusively limited to written descriptions, the present formats
ean that both search of existing literature based on methodological

riteria, and extraction of methodological details for metascience are
aborious and/or ineffective. 

. How has the field attempted to improve reporting to date? 

Historically, as the field of electrophysiological research has grown,
o have calls for standardization of research methods, and methods
eporting. As an illustration, Fig. 1 shows the emergence of articles
ontaining the terms ‘ERP’ and ‘Event related potential(s)’, along with
he publication of notable general guidelines ( Donchin et al., 1977 ;
eil et al., 2014 ; Pernet et al., 2018a ; Picton et al., 2000 ), subfield
uidelines ( Duncan et al., 2009 ; Kappenman and Luck, 2016 ; Taylor and
aldeweg, 2002 ), and practice manuals ( Handy, 2005 ; Luck, 2005 ,
014 ), all of which call for increased attention to the specific details
n an electrophysiological study, and clear reporting of what has been
one. Over the decades, these methodological calls have evolved - The
arliest guidelines give detailed verbal descriptions of the steps involved
n recording and processing electrophysiological data, along with guid-
nce about how to adequately describe these details in research reports
 Donchin et al., 1977 ; Picton et al., 2000 ); These early publications were
ollowed by practice manuals providing a more detailed treatment of
ifferent methodological elements, including guidance on best practice,
s well as reporting ( Handy, 2005 ; Luck, 2005 , 2014 ). More recently,
ethodological publications in this field have included reporting ‘check-

ists’ itemizing different details that should be reported in a research
ublication, as a strategy for improving compliance with stated report-
ng guidelines ( Keil et al., 2014 ; Pernet et al., 2018a ). 

. Is it getting better? 

Despite the advances of the past 45 years, uptake of reporting guide-
ines remains moderate at best, and there is limited evidence that report-
ng checklists are broadly used. For example, Clayson et al. (2019) com-
ared articles published between 2011-2013 and 2015-2018 to deter-
ine the impact of the checklist by Keil et al. (2014) , on reporting prac-

ices. In their review of 150 ERP articles in five prestigious journals,
quivalence tests showed that the impact of the checklist on methods
eporting was statistically equivalent to zero. Based on this, the au-
hors conclude that “in short, the publication of the ERP guidelines arti-
le had no impact on reporting behavior in the 3 years after publication ”
 Clayson et al., 2019 , p. 4). Š o š ki ć et al. provide similar evidence over a
ider time range, comparing the 25 N400 studies in their sample pub-

ished prior to 2000 (when the guidelines by Picton et al. (2000) came
ut) and the 25 studies published since 2015 (after the guidelines by
eil et al. (2014) came out). The results have shown that the amount
f ambiguous and omitted information was similar in both groups of
rticles, further supporting the conclusions of Clayson et al. (2019) . Al-
ogether, it seems that guidelines and current checklists have not fa-
ilitated clear reporting in the published literature. We argue that the
hortness and ambiguity inherent in written reports of EEG methods
imits transparency, replicability, reproducibility, and metascience. 

. What are the alternatives to finding methodological details in 

ournal articles? 

One potential way for a replicator or meta-scientist to overcome
he challenge of incomplete/ambiguous reporting is to request addi-
ional information from the corresponding author of a published study.
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Fig. 1. Number of PubMed articles containing the terms ‘ERP’ and ‘Event related potential(s)’ per year (blue dots), along with the publication of notable general 
guidelines (red flags), subfield guidelines (yellow flags), and practice manuals (green flags). 
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owever, recent investigations into the success of such requests have
hown that the rate of successful attempts to obtain required informa-
ion from corresponding authors in psychology ranged between 48–62%
 Abernethy & Keel, 2016 ; Reid et al., 1982 ; Wimmer and Reid, 1982 ),
nd more than half of all requests did not receive any response —pos-
tive or negative — from authors in the fields of biomedical sciences
 Manca et al., 2018 ; Teunis et al., 2015 ). This has led one group of
eta-analysts to protest about the “non-corresponding ” nature of corre-

ponding authors ( Manca et al., 2018 ). 
An alternative approach has been to call for archiving research data

long with code (or software session history), outside the body of the
ritten journal article (e.g., in supplementary documents, or Open Ac-

ess platforms). While such data is an invaluable resource for other
esearchers, some obstacles remain if the research objects have not
een designed or stored with reproducibility in mind. For example,
le or variable names may not be transparent; file or folder structures
ay obscure relationships between different parts of the data; code
ay be unusable on a different device, or written in a way that does
ot allow even the most experienced coders to understand its function
 Community et al., 2019 ). Additional problems include compatibility
etween different versions of software, and the ability to access data
ypes generated by some commercial software systems. 

New movements that addresses these challenges include the de-
elopment of the ‘FAIR Guiding Principles for scientific data manage-
ent and stewardship’, which promote the idea that research data

including metadata about what has been done in the course of a
cientific study), should be ‘Findable, Accessible, Interoperable, and
eusable’ ( Wilkinson et al., 2016 ). Initiatives working to create FAIR
ata templates and formats in the field of neuroscience include the fam-
ly of BIDS formats for brain imaging data ( Gorgolewski et al., 2016 ;
oldgraf et al., 2019 ; Niso et al., 2018 ; Pernet et al., 2019 ) as well as
ser-friendly manuals about designing FAIR research objects for future
euse ( Community et al., 2019 ). Even if all of this is done well, extract-
ng methodological details from the raw research objects (i.e., data and
ode) still requires substantial effort for a human reader, suggesting ad-
itional value can be achieved through supplementary documents sum-
arizing methodological decisions in human readable formats outside

he raw data and raw code archives ( Pernet et al., 2020 ). 
If we plan to make progress in designing tools that help researchers

upplement their written reports with FAIR supplementary materials
utside the body of the journal article, we can ask two valuable ques-
3 
ions about what tools are needed by neuroscientists working in the
articular domain of EEG: First, what are the specific errors, ambigui-
ies and omissions that are prevalent in the field of EEG methodology
eporting; and second, how can we design reporting tools that effectively
revent those errors? While systematic reviews can provide evidence to
ddress the first question, to address the second, we turn to two fields
here reporting templates have been used to effectively reduce errors. 

. What can we learn from other fields? 

Whenever humans are working in a highly complicated environment
here is a chance for human errors ( Gawande, 2009 ). The fields of avi-
tion and surgery have both tackled the problem of human errors by
eveloping tools for industry-wide adoption, and critically evaluating
ot only the effectiveness of different tools (i.e., how well they pre-
ent errors), but also investigating what factors influence tool adherence
i.e., conditions that support or prevent adoption of a standardized tool).
essons learned by these industries provide powerful insights into why
urrent reporting guidelines may fail, and what can be done to make
ore effective progress. 

In the domain of aviation, unforced pilot errors can result in dra-
atic outcomes, including loss of life. One approach to reducing un-

orced errors has been the use of pre-flight checklists that are man-
ated in most airspace jurisdictions. One important field-study of check-
ist adherence took into account both procedural and ‘socio-technical’
actors, and proposed design guidelines for the development of future
ools to reduce human error ( Degani and Wiener, 1993 ). Of their eleven
uidelines, eight have direct relevance to the development of tools
or reducing errors in the complex descriptions of EEG methodology.
able 1 introduces each of these points, along with a discussion of how

t corresponds to current EEG reporting guidelines; how it could be
dapted into design guidelines for the development of new tools to en-
ance methodological reporting; and the actions needed to achieve this
utcome. 

The core lessons that can be learned from the field of aviation are
hat reducing human error is possible when error prevention tools are
ntegrated into the standard operating procedure of a team, and that
he tools themselves can reduce error when they have been designed
ith the following features: 1. asking for specific details, not simply

tatements that something has been done, 2. integrating reporting into
perational processes, 3. removing reporting from the ‘production de-
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Table 1 

Guidelines for the development of tools designed to reduce human error. Excerpts from Degani & Wiener’s guidelines for the development of aviation checklists 
to reduce error (1993, pp. 358) and their applicability to the development of tools for reporting EEG methodology. 

Degani and Weiner (1993) 
guidelines for aviation Current EEG Reporting Guidelines 

ARTEM-IS Design Guideline for EEG 
Reporting Tools Actions Required 

D&G Item 1 

Checklist responses should 
portray the desired status or 
the value of the item being 
considered, not just 
“checked ” or “set ”. 

Most current guidelines include statements 
like “report the filters clearly ” which means 
that the response is a declaration about the 
completeness of the item, not the actual value 
of the item. 
Some current initiatives include reporting of 
values in the template body ( Pernet et al., 
2020 ), especially those that are designed to 
accommodate machine outputs from software 
systems ( Gau et al., 2019 ; Gorgolewski et al., 
2017 ). 
Guidelines about what one should do in EEG 
methodology are not always clearly 
differentiated from guidelines about how to 
report what one has done in EEG methodology. 

ARTEM-IS Item 1 

Tools designed to support accurate reporting 
of EEG methodology should include fields 
where the item that needs to be reported is 
documented inside the tool itself - for 
example, in a data template, with the level of 
specificity required for direct replication, as 
informed by evidence of errors and 
ambiguities in the literature, such as are 
observed in systematic reviews. 
New tools designed to facilitate accurate 
reporting should not constrain what methods 
are possible for a researcher to perform, nor 
what order procedures must be performed in. 
Rather the template should provide a way of 
documenting what has actually been done in a 
clear format that is both intuitive to fill and 
foolproof by design . 

New tools should be developed 
with item-level specificity for 
reporting the values of required 
items, using literature reviews to 
identify likely sources of error. 
New tools should be able to 
support flexible entry fields, and 
dynamic organization to allow 

for documentation of novel 
methodological procedures, 
settings or sequences. 

D&G Item 3 

A long checklist should be 
subdivided into smaller task 
checklists or chunks that can 
be associated with systems 
and functions within the 
cockpit. 

Current guidelines are generally broken into 
sections associated with readily identifiable 
stages in EEG data acquisition, processing and 
analysis. 
Some ambiguities, errors and omissions are 
multi-stage decisions that are condensed into 
a single reporting item, rather than being 
broken down into their component steps. This 
is particularly common for descriptions of 
human decisions that may not be reflected in 
software logs or code (e.g., how an analysis 
window was chosen). 

ARTEM-IS Item 2 

Tools designed to support accurate reporting 
of EEG methodology should be subdivided 
into smaller task checklists associated with 
readily identifiable stages in EEG data 
acquisition, processing and analysis. 
Error-prone reporting items should be further 
subdivided into smaller individual steps that 
are described more clearly, to ensure no steps 
are missing from the record, and that each 
step has the best chance of being reported 
accurately. 

As in existing reporting 
guidelines, new tools should be 
structured with subdivisions of 
the reporting items into 
procedural stages. 
Literature reviews can be used to 
identify areas most in need of 
restructuring into smaller, clearer 
subdivisions. 

D&G Item 4 

Sequencing of checklist items 
should follow the 
geographical organization of 
the items in the cockpit and 
be performed in a logical 
flow. 

The order of items in current guidelines 
generally follows the sequence of steps 
involved in EEG data acquisition, processing 
and analysis. 

ARTEM-IS Item 3 

Tools designed to support accurate reporting 
of EEG methodology should order their items 
following a reasonable sequence of steps in 
EEG data acquisition, processing and analysis. 
When steps are subdivided into smaller-scale 
data items, a branching structure can be used 
to discretize the process of complex decisions 
into their component parts for greater clarity, 
and these elements should be sequenced so 
data items in one section constrain subsequent 
data items within the branch - as a form of 
logical check. 

As in existing reporting 
guidelines, new tools should be 
structured with an order of 
subdivisions that reflects the 
order of acquisition, processing 
and analysis, and within a 
section, an order of items that 
reflects an optimal order of 
operations, or the typical order in 
which methodological decisions 
would be made. 

D&G Item 5 

Checklist items should be 
sequenced in parallel with 
internal and external 
activities that require input 
from out-of-cockpit agents 
such as cabin crew, ground 
crew, fuelers, and gate 
agents. We note here that 
this guideline could conflict 
with D&G Item 4. 

Current guidelines specify documentation of 
some external details such as equipment and 
software, but the responsibility for providing 
these details lies with the person reporting the 
details, not with the supplier, and many 
details are difficult to find in the documents 
or user interfaces shipped with equipment and 
software. 
A number of current initiatives are in progress 
to create common data structures across the 
neurosciences ( Pernet et al., 2020 ), including 
machine readable data objects in a common 
format ( Gorgolewski et al., 2017 ), in line with 
FAIR Principles ( Wilkinson et al., 2016 ). 

ARTEM-IS Item 4 

Tools designed to support accurate reporting 
of EEG methodology will be more effective if 
they can integrate with information from 

hardware/software suppliers through the use 
of common formats or prefilled template 
sections. 
In cases where one technical detail may be 
described in different ways by commonly used 
software systems (e.g., filter settings), the 
tools developed for methodological 
description should allow data entry in any 
common format, and facilitate correspondence 
between formats. 

Where possible, suppliers of 
software and hardware should be 
invited to coordinate on shared 
metadata formats by shipping 
prefilled templates along with 
their products to provide better 
pathways to accurate reporting. 
Common software systems can be 
reviewed for how methodological 
settings are described in their 
user interfaces, and tools should 
be designed to facilitate 
correspondence between systems 
using common metadata 
structures. 

D&G Item 6 

The most critical items on 
the task checklist should be 
listed as close as possible to 
the beginning, in order to 
increase the likelihood of 
completing the item before 
interruptions may occur. We 
note that this guideline could 
conflict with D&G Items 4 
and 5. In most cases when 
this occurs, this guideline 
(D&G Item 6) should take 
precedence. 

In all current reporting Guidelines, the order 
of items follows a common order for 
operations to be performed (as in Item 3), 
suggesting that no items have precedence in 
terms of importance. However, according to 
Š o š ki ć et al. (2021) , some items are reported 
more frequently by authors of EEG studies, 
suggesting that they have priority in the 
minds of authors, editors and reviewers of 
journal articles. 
The writers of reporting guidelines do not 
suggest that some items are more critical than 
others. However, systematic reviews show 

that some methodological items do indeed 
have priority over others in current reporting 
traditions. 

ARTEM-IS Item 5 

If some reporting items are deemed ‘more 
critical’ than others, it may be possible to 
have some mandatory and some optional 
reporting items. However, the decision about 
whether some reporting items are indeed 
more crucial than others will require 
agreement of the community at large. 

Developers of new tools should 
identify mismatches between 
‘Practice Guidelines’ and habits 
in the existing literature during 
tool design, and engage in 
consultation with the community 
to determine which reporting 
items (if any) should have 
priority in a standardized 
template. 
Future metascientific approaches 
may help to refine the model of 
which reporting items have the 
largest effect on study outcomes, 
and are therefore most critical to 
replicability. 

( continued on next page ) 
4 
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Table 1 ( continued ) 

Degani and Weiner (1993) 
guidelines for aviation 

Current EEG Reporting Guidelines ARTEM-IS Design Guideline for EEG 
Reporting Tools 

Actions Required 

D&G Item 8 

The completion call of a task 
checklist should be written as 
the last item on the checklist, 
allowing all crew members to 
move mentally from the 
checklist to other activities 
with the assurance that the 
task checklist has been 
completed. 

Current Guidelines are effectively ‘completed’ 
when a researcher decides that every 
statement has been fulfilled, or ‘ticks off’ 
every statement in a checklist. There is no 
standardized procedure for checking that the 
items have been completed in line with the 
recommendations in the published guidelines, 
nor for coordinating the end of the checking 
process with other milestones in the reporting 
pipeline (e.g., before, during or after revisions 
arising from peer-review). Rather the 
requirement for accurate reporting is constant 
but never procedurally ‘complete’. 

ARTEM-IS Item 6 

Tools designed to support accurate reporting 
of EEG methodology should incorporate 
internal validity checks that help a researcher 
to validate whether the items have been 
completed in line with published guidelines, 
with a particular focus on those errors 
observed in reviews of the existing literature. 
Three types of check are recommended: a 
check that all required methodological details 
have been reported ; a check that all required 
methodological details have been reported with 
valid values (e.g., a filter cutoff reported in 
Hz); and a check that methodological details 
in one section of the template are logically 
compatible with details entered in another 
section of the template (e.g., if a practitioner 
reports using a pre-configured electrode cap, 
then the electrode placements should match 
the make and model of the cap). Different 
validity checks may be relevant at different 
stages in methods reporting (e.g., at the time 
of preregistration versus at the time of 
submission for publication). 

New tools for documentation 
should take the form of a digital 
template that will allow 

automated checks of whether 
required fields have been 
completed. The fields should be 
designed to incorporate 
item-specific data entry formats 
to facilitate entry of correct 
values (e.g., numerical values 
only for some fields). It is 
recommended that automated 
validity checks generate 
informative notifications about the 
status of data entered in a 
particular field (e.g., “no errors 
detected ”; “item 5 incompatible 
with item 7 ”; “item incomplete ”). 
When a template is declared 
‘complete’ by a practitioner, the 
template should include an 
internally generated completion 
report including potential 
conflicts in internal logic. 
To remain consistent with 
ARTEM-IS Item 7 (recovery from 

error), it should be possible to 
create and save an interim 

template with incomplete or 
inconsistent data items for later 
clarification. 

D&G Item 10 

Checklists should be 
designed in such a way that 
their execution will not be 
tightly coupled with other 
tasks. Every effort should be 
made to provide buffers for 
recovery from failure and a 
way to "take up the slack" if 
checklist completion does not 
keep pace with the external 
and internal activities.) 

The phrasing of current guidelines suggest 
that documentation of methodological details 
may be done just once, at the time of 
manuscript preparation. This conflates 
methodological documentation with the task 
of article preparation, and the production 
demands that go along with writing for 
publication (e.g., time pressure, page counts). 
In this pipeline, there is little room for 
‘recovery from failure’, as any declaration that 
“guidelines have been followed ” may be 
overturned later in the drafting or revision 
process. 

ARTEM-IS Item 7 

Tools designed to support accurate reporting 
of EEG methodology should allow completion 
of different parts of the checklist at different 
times, should facilitate continuous revision to 
improve accuracy, or recover from ‘error’. For 
this reason, the task of methods 
documentation should be separate from the 
task of writing, drafting, proofing and revising 
the research report in journal article format. 
Separating the tasks of documenting technical 
details from journal article writeup also 
facilitates ARTEM-IS Item 8 . 

New tools for documentation 
should take the format of a 
meta-data template that can be 
completed independent from 

research reports for journal 
publication, and should be 
designed to allow revision (e.g., 
creation of an incomplete 
template, or reports that may 
contain inconsistencies at an 
early stage in reporting), and 
allow revision up until the time 
of version-controlled archiving. 

D&G Item 11 

Flight crews should be made 
aware that the checklist 
procedure is highly 
susceptible to production 
pressures. These pressures set 
the stage for errors by 
possibly encouraging 
substandard performance 
and may lead some crew 

members to relegate 
checklist procedures to a 
second level of importance or 
not use them at all. 

Reporting of EEG methodological details can 
be impacted by production pressures like page 
limits in traditional journal formats, as well as 
numerous rounds of drafting and revising 
among multiple author teams. An additional 
production pressure arises from the 
limitations of describing technical details in 
concise written descriptions. 
In fields outside EEG, protocols exist for a 
variety of data objects that describe 
methodological details outside the body of the 
journal article, including templates for 
reporting systematic review and meta-analysis 
( Lasserson et al., 2021 ; Page et al., 2021 ), and 
pre-registration ( Sullivan et al., 2019 ; 
WhartonCredibilityLab, 2015 ), and field-wide 
adoption of these tools has been encouraged 
by prominent journals requiring these 
documents before considering an article for 
publication. 

ARTEM-IS Item 8 

To separate the task of methodological 
documentation from the production demands 
of article writing, new tools should allow full 
and accurate documentation outside the body 
of the journal article, as consistent with 
ARTEM-IS Item 7 . 
As in other fields, such tools should be 
considered as supplementary documentation, 
archived alongside other deliverables arising 
from the research (e.g., a persistent archive 
for the project; a journal’s supplementary 
documents). 
Tools should be designed to reduce the burden 
of separate reporting as much as possible by 
a) skipping/hiding reporting items that are 
not logically possible given the answers to 
earlier reporting items, and b) designed to 
facilitate reuse and sharing of common 
pathways/pipelines - in line with FAIR 
Principles. 

New tools should provide data 
templates for creation of 
supplementary documentation in 
a standardized format. 
To address the challenge of 
whether accurate reporting is 
considered a priority, when 
community standards have been 
agreed, stakeholders in EEG 
research can be consulted about 
mandatory reporting obligations - 
for example, making reporting 
via agreed templates a 
requirement of publication 
and/or reporting to funding 
agencies. 
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ands’ of activities like journal article writing, which have high value
n academic promotion and tenure decisions; 4. allowing revision to ‘re-
over from failure’ and 5. confirming that reporting is ‘complete’ via
tem level validity checks, and internal logic checks. 

Aviation checklists were also the inspiration for the Surgical Safety
hecklist developed by the World Health Organization. After conducting
5 
 series of reviews into surgical safety in 2004, the WHO developed the
urgical Safety Checklist (WHO, 2009), designed to reduce human er-
ors in the high-complexity environment of operating theatres. The first
valuation was conducted in parallel by eight hospitals in eight different
ountries, and in the first 30 days of use, the checklist was shown to sig-
ificantly reduce the overall number of human errors, and the surgical
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ortality rate (Haynes et al, 2009). Ten years after the introduction of
he Surgical Safety Checklist, it was shown that those teams who use the
hecklist most often have the largest reductions in post-operative com-
lications and mortality (Klai, 2019). Follow-up studies have looked at
ome of the challenges of introducing the WHO Surgical Safety Check-
ists in different environments, including initial reactions from differ-
nt stakeholders in the surgical procedure. Three main themes emerge
hat can limit adoption of checklists: organizational hierarchy; momen-
um following rollout; and operational barriers to adoption stemming
rom the perceived value of the tool given the time taken to complete
t. 

Several studies have now noted that hierarchy can be a barrier to
ffective checklist adoption. In this context, people who have less pres-
ige in the operating theatre are often highly supportive of standard-
zed tools that can help to streamline complex procedural sequences.
y contrast, people with more prestige tend to have higher confidence

n their procedural knowledge, and see less value in adding checklists
o their work flow. In one early pilot of the checklist in the UK (Vats
t al., 2010), nurses were generally supportive of the checklist, but
ore pushback was experienced from senior surgeons. Subsequently,

hecklist adoption was poor in the absence of support from senior clin-
cians. A second, large-scale study of checklist adoption across 18 cen-
res in France (Fourcade et al., 2012) also identified organizational hi-
rarchy as a barrier to checklist adoption. A survey about checklist
se at a large hospital in Austria showed that even though all mem-
ers of operating teams showed equivalent levels of objective knowl-
dge about checklists, surgeons tended to overestimate their subjective
nowledge relative to anesthetists and nurses (Sendlhofer, 2015). From
he first of these studies, the authors’ recommend providing training
aterials that highlight the advantages of tool use, along with culti-

ating local champions to support adoption of new tools (Vats et al.,
010). 

Despite the fact that studies routinely show that checklists reduce
ostoperative complications and mortality (Haynes et al, 2009; Klai,
019), some studies have shown a loss of momentum following initial
ollout of a checklist. One study (Sendlhofer, 2015) revisited surgical
eams some months after rollout, and found that checklist use dropped
apidly after early adoption if it was not actively promoted by the or-
anization. The authors proposed that active monitoring through ex-
ernal ‘audits’ might help to improve compliance, alongside promotion
y local ‘champions’. However, the loss of momentum seemed to stem
ainly from operational pressures, such as time pressures for the oper-

ting team. 
From an operational perspective, skilled professionals may resist

dopting a new checklist if they see it as a disruption to their well-honed
rocedures. This is particularly the case when a checklist is perceived as
 ‘tick-box’ exercise that causes extra workload without adding value,
or example, when there is duplication between checklists. (Fourcade
t al., 2012). One recommendation to address operational opposition
s to build community buy-in by involving practitioners in the devel-
pment of local adaptations of the tool. Some propose that adaptations
hould be limited to essential changes, and should avoid oversimplifica-
ion or modification ‘for the sake of it’ (Vats et al., 2010). A particularly
ffective form of localization is integration of the checklist with other
echnical systems in the operating theatre - in one study, integrating an
Electronic Surgical Safety Checklist’ into the existing digital monitoring
ystems almost doubled checklist use, and significantly reduced postop-
rative complications (Gitelis et al., 2017) - a powerful demonstration
hat reducing the operational barriers to checklists is the best pathway
o successful adoption. 

Clearly, errors, ambiguities and omissions in the reporting of a single
EG study are unlikely to have the same kind of life-and-death outcomes
s in aviation and surgery. However, inaccurate and non-replicable re-
earch certainly slows down the general progress of neuroscience as a
f

6 
eld, and may generate a variety of scientific, ethical and financial con-
equences downstream. 

. What do we need to do? 

The takeaways from these studies have shown that checklists or tem-
lates that help us to perform our duties to the best possible level of pre-
ision do help to reduce errors. Unsupportive leadership can be a barrier
o best practice in following guidelines that reduce errors, and people
ith the greatest expertise have a tendency to overestimate their knowl-

dge and their procedural recall of fine grained steps or details they use
n their daily practice. These are the people most likely to consider the
ddition of a checklist to be an unnecessary burden due to operational
ressures (time pressure to produce journal publications given current
ncentive structures in academia). These pressures are a legitimate con-
ern that can only be addressed if tools developed to enhance report-
ng accuracy make the job of reporting easier rather than harder — for
xample by targeting common errors, omission and ambiguities, inte-
rating automated data validity checks, and including informative error
etection in checklist design. Good training materials that explain the
enefits of a detailed reporting checklist may help with adoption, along
ith best practice champions. 

Working together as a community of end users will provide the best
athway to developing tools with the greatest utility. To launch our col-
aborative consultations, in October 2020 we announced the ARTEM-IS
tatement ( https://osf.io/mf97q/ ) at the LiveMEEG online conference
 https://livemeeg2020.org ) - as a call to action for the development of
n Agreed Reporting Template for EEG Methodology, that can be devel-
ped into an International Standard. Members of the broad community
f stakeholders in EEG are invited to become signatories to the state-
ent, as an indication of their commitment to improve reporting stan-
ards through collective action to develop new tools that make reporting
asier through application of systematic Design Guidelines. To date the
RTEM-IS Statement has 43 signatories. 

. The ARTEM-IS statement 

Accurate reporting of scientific methodology is critical for the sci-
ntific record. Due to the complexity of electroencephalography, EEG
esearch contains multiple degrees of freedom in different stages of
ata acquisition, processing and analysis. This allows large-scale flex-
bility, and approaches can vary greatly between different research
ontexts or projects. Technical reporting of steps in the methodology
s also highly convoluted, and verbal descriptions can obscure pro-
edural details. Over the past four decades, researchers have made
dvances in Guidelines outlining best-practice for reporting standards
 Donchin et al., 1977 ; Keil et al., 2014 ; Picton et al., 2000 ). However,
ecent reviews have shown that reporting often contains ambiguities or
missions ( Ke et al., 2021 , in progress; Š o š ki ć et al., 2021 ). Furthermore,
nconsistencies in the way particular processes are described make it
ard to compare different descriptions of the same method, or to group
ogether research on the basis of methods used. Together these chal-
enges mean that the current literature is unsuited to detailed direct
eplications or methodologically informed meta-analysis. 

We believe that action is necessary to help researchers achieve better
eporting standards by designing tools that facilitate detailed methodol-
gy documentation, thereby reducing the likelihood of errors and omis-
ions in reporting. This outcome will be achieved more effectively with
ooperation of stakeholders across the community who work with EEG
roducts, projects and outputs, to ensure ease of use, clarity and speci-
city relevant across sectors of the community including hardware man-
facturers, software developers, researchers, journal editors, and data
rchivists. A print-ready PDF of this statement, and a draft template for
ommunity consultation towards an ARTEM-IS template for ERP can be
ound here ( https://osf.io/pvrn6/ ). 

https://osf.io/mf97q/
https://livemeeg2020.org
https://osf.io/pvrn6/
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Signatories to this statement agree with the following: 

1 A standardised reporting tool can improve transparency and clarity
of reporting for EEG methodology. This helps strengthen the scien-
tific record and supports future scientific progress including concep-
tual replications, direct replications and metascience. 

2 A standardized template can make reporting of EEG methodology
easier, and provide technical details that are less ambiguous, with
lower likelihood of omissions or errors. 

3 A digital reporting template can be used to archive methods details
alongside original research documentation such as protocols, data
and code, to document the full research cycle without exhausting
limited space in traditional publication formats. 

4 A standardised reporting tool will be beneficial to the community of
stakeholders in EEG research, including frontline EEG researchers,
EEG hardware and software designers, journal editors, advocates for
open and replicable methods, meta-analysts, and data-archivists. 

5 The community of stakeholders in EEG research can develop more
powerful tools by working together. Examples include hardware
manufacturers providing machine specifications as pre-filled fields
in the reporting template; software developers producing template-
ready summaries from code, and data archivists specifying the meta-
data formats of greatest future utility. 

While several initiatives in neuroscience are currently working
owards the goal of transparent, FAIR metadata in neuroscience
 Gorgolewski et al., 2016 ; Holdgraf et al., 2019 ; Niso et al., 2018 ;
ernet et al., 2019 ), many of the current templates require written de-
criptions of complex methods, and as such, suffer from similar limita-
ions to those found in the existing guidelines for written descriptions
n journal articles: Many reporting formats allow vague or errorful in-
ormation to be filled. By contrast, the ARTEM-IS approach prioritizes
sing evidence of errors to guide the design of a tool that is intuitive to

omplete and foolproof by design . This kind of tool thereby helps a prac-
itioner to complete the template accurately, with the correct informa-
ion type in the expected location, and checks for whether information
s valid and logically consistent. In the section that follows we give an
xample of how the ARTEM-IS Design Guidelines can be applied in tool
esign to prevent a particular type of error observed in the published
iterature. We will take as our target how a researcher reports their selec-
ion of dependent variables over particular channels and time windows,
or analysis of one subdomain of EEG - event-related potentials (ERPs).

. Applying the ARTEM-IS Design Guidelines to create an 

vidence-based template for ERP 

In the 2014 publication guidelines for EEG and MEG, Keil (2014 ,
.20) includes a reporting checklist with yes-no statements about
hether each of three items have been reported: 1. “Measurement pro-

edures are described, including the measurement technique (e.g., mean
mplitude), the time window and baseline period, sensor sites, etc ”; 2.
For peak amplitude measures, the following is included: whether the
eak was an absolute or local peak, whether visual inspection or au-
omatic detection was used, and the number of trials contributing to
he averages used for measurement ”; 3. “An a priori rationale is given
or the selection of time windows, electrode sites, etc. ” The full text of
he article contains further elaboration on how to complete these items
n the body of the journal article, while the checklist acts as a supple-
ent outside the body of the article. One limitation of this design is that

t relies on a practitioner to check that they have completed the item
orrectly, and that the completion of the self-check does not guarantee
ransparency or accuracy. Another limitation is that many methodolog-
cal decisions are covered in a single checklist step. 

More recently, the COBIDAS MEEG Best Practices Guidelines
 Pernet et al., 2018b ) provides a table of recommendations, where they
reak down the same reporting obligation into two rows, consisting of
7 
ve reporting items: “ROIs. 1. How were they determined, i.e. what was
he mode of selection (e.g., a priori from literature or independent data)?
. Report specific sensors/regions of interest, peaks, components, time
nd/or frequency, window, source; Summary Measures: 1. Report how
hese were obtained; 2. Justify how the selection of dependent variables
s unbiased (especially how the temporal and spatial ROIs were chosen);
. Describe how peaks, components, latencies were measured. ” (p.48).
s in the case of the Keil checklist, in order to complete the reporting

tems with accuracy, the full text of the article needs to be consulted as
 kind of further elaboration. The elaboration is detailed, and helpful as
t combines justifications for why a particular detail is necessary with the
equired details to be included in a report. However, the full text format re-
ies on a reader to conduct their own self-check of whether these items
ave been completed to the expected level of detail, and each of the
ve items contains several methodological details which are not further
roken down into discrete elements. 

Two main features differentiate ARTEM-IS from these approaches
o EEG methodology reporting: Using an evidence-based approach for
rror prevention, and applying the ARTEM-IS Design Guidelines for de-
eloping new tools. An example of this process of combining evidence
f errors with the Design Guidelines follows. 

EVIDENCE-BASED TARGETS FOR REDUCING ERROR. In Š o š ki ć
t al. (2021) , we observed that contrary to current reporting guidelines,
6% of N400 articles failed to describe how they decided on a time win-
ow for analysis (i.e., a-priori, data-driven, etc.). A further 5% described
-priori decisions based on previous literature or experience, but gave
o specific sources. 26% of the total did cite specific sources in the previ-
us literature, but in more than half of those cases, the window(s) in the
ited source did not match the window in the article precisely, and no
urther elaboration was given about the discrepancy. Similar ambigui-
ies and omissions were observed for articles reporting on data-driven
pproaches. In order to reduce these specific errors, items outlined in
xisting guidelines were targeted for detailed attention in a new draft
ool. 

DESIGN PRINCIPLES FOR TEMPLATE DESIGN. The ARTEM-IS De-
ign principles help to create a template that reduces these specific er-
ors, as each area of reporting is broken down into multiple smaller
ata-items ( ARTEM-IS Item 2 ), elaborated using a branching decision
tructure ( ARTEM-IS Item 3 ), where actual values to be reported are
nformed by errors and omissions in the literature ( ARTEM-IS Item 1 ).
o reduce production demands on the form filler, the majority of data
eporting items are skipped/hidden from view, depending on earlier
hoices ( ARTEM-IS Item 9 ), resulting in a concise decision tree (See
ig. 2 ). Two ongoing goals are to build a user interface that includes
urther internal validity checks ( ARTEM-IS Item 6 ), and pre-filled tem-
late sections that populate common standards or settings from one part
f the template to another ( ARTEM-IS Item 4 ). 

In this example, detailed evidence about the specific types of errors
n 132 articles within this particular field of MEEG helped us to design
uestion-types and data checks that preclude precisely those errors and
mbiguities. The branching question structure shown in Fig. 2 prompts
 practitioner to include the level of detail expected in various profes-
ional guidelines ( Keil et al., 2014 ; Pernet et al., 2018b ), by breaking
own the reporting items into over 20 discrete decision points or data
ntry fields. This decision tree incorporates validity checks that can help
o ensure that the information entered is logically consistent (such as re-
uiring a practitioner who reports decisions based to previous literature
o cite the literature in question), along with prompts for further elabo-
ation in cases where necessary details are frequently omitted (such as
laborating on how discrepancies in the literature were handled). This
ombination of evidence base for errors and application of Design Guide-
ines aims to make the template intuitive to complete and foolproof-by-

esign . 
The detailed elaboration provided by the ARTEM-IS template for ERP

ay appear to be more time consuming than a template with fewer re-
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Fig. 2. Schematic of a decision tree showing how reporting the “Approach to time window selection ” is broken down into multiple, smaller scale reporting items 
to reduce the likelihood of omission or error. A person completing the form only sees those items relevant to earlier decisions, helping to streamline the process 
of reporting, and reducing logically impossible combinations of reporting items. The branching structure mirrors the nature of the Garden of Forking Paths in 
methodological decisions ( Gelman and Loken, 2013 ). 
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ponse fields. However, we believe that discretizing individual reporting
tems into a sequence of simple decisions may actually save a practi-
ioner time, since they are prompted to include each detail in sequence,
nd internal logic checks reduce the need to consult published guidelines
or compliance. Furthermore, although the initial overhead may take
ome time, any research project or team that uses a common pathway
cross several studies can reuse or adapt a pre-filled template describ-
ng common operations, and update only those elements that deviate
rom previous pipelines. Not only does this approach save time in docu-
entation, but also reduces the problem of whether a methods section

s ‘self plagiarised’ between articles, as methodological documentation
an be cited as a discrete data object, and details required in the text
f a written methods section can be extracted directly from the tem-
late. Future extensions of such a template may include the generation
f automated prose descriptions from template values, further reduc-
ng the burden of methodological reporting. In addition, for researchers
ho plan to pre-register their work, or coordinate research activities
cross disparate research sites, the item-level specificity of fields within
n ARTEM-IS template may also simplify the pre-registration process,
y providing validity checks for items prior to data collection. This ap-
roach to item-level specificity can help to reduce researcher degrees of
reedom by specifying a researcher’s proposed path through the garden
 Š o š ki ć et al., 2019 ). We hope to see the ARTEM-IS approach comple-
enting other endeavours towards pre-registration in the field of EEG

e.g., Paul et al., 2021 ). 
In accordance with this initiative, our first target is to develop a tem-

late suitable for reporting ERPs, based on the detailed evidence base
ccumulated through systematic reviews about error types in reporting
wo ERP components ( Ke et al., 2021 in progress; Š o š ki ć et al., 2021 ).
lthough the N400 and MMN are niche components within the field
f ERP research, the detailed data structure being developed as part of
he ARTEM-IS template may be adapted further for other subfields of
EG (hence the ‘E’ in ARTEM-IS stands for EEG, broadly construed).
hrough this process, we have developed guiding principles for the de-
ign of error-reducing tools that are broadly compatible with other com-
unity efforts to develop common metadata templates for neuroscience

nd beyond. 
8 
. Community consultation and coordination 

At the time of announcing the ARTEM-IS Statement, we shared a
raft of an ARTEM-IS template for ERP research to serve as the starting
oint for development of agreed standards. The draft template contains
ine sections: (1) title, (2) hardware (equipment), (3) data acquisition,
4) pre-processing, (5) experimental design and sampling, (6) measure-
ent, (7) channel (electrode) selection, (8) results visualization, and

9) other, with an ongoing discussion regarding a potential tenth sec-
ion for statistical analysis. Each section includes a set of specific items
hich allow describing the methodological decisions in detail by filling

n appropriate numerical and categorical values, in a branching deci-
ion structure. The original draft version of the items included in the
emplate is archived on the ARTEM-IS Open Science Framework project
link to the template: https://osf.io/w4nt6/ ). The initial ERP template
cts as a pilot for the ARTEM-IS template and design process, based on
hich templates for other subfields may follow. 

This bottom-up approach to error reduction in a narrow field of
EG has a natural synergy with other initiatives currently underway in
he reporting of neuroscience methodology - many of which take their
tructure from shared macro-level concerns that apply across the neu-
osciences and other related disciplines. For example, the Organization
or Human Brain Mapping ( https://www.humanbrainmapping.org ) is
otable for the global network contributing to the common goal of im-
roving neuroscience methodology, and their commitment to a com-
on toolkit for reporting, covering a variety of neuroimaging fields

 Nichols et al., 2017 ; Pernet et al., 2020 ; Pernet et al., 2018b ), coor-
inating with machine-readable data-types like BIDS ( Appelhoff et al.,
019 ; Delorme et al., 2021 ; Gorgolewski et al., 2017 ; Holdgraf et al.,
019 ; Niso et al., 2018 ), and working towards common lexicons that
an help to reduce ambiguities in the description and interpretation
f methods ( Helmer et al., 2018 ; Pernet et al., 2020 ). The COBIDAS
EEG community has made progress turning reporting guidelines into
 human fillable, machine readable data template with an app inter-
ace called eCOBIDAS ( Gau et al., 2019 ). We see the natural interface
etween these two initiatives as the intersection between the shared lex-
con and common reporting framework provided by the COBIDAS fam-

https://osf.io/w4nt6/
https://www.humanbrainmapping.org
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ly of reporting tools, and the detailed, branching logic of the ARTEM-IS
emplates that are targeted to reduce evidence-based errors in specific
ubfields. We look forward to further integration of these approaches as
e share common formats, and work collectively towards the goal of
aking FAIR reporting achievable in neuroscience. 

Since the presentation of the ARTEM-IS Statement at the
iveMEEG ( Š o š ki ć et al., 2020 ), further development has begun
hrough collaboration of the broader community of stakeholders:
he ARTEM-IS team has expanded and formalized into an Interna-
ional Neuroinformatics Coordinating Facility (INCF) Working Group
 https://www.incf.org/sig/incf-working-group-artem ). The ARTEM-IS
NFC Working Group holds frequent meetings for all members to attend,
ith the stated goal to “create human-user friendly, machine-readable

emplates for documenting the methodological details of an EEG study
r pipeline, and to build these templates into usable tools ”. The Working
roup is open for new members to join. The Working Group has also
artnered with eCOBIDAS ( Gau et al., 2019 ) to transform ARTEM-IS
emplates into a clickable web-app which will allow easier completion
f the template using an onscreen interface. After the first ARTEM-IS
HBM BrainHack ( Styles et al., 2021 ) several reporting sections now
ave working prototypes within the App interface. Further steps of the
orking Group will include developing app functionality to allow data

xport (both machine-readable .json outputs, and human-readable re-
orts), and import (e.g., default values provided by a vendor of equip-
ent or software; a research project’s standard operating procedure). A

urther goal of the Working Group, is to develop guidance to support
ew users of the app, such as app-integrated ‘help’ functions drawing
rom community developed tools and resources (e.g., links to shared
exicon of terms); and training materials for researchers new to the field
f EEG. With these goals in mind, the ARTEM-IS INCF Working Group
ims to create tools that increase transparency and accuracy in the sci-
ntific record by implementing human-centred design guidelines based
n the experience of other high complexity fields, to create tools that
re intuitive to fill , and make the job of reporting foolproof-by-design . 

0. Conclusion 

EEG research has increased over the years, alongside calls for greater
ccuracy in reporting, but the publication of more and more detailed
uidelines does not seem to provide a solution for the errors, omissions
nd ambiguities found in a substantial proportion of the published liter-
ture. Rather, the problem seems to stem from the production demands
f performing methods documentation at the same time as writing sci-
ntific reports, in a format that is not suited to high accuracy, and does
ot provide a pathway for error detection. In the complex fields of neu-
oscience in general and EEG in particular, lack of accuracy in method-
logy reporting means that it is not possible to determine what path
as been taken through the garden of forking paths, and this has conse-
uences for transparency in the scientific record, as well as replication
cience, and metascience in the field. In other high complexity fields,
he best solutions seem to come from creating tools that help practition-
rs reduce errors by providing a systematic framework —or template —
ith the following features: Item-level specificity (e.g., reporting actual
alues, rather than simply that a step has been performed correctly); Co-
rdinating the process of reporting with other procedures that are per-
ormed, and other procedural systems; Separating reporting from the
roduction demands of high stakes activities (i.e., separating detailed
ethodological reports from the body of journal article write-ups); and

reating tools that make the job easier to do well. These procedures
ave higher take-up when the community of end users is involved in
he development of the tool, and the tool is championed by some high-
rofile users within the community. We believe that these goals can be
et most concretely when evidence from the existing literature is used

o target specific errors that occur frequently in specific subdomains of
euroscience (here, the event-related potentials branch of EEG), but the
9 
ramework developed in one area of specialization may have applicabil-
ty for the neurosciences more broadly. 

To meet this need within the context of EEG methodology we have
roposed a series of principles that should be incorporated into the de-
elopment of new tools for accurate reporting. The ARTEM-IS Statement
utlines five principles: A standardised template can (1) improve clar-

ty of reporting in the scientific record by providing a tool that helps
o (2) improve the accuracy of individual item reporting. In so do-
ng, such a template can (3) enhance documentation without using
p limited reporting space, thereby bringing (4) broad benefits to the
ommunity of EEG stakeholders, but the development of such a tool
ill require (5) community effort . By way of elaboration, we drew
n the high-complexity fields of surgery and aviation in the creation of
he ARTEM-IS Design Guidelines for creating tools that target specific,
vidence-based errors in the field of EEG. The ARTEM-IS template is
esigned to be co-developed through broad consultation with the com-
unity of stakeholders in EEG. Signatories to the ARTEM-IS Statement

gree to be part of this collective endeavour, and members of the EEG
ommunity are invited to join the ARTEM-IS INCF Working Group to
ake part in these ongoing efforts. 
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