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The practice of combining neuroimaging data with concurrent physiological data is crucial
for interpreting neuroimaging results, yet it is often overlooked. The barriers to collecting
and using physiological data often stem from the cost and complexity of the extra
equipment needed and, more importantly, from the lack of expertise and knowledge
required to collect, assess, analyze, and integrate such data. Consequently, the use of
physiological data is still uncommon outside of a few specialized groups or centers.
To improve the uptake of concurrent physiological and neuroimaging data collection
practice, as well as the quality and consistency of physiological recordings collected
within neuroimaging settings, the Physiopy community is compiling and maintaining a
live, open-access, collaborative set of community practices describing physiological data
acquisition, its processing, and its usage in neuroimaging. We present here the methods
used to compile this resource, as well as its aims and its future development.

INTRODUCTION level dependent (BOLD) fMRI signal is based on the sus-
ceptibility contrast between oxygenated and deoxygenated
hemoglobin and can be used to measure cerebral oxygen
changes, presumably coupled with neuronal activity.4-®
However, the BOLD fMRI signal is also impacted by physi-
ological processes including respiration and heart rate.”-10
While an active field of research, there is still much to
be done in distinguishing regional neurovascular coupling
from global physiological processes and improving the un-
derstanding of the variance explained through physiolog-
ical signals in fMRI data.!l"15 As the field moves forward,
the evaluation and development of models and processing

Acquiring physiological data during neuroimaging exper-
iments is crucial for enhancing the quality and inter-
pretability of neuroimaging data. Leveraging physiological
signals allows the user to: 1) model and remove the effects
of physiological fluctuations on neural fluctuations of in-
terest in the functional magnetic resonance imaging (fMRI)
signal,! 2) interrogate the relationships between these
physiological fluctuations and fluctuations of interest in
the neural signal; and 3) monitor the state of the par-
ticipant in real time.23 Inherently, the blood oxygenation

t Joint first authors

a Corresponding Author:
Stefano Moia
Maastricht University
Maastricht, 6211 KL, Limburg
The Netherlands

s.moia.research@gmail.com


https://orcid.org/0000-0003-0460-6299
https://orcid.org/0000-0002-7082-0026
https://orcid.org/0000-0002-4787-1124
https://orcid.org/0009-0008-3263-731X
https://orcid.org/0000-0003-4891-6256
https://orcid.org/0000-0002-7197-1248
https://orcid.org/0000-0001-6815-0134
https://orcid.org/0000-0001-8456-5647
https://orcid.org/0000-0002-6516-313X
https://orcid.org/0000-0003-2239-7902
https://orcid.org/0000-0003-3398-4272
https://orcid.org/0000-0002-6863-1883
https://orcid.org/0000-0001-7257-9646
https://orcid.org/0000-0002-2553-3327
https://github.com/physiopy
https://doi.org/10.52294/001c.155157
mailto:s.moia.research@gmail.com
https://doi.org/10.52294/001c.155157

Community-recommended practices for collecting physiological data in functional MRI

techniques for reconciling changes in physiological states
with changes observed in this BOLD contrast is ever-chang-
ing and constantly improving.16-18

Importantly, physiological variance in fMRI signals does
not always represent a confound but can provide valuable
information for understanding cerebrovascular health!%20
and characterizing complex brain-body interactions.19-22
Further, it has been well supported that not accounting
for physiological fluctuations can reduce the validity of us-
ing contrasts such as BOLD fMRI as a direct surrogate for
neural activity.23 Yet collection of good quality physiolog-
ical data during a neuroimaging session, whether research
or clinical, is still non-trivial.24 As a community, we must
turn the knowledge from years of experience collecting
such data into practical and accessible guidelines, encour-
aging both experienced and new users to become familiar
with the latest recommendations for physiological data col-
lection and analysis prior to initiating a new study. The
Physiopy community has set out to generate a comprehen-
sive resource of all matters related to physiological data.
Physiopy is an international community of volunteers that
meet monthly to a) discuss the development of our open-
source analytical tools or b) host open discussions and build
documentation around Community Practices for physiolog-
ical data acquisition, preprocessing, and analysis, within
the scope of neuroimaging studies'. The community was
first created in 2019 to help address a gap in open-source
tools for processing physiological data.

As a software package, Physiopy provides libraries to
support every step in the process: 1) phys2bids2°> segments
raw physiological recordings into runs and organizes these
files into the Brain Imaging Data Structure (BIDS) format26;
2) prep4phys (previously called peakdet)2” preprocesses
and cleans physiological timeseries; 3) physioQC28 aims at
assisting quality control and quality assessment of physio-
logical data; and 4) phys2denoiseZ? provides methodology
to extract key physiological metrics and regressors relevant
to neuroimaging data to use in cleaning and analyses.

It was while building such tools that the community re-
alized the need of a set of agreed common practices for
their usage, so it started reaching out to international re-
searchers, including many leading researchers in the field,
to help guide its conversations, recommendations, and cur-
rent practices for physiological data collection and analysis.
The culmination of this volunteer-based work has resulted
in a live resource that reflects the consensus of our commu-
nity members and these discussions. This resource focuses
on organizing and setting up physiological monitoring sys-
tems, common methods of acquisition and important prac-
tices to ensure high quality data, and various methods and
guidelines related to the utilization of cardiac (photo-
plethysmography and electrocardiography) and respiratory
(ventilation and gas concentration) data in the context of
fMRI signals (see Figure 1). We believe that providing open

access to this knowledge, promoting engagement, and
building these guidelines are essential to the productivity
and advancement of the neuroimaging field.

BUILDING THE PHYSIOPY COMMUNITY
PRACTICES

The documentation on community practices in physiologi-
cal data acquisition is the result of a large voluntary effort
by Physiopy members to bring structure to a vast physi-
ological knowledge base and disseminate this information
in the form of a live resource. The current version30 is the
product of seven community wide discussions conducted
semi-annually since 2022. The information that was com-
piled from these meetings reflects the consensus reached
by our international community members, with an average
of 11 members (range: 5-16 participants) in attendance
at these discussions, with many of these members repre-
senting the wider perspectives of their respective research
labs. The latest version of this resource can be found at
https://physiopy-community-guidelines.rtfd.io.

MEETING ORGANIZATION

During our regular monthly meetings, we curate a list of
potential topics to discuss with the greater community and
decide on one that is most relevant to the majority of our
community for the next meeting. We ensure that our com-
munity discussion meetings are well attended by experts in
the field through personal invitation or their standing in-
terest and commitment to Physiopy’s success. We also en-
courage the presence of newcomers to ask questions and
explore aspects of the discussed topics that may be over-
looked by experts, ultimately making sure that the docu-
mentation serves well its main target. However, these dis-
cussions are open to participation from any experience
level as that helps us build the most valuable and pertinent
community practices for the broader community. We ac-
tively search for new contributors through word of mouth,
advertising during brain hacks,3! talks, educational
courses, conferences, and through dissemination of our
website. We strongly encourage those interested in partici-
pating to reach out to the community mail contact’.

The discussion is moderated with a pre-compiled list of
questions and discussion topics reviewed by other members
of the team. The floor then opens for discussion and ex-
pands on the given prompts to provide recommendations,
pros and cons of certain techniques and methods, and even
personal accounts of previous attempts to improve known
issues. We not only provide consensus on common points
of confusion or technical limitations that arise during data
collection and processing but also work to compile lists
of ongoing questions or obstacles that would benefit from

1 https://www.repronim.org/webinar-series.html; https://physiopy.github.io/repronim24 tutorials/

2 physiopy.community@gmail.com
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A)
Acquisition of raw
physiological signals

during neuroimaging scans

B)
Preparation of signals for use

in neuroimaging analyses

C)

Identification of physiological
effects on fMRI data

&

Practice 1: Get to know your data (and the effect of your noise
sources).

Prior to using a PPG device in the scanner, it is helpful to visualize what a normal PPG signal might look
like by testing on yourself. You may also mimic common noise scenarios such as finger twitching,
movement, or an ill-fitting device so that you can anticipate issues during the scan. Once the subject is
in the scanner, a continuous signal containing periodic features with clear peaks and troughs is
expected. Typically, the peaks of the cardiac pulsation trace are identified (e.g. the timing of each heart
beat). The amplitude should be sufficient to detect peaks, and it should always be evaluated after each
scan to ensure there is no need to reposition.

phys2bids
No, can you ]
prep4phys

Community Practices

l ph ysroQC_j

Is the data
in BIDS
format?

help me?

Yes!

phys2denoise |
Cardiac pulsation

Cardiac contractions can influence fMRI signals due to the pulsatility generating small movements in
brain tissue as well as inflow effects in and near blood vessels. These cardiac pulsation phenomena
localize in tissue regions close to large arteries and draining veins, such as the sagittal sinus or the dircle
of Willis, as well as the edges of the brain and sulci (Bhattacharyya and Lowe, 2004, Dagli et al., 1999,
Glover et al,, 2000).

Model-based approaches

« RETROICOR (Retrospective Image Correction) and phase-based models
o About: this method relies on modeling cardiac (and respiratory) phases based on the recorded
cardiac data, accounting for quasi-periodic patterns using a low-order Fourier series (Glover et al.
2000). It is a more specific denoising approach than others. 4

o Cons: Slice-wise regressors are more d to deal with and have a more

negligible effect than other correction techniques

Community Practices

© INote: Other phase-based algorithms have expanded from RETROICOR as described in Caballero-,
Gaudes and Reynolds (2017). One such extension is DRIFTER (Sérkka et al, 2012)

Figure 1. Highlighting the overlap and impact of our community practices documentation with Physiopy
libraries for physiological signal data collection and processing.

A) Excerpt from our live resource on cardiac acquisition. B) Established Physiopy toolboxes in orange, and toolboxes underdevelopment in blue and grey arrows. C) After processing
the physiological data, they are ready for neuroimaging analyses - live resource examples of methods used to account for these effects in black boxes.

collaborative discussion and problem solving. These meet-
ings are well documented by volunteer note-takers and are
recorded via Zoom, with recordings stored for use internal
to the community and accessible to others upon demand
only to ensure that international privacy and data laws are
abided. The consent and approval of all attendees across
these meetings is obtained prior to our dissemination of the
findings. All up-to-date meeting recordings and notes have
been transcribed and compiled into our live resource’ that
will continue to be updated as future meetings take place
to expand and improve our content. We ask all contributors
in these meetings to review the documentation prior to its
publication on the website. A flow chart for this process is
shown in Figure 2.

KNOWLEDGE DISSEMINATION

After compilation of the latest version of our practices by
members of the Physiopy community into Markdown files

hosted on a GitHub repository, we share a draft with all at-
tendees of the community practices meetings for peer re-
view and give them a month to provide feedback in the
form of comments and clarifications, suggested additions
or deletions, and approval. Once the feedback of all mem-
bers has been incorporated, we finalize approval through
a GitHub pull—request4 to the documentation repository as
well as through email feedback to make the process as ac-
cessible as possible for members of the community. Contri-
butions to these resources are reflected on our live resource
where we acknowledge and value contribution through
writing the documentation itself, conducting research, an-
swering questions for the community and members, re-
viewing pull requests or working on infrastructure, con-
tributing ideas, planning, and giving and integrating
feedback at any level.

Our community practices are released under the Creative
Commons Attribution Share Alike 4.0 International li-
cense.30 The practices’ content is disseminated in a ver-

3 https://physiopy-community-guidelines.readthedocs.io

4 https://github.com/physiopy/physiopy-community-guidelines/pull/3
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A) Content preparation with questions and discussion topics reviewed by team members that benefit from timely collaborative discussion and problem solving; B) Community round-

tables involving researchers from institutions worldwide, to discuss physiological topics relevant to both experts and beginners; C) Compilation and enrichment of the discussions

with literature references; D) Creation of a living, version-controlled Markdown document using GitHub and Read the Docs to minimize barriers for new contributors; E) Feedback in-

tegration through Github issues, email, and discussion to provide necessary updates and future discussion topics.

sion-controlled format, leveraging Read the Docs for releas-
ing and Zenodo for DOI indexing, with a mixed time-based
and semantic version schema (year.major.minor release).
This indexed version control approach allows us to contin-
ually make updates as the field evolves while guarantee-
ing provenance and accountability of all previously released
recommendations and discussions, creating a documented
timeline and facilitating ongoing open discussions on
GitHub. We further encourage readers and users to submit
discussion or content questions and concerns in the form of
a Github Issue on the community practices website repos-
itory or reach out by email on an ongoing basis. The con-
tinued sustainability of our community practices resource
will be upheld through our minimum viable governance
structures. The governance structure consists of a steering
committee to guide and organize the operations of our
community (community manager(s), development seat, and
documentation seat) and an advisory board consisting of
senior level researchers in the field that provides counsel
for the steering committee and suggestions of the com-
munity’s activities. The workload amongst the remainder
of the community is divided based on interest. Lastly, as
mentioned above in “Meeting Organization”, we continu-
ously seek newcomers to join our initiative and the steering
committee has measures in place to ensure that active par-
ticipation in the organization is accessible to newcomers

and that they have access to the organization’s on-boarding
materials.

As we continue to accumulate information at future
meetings and through committee re-elections, the review
process will remain the same. We consider our documen-
tation to be a live resource and encourage readers to ref-
erence our website for the latest versions, while citing the
consulted version of the documentation through its DOI.

OVERVIEW OF PHYSIOPY COMMUNITY
PRACTICES

Within our current core community, the most common
types of physiological data acquired are cardiac — either
photoplethysmogram (PPG) and/or electrocardiogram
(ECG), - and respiratory — either ventilation (respiratory
belt) and/or gas concentration (particularly expired carbon
dioxide, i.e. CO,). Typically, these are obtained simultane-
ously with fMRI data, which is the most widely used neu-
roimaging technique in our community. As of now, we have
produced extensive documentation on the importance of
acquiring physiological data during fMRI, methods for ac-
quiring physiological data, and methods for using physio-
logical signals to improve modeling of fMRI time series. In
this section, we report summary concepts on each major
section of our community practices (see Figure 3). We

5 https://github.com/physiopy/physiopy-governance
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Take-aways of Community Practices Guidelines

compatibility!

S & O

WORK
IN
PROGRESS

1. Use a systemic approach to prepare devices and ensure
continuous acquisition and synchronization; check MRI-

How: confirm signal quality prior to the start of the scan, take note
of any artifacts during collection, integrate volume triggers

2. Cardiac pulsation data: be consistent in sensor placement; mitigate
motion and the effects of skin temperature for PPG;
How: ensure the sensor is on a hand that is going to remain still and
confirm enough blood circulation for good reading

3. Respiratory data: assess the subject’s limits and check for saturation;
test in the position that is used for the experiment;

How: during a deep breath, check for clipping and proper sinusoid

activity

™

4, Data analysis: methods may depend on the research question and
data features, and should be transparently reported; several models can
analyze physiological effects on neuroimaging data

How: model-based approaches (e.g., RETROICOR, lags, slice and
volume timing, etc.) or data-driven approaches (principal component
analysis, independent component analysis, regression, etc.)

Figure 3. Examples of recommended practices of the 2025 community guidelines.

Expanded documentation of these concepts are found in our live resource. This resource is a work-in-progress intended to be continuously updated with relevant topics and gold-

standard practices.

would like to emphasize that our practices and recommen-
dations are toolbox agnostic, providing the key information
needed behind the development or implementation of any
open-source tool to inform the reader and promote shared
consensus of good practice to a wider audience.

IMPORTANCE OF PHYSIOLOGICAL DATA FOR BOTH
NOISE AND SIGNALS OF INTEREST

Briefly, monitoring physiology during neuroimaging is crit-
ical to assist in characterizing the given subject’s physio-
logical state and to track any variations that occur whether
at rest or during specific tasks in the scan. Without these
signals, it is difficult to model how physiological factors
might manifest in the fMRI time series. Depending on the
research question at hand, physiological fluctuations can
be identified either as “noise” or “signals of interest”.

The most common use of physiological fluctuations is
to isolate signal changes in the brain that are associated
with the hemodynamic response to a neural stimulus.! In
this situation it is important to model and remove the sig-
nals with a remote, non-neural origin, such as breathing or
cardiac related effects. On the other hand, characterizing
the physiologic effect in fMRI experiments may be the goal.
This is common for studies that rely on gas concentrations
to map cerebrovascular reactivity and quantify factors like
the dilation of blood vessels during non-neural stim-
uli.32-35 Furthermore, studies that are looking at arousal/
vigilance or autonomic system features may require physio-
logical signals to best parse the results.17:18:36-40 All-in-all
we encourage all fMRI researchers to collect these data to
more fully capture the variable human physiology inherent

to imaging experiments to best interpret and evaluate the
research question they are asking.

ACQUIRING PHYSIOLOGICAL DATA

Whether as a new or experienced user, when establishing
a physiological monitoring setup for a new study, it is es-
sential to follow a systematic approach. Identifying the pe-
ripheral devices needed, the recording devices and software
preferred, and ensuring synchronization to the magnetic
resonance (MR) environment are all necessary steps to
take. A detailed list of current devices, software, and meth-
ods for synchronizing data with neuroimaging acquisition
is documented in our practices. We encourage readers to
reach out via a Github Issue or by joining future meetings if
interested in using the listed devices or they already do but
have lingering questions that could be solved with discus-
sion.

After acquiring and testing equipment and setup, in or-
der to achieve high quality signals with fMRI data, a con-
tinuous time course (as opposed to starting and stopping
physiological recordings for each scan) is recommended. It
is in the users’ best interest to routinely assess the quality
of the recordings, in case of subject movement or hardware
malfunction, prior to starting the scan to ensure any issues
can be fixed before the acquisition.

As mentioned, both PPG and ECG are commonly used
methods in the neuroimaging community to capture car-
diac signal variation.#! We provide detailed explanations
into the distinction between the monitors, how the data is
captured, and what specific cardiac insight the signal will
provide for the user (see example excerpt in Figure 4). Ad-

Aperture Neuro 5


https://apertureneuro.org/article/155157-community-recommended-practices-for-collecting-physiological-data-in-functional-mri-the-physiopy-approach/attachment/324428.png

COMMUNITY PRACTICES

Community Practices Meetings

Motivation
Setup

Data Collection
Data Processing
References
Licence &

Changelog &

THE PHYSIOPY COMMUNITY
The Physiopy Community
The Team

How to Contribute =
Contributor Guide =

Code of Conduct &

Community-recommended practices for collecting physiological data in functional MRI

4. Setting up and acquiring
physiological data

In this section, we discuss common methods of setting up and acquiring physiological data, along with
important practices to ensure you are collecting high quality data. For all signals, acquiring a continuous
time course is recommended for the greatest impact on your MR data. However, if that is not possible, it
is helpful to record for anywhere from 15-30 seconds before and after each distinct functional
acquisition to capture subject-specific features of physiological data.

Prior to the start of each distinct scan, the physiological recordings should be assessed for any data
quality issues and fixed before the acquisition. Often this can occur from slightly misplaced or loose
equipment caused by either subject movement or hardware malfunction. If you are not careful to ensure
high quality in your data acquisition, then the signals you have taken the extra time and attention to

collect will not be usable to model your MRI data.

Cardiac pulsation

Cardiac pulsation can be collected using an optical technique called photoplethysmography (PPG) or
electrocardiography (ECG), which records electrical activity.

Cardiac pulsation: PPG

PPG depends on the interaction between light and the circulation of blood through superficial
tissues (usually the fingertip) and is more robust to MRI interference. PPG relies on the interaction
of light with nearby tissues, using a light source and a photodetector placed on the fingertip (or ear
lobe, toe, or other pulse point). The source (usually an infra-red or green LED) emits light towards the
tissue and the photodetector captures the transmitted/reflected light (for transmissive and reflective
sensor types, respectively). This allows us to monitor variations in blood circulation in shallow regions of
tissue, since they affect the amount of light that is detected. Since the acquisition and transmission are
conducted by optical fiber, the signal suffers less from MRI interference while scanning. These devices

Figure 4. Community practices website excerpt on setting up and acquiring Physiological data.

ditionally, we provide tips on getting familiar with data,
what to look for, how to recognize noise, and tried and true
recommendations for the best placement of these sensors.
Both PPG and ECG have strengths and weaknesses; how-
ever, the choice between the two depends on the investiga-
tors’ intended use of the data and the concomitant MR se-
quence.#2 We provide more detail on the pros and cons of
each sensor as well as how these might compare to MRI-
captured cardiac data.

When utilizing respiratory physiological data, the use
of ventilation or gas concentration also depends on the
research questions and signals of interest to investigate.
Ventilation is typically monitored using a respiratory belt
around the participant’s chest or diaphragm. The position-
ing of the belt can dictate how the signals are captured so
baseline testing and consistency across scans are important
to ensure high quality data. More detail on sources of noise,
the limits and potential pitfalls of these recordings are de-
tailed in our community practice documentation.

On the other hand, gas concentration studies are used
to focus on CO, and oxygen (0O,) concentrations and how
they might influence the BOLD signal through vasodilation
and vasoconstriction, respectively. Information related to
the level of blood gasses is an important factor when an-
alyzing fMRI data. An increase in arterial CO, levels is
known to have vasodilatory effects, driving large variability
in blood flow and the BOLD signal.#344 Although O, levels
are known to have mild vasoconstrictive effects on the cere-
brovasculature, these O, levels can directly influence BOLD
signal contrast.#> Practices to consider when collecting this
data are included in our community practices to ensure that
the highest possible quality of data is acquired, with speci-

ficity and sensitivity tailored to the research question at
hand.

PROCESSING AND LEVERAGING PHYSIOLOGICAL DATA
IN NEUROIMAGING

By following our provided community practices, the user
will have ideally continuously recorded physiological data
throughout the entire scan session and have trigger data
from synchronization to indicate when scanning occurred.
It is useful to organize and standardize the format of the re-
sulting physiological data files along with any neuroimag-
ing files acquired concurrently. Phys2bids%> can be used
to organize the various physiological traces that were col-
lected and restructure the data into an easy to use and stan-
dardized format. When analyzing the effects of physiolog-
ical data (cardiac pulsation and respiration) in fMRI signal
changes, several complementary models and methods may
exist. Each approach has its own strengths and limitations,
ranging from specific denoising capabilities to the com-
plexity of the calculations and need for manual input on the
signals collected. Our practices provide insight into many
of the most commonly used data-driven4649 and model-
based!,79:43,50-53 methods and provide pros and cons to
each approach. Ultimately, researchers should carefully se-
lect and validate the appropriate approach based on their
specific research questions and the characteristics of their
data.
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DISCUSSION

We believe that our live documentation will be of interest
not only to those interested in utilizing physiological data
in a neuroimaging context, but also as an example to any
communities who may benefit from an analogous collective
documentation of their practical expertise. While the goal
of our practices is to remain toolbox-agnostic, compiling
community consensus procedures and recommendations
for physiological signal data provides the field with a wealth
of knowledge that stems from years of collective experience
in these areas. Much of this knowledge has existed in re-
search labs for decades; however, researchers starting out
in this field are more likely to be successful if they are in
contact with people working in it. Studies that lack exper-
tise in physiology could lead to suboptimal data acquisition
and interpretation which in turn could affect the removal of
possible confounding factors, ending in faulty conclusions.
Building an accessible and practical resource, alongside a
structure in place to keep it up to date with current prac-
tices, allows the dissemination of this knowledge and facil-
itates discussions on defining community standards. Phys-
iopy was uniquely positioned to build a resource of this
stature due to its diverse community consisting of both
seasoned experts and graduate students and postdocs who
have spent their careers collecting physiological data for
neuroimaging experiments.

Leveraging a community to endorse methodological rec-
ommendations is not feasible for individual researchers or
research groups, as it requires a collection of diverse expert
knowledge and practical experiences over many decades.
While it is not too different from the traditional approach
of compiling so-called “white papers54-57”, instead of a tra-
ditional manuscript, we opted for a “live” resource due to
its distinct advantages, especially in a fast-evolving and
methodologically complex field. Community-based live re-
sources provide consensus based up-to-date information
that allows us to continually make changes and add infor-
mation that will help the reader and community if new ev-
idence, tools, or best practices emerge. Compared to tradi-
tional manuscripts, there is a unique emphasis to leverage
the scientific community and field-wide concerns through
transparency and collaborative efforts. As recommenda-
tions may evolve over time, providing versioning for trans-
parency will allow researchers to be able to track the
changes made and gain a full understanding of why the cur-
rent recommendations exist. Lastly, a live resource is the
epitome of a publication that best incorporates and en-
courages community feedback and iterates to stay current
and peer reviewed, as well as encouraging new and diverse
voices to express doubts and new points of view. Using a
platform such as Git allows for version control to preserve
static points in the field while keeping the resource up to
date with current practices. Additionally, these resources
are readily accessible through open-access platforms that
are dynamic, interactive, and easy to navigate and provide
feedback. By providing feedback through these platforms, it
is straightforward and transparent to keep track of contrib-
utors and their respective contributions.

However, since live resources do not fit neatly into stan-
dard scientific publications, work like this is often not as
rewarded within research even though highly valuable to
its practitioners. Live resources can complement traditional
peer-reviewed publications by offering an agile, transpar-
ent, and community-driven mechanism for sharing and re-
fining practices over time. The neuroimaging community
has seen great success in the management and engagement
of resources like this as demonstrated by exemplary efforts
such as The Turing Way>8 and Open Brain Consent.5% In
general, open science initiatives have shown great promise
focusing on methods transparency, scholarly communica-
tion, team science, and collaborative research culture.®9
Here, we wish to suggest that such live resources can com-
plement traditional academic publishing: the latter can
provide crucial visibility to open science efforts and im-
portant recognition in the form of authorship for volunteer
contributors.

Resources like the Physiopy community practices have
the potential to meaningfully influence and elevate stan-
dards across the field—setting benchmark expectations for
data acquisition, quality control of physiological acquisi-
tion, and reporting practices. By consolidating community
knowledge and consensus into an openly available, ver-
sioned document, this resource serves as an early but im-
portant step toward a broader, field-wide standard akin to
a Committee on Best Practice in Data Analysis and Sharing
(COBIDAS) guideline®! specific to physiological data collec-
tion in neuroimaging. With increasing concerns around re-
producibility in neuroscience and related disciplines, trans-
parent, well-documented, and standardized workflows are
more important than ever, and reproducible science not
only relies on sharing data and code, but ensuring that pro-
cedures used to collect, process, and interpret that data
are consistent, interpretable, and replicable across labs and
over time.26

Community-driven resources play a critical role in build-
ing consensus among users and promoting the harmoniza-
tion of methods, alongside reducing the hidden variability
in data collection protocols. By fostering transparency and
collaboration, these efforts enable more reliable, repro-
ducible, and scalable scientific progress. A sustained and
genuine commitment to open science is the most effective
path forward for advancing knowledge in a more attainable
and inclusive manner. It also strengthens the broader sci-
entific ecosystem by encouraging shared learning and con-
tinuous improvement for all involved, positively influenc-
ing career advancement.®2 These contributions should be
recognized as vital scholarly outputs that propel the field
forward. They embody the values of openness, collabora-
tion, and shared responsibility for the collective progress
of science. However, maintaining a resource such as this
comes with its own set of limitations and challenges. This
effort is powered entirely by a volunteer community, often
composed of early-career researchers - particularly gradu-
ate students - whose time in the field, and therefore con-
tribution to Physiopy, can be relatively short. The transient
nature of this workforce makes long-term sustainability
difficult, despite the clear impact and value of the work.
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However, these challenges are not a reflection of the work’s
importance or utility. More often, they stem from uncer-
tainty about how to get involved, or a perception that con-
tributing to community-driven efforts may not directly
benefit one’s career. In reality, participating in open-source
community-based initiatives like this offers tangible bene-
fits at every career stage.

Early career researchers can build technical skills, grow
professional networks, and gain visibility in the field.63
Mid-career scientists can contribute their experience while
shaping evolving standards, and senior researchers can
mentor, provide their expertise, and help align grassroots
efforts with broader institutional and disciplinary goals.®*
Training in software development and coding equips re-
searchers with crucial technical skills while reinforcing the
value of well-documented, reusable code. This not only el-
evates the overall quality of academic software®> but also
signals to early-career scientists the importance of main-
tainable, open tools as foundational to modern research
practice.66 Regardless of long-term career goals, involve-
ment in these communities demonstrates a commitment to
open, collaborative, and reproducible science—values that
are increasingly recognized and rewarded in academia, in-
dustry, and beyond. To ensure the continued growth and
impact of resources like this, we need broader support,
recognition, and funding for community-driven work. In-
ternally, Physiopy’s governing bodies aim to support
knowledge transfer between new and longstanding con-
tributors while growing awareness and usage within the
broader research landscape. Sustained investments such as
these help transform collective knowledge into a lasting in-
frastructure that benefits the entire field.

FUTURE DEVELOPMENT

We aim at expanding and improving upon the information
provided with a large-scale goal of serving and engaging
the entire neuroimaging community, as well as obtaining
input from other communities routinely collecting physio-
logical data, even if not experienced with neuroimaging. We
are constantly working to improve how we obtain feedback,
increase meeting attendance, and improve how we share
our findings with the field.

Our live resource will continue to be a version-con-
trolled, collaboratively maintained document that will re-
flect emerging evidence, methodological advances, and
community consensus. By providing a static manuscript
promoting and supporting the work we have done, our live
resource can remain current by incorporating updates as
new information becomes available, often through trans-
parent revision histories and community contributions. We
expect to update our live document semi-annually with in-
formation from our ongoing community practices meet-
ings. Eventually, we plan to elevate our live resource
through collaboration with other bodies invested in neu-

roimaging best practices to obtain the endorsement of
other stakeholders in physiological data usage. Aligning
with our goals of expanding the principles of open and re-
producible research for neuroimaging we aim to work with
COBIDAS to develop the best practices in physiological data
acquisition and processing with MRI data. Lastly, we are
working on a proposal intended to extend the current BIDS
specification to include updated standards for raw periph-
eral physiological data® and for peripheral physiological de-
rivatives. This proposed format will flexibly handle phys-
iological data and specific signal processing techniques,
improving automated analysis workflows.

It is important to acknowledge that the current members
of our community predominantly collect cardiac pulsation
data through PPG and/or ECG monitors, and respiration
data through ventilation or gas concentration, but there are
many other physiological signal modalities we do not have
documentation for. Moreover, the largest part of the com-
munity is more familiar with MRI than other neuroimag-
ing techniques, although we aim at improving documen-
tation for these other neuroimaging techniques as well.
Our community is actively pursuing the next update to our
live resource that will include discussions on data clean-
ing, signal repair, feature extraction, and quality control of
physiological data including a library of visual examples for
“good” and “bad” recordings and potential artifacts which
may be encountered. We also intend to regularly update
our established sections as more discussions occur, main-
tain up-to-date references, and provide links to relevant
material that the reader may need to make informed deci-
sions. We are also actively building information on modal-
ities from smaller subsets within our communities using
oxygen saturation, electrodermal, and electrogastrography
data. Our membership also comprises groups who collect
electrophysiological data such as electroencephalography
(EEG) and functional near-infrared spectroscopy (fNIRS)
and hope to provide information on the simultaneous col-
lection of these modalities and the potential benefits these
signals can bring to our understanding of physiological sig-
nal impact in neuroimaging. Lastly, future development of
our live resource will incorporate expertise from other rel-
evant communities, for example experts in physiology out-
side neuroimaging or industry representatives that build
physiological hardware and software.

CONCLUSION

Acquiring physiological data during neuroimaging is es-
sential for improving data quality and interpretability, en-
abling researchers to account for physiological fluctuations,
investigate their relationship with neural activity, and
monitor participant states in real time. Despite the field’s
depth of practical knowledge, much of it has remained in-
accessible to newcomers. To address this, the Physiopy
community—comprising both experienced and emerging

6 https://bids.neuroimaging.io/extensions/beps/bep_045.html
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researchers—collaborated with field leaders to create a
comprehensive, up-to-date, and community-driven re-
source, available at https://physiopy-community-guide-
lines.rtfd.io. This live resource provides guidance on setting
up physiological monitoring systems, acquiring high-qual-
ity data, and analyzing cardiac and respiratory signals in
the context of fMRI. While we are continuing to evolve and
improve upon our live resource, we encourage the commu-
nity to reach out and provide us with feedback and infor-
mation that would be helpful to the broader user. Lastly,
we encourage all neuroimaging researchers to consider col-
lecting these data to more fully capture the variable human
physiology inherent to imaging experiments.
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