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Abstract

The Individual Brain Charting project focuses on collecting functional
Magnetic Resonance Imaging data across a large set of cognitive tasks
from a fixed cohort of participants, within a standardized environment.
This approach seeks to obtain refined cognitive phenotyping of individual
brains, uncovering details of their functional organization. We present
an extension to the dataset, integrating data from eleven participants
obtained at 3T, from a fixed environment to minimize inter-site and
inter-subject variability. This release further enriches the cumulative
coverage of psychological domains, while introducing new concepts. It
includes tasks on mathematical processing, spatial navigation, emotion
recognition and memory, proactive control, oddball detection, reward
processing, reaction time, biological motion perception, gambling, scene
processing and working memory. In total, 18 tasks with 180 contrasts were
added, and 54 cognitive components were included in the description of
the ensuing contrasts. As the dataset becomes larger, the collection of
the corresponding topographies becomes more comprehensive, leading to
enhanced brain-atlasing frameworks. Aligned with open-access and data-
sharing standards, this dataset emphasizes transparency and collaborative
research.
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Background & Summary

Advancements in neuroimaging, particularly in functional Magnetic Resonance
Imaging (fMRI), have greatly enhanced research on the human brain. fMRI
allows researchers to map brain regions to functional domains, providing insights
into the anatomical structures underlying human cognition. However, our understanding
of all contributing factors, particularly of those related to individual variability
and their implications in brain activity and behavioral differences, is still evolving
[1, 2, 3, 4, 5, 6, 7]. To overcome this, there is a need for fMRI data that
captures a wide range of activity patterns within individual brains. This involves
exploring different cognitive domains, testing a variety of stimuli and conditions,
all collected under consistent experimental parameters [1, 8, 9, 7, 10]. Such
datasets make it possible to explore a broad range of brain responses, and open
the way to comprehensive mappings and models of brain organization.

Motivated by this, the Individual Brain Charting (IBC) project began in
2014 with the goal of extensively collecting standardized MRI data from a fixed
participant cohort across diverse cognitive tasks to finely characterize individual
topographies of cognitive components [11, 12]. We present the latest release,
extending the 1.5mm-resolution task-fMRI dataset for eleven participants to
complete up to 40 hours of fMRI data per participant, with a target of 50 hours
in the final release. The initial cohort comprised twelve participants, but after
some participants dropped out, acquisitions described here include data from
between eight and eleven subjects.



On every release, we focus on a different set of tasks. The first release
[11] included protocols focused on perception, calculations and social reasoning
[13, 14, 15, 16]. The second [12] focused on higher-level functions, like mental
time travel, theory-of-mind, and self-reference effect [17, 18, 19, 20, 21, 22, 23].
The third [24] featured movie-watching and retinotopic paradigms [25, 26, 27].
The fourth included various localizers and tasks involving discount processing
and conflict detection [28, 29, 30, 31, 32, 33, 34]. The present edition marks
the fifth release of the IBC dataset, and includes tasks on mathematics, spatial
navigation, emotion recognition, action inhibition, gambling, reward processing,
oddball detection, motor planning and motor control [35, 36, 37, 38, 39, 40, 41,
42, 43]. Table 5 shows the tasks’ distribution across releases.

Along with data collection, we perform statistical analysis for every task. Up
to this release, the dataset includes 67 tasks, comprising 530 contrasts described
on the basis of 188 cognitive concepts extracted from the Cognitive Atlas [44].
We have introduced contrasts that delve into previously unexplored cognitive
components such as geometric processing, gender perception, imagination, loss
aversion, and motion coherence. The tasks probed in this release also included
previously used concepts, such as combinatorial semantics or emotional expression,
providing another opportunity to map their correlates. Figure 1 contains a
workflow overview.

When selecting tasks for this release, we sought input from the research
community and evaluated studies as they appeared in the literature. We contacted
laboratories whose work targeted either cognitive domains not represented in
earlier releases or domains already covered but investigated using different methodologies,
stimuli, or experimental designs. These teams generously shared their protocols
with us. By collecting all tasks under uniform conditions, IBC minimizes inter-
site variability, and probing multiple conditions within the same brain creates
a unique resource for comprehensive cognitive mapping. This approach serves
as a strong foundation for developing brain function atlases and models.

The IBC project aligns with several initiatives that characterize individual
brains while filling gaps by existing datasets. Notable examples include the
Midnight Scan Club [45], the Bold5000 Project[46], the Natural Scenes Dataset[47],
and the Courtois-Neuromod project [48], all of which collect extensive data
from a small number of participants. Some of them include task-based fMRI
acquisitions from various cognitive domains, and others focus on naturalistic
stimuli. The IBC dataset complements these efforts and offers a broader range
of cognitive domains and experimental paradigms, thereby extending individual-
level mapping and advancing deep-phenotyping approaches in neuroimaging.

The IBC dataset is an open-access facility. Raw data and their derivatives
are available in neuroimaging repositories, along with the different paradigms’
material and scripts for analysis. Here, we give an account —focused on the
present release— of the included tasks and experimental procedures.



Methods

To avoid ambiguity with MRI-related terms, definitions of these terms follow the
Brain-Imaging-Data-Structure (BIDS) Specification (v1.9.0) [49]. Concretely,
we adopt BIDS conventions for general entities such as Modality, Data Type,
Subject, Session, Run, Task, and Event, as well as for modality-specific descriptors,
including Trial Type, Onset, Duration, and all common MRI metadata fields.
Throughout, the terms subject and participant are used interchangeably.

Participants

The present release of the IBC dataset consists of fMRI data from twelve
individuals (two females), acquired between October 2019 and November 2022.
The original cohort comprised thirteen participants, and subject identifiers
have remained consistent across releases. The identifiers range from 01 to 15,
excluding sub-03 and sub-10, which were never assigned to any participant. One
participant (sub-02) withdrew from the study after the first release and therefore
did not take part in the tasks included in the present release. Additionally,
some participants (sub-01, sub-07 and sub-13) only completed a subset of the
acquisitions. The age, sex and handedness of this group of participants are
given in Table 1. Handedness was determined with the Edinburgh Handedness
Inventory [50].

All experimental procedures were approved by a regional ethical committee
for medical protocols in Ile-de-France (“Comité de Protection des Personnes”
- no. 14-031) and a committee to ensure compliance with data-protection
rules (“Commission Nationale de I'Informatique et des Libertés” - DR-2016-
033). Every participant granted their informed written consent, according to
the Helsinki declaration and the French public health regulation. The consent
forms included their agreement for sharing de-identified data in open-access
repositories. Participants received compensation of 80 euros per MRI acquisition,
with additional fees provided for extra sessions.

MRI Equipment

The fMRI data were acquired using an MRI scanner Siemens 3T Magnetom
Prismaf* along with a Siemens Head/Neck 64-channel coil.

Behavioral responses were obtained with two MR-compatible, optic-fiber
response devices that were interchangeably used according to the type of task
employed: (1) a five-button ergonomic pad (Current Designs, Package 932 with
Pyka HHSC-1x5-N4); and (2) a pair of in-house custom-made sticks featuring
one-top button. MR-Confon package was used as audio system in the MRI
environment.

All sessions were conducted at the NeuroSpin platform of the CEA Research
Institute, Saclay, France.



Experimental Paradigms

The tasks were collected from various laboratories within the research community.
Most tasks were administered in separate sessions; however, for shorter tasks,
participants occasionally completed two or more within the same session. Table
3 presents the distribution of tasks across sessions.

The following sections provide a detailed description of the paradigms employed
for each task, including their experimental conditions and overall organization.
Table 4 summarizes each task, the psychological domains it targets, and references
to the original studies from which the tasks were adapted. The psychological
domains indicate the cognitive processes probed by each task, and are defined
according to the Cognitive Atlas [44]. Some tasks introduce psychological domains
not covered in previous releases, while others extend those already represented
in the dataset. This approach reflects our motivation to strengthen the coverage
of existing domains while expanding the dataset to include new ones. A complete
list of the psychological domains targeted by every regressor of interest is available
in Supplementary Table 8.

All materials used for stimulus presentation have been made publicly available,
together with video annotations of the corresponding protocols (see Section
Code Awvailability Code Availability).  Video annotations refer to video records
of complete runs that are meant to be consulted for a better comprehension
of the task paradigms. These videos can be found on the project’s Youtube
channel: https://www.youtube.com/@individualbraincharting6314. For each
subject, the paradigm-descriptors files describing the occurrence of the events
are part of the dataset, following BIDS Specification.

Biological Motion

The Biological Motion task that we used was originally developed by [51]. The
phenomenon known as “biological motion” was first introduced in [52], and
consisted of point-light displays arranged and moving in a way that resembled
a person moving.

During the task, the participants were shown a point-light walker, and they
had to decide if the walker’s orientation was to the left or right, by pressing on
the response box respectively on the index finger’s button or the middle finger’s
button. The stimuli were divided into 6 different categories: three types of
walkers, as well as their reversed versions. The division of the categories focuses
on three types of information that participants can obtain from observing the
walker: global information, local information, or neither of them.

Global information refers to the general structure of the body and the spatial
relationships between its parts. This category of walkers, labeled global upright
had no informative local cues as to walking direction, and its upside-down
counterpart was called global inverted. Local information refers to kinematics,
speed of the points and mirror-symmetric motion. Within this category, stimuli
lacked structural information and were called natural upright, with its reversed
version labeled natural inverted. The third category of walkers didn’t contain



structural information and was also deprived from acceleration patterns. This
category was called modified upright, with its upside-down version called modified
inverted.

We divided the acquisition of this task into two types of runs: runs of type 1
contained stimuli of both global types (upright and inverted) and both natural
types, while runs of type 2 contained both natural types and both modified

types.

Mathematics and Language (MathLanguage)

The Mathematics and Language protocol was adapted from [35, 53], and aimed
to comprehensively capture the activation related to several types of mathematical
and other types of facts, presented as sentences.

During the task, the participants were presented with a series of sentences,
each one in either of two modalities: auditory or visual. Some of the categories
included theory of mind statements, arithmetic facts and geometry facts. After
each sentence, the participant had to indicate whether they believed the presented
fact to be true or false, by respectively pressing the button with the left or right
hand. A second version of each run (runs “B”) was generated reverting the
modality for each trial, so those being visual in the original runs (runs “A”),
would be auditory in their corresponding B version, and vice-versa.

Each participant performed four A-type runs, followed three B-type runs due
to time constraints. Each run had an equal number of trials of each category,
and the order of the trials was the same for all subjects. The task name was
shortened to MathLanguage for the task label BIDS specification.

Spatial Navigation

The Spatial Navigation protocol, an adaptation from the one used in [36], was
originally designed to capture the effects of spatial encoding and orientation
learning in different age groups. The task demanded subjects to navigate and
orient themselves in a complex virtual environment that resembled a typical
German historic city center, consisting of town houses, shops and restaurants.
There are three parts of this task: introduction (outside of the scanner), encoding
(in scanner) and retrieval (in scanner). Before entering the scanner, participants
went through an introduction phase, during which they had the freedom to
navigate the virtual environment with the objective of collecting eight red balls
scattered throughout various streets of the virtual city. During this part, the
participants could familiarize themselves with the different buildings and learn
the location of the two target buildings: Town Hall and Church. After they had
collected all the red balls, a short training of the main task was performed to
ensure the correct understanding of the instructions.

Then, participants went to the scanner. The task began with the encoding
phase. During this period, the participant had to passively watch the camera
move from one target building to the other, in such a way that every street of the
virtual environment is passed through in every direction possible. Participants



were instructed to pay close attention to the spatial layout of the virtual environment
and the location of the target landmarks. Passive transportation instead of self-
controlled traveling was chosen to ensure that every participant experienced the
virtual environment for the same amount of time.

After, the retrieval phase started. In each trial, the participant was positioned
near an intersection within the virtual environment, which was enveloped in a
dense fog, limiting visibility. Subsequently, the camera automatically approached
the intersection and centered itself. There were two types of trials on the
retrieval phase: experimental and control trials. During experimental trials,
one of the two target buildings (Town Hall or Church) was displayed as a
miniature picture at the bottom of the screen. The participant’s task was to
indicate the direction of the target building, relative to their current position
at the intersection, by pointing with the response box to one of the buildings
of the intersection. During control trials, no target building was shown. The
participant had to point to one of the buildings of the intersection that had been
colored in blue, instead of the target building. The retrieval phase consisted of
8 experimental trials and 4 control trials per run.

All of the runs, except the first one, began with the encoding phase, followed
by the retrieval phase. In the initial run, a control trial of the retrieval phase
preceded the standard design of the encoding phase followed by the retrieval
phase.

CamCAN battery

The Cambridge Centre for Ageing and Neuroscience (CamCAN) battery consists
of a set of protocols designed to understand how individuals can best retain
cognitive abilities into old age[37]. All modifications for adapting the battery
into IBC were done taking care not to alter the psychological state that the
original tasks were designed to capture. From this battery, the following tasks
were included in IBC: Emotional Memory, Emotional Recognition, Stop-NoGo,
Catell - Oddball, Finger Tapping and Visual and Spatial Memory.

e Emotional Memory (EmoMem)

The EmoMem task was designed to assess implicit and explicit memory,
and how it is affected by emotional valence. In each trial, participants
were presented with a background picture for 2 seconds, followed by a
foreground picture of an object superimposed on it. Participants were
instructed to imagine a “story” linking the background and foreground
pictures, and after an 8-second presentation, the next trial began. The
manipulation of emotional valence exclusively affected the background
image, which could be negative, neutral, or positive. Participants were
asked to indicate the moment they thought of a story or a connection
between the object and the background image by pressing a button. The
task name was shortened to EmoMem for the task label BIDS specification.



e Emotional Recognition (EmoReco)

The Emotional Recognition task compares brain activity when observing
angry versus neutral expressions, and assesses how individuals differ in how
they regulate responses to negative emotional expressions. The expressions
were presented on female and male faces (15 each), and each face had
an angry and a neutral expression version. Emotions were presented in
blocks of angry and neutral, with equal numbers of female and male faces
in each block. In each trial, participants were asked to press one button
for male faces and another for female faces. The task name was shortened
to EmoReco for the task label BIDS specification.

e Stop-NoGo

The Stop-NoGo task assesses systems involved in action restraint and
action cancellation, by randomly interleaving Go, Stop and No-Go trials.
On Go trials, participants viewed a black arrow pointing left or right
for 1000 ms, and had to indicate the direction of the arrow by pressing
the left/right buttons with their right hand. On Stop trials, the black
arrow changed color from black to red, after a short variable stop-signal
delay. Participants were instructed not to respond to the red arrow, so
stop signal trials required canceling the initial response to the black arrow.
The Stop-Signal delay varied trial-to-trial in steps of 50 ms, and a staircase
procedure was used to maintain a performance level of 66% successful
inhibition. Finally, in No-Go trials, the arrow was colored in red since the
start of the trial (stop-signal delay of 0) and participants were required to
make no response.

o Catell

The Catell task was used to provide a measure of neural activity underpinning
fluid intelligence. In each trial, participants were shown a set of 4 images
and were asked to identify the “odd one out”. While some trials presented
easily identifiable differences between the oddball and the other images,
others were more challenging, requiring participants to detect abstract
patterns to identify the oddball. Participants completed alternating blocks
of easy and difficult trials, each lasting 30 seconds. In total, they performed
four blocks of easy problems and four blocks of difficult problems. In each
trial, a stimulus appeared on the screen and remained until the participant
responded, with the block automatically ending after 30 seconds and the
next block beginning immediately. Participants were encouraged to take
as much time as needed and were advised to respond only when confident
in their answers. This design led to variable number of trials per block
among individuals, while maintaining a consistent duration for each type
of problem (easy and difficult).



e Finger Tapping

The Finger Tapping task was originally designed to study executive control
and action decisions in aging and neurodegenerative diseases. Participants
were presented with an image of a right hand and were instructed to press
a button with one of their four right-hand fingers in response to a cue. The
cue was either a “specified” cue in which a single opaque circle indicated
which finger to press, or a “chosen” cue in which 3 circles appeared opaque
indicating that participants must choose one of the 3 opaque fingers to
press. Cues were presented for 1 second with a stimulus onset asynchrony
of 2.5 seconds, and were pseudorandomly ordered so that participants did
not see four or more responses of the same condition (action selection,
specified or null) in a row.

e Visual Short-Term Memory (VSTMC)

The Visual Short-Term Memory task was designed to assess the neural
process underlying visual short-term memory. In each trial, participants
saw three arrays of colored dots: one red, one yellow, and one blue. The
dot displays were presented in rapid succession beginning with a 250 ms
fixation period followed by a 500 ms presentation of the dot display. To
manipulate set size, one, two, or three of the dot displays moved in a single
direction, which had to be remembered. The remaining displays rotated
around a central axis and served as distractors, which had to be ignored.
After the presentation of the third display, an 8-second delay followed,
during which participants had to remember the direction(s) of motion for
the non-rotating dots. Subsequently, the probe display appeared, with
a colored circle indicating which dot display to recall (red, yellow, or
blue). Within the circle, there was a pointer that had to be adjusted
to indicate the direction in which the target dot display had been moving.
Participants were given 5 seconds to adjust the pointer to match the
direction of the to-be-remembered dot display. On 90% of trials the probed
movements were in one of three directions: 7, 127, or 247 degrees.

Reward Processing (RewProc)

The Reward Processing task was adapted from [38] and [54]. The protocol
aimed at discerning the role of the orbito-frontal cortex (OFC) using a similar
to emotion-related visual reversal-learning task in which the choice of the correct
stimulus led to a probabilistically determined monetary reward and the choice
of the incorrect stimulus led to monetary loss.

In each trial of a run of this protocol, two unfamiliar and easily distinguishable
fractal patterns were displayed on a gray background, positioned to the left
and right of a central fixation cross. At the beginning of the task, one of the
patterns was arbitrarily designated as the “correct” option, while the other was
designated as “incorrect”. The task for the participants was to select one of these



two patterns. Selecting the correct pattern led to a monetary gain with a 70%
probability, and a monetary loss with a 30% probability. Selecting the incorrect
pattern led to a monetary gain with a 30% probability and a monetary loss with
a 70% probability (reversed gain-loss probability contingencies). After selecting
either pattern, a black box appeared around the chosen pattern, followed by
feedback indicating the amount of symbolic money (either 20 or 10 units)
that was gained or lost in the particular trial which could be either 20 or 10
units. The probability of receiving either 10 or 20 units of money was equal.
Furthermore, if the participant consecutively selected the correct pattern for a
specified criterion, i.e. 5 consecutive times, a reversal of the gain-loss probability
contingencies occurred after a Poisson process. This meant that there was a 25%
probability that a reversal took place in the gain-loss probabilities on any post-
criterion trial.

The timing of trial events in the IBC implementation of the task differed
from those in the two aforementioned studies. This adjustment was made after
a discussion with the initial protocol authors, who considered that the timing
in the final IBC-implementation version was more appropriate for achieving
adequately separated events to minimize temporal correlations while maintaining
a reasonable total trial length. Specifically, the pre-fixation cross was displayed
for a duration ranging from 500 to 1500 ms. The stimuli remained on the screen
for less than 3000 ms for participant selection, and the outcome feedback was
presented with a 1750 ms delay, lasting for 1750 ms.

The task name was shortened to RewProc for the task label BIDS specification.

Function Biomedical Informatics Research Network battery (FBIRN)

The Function Biomedical Informatics Research Network (FBIRN) battery of
protocols[42] was designed to assess the major sources of variation in fMRI
studies conducted across scanners, including instrumentation, acquisition protocols,
challenge tasks, and analysis methods. All modifications were done taking care

to not alter the psychological state that the original tasks were designed to
capture. From this battery, the following tasks were included in IBC: Breath
Holding, Checkerboard, Finger Tap and Item Recognition.

e Breath Holding

The Breath Holding task was designed to measure vascular response. In
a block design, participants alternated between breathing normally for
20 seconds and holding their breath for 16 seconds. They were given a
warning 2 seconds before the hold breath signal was presented, so they
could prepare to hold their breath. No response was required in this task.

e Checkerboard

The Checkerboard protocol is a block design sensorimotor task with alternating
16-second long blocks of rest and visual stimulation with a checkerboard



stimulus. In the checkerboard block, a checkerboard filling the visual field
was presented for a period of 200 ms at random intervals (avg. ISI=762
ms, range: 500-1000 ms), and the subject pressed a button each time the
checkerboard appeared on the screen. The run started and ended with
fixation blocks, and 11 blocks of checkerboard stimulation were presented.

e Finger Tap

The FingerTap protocol is a block design reaction time task in which
participants pressed one of the four keypad buttons when they saw a
corresponding visual cue (’1’ for button 1, ’2’ for button 2, ..., ’4’ for
button 4). The stimuli appeared at 1-second intervals and subjects got
2 seconds to make their response. The task blocks were interleaved with
rest blocks lasting 15 seconds.

e Item Recognition

The Item Recognition protocol is a working memory (WM) task where
subjects had to remember items with a varying load of 1, 3 or 5 items.
There were four conditions in this task; on three of them, participants were
shown series of either one, three or five targets (digits), displayed in red,
and were asked to memorize them. They were then presented with probes
(also digits) displayed in green, and were required to indicate whether the
probe matched one of the targets or not.

In the fourth condition, participants were shown a series of arrows and
were asked to indicate the direction of the arrows (left or right).

This task followed a block-design format with 2 blocks for each of the 3
Working Memory conditions, along with 2 blocks for the arrow condition.

Neuroimaging Analysis Replication and Prediction Study (NARPS)

This protocol is more commonly known as the mixed gambles task and was
adapted from the Neuroimaging Analysis Replication and Prediction Study (NARPS)
[39]. The study aimed to estimate the variability of neuroscientific results across
analysis teams. The mixed gambles task is originally from [55] and studied
the neural basis of loss aversion, which is the phenomenon that suggests that
people tend to be more sensitive to losses as compared to equal-sized gains. The
study investigated whether potential losses elicit negative emotions, which then
drive loss aversion or rather the same neural systems, encoding subjective value,
asymmetrically respond to losses compared to gains.

Participants were presented with a mixed gamble where they had a 50%
chance of either gaining one amount of symbolic money or losing another amount.
The possible gains and losses both ranged between 5-20 units (equal range
condition), in increments of 1 unit and all 256 possible combinations of gains and
losses were presented to each participant in the same sequence. The stimulus



consisted of a circle presented on a gray screen and divided into two halves: on
one side the gain amount was presented in green with a plus (+) sign before
the number, and on the other side the loss amount was presented in red with
a minus (-) sign before the number. Participants were then asked to decide
whether or not they would like to accept the gambles presented to them, with
four possible responses for each gamble: strongly accept, weakly accept, weakly
reject or strongly reject. The gamble was presented on the screen until the
participant responded or four seconds had passed, followed by a grey screen
until the onset of the next trial.
The task label used for the BIDS specification was NARPS.

Face Body

This protocol was adapted from [40], where it was used to expose category-
selective cortical regions that respond preferentially to faces (e.g., fusiform face

area), places (e.g., para-hippocampal place area), bodies (e.g., extrastriate body

area), or printed characters (e.g., visual word form area). A detailed description

and code for the original protocol is available in github: https://github.com/VPNL/{Loc.
In the IBC implementation of the protocol, participants were presented with

images from five categories, each associated with two related subcategories:

e Faces: adult faces and children faces

e Places: corridors and houses

e Bodies: full bodies without faces and just limbs
e Objects: cars and instruments

e Characters: numbers and words

The protocol used a mini-block design in which 12 stimuli of the same subcategory
were presented in each block. The sequence of the blocks was randomized
over the ten subcategories and a blank baseline condition, and each subject
was presented with the same sequence. In total, there were 144 images per
subcategory. To ensure that the subjects remained alert throughout the experiment,
they were asked to press a button when an image is repeated as a mirrored image
(flipped 1-back task).

Scene

This protocol was adapted from [41], and was designed to identify how the brain
combines spatial elements to form a coherent percept. To this end, participants
judged whether Escher-like scenes were possible or impossible.

56 scenes were designed for the original study that appeared spatially incoherent
when viewed from a particular angle and were termed impossible scenes. Possible
counterparts were created for each impossible scene, and these were termed
possible scenes. For comparison, baseline non-scene images were created by



scrambling the scenes and matched for low-level visual properties. A partially
transparent circle was overlaid at a pseudo-random location on each of the
scrambled scenes, such that half of these dots were found on the left and half
on the right of the baseline scrambled images. On these scrambled image dot
trials, participants indicated the left /right location of the dot. There were easy
and hard versions that depended on the transparency of the overlaid circle.

Visual Search, Working Memory (VisualSearch)

This protocol was adapted from [43], who aimed to elucidate the neurophysiological
mechanism underlying the spatially specific activation of sensory codes while
searching for a visual or remembered target. A set of eight stimuli items was
selected from a set of 100 novel and difficult to verbalize closed shape contours
previously developed by [56] in the original as well as in the IBC implementation
of the study.

Each run of the protocol involved two kinds of trials - visual search and
working memory search. In visual search trials, the participants were first shown
an abstract item (sample item) and then they had to search for that item in a
set of two or four items (search array). In the working memory search trials, the
participants were first shown a set of two or four items (memory array) and then
they had to tell whether a subsequently shown item (probe item) was present
in the previously shown set of items. Thus, in addition to the type of search
(visual or working memory) and search response (target present or absent), the
array load (two or four items) was also varied in each trial.

In the original study, the participants also performed a separate session for
a visual localizer task, where they viewed the stimuli passively without making
any responses. This session was excluded from the IBC implementation of the
protocol. Furthermore, the response period was also increased from 1000 ms to
2000 ms and the stimuli size from 1.72 to 1.80 degrees of visual angle, following
the feedback from pilot sessions.

The task name was shortened to VisualSearch for the task label BIDS
specification.

Data Acquisition

We have carefully ensured that acquisition conditions and processing pipelines
remain as consistent as possible across sessions throughout time. For this
reason, some sections, such as Imaging Data Acquisition, Preprocessing, Model
Specification, Model Estimation and Summary Statistics are identical to those
described in previous releases, (see Pinho et al. 2018 [11]), but are included here
for completeness.

Preparation

Upon arrival at NeuroSpin, participants were instructed on the execution and
timing of the tasks for the upcoming session. The session identifier may differ



from subject to subject, depending on the order of task acquisition and individual

constraints. Once a year, participants underwent different medical tests, including
a general physical examination, a blood test and a urine test, to ensure their

overall health status. However, those measurements are not released as part

of the dataset. Tasks were not repeated across sessions. Table 3 provides

an overview of the session structure and details the tasks undertaken by each

participant. Data anomalies are mentioned in Supplementary Table 6.

Imaging Data Acquisition

Details in this section are identical to those described in previous releases (see
Pinho et al. 2018 [11]), but are repeated here to ensure completeness.

FMRI data were collected using a Gradient-Echo (GE) pulse, whole-brain
Multi-Band (MB) accelerated [57, 58] Echo-Planar Imaging (EPI) T2*-weighted
sequence with Blood-Ozxygenation-Level-Dependent (BOLD) contrasts. For each
protocol, runs were equally divided between Posterior to Anterior (PA) and
Anterior to Posterior AP phase-encoding directions, with the order of the phase-
encoding directions being counterbalanced across runs. The main purpose was
to ensure within-subject replication of the same task, while mitigating potential
limitations concerning the distortion-correction procedure.

Spin-Echo (SE) EPI-2D image volumes were acquired in order to compensate
for spatial distortions. Similarly to the GE-EPI sequences, two different phase-
encoding directions, PA and AP, were used in different runs. In every session,
one pair of PA and AP SE EPI-2D volumes was acquired before the task (GE-
EPI sequences), and another pair was acquired at the end.

Behavioral Data

Active responses were required from the participants in all tasks except for the
Breath Holding task. The registry of all behavioral data, such as the qualitative
responses to different conditions and corresponding response times were held
in log files generated by the stimulus-delivery software. Supplementary tables
from section Behavioral Data provide the individual scores for every run and
the average across runs for each task.

Data Analysis
Preprocessing

Details in this section are identical to those described in previous releases (see
Pinho et al. 2018 [11]), but are repeated here to ensure completeness.

Images were converted to NIfTT format using thedem2nii tool [59]. Following,
the NIfTT images were de-identified: pseudonyms were removed and images were
defaced using the mri_deface tool from the Freesurfer-6.0.0 library [60]. Data
were preprocessed using PyPreprocess: https://github.com/neurospin/pypreprocess,
a Python-based tool for running precompiled functions from the SPM12 software



package and the FSL library (v5.0) [61]. For each session, the susceptibility-
induced off-resonance fields were estimated from four SE EPI-2D volumes, acquired
in pairs with opposite phase-encoding directions (PA and AP). The images
were corrected using the estimated deformation model with the topup tool
[62], implemented in FSL. Following this correction, GE-EPI volumes for each
participant were aligned using a rigid-body transformation, using the average
volume across runs as reference [63]. The mean EPI volume was co-registered to
each participant’s T1-weighted MPRAGE anatomical image [64]. Both anatomical
and functional data were then normalized to the standard MNI152 space using
the Unified Segmentation probabilistic framework [65].

Model Specification

Details in this section are identical to those described in previous releases (see
Pinho et al. 2018 [11]), but are repeated here to ensure completeness.

fMRI data were analyzed using the General Linear Model (GLM). Regressors
of interest were defined to capture variations in the BOLD signal associated with
each task condition, reflecting neuronal activity related to task performance
[66, 67]. Supplementary Table 7 provides a complete description of all regressors
of interest included in the models for each task. In addition, nuisance regressors
were modeled to account for spurious effects during acquisition, such as variability
in the HRF peak latency, head motion, physiological noise and slow drifts within
run. The GLM was implemented using Nilearn (v0.9.0) [68].

Model Estimation

Details in this section are identical to those described in previous releases (see
Pinho et al. 2018 [11]), but are repeated here to ensure completeness.

To restrict GLM parameter estimation to voxels within functional brain
regions, a brain mask was extracted from the normalized mean GE-EPI volume
thresholded at 0.25, using Nilearn. This corresponds to a 25% average probability
of observing gray matter in a voxel across subjects. A mass-univariate GLM
was then applied to the preprocessed EPI data for every run and every task
using Nilearn. A spatial smoothing kernel of 5 mm full-width at half maximum
(FWHM) was applied as a regularization term. Parameter estimates for all
regressors in the model, along with their covariance, were computed at every
voxel. Linear contrasts between regressors of interest and the baseline were
then performed to obtain statistical contrast maps of the evoked responses.
The GLM implementation and subsequent statistical analyses were performed
with Nilearn.

Summary Statistics

Details in this section are identical to those described in previous releases (see
Pinho et al. 2018 [11]), but are repeated here to ensure completeness.

Since data were collected for each task and subject in at least two acquisitions
with opposite phase-encoding directions, statistics of their joint effects were



computed using a Fized-Effects (FFX) model. At every voxel, t-tests were
then performed for each individual contrast to assess statistical significance of
the evoked response differences. To ensure standardized results independent

of the number of observations, t-values were directly converted into z-values.
The resulting derivatives are provided as individual contrast maps containing
standard z-scores across all voxels within the gray matter mask described above.

A list of the main contrast maps available for each task is provided in Supplementary
Table 9.

Data Records

EBRAINS Knowledge Graph [69] is the main repository of the IBC project, as it
complies with the European regulations on General Data Protection Regulation
(GDPR) and the principles of the FAIR data management [70]. Users can access
the data via the EBRAINS Knowledge Graph after creating an account with an
institutional email address.

The dataset is released in cumulative versions, with each version including
data from previous releases. Version v4.0 comprises up to 65 tasks, incorporating
those added in this release. The repository is organized into thirteen main
directories: sub-01 to sub-15. Note that sub-03 and sub-10 are not part
of the dataset, as these IDs were never assigned. The directories for sub-01,
sub-07 and sub-13 contain data up to their final completed sessions, since these
participants performed only a subset of the tasks from this release. In contrast,
sub-02 did not take part in any of the tasks described here. Nevertheless, their
directory in the IBC collection still includes data from earlier sessions up to
their last participation. Specifically, sub-07 and sub-13 performed all tasks
except FaceBody, NARPS, Scene, Reward Processing, and VisualSearch; while
sub-01 only performed the MathLanguage and Spatial Navigation tasks in this
release.

Data from each subject are numbered on a per-session basis, following the
chronological order of the acquisitions; note that session numbering is subject-
specific. The exact correspondence between session number and session id for
every subject can be found in Table 2.

Source data

Raw data are available on the EBRAINS repository under DOI 10.25493 /S7TGR-
CTO [71]. Different identifiers are assigned to different types of data following
the BIDS specification:

e g-zipped NIfTT 4D image volumes of BOLD fMRI data are named as
sub-XX_ses-YY_task-ZZZ_dir-AA_bold.nii.gz, in which XX and YY refer
respectively to the subject and session id, ZZZ refers to the task name, and
AA can be either ‘PA’ or ‘AP’ depending on the phase-encoding direction



e cvent files are named as
sub-XX_ses-YY_task-ZZZ_dir-AA_event.tsv

e single-band, reference images are named as
sub-XX_ses-YY_task-ZZZ_dir-AA_sbref.nii.gz

Each collection contains several json files:

e A json file for each task in the version, containing acquisition parameters
such as Repetition Time, Echo Time, Flip Angle, Slice Timing, Multiband
Acceleration Factor, Software Version, and details about the place of
acquisition. Each file is named as task-ZZZ_dir-AA_MMM. json, where
ZZ7 refers to the task name, AA can be either ‘PA’ or ‘AP’ depending on
the phase-encoding direction, and MMM can be either ‘bold’ or ‘sbref’ for
the sequences of the task acquisition or the single-band reference image
acquisition.

e A json file for each sequence run during different sessions, providing
information about the Phase Encoding Direction and Total Readout Time.

Additionally, a README.md and a participants.tsv file are included. The
former provides a dataset content overview and the latter contains information
about the sex, age and handedness of each subject.

Preprocessed data

Preprocessed data are available on the EBRAINS repository under DOI10.25493 /4ZZ6-
5S5(72]. The directory tree structure was similar to that of source data. Different
identifiers are assigned to different types of data, as follows:

e gzipped NIfTT 4D image volumes of preprocessed BOLD fMRI data are
named as
sub-XX_ses-YY_task-ZZZ_dir-AA_space-MNI152NLin2009cAsym_desc-preproc_bold.nii.gz,
in which XX and YY refer respectively to the subject and session id, ZZZ
refers to the name of the task, and AA can be either ‘PA’ or ‘AP’ depending
on the phase-encoding direction. The suffix _space-MNI152NLin2009cAsym
indicates that the data is in the standard MNI152 space

e cvent files are named as
sub-XX_ses-YY_task-ZZZ_dir-AA_event.tsv;

e time series files are named as
sub-XX_ses-YY_task-ZZZ_dir-AA_desc-confounds_timeseries.tsv, and
contain the time series of the nuisance regressors used in the GLM analysis;

Additionally, the repository contains a similar set of json files for all tasks
and acquisitions as the Source Data repository. Moreover, the collection also
contains a version of the preprocessed data that have been resampled at 3-
millimeter isotropic resolution (the acquisition resolution and the resampling



resolution after normalization were both 1.5mm isotropic). This version is
available on EBRAINS under DOI 10.25493/DTEX-HWU [73|. The data
organization is the same as the original preprocessed data.

Derived statistical maps

Statistic contrast maps are available on the EBRAINS repository under DOI
10.25493/873R-QK2[74]. The NIfTT files as well as paradigm descriptors and
imaging parameters are organized in two main directories:

e resulting_smooth_maps, containing statistical volumetric maps organized
through subjects ans sessions, as the source and preprocessed data.

e resulting_smooth_maps_surface, containing statistical surface maps organized
through subjects ans sessions, as the source and preprocessed data.

Supplementary Tables
All supplementary tables are available on Figshare [75].

Online Documentation

The online documentation is available following the link: https://individual-
brain-charting.github.io/docs/. Users can find at any moment the information
detailed in this manuscript, including description of the tasks across releases,
acquisition parameters, and guidelines on where and how to get the data in a
user-friendly manner.

Technical Validation

Data quality

To estimate the quality of the data, we performed several measurements. The
results are presented in Figure 2.

e Temporal Signal-to-Noise Ratio (tSNR): Following (Murphy et al.
2007)[76], tSNR was calculated as the mean of each voxel’s time course
divided by its standard deviation, using normalized and unsmoothed data
averaged across all acquisitions. As shown in Figure 2 (panel a), tSNR
values are higher than 50 in most of the cortex, indicating good signal
quality given the high resolution (1.5mm isotropic).

e Motion Estimates: The histogram of the six rigid-body motion estimates
per scan (three translations in mm and three rotations in degrees) is shown
along with their 99% coverage interval in Figure 2 (panel b). Motion is
typically confined within [—1.1,1.5] mm/degrees, and values exceeding
1.5 are rare. No acquisitions were discarded due to excessive motion (>2
mm/degrees).



e Framewise displacement (FD): FD, as defined by (Power et al. 2012)[77],
was calculated from the six rigid-body motion estimates across runs for
each task and subject. Figure 2 (panel ¢) shows the 90th-percentile FD
distribution across all acquisitions. In most cases, FD values are below
0.5 mm, which is considered as acceptable in the field’s practice.

Effect of subject identity, task stimuli and phase-encoding
direction on activation maps

We assessed how much variability in the signal could be explained by three
factors: the effect of (1) subject identity, (2) condition and (8) phase-encoding
direction. This was done by analyzingGLM outputs for each acquisition at
every voxel. A one-way Analysis of Variance (ANOVA) was performed on all
contrast maps (n = 2042 from 12 subjects, after removing duplicates). The
resulting statistical maps are shown in Figure 3. Results show that the effects
of subject identity and condition are both uniformly significant (p < 0.05, FDR,
corrected). Condition effects are predominantly higher than subject effects,
specially in sensory regions, like the visual and auditory cortex. This is expected,
as experimental conditions were designed to capture the largest share of task-
related signal. By contrast, the effect of the phase-encoding direction is mostly
present on regions with high susceptibility to distortions, such as the frontal and
occipital cortex. However, the effects are weaker compared to those of subject
and condition.

Brain Coverage

Figure 4 shows the brain coverage of this release of the IBC dataset. It displays
all brain areas significantly involved in response to the tasks on this release,
which was calculated by computing the Stouffer’s Z-score across all contrast
maps. We chose this metric since it is a standard method to combine p-values
from each independent statistical tests [78].

Overall, in this release the tasks collectively encompass most cortical and
subcortical regions. Notably, the strongest effects are observed in the occipital
cortex. We also see larger effects in the cerebellum when compared to the

previous release, which is now more uniform across the cerebellar cortex. Meanwhile,

the coverage of regions in the motor and sensory cortex appears visually lower,
as shown in Figure 4 (compared to Figure 1 in [12]). This is expected since
the tasks on this release do not involve explicit motor responses further than
button presses. Nevertheless, it is important to note that the coverage of these
regions remains statistically significant, and the cumulative effect of coverage
across releases contributes to our overall goal of achieving comprehensive brain
coverage while accounting for MR-related constraints, given that some locations
benefit from more coil sensitivity.



Behavioral Data

Most tasks in this release required participant responses, with the exception of
the Breath Holding task. These responses were collected and used to calculate
performance scores, providing an estimate of task engagement and attentiveness
throughout the acquisitions. Such measures serve as a reference for assessing
data reliability. Individual scores for each run, as well as averages across runs
for every task, are provided in the supplementary material. Below, we describe
the meaning of each score and the method used for its calculation. The tasks
Biological Motion, Checkerboard and FingerTap did request active responses
from the participants, but the responses were not recorded. Therefore, we were
not able to calculate scores for these tasks. Figure 5 summarizes the distribution
of individual scores for each task using boxplots.

Mathematics and Language

Scores were calculated as the number of correctly classified statements (maximum
of 64 per run). Missed responses were counted as incorrect, and chance level
was 50%. Supplementary Table 10 provides the individual scores for every run
and the average across runs.

Spatial Navigation

Scores were narrowed down to whether the subject pointed to the correct cardinal
direction, as if their error was within 45 absolute degrees of the correct direction,
and the number of correct responses was counted. The chance level then was
25%. This was decided due to the the premise that the participant was just
instructed to point to the location of the building without explicit precision
requirement. See Supplementary Table 11 for individual scores.

Emotional Memory

The score was calculated as the number of responses per run, which, under
attentive participation, should equal the total number of trials. See Supplementary
Table 12 for individual scores.

Emotion Recognition

Score was calculated as the number of correct responses, with a chance level of
50%. Missed responses were considered as incorrect. See Supplementary Table
13 for individual scores.

StopNoGo

The score was calculated as the number of trials in which they succeeded in
withholding their response during Stop trials. The chance level was set at 50%.
See Supplementary Table 14 for individual scores.



Catell (Oddball)

The score was calculated as the number of correct responses, with a chance level
of 25%. See Supplementary Table 15 for individual scores.

Finger Tapping

The score was calculated as the number of correct responses, meaning the
number of times the subject pressed the correct button on specified trials plus
the times they pressed a button within the selected fingers on chosen trials. The
chance level was 25%. See Supplementary Table 16 for individual scores.

Visual Short Term Memory

Subjects could make 360 degrees rotations of the probe, and a response would be
considered correct of the final angle would be within 45 absolute degrees of the
correct direction. The score was calculated as the number of correct responses.
See Supplementary Table 17 for individual scores.

Reward Processing

The score was calculated as the number of responses per run, which, under
attentive participation, should equal the total number of trials. The chance
level is set at 50%. See Supplementary Table 18 for individual scores.

NARPS

The score was calculated as the number of responses made during a run. The
chance level is set at 50%. See Supplementary Table 19 for individual scores.

FaceBody

Score was calculated based on the number of correct responses. Missed responses
were counted as incorrect. See Supplementary Table 20 for individual scores.

Scene

For each run, four scores were calculated: the number of possible scenes judged
correctly, the number of impossible scenes judged correctly, the amount of
possible scrambled dots correctly located, and the number of impossible scrambled
dots correctly located. Missing responses were counted as incorrect, with a
chance level of 50% for each one of the scores. See Supplementary Table 21 for
individual scores.

Item Recognition

The score was calculated as the number of correct decisions. Missed responses
were marked as incorrect, and the chance level was 50%. See Supplementary
Table 22 for individual scores.



Visual search, working memory

The score was calculated as the sum of correct responses in both types of trials.
Missing responses were marked as incorrect, and the chance level was 50%. See
Supplementary Table 23 for individual scores.

Usage Notes

As mentioned earlier, the EBRAINS platform is the main repository for the
data. Users can access and download the data through its graphical interface.
To ensure GDPR compliance, access is granted upon creating an account with
an institutional email address. Registration at EBRAINS is necessary due
to the sensitive nature of neuroimaging data, which may potentially lead to
the identification of individuals, even after de-identification procedures. By
requiring institutional email addresses, EBRAINS helps to address privacy concerns.

Data Availability

The IBC dataset is publicly available through the EBRAINS Knowledge Graph
platform [71, 72, 73, 74].

As of this release, the IBC project has incorporated 67 tasks, encompassing
over 340 unique conditions and 530 independent contrasts, resulting in approximately
40 hours of fMRI data per participant. Data collection concluded in Fall 2023,
with the final data release anticipated by the end of 2026. This forthcoming
release aims to expand the dataset to 50 hours of fMRI data per participant,
featuring 80 diverse tasks and over 700 independent contrasts. It will include
new paradigms focusing on color perception, abstraction, tactile stimulation,
and video gaming, among other cognitive domains.

Code Availability

We have developed three main repositories: one for the protocols’ routines, one
for the data processing code, and one for a tool to access the data. Users are
encouraged to open issues for any questions related to the code.

Protocol Implementation Code

All scripts, routines and files we used for the protocols’ acquisition are publicly
available at the IBC repository:
https://github.com/individual-brain-charting/public _protocols. Users are welcome
to open issues for any questions or suggestions regarding the protocols. For each
protocol, we have released the following files:

e README: a file containing a general description of the protocol with the
main requirements and directions on how to reproduce each run.



Source code: scripts and files for the execution of the protocol.

Stimuli: files containing the stimuli used in the protocol.

Paradigm descriptors: Python script to extract event-related files from
the log files.

Instructions: set of written instructions for the participants.

Data Analysis Code

Code to replicate the analyses featured in the figures of this paper can be
accessed at: https://github.com/individual-brain-charting/public analysis code/.
The scripts used for data analysis are available on GitHub under the Simplified
BSD license.

Data Fetching Helper

We have developed a Python interface to facilitate data retrieval from the
EBRAINS repository, to allow users to download the data with just a few lines
of code. Tt is available at: https://github.com/individual-brain-charting/api.
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Figures

Figure 1: Overview of the IBC project. Summary of the workflow for this
IBC release: 1) Task preparation: reach out to neuroscience laboratories
to integrate their protocols into IBC; replication of scripts and routines. 2)
Data collection: this release comprises 18 tasks and approximately 10 hours
of fMRI, adding up to 40 hours with previous releases, along with structural
and diffusion-weighted imaging (DWI) data. While DWI was acquired before
this release period, the data are included in the release to keep it complete.
3) Statistical summary: data are preprocessed, and statistical analyses are
performed; 4) Data release: data are released in the hosting platforms, along
with and extensive documentation.

Figure 2: Global quality of the acquired data. «) Temporal Signal to
Noise Ratio (tSNR) map averaged across all subjects and tasks. As we reach
the cortex, values gradually increase, getting to a range between 40 and 65, with
larger tSNR in cortical regions. b) Density of within-run motion parameters,
pooled across all subjects and all tasks. Six distributions are plotted, for the
six rigid-body parameters of head motion (translations and rotations are in
mm and degrees, respectively). Bold lines below indicate the 99% coverage of
all distributions and show that motion parameters mostly remain confined to
1.5mm/1degree across 99% of all acquired images. ¢) Frame-wise displacement
(FD) across acquisitions. The heat map shows the 0.9 quantile of the FD
distribution across the tasks in this release. Each distribution is based on the
EPI volumes corresponding to all time frames for all acquisitions. The Biological
Motion task was split into two sub-tasks due to variations in stimuli and task
design. As subjects sub-07 and sub-13 were not available for further acquisitions,
their last session was for the FBIRN battery, which explains the white spots on
the heat map. Sub-01 only performed two tasks in this release, thus only two
values are displayed.

Figure 3: Voxel-wise variance analysis. Results of a per-voxel ANOVA
showing how the variance in activation maps is explained by (top) subject
identity, (middle) task condition, and (bottom) phase-encoding direction.



Figure 4: Brain coverage of this IBC-dataset release. Group-level F-map,
at a threshold of p < 0.05, Bonferroni-corrected, representing the total area
of the brain significantly covered by the tasks featuring in this release of the
IBC dataset (FFX across tasks and subjects). It is noticeable that the occipital
cortex shows the highest effects, complementary to that of previous releases.

Figure 5: Distribution of Individual Scores for Each Tasks. Boxplots
summarizing the distribution of individual scores for each task featuring in this
release. Orange lines indicate the mean score across subjects, while dotted lines
represent the chance level for each task. Individual scores for each run, as well as
averages across runs for every task, are provided in the supplementary material.

Tables
Subject ID | Year of recruitment | Age | Sex | Handedness score
sub-01 2015 39 M 0.3
sub-04 2015 26 M 0.8
sub-05 2015 27 M 0.6
sub-06 2015 33 M 0.7
sub-07 2015 38 M 1
sub-08 2015 36 F 1
sub-09 2015 38 F 1
sub-11 2016 35 M 1
sub-12 2016 40 M 1
sub-13 2016 28 M 0.6
sub-14 2016 28 M 0.7
sub-15 2017 30 M 0.9

Table 1: Demographic data of the participants from the current
release. Age refers to participant age at the year of recruitment. Acquisitions
for this release were performed between October 2019 and November 2022. Note
that sub-02 is also part of the dataset, but did not perform any of the tasks
on this release, therefore it is not included in this list. Subject identifiers are
consistent across all IBC releases.



Tasks sub-01 | sub-04 | sub-05 | sub-06 | sub-07 | sub-08 | sub-09 | sub-11 | sub-12 | sub-13
BiologicalMotion ses-29 ses-29 ses-29 ses-29 ses-31 ses-30 ses-30 ses-30 ses-29
MathLanguage ses-26 ses-30 ses-35 ses-31 ses-30 ses-17 ses-32 ses-31 ses-31 ses-30
SpatialNavigation | ses-25 ses-31 ses-30 ses-30 ses-31 ses-15 ses-31 ses-32 ses-32 ses-31
EmoMem ses-35 ses-34 ses-35 ses-35 ses-36 ses-36 ses-36 ses-36 ses-35
EmoReco ses-35 ses-34 ses-35 ses-35 ses-36 ses-36 ses-36 ses-36 ses-35
StopNogo ses-35 ses-34 ses-3H ses-3H ses-36 ses-36 ses-36 ses-36 ses-35
Catell ses-36 ses-36 ses-36 ses-36 ses-37 ses-37 ses-38 ses-37 ses-36
FingerTapping ses-36 ses-36 ses-36 ses-36 ses-37 ses-37 ses-38 ses-37 ses-36
VSTMC ses-36 ses-36 ses-36 ses-36 ses-37 ses-37 ses-38 ses-37 ses-36
BreathHolding ses-37 ses-37 ses-37 ses-37 ses-38 ses-38 ses-39 ses-38 ses-37
Checkerboard ses-37 ses-37 ses-37 ses-37 ses-38 ses-38 ses-39 ses-38 ses-37
FingerTap ses-37 ses-37 ses-37 ses-37 ses-38 ses-38 ses-39 ses-38 ses-37
ItemRecognition ses-37 ses-37 ses-37 ses-37 ses-38 ses-38 ses-39 ses-38 ses-37
VisualSearch ses-38 ses-38 ses-38 ses-39 ses-39 ses-40 ses-39
RewProc ses-39 ses-39 ses-39 ses-40 ses-40 ses-41 ses-40
NARPS ses-39 ses-39 ses-39 ses-40 ses-40 ses-41 ses-40
FaceBody ses-40 ses-40 ses-40 ses-41 ses-41 ses-42 ses-41
Scene ses-40 ses-40 ses-40 ses-41 ses-41 ses-42 ses-41

Table 2: Tasks in this release performed by each subject. Most of the
tasks in this release were performed by a total of 11 subjects; however, there
were some subject dropouts over the years. This table provides an overview of
the tasks performed by each subject and the corresponding session identifiers,
helping to track participation across the dataset.



Session Modality Task Duration Repetitions
(min:sec)
2D Spin-Echo - 00:31 PA(x2) + AP(x2)
BiologicalMotion | BOLD fMRI BiologicalMotionl 06:45 PA(x2) + AP (x2)
BOLD fMRI BiologicalMotion2 06:45 PA(x2) + AP (x2)
2D Spin-Echo - 00:31 PA(x2) + AP(x2)
BOLD fMRI MathLanguage (run-01) 09:20 PA
BOLD fMRI MathLanguage (run-02) 09:18 AP
MathLanguage BOLD fMRI MathLanguage (run-03) 09:30 PA
BOLD fMRI MathLanguage (run-04) 09:34 AP
BOLD fMRI MathLanguage (run-05) 09:23 PA
BOLD fMRI MathLanguage (run-06) 09:24 AP
BOLD fMRI MathLanguage (run-07) 09:18 PA
2D Spin-Echo - 00:31 PA(x2) + AP(x2)
SpatialNavigation | BOLD fMRI SpatialNavigation (run-01) 05:00 PA
BOLD fMRI | SpatialNavigation (runs 02-08) 08:00 PA(x3) + AP(x4)
2D Spin-Echo - 00:31 PA(x2) + AP(x2)
CamCAN 1 BOLD fMRI EmoMem 10:12 PA + AP
BOLD fMRI EmoReco 06:25 PA + AP
BOLD fMRI StopNogo 10:04 PA + AP
2D Spin-Echo - 00:31 PA(x2) + AP(x2)
CamCAN 2 BOLD fMRI Catell 04:30 PA + AP
BOLD fMRI VSTMC 08:28 PA(x2) + AP(x2)
BOLD fMRI FingerTapping 05:26 PA + AP
2D Spin-Echo - 00:31 PA(x2) + AP(x2)
BOLD fMRI ItemRecognition 07:23 PA + AP
FBIRN BOLD fMRI BreathHolding 06:03 PA + AP
BOLD fMRI FingerTap 09:22 PA + AP
BOLD fMRI Checkerboard 06:25 PA + AP
2D Spin-Echo - 00:31 PA(x2) + AP(x2)
BOLD fMRI VisualSearch (run-01) 11:50 PA
VisualSearch BOLD fMRI VisualSearch (run-02) 11:48 AP
BOLD fMRI VisualSearch (run-03) 11:29 PA
BOLD fMRI VisualSearch (run-04) 11:52 AP
2D Spin-Echo - 00:31 PA(x2) + AP(x2)
NARPS-RewProc | BOLD IMRI NARPS 07:23 PA(x2) + AP(x2)
BOLD fMRI RewProc 12:03 PA + AP
2D Spin-Echo - 00:31 PA(x2) + AP(x2)
Scene-FaceBody BOLD fMRI Scene 09:28 PA(x2) + AP(x2)
BOLD fMRI FaceBody 07:33 | PA(x2) | AP(x2)

Table 3: Details about the MRI-data acquisitions for the sessions
that make up this release of the IBC dataset. The table lists the data
acqisition sessions that compose this release. As each session is dedicated to
one or more tasks, the identifier on the Session column corresponds to the task
name(s) or the name of the task battery. The Modality column indicates the
type and number of runs acquired for each session. "2D Spin-Echo" refers to
the acquisition of field maps with both PA and AP phase-encoding directions.

"BOLD fMRI" refers to the acquisition of functional MRI data.

The Task

column indicates the task(s) performed in each session. The Repetitions column
reports the number of times each run wagacquired, along with the corresponding
phase-encoding direction (PA or AP). The Duration column indicates the length

of each run in minutes and seconds.

If runs within a tasks had different

durations, each duration is listed separately; otherwise, the number of runs
with identical duration is indicated in parentheses in the Repetitions column.




Tasks Description Psychological domains covered
Point-light displays arranged and moving Ezisting: motion detection, response execution,
. . . in a way that resembled a person walking. | response selection
BiologicalMotion Participants gather information to decide New: biological motion, global motion
the walker’s orientation. coherence, local motion coherence
Capture activation when presenteded with | Ewisting: auditory arithmetic processing,
mathematical and other types of facts narrative comprehension, visual arithmetic
MathLanguage presented as sentences either as visual processing
or auditory stimuli. New: auditory geometric processing,
visual geometric processing
Capture the effects of spatial encoding Ezisting: spatial localization, spatial working
. . and orientation learning by demanding to memory, visual search
SpatialNavigation . . . . .
navigate and orientate themselves in a New: navigation, spatial memory
complex virtual environment.
From the CamCAN battery, designed to Ezisting: visual perception
EmoMem asses how emotional valence affects New: imagination, visual cue, positive and
implicit and explicit memory. negative emotion
From the CamCAN battery, compares
EmoReco response when observing angry versus Ezisting: emotional expression, face perception
neutral expressions, and assesses how New: negative emotion, gender perception
individuals differ in response regulation.
From the CamCAN battery, measures Exzisting: task difficulty, visual form
Catell activity underpinning fluid intelligence discrimination
when identifying the "odd one out" from New: oddball detection
a set of images.
From the CamCAN battery, used to study | Ewisting: response execution, response
. . executive control and action decisions selection, right finger response execution
FingerTapping . . .
by using visual cues to prompt finger New: motor control, motor planning
tapping.
From the CamCAN battery, designed to FEzisting: response execution, response
make participants remember size and selection, spatial working memory,
VSTMC direction of a dots array and ignore task difficulty, visual attention
distractors, to asses visual short-term
memory.
From the CamCAN battery, assesses Exzisting: proactive control, response execution,
systems involved in action restraint and response inhibition, shape recognition,
StopNogo action cancellation by randomly response selection
interleaving “Go”, “Stop” and “No-Go”
trials.
A visual reversal-learning task in which Ezisting: reward processing, risk aversion,
choice of the correct stimulus led to a cue switch, risk processing, reward valuation
RewProc probabistically determined “monetary” New: loss aversion, color perception,

reward and choice of the incorrect led
to a monetary loss.

repetition




Mixed gambles task for studying the neural
basis of loss aversion and whether

Exzisting: risk processing, risk aversion,
reward processing, response selection

NARPS subjects tend to be more sensitive to New: decision making, reward anticipation
losses as compared to equal-sized gains. loss aversion
Used to define category-selective Ezisting: body, face and place maintenance,
FaceBody cortical regions that respond body, face and place recognition
preferentially to faces, places, bodies, New: object maintenance, visual letter,
or printed characters. number and object recognition
Designed to study how the brain combines | Ezisting: spatial attention, lower left and
Scene spatial elements to form a coherent right vision, salience, visual scene perception
percept. Participants judged whether New: oddball detection
presented scenes were possible.
Part of the FBIRN battery, designed to
BreathHolding measure vascular response and its effect New: self monitoring, breath holding
on the BOLD signal.
Part of the FBIRN battery, block design Ezisting: visual perception,response selection,
Checkerboard sensorimotor task with allternati'ng 1.6s response execution
long blocks of rest and visual stimuli
with a checkerboard.
Part of the FBIRN battery, reaction time
. task in which subjects press one of the Ezisting: response execution, response
FingerTap . .
four keypad buttons when they see a selection, finger response execution
corresponding visual cue.
Part of the FBIRN battery, working Exzisting: numerosity, spatial working memory,
memory task with different loads, task difficulty, visual attention
ItemRecognition | consisting of memorizing a set of
targets and then respond whether the
shown probe is a target.
Aims to study the mechanism underlying Existing: visual form discrimination,
VisualSearch the spatially specific activation of visual working memory, visual search,

sensory codes while searching for a
visual or remembered target.

visual pattern recognition
New: working memory maintenance

Table 4: Overview of the tasks featuring this IBC release.

Brief

description of each task, the psychological domains it covers, and references
to the original studies from which the tasks were adapted. The psychological
domains marked as FEzisting have been covered in previous IBC releases, while
those marked as New are introduced in this release.



IBC release

Tasks featured

First release [11]

ArchiStandard,  ArchiSpatial, = ArchiSocial, = ArchiEmotional, = HcpEmotion,
RSVPLanguage,
HepGambling, HecpMotor, HepLanguage, HepRelational, HcpSocial, HcpWm,

Second release [12]

PreferenceFood, PreferencePaintings, PreferenceFaces, PreferenceHouses, MTTWE,
MTTNS, TheoryOfMind, VSTM, Enumeration, EmotionalPain, PainMovie, Self,
Bang

Third release [24]

Clips, WedgeClock, WedgeAnti, Ring, Raiders

Fourth release

Lecl, Lec2, Audi, Visu, MVEB, MVIS, Moto, MCSE, Audio, Attention, DotPatterns,
StopSignal, SelectiveStopSignal, TwoByTwo, Discount, ColumbiaCards, Stroop,
WardAndAllport

Fifth release (this manuscript)

BiologicalMotion, MathLanguage, SpatialNavigation, EmoMem, EmoReco, Catell,
FingerTapping, VSTMC, StopNogo, RewProc, NARPS, FaceBody, Scene,
BreathHolding,

Checkerboard, FingerTap, ItemRecognition, VisualSearch

Table 5: Overview of the tasks featured in each IBC release. The

table shows the tasks included in each release of the IBC project. Each task
is labeled according to the naming convention used in the IBC documetation,
which is consistent with the naming in the released files. We have organized
the data across these five releases to enhance the readability of the different
data descriptors, make the data available as soon as possible, and allow for the
inclusion of new tasks as they become available. The final, sixth release will
follow after the present one.
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