

















Eleven (N=Il) participants/patients were excluded from the eye movement analysis (3 iEEG patients due to no eye tracking data available; 8
for insufficient quality (iEEG, N=4; MEG, N=2; fMRI, N=2)

Replication All findings from MEG and fMRI were replicated on an independent sample and are reported in the supplementary materials. Due to the
limited number of iEEG datasets, replication was not conducted on those data.
An initial optimization phase was used on 1/3 of the MEG (N=32) and fMRI (N=35) data. Following optimization, pipelines were preregistered
and applied tot he novel datasets containing twice as much data (MEG, N=65 and fMRI, N=73).

Randomization | We used a within-participant design that does not require randomization.

Blinding We used a within-participant design that does not require blinding.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |Z |:| ChIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |:| |Z MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern
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Plants

Plants

Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A

Magnetic resonance imaging

Experimental design

Design type task, event related

Design specifications fMRI Sites: DCCN & Yale
Stimuli were presented for one of three durations (0.5 s, 1.0 s or 1.5 s), followed by a blank period of a variable duration
to complete an overall trial length fixed at 2.0 s. Random jitter was added at the end of each trial (mean inter-trial
interval of 3 s, jittered 2.5-10 s, with truncated exponential distribution), with each trial lasting approximately 5.5 s.
There were 8 runs containing 4 blocks each with 17-19 trials per block, 16 non-targets (4 per category) and 1-3 targets,
for a total of 576 trials. Rest breaks between runs (at discretion) and blocks (12 seconds) were included.

*all other sites collected structural MRIs only; no design specifications to report

Behavioral performance measures  fMRI sites: DCCN & Yale
Log-linear corrected d'prime, false alarms (FA) and reaction times (RT) were computed per category and stimulus
foration, separately (FAs were also calculated per task relevance, without duration), and per modality (iEEG, MEG,
'MRI). These measures were compared with Linear/Logistic mixed models, where appropriate. For the former, we
-eport ANOVA omnibus F tests, and for the latter, omnibus x' test from an analysis of deviance. We approximated
fogrees of freedom using the Satterthwaite method. Pairwise t-tests following significant interactions were Bonferroni
:orrected. To estimate Bayesian Information Criterion (BIC) differences between the original and null logistic models,
we used the p-values and sample size (Wagenmakers: https://psyarxiv.com/egydq; p_to_bf package in R).




Acquisition
Imaging type(s)

Field strength

Sequence & imaging parameters

Area of acquisition

Diffusion MRI [ ] Used

Preprocessing

Preprocessing software

Normalization

Normalization template

Noise and artifact removal

*all other sites collected structural MRIs only; no behavioral performance measures to report

anatomical T1 scan (MRI) - NYU, Harvard, WI, BU, PKU, DCCN, Yale
functional MRI (fMRI) - DCCN and Yale

3T

MEG - BU:
(T1); 32-channel head coil (TR/TE= 2000/2.03; Tl= 880ms; Flip angle=S degrees; FOV=256 x 256 x 208; slices= 208; 1mm
isotropic voxels)

MEG-PKU:
(T1); 64-channel head coil (TR/TE= 2530/2.98ms; Tl = 1100 ms; 7° flip angle; FOV = 256x256x208 mm; 198 slices;| mm
isotropic voxels, GRAPPA)

fMRI (DCCN & Yale):

Tl; 32-channel head coil, anatomical Tlw MPRAGE images (GRAPPA acceleration factor= 2, TR/TE= 2300/3.03 ms, 8° flip
angle, 192 slices, 1 mm isotropic voxels)T2; whole-brain T2*-weighted multiband-4 sequence (TR/TE= 1500/39.6 ms,
75° flip angle, FOV = 210 mm, 68 slices, voxel size 2 mm isotropic, A/P phase encoding direction, BW = 2090 Hz/Px) EPI
sequence; CMRR MB-4, TR/TE= 1500/39.6 ms, 68 slices, voxel size 2 mm isotropic, 75° flip angle, A/P phase encoding
direction, FOV = 210 mm, BW = 2090 Hz/Px

whole-brain scan

Not used

MEG Sites (BU & PKU):
Freesurfer 6.0.1

fMRI Sites (DCCN & Yale):

Source DICOM data were converted to BIDS using BIDScoin v3.6.3.

(f)MRI data was preprocessed using fMRIPrep 20.2.3, based on Nipype 1.6.1. In addition, analysis specific preprocessing were
performed using FSL 6.0.2 and custom Python scripts using the following packages: NumPy 1.19.2, Pandas 1.1.3, NiBabel
3.2.2, SciPy 1.8.0, Matplotlib 3.3.2 and Scikit-learn 0.23.2.

fMRIPrep anatomical data preprocessing

The Tl-weighted (TIw) image was corrected for intensity non-uniformity (INU) with N4BiasFieldCorrection, distributed with
ANTs 2.3.3 [RRID:SCR_004757], and used as Tlw-reference throughout the workflow. The Tlw-reference was then skull-
stripped with a Nipype implementation of the antsBrainExtraction.sh workflow (from ANTs), using OASIS30ANTSs as target
template.

Brain tissue segmentation of cerebrospinal fluid (CSF), white-matter (WM) and gray-matter (GM) was performed on the
brain-extracted Tlw using fast [FSL 5.0.9, RRID:SCR_002823].

Brain surfaces were reconstructed using recon-all [FreeSurfer 6.0.1, RRID:SCR_001847], and the brain mask estimated
previously was refined with a custom variation of the method to reconcile ANTs-derived and FreeSurfer-derived
segmentations of the cortical gray-matter of Mindboggle [RRID:SCR_002438].

Analysis-specific functional preprocessing

Additional, analysis-specific, fMRI data preprocessing was performed using FSL 6.0.2 (FMRIB Software Library; Oxford, UK;
Smith et al., 2004], Statistical Parametric Mapping (SPM 12) software (Penny et al., 2007), and custom Python scripts.
Functional data for univariate data analyses will be spatially smoothed (Gaussian kernel with full-width at half-maximum of 5
mm), grand mean scaled, and temporal high-pass filtered (128 s). No spatial smoothing was applied for multivariate analyses.

BU & PKU:
All steps included in Freesurfer reconall

DCCN & Yale:
Volume-based spatial normalization to one standard space (MNI152NLin2009cAsym) was performed through nonlinear
registration with antsRegistration (ANTs 2.3.3), using brain-extracted versions of both Tlw reference and the Tlw template.

BU & PKU:
Freesurfer "fsaverage"

DCCN & Yale:
ICBM 152 Nonlinear Asymmetrical template version 2009c¢ (Fonov et al., (2009); RRID:SCR_008796; TemplateFlow ID:
MNI152NLin2009cAsym).

BU & PKU:
-all steps included in Freesurer recon all
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DCCN & Yale:

MRI data quality control was performed using MRIQC 0.16.1.

fMRIPrep functional data preprocessing

Head-motion parameters with respect to the BOLD reference (transformation matrices, and six corresponding rotation and
translation parameters) were estimated before any spatiotemporal filtering using mcflirt [FSL 5.0.9].

A reference volume and its skull-stripped version were generated using a custom methodology of fMRIPrep. Several
confounding time-series were calculated based on the preprocessed BOLD: framewise displacement (FD], DVARS and three
region-wise global signals.

FD was computed using two formulations following Power (absolute sum of relative motions, Power et al., 2014) and
Jenkinson (relative root mean square displacement between affines, Jenkinson et al., 2002).

FD and DVARS were calculated for each functional run, both using their implementations in Nipype (following the definitions
by Power et al., 2014). The three global signals were extracted within the CSF, the WM, and the whole-brain masks.
Additionally, a set of physiological regressors were extracted to allow for component-based noise correction (CompCor,
Behzadi et al., 2007).

Principal components were estimated after high-pass filtering the preprocessed BOLD time-series (using a discrete cosine
filter with 128s cut-off) for the two CompCor variants: temporal (tCompCor) and anatomical (aCompCor). tCompCor
components were then calculated from the top 2% variable voxels within the brain mask. For aCompCor, three probabilistic
masks (CSF, WM and combined CSF+WM) were generated in anatomical space.

The implementation differs from that of Behzadi et al. in that instead of eroding the masks by 2 pixels on BOLD space, the
aCompCor masks are subtracted a mask of pixels that likely contain a volume fraction of GM. This mask is obtained by dilating
a GM mask extracted from the FreeSurfer's aseg segmentation, and it ensures components are not extracted from voxels
containing a minimal fraction of GM. Finally, these masks are resampled into BOLD space and binarized by thresholding at
0.99 (as in the original implementation).

Components are also calculated separately within the WM and CSF masks. For each CompCor decomposition, the k
components with the largest singular values are retained, such that the retained components' time series are sufficient to
explain 50 percent of variance across the nuisance mask (CSF, WM, combined, or temporal). The remaining components are
dropped from consideration. The head-motion estimates calculated in the correction step were also placed within the
corresponding confounds file. The confound time series derived from head motion estimates and global signals were
expanded with the inclusion of temporal derivatives and quadratic terms for each (Satterthwaite et al., 2013).

Frames that exceeded a threshold of 0.5 mm FD or 1.5 standardised DVARS were annotated as motion outliers. All
resamplings were performed with a single interpolation step by composing all the pertinent transformations (i.e. head-
motion transform matrices, susceptibility distortion correction when available, and co-registrations to anatomical and output
spaces). Gridded (volumetric) resamplings were performed using antsApplyTransforms (ANTs), configured with Lanczos
interpolation to minimize the smoothing effects of other kernels (Lanczos, 1964). Non-gridded (surface) resamplings were
performed using mri_vol2surf (FreeSurfer).
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Volume censoring DCCN & Yale: The first three volumes of each run were discarded to allow for signal stabilization.

Statistical modeling & inference

Model type and settings Mass univariate: Averaged across runs per participant using FSL's fixed effects analysis and subsequently averaged across
participants using FSL's FLAME mixed effect analysis.

Univariate Connectivity Analyses: gPPI analyses were performed on the participant level and contrast maps were averaged
across participants.

Multivariate decoding Analyses: Single trial estimates were obtained per each participant and decoding was performed on
the participant level using these estimates as features. Decoding accuracies was averaged across participants.

Effect(s) tested Conjunction analyses:
Areas sensitive to task goal:
targets> bsl & task relevant = bsl & task irrelevant = bsl

Areas sensitive to task-relevance:
targets> bsl & task relevant " bsl & task irrelevant = bsl

Putative NCCs:
(task relevant> bsl & task irrelevant> bsl) V (task relevant< bs| & task irrelevant< bsl)

Decoding analyses:
Areas with decoding accuracy higher than the chance level

Connectivity analyses:
Areas showing significant task-related connectivity

Specify type of analysis: [ | whole brain || ROI-based Both
Anatomical location(s) Freesurfer automatic parselation using the Destrieux 2010 and Wang 2015 atlases
Statistic type for inference

(See Eklund et al. 2016)




Univariate analyses: Gaussian random-field cluster thresholding was used to correct for multiple comparisons, using the
default settings of FSL, with a cluster formation threshold of one sided p < 0.001 (z > 3.1,) and a cluster significance threshold
of p < 0.05. Also JZS Bayes factor analyses.

Univariate task-related connectivity analyses: group level gPPIl analyses were performed using cluster-based permutation
testing (p < 0.05 ).

Multivariate analyses: Group level searchlight decoding analysis was performed using cluster-based permutation testing (p <
0.05) while group level ROI decoding was performed using one sample permutation test.

Correction Multivariate analyses: We performed FDR correction (p < 0.05) across ROIs for ROl decoding.

Models & analysis

n/a | Involved in the study
|:| |Z Functional and/or effective connectivity

|:| Graph analysis

|:| |Z Multivariate modeling or predictive analysis
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Functional and/or effective connectivity functional connectivity

Multivariate modeling and predictive analysis  Single trial estimates were obtained per participant and used as features for a support vector machines
classifier. No feature selection was employed. Performance was evaluated using leave-one-run-one and
through training on one condition and testing on the other condition.






