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Materials & experimental systems
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Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Human research participants
Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Sixty adults (35 females, mean age 22.95, range 18-38 years of age). No formal power calculations were performed to determine sample size.
However, we used previous cognitive fMRI experiments (Hampshire et al, Neuron, 2012; DOI:https://doi.org/10.1016/j.neuron.2012.06.022)
as guidance for suitable sample sizes and we aimed to acquire a sample size larger than typically used in fMRI studies (approximately 20
subjects).

Outlier detection methods were implemented at each stage of the analysis and all subjects were included at every step. However, at the level
of performance index (first principal component across all behaviour measures) two participants were identified as outliers (using the robust
multivariate covariance and mean estimate outlier detection using FAST-MCD (minimum covariance determinant)). These participants were
thus excluded from this analysis.

This study employs machine learning. We report cross-validated out-of-sample results. We iteratively separated our data into two
independent subject subsets (training = 75% and test = 25%), thus employing random sampling replication. The group comparisons rely on
random permutation analysis, where the study events (36 per participant) are are split into a training (75%) and testing (25%) data subsets.
Each of the subsets includes a unique sample of participants. For each analysis we repeat this process 100 times to generate statistical
distribution.

We used a within-subject design where all subjects were tested on the same experimental conditions. So randomizing participants to different
conditions was not necessary.

All participants were exposed to the same experimental conditions and were unaware of the purpose of the experiment. Thus blinding was
not necessary.

Sixty adults (35 females, mean age 22.95, range 18-38 years of age), all with normal hearing and corrected to normal vision
were included in the study.

Participants were recruited from the University of Western Ontario and surrounding area. The participants chose to
participate based on a brief description of the study. It is unlikely that this caused a significant bias that might impact the
results.

This study was approved by the University of Western Ontario ethics committee and all participants provided written consent
before taking part in the study.
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Magnetic resonance imaging

Experimental design

Design type

Design specifications

Behavioral performance measures

Acquisition

Imaging type(s)

Field strength

Sequence & imaging parameters

Area of acquisition

Diffusion MRI Used Not used

Preprocessing

Preprocessing software

Normalization

Normalization template

Noise and artifact removal

Volume censoring

Statistical modeling & inference

Model type and settings

Effect(s) tested

Specify type of analysis: Whole brain ROI-based Both

Anatomical location(s)

Statistic type for inference
(See Eklund et al. 2016)

Correction

block design

Each participant undertook twelve functional runs, one for each specific task. These were administered in a predefined
order. Each experimental run contained three blocks each one-minute long, separated by 20s of rest.

All participants engaged with twelve cognitive tasks designed to measure planning, reasoning, attention, and working
memory abilities that are believed to be core intelligence abilities. All tasks designs and behavioural scores are reported
in detail in section 1.1 in the supplementary materials and movies. Before scanning, participants underwent a short
training session to ensure that they could perform all 12 tasks. The training consisted of reading written instructions
followed by one practice block of each task, undertaken on a laptop outside of the MRI scanner.

Functional and structural

3T

Images consisted of 36*3 mm slices, with an 80 x 80 matrix, 240 x 240 mm field of view, TE=30ms, flip angle=90 degree,
echo spacing=2.65ms. A 1 mm resolution MPRAGE structural scan was also collected for each participant with a 256 x
240 x 384 matrix, TI=900ms, TR=2.3s, TE=2.98ms and 9 degree flip angle.

Whole brain

SPM12 version = 6906,, FSL (FMRIB Software Library v5.0) and MATLAB 2016b

All functional scans were non-linearly normalized onto MNI space using a DARTEL group template constructed from the
structural scans of all individuals.

ICBM152

Both activation and connectivity rely on different noise removal strategies that are described in detail in the supplementary
material

Signal to noise ratio (SNR) metrics were extracted from the unprocessed fMRI images using an in-house implementation of
the metrics proposed by Friedman\cite{friedman2006report}. An outlier’s detection analysis was performed to detect low
values (SNR <5). No scans were discarded at this stage.

Per subject 1st level design matrix was constructed using the classic mass-univariate GLM in SPM12. Predefined contrasts of
interest, whole brain maps depicting statistical parametric estimates were generated. This was followed by a 2nd level group
contrasts examining experimental factors as well as factor conjunctions

Classification accuracy, performance index prediction and association between summary statistics

We used three different ROI atlases two of which were generated using data-driven algorithms
developed by the first author. The third data set was an unbiased atlas generated using resting state
functional data

Minimal cluster size was derived by performing uncorrected analysis with a relaxed threshold (P < 0.01), then we used the
minimal false-discovery-rate (FDR) cluster (P_{FDR} < 0.05) to generate a cluster corrected map for each of the contrasts in
the specific conjunction.

False-discovery-rate (FDR), permutation & monte carlo sampling were used in different parts of this study




