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Experiments / Methods
Multi-Task Dataset | Testing Continuous Rest Dataset | Application

• 20 Subjects | 7T | 2mm3 | TR = 1.5s

• Task timing known to experimenter
• Dynamic FC helped segment scans 

into FC homogenous segments that 
align with cognitive tasks.

• Lacks ability to determine the 
cognitive nature of those segments.

Gonzalez-Castillo et al. PNAS 2015



Experimental Datasets / Methods
Multi-Task Dataset | Testing Continuous Rest Dataset | Application

• 7T HCP Release: 15-min long eyes-open resting state scans with concurrent eye tracking recordings.

• Subjects that stayed awake during the whole rest scan.
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• Of these, we focused on the 20 subjects with the least amount of motion. 

Average absolute motion 
was 0.27 ± 0.18 mm, and 
average relative volume-
to-volume motion was 

0.10 ± 0.07 mm.
Van Essen et al. NeuroImage 2013



Dynamic FC Matrix

Testing Methods on Multi-task Data
LOW DIMENSIONAL EMBEDDINGS

REST (180s) REST (180s) VIDEO (180s)VIDEO (180s)2BACK (180s) 2BACK (180s)MATH (180s) MATH (180s)

Voxel-wise Timeseries

1. Generate Low Dimensional Representations of dFC Matrix

# Communities = 4

Embeddings for representative subjects



REST (180s) REST (180s) VIDEO (180s)VIDEO (180s)2BACK (180s) 2BACK (180s)MATH (180s) MATH (180s)

Dynamic FC Matrix

Voxel-wise Timeseries

INPUT

3. Decode Cognitive Processes aligned with each segment

Open-ended 
Decoding Engine

OUTPUT

Testing Methods on Multi-task Data
INFERRING COGNITIVE CORRELATES (I)



Voxel-wise Timeseries
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Testing Methods on Multi-task Data
INFERRING COGNITIVE CORRELATES (II)
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Hemodynamic Deconvolution – Find Most Prominent Activity Inducing Events 
(SPFM; Caballero-Gaudes et al. HMB 2011)

Testing Methods on Multi-task Data
INFERRING COGNITIVE CORRELATES (II)



REST (180s) REST (180s) VIDEO (180s)VIDEO (180s)2BACK (180s) 2BACK (180s)MATH (180s) MATH (180s)

…

Testing Methods on Multi-task Data
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REST (180s) REST (180s) VIDEO (180s)VIDEO (180s)2BACK (180s) 2BACK (180s)MATH (180s) MATH (180s)

…

Topic-Level 
Reverse Inference

(400 Topics)

…

…

400

001

002

003

…

R=
0.

23
R=

0.
22

R=
0.

18
R=

-0
.3

DECODING EVALUTION

1 : Correct answer @ top of rank
O: Correct answer @ bottom of rank

Rank Accuracy

1 −
< 𝑅𝑎𝑛𝑘 𝐶𝑜𝑟𝑟𝑒𝑐𝑡 𝑇𝑜𝑝𝑖𝑐 > −1

#𝑇𝑜𝑝𝑖𝑐𝑠 − 1

Pereira et al. Nat. Communications (2018)

Testing Methods on Multi-task Data
INFERRING COGNITIVE CORRELATES (II)



Reverse Inference in Multi-task Data
(Individual Results)
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Reverse Inference in Multi-task Data
(Group Results)

1 : Correct answer @ top of rank
O: Correct answer @ bottom of rank

Rank Accuracy

1 −
< 𝑅𝑎𝑛𝑘 𝐶𝑜𝑟𝑟𝑒𝑐𝑡 𝑇𝑜𝑝𝑖𝑐 > −1

#𝑇𝑜𝑝𝑖𝑐𝑠 − 1

Pereira et al. Nat. Communications (2018)



Exploration of Resting Data
(Laplacian Embeddings – Distant Corners)



Reverse Inference in Resting Data
(Individual Results)
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Delamillieure et al. 
Brain Res Bull (2010)

Reverse Inference in Resting Data
(Group Results)
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Conclusions
• Demonstrate the use of Laplacian Embeddings as a valuable explorative

tool for dynamic FC during task and rest.

• Demonstrate the combined use of Hemodynamic Deconvolution +
NeuroSynth to infer the cognitive correlates of distinct dynamic FC
patterns.

• Provide evidence in support of the hypothesis that covert on-going
cognition contributes to dFC estimates during awake rest.

• Data suggests that several meaningful FC configurations may be
observable during rest.

• Data-driven estimates of covert cognition agree with previous reports of
what the most common mental processes subjects engage with during
rest are.

Gonzalez-Castillo et al., 2019 BioRxiv
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