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“Ongoing stream of thoughts and sensations"
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Agenda

Perception

“Subjective interpretation of external stimuli”

Inner-Experience

Subjective / Private Experience

Access to the Experimenter

Linked to external stimuli

Unconstrained nature

Task Paradigms

Resting-state Paradigm

I was
remembering
my daughter…
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Resting-state fMRI

Lay still and let your mind 
wander freely

Gonzalez-Castillo et al. (2021) J Neuroscience

…
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To what degree? 

At what spatiotemporal scale? 
What aspects of the 
inner experience?
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Resting-state fMRI (II)
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fMRI

resting-state fMRI

Percentage

Laird et al. NeuroImage (2021)

Gi llebert & Mantini (2012)

Static FC

Population A Population B

Application 1: Uncover FC differences across (clinical) 
populations

…

FC

Phenotype/ 
Behavior/
Symptom

10

12

15

9

…

Application 2: Brain-wide Associations
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Does inner-experience play a role in observations made with resting-
state fMRI? 

Application 1: Uncover FC differences across (clinical) 
populations

Population A Population B

Q1 | Can we detect differences in FC if we 

group scans according to inner-experience? 

Inner Experience 
Type A

Inner Experience 
Type B

Single Healthy Population

Gonzalez-Castillo et al. (2024) BioRxiv

…

FC Phenotype/ Behavior/ 
Symptom

10

12

9
…

Application 2: Brain-wide Associations

Q2 | Can we predict characteristics of inner- 

experience based on FC measures?
…

FC Inner Experience 
Descriptors

10

12

9
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Dataset: Mind, brain, body – Max Planck Institute

Neuroimaging Data

175 Subjects

1 – 4 rs-fMRI scans (Eyes Open)

15 min rs-fMRI

TR = 1.4s | 2.3mm3 | 3T

471 Scans from 133 subjects passed QA

Demographics Data

Age Range (5 year intervals) & Gender

Mendes et al. Scientific Reports (2019)

F1 | My thoughts were intrusive

F2 | My thoughts were more specific than vague

F3 | My thoughts were in the form of words

F4 | My thoughts were in the form of images

0 … 100

0 … 100

0 … 100

0 … 100F
O

R
M

C1 | I thought about my  environment / surrounding

C2 | I thought about other people

C3 | I thought about myself

C4 | I thought about past events

C5 | I thought about future events

C6 | I thought about something negative

C7 | I thought about something positiveC
O

N
T

E
N

T 0 … 100

0 … 100

0 … 100

0 … 100

0 … 100

0 … 100

0 … 100

W1 | I was completely awake 0 … 100

Experience Reports
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Inner-Experience 
Questionnaire Results

Gonzalez-Castillo et al. (2024) BioRxiv
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Inner-Experience 
Questionnaire Results

Pattern 1
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Gonzalez-Castillo et al. (2024) BioRxiv
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400 Schaefer Atlas + AAL Subcortical

Visual

Somatomotor

Dorsal Attention

Ventral Attention

Limbic
Frontoparietal

Default

Subcortical
78

81

Q1 | Can we detect differences in FC if we group 

scans according to inner-experience? 
P

a
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e
rn
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Pattern 1

NBS | 5000 Permutations | Edge-Level Threshold 

(T=3.1; p < 0.001) | Network-Level Threshold (p<0.05)

Gonzalez-Castillo et al. (2024) BioRxiv
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Q1 | Can we detect differences in FC if we group scans according 

to inner-experience? 
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• 590 edges (0.82%) involving 221 nodes (58%) are significantly stronger for ”Surr,Neg,Self” compared to “Image,Pos,Others”.

• The larger proportion of significantly edges involve nodes of the Dorsal and Ventral Attention Nws and Primary Unimodal Nws.

• A second cluster of significantly edges involves the Fronto-Parietal Control Nw, Primary Unimodal Nws and Attention Nws.
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Gonzalez-Castillo et al. (2024) BioRxiv
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Q2 | Can we predict characteristics of inner-experience based on FC 

measures?
…
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• Wakefulness
• SNYCQ Summary Factors
• SNYCQ Individual Items

• Confounds: Motion

• 100 Iterations
• K-Fold Split (k=10)
• Considering subject ID

• 10,000 Permutations

Connectome Predictive Modeling (CPM)
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𝑦 = 𝛽𝑝 ∙ 𝑋𝑝𝑜𝑠
+𝛽𝑛 ∙ 𝑋𝑛𝑒𝑔 + 𝑏
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Feature Selection

R > 0 & 

p<0.01

R < 0 & 

p<0.01

Shen et al. Nature Protocols (2017), Wu E. et al. NeuroImage (2020)
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Q2 | Can we predict characteristics of inner-experience based on FC 

measures?

* p<0.05 | ** p<0.01 | *** p< 1e-3 | **** p < 1e-4

Gonzalez-Castillo et al. (2024) BioRxiv
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* p<0.05 | ** p<0.01 | *** p< 1e-3 | **** p < 1e-4

Q2 | Can we predict characteristics of inner-experience based on FC 

measures?

Gonzalez-Castillo et al. (2024) BioRxiv
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Conclusions

Q1 | Can we detect differences in FC if we group scans according to inner- 

experience? 

Q2 | Can we predict characteristics of inner-experience based on FC measures?

• Inner-experience may constitute an explanatory factor for FC in rs-fMRI.

• Across-group differences in inner experience may introduce “unmodeled” variance in rs-fMRI.

• Introspective annotations of rs-fMRI is needed to understand and model those effects

• Small cost compared to that of an rs-fMRI scan

• Increases the research value of rs-fMRI scans → study other aspects of spontaneous 

thought / inner experience

• What / How to gather introspective data with rs-fMRI remains an open challenge:

• Lack of Standardization: What dimensions to sample? How? When? How often? 

• Robust against reliability/validity “issues” associated with first-person/introspective data. 
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Thank you!
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