


Supplementary Figure 3: Ensemble learning. The top image shows voxels that are endpoints

in one subset (L=1) of 1000 randomly selected edges used for ensemble learning. The bottom images

shows the number of times voxels are visited in 2000 such subsets (L=2000). During ensemble learning,

each subset is used in a regression model to derive predictions of intelligence scores. For each subject

in the test set, the resulting 2000 predictions are averaged to reach a final prediction of intelligence.

In this example, voxels were visited about 143 times on average (µ = 143.22, σ = 36.03). Note that

the distribution of the voxels is constrained by the coremap derived from the Ricci-Forman curvature.
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Supplementary Figure 4: R2 between observed and predicted G-factor. The boxplots show

the coefficient of determination R2 between the observed versus predicted IQ scores of 65 test subjects

resulting from 6-fold crossvalidations in 20 different train/test splits (6× 20 = 120 correlation values).

The corresponding R2 values are in the supplement. The results of the new proposed method VEGA

(’V’) are shown in orange. It was tested against several competing methods as listed in table?? using

the same data and train/test splits. Note that in the language and working memory tasks, the proposed

method outperformed all competing methods. In resting state data, its accuracy is comparable to the

best competing methods.
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Supplementary Figure 5: R2 between observed and predicted CogTotal. Results for the

CogTotal score, see caption of Supplementary Figure 4 for more details.
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Supplementary Figure 6: R2 between observed and predicted CogCrystal. Results for the

CogCrystal score, see caption of Supplementary Figure 4 for more details.

29

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 19, 2021. ; https://doi.org/10.1101/2021.03.18.435935doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.18.435935
http://creativecommons.org/licenses/by-nc-nd/4.0/


-0.4

-0.2

 0

 0.2

 0.4

PS PP CS CP TS TP V

Language task, voxel space

-0.4

-0.2

 0

 0.2

 0.4

PS PP CS CP TS TP V

Working memory task, voxel space

-0.4

-0.2

 0

 0.2

 0.4

PS PP CS CP TS TP V

Resting state, voxel space

-0.4

-0.2

 0

 0.2

 0.4

R-100 R-300 R-MMP L-MMP W-MMP

Grayordinate space

Supplementary Figure 7: R2 between observed and predicted CogFluid. Results for the

CogFluid score, see caption of Supplementary Figure 4 for more details.
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Supplementary Figure 8: Mean absolute error (MAE) between observed and predicted

G-factor. The boxplots show the mean absolute error between the observed versus predicted IQ scores

of 65 test subjects resulting from 6-fold crossvalidations in 20 different train/test splits (6× 20 = 120

correlation values). The corresponding R2 values are in the supplement. The results of the proposed

method VEGA (’V’) are shown in orange. It was tested against several competing methods as listed

in table?? using the same data and train/test splits. Note that in the language and working memory

tasks, the proposed method outperformed all competing methods. In resting state data, its accuracy

is comparable to the best competing methods.
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Supplementary Figure 9: MAE between observed and predicted CogTotal. Results for the

CogTotal score, see caption of Supplementary Figure 4 for more details.
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Supplementary Figure 10: MAE between observed and predicted CogCrystal. Results for

the CogCrystal score, see caption of Supplementary Figure 4 for more details.
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Supplementary Figure 11: MAE between observed and predicted CogFluid. Results for

the CogFluid score, see caption of Supplementary Figure 4 for more details.
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Supplementary Figure 12: Prediction accuracy with various hyperparameter settings.

The plot shows correlations between observed and predicted G-factors using the language task. The

left boxplots (A) shows a variation of the parameter m = 100, 500, 2000, 5000, with p = 10 fixed. The

right plot (B) shows a variation of the parameter p = 3, 5, 10, 50 with m = 1000 fixed.
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Supplementary Figure 13: Prediction accuracy with various hyperparameter settings.

Same as Supplementary Figure 12, but for the working memory task.
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Supplementary Figure 14: Prediction accuracy with various hyperparameter settings.

Same as Supplementary Figure 12, but for resting state fMRI.
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Supplementary Figure 15: Combining two tasks. Prediction accuracy improves when the results

from the two tasks (language and working memory) are combined. The boxplots show Pearson linear

correlation and predictive R2 between observed and predicted intelligence scores.
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Supplementary Figure 16: The effect of scan time on prediction accuracy (resting state).

The boxplots show the reduction in predictive R2 as scan time is reduced. The leftmost boxplot

shows the results with the complete scan time (≈ 58 min). The next two boxplots (S1,S2) show the

results for session 1 and 2 (29 min each). The four rightmost boxplots show the results for each of the

four runs, i.e. session 1 with LR-phase encoding, session 1 with RL-phase encoding, session 2 with

LR-phase encoding, session 2 with RL-phase encoding (14.4 min each).
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Supplementary Figure 17: The effect of Ricci-Forman curvature maps on prediction

accuracy. The thresholded curvature maps were helpful in providing more accurate predictions of

the G-factor in task-fMRI, but not in resting state fMRI. The boxplots LG+ and LG- show R2 values

for the language task with and without curvature maps, respectively. Likewise, WM+, WM-, RS+,

RS- show R2 values for the working memory task and rs-fMRI with and without the thresholded

curvature map.
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Supplementary Figure 18: Predictive areas for general intelligence in the working mem-

ory task. The colors encode factor loadings (matrix P ) estimated by partial least squares regression.

Strong positive loadings indicate areas where connectivity with other brain regions is positively corre-

lated with general intelligence. Strong negative loadings indicate areas where connectivity with other

brain regions is negatively correlated with general intelligence. The colors only show relative weights,

they do not have interpretable units.
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Supplementary Figure 19: Predictive areas for general intelligence in resting state. The

colors encode factor loadings (matrix P ) estimated by partial least squares regression. Strong positive

loadings indicate areas where connectivity with other brain regions is positively correlated with general

intelligence. Strong negative loadings indicate areas where connectivity with other brain regions is

negatively correlated with general intelligence. The colors only show relative weights, they do not

have interpretable units.
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Row-column centering

Let Xtrain be the n×m training matrix. Let µ denote its total mean value, i.e.

µ =
1

nm

∑
i,j

Xtrain
i,j (2)

and let Xtrain
.j denote the mean values across column vectors j = 1, ...,m, and Xtrain

i. the mean

values across row vectors i = 1, ..., n.

Then the matrix Xtrain is centered as follows:

X̂train
i,j = Xtrain

i,j −Xtrain
i. −Xtrain

.j + µ (3)

And the test matrix Xtest is centered as follows:

X̂test
i,j = Xtest

i,j −Xtest
i. −Xtrain

.j + µ (4)

Note that the total mean µ and the column means Xtrain,
.j are derived from the training matrix.

But the row means Xtest
i. are derived from the test matrix because they correspond to individual

subjects.
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