Supplementary Material
Methods
Clustering analysis

We applied k-means clustering to the electrodes in the 2D space of MNI y-
coordinate and peak classification time for facial expressions, with different values of &,
and evaluated the model performance by computing the Bayes information criterion
(BIC) and the mean Silhouette coefficient (SC) across all points.

Following (Kass RE and L Wasserman 1995; Pelleg D and AW Moore 2000), the

BIC was estimated using Schwartz criterion. Specifically, BIC = l(D |§) — glo gN,

where l(D |§ ) is the log-likelihood of the data under the assumption of k-means

(spherical Gaussian) taken at the maximum likelihood estimation of parameters 8, p is

the total number of parameters in the model, and N is the total number of data points.
Following (Kaufman L and PJ Rousseeuw 2009), the Silhouette value for the i-th

point was computed as S; = (b; — a;)/max(a;, b;), where a; is the average within cluster

distance for the i-th point, and b; is the minimum average between cluster distance for the

i-th point (minimized over all other clusters). The mean SC was then estimated by

averaging the Silhouette value over all data points.

Meta-analysis

Activation likelihood estimation (ALE, (Laird AR et al. 2005; Eickhoff SB et al.
2012)) was used for the meta-analysis of the neuroimaging literature. We first searched
the online database of neuroimaging studies on Neurosynth.org and found around 300

imaging studies with the keyword “facial expressions”. We then further narrowed the list



down to 64 fMRI by only including the studies that had a direct full brain mapping by
contrasting between emotional facial expressions, e.g. fear vs neutral, happy vs sad, etc.
We only took into account the reported activation foci for the contrast between facial
expressions. Then all of the activation foci in those relevant full brain map results were
collected and extracted as 3D coordinates in MNI space. In the ALE, each of the
extracted foci was assigned as the center of a Gaussian distribution, whose variance was
scaled by the number of subjects in the corresponding experiment. These Gaussian
distributions were then combined to build a full brain map of ALE. The ALE map was
corrected for multiple comparison using cluster-based permutation test. Then we
performed a spatial permutation test with 1000 permutations to construct a null
distribution of the full brain activation. The ALE and the corresponding statistical
analysis were performed based on GingerALE 2.3.6 (Eickhoff SB et al. 2009; Turkeltaub

PE et al. 2012).

Results

Comparison of the contributions from ERP and ERBB features to the classification
Here we compared the classification results using both ERP and ERBB vs using ERP or
ERBB alone. As shown in Figure S1, both ERP and ERBB contributed to the expression
decoding (left panel has higher d’ than the other two panels). The posterior d” peak
improves from 0.19 with only ERP features to .23 combining both ERP and ERBB
features. The mid-fusiform d’ peak improves from 0.19 with only ERP features to .21
combining both ERP and ERBB features. ERP features made greater contribution to the

expression discrimination than ERBB (the middle panel has larger d’ than the right panel,



and the results in the middle panel are very close to results in the left panel). Due to the
1/f decay in the power spectrum, the ERP signal is dominated by low frequency
components (mainly alpha and beta bands). This suggests that it is the low frequency
components in ERP that mainly contributes to the facial expressions representation in the

fusiform (Furl N et al. 2017).

Selection of models for A-means clustering

We applied k-means clustering to the electrodes in the 2D space of MNI y-
coordinate and peak classification time for facial expressions, with different values of &,
and evaluate the model performance by computing the Bayes information criterion (BIC)
and the mean Silhouette coefficient (SC) across all points.

As shown in Figure S4, for k= 1, BIC =-61.28; for k£ =2, BIC = -54.63.
Therefore, Bayes factor between the hypothesis (H1) that there is a cluster structure (k =

2) and the null hypothesis (HO) that there is no cluster structure (k= 1) can be

BIC,—BIC,

approximated as BF = exp (. .

). This approximation yields a BF > 20, which

suggests a strong evidence of H1 over HO. In other words, there is a strong clustering
structure in the data.

Moreover, for k=2, BIC = -54.63, the mean SC = 0.601; for £ = 3, BIC =-56.29,
the mean SC = 0.490; for k£ = 4, BIC = -58.54, mean SC = 0.428. Both BIC and mean SC
suggest that k£ = 2 is the optimal number of clusters. Therefore, k£ =2 was used in the

study.



Meta-analysis of the neuroimaging literature

In the broad neuroimaging literature, we found 64 fMRI studies with full brain
contrasts between face expressions (See Table S1). Among the 64 studies, 24 studies
report at least one significant focus of fusiform sensitivity to differences in expressions
(See Figure S5 for activation map). A total of 999 significant foci were reported in those
experiments for contrasts between different facial expressions (Figure S5). A full brain
activation likelihood estimation (ALE) was performed and significance was assessed
using a cluster-based permutation test. 4 significant clusters were found at the p < 0.01
threshold, none of which included the fusiform. The MNI coordinates for the center and

the corresponding label names of the 4 clusters are shown in Table S2.
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Figure S1. The mean and standard error for pairwise classification between different face
expressions in posterior fusiform electrodes and mid- fusiform electrodes, using both ERP and
ERBB features (left), using only ERP features (middle), and using only ERBB features (right).
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Figure S2. The mean ROC curve and area-under-curve (AUC) for posterior fusiform electrodes
and mid-fusiform electrodes at early (150-200 ms after stim onset) and late stage (400-450 ms

after stim onset).
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Figure S3. The mean and standard error for classification between different face expressions in
left and right fusiform electrodes. The timecourse of the left fusiform peaked at 220 ms after

stimulus onset with mean d’ = 0.19, and the timecourse of the right fusiform peaked at 180 ms after
stimulus onset with mean d’ = 0.18 (both p < 0.05, binomial test, Bonferroni corrected).
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Figure S4. Clustering analysis. A) BIC of k-means models with different values of k (k= 1, 2, 3,
4). B) Mean SC of k-means models with different values of £ (k =2, 3, 4, note that SC is not
applicable for £ = 1). C) The distribution of Silhouette Coefficients (SC) with different values of
k in k-means clustering. From left to right, k=2, 3, and 4.
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Figure S5. Activation map for facial expressions. (Red) Whole brain activation map from all 64
relevant fMRI studies. (Green square) Voxels in fusiform reported in 24/64 of the fMRI studies
that have significant contrast between facial expressions. (Blue dots) iEEG electrodes in fusiform
that have significant facial expression decoding. (Blue line) the border between posterior and
mid-fusiform clusters based upon clustering analysis in the iEEG electrodes.



Table S1 A summary list for the 64 neuroimaging studies included in the meta-analysis (the 24
studies that report significant emotional sensitivity in fusiform are marked in bold font).
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Table S2 the MNI coordinates for the weighted center, volume, and the corresponding
label name of the significant clusters in the ALE map from meta-analysis

Cluster # | X Y Z | Volume (mm?®) | Lateralization Label
1 23 | -3 | -18 6088 right amygdala
2 22 | 4 | -18 4640 left amygdala
3 56 | 42 | 5 2520 right middle/superior temporal gyrus
4 3 11 | 53 1464 right superior frontal gyrus
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Table S3 17 features used for the facial feature space

Feature #

Feature name

eyebrow length

inter-eyebrow distance

eye width

inter-eyes distance

vertical distance between eyes and nosetip

horizontal length of the nose

distance between nose and upper lip

face height

CIOO|IN O V| P WIN|F

face width

[EEN
o

eye height

=
=

width of the mouth

[EEN
N

intense of red on cheeks

[EEN
w

intense of green on cheeks

=
D

intense of blue on cheeks

[EEN
(92

contrast polarity between eyes and nose

[EEN
(9]

eye area

[EEN
~N

eye mouth ratio

17




Reference:

Eickhoff SB, Bzdok D, Laird AR, Kurth F, Fox PT. 2012. Activation likelihood
estimation meta-analysis revisited. Neuroimage 59:2349-2361.

Eickhoff SB, Laird AR, Grefkes C, Wang LE, Zilles K, Fox PT. 2009. Coordinate-based
activation likelihood estimation meta-analysis of neuroimaging data: a random-effects
approach based on empirical estimates of spatial uncertainty. Hum Brain Mapp 30:2907-
2926.

Furl N, Lohse M, Pizzorni-Ferrarese F. 2017. Low-frequency oscillations employ a
general coding of the spatio-temporal similarity of dynamic faces. Neuroimage 157:486-
499.

Kass RE, Wasserman L. 1995. A Reference Bayesian Test for Nested Hypotheses and Its
Relationship to the Schwarz Criterion. J Am Stat Assoc 90:928-934.

Kaufman L, Rousseeuw PJ. 2009. Finding groups in data: an introduction to cluster
analysis. Hoboken, NJ: John Wiley & Sons.

Laird AR, Fox PM, Price CJ, Glahn DC, Uecker AM, Lancaster JL, Turkeltaub PE,
Kochunov P, Fox PT. 2005. ALE meta-analysis: controlling the false discovery rate and
performing statistical contrasts. Hum Brain Mapp 25:155-164.

Pelleg D, Moore AW. 2000. X-means: Extending k-means with efficient estimation of
the number of clusters. International Conference on Machine Learning 1:727-734.
Turkeltaub PE, Eickhoff SB, Laird AR, Fox M, Wiener M, Fox P. 2012. Minimizing
within-experiment and within-group effects in Activation Likelihood Estimation meta-

analyses. Hum Brain Mapp 33:1-13.

18



