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Fig. S1 | Location of responsive electrodes. a-c. Only audio responsive electrodes (a: left hemisphere
lateral view, n= 102; b: inferior view (n=272); c: right hemisphere lateral view, n= 170). d-f. Only visually
responsive electrodes (d: n= 85; e: n=239; f n= 154). g-i. Audiovisual responsive electrodes (g: n= 147,
h: n=293; i: n= 146). The same color scheme is followed throughout the paper to indicate vision-only,
audio-only or audiovisual electrodes. iELVis pullout factor=20, opaqueness=0.6.
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Fig. S2 | Half-maximum time and area under the curve for responsive electrodes. a.. Half-maximum
time for audio-only electrodes (left, light-gray: 329+187 ms), visual-only electrodes (middle, black:
336+174 ms), and audiovisual electrodes (right; auditory stimuli in light-gray: 379+£193 ms, visual stimuli
in black: 341+£174 ms). There was a small but significant difference between the half-maximum time for
auditory-only electrodes and for auditory responses of audiovisual electrodes (p<0.01, ranksum test).
Horizontal red bars indicate mean. Horizontal black bars indicate significant differences.

b-d. Area under the curve for the trial averaged response to auditory stimuli (light-gray violin plots) and
visual stimuli (black violin plots) for audio-only electrodes (b, auditory stimuli: 108100 puV2/Hz-ms,
visual stimuli: 44+16 pV?/Hz-ms; p<10% ranksum test), visual-only electrodes (c, auditory stimuli:
40+23 pV2/Hz-ms, visual stimuli: 53+43 pV2/Hz-ms; p<10, ranksum test), and audiovisual electrodes
(d, auditory stimuli: 71+72 uV2/Hz-ms, visual stimuli: 54439 pV2/Hz-ms; p<0.01, ranksum test).
Horizontal red bars indicate mean. Horizontal black bars indicate significant differences.
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Fig. S3 | Example electrode distinguishing parts of speech only for auditory stimuli. a-d. Trial averaged y-
power of neural responses to Taiwanese words, separated by nouns (blue) and adjectives (red). Neural
responses are shown for auditory presentation (a, b), and visual presentation (c, d), aligned to word1 onset
(a, ¢) or word2 onset (b, d). The vertical dashed lines show word onsets. Shaded areas represent s.e.m.
Horizontal lines indicate time periods of statistically significant differences between nouns and adjectives (t-
test, p<0.05, Benjamini-Hochberg false detection rate, g<0.05). There was a significant differences between
noun and adjectives for auditory presentations shown with a gray horizontal line but no difference for visual
presentations.

e-h. Raster plots showing the responses in individual trials (see color scale on bottom right).
i. Electrode location in the right insula.

j. Z-scored B coefficients for Generalized Linear Model used to predict area under the curve between 200
ms and 800 ms post word onset using four task predictors: Noun versus Adjectives, Grammatically Correct
versus Ungrammatical, number of syllables (auditory presentation) and word length (visual presentation).
Asterisks denote statistically significant coefficients.
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Fig. S4 | Example electrode distinguishing parts of speech only for visual stimuli. a-d. Trial averaged y-
power of neural responses to Taiwanese words, separated by nouns (blue) and adjectives (red). Neural
responses are shown for auditory presentation (a, b), and visual presentation (c, d), aligned to word 1 onset
(a, ¢) or word 2 onset (b, d). The vertical dashed lines show word onsets. Shaded areas represent s.e.m.
Horizontal lines indicate time periods of statistically significant differences between nouns and adjectives (t-
test, p<0.05, Benjamini-Hochberg false detection rate, g<0.05). There was a significant differences between

noun and adjectives for visual presentations shown with a gray horizontal line but no difference for auditory
presentations.

e-h. Raster plots showing the responses in individual trials (see color scale on bottom right).

i. Electrode location in the left lateral orbitofrontal.

j. Z-scored B coefficients for Generalized Linear Model used to predict area under the curve between 200
ms and 800 ms post word onset using four task predictors: Noun versus Adjectives, Grammatically Correct

versus Ungrammatical, number of syllables (auditory presentation) and word length (visual presentation).
Asterisks denote statistically significant coefficients.

k,I. Electrodes in the left (k) and right (I) hemispheres that showed significant differences between nouns
and adjectives either only for auditory trials (white circles) or visual trials (black circles).
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Fig. S5 | Example electrode distinguishes parts-of-speech for nouns and adjectives matched for their
frequency of occurrence. a. Google Ngrams frequency distribution of nouns (blue) and adjectives (red)
that were matched for their median (p>0.05, ranksum test) and mean (p>0.05, t-test).

b-e. Trial averaged y-power of neural responses to word onsets, separated by nouns (blue) and adjectives
(red). Neural responses are shown for auditory presentation (b, c), and visual presentation (d, e), aligned
to word 1 onset (a, c¢) or word 2 onset (c, e). The vertical dashed lines show word onsets. Shaded areas
represent s.e.m. Horizontal lines indicate time periods of statistically significant differences between
noun subcategories and adjective subcategories (t-test, p<0.05, Benjamini-Hochberg false detection rate,

g<0.05).

f-i. Raster plots showing the responses in individual trials (see color scale on bottom right).
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Fig. S6 | Selective responses to nouns versus adjectives across different noun and adjective categories.
a-d. Trial averaged y-power of neural responses to words, separated by animal nouns (dark blue), food
nouns (light blue), concrete adjectives (light red), and abstract adjectives (dark red). Neural responses are
shown for auditory presentation (a, b), and visual presentation (c, d), aligned to word 1 onset (a, c) or
word 2 onset (b, d). The vertical dashed lines show word onsets. Shaded areas represent s.e.m.
Horizontal lines indicate time periods of statistically significant differences between noun subcategories
and adjective subcategories (t-test, p<0.05, Benjamini-Hochberg false detection rate, q<0.05). There
were no significant differences between noun sub-categories or between adjective sub-categories.

e. Electrode location in left lateral orbitofrontal.

f-i. Raster plots showing the responses in individual trials (see color scale on bottom right).
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Fig. S7 | Example electrode distinguishing different types of nouns. a-d. Trial averaged y-power of
neural responses to words, separated by animal nouns (dark blue), food nouns (light blue), concrete
adjectives (light red), and abstract adjectives (dark red). Neural responses are shown for auditory
presentation (a, b), and visual presentation (c, d), aligned to word 1 onset (a, ¢) or word 2 onset (b, d).
The vertical dashed lines show word onsets. Shaded areas represent s.e.m. Horizontal lines indicate time
periods of statistically significant differences between noun subcategories and adjective subcategories
(t-test, p<0.05, Benjamini-Hochberg false detection rate, q<0.05). There was a significant differences
between noun sub-categories shown with a black horizontal line but no difference between adjective
sub-categories.

e. Electrode location in the left lateral orbitofrontal.

f-i. Raster plots showing the responses in individual trials (see color scale on bottom right).
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Fig. S8 | Example electrode distinguishing nouns from adjectives with a preference for adjectives. a-d.
Trial averaged y-power of neural responses to English words, separated by nouns (blue), and adjectives
(red). Neural responses are shown for auditory presentation (a, b, , n=442 grammatical and 438
ungrammatical trials), and visual presentation (c, d, n=432 grammatical and 434 ungrammatical trials),
aligned to word 1 onset (a, ¢) or word 2 onset (b, d). The vertical dashed lines show word onsets.
Shaded areas represent s.e.m. Horizontal lines indicate time periods of statistically significant
differences between nouns and adjectives (t-test, p<0.05, Benjamini-Hochberg false detection rate,
g<0.05).

e-h. Raster plots showing the responses in individual trials (see color scale on bottom right).
i- Electrode location in the left superior temporal gyrus.

j-k. Z-scored B coefficients for Generalized Linear Model used to predict area under the curve between
200 ms and 800 ms post word using four task predictors: Noun versus Adjectives, Grammatical versus
Ungrammatical, number of syllables (auditory presentation) and word length (visual presentation).
Asterisks denote statistically significant coefficients. Only the Nouns vs Adjective task predictor was
significant and showed a preference for adjectives (p<0.01, corrected for multiple comparisons and Bnysa
<0)
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Fig. S9 | Neural signals from left-LOF distinguish nouns and adjectives when number of electrodes
were normalized across all regions and both hemispheres. a-b. Average cross-validated performance
of a support vector machine classifier (SVM, 80% training/20% test) decoding nouns versus adjectives

for 8 randomly subsampled electrodes in the left lateral orbitofrontal cortex (LOF) (a), and in the right
LOF (b).

Black: original labels; Gray: shuffled labels. The dotted horizontal black line shows the chance level.
Solid horizontal gray bar shows time points where decoding from correct labels significantly differed
from that of shuffled labels (100 random shuffles of the data, ranksum test, p<0.01). The inputs to the
SVM were 100 ms time bins from word onset containing the top-N principal components of the
electrode response at each bin that explained >70% variance for the training data (Methods).

¢. Summary of average of max-decoding performance for distinguishing nouns versus adjectives across
both hemispheres (left hemisphere: dark gray bars; right hemisphere: white bars) for different brain
regions when a total of 8 electrodes was taken from each hemisphere in each region for the decoding.
Regions with less than 8 electrodes in either hemisphere were omitted.

Asterisk: significant hemisphere within a Desikan-Killiani defined brain region (p<0.01, ranksum test,
corrected for multiple comparisons, and performance from the real and null distribution do not
overlap within 3 standard deviations of each other) (Methods). Gray box: maximum mean % s.t.d. for
the null distribution across all regions. Asterisk with a U-bracket: significant difference between
decoding accuracy of the left versus the right hemisphere (p<0.01, ranksum test, corrected for
multiple comparisons). Regions are sorted in descending order of performance in panel c.
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Fig. S10 | Neural signals distinguish nouns and adjectives in single trials for word1-only, word2-only,
audio-only features, vision-only features, and generalization from audio to vision or vice versa.

a,b,d, e g h,m,n, p, q. Average cross-validated performance of a support vector machine classifier
(SVM, 80% training/20% test) decoding nouns versus adjectives for all electrodes in the left lateral
orbitofrontal cortex (LOF) (a,d,g,j,m,p), and in the right LOF (b,e,h,k,n,q). The dotted horizontal black
line shows the chance level. Shaded areas denote s.e.m. Solid horizontal black bar shows time points
where performance significantly differed from chance (100 random shuffles, ranksum test, p<0.01).
The inputs to the SVM included the top-N principal components of the electrode response that
explained >70% variance for the training data at each time bin (Methods). Features from auditory and
visual responses were combined and used for training and testing on datasets of wordl (a,b) and
word?2 trials (d,e). Using a combined dataset of word1l and word?2 trials, the decoding performance
was evaluated for audio-only (g,h) and vision-only features (j,k). The decoding performance
generalized for audio to vision (m,n) and vice versa (p,q).

¢, £, i, 1, o, r. Summary of average of max-decoding performance for distinguishing nouns versus
adjectives in each hemisphere (dark: left; white: right) for different brain regions. Bottom asterisks
denote regions with significant decoding performance with respect to chance and performance from
the real and null distribution do not overlap within 3 standard deviations of each other (p<0.01,
ranksum test, corrected for multiple comparisons, Methods). Shaded box: maximum of the mean +
SD. for the null distribution across all regions. Top asterisks with a U-bracket denote significant
differences between decoding accuracy of the left versus the right hemisphere (p<0.01, ranksum test,
corrected for multiple comparisons). c: Classifiers were trained and tested on Wordl trials. f:
Classifiers were trained and tested on Word2 trials. i: Classifiers were trained and tested on audio
trials. I: Classifiers were trained and tested on visual trials. o: Classifiers were trained on audio trials
and tested on visual trials. r: Classifiers were trained on visual trials and tested on audio trials.



FIGURE S11

Fig. S11 | Electrode locations for sentence task

a-f. Location of all electrodes overlayed on the Desikan-Killiany Atlas shown with different views.
Each white circle shows one electrode. a. Left lateral view (n=760), b. Left medial view (n=760), c.
Superior, whole brain view (n=1593), d. Inferior, whole brain view (n= 1593), e. Right lateral view
(n=833) f. Right medial view (n=833).



Subject Age Gender Language Handedness #Trials %Correct #Electrodes

1 9 M EN R 1178 98.5 142
2 14 F EN R 1332 94.7 100
3 22 M EN R 1520 97.5 212
4 49 F EN L 760 83.3 44
5 18 F EN R 3573 99.6 100
6 20 M EN R 760 99.3 139
760 67.5
7 16 F EN L 760 97.9 88
8 12 F EN R 760 92.9 131
9 37 F EN R 1900 89.3 51
10 47 F EN R 1895 98.3 75
11 12 M EN R 950 95.5 135
12 13 F EN R 950 99.3 121
13 25 M EN L write, R throw 1520 99.3 84
14 26 F EN L write, R other 1900 97.4 32
15 32 F EN R 1521 98.4 29
EN:950
16 22 M EN & SP R SP:950 97.3 77
17 42 M T™™W R 1068 89 57
18 36 M ™ R 2429 87.1 59
19 53 F EN R 950 90.5 73
20 44 M T™W R 1900 NA 52

TOTAL 1801

Table S1 | Information about each participant including age, gender, language
(ENglish, SPanish, TaiWanese), handedness, number of trials, behavioral
performance and number of electrodes.



Region\nElecs Total GMLeft WMLeft Left GMRight WMRight Right rAud rVis rAV

Amygdala 52 21 0 21 31 0 31 9 7 1
Cerebellum-Cortex 4 3 0 3 1 0 1 2 1 1
Hippocampus 59 33 0 33 26 0 26 15 14 5
Inf-Lat-Vent 1 1 0 1 0 0 0 0 1 0
Lateral-Ventricle 4 0 0 0 4 0 4 0 1 0
Putamen 2 1 0 1 1 0 1 1 0 0
VentralDC 1 1 0 1 0 0 0 0 0 0
bankssts 24 2 4 6 9 9 18 20 11 9
caudalanteriorcingulate 17 3 1 4 3 10 13 0 0 0
caudalmiddiefrontal 52 2 12 14 21 17 38 11 14 7
cuneus 16 0 3 3 10 3 13 6 8 5
entorhinal 6 1 1 2 2 2 4 0 1 0
frontalpole 1 0 0 0 1 0 1 1 1 1
fusiform 108 19 32 51 27 30 57 40 41 21
inferiorparietal 73 3 17 20 31 22 53 14 35 11
inferiortemporal 119 14 38 52 31 36 67 22 26 15
insula 109 18 29 47 29 33 62 45 24 12
isthmuscingulate 32 7 4 11 11 10 21 6 4 1
lateraloccipital 41 2 8 10 13 18 31 16 26 9
lateralorbitofrontal 113 7 31 38 38 37 75 45 40 29
lingual 45 6 13 19 8 18 26 21 33 17
medialorbitofrontal 47 10 8 18 14 15 29 6 9 5
middletemporal 117 27 39 66 24 27 51 28 20 8
paracentral 4 0 0 0 2 2 4 0 0 0
parahippocampal 27 12 4 16 6 5 11 3 3 1
parsopercularis 18 5 4 9 4 5 9 10 7 5
parsorbitalis 20 2 5 7 7 6 13 4 7 4
parstriangularis 34 3 4 7 16 11 27 9 10 7
pericalcarine 13 3 2 5 3 5 8 8 8 6
postcentral 37 2 6 8 10 19 29 13 12 7
posteriorcingulate 16 4 3 7 1 8 9 6 4 4
precentral 87 10 10 20 33 34 67 47 40 29
precuneus 80 12 24 36 14 30 44 6 15 3
rostralanteriorcingulate 16 3 4 7 5 4 9 0 0 0
rostralmiddlefrontal 94 16 22 38 24 32 56 27 28 18
superiorfrontal 85 17 16 33 19 33 52 18 18 9
superiorparietal 49 4 6 10 15 24 39 13 16 7
superiortemporal 108 20 38 58 15 35 50 69 28 26
supramarginal 56 0 0 0 30 26 56 15 12 5
temporalpole 4 3 1 4 0 0 0 1 2 0
transversetemporal 10 2 5 7 2 1 3 8 5 5
TOTAL I 1801 299 394 693 541 567 1108 565 532 293

Table S2 | Distribution of electrodes over the Desikan-Killiany Atlas



The number of electrodes for different brain regions of the DK atlas (rows) for different conditions
(columns). From the left to right the columns represent the following: (1) Total electrodes, (2) Gray
Matter Left, (3) White Matter Left, (4) Total Left, (5) Gray Matter Right, (6) White Matter Right, (7)
Total Right, (8) Responsive Audio, (9) Responsive Visual, (10) Responsive Audiovisual. The regions
that showed a significant percent of audiovisual electrodes that was statistically unlikely to get from
a random intersection of audio or visual electrodes are highlighted in bold (p<0.01, permutation test,
n=10° iterations, total electrodes >=20)



(a) ENGLISH

Noun Animal Length Syll. Ngram Freq Noun food Length Syll. Ngram Freq

'fish' 4 1 6.42E-05 'water' 5 2 3.39E-04
'horse' 5 1 6.07E-05 ‘oil' 3 1 8.64E-05
'bear’ 4 1 5.56E-05 ‘coffee’ 6 2 3.94E-05
'dog' 3 1 5.33E-05 'salt’ 4 1 3.70E-05
'bird' 4 1 3.20E-05 "fruit’ 5 1 3.59E-05
‘cat’ 3 1 2.91E-05 'milk' 4 1 3.58E-05
'mouse’ 5 1 2.31E-05 'sugar 5 2 3.40E-05
'sheep' 5 1 1.95E-05 'tea’ 3 1 3.33E-05
"turkey' 6 2 1.92E-05 'rice’ 4 1 3.13E-05
'fox' 3 1 1.84E-05 'bread' 5 1 3.07E-05
‘bull’ 4 1 1.63E-05 '‘eggs’ 4 1 2.13E-05
'rat’ 3 1 1.49E-05 ‘corn’ 4 1 2.00E-05
'wolf' 4 1 1.47E-05 'apple’ 5 1 1.65E-05
'seal’ 4 1 1.40E-05 ‘cheese’ 6 1 1.53E-05
'lion’ 4 2 1.36E-05 'butter’ 6 2 1.51E-05
'deer’ 4 1 1.24E-05 'pepper’ 6 2 1.26E-05
‘cow’ 3 1 1.14E-05 ‘olive’ 5 1 1.14E-05
'snake’ 5 1 1.12E-05 'bean’ 4 1 9.08E-06
'penguin’ 7 2 1.05E-05 'garlic' 6 2 8.59E-06
'eagle' 5 2 9.73E-06 'salad' 5 2 8.55E-06
'dragon’ 6 2 9.54E-06 'lemon’ 5 2 8.49E-06
'pig' 3 1 9.35E-06 'onion' 5 2 6.42E-06
'bat’ 3 1 9.28E-06 'berry' 5 1 6.39E-06
'tiger' 5 2 8.53E-06 ‘cherry' 6 1 6.27E-06
‘rabbit’ 6 2 8.41E-06 'pizza’ 5 2 5.60E-06
‘'monkey’' 6 2 6.86E-06 'nut’ 3 1 5.20E-06
"duck’ 4 1 6.70E-06 'pasta’ 5 2 4.50E-06
'goat’ 4 1 6.34E-06 'grape’ 5 1 3.86E-06
'whale' 5 1 5.77E-06 'peas’ 4 1 3.61E-06
'hawk' 4 1 5.56E-06 'peach’ 5 1 3.22E-06
'spider’ 6 2 5.46E-06 'plum’ 4 1 2.78E-06
'ant' 3 1 5.33E-06 'lettuce’ 7 2 2.68E-06
Adj concrete Length Syil. Ngram Freq Adj abstract Length Syll. Ngram Freq

'long' 4 1 5.04E-04 'good' 4 1 5.76E-04
'small’ 5 1 3.48E-04 'best’ 4 1 2.69E-04
'large' 5 1 3.21E-04 'better’ 6 2 2.63E-04
low' 3 1 2.09E-04 'free' 4 1 2.17E-04
'short’ 5 1 1.80E-04 'real’ 4 1 2.10E-04
‘clear’ 5 1 1.74E-04 'poor’ 4 1 1.42E-04
'hard' 4 1 1.59E-04 'bad' 3 1 1.09E-04
'strong’ 6 1 1.47E-04 'serious’ 7 2 8.12E-05
'big' 3 1 1.40E-04 'happy' 5 2 7.47E-05
'deep' 4 1 1.07E-04 'rich’ 4 1 6.90E-05




'dark’ 4 1 1.00E-04 'holy' 4 2 6.65E-05
‘cold' 4 1 9.21E-05 'pretty’ 6 2 5.84E-05
'round' 5 1 8.84E-05 ‘evil' 4 2 5.71E-05
'heavy' 5 2 6.79E-05 'wild' 4 1 5.37E-05
'hot' 3 1 6.75E-05 'pure’ 4 1 4.79E-05
'fast’ 4 1 6.44E-05 'sick' 4 1 3.45E-05
'dry’ 3 1 5.33E-05 'busy’ 4 2 2.96E-05
'soft’ 4 1 5.22E-05 'sad' 3 1 2.54E-05
'slow’ 4 1 4.84E-05 'proud' 5 1 2.53E-05
'solid' 5 2 4.74E-05 ‘calm'’ 4 1 2.47E-05
'huge’ 4 1 4.71E-05 'gentle’ 6 1 2.04E-05
'warm' 4 1 4.71E-05 'strict’ 6 1 2.02E-05
'fat’ 3 1 4.18E-05 ‘mad' 3 1 2.02E-05
'bright' 6 1 4,17E-05 'smart' 5 1 2.01E-05
'weak' 4 1 4.16E-05 ‘crazy' 5 2 1.70E-05
'thin’ 4 1 4.10E-05 'brave' 5 1 1.55E-05
'sweet' 5 1 4.08E-05 ‘cheap’ 5 1 1.49E-05
'silent’ 6 1 3.65E-05 'ugly' 4 2 1.12E-05
‘oval' 4 2 5.71E-06 ‘clever 6 1 1.10E-05
"tiny' 4 2 2.93E-05 'jealous’ 7 2 7.70E-06
"dirty’' 5 2 1.58E-05 'shy' 3 1 7.70E-06
'massive’ 7 2 2.52E-05 'lazy' 4 2 6.09E-06
(b) SPANISH

Noun Animal Length Syll. Ngram Freq Noun food Length Syll. Ngram Freq
buho 4 2 6.00E-08 ajo 3 2 5.00E-06
burro 5 2 3.50E-06 arroz 5 2 1.30E-05
dragon 6 2 8.00E-08 café 4 2 5.00E-05
gallo 5 2 6.00E-06 coco 4 2 3.00E-06
gato 4 2 1.40E-05 frijol 6 2 4,50E-06
leon 4 1 2.20E-07 huevo 5 2 1.00E-05
lobo 4 2 7.80E-06 jamon 5 2 2.50E-08
mono 4 2 6.00E-06 jugo 4 2 5.90E-06
0S0 3 2 4.80E-06 limon 5 2 6.40E-08
pato 4 2 2.50E-06 maiz 4 1 1.70E-06
pavo 4 2 3.00E-06 mango 5 2 4.50E-06
perro 5 2 3.70E-05 melon 5 2 3.00E-08
pez 3 1 8.00E-06 pan 3 1 3.70E-05
pulpo 5 2 1.00E-06 pastel 6 2 4.80E-06
raton 5 2 2.50E-08 postre 6 2 7.60E-06
tigre 5 2 5.00E-06 queso 5 2 1.10E-05
topo 4 2 1.60E-06 vino 4 2 8.00E-05
toro 4 2 9.30E-06 yogur 5 2 1.98E-06
Adj concrete Length Syll. Ngram Freq Adj abstract Length Syll. Ngram Freq




alto 4 2 1.20E-04 bello 5 2 1.40E-05
ancho 5 2 2.50E-05 bueno 5 2 7.57E-05
bajo 4 2 2.88E-04 cruel 5 2 1.40E-05
claro 5 2 1.35E-04 feliz 5 2 4.84E-05
debil 5 2 1.20E-07 feo 3 2 5.56E-06
dulce 5 2 3.00E-05 guapo 5 2 7.44E-06
duro 4 2 3.30E-05 lindo 5 2 4.53E-06
fino 4 2 1.00E-05 listo 5 2 1.25E-05
frio 4 2 6.00E-07 loco 4 2 2.44E-05
fuerte 6 2 1.10E-05 malo 4 2 3.00E-05
grande 6 2 1.00E-04 pobre 5 2 5.00E-05
largo 5 2 2.22E-04 puro 4 2 2.50E-05
lento 5 2 1.70E-05 rico 4 2 2.32E-05
rojo 4 2 3.77E-05 sabio 5 2 1.38E-05
seco 4 2 1.80E-05 serio 5 2 3.96E-05
suave 5 1 3.00E-05 tonto 5 2 7.94E-06
sucio 5 2 6.78E-06 triste 5 2 3.36E-05
verde 5 2 3.78E-05 vago 4 2 5.00E-06
(c) TAIWANESE

Noun Animal Length Syll. Ngram Freq Noun food Length Syll. Ngram Freq
.4 -cow 2 2 1.00E-07 M- coffee 2 2 4.60E-05
1 #8-penguir 2 2 1.40E-06 KFr-garlic 2 2 8.00E-07
% F-rabbit 2 2 3.30E-06 ih;H-butter 2 2 7.60E-07
EF-seal 2 2 5.10E-07 HkF-peach 2 2 4.60E-07
BE-bear 1 1 4.00E-06 JK-water 1 1 2.00E-04
I8 -fox 2 2 1.60E-06 iDHI-salad 2 2 3.80E-06
¥a-dog 1 1 2.20E-05 7¥# -onion 2 2 1.50E-06
IR-wolf 1 1 1.00E-05 £ 4-milk 1 1 7.80E-06
¥&F-monkey 2 2 9.00E-06 FEK-corn 1 1 1.40E-05
J6iF-lion 2 2 6.20E-06 K-rice 1 1 6.00E-05
#RE-sheep 2 2 1.80E-06 #E-sugar 1 1 8.40E-06
Z[R-tiger 2 2 7.00E-06 #-tea 1 1 2.20E-05
ZH-mouse 2 2 8.60E-06 %1% -grape 2 2 3.70E-06
#4%k-spider 2 2 5.00E-06 35 %R -apple 2 2 2.30E-05
HE4%-ant 2 2 4.60E-06 E-eggs 1 1 7.70E-06
3i-cat 1 1 9.10E-06 = F-bean 2 2 4.70E-07
E-horse 1 1 8.20E-05 M- chili 2 2 9.00E-07
finf-whale 2 2 1.80E-06 [Bl34-pineapp 2 2 4.50E-07
B-bird 1 1 1.30E-05 ES_salt 1 1 1.20E-05
#E-dragon 1 1 2.00E-05 #i ‘21 -bread 2 2 2.50E-05
Adj concrete Length Syil. Ngram Freq Adj abstract Length Syll. Ngram Freq
EZ89-dry 2 2 1.00E-04 BRH-fake 2 2 4.00E-05

{EH-low 2 2 2.00E-04

{B8Y-silly 2 2 4.00E-06




A #-cold
KH-large
INEg-small
TREY-fast
2 H4-slow
REAY-wet
EB-hot
FHEY-sweet
5 AY-thin
52 #-short
FE#-hard
B B-fat

B H-soft
BH-light
i B-sour
FEH-heavy
£ H-long
= B-tall

N NN N DNDNMNDNMNMNNMNMNNMNNMNDNNNNNNMNDNDN

N NN N DNDNMNDNMNMNNMNMNMNNNNNNNNNNMNNDN

1.50E-05
1.40E-03
4.50E-04
9.60E-05
3.00E-05
8.10E-06
5.50E-05
5.00E-06
4.00E-06
5.00E-05
2.00E-05
6.30E-06
2.60E-05
3.00E-05
3.80E-06
2.20E-04
3.00E-04
5.00E-04

1= #Y-bad
1¥#-good

B f4-handsor
TEBY9-busy
BAg-angry
HEA-lazy
H9-new

J& B-sick
J&@rd-mad
BfY-real
EE#4-poor

AR H-stupid
FY-tired
ZEHY-beautif
E#-old

& H-expensi'
BRAYg-ugly
#H-difficult

N NN DNNNNMNNNNNNNNNMNNMNDNDNDN

4.30E-05
6.00E-04
2.50E-06
1.50E-05
5.50E-06
3.80E-06
1.40E-03
4.30E-04
4.50E-06
1.40E-04
1.80E-05
2.20E-06
1.70E-05
2.00E-04
8.00E-05
2.70E-05
6.30E-06
1.40E-04

Table S3 | List of all the words used in the experiment, their lengths, number of syllables,

and occurrence frequency. (a) English. (b) Spanish. (c) Taiwanese




Region Total Left Right

hippocampus 1 1 0
fusiform 1 1 0
lateralorbitofrontal 10 9 1
superiortemporal 2 2 0
TOTAL | 14 13 1

Table S4 | Distribution of electrodes that showed modulation by part of
speech across brain regions. Significant regions showing lateralization

shown in bold. (p<10'5, permutation test, n=10° iterations, regions with
less than 4 electrodes were excluded).



subject# #Total NounEnhanced AdjEnhanced Generalize SubCategory
(B>0) (B<0) (=Total-
Generalized)
5 2 2 0 0 2
14 3 2 1 1 2
16 3 3 0 3 0
18 2 2 0 2 0
20 4 2 2 2 2
TOTAL 14 11 3 8 6

Table S5 | Distribution of nouns- versus adjective-preferring electrodes and

electrodes that generalize for parts-of-speech versus those that do not.

Distribution across different subjects of electrodes that are more noun
enhanced (column 3) versus more adjective enhanced (column 4), and that of
electrodes that generalize to nouns and adjectives (column 5) versus those
that showed differences between noun subcategories or adjective

subcategories (column 6).




Region RegionTotal Noun Adjective

hippocampus 1 1 0
fusiform 1 1 0
lateralorbitofrontal 10 9 1
superiortemporal 2 0 2
TOTAL | 14 11 | 3

Table S6 | Distribution of nouns- versus adjective-preferring
electrodes across brain regions. A permutation test combining all
brain regions for these electrodes showed that that LOF was

significantly noun preferring. (p<10'5, permutation test, n=10°
iterations, regions with less than 4 electrodes were excluded).




subject# nLeftLOF nPOS %POS
6 6 0 0
9 3 0 0
13 6 0 0
14 4 3 75
15 4 0 0
16 5 3 60
18 5 2 40
20 5 2 40
Total 38 10 Mean%All = 27 + 31

Mean%POSsubjects = 54 + 17

Table S7 | Distribution of part of speech encoding electrodes in the

left lateralorbitofrontal cortex across subjects




Noun (#N+1)/ (#N+1)/] Noun (#HN+1)/ (#N+1)
Animal | #N #A #V (#A+1) (#V+1)] food #N HA  H#V  (#A+1) /(#V+1)
'fish' 105 O 11 106.0 8.8 'water' 372 0 0 373 373
'horse' 126 O 0 1270 127.0 ‘oil’ 110 0 0 111 111
'bear 11 0 93 120 0.1 '‘coffee’ 68 0 0 69 69
'dog’ 124 0 0 125.0 125.0 'salt’ 33 0 0 34 34
'bird' 93 0 0 94.0 94.0 'fruit’ 51 0 0 52 52
'cat’ 55 0 0 56.0 56.0 'milk' 48 0 0 49 49
'mouse' 28 0 0 29.0 29.0 [ 'sugar 38 0 0 39 39
'sheep’ 30 0 0 31.0 31.0 'tea’ 88 0 0 89 89
"turkey’ 0 0 0 - - 'rice’ 16 0 0 17 17
'fox' 13 0 0 14.0 14.0 | 'bread' 38 0 0 39 39
‘bull’ 12 0 0 13.0 13.0 '‘eggs' 62 0 0 63 63
'rat’ 24 0 0 25.0 25.0 ‘corn’ 12 0 0 13 13
'wolf' 12 0 0 13.0 13.0 | 'apple’ 35 0 0 36 36
'seal’ 15 0 15 16.0 1.0 J'cheese' 30 0 0 31 31
'lion’ 21 0 0 22.0 22.0 | 'butter' 21 0 0 22 22
'deer’ 0 0 0 - - ‘pepper' 11 0 0 12 12
'cow’ 26 0 0 27.0 27.0 'olive' 0 0 0 - -
'snake' 12 0 0 13.0 13.0 '‘bean’ 18 0 0 19 19
'penguin' 0 0 0 - - 'garlic’ 0 0 0 1 1
'eagle’ 18 0 0 19.0 19.0 'salad' 14 0 0 15 15
'dragon' 13 0 0 14.0 14.0 J'lemon' 14 0 0 15 15
'pig' 25 0 0 26.0 26.0 | 'onion' 12 0 0 13 13
'bat’ 13 0 0 14.0 14.0 'berry' 0 0 0 - -
'tiger' 13 0 0 14.0 14.0 | 'cherry' 0 0 0 - -
‘rabbit' 25 0 0 26.0 26.0 'pizza’ 0 0 0 - -
'monkey' 11 0 0 12.0 12.0 'nut’ 15 0 0 16 16
"duck’ 19 0 0 20.0 20.0 [ 'pasta’ 0 0 0 - -
'goat’ 12 0 0 13.0 13.0 | 'grape’ 0 0 0 - -
'whale' 13 0 0 14.0 14.0 'peas’ 33 0 0 34 34
'hawk' 0 0 0 - - 'peach’ 0 0 0 - -
'spider' 10 0 0 11.0 11.0 'plum’ 0 0 0 - -
‘ant' 10 0 0 11.0 11.0 J'lettuce’ 0 0 0 - -
Adj (#A+1)/ (#A+1)/] Adj (HA+1)/ (#A+1)/
concrete | #A H#N #V (#N+1) (#V+1) Jabstract] #A #N  #V  (#N+1) (#V+1)
long' 392 0 0 393.0 393.0 f 'good" 1276 25 0 49.1 1277.0
'small' 518 0 0 519.0 519.0 J 'best 0 0 0 - -
'large' 471 O 0 4720 472.0 ] 'better 0 0 0 - -
low' 286 O 0 287.0 287.0 | 'free' 200 0 23 201.0 8.4
'short' 198 O 0 199.0 199.0 ‘real’ 227 0 0 2280 228.0




'clear’
'hard'

'strong'
'big'
'deep'
'dark'’
'cold'
'round'
'heavy'
'hot'
'fast’
'dry’
'soft’
'slow’
'solid'
'huge'
'warm'
'fat'
'bright'
'weak'
'thin’
'sweet'
'silent’
'oval'
'tiny'
"dirty'

'massive’

239
176

196
338
97
104
103
28
105
94
50
56
66
56
35
79
70
20
62
45
56
36
38
0

56
27

44
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240.0
177.0

197.0
339.0
98.0
3.3
4.0
0.6
106.0
95.0
51.0
57.0
67.0
57.0
36.0
80.0
71.0
0.7
63.0
46.0
57.0
37.0
39.0

57.0
28.0

45.0

4.3
177.0

197.0
339.0
98.0
105.0
104.0
29.0
106.0
95.0
51.0
2.0
67.0
2.4
36.0
80.0
71.0
21.0
63.0
46.0
57.0
37.0
39.0

57.0
28.0

45.0

'poor’
'bad'
'serious’
‘happy'
'rich’
'holy'
'pretty’
‘evil'
'wild'
'pure’
'sick'
'busy'
'sad'
'proud'
‘calm’
'gentle’
'strict’
'mad'
'smart’
‘crazy'
'brave’
'cheap’
'ugly
‘clever’
'jealous’
'shy’

'lazy'

166
264

124
129
79
30
30
15
55
36
44
53
36
32
14
29
24
32
16
18
18
68
14
25

11
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167.0
265.0

125.0
130.0
80.0
31.0
31.0
0.9
56.0
37.0
45.0
54.0
37.0
33.0
15.0
30.0
25.0
33.0
17.0
19.0
19.0
69.0
15.0
26.0

12.0

167.0
265.0

125.0
130.0
80.0
31.0
31.0
16.0
56.0
37.0
45.0
54.0
37.0
33.0
15.0
30.0
25.0
33.0
17.0
19.0
19.0
69.0
15.0
26.0

12.0

Table S8 | List of all the words used in the experiment, the number of times they occurred in
the British National Corpus as a noun (#N), as an adjective (#A), or a verb (#V), and the ratios
of their frequency of occurence in their assigned part of speech versus their usage in other

parts of speech. Dashes indicate words that were missing in the corpus.




Subject Age Gender Language Handedness #Trials %Correct #Electrodes

1 13 M HI R 786 54% 134
2 15 F T™W R 627 69% 35
3 19 M EN R 587 96% 174
4 37 F EN R 603 97% 78
5 40 M EN R 604 99% 73
6 21 M ™ L 621 71% 64
7 30 M TW R 625 59% 78
8 42 F EN R 601 87% 154
9 27 F EN R 589 96% 62
10 32 F EN R 600 92% 141
11 20 F EN L 600 96% 72
12 25 M EN L 597 77% 92
13 33 F EN R 594 96% 65
14 50 F EN R 588 96% 117
15 20 M EN R 578 94% 65
16 20 F EN R 604 84% 81
17 20 F EN R 600 94% 78
TOTAL 1563

Table S9 | Information about each participant for the sentence task including age,
gender, language (ENglish, Hindi, TaiWanese), handedness, number of trials, behavioral
performance and number of electrodes.



(a) English

Semanticallv Correct
W1 W2 W3 w4 W1 W2 W3 w4
the bovs caugh balls the eirls opene cans
the girls ate npies the wome wrote poems
the kids drank milk the men read stories
the men cut cakes the dogs wage tails
the girls read books the men bposte letters
the cows ate grass the kids locke«doors
the bees flabbe wings the kids blave: dice
the horserate grass the bovs grew blants
the kids broke plates the guard held guns
the bovs plavecsoccer the dogs shed hair
the girls blavechockev the banke loanei monev
the men ate bread the kids soillec water
the  wome plucke fruits the  wome cleant rooms
the men tried shirts the wome plavei songs
the dogs bit shoes the bovs made noises
the birds lav eggs the friend ran races
the snakeate eggs the ants carriel leaves
the cows gave milk the horse: made sounds
the chefs made pizza the peool loved books
the kids blavecmusic the kids closec doors
the girls bakec cakes the sisters board planes
the kids broke window: the teach: hande papers
the bovs boureiwater the artists painte trees
the girls dug holes the studel raised auestions
the girls fried eggs the egrand grew chickens
the men kickec balls the uncles plante seeds
the bovs heard music the father paid bills
the men rode bikes the motheraised babies
the kids rang bells the fairies eave gifts
the  wome stored food the girls plave guitar
the girls carriecbooks the grand grew lettuce
the girls stored monev the teachi answe auestions
the bovs watch movies the mothe¢ foldec clothes
the momsbaked cakes the thieve stole food
the birds ate seeds the men move chairs
the cats drank milk the rocks broke windows
the men sipbpec wine the monk showt teeth
the kids cleane tables the chefs cracke eges
the kids wore hats the bovs pushe rocks
the bovs wore pants the girls finishe homework
the  wome boiled eggs the studel wrote notes
the men clickec pictures the friend grasp hands
the men chooo trees the plavel heade balls
the bovs wrote letters the teachi helpe: students
the girls drove cars the kids eniov: parties
the dogs fetche bones the salesr knock doors
the bears ate honev the men loade: trucks
the dogs drank milk the wome loved shoes
the cats climbe trees the wome order¢ dinner
the ducks laid eges the men nblacec bets
the monk stole mangoe the girls ran races
the robbe stole monev the paren scolde children
the clouds broug! rain the girls smell¢ flowers
the girls cut Dpizza the soldie sprea: flags
the girls wrote stories the wome tried shoes
the bovs read books the grand taugh lessons
the men build walls the chefs toaste bread
the girls drove trucks the monk grabb branches
the girls rode bikes the touris tosse( coins
the wome sibpec tea the parrot used tools
the guard kept guns the eirls untiec knots
the kids wore masks the girls wanteicecream
the bovs watch soccer the wome warm food
the girls watch baseball the  wome washe clothes
the wome watch movies the chamiwon games
the horse: drank milk the shooc wrapt presents
the kids wore shirts the dogs watch trees
the bovs carriecrocks the cats chase lasers
the bovs broke eggs the teach: spelle words
the  wome bough clothes the drago spat fire
the girls bough fruits the eirls flickec pages
the bovs bough food the turtlesate food
the birds made nests the kids carriei backoacks
the birds hid eges the men sang songs
the bovs threw stones the bovs opene doors
the girls bplavecbasketball

(b) Taiwanese
Semanticallv Correct
W1 W2 3 W4 Translation
Bz IEE E Bk  the.bovs.are.catching.balls
T IEE W b[13 the.girls.are.eating.pies

w
Bk
b/[13

Semanticallv Incorrect/Odd

W2 W3 w4 W1 W2 W3 w4

balls caugh bovs the cans obene girls

pies ate girls the poem wrote women
milk drank kids the storie:read men
cakes cut men the tails waggi dogs
books read girls the letter: poste men
grass ate  cows the doors lockec kids
wings flaboe bees the dice oplave: kids
grass ate horses the blants gerew bovs
plates broke kids the guns held guards
soccel plavec bovs the hair shed dosgs
hocke plavec girls the mone loane: bankers
bread ate men the  water soillec kids
fruits plucke women the rooms cleant women
shirts tried men the songs plavei women
shoes bit dogs the noises made bovs
eggs lav birds the races ran friends
eggs ate snakes the leave: carriel ants
milk gave cows the sound made horses
pizza made chefs the books loved peoble
music plavec kids the doors closec kids
cakes baked girls the plane: board sisters
windc broke kids the paper hande teachers
water pourec bovs the trees bainte artists
holes dug girls the auestiraised students
eggs fried girls the chicke grew grandmas
balls kicked men the seeds plante uncles
music heard bovs the bills paid fathers
bikes rode men the babie: raised mothers
bells rang kids the gifts gave fairies
food stored women the guitar pblave: girls
books carriec girls the lettucigrew grandmas
mone stored girls the auesti answe teachers
movie watch: bovs the clothe foldec mothers
cakes baked moms the food stole thieves
seeds ate birds the chairs move men
milk drank cats the  windc broke rocks
wine sibbed men the teeth showt¢ monkevs
tables cleane kids the eges cracke chefs
hats wore kids the rocks pushe bovs
pants wore bovs the  home finishe girls
eggs boiled women the notes wrote students
pictur clickec men the hands graso: friends
trees choobp men the balls heade plavers
letters wrote bovs the studei heloe: teachers
cars drove girls the partie eniov: kids
bones fetche dogs the doors knock salesmen
honev ate bears the  trucks loadei men
milk drank dogs the shoes loved women
trees climbe cats the dinnel orderc women
eggs laid  ducks the bets blacec men
mang stole monkevs the races ran girls
mone stole robbers the childre scolde parents
rain  broug! clouds the flowel smelle girls
pizza cut girls the flags sporea: soldiers
storie: wrote girls the shoes tried women
books read bovs the lessor taugh grandpas
walls build men the bread toaste chefs
trucks drove girls the brancl grabb monkevs
bikes rode girls the coins tossec tourists
tea sibpbed women the tools used parrots
guns keot guards the knots untiec girls
mask: wore kids the icecre wante girls
soccel watch: bovs the food warm women
basek watch: girls the clothe wash¢ women
movie watchi women the game won champbion
milk drank horses the presel wrapt shoopers
shirts wore kids the trees watch dogs
rocks carriec bovs the lasers chase cats
eggs broke bovs the  words spelle teachers
clothe bough women the fire spat dragons
fruits boueh girls the pages flickec girls
food bough bovs the food ate turtles
nests made birds the backo carrie kids
eggs hid birds the songs sang men
stone: threw bovs the doors opene bovs

baske plavec girls

Semanticallv Incorrect/Odd
3 W4

w2 Ww
IEHAE B 5%
IEAE 17 %
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the.woman.is.plaving.songs SR HH
=xr . %

the kids.are.drinking.milk 154 i
the.men.are.cutting.cakes HEE ]
the.girls.are.reading.books = E=)
the.cows.are.eating.grass = 7.
the.bees.are.flabbing.wings YARE B8
the.horses.are.eating.grass = 12
the.kids.are.breaking.olates HE+ FTEE
the.bovs.are.nlaving.soccer EBK Im
the.girls.are.olaving.baseball EIK In
the.men.are.eating.bread Fhal 172
the.women.are.olucking fruits IKE =x=E
the.man.is.trving.shirts wie ERES
the.dogs.are.biting.shoes B 1573
the.birds.are.laving.eggs &= T
the.snakes.are.eating.eggs &= iz,
the.cows.are.giving.milk #l, =
the.chefs.are.making.bizza EiE 1
the kids.are.olaving.music =25 T
the.girls.are.baking.cakes HEE HIE
the.kids.are.breaking.windows &P FTHRE
the.bovs.are.oouring.water K 12
the.girls.are.dugging.holes il Z
the.girls.are.frving.eggs = ;1
the.men.are kicking.balls Bk b))
the.bovs.are.hearing.music =% =
the.men.are.riding.bikes === %
the kids.are.ringing.bells ] %
the.women.are.storing.food BY TREM
the.girls.are.carrving.books = e
the.girls.are.storing.monev i 3 =
the.bovs.are.watching.movies N E=)
the.mom.is.baking.cakes HEE jeigrcy
the.bird.is.eating.seeds T 172
the.cat.is.drinking.milk a1 ig
the.man.is sibpbing.wine b 3]
kid.is.cleaning.tables 2+ SR
the.kid.is.wearing.a.hat e+ 17
the.man.is.moving.bricks VELT] e
the.bov.is.wearing.pants =& ¥
the.woman.is.boiling.eggs M KE
the.man.is.clicking..oictures HE & 8
the.man.is.choobing trees it R
the.bov.is.writing.words = =
the.girl.is.driving.a.car B BH
the.dog.is fetching.bones ‘5 B8 ¥
the.bear.is.eating.honev L 7.
the.dog.is.drinking.milk 4174 L)
the.cat.is.climbing.a.tree &t JIE
the.duck.is.laving.eggs N
the.monkev.is.stealing.mangoes fan
the.robber.is.stealing.monev fai

H

the.cloud.is.bringing.rain
the.girl.is.cutting.nizza
the.girl.is.writing.a.storv
the.bov.is.reading.books
the.man.is.building.walls
the.girl.is.driving.a.truck
the.girls.are.riding.bikes
the.women.are.sipbping.tea
the.guards.are.keeping.guns
the kids.are.wearing.masks
the.bov.is.watching.soccer
the.girl.is.watching.baseball
the.woman.is.watching.movies
the.horse.is.drinking.milk
the kid.is.wearing.shirts
the.bov.is.moving.rocks
the.bov.is.breaking.eggs
the.woman.is.buving.clothes
the.girl.is.buving fruits
the.bov.is.buving.food
the.bird.is.making.nests
the.bird.is.hiding.eggs
the.bov.is.throwing.stones
the.girl.is.olaving.basketball
the.man.is.nosting letter
the kid.is.locking.a.door
the.bov.is.growing.a.tree VD
the.guard.is.holding.a.gun =]
the.dog.is.sheding.hairs E
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the-bankers-loaned-monev
the kid.is.spilling.the.water
the.woman.is.cleaning.rooms
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A& 1EfE thEFE 5 friends.are.running.races L 1IEE tLEFE A
HEEE IEE WY HBIIZE the-ants-moved-leaves BE IEA W S
B IEfE ®1E EF thehorse.is.making.sounds B EH ¥F& &
A IE® © E  people.are.buving.books = ExE E N
IMZ O IETE R 4 the.kid.is.closing.a.door P4 1IE FE4 %
EZE EE £ % the.tiger.is.taking.a.walk B IEHFE E ZE
JHEK 1IEE B FRHE the.sisters.are.boarding.a.nlane REE IEE B LIRS
FZAEh 1Ff &% #k  the.teacher.is.handing.napers R IEFE Z.Bh
=X IEHA F B theartists.oainted.trees 15 A = =X
24 F#4 IFH [EIRA the.student.is.raising.auestions foed IEE I 24
Ihih IEHE & 2 # theerandma.s.erowing.chickens J% 1FEE & LIARL
Wi 1IETE 3 thewuncle.is.growing.vegetables |3 1EfEf & TR
BE IEfFE e the.father.is.naving.bills IEE 4t BHE
s IEFE 1 /MZ the.mother.is.holding babies IMZ IETE 1 HERHER
WE A X 12¥ fairies.are.giving gifts =Y EHE X Wl
Zt%Z IETE s T the.girlis.olaving.guitar S IEfE @ %
ihgh IEFE AE EE erandma.is.erowing. lettuce =EE IEE E N
ZEBh IEAE [EFE [EigA theteacheris.ansering.auesetions |fal#d IETE [EIZE ZZEWm
IMaT 1IEfE B the.thieve.is.stealing.food BY IEFE M M
BA IEE W #&F the.man.is.moving.chairs wmF IEE i BHA
£B8 IEE EE HF therock.is.hitting.the.window HF IEHE EE A
[EfBm IEFE 3T 8  the.chef.is.cracking.eggs & IEFE T [EFBm
B BT H 4G EBE the.bov.is.oushing.rocks 4B 1FfF ¥ B
ZtZz IEHE SERL {EZXE the.girlis finishing.homework 1EX EA TR X
245 T B £ 50 the.student.is.writing.notes g5 IEFE B =
A& IE#HFE = ZF  friends.are.grasping.hands F  1IEFE = A&
ke 1IEA B Tk the.plavers.arekicking.balls Bk IETE B ke
ZEh IEE BB 24 theteacher.is.helping students 294 1IE7+ EBh ZEh
IMZ IEfE B0 k¥t the kid.is.ioining.the.partv ARt IEFE 2 /IM%
BiZE IEA B2 P__ themailman.s.knocking.thedoor JF9__ 1IEFE B BE
BA IERE EFH RE the.man.is.driving.trucks RE 1E7&E B BHA
ZAN IEFE % EF the.woman.s.trvineg.shoes BFF IEHE 3HF XA
ZTAN IETE B fE% the.woman.is.ordering.dinner ip% IE1E E zA
BA IEHE T ;¥ _ the.man.is.olacing.bets 0 IEE BA
Zt% IEfE LhFE 2D the.girlis.running.race Mz I thEFE T
K IlEE E  /MXZ the.parentis.scolding.the.child IMZ EFE B Rix
Ttz IEHE EH  AEE thegirlis.smelling flowers iEE A B @ "
T&E IFR E [B%E the.soldiers.are.holding.a.flag BE 1FE = T
TN IEE & B+ the.woman.is.throwing.shoes B+ IEHE & A
A& 1B XM m5¥ friends.are.exchanging gifts e 1B M AHK&X
#Rar IEE H grandpa.is.teaching.lessons H IEE 2 R AR
EEm 1EFE %& ‘Bl the.chef.is.toasting.bread T IEE & =t EM
#e+ 1IEE N %X the.monkev.is.grabbing.branches J#Et4z 1EE M 1=+
& 1IEfE ¥ #id#k tourists.are.tossing.coins Hhtk 1IEFE ) =
2EHE IE7E FH T E the.narrotis.using.tools I8 k& FH i
L% IEfE B §#S the.eirlis.untiing knots WRES IETE BERH X%
Tt 1k JK#E the.girlis.eating.an.ice.bar JKE IEFE 17 Tt
ZA IETE 10 BY the.woman.is.heating.food BY & mME A
A IEHE P& KHE the.woman.is.washing.clothes &KHe IEE N
#F IEHA SFE THE thelaveris.comopeting forthefirs s 1EHF SHE #EF
[E8 IEfE BlEE TE¥l the.shoooper.is.wrapping.the.oresqiz¥ 1EFE FLEE [E8
f IEFE IE  #/  the.dos.is.climbing.the.tree B EE € Il
3 1EfAE 1B Ek_ the.catis.chasing.the.ball Bk 1E7F 1B ]
ZEh 1IEE 2 B the.teacher.is.teaching.words BEF IFHE # ZEm
BE IEA B X dragon.s.spattinefire N OEFE B BE
% 1EfE # Z  the.egirlisflicking.nages Z EHFE 3 %
E3R IEHE Iz B¥ theturtle.is.eating.food EY E#H 17 I=E ]
IMNZ IETE B AL thekid.is.carrving.a.backpack HA EfFE B’ INZ
hih IEFE KIS 8#87 erandma.is.bakineg.cookies €57 IE7E (IS ghgh
FEL IEA HERE fmA the.nurse.s.taking.care.of patientsfim A 1EFE Utigs &L
HAh 1EfE EB SXE the.mechanics.is fixsing.brakes SXE IFfE EH B
B IEHAE R & thesnake.s.laving.eges = 1EfRF T L
%z IEAE s# % the.girlis.olaving.niano fil= 1EFE sE Z 1%
5% IEHE IR = the.bov.is.olavine flute & [EHFE X R A
BA IEHFE 8 #  the.man.is.singing.a.song # IEFE I8 BA
Bz Ik M the.bov.is.onening.a.door M IE® B B
Xtz 1EHE B §#BE the.girlis.opening.a.can f#E8 IEA B T
AN IEE B e the.woman.is.writing.a.noem B OEAE B zA
BA EAE B &= the.man.is.reading.a.noem = OIEH B BA
o IEFE ¥ FE R the.dos.is.wagging.its tail ERE FEF % I
(Y Hindi ]

Semanticallv Correct Semanticallv Incorrect/Odd

1 2 W3 W4 Translation 1 2 W3 w4

¢ Yhsl the girl caught the ball Yehel

ofSohl of hIdle Y&l  the girl read the book Shidle o olshl Ydl
I o UTH WIS the cow ate the erass oy o ElIR K C Y
CEEIG] Yol dIST the voungGirl broke the plate Yol o EEBINGIE]
JcH o ol ddI the man sold the fruit hol o A 91
dmg o ¢TI WIS  the cow ate the bread ey o adg WS
GIEUNG] UCT &l the woman rolled the bread et o dT  dell
gl o AT hIcl the goat cut the rope (with its teetl THAT o bl hIcl
¢l o hIdTle oIl the teacher wrote the book hidlc o A 2K
CIENGE °olld  HRT the horse hit the kick old o CIEINEAIRY
ofSehl of oA YT the girl drank the lassi o &3l o CECINSI




BTelA ¢l  the voungGirl watched the film
SIH WISl the cat tore the dress

dId oTdl the teacher wrote the poem
grsr sister wore the saree

9
=
al

ECIEY grandma made the kheer

OT 91 the aueen drank tea

R "Tell the girl stitched the shirt

BC  WTAT the bear ate the honev

3Tl &7 the man sold the potato

hca hIcT brother cut the pumpkin

MY ShIAT the monkev made noise

Thel dIST the monkev plucked the flower

cY  UIAT the animal drank milk

I¢  WIell the guard opened the gate

BTelA dT the girl made the film

dlc. Wbl the voungGirl threw the ball

dIMsT Tl the girl drove the car

s dIsl the elephant broke the tree

gs  dIsSl the gardner cut the tree

OldT STell the gardner gave water (to the gar

gTIF-IT IJT  the man sang the song
&SI grandoa plaved the song

FIT-IT\’ §aITd the man plaved sitar

3-1 dls ofdITd the cat made the call (meow)
cl grandma gave medicine

§6|I3| T the doctor did the treatment

Jals Il  the woman did the studv

el 3T the cat rang the bell

YTssh Wlell grandma opened the window

Isel Wlal the bear dug the hole

c¥h oIl the girl drove the truck

RTA T the lion did rest (noun)

alhl ell the vounegGirl blaved hockev

oIdl  Yadl the man wore the shoe

<  Yadl old-man wore a suit

dcdl WIS the girl ate the chutnev
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E2ral CECIRCIE
BIcT @Il the girl clicked the photograph BicT rr
Y3l Yadl grandma wore the watch gsr clal  Yadrl
oT 91 the lioness drank tea BIE QAT 9T
HERI the goat drank wine SME gl 9T
I 91 the girl drank tea ECHE
WX YIS the girl ate the pudding ofsehl ©ls
¢TI WIS the goat ate bread ghdl WIS

31ATS ST the horse made sound (neigh)

Bel ElT'HT the bear ate the fruit ATl AT
H the monkev sucked a mango dcd  Jdr
urd EIE'I?,' the goat chewed grass dhd Tdls
SITH TR the goat showed the tougue SITH dpT cIdry
SITH  STWIR the horse showed the tongue SiTH c Iy
ST the voungGirl showed the tongue JSITH Jddl ¢Tdrg
HH dIsT the monkev plucked the mango dc

dIic  o¥ll the vouneGirl got hurt ERRINGE
33 o9l the catfelt the cold dTelell ofd

IAT 9T the woman felt the heat
oTd  delld the voungGirl rowed the boat
dcoh dolld the girl oberated the gun

GIRUNRCEL
CEEIRCEIE]

RECIRCSIEL
OIdT STell the man put water (on the plants) STl
chah  dATT the man made the cake
HATHS el the man wore a mask
Bl the man dialed the nhone
Y1 Yal the man read the newspaper
Yd Y&l the manread the letter
the man wrote the letter
the nurse checked the tongue
the nurse gave the medicine
the girl ate the medicine
the oldMan drank the iuice
the monkev drank the iuice
the bear drank the iuice
A3} the monkev drank the milk
W ddTT the woman made the pudding
HH'S-IT o1 the woman made the vegetableCy
o9 the woman put the fire
3-1'[3T 311 the woman extinguished the fire
¢TI ©Is  the woman ate bread
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SXH UYadl the woman wore the dress el
STl AT the nurse saved life SiTed
Tals T  the girl did the studv [HE) RECIREX

Yals da&l  the man climbed the hill CEE Al del
¢ Wbl the fox threw the ball Jac olTHST Bhehl
the fox ate the bread RS s

RIEEN

AT AL diar
ATl ST
dddE AT
olSahl AT

S s

QM dIST the man broke the windowGlass  JRITRIT
SoATH GIAT the plaver got the prize SATH
Sdehl AT the duck took the dip EEER
Sdehl ART the girl took the dio Sdohl




ofsehl o M HART the girl winked the eve 9 o ofSehl ART
dTelel o A HART the cat winked the eve Y o dTelell ART
AT o IMHAT v AT the woman made anger ITHHl o AT T
cH IMHAT ST the man made anger Il o A ST
HcH o dd  WIAT the man ate the aople a9 o TEH! @rAT
CIal o HdTel BT the teacher asked the auestion HdTlel o cray 93T
Hcse o SIdld G137 the student answered the auestior§aldld o dcsc Al
did o &dl o9 the nurse applied the medicine cdl o AXH  o9AT
aXd o Sellal & the nurse did the treatment Sollol o dXH U
a3 o s o9 the nurse gave the iniection L EG GESs CEIR
oISl o Bhedl Well  the girl nlaved soccer Bhedl o oISehl Well
cH h{leh eIl the man plaved cricket h0%h o ST H! Yell
dcl o h{Teh Well the monkev plaved cricket S0 o gcd el
dey o SoATH SITdT the monkev won the prize SATH of EEEERIGH
W o Jals dal  the lion climbed the hill Jals o W dal
dcl o gs d&l  the monkev climbed the tree Jgs o gcd  dal
dcl o HATHSE el the monkev wore the mask AT o gcd  Yadl
EEE NG Bl T the monkev called the bhone GG gcX  hIET
ofsehl o ol dIsl  the girl broke the plate Jolc o CECARGIE!
olsahl o WlSah dIst  the girl broke the window Ylsch o SECANGIE]
ofsehl o ITeldT hT  the girl made the mistake ITeldl o ofsehl T
Sl o SIC  oldTd the teacher gave the scolding Slc o [ LRI
ERELG] WX WIS the vouneGirl ate the pudding T o EERIREIE
dcX o "<  Yadl the monkev wore the suit dc o gcX  Yadl
dcl o IMTellE 9ahsT the monkev held the glass el o §gcX UYchsal
ATl o ITITE ehsl the bear held the glass eI o AT Ydhal
ATl o cY UMl the beardrank the milk G ATl UTAT
EESUG] 4l Yadl the goat wore the hat car o bl Yadl
Mg o RC UadT the cow wore the shirt RC o IMT  Yadl
amg o UTd WIS the cow ate grass grg o IMT WIs
Img o gddl @IS the cow ate the leaf qddrl o IMT WIS
EESUG] gddl ©IS  the goat ate the leaf qddrl o ghd WIs
Img o HISI Yadl the cow wore the saree arst o IMT  Yadl
ofshl o drsl Yadl the girl wore the saree arst o CECARSESL
HArell o Us o911 the gardner planted the tree Jgs o ATl 9T

Table S10 | List of all sentences used in the experiment. (a) English, (b) Taiwanese, and (c) Hindi. The
semantically incorrect/odd sentences were formed by swapping the nouns of the correct sentences,
without changing the grammatical correctness of the sentence.



Region\nElecs Total GMLeft WMLeft Left GMRight WMRight Right
"Amygdala’ 44 22 0 22 22 0 22 ]
'Hippocampus' 65 29 0 29 36 0 36
'Inf-Lat-Vent' 7 3 0 3 4 0 4
‘Lateral-Ventricle' 3 2 0 2 1 0 1
'Putamen’ 6 3 0 3 3 0 3
'VentralDC' 1 0 0 0 1 0 1
'bankssts’ 17 4 0 4 8 5 13
udalanteriorcingulas 27 8 4 12 7 8 15
Icaudalmiddlefrontal 54 7 23 30 3 21 24
‘entorhinal’ 14 8 1 9 4 1 5
'fusiform’ 44 7 9 16 14 14 28
'inferiorparietal’ 57 10 7 17 24 16 40
'inferiortemporal’ 75 16 10 26 23 26 49
'insula’ 82 14 7 21 29 32 61
'isthmuscingulate' 14 2 3 5 1 8 9
'lateraloccipital’ 13 2 0 2 6 5 11
lateralorbitofrontal' 79 20 21 41 12 26 38
'lingual’ 3 0 0 0 3 0 3
medialorbitofrontal 57 15 22 37 9 11 20
'middletemporal’ 175 54 30 84 61 30 91
'paracentral’ 4 0 0 0 1 3 4
'parahippocampal’ 9 2 1 3 5 1 6
'parsopercularis’ 39 8 7 15 13 11 24
'parsorbitalis' 23 12 4 16 1 6 7
'parstriangularis’ 66 21 19 40 8 18 26
'pericalcarine’ 4 0 0 0 1 3 4
'postcentral’ 24 9 3 12 3 9 12
'posteriorcingulate’ 27 4 10 14 2 11 13
'precentral’ 59 23 21 a4 3 12 15
'precuneus’ 19 1 8 9 4 6 10
stralanteriorcingula- 29 4 16 20 4 5 9
kostralmiddlefrontal 87 24 33 57 14 16 30
'superiorfrontal’ 74 20 20 40 8 26 34
'superiorparietal’ 15 1 1 2 4 9 13
'superiortemporal' 128 43 15 58 37 33 70
'supramarginal’ 70 24 9 33 7 30 37
'temporalpole’ 38 21 5 26 11 1 12
transversetemporal 11 3 5 8 1 2 3
TOTAL 1563 I 446 I 314 760 398 405 803

Table S11 | Distribution of electrodes for sentence task over the Desikan-Killiany Atlas
The number of electrodes for different brain regions of the DK atlas (rows) for different



conditions (columns). From the left to right the columns represent the following: (1)
Total electrodes, (2) Gray Matter Left, (3) White Matter Left, (4) Total Left, (5) Gray
Matter Right, (6) White Matter Right, (7) Total Right.



Total Left Right Noun Verb
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'caudalmiddlefrontal’
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'parahippocampal’
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Table S12 | Electrode locations of all the electrodes on the Desikan-Kiliany Atlas, that
had a significant contribution of the Nouns versus Verbs predictor in the GLM. From
the left to right the columns represent the following: (1) Total electrodes, (2) left or,
(3) right hemisphere, (4) noun- or, (5) verb-preferring.Significant regions showing
lateralization shown in bold. (p<10'5, permutation test, n=10° iterations, regions with
less than 4 electrodes were excluded).
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