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ABSTRACT

Every human has a body. Yet, languages differ in how they divide the body into parts to name them. While universal naming
strategies exist, there is also variation in the vocabularies of body parts across languages. In this study, we investigate the
similarities and differences in naming two separate body parts with the same word, i.e., colexifications. We use a computa-
tional approach to create networks of body part vocabularies across languages. The analyses focus on body part networks
in large language families, on perceptual features that lead to colexifications of body parts, and on a comparison of network
structures in different semantic domains. Our results show that adjacent body parts are colexified more frequently. However,
preferences for perceptual features such as shape and function lead to variations in body part vocabularies. In addition, body
part colexification networks are less varied across language families than networks in the semantic domains of emotion and
colour. The study presents the first large-scale comparison of body part vocabularies in 1,028 language varieties and provides

important insights into the variability of a universal human domain.

1 Extended method description

Supplementary Table 1. Extended method description. The data and scripts for the analysis of this study are accessible

on GitHub (https://github.com/clics/clicsbp/releases/tag/v1.0) and stored on Zenodo
(https://doi.org/10.5281/zenodo.10955934).

Method Files in clicsbpcommands | Description

Folder
Colexification | colexifications.py, A colexification occurs when the same word form is used for two
networks colexify_all data.py different concepts. For example, the word form lap in Belhare

is used for the concepts FOOT and LEG. By identifying the word
forms that colexify body part concepts, a network with connec-
tions between the concepts that share the same word form is cre-
ated. Since some concepts are colexified more frequently than
others across languages, we build a weighted network in which
the weights represent the frequency of colexifications between
concepts across languages or language families.!> The colex-
ification networks are built out of the lists of concepts and the
word forms stored in the datasets in the c1icsbp/etc folder.
The output is a graph in GML file format and a matrix of the
colexifications in TSV file format.



https://github.com/clics/clicsbp/releases/tag/v1.0
https://doi.org/10.5281/zenodo.10955934

Community
detection

colexifications.py,
colexify_all_data.py

A community in a network is a group of nodes that are densely
connected. Since not all nodes in sparse networks show connec-
tions to all other nodes in the network, it is difficult to assess the
relation between unconnected nodes. The Infomap algorithm*
identifies the communities based on random walks that start at
a node in the network and then move to a random neighboring
node.’ By defining a specific number of steps that can be taken,
the walk moves along the edges of connecting nodes until the
number is reached and the connected nodes are identified as a
community. If multiple nodes are densely connected, the random
walk is more likely to stay in this group of nodes. The random
walks provide a way to achieve direct similarity scores for all
node pairs in a network. The core idea is to simulate a random
walk through the network and determining how frequently two
nodes meet. Our reimplementation of Jackson et al. (2019)% can
be found in the Python script colexifications.py (lines
176 to 203) in the folder clicsbp/clicsbpcommands.

Cognate
detection

colexifications.py

The script uses the Sound-Class-Based Phonetic Alignment
(SCA) method for automated cognate detection’ with a threshold
of 0.45 (function weight_by_cognacy in the Python script)
and Infomap* as implemented in the igraph® package as the
basic method for cognate clustering. The method proceeds by
first assembling all individual word forms that are found to sup-
port a given colexification and compares these word forms using
the Sound-Class-Based Phonetic Alignment algorithm’® to ob-
tain individual distances for each word form. These distances
are used to construct a graph in which all word forms beyond
the distance of 0.45 (which was empirically determined in pre-
vious studies)’ are interlinked. The graph is analysed with the
Infomap algorithm to detect communities, with communities re-
flecting individual cognate sets.

Network
structure
comparison

ari.py

The pairwise comparisons of language family network commu-
nity structures were performed using Adjusted Rand Index (ARI)
and Adjusted Mutual Information (AMI) values. The similarity
between network clusters is determined by comparing whether
two nodes remain in the same cluster, i.e., the Rand Index.’
While the ARI values are suited for networks with large clusters,
the AMI values are used for networks with small clusters.'? The
index is between 0 and 1 corresponding to completely random
and completely identical. Thus, the lower the value the more
variation between network clusters.

Degree com-
parison

degrees.py

The colexification networks have weighted degrees based on the
frequency of a given colexification across languages or language
families. By selecting n nodes randomly for the networks of the
three semantic domains body, colour, and emotion, we created
random selections within 1,000 trials. The weighted degrees for
the node selection in the network per language family were then
computed for each semantic domain.
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2 Lexibank datasets

Supplementary Table 2. List of the Lexibank datasets included in the analysis of body-object colexifications. All
Lexibank datasets are stored on GitHub: github.com/lexibank.

Lexibank ID Collection | Citation
aaleykusunda LexiCore | '
abrahammonpa ClicsCore | !2
allenbai ClicsCore | 13
bantubvd ClicsCore | '#
beidasinitic ClicsCore | 1
bodtkhobwa ClicsCore | '6
bowernpny ClicsCore | 7
castrosui ClicsCore | '3
castroyi ClicsCore | 1
castrozhuang ClicsCore | %0
chenhmongmien ClicsCore | 2!
chindialectsurvey ClicsCore | ?2
clarkkimmun ClicsCore | 2
halenepal ClicsCore | *
hantganbangime ClicsCore | »
hubercolumbian ClicsCore | %6
hsiuhmongmien ClicsCore | %’
huntergatherer ClicsCore | 28
johanssonsoundsymbolic | ClicsCore | 2°
kraftchadic ClicsCore | ¥
lindseyende ClicsCore | 3!
listsamplesize ClicsCore | ¥
luangthongkumkaren ClicsCore | 3
mannburmish ClicsCore | *
marrisonnaga ClicsCore | ¥
mitterhoferbena ClicsCore | 3¢
naganorgyalrongic ClicsCore | %7
northeuralex ClicsCore | 3
polyglottaafricana ClicsCore | ¥
robinsonap ClicsCore | 40
sagartst ClicsCore | #!
simsrma ClicsCore | #
sohartmannchin ClicsCore | +
suntb ClicsCore | #
tls ClicsCore | ®
transnewguineaorg ClicsCore | 46
tuled ClicsCore | 47
oskolskayatungusic ClicsCore | #
visserkalamang ClicsCore | ¥
wangbai ClicsCore |
wold ClicsCore | °!
yanglalo ClicsCore | 2
yangyi ClicsCore | 3
yuchinese ClicsCore | >*
zgraggenmadang ClicsCore | >
othanieljen ClicsCore | ¢
lamanisoic ClicsCore | %7
savelyevturkic ClicsCore | %%
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3 Body part concepts

Supplementary Table 3. Body part concepts taken from Concepticon Version 2.5.0°%.

oskolskayatungusic
idssegmented
zhivlovobugrian
zhoubizic

ClicsCore
ClicsCore
ClicsCore
ClicsCore

48
59
60
61

ID Concept Domain Broader Con- | Broader ID
cept

153 GREY color

156 RED color

163 BLACK color BLACK OR | 2633
DARK

837 BLUE color BLUE OR | 2382
GREEN

1335 | WHITE color

1424 | YELLOW color

1425 | GREEN color BLUE OR | 2382//2300
GREEN //
GREEN OR
UNRIPE

2409 | BROWN color

2452 | PURPLE color

3045 | COPPER (COLOR) color

3328 | ORANGE (COLOR) color

3446 | PINK color

3604 | LIGHT BLUE color

3605 | LIGHT GREEN color

3706 | DARK YELLOW color

3707 | BEIGE color

3750 | KHAKI color

3751 | BRIGHT YELLOW color

3752 | LILAC color

3753 | MAGENTA color

3795 | DARK GREEN color

3914 | TURQUOISE color

40 ENVY emotion

82 ANGER emotion

781 FEAR (FRIGHT) emotion

1000 | ANXIETY emotion

1141 | PITY emotion

1668 | GRIEF emotion

1776 | SHAME emotion

1783 | PAIN emotion

1912 | RESPECT (NOUN) emotion

2016 | JEALOUSY emotion

2465 | DISGUST emotion

2524 | JOY emotion

2553 | MISERY emotion

2941 | HAPPINESS emotion

2960 | LONGING (WISH) emotion

3049 | COURAGE emotion

3211 | HOPE (FAITH) emotion

3468 | KINDNESS emotion

3673 | MOURNING emotion

3749 | HATE (LOATHING) emotion

3844 | CONTEMPT emotion

3845 | DISAPPOINTMENT emotion

3846 | EXCITEMENT emotion

3847 | INTEREST (FEELING) | emotion

3848 | SURPRISE (FEELING) emotion

3849 | TRIUMPH emotion

3850 | AMUSEMENT emotion

3851 | AWE emotion

3853 | CONFUSION emotion
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3854 | SADNESS emotion

3877 | DEPRESSION emotion

3915 | PRIDE emotion

3916 | PLEASURE emotion

3834 | LOVE (AFFECTION) emotion

1552 | GLOOMY emotion

1495 | HAPPY emotion

1607 | HATE emotion

1092 | HOPE emotion

923 LOVE emotion

174 PROUD emotion

1875 | REGRET emotion

699 SAD emotion

1572 | SURPRISED emotion

150 WORRY emotion

1976 | MERRY emotion

2117 | DESIRE emotion

1035 | GOOD emotion

1117 | LIKE emotion

1292 | BAD emotion BAD OR EVIL 3764

1784 | WANT emotion

1826 | ANGRY emotion

2716 | BLAME (SOMEBODY) | emotion

3299 | KIND emotion

1308 | DOUBT emotion

3762 | SAFE emotion

1894 | ASHAMED emotion

3885 | IMPATIENT emotion

1900 | ASTONISHED emotion

2821 | JEALOUS emotion

3033 | SCARED emotion

3884 | PATIENT emotion

1955 | GRIEVE emotion

1402 | BREAST human body part | BREAST OR | 2129
MILK

834 BUTTOCKS human body part

1173 | EYEBROW human body part

1301 | FOOT human body part | FOOT OR LEG 2098

980 HEEL human body part

1371 | KNEE human body part

803 ANKLE human body part

1673 | ARM human body part | ARM OR HAND | 2121

1291 | BACK human body part

1251 | BELLY human body part | BELLY OR | 2114
STOMACH

1730 | CHEEK human body part

1592 | CHEST human body part

1510 | CHIN human body part

1247 | EAR human body part | EAR OR HEAR 2126

981 ELBOW human body part

1248 | EYE human body part

1540 | EYELASH human body part

1560 | FACE human body part

1303 | FINGER human body part | FINGER OR | 2120
TOE

123 FOREHEAD human body part | HAIR OR FORE- | 2107
HEAD

1277 | HAND human body part | ARM OR HAND | 2121

1256 | HEAD human body part

1745 | HIP human body part

798 JAW human body part

1297 | LEG human body part | FOOT OR LEG 2098

478 LIP human body part

674 MOUTH human body part

1838 | NAVEL human body part

1333 | NECK human body part

796 NIPPLE human body part

1221 | NOSE human body part

1482 | SHOULDER human body part
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1389 | TOE

1205 | TONGUE
1380 | TOOTH

799 WRIST

human body part

FINGER OR

TOE

human body part
human body part
human body part

2120

Supplementary Table 4. Body part colexifications sorted by their frequency across language families and their coding for

continuity, shape, and function.

Concept A Concept B Languages | Families | Continuity | Shape | Function
FOOT LEG 326 55 1 0 1
HAND ARM 256 36 1 0 1
CHIN JAW 47 32 1 1 1
BREAST NIPPLE 48 30 1 0 1
FINGER TOE 104 29 0 1 0
BREAST CHEST 56 19 1 0 1
MOUTH LIP 79 16 1 0 1
EYEBROW EYELASH 47 14 1 0 0
FINGER HAND 19 14 1 0 0
FACE FOREHEAD | 15 12 1 0 0
CHEEK FACE 16 11 1 0 0
CHEEK JAW 25 11 1 0 0
EYE FACE 29 11 1 0 0
BUTTOCKS | HIP 24 9 1 0 0
ELBOW KNEE 19 9 0 1 1
BACK SHOULDER | 8 8 1 0 0
FOOT TOE 8 8 1 0 0
ARM SHOULDER | 8 6 1 0 0
ARM WRIST 7 6 1 0 0
HAND WRIST 8 6 1 0 0
HEEL ANKLE 11 6 1 1 0
MOUTH TOOTH 9 6 1 0 0
ELBOW ARM 5 5 1 0 0
ELBOW WRIST 7 5 0 1 1
FACE MOUTH 11 5 1 0 0
FOOT HEEL 7 4 1 0 0
CHEEK CHIN 6 3 1 0 0
ELBOW HAND 4 3 0 0 0
FACE JAW 3 3 1 0 0
FINGER ARM 4 3 0 0 0
FOOT ANKLE 3 3 1 0 0
HEEL LEG 3 3 1 0 0
KNEE ANKLE 3 3 0 1 1
BACK BELLY 1 2 1 0 0
BACK BUTTOCKS | 2 2 1 0 0
BACK FOOT 2 2 0 1 0
BACK HIP 2 2 1 0 0
CHEST NIPPLE 2 2 1 0 0
ELBOW NECK 2 2 0 0 0
FOOT KNEE 2 2 0 0 0
HEAD FOREHEAD | 2 2 1 0 0
HEAD TOOTH 2 2 1 0 0
HIP LEG 3 2 1 0 0
KNEE HEEL 2 2 0 1 0
KNEE LEG 2 2 1 0 0
LEG TOE 2 2 0 0 0
MOUTH JAW 4 2 1 0 0
MOUTH TONGUE 4 2 1 0 0
ARM HIP 1 1 0 0 0
ARM LEG 1 1 0 1 0
BACK ARM 1 1 0 0 0
BACK HAND 1 1 0 0 0
BACK KNEE 1 1 0 0 0
BACK LEG 1 1 1 0 0
BACK MOUTH 1 1 0 0 0
BELLY BUTTOCKS 1 1 0 1 0
BELLY ELBOW 1 1 0 0 0
BELLY NAVEL 1 1 1 0 0
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BELLY NECK 1 1 0 0 0
BUTTOCKS | HEEL 1 1 0 1 0
BUTTOCKS | LEG 1 1 1 0 0
CHEEK BUTTOCKS | 1 1 0 1 0
CHEEK HAND 1 1 0 0 0
CHEEK LIP 1 1 1 0 0
CHEEK NAVEL 1 1 0 0 0
CHEST SHOULDER | 1 1 1 0 0
CHIN LIP 2 1 1 0 0
CHIN MOUTH 2 1 1 0 0
CHIN TOOTH 1 1 1 0 0
EAR EYE 1 1 1 0 0
EAR NECK 1 1 1 0 0
ELBOW ANKLE 1 1 0 1 1
ELBOW BUTTOCKS | 1 1 0 0 0
ELBOW EYE 1 1 0 0 0
ELBOW FINGER 1 1 0 0 0
ELBOW HEAD 1 1 0 1 0
ELBOW HEEL 4 1 0 1 0
ELBOW SHOULDER | 1 1 0 1 1
EYE BREAST 1 1 0 0 0
EYE EYELASH 1 1 1 0 0
EYE FOOT 1 1 0 0 0
EYE HEAD 1 1 1 0 0
EYE KNEE 1 1 0 0 0
EYE NIPPLE 1 1 0 1 0
FACE LIP 1 1 1 0 0
FACE NIPPLE 1 1 0 0 0
FACE NOSE 1 1 1 0 0
FINGER FOOT 1 1 0 0 0
FINGER WRIST 1 1 1 0 0
FOOT HAND 1 1 0 0 1
HAND HIP 1 1 0 0 0
HAND LEG 1 1 0 0 0
HAND TOE 1 1 0 0 0
HEAD BREAST 1 1 0 1 0
HEAD KNEE 1 1 0 1 0
HEAD NOSE 1 1 1 0 0
HEEL SHOULDER | 1 1 0 1 0
HIP ANKLE 1 1 0 0 1
JAW LIP 2 1 1 0 0
LEG ANKLE 1 1 1 0 0
MOUTH NECK 1 1 1 0 0
NECK JAW 1 1 1 0 0
NECK LEG 3 1 0 1 0
NECK SHOULDER | 1 1 1 0 0
NECK TOE 1 1 0 0 0
NOSE FOREHEAD | 2 1 1 0 0
NOSE TOOTH 1 1 0 1 0
TONGUE LEG 1 1 0 0 0
TONGUE NIPPLE 3 1 0 0 0
TOOTH BREAST 2 1 0 0 0
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