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Abstract

The semantic conceptualisation of the sensation of pain is expected to differ cross-
linguistically. Literature shows examples of cross-linguistic variation of the association of the
sensation of pain with physical and/or psychological features. The current study aims to
answer the research question “How do meanings colexifying with the sensation denoted by
the word “pain”, associate with physical and/or psychological features across language
families?”. The way the sensation of pain is associated with physical and/or psychological
features is explored by studying colexification patterns across a sample of 84 languages
representing the six largest languages families (Afro-Asiatic, Atlantic-Congo, Austronesian,
Indo-European, Sino-Tibetan and Trans-New Guinea) and is compared to seven other
sensations (appetite, fatigue, hunger, hurt, itch, thirst and tired). Constructed networks of the
colexification patterns, show that the sensations pain and hurt, and tired and fatigue tend to
cluster, whereas appetite, hunger, thirst and itch do not. Mixed effects logistic regression
models show unsystematic variation in the association of sensations with physical and/or
psychological features. Furthermore, the models reveal that speakers of different languages
vary in their conceptualisation of sensations. In the Indo-European language family, meanings
colexifying with “pain” are more likely to be categorised as psychological and less likely to
be categorised as physical. Thus, in Indo-European languages the sensation of pain is likely to
be conceptualised as a psychological construct and less likely as physical construct, compared
to the other language families.



Introduction

Pain is a sensation known to all. In general, pain is a negative undesired sensation which we
wish to stop. Furthermore, a universal characteristic of pain is that it can only be
communicated and not measured (Lascaratou, 2007; Reznikova et al., 2012; Wierzbicka,
2012). Therefore, the expression of pain is subjective and depends on language and culture
(Callister, 2003; Moore & Bredsgaard, 1999; Wierzbicka, 2012). This subjective
characteristic of pain expression makes it difficult to study how people experience pain across
cultures. Moreover, as explained by Reznikova (2012), it would be unethical to inflict pain
upon a participant to research their experience of such pain. Thus, an alternative way to study
the expression of pain is by studying purely linguistic data (Reznikova, 2012). More
specifically, in order to study the expression of pain, the linguistic field of semantics is
relevant. As mentioned by Youn et al. (2016, p.1): “Semantics, or meaning expressed through
language, provides indirect access to an underlying level of conceptual structure”. Here, Youn
et al. (2016) refer to the human conceptual structure, which is defined as the organisation of
concepts in the human brain. Thus, studies on the semantics of pain can reveal the
conceptualisation of pain in the human brain. So far, there has been no large scale typological
study on the human conceptualisation of pain. A large scale typological study can reveal
differences and similarities in the way people conceptualise and think about pain across
languages. The current study aims to investigate the cross-linguistic expression of the
sensation of pain to reveal how speakers of different languages experience and express pain.

Linguistic Study of Pain

The studies by Halliday (1998) and Lascaratou (2007), described how the sensation of pain is
expressed in English and Modern Greek respectively. Halliday (1998) conducted the first
study on the grammar of pain in English and used the COBUILD corpus, written language
and everyday speech to investigate the language of pain. Lascaratou (2007) used the
theoretical ground established by Halliday (1998) to describe the grammar of pain in Modern
Greek. The description of the expression of pain in Modern Greek by Lascaratou (2007) is
based on a corpus of spontaneous dialogues between patients and health care professionals.
Contrary to Halliday (1998) and Lascaratou (2007), Goddard and Wierzbicka (2013)
have studied the sensation of pain within the domain of semantics. Goddard and Wierzbicka
(2013) have asked the question whether speakers of different languages assign the same
meaning to pain, when they communicate, in their language, that they feel pain. For example,
Goddard and Wierzbicka (2013) revealed cross-linguistic differences in the meaning of pain
between Russian and English. In Russian, the distinction between pain (bo!’) and extremely
intensive pain (muka) 1s lexicalised, whereas the distinction between “pain” and “ache”, a
lexicalised distinction present in English, is not lexicalised in Russian. Additionally, Goddard
and Wierzbicka (2013) mention that in Warlpiri, the word murrumurru is used to talk about
the sensation of pain. However, the word murrumurru refers to a global feeling rather than a
feeling localised in a specific body-part as is the case for the English “pain” and “hurt”.
Furthermore, Goddard and Wierzbicka (2013) revealed that several languages differ in
the conceptualisation of pain in terms of physical and psychological features. For example, in
the Aboriginal language Yankunytjatjara “pain” is translated to pika and refers to a bad feeling
in a particular part of the body (Goddard & Wierzbicka, 2013). Yet, in English, the
International Association for the Study of Pain defines “pain” as: “An unpleasant sensory and
emotional experience associated with, or resembling that associated with, actual or potential



tissue damage” (Raja et al., 2020, p.2). This definition of the English concept of “pain”
includes “an unpleasant sensory and emotional experience”, which defines “pain” as both a
physical and psychological experience. Thus, contrastingly to the Yankunytjatjara pika, the
English definition of “pain” is not restricted to the bodily sensation of pain and does extend to
emotional or psychological feelings. Goddard and Wierzbicka (2013) note more languages in
which the translation of the English “pain” refers to both physical and psychological pain.
Moreover, they discovered that the translation of “pain” in some languages, refers more to
psychological pain than physical pain. For example, in French and Polish, the words douleur
and bol respectively are used more in the context of psychological pain than the English
“pain”. Yet, the Polish bo/ expresses a less intense pain than the French douleur. Additionally,
Dowrick (Dowrick, 2004, as cited in Wierzbicka, 2012) argues that words related to
depression, a psychological feeling related to pain, do not exist in all languages or if they do
exist, they do not necessarily carry the same meaning as the English concept.

Thus, research has shown that speakers of different languages differ in their
conceptualisation of pain, especially in terms of physical and psychological features. The
found differences were based on case studies and therefore revealed detailed information on
the expression of pain in specific languages, often in comparison to English. In order to build
further on the found discrepancies, the current study aims to take a broader perspective by
comparing a large number of languages. Cross-linguistic diversity in the way speakers of
different languages conceptualise pain is expected in a study with a large language sample.

Typological study

To reveal in which way speakers of different languages conceptualise pain, a typological
study can be conducted. In connection to the theory of linguistic relativity (Majid, 2018), a
typological study on the semantic conceptualisation of the sensation of pain can reveal in
general how speakers of different languages and from different cultures think about pain. To
date, the only typological study related to pain is the study by Reznikova et al. (2012).
Reznikova et al. (2012) studied the use of secondary pain terms across languages. Secondary
pain terms are lexical units which are used metaphorically in the context of pain. For example,
in English the word “burn” is used metaphorically to describe the sensation of pain in “my
eyes are burning”. The study investigated the process of transforming predicates, such as
“burn”, into secondary pain terms in a language sample. The language sample used by
Reznikova et al. (2012) included 22 languages, of which most are from the Indo-European
language family. Not only Reznikova et al. (2012), but also the studies on the language of
pain by Lascaratou (2007), Halliday (1998) and Goddard and Wierzbicka (2013), are largely
based on languages from the Indo-European language family and thus show a bias. As a result
of this, linguistic studies on the sensation of pain focus mainly on similar languages spoken in
similar cultures and reveal little about languages and cultures in general. To minimalize this
bias, the language sample of the current study includes a selection of languages from the six
largest language families.

So far, studies have either researched the human conceptualisation of the sensation of
pain in specific (mainly Indo-European) languages or conducted a typological study on
secondary pain terms in a small, biased language sample. The literature thus reveals a hiatus.
The current study will fill this hiatus in the literature by conducting a study on the semantic
conceptualisation of the sensation of pain in a large language sample based on multiple
language families.



Colexification

A possible method to conduct a typological study on the human conceptualisation of the
sensation of pain is via the concept of colexifcation. Colexification is the phenomenon where
multiple meanings share the same word form (Brochhagen & Boleda, 2022; Frangois, 2008;
Xu et al., 2020). For example, in Spanish the word dedo refers to both “toe” and “finger” and
therefore, the meanings of “toe” and “finger” colexify (Brochhagen & Boleda, 2022).
Brochhagen and Boleda (2022) show that meanings are likely to colexify in a language, when
they are related in that language. Moreover, Xu et al. (2020) show that meanings which are
found to colexify in a large number of languages are considered to be more strongly
associated by English speaking participants, than colexifying meanings found in a small
number of languages. Furthermore, the study of colexification patterns is relevant in unveiling
the nature of semantic conceptualisation of different domains across natural languages and
cultures (Frangois, 2008).

In the context of the current study, colexification is relevant because meanings which
colexify with pain are likely to relate to pain. Thus, by using colexification in this typological
study, cross-linguistic differences and similarities can be revealed in the way people associate
pain with other concepts across languages. As a result, the nature of the semantic
conceptualisation of the sensation of pain across natural languages and cultures can be
exposed. To illustrate how colexification can be used to reveal similarities and differences
between languages, the studies by Schapper (2019), Jackson et al. (2019) and Youn et al.
(2016) will be discussed.

In the domain of greeting and affection, Schapper (2019) revealed the colexification of
the meanings of “smell” and “kiss” in Southeast Asian languages. The occurrence of the
colexification in Southeast Asia reflects the cultural practise of the smell-kiss, which is a
gesture of greeting or showing affection with the nose instead of the mouth. In order to
determine if a language has the smell/kiss colexification, Schapper (2019) searched for
glosses of “smell/sniff” and “kiss” in dictionaries and databases which included Southeast
Asian languages. When a language included a word which was glossed with “smell/sniff” and
“kiss”, the language was coded to have a smell/kiss colexification. For example, in the
Austroasiatic language Brao, the definition of the word muk presented the glosses “smell” and
“kiss”. Thus, the language Brao was coded to have the smell/kiss colexification. As a result,
Schapper (2019) shows that colexification patterns can reflect cultural practises, such as the
smell-kiss.

Diversity between languages is also discovered in the domain of emotion. Jackson et
al. (2019) studied the difference in emotion semantics across languages by examining
colexification patterns. For example, a difference in emotion semantics between Persian and
Sirkhi was discovered by examining instances of colexification in these languages. The
meaning of the Persian word enduh shows that in this language the meanings “grief” and
“regret” colexify. In Sirkhi, the meaning of the word dard shows that the meanings “grief”
and “anxiety” colexify. Jackson et al. (2019) interpreted these findings to mean that in Persian
the emotions “grief” and “regret” are close in meaning, whereas in Sirkhi the emotions “grief”
and “anxiety” are similar. By studying a large sample of languages, Jackson et al. (2019)
revealed variation in emotion semantics across language families. Additionally, the study
found that this variation can be predicted by geographic proximity of the language family.
More specifically, language families which are geographically close showed more similar



colexification patterns of emotion concepts compared to geographically distant language
families.

Contrary to Schapper (2019) and Jackson et al. (2019), Youn et al. (2016) showed that
colexification patterns can be used to reveal universality. Youn et al. (2016) reported that
semantics in the domain of celestial and landscape objects are not affected by the
environment. In this study, Youn et al. (2016) searched for colexifying meanings across
languages in the translations of concepts related to celestial and landscape objects from the
Swadesh list. For instance, in Lakhota the word wi (“sun”) translates to the meanings “moon”,
“month” and “sun” which means that the meanings “moon” and “month” colexify with “sun”
in Lakhota. This result implies that speakers of Lakhota associate the concepts sun, moon and
month with each other. After the collection of colexifying meanings across languages, Youn et
al. (2016) determined through statistical analysis that cultural and environmental factors had
little effect on the found colexifying meanings.

The discussion above has shown that studying colexification patterns can be used to
reveal diversity and universality in the way speakers of different languages perceive concepts
within a variety of semantic domains. However, using complexification also has the following
disadvantages: (a) colexification is not the only way to show associations between meanings,
and (b) colexification relies on the assumption that the documentation of a language presents
in detail how words are used. The first disadvantage can be illustrated by discussing Schapper
(2019). Schapper (2019) mentions that the absence of the smell/kiss colexification does not
necessarily equate the absence of the cultural practise of the smell-kiss. Hereby, Schapper
(2019) notes that the presence of a colexification pattern is not the only way to measure if
concepts are associated with each other. Thus, by limiting the study to investigating only
colexification patterns, Schapper (2019) missed the occurrences of the cultural practise of the
smell-kiss in cultures in which languages, without the smell-kiss colexification, are spoken.
Yet, it is important to note that even though colexification does not present the complete
picture of associated meanings, it can be useful in revealing differences and similarities
between languages as illustrated in the discussion of Schapper (2019), Jackson et al. (2019)
and Youn et al. (2016). Furthermore, the second disadvantage can be illustrated by discussing
Youn et al. (2016). Youn et al. (2016) used translations to detect colexification patterns.
However, this method is based on the assumption that the documentation of a language
includes in detail how every word is used. If the documentation of a language does not
provide meanings associated with the use of a certain word, a colexification pattern cannot be
detected. The current study aims to minimize the effect of this assumption by using a large
language sample and by compensating for this effect in the statistical analysis.

The current study uses colexification to reveal information on the way speakers of
different language conceptualise the sensation of pain. Particularly, the study will search for
physical and psychological features of meanings colexifying with words expressing the
sensation of pain (the section Method elaborates upon this).

Current Study

The current study aims to take the first step in unveiling the nature of semantic
conceptualisation of the sensation of pain across natural languages. It has been established
that the literature reveals a hiatus in the semantic conceptualisation of pain cross-
linguistically. The literature shows differences between languages in the conceptualisation of
pain in terms of physical and psychological features. A fitting method to study the cross-
linguistic conceptualisation of pain in terms of physical and psychological features, is via the



concept of colexification. The literature thus motivates the following research question: “How
do meanings colexifying with the sensation denoted by the word “pain”, associate with
physical and/or psychological features across language families?”. This study is explorative
and aims to reveal linguistic typological diversity or universality. By researching words, the
current study will contribute to the knowledge of how speakers of different languages
experience and express pain. In Wierzbicka’s words: “it is only by studying words that we can
go beyond words” (Wierzbicka, 1999, p.29).



Method

The current study uses translation dictionaries from a large sample of languages to reveal
meanings colexifying with a selection of sensations. The selection of sensations (appetite,
fatigue, hunger, hurt, itch, pain, thirst and tired) is chosen to broaden the scope of the study
and to be able to compare the features of the meanings colexifying with “pain” with the
features of meanings colexifying with other sensations.

Materials
Data Source

The data for this study was retrieved from translation dictionaries, which is a method based on
the method used by Youn et al. (2016). Translation dictionaries are a fitting data source for
studying colexifications because they reveal detailed information on the meaning of words
(Youn et al., 2016). However, studying colexification patterns using translation dictionaries is
a labour- and time-intensive method which limits the number of languages and concepts
which can be studied. The number of languages is also limited by the availability of
translation dictionaries. Such dictionaries are primarily available for languages in the largest
language families.

An alternative source, word-concept lists as explained by Jackson et al. (2019), is not
appropriate for the current study. Word-concept lists show the connection between words and
concepts. However, the disadvantage of word-concepts lists is that the concepts included in
the lists limit which concepts can be studied. Moreover, the largest collection of word-
concepts lists, CLICS (Rzymski et al., 2020), is not appropriate for the current study because
the word-concept lists are limited in their representation of sensations.

Language Sample

To answer the research question, the colexification patterns are compared across language
families as inspired by Jackson et al. (2019). The sample consists of 84 languages spread
across six language families. The current study compares the six largest language families
which are Indo-European, Afro-Asiatic, Atlantic-Congo, Austronesian, Sino-Tibetan and
Trans-New Guinea according to Ethnologue (Eberhard et al., 2023) and Glottolog
(Hammarstrom et al., 2023). The languages were chosen by the availability of a translation
dictionary with either English, Dutch or German as the metalanguage; the main researcher is
proficient in these three languages. When translation dictionaries were found for more than 15
languages within a language family, languages were chosen to create a sample as balanced as
possible. To do this, the distances between the languages in the language family tree were
chosen to be as big as possible. Thus, when possible, languages from different language
subgroups were favoured over languages from the same subgroup.

Some translation dictionaries were written in a script unfamiliar to the main researcher.
These scripts were Devanagari, Hebrew, Gurmukhi, Syriac, Ge’ez, Burmese, Tibetan and
were found in translation dictionaries of 14 languages. Searching for words in a dictionary in
a script with which the main researcher was unfamiliar was time-consuming. Therefore, in
these languages only the meanings colexifying with the word “pain” were searched because
the focus of the research question is on the sensation denoted by the word “pain”. See
Appendix A for the language sample.

Procedure

The current study follows the procedure of retrieving meanings which colexify with a word,
as described by Youn et al. (2016). First, the word describing a sensation was translated from
the metalanguage to the target language. For example, in an English-Latin dictionary, the



English word “pain” translated into the Latin word dolor. Next, the word in the target
language was translated to the metalanguage. Thus, in the example, in the Latin-English
dictionary the Latin word dolor translated into the English meanings “pain”, “grief”,
“anguish”, “sorrow” and “resentment”. In Latin, “pain” thus colexifies with the meanings
“grief”, “anguish”, “sorrow” and “resentment”. Colexification with the word for a sensation
was considered to be present only when the backtranslation into the metalanguage contained
the word for the sensation. For example, the English word “pain” can also be translated into
the Latin word angor, but the backtranslation shows the English meanings “suffocation”,
“choking”, “anguish” and “vexation” and not “pain”. Therefore, the Latin word angor does
not reveal meanings colexifying with the word “pain”.

After the collection of the meanings colexifying with the words describing the
sensation (“pain” in the example), the colexifying meanings were categorised as physical,
psychological, other or both physical and psychological. The meanings were categorised in
the following systematic manner. The English word “physical” is defined as “of or relating to
the body” (Dictionary, n.d., Definition 1). Therefore, meanings which were related to the
body, such as “skin disease” and “sleepy”, were categorised as physical. Meanings related to
observations made with a body part were also categorised as physical. For example, the
meaning “bitter” is a taste which can only be observed with your tongue and is therefore
categorised as physical. The English word “psychological” is defined as “of, pertaining to,
dealing with, or affecting the mind, especially as a function of awareness, feeling, or
motivation” (Dictionary, n.d., Definition 3). Thus, meanings which were related to the mind,
such as “bored” and “desire”, were categorised as psychological. Meanings which were
related to both the body and the mind, such as “agony” and “weary”, were categorised as both
physical and psychological. All meanings which did not relate to the body or the mind, such
as “fish” and “breeze”, were categorised as other and were excluded from the statistical
analysis. In the Latin example, the colexifying meanings were “grief”, “anguish”, “sorrow”
and “resentment” and were categorised as psychological because they relate to the mind.

Furthermore, the colexifying meanings which refer to the same concept but are
formulated differently are combined. For example, if “pain” was found to colexify with the
meanings “fear” and “to fear”, “pain” was considered to colexify with only the general
meaning “fear”. The words “fear” and “to fear” describe the same psychological concept
described by the word “fear”.

As in the study by Youn et al. (2016), the current study is restricted to the
neighbourhood of the concepts within the domain of the sensations and thus only includes
direct colexifications with the words describing sensations.

Sensations

The colexifying meanings were sought in the dictionaries for the following collection of
words describing a sensation: “pain”, “hurt”, “itch”, “appetite”, “hunger”, “thirst”, “fatigue”
and “tired”.

The choice for these words was based on the extensive classification of sensations by
Eccleston (2015). From this extensive classification “itch”, “fatigue”, “appetite” and “pain”
were chosen to be included in this study because they describe sensations which (a) are
categorised within the interoceptive domain, (b) carry a need for release and (c) have a
negative connotation (Eccleston, 2015).

With the dictionary study in mind, the more common words “hunger”, “thirst” and
“tired” were added to the collection of words describing the sensations. The words “hunger”
and “thirst” are associated with the field specific word “appetite”, and “tired” with the field
specific word “fatigue”. It was expected that “hunger”, “thirst” and “tired” would be more
commonly present in the translation dictionaries than the field specific words. Translation



10

dictionaries are more likely to include concepts expressed in common words rather than field
specific words (Hartmann, 2003).

Similarly, the word “hurt”, the more commonly used synonym of “pain” in English, is
included in the collection of words describing the sensations. The universal character of the
word “hurt”, as described by Wierzbicka (2012), and the synonymous use of “hurt” to “pain”
might have resulted in the inclusion of this word in translation dictionaries. Wierzbicka (2012)
discusses that “hurt” is more likely to describe a universal concept than “pain” because the
word “pain” refers to a general feeling, whereas “hurt” usually refers to a physical feeling. To
support this view, Wierzbicka (2012) adds that children in English-speaking countries rather
say “it hurts” than use the word “pain’ to describe their feelings when they are in physical
pain.

In the translation dictionaries with Dutch or German as the metalanguage, the words
describing sensations, “pain”, “hurt”, “itch”, “appetite”, “hunger”, “thirst”, “fatigue” and
“tired”, are translated respectively to Dutch “pijn”, “beschadigen”, “jeuk”, “eetlust”,
“honger”, “dorst”, “vermoeidheid” en “moe” and to German “Schmerz”, “verletzt”, “Jucken”,
“Appetit”, “Hunger”, “Durst” “Erschopfung” and “miide”.

Data Analysis

The data analysis was twofold: the inspection of networks and the interpretation of regression
models. Networks were created in Gephi (Bastian et al, 2009) to observe the way in which the
sensations are connected through colexification relationships in each of the six language
families.

To answer the research question, mixed effects logistic regression models were
computed using R Statistical Software (v.4.2.2; R Core Team, 2021). In total three mixed
effects logistic regression models were run, one for each category (physical, psychological,
both physical and psychological). The dependent variable of each model, Physical,
Psychological and Both physical and psychological, had two levels: physical/not physical,
psychological/not psychological, both physical and psychological/not both physical and
psychological.

The independent variables were (a) Language Family with the six levels “Afro-
Asiatic”, “Atlantic-Congo”, “Austronesian”, “Indo-European”, “Sino-Tibetan” and “Trans-
New Guinea” and (b) Sensation with the eight levels “appetite”, “fatigue”, “hunger”, “hurt”,
“itch”, “pain”, “thirst” and “tired”. The models also included interaction between these
independent variables, because the interpretation of the simple effects, rather than main
effects are needed to answer the research question. This is because simple effects show the
effect of a predictor for a specific level of the other predictor, whereas main effects show the
effect of a predictor regardless of the levels of the other predictor (Winter, 2020). Simple
effects are appropriate for answering the research question because the research question
focusses on the specific level “pain” of the predictor Sensation.

A random effect for Language was included in the models to compensate for the effect
of using different dictionaries for each language. This effect of using dictionaries is that the
number of meanings which colexify with a word describing a sensation in a language is
dependent on the extensiveness of the dictionary used. Some dictionaries contain a lot of
detail where each entry is defined with a lot of words. Other dictionaries do not include many
entries or define entries with a single word. This difference in dictionaries might influence the
number of colexifying meanings per language. Thus compensating for this effect is
appropriate.
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Results

The results of the current study are divided into three sections: descriptive statistics, networks
and inferential analysis. In the descriptive statistics the sample of languages will be described.
Next, the data will be described in more detail by looking at the networks per language
family. In the final section the output of the mixed effects logistic regression models is
interpreted. The models show the effects of language family and sensation on the
categorisation of the colexifying meanings.

Descriptive Statistics

After the data collection, the data exists of 2190 meanings which colexify with at least one of
the eight sensations. The meanings are not equally divided among the language families and
sensations (see table 1). Most meanings were found for the sensation described by “pain” and
the least for the sensation described by “thirst”. The large number of meanings colexifying
with “pain” is due to the fact that during the data collection the languages which were written
in a different script from Latin were only studied for the sensation denoted by “pain” and not
the other sensations (see section Language Sample in the Method for more information).
Furthermore, most colexifying meanings were found for Austronesian languages and the least
for Sino-Tibetan languages.

Table 1

Two-way Table for Number of Colexifying Meanings per Sensation and Language Family

Sensation  Afro- Atlantic- Austronesian Indo- Sino- Trans-  Total
Asiatic Congo European  Tibetan New
Guinea

Appetite 11 6 4 40 4 0 65
Fatigue 36 67 51 56 27 3 240
Hunger 26 9 32 19 17 33 136
Hurt 22 52 135 107 14 113 443
Itch 17 20 61 35 21 20 174
Pain 80 72 228 135 57 118 690
Thirst 17 8 7 15 6 2 55
Tired 44 50 153 29 44 67 387
Total 253 284 671 436 190 356 2190
Networks

To understand the data in more detail, a network per language family is presented in figure 1.
In appendix B, all networks are presented with the nodes accompanied by the labels of the
colexifying meanings. Those networks can be used to get a deeper understanding of the data.

Each node represents a unique meaning which is found to colexify with at least one of
the sensations. The category of the colexifying meanings is denoted by the colour of the
nodes, see the legend in figure 1.

The edges represent a colexification relationship. Thus, connected nodes colexify. The
thickness, or weight, of the edges show a ranking. The thicker an edge, the more languages
within the language family show the specific colexification relationship. For instance, in the
network of Trans-New Guinea, the thick edge between “hurt” and “pain” illustrates that these
meanings colexify in multiple languages within Trans-New Guinea.

Furthermore, the size of the nodes depends on the number of edges connected to the
node. For instance, in the network of Sino-Tibetan, the node representing the sensation of



12

hunger is smaller in comparison to the node representing the sensation of pain. This difference
in node size shows that “pain” colexifies with more unique meanings than “hunger”. In other
words, the collection of meanings colexifying with “pain” show more variation than the
collection of meanings colexifying with “hunger”. The networks in figure 1 show both
similarities and differences. First, the observations regarding the sensations will be discussed.
Next, the focus of the discussion will be shifted to the categories of the nodes.

Observations: Sensations

Connections between sensations through colexification relationships are illustrated in the
networks in figure 1. For instance, the following clusters of sensations can be detected: (a)
fatigue and tired, (b) pain and hurt and (¢) appetite, hunger and thirst. The clusters (a) fatigue
and tired and (b) pain and hurt, are visible in every network in figure 1, whereas, cluster (c)
appetite, hunger and thirst, is not present in each network. More specifically, in the network of
Atlantic-Congo, appetite and hunger are connected, but thirst is disconnected from all other
sensations. Additionally, in the network of Sino-Tibetan, appetite, hunger and thirst are not
connected to each other and appetite is disconnected from all other sensations. Moreover, in
the network of Trans-New Guinea, appetite does not appear at all.

In terms of clustering, itch behaves differently in (almost) every network. For instance,
in the network of Afro-Asiatic, itch is disconnected from all other sensations. Furthermore, in
the network of Atlantic-Congo, itch is connected to the sensations hurt and appetite through
few colexifying meanings. Yet, in the networks Austronesian and Trans-New Guinea, itch is
connected with pain and hurt. In the network of Indo-European, itch is connected to cluster (c)
appetite, hunger, thirst, through connections with appetite and thirst. Additionally, in the
network of Sino-Tibetan, itch is connected only to the sensation thirst. One notable
observations of the connections of itch with other sensations, is that itch does not connect to
cluster (a) fatigue and tired, in any network in figure 1.

The detected clusters also show relationships to each other. Particularly, cluster (a)
fatigue and tired and cluster (b) pain and hurt, are connected through colexifying meanings in
all networks. However, the relationships between these two clusters and cluster (c¢) appetite,
hunger, thirst, are not visible in every network. For example, cluster (a) fatigue and tired is
connected to cluster (c) appetite, hunger and thirst, in the networks of Afro-Asiatic and Trans-
New Guinea through multiple colexifying meanings and in the network of Austronesian
through a single meaning colexifying with both “hunger” and “tired”. Furthermore, cluster (b)
pain and hurt, and cluster (c) appetite, hunger, thirst are connected in the network of Sino-
Tibetan, by a single occurrence of a meaning colexifying with both “pain” and “hunger”, and
in the network of Trans-New Guinea through meanings colexifying with “hunger” and “pain”,
and “hunger” and “hurt”.

Another noteworthy observation in the networks is that the thick edges, or edges with
a high weight, are mainly those between the sensations pain and hurt, tired and fatigue, and
between pain and some colexifying meanings. Such thick edges are not visible in connections
with the sensations appetite, hunger, thirst and itch.

Furthermore, the network of Austronesian seems to diverge from all other networks in
its number of colexifying meanings (nodes). This observation is in line with table 1, which
illustrates that the current study found many more colexifying meanings in the Austronesian
language family than in the other language families. The network of Austronesian adds to this
observation that the sensations are also more interconnected than in the other networks.
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Observations: Categories

Regarding the categories of the nodes, which are illustrated by node colour, the networks
show variation. The Austronesian and Sino-Tibetan networks show a large proportion of
meanings categorised as other, in comparison to the remaining networks. Additionally, the
network of the Trans-New Guinea shows many nodes categorised either as physical or
psychological. In general, the network of the Trans-New Guinea languages shows a large
proportion of meanings categorised as psychological. Furthermore, in the Indo-European
network, specifically the sensations of pain and appetite show many colexifying meanings
categorised as psychological. Another remarkable observation is that in the Afro-Asiatic
network, the nodes facilitating all connections between the sensations of thirst, hunger and
appetite are categorised as psychological. The networks show that the nodes which connect to
both fatigue and tired are often categorised as both physical and psychological. Moreover, the
nodes connected to these sensations are usually not categorised as physical. The categories of
the colexifying meanings are discussed in more detail in the inferential statistics.



Figure 1

Colexification Pattern per Language Family
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A. Afro-Asiatic
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Note. Node size represents the number of incoming edges. Edge size represents the number of
occurrences of the colexification relationship between the two nodes in the language family.
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Inferential Statistics

Mixed effects logistic regression models were run to answer the research question “How do
meanings colexifying with the sensation denoted by the word “pain”, associate with physical
and/or psychological features across language families?”’. The models test if a specific
colexification category is preferred for certain language families and sensations. Interaction
between the predictors language family and sensation is included in the model. Thus, in the
current study, the simple effects represent (a) the effect of language family on the
categorisation of meanings colexifying with a specific sensation, and (b) the effect of
sensation on the categorisation of the colexifying meanings in a specific language family.

Each model (one per category; see section Data Analysis in the Method) was run six
times with each time another language family in the intercept (R>marginal [0.62;0.74] and
R2Conditional [0.63;0.76] for each model). Each version of the intercept represented the
meanings colexifying with “pain”. This method allowed for a clearer overview of the results
with a focus on the sensation of pain. See Table 2 and 3 for the output of the fixed effect of all
models and see appendix C for the interaction effects of all models. All beta coefficients
(denoted by B) are given in log odds. In the following sections the regression models are
interpreted by fixed effect (Language Family and Sensation) and category (physical,
psychological and both physical and psychological). Figure 2 presents histograms which can
aid the interpretation of the results.

Language Family

Table 2 shows the results of the regression models, specifically the simple effects of the
predictor Language Family on the categorisation of the meanings colexifying with “pain”.

Physical. The results show that the probability that meanings colexifying with “pain”
are categorised as physical is significantly higher for Afro-Asiatic (B = 8.08, p <0.001),
Atlantic-Congo (B = 6.55, p <0.001), Austronesian (B = 3.84, p <0.001), Sino-Tibetan (B =
4.32, p=0.001) and Trans-New Guinea (B =9.47, p <0.001), compared to Indo-European.
Furthermore, the probability that meanings colexifying with “pain” are categorised as
physical is significantly lower for Austronesian (B = 0.48, p = 0.022) than for Afro-Asiatic.
Additionally, the probability that meanings colexifying with “pain” are categorised as
physical is significantly lower for Austronesian (B = 0.41, p = 0.003) and Sino-Tibetan (B =
0.46, p = 0.046) than for Trans-New Guinea.

Psychological. The output shows that the probability that meanings colexifying with
“pain” are categorised as psychological is significantly lower for the language families Afro-
Asiatic (B =0.28, p =0.001), Atlantic-Congo (B = 0.17, p <0.001), Austronesian (B = 0.30, p
< 0.001), Sino-Tibetan (B = 0.17, p = 0.028) and Trans-New Guinea (B =0.13, p = 0.005),
compared to Indo-European.

Both Physical and Psychological. The results show that the probability that meanings
colexifying with “pain” are categorised as both physical and psychological is significantly
lower for Indo-European (B = 0.37, p = 0.011) than for Trans-New Guinea.

Sensation

Table 3 shows the results of the regression models, specifically the simple effects of the
predictor Sensation on the categorisation of the colexifying meanings for the specific
language families.

Physical. The probability that meanings colexifying with “fatigue” are categorised as
physical is significantly lower compared to meanings colexifying with “pain” in Atlantic-
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Congo (B =0.04, p <0.001). The probability that meanings colexifying with “hunger” are
categorised as physical is significantly higher compared to meanings colexifying with “pain”
in Indo-European (B = 5.59, p = 0.003) and significantly lower compared to meanings
colexifying with “pain” in Afro-Asiatic (B =0.15, p = 0.005) and Austronesian (B =2.88, p =
0.008). Next, the probability that meanings colexifying with “hurt” are categorised as physical
is significantly higher compared to meanings colexifying with “pain” in Indo-European (B =
3.46, p = 0.001). Furthermore, the probability that meanings colexifying with “itch” are
categorised as physical is significantly higher compared to meanings colexifying with “pain”
in Indo-European (B = 15.83, p <0.001), and significantly lower compared to meanings
colexifying with “pain” in Austronesian (B = 2.12, p = 0.013). Next, the probability that
meanings colexifying with “tired” are categorised as physical is significantly lower compared
to meanings colexifying with “pain” in Afro-Asiatic (B =0.16, p = 0.001), Atlantic-Congo (B
=0.15, p=0.001) and Austronesian (B = 6.17, p = 0.034).

Psychological. The probability that meanings colexifying with “appetite” are
categorised as psychological is significantly higher compared to meanings colexifying with
“pain” in Afro-Asiatic (B = 14.23, p = 0.002), Indo-European (B =4.81, p < 0.001) and Trans-
New Guinea (B = 14.26, p = 0.002). Furthermore, the probabilities that meanings colexifying
with “hunger” or “thirst” are categorised as psychological are significantly higher compared
to meanings colexifying with “pain” in Afro-Asiatic (B =3.96, p = 0.007 for “hunger”; B =
5.22, p =0.007 for “thirst”). Next, the probability that meanings colexifying with “tired” are
categorised as psychological is significantly higher than for meanings colexifying with “pain”
in Atlantic-Congo (B =4.08, p = 0.006). Yet, in Indo-European, the probabilities that
meanings colexifying with “fatigue” (B =0.12, p <0.001), “hurt” (B =0.28, p <0.001), “itch”
(B=10.27, p =0.008) or “tired” (B = 0.15, p = 0.003) are categorised as psychological are
lower compared to meanings colexifying with “pain”.

Both Physical and Psychological. The probability that meanings colexifying with
“appetite” are categorised as both physical and psychological is significantly lower compared
to meanings colexifying with “pain” in Indo-European (B = 0.13, p = 0.002). Next, the
probability that meanings colexifying with “hunger” are categorised as both physical and
psychological is significantly lower compared to meanings colexifying with “pain” in
Austronesian (B = 0.05, p = 0.004). Furthermore, the probability that meanings colexifying
with “itch” are categorised as both physical and psychological is significantly lower in
Austronesian (B = 0.22, p = 0.007) and Indo-European (B = 0.27, p = 0.014). However, the
probability that meanings colexifying with the sensations “fatigue” and “tired” are categorised
as both physical and psychological is higher compared to meanings colexifying with “pain”.
More specifically, the probability that meanings colexifying with “tired” are categorised as
both physical and psychological is significantly higher than for meanings colexifying with
“pain” in the language families Afro- Asiatic (B =2.94, p = 0.011), Indo-European (B = 3.74,
p = 0.005) and Trans-New Guinea (B = 2.62, p = 0.005). Additionally, the probability that
meanings colexifying with “fatigue” are categorised as both physical and psychological is
significantly higher compared to meanings colexifying with “pain” in Atlantic-Congo (B =
3.60, p = 0.001), Indo-European (B = 5.25, p <0.001) and Sino-Tibetan (B = 5.24, p = 0.002).
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Fixed Effects of Language Family by Category
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Intercept Afro- Intercept Atlantic- Intercept Intercept Indo- Intercept Sino- Intercept Trans-New

Asiatic Pain Congo Pain Austronesian Pain European Pain Tibetan Pain Guinea Pain
Language family B SD p B SD p B SD p B SD p B SD p B SD p
Category Physical
(Intercept) 0.81 021 0424 066 0.19 0.155 0.39 0.08 <0.001 0.10 0.03 <0.001 0.44 0.14 0.010 0.96 0.22 0.848
Afro-Asiatic 123 048 0589 210 0.68 0.022 8.08 326 <0.001 1.87 0.77 0.129 0.85 029 0.642
Atlantic-Congo 0.81 0.31 0.594 171 060 0.128 6.55 279 <0.001 152 066 0336 0.69 025 0.317
Austronesian 0.48 0.15 0.022 059 021 0.128 3.84 142 <0.001 0.89 033 0.753 041 0.12 0.003
Indo-European 0.12 0.05 <0.001 0.15 0.06 <0.001 0.26 0.10 <0.001 0.23 0.10 0.001 0.10 0.04 <0.001
Sino-Tibetan 054 022 0128 066 028 0334 112 042 0.758 432 1.93 0.001 0.46 0.18 0.046
Trans-New Guinea 1.18 0.40 0.635 145 053 0.314 247 0.74 0.003 947 3.65 <0.001 2.19 0.86 0.046
Category Psychological
(Intercept) 0.20 0.06 <0.001 0.13 0.05 <0.001 0.22 0.05 <0.001 0.73 0.16 0.147 0.30 0.10 <0.001 0.29 0.07 <0.001
Afro-Asiatic 159 083 0371 091 035 0.809 0.28 010 0.001 067 031 0.39 071 029 0.399
Atlantic-Congo 0.62 0.32 0.361 057 027 0.232 0.17 0.08 <0.001 0.42 0.23 0.109 0.44 0.22 0.097
Austronesian 1.09 042 0.818 174 0.82 0.238 0.30 0.09 <0.001 0.74 0.30 0.463 0.78 0.27 0.466
Indo-European 360 1.36 0.001 574 269 <0.001 3.29 1.02 <0.001 244 099 0.028 257 0.86 0.005
Sino-Tibetan 147 068 0402 236 127 0112 135 055 0464 041 0.17 0.028 1.05 0.45 0.906
Trans-New Guinea 1.40 0.57 0.406 2.23 1.09 0.101 1.28 0.44 0470 0.39 0.13 0.005 095 041 0.901
Category Both Physical and Psychological
(Intercept) 051 0.15 0.024 051 0.17 0.047 051 0.12 0.005 0.68 0.17 0.120 0.43 0.16 0.021 0.25 0.08 <0.001
Afro-Asiatic 099 045 0990 099 038 0988 0.75 0.29 0457 1.17 054 0.742 202 0.87 0.100
Atlantic-Congo 1.00 0.46 0.993 1.00 042 1000 0.75 032 0500 118 058 0.744 2.04 093 0.119
Austronesian 1.00 0.39 0.990 1.00 0.42 0.996 0.75 0.26 0413 118 051 0.709 2.04 0.79 0.067
Indo-European 133 052 0466 133 056 0503 133 046 0.417 156 069 0312 270 1.06 0.012
Sino-Tibetan 0.85 040 0.734 085 042 0.743 085 0.37 0.707 0.64 0.28 0.307 1.73 0.82 0.246
Trans-New Guinea 0.49 0.21 0.098 049 0.22 0.119 049 019 0.067 037 015 0.011 058 0.27 0.246

Note. All B-values are given in log odds. All bold p-values are lower than 0.05.
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Intercept Afro- Intercept Atlantic-  Intercept Austronesian Intercept Indo- Intercept Sino-Tibetan  Intercept Trans-New
Asiatic Pain Congo Pain Pain European Pain Pain Guinea Pain

Sensation B SD p B SD p B SD p B SD p B SD p B SD p
Category Physical
Appetite 000 0.00 0.989 149 1.30 0.648 >1000 >1000 0.992 0.44 0.35 0.308 0.00 000 0.994 0.00 0.00 0.989
Fatigue 056 0.25 0.201 0.04 0.03 <0001 042 019 0.059 083 047 0741 042 026 0.165 0.00 0.00 0.994
Hunger 0.15 0.10 0.005 323 249 0129 288 115 0.008 559 321 0.003 1.02 063 0978 0.64 0.27 0.285
Hurt 072 037 0521 139 054 0391 123 031 0406 346 127 0001 166 1.04 0419 0.75 0.21 0.296
Itch 129 0.72 0.655 2.03 117 0223 212 064 0.013 1583 743 <0.001 219 118 0.145 138 0.69 0.518
Thirst 0.00 0.00 0986 4.61 4.07 0.084 6.17 531 0.034 338 225 0068 0.00 0.00 0992 113 1.63 0.932
Tired 0.16 0.08 0.001 015 0.08 0.001 104 025 0877 144 090 0559 034 019 0.050 0.34 0.12  0.002
Category Psychological
Appetite 14.23 1235 0.002 4.11 4.02 0.149 0.00 0.00 0.996 481 2.09 <0.001 000 0.00 099 1426 12.38 0.002
Fatigue 054 030 0.263 272 140 0.052 195 0.72 0.072 0.12 0.06 <0.001 0.00 0.00 0.989 0.00 0.00 0.997
Hunger 396 2.02 0.007 0.00 000 0994 089 045 0814 0.67 037 0469 060 043 0478 0.87 043 0.771
Hurt 194 111 0245 053 038 0380 100 029 0989 028 0.09 <0001 221 141 0213 115 0.36 0.663
Itch 0.75 0.62 0.727 077 069 0.77/0 053 024 0.159 0.27 0.13 0.008 0.71 046 0602 1.28 0.70  0.655
Thirst 522 318 0.007 241 226 0351 000 000 099 159 090 0412 >1000 >1000 0.994 0.00 0.00 0.997
Tired 117 055 0.743 4.08 208 0006 127 034 0375 015 0.09 0.003 048 0.27 0.187 1.24 0.44 0.545
Category Both Physical and Psychological
Appetite  0.22 024 0.171 039 045 0419 000 000 099 013 0.08 0.002 125 157 0861 0.22 024 0.172
Fatigue 181 082 0193 3.60 138 0.001 125 044 0526 525 201 <0.001 524 278 0.002 >1000 >1000 0.996
Hunger 045 0.28 0.195 0.00 000 0.993 005 0.05 0.004 0.00 000 0991 063 046 0528 0.77 0.41 0.630
Hurt 0.80 045 0.69 080 034 0603 118 031 0533 108 032 0801 037 032 0246 1.38 0.45 0.329
Itch 023 019 0.076 013 015 0.073 022 012 0.007 0.27 014 0014 016 0.17 0.093 0.20 0.22 0.138
Thirst 0.65 043 0515 0.00 000 0994 000 0.00 0.99 0.00 000 0992 0.00 000 0995 421 6.13 0.323
Tired 294 125 0011 162 065 0230 105 0.27 0855 374 174 0005 134 064 0543 262 091 0.005

Note. All B-values are given in log odds. All bold p-values are lower than 0.05.
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Figure 2

Histogram of Percentage Colexifying Meanings per Category by Language Family and
Sensation
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Discussion
Summary

Literature shows that the semantic conceptualisation of the sensation of pain differs across
languages. In some languages, the sensation is connected only to physical pain and in other
languages a connection to psychological pain is also present. The goal of the current study
was to determine if the six biggest language families show differences or similarities in the
conceptualisation of pain in terms of association with physical and/or psychological features.
Statistical analysis was performed to determine if the category (physical, psychological, both
physical and psychological) of the meanings colexifying with “pain” was affected by
language family, and if this result for the sensation of pain differed from meanings colexifying
with words denoting other sensations (appetite, hunger, hurt, itch, thirst, tired). The results
show cross-linguistic variation in the association of “pain” with physical and/or psychological
features. Particularly, in Indo-European languages, the association of the sensation of pain
with psychological features was more likely, and the association of physical features was less
likely, compared to the other language families. Additionally, the results related to the
sensations show non-structural variation in the association of the sensations with physical
and/or psychological features. Furthermore, the networks show the following expected
clusters, which are connected in every language family: (a) tired and fatigue, and (b) pain and
hurt. The expected cluster (c) appetite, hunger and thirst, is less present in the language
families. The sensations of itch, show no systematic connection to the other sensations. The
discussion of the results will be limited to the main results mentioned here.

Additional Results

Language Family. A less dominant result is that the meanings colexifying with “pain”
in Afro-Asiatic and Trans-New Guinea are more likely to be categorised as physical compared
to Austronesian. Furthermore, meanings colexifying with “pain” in Trans-New Guinea are
also more likely to be categorised physical than in Sino-Tibetan.

Sensation. The Austronesian network presents many more colexifying meanings and
is more interconnected than the other networks. Furthermore, the results of the simple effects
of Sensation show variation in the categorisation of the meanings colexifying with the
sensations. The probability of the categorisation of meanings colexifying with “pain” differed
significantly from the probability of the categorisation of meanings colexifying with other
sensations in specific language families. More specifically, significant differences, in specific
language families, between the probability of the categorisation in the category psychological
were found for meanings colexifying with all sensations compared to meanings colexifying
with “pain”. Furthermore, the same is true for categorisation in the category both physical and
psychological except for the sensations “hurt” and “thirst”, and in the category physical
except for the sensations “appetite” and “thirst”.

Implications

The implications of the results related to language family and sensations will discussed
separately.

Language Family

The results of the current study imply variation in the way speakers of different languages
associate the sensation of pain with physical or psychological features. Particularly, in Indo-
European languages is the sensation of pain more associated with psychological pain and less
associated with physical pain compared to other language families. Following the theory of
linguistic relativity (Majid, 2018), the findings imply that speakers of Indo-European
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languages are more likely to think about pain as a psychological construct rather than a
physical construct. For instance, the colexification of “pain” with “sorrow” (see Appendix B)
illustrates that the sensation of pain is associated with the psychological feeling of sorrow in
some Indo-European languages.

Furthermore, the found variation in the way speakers of different languages associate
the sensation of pain with physical or psychological features is not surprising; Goddard and
Wierzbicka (2013) have illustrated a similar variation across languages. Additionally, the
found result that Indo-European languages are more likely to show colexifications between
the sensation of pain and psychological concepts is reflected in the results of the study by
Goddard and Wierzbicka (2013). Namely, they used Indo-European languages to illustrate
that the sensation of pain and psychological concepts colexify in some languages.

Additionally, the colexification of “pain” and psychological meanings could reflect a
cultural practise, similarly to the colexification of “smell” and “kiss” in Southeast Asia with
the practise of the smell-kiss discovered by Schapper (2019). Perhaps, in the culture of
speakers of Indo-European languages, people assume that others talk about psychological
pain when they talk about the sensation of pain without the explicit mention of its
psychological feature. For example, the colexification of “pain” and “anxiety” (see Appendix
B) might imply that speakers assume that talking about pain implies talking about the feeling
of anxiety.

Sensations

The results reveal unsystematic variation in the association of sensations with physical and/or
psychological features, compared to the sensation of pain. It is surprising that the sensations
of pain and hurt showed no systematic overlap in the association with physical and/or
psychological features, but did show a connection in the networks. As explained in the section
Sensations in the Method, the sensations of pain and hurt were expected to have a similar
meaning across languages. The discrepancy between pain and hurt in their association with
physical and/or psychological features might be connected to the expectation formulated by
Wierzbicka (2012) that the sensation of hurt is more likely to be a lexicalised universal
concept than the sensation of pain. Wierzbicka (2012) explains that the English “pain” refers
to a global feeling, whereas, “hurt” refers to a bad feeling on a particular part of the body. To
determine how exactly these two sensations differ, further research with a focus on these
sensations is necessary.

However, the networks do illustrate connections, in every studied language family,
between the clusters of pain and hurt, and fatigue and tired. This result implies a universal
relation between the sensations of pain and hurt, and fatigue and tired. Cross-linguistically,
people associate the feelings of pain/hurt and fatigue/tired with each other.

Furthermore, an unexpected result was that the relationship between the sensations of
appetite, hunger and thirst was less present (see section Sensations in Method). For instance,
the results show few meanings colexifying with “appetite” or “thirst” and the networks show
no consistent connection between the sensations of appetite, hunger and thirst. An explanation
for this is that concepts have different tendencies of colexification (Youn et al., 2016). In other
words, some concepts might colexify more with meanings than other concepts. Perhaps, the
sensations of appetite, hunger and thirst have lower tendencies to colexify with other
meanings. An alternative explanation could be that fewer languages have a word for the
sensations of appetite and thirst. The results related to the sensation of itch imply that this
sensation has no systematic connection to the other studied sensations.
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Further Research

An interesting addition to the current study would be an analysis of the colexifying meanings
in terms of secondary pain terms or metaphors as the study by Reznikova et al. (2012) did. In
the suggested study, it would be interesting to analyse the colexifying meanings categorised as
other. Some colexifying meanings in this category are quite specific, such as the meaning
“overgrown garden” colexifying with “pain” in Austronesian (see Appendix B), which might
specify a metaphor for pain. Uncovering which meanings colexifying with “pain” are used in
a metaphorical sense may reveal detailed differences or universals in the way speakers of
different languages think about pain. This would contribute to the understanding of the cross-
linguistic conceptualisation of the sensation of pain.

Limitations

Limitations related to the use of dictionaries in research and the used categorisation method
are discussed.

Dictionaries

The current study used translation dictionaries to find meanings colexifying with the
sensations. However, using dictionaries can provide a bias in the data. As noted by Schapper
(2019): there is no certainty that the same word in different dictionaries are defined in the
same way. For example, the way an author of a dictionary perceives a sensation, might have
influenced how sensations in dictionaries are defined and might have led to the exclusion of
colexifying meanings of words describing sensations. In the current study, this bias might
have contributed to the difference in number of found colexifying meanings for the different
language families (see table 1).

Furthermore, it should be noted that using dictionaries is error prone due to the fact
that dictionaries primarily document concepts that are translatable in many languages
(Jackson et al., 2019). Additionally, Reznikova et al. (2012) notes that pain meanings are not
well represented in dictionaries.

Categorisation

Another limitation of the study can be detected in the process of the categorisation of the
colexifying meanings into the categories physical, psychological and both physical and
psychological. This categorisation is described in detail in the section Procedure in the
Method. Due to a limitation in time, the categorisation was performed by one researcher. To
decrease the probability of bias in the procedure, further research could use a second coder
and describe the intercoder reliability.

Conclusion

The aim of the current study was to contribute to the knowledge of how speakers of different
languages experience and express pain by answering the following research question: “How
do meanings colexifying with the sensation denoted by the word “pain”, associate with
physical and/or psychological features across language families?”. The current study shows
that the sensation of pain is more likely to be associated with psychological features and less
likely with physical features in the Indo-European language family, compared to the other
studied language families. Furthermore, there is unsystematic diversity in the association of
physical and psychological features across the studied sensations (compared to the sensation
of pain). Additionally, connections between the clusters of the sensations pain and hurt, and
tired and fatigue were detected. However, the sensations of appetite, hunger and thirst are



barely connected across the language families and the sensation of itch show no systematic
connection to the other sensations.
This study has shown that the sensation of pain is not conceptualised equally by

speakers of different languages and set the first step towards typological research on pain
communication.
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Figure Al

Appendix A
Language Sample

Language Sample Grouped by Language Family

Language Family

Language

Afro-Asiatic

Syriac*

Middle Egyptian
Modern Hebrew*
Standard Arabic

Afar**
Borana-Arsi-Guji Oromo
Hausa

Central Atlas Tamazight
Saho**

Somali

Bedawiyet**

Chaldean Neo-Aramaic*
Ambharic*

Harsusi

Atlantic-Congo

Chakali
Fulfulda (Fula/Fulde)
Lingala
Luba-Lulua
Yoruba

Zulu

Ndali

Bullom So

Kisi

Pulaar

Wolof
Emai-Iuleha-Ora
Degema

Igbo

Austronesian

Kosraean
Indonesian
Lenakel
Palauan
Talise/Tolo
Hawaiian

Lau

Arosi

Nengone
Paiwan

North Ambrym
Bontok
Casiguran Dumagat Agta
Tagalog

Rade

30



Indo-European Afrikaans
Hindi*
Yiddish (Eastern)*
Eastern Punjabi*
Sanskrit*
Iranian Persian*
Tosk Albanian
Nepali*
Latin
Swedish
Catalan
Russian
Scottish Gaelic
Greek
Czech
Sino-Tibetan Chinese
S'gaw Karen*
Burmese*
Tibetan*
Gurung
Lepcha
Dimasa Kachari
Sherpa*
Pyen
Lakher/Mara
Lushai/Mizo
Amoy/Min Nan Chinese
Trans-New Guinea Enga
Kewa (East Kewapi)
Alekano
Kate
Maia
Mauwake
Oksapmin
Fore
Telefol
Yagaria
Somba-Siawari
Suena
North Tairora
Waskia
Note. * = Only meanings colexifying with “pain” were searched; ** = German was used as
the metalanguage; Dutch and English were used as the metalanguages for Iranian Persian.




Appendix B
Detailed Networks
Figure B1
Colexification Pattern in the Afro-Asiatic Languages with Labels
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Figure B2

Colexification Pattern in the Atlantic-Congo Languages with Labels
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Figure B3

Colexification Pattern in the Austronesian Languages with Labels
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Colexification Pattern in the Austronesian Languages with Labels Zoomed in on Nodes Pain, Fatigue and Tired

pull off (as fruit, crab's legs)
land formerly used for a garden roughness (of ocean)
string shell money or fish teeth let slip (as a log into water)
fall and be bruised and spoilt (of fruit) expensive
large bird- boil strip bare
name of the prayer on the morning after the anaana
many (of men, islands) sprout up from a stump

disgust
fishing with a spear

come into leaf (of tree) sting with w
vex

hairs and small prickles on plants boil (of fat in cooking) ean  hard liquor
savage (of a dog) serious or grave melt (of fat in cooking) sadness
fluff on wings of insects  utterly- blaze (fire) dug garden stick fast startled awe
cover up (as with pandanus mat) strenght (of wind) - s¢rape pull tight rheumatism in joints
collect toghether (as men) grunt (of a pig) rheumatic pain
filppers of sea-turtle

large yellow spider and large web

p ag!
charm Wisely gloom
ords

work to no purpose

ree

small pain/annoyance
scold violently reproach put a spell
mental pain scold

move Punishment violent pain after eating

bodily pain  pain (throat)

appearance -
1488 (© asleep (leg or arm) bite_painiin joints
work hard putpark beat red from scratching

practise breeze move and give pain (of matter in a sore) pain some while after an injury (tetanus)
- T high cost very instruct ?omplete two numb (leg or arm) - shove tight et with s‘gﬁgge Y bend 4 intense pain in the bones o joints
Sediith o coeue;\;e(sof a pig) forming supertatives ™* harg oo sting (as from bite) stiff cool throb (as @ headache) PTicKly

fish quickly truly pain in the loins
pluck (as fruit, crab's legs)

draw up (as water or dust by waterspout, whirlwind)

overgrown garden
a bent leg
hard work
smart tease pain (sore)
cram . Potent endure

PAIN

nutch  pain internally pe
stinging to the taste (as mustard) o

pain after eating

cold red with blood  twinges of pain
pain internally after a blow

from thigh muscle being affected tingling (of leg or arm)
inflamed (sore) stuffed up

tired (body from overeating) weak and unable to walk

wom (g t°?|J|)ed from working

pain in the head and swelling over the eyes, lasts several weeks

heavy (body from overeating)
shoulders tired from carrying heavy load
ache (of one's shoulder when carrying a heavy shoulder load)
weary (as from lack of movement)
without energy (as from carrying something heavy)
movement of bowels (of a child)

breathing hard
reathing har lag behind

nauseated (from eating)

1 fi
cutdowngrass P {5 foot)

tired (as from carrying something heavy)

o weak (from hunger;
rough and paigff (ofa byrden) 1ty stietech | lap tired from holding et %lred (eyes)
i taut unite  malady without motion di .
dige ; ! dead 91€ tug g listen pull paralyse
worry longer want to wear fed @ith Unconseious  yithered hang back @ 4
torture dislike praise critical tame look around 4 sill as(hmah e
displeasure . distress Undarstand lisligss veryill hear unripe ‘eavy jipoody
uneasy concern disinclined 1azy extol weak after sickness
n pique bored bus:
hurt severely angHs toil torment ey engaged not to want
pain and itch of leaves of some tree oy dolor bewilder Jame
1g the leaf of a sugercane, or by eating too much sugarcane) N, TR trouble
hot and biting to the taste
5 a sign she has had intercourse with a man \ i
ailment in
he tongue dirty suffer of plibishinent ill ol bel ready for rest B o
3 ) urden rea
P, R N ey paverty exhausted TIRED -~ WP
i i disease ¢ & long time to finish womn-out
ki itch after being muddy suffer sore cross
is prickly " 4
skin disease stingi{Sore) feel  infirmity ) misery &
cut around leamn from pain not to do 7 molest
d round irritiation (skin) 4ife wait SOrOwW FATI G U E Ik tired (sleeplessness) do _drawa bow ofBe
fatigue (sleeplessness) make Cl8a |\ (ofa tool) Paddie
smell of a bumnt coconut ief i i cause ( )
ITC H ache 9¢ fatiguedg@ith labor stop (of a clock) goout(ofalighty Make aswidden
annoy Iaborsevery.{glpe oppressed hardwood impetvious to white ants divisions
affliction weary field formed by cutting and burning the vegetation
newly formed (of fruit) young (of fruit)  coconut milk
ling sting e bit ; happen - ask too many favors
it Plant X as rain day after day fish, very poisonous
ing line darkgeim \deb@®paid eclipsed (of sun or moon) give out steam (of wet wood on the fire)
9 plait two strands together - stir round cut and break a killed chicked into portions for cooking
' ped holdina fire SXO€SSVe.jing give alittie bit offend oppress hide a fruit in the sand, others guess where hidden
women's belt of shell money and dog's and bat's teeth y
irritation difficult oADe
gend - harass
physical . -
psychological

both physical and psychological
other

sensation
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Colexification Pattern in the Austronesian Languages with Labels Zoomed in on Node Itch

i ) hurt severely
pain and itch of leaves of some tree o
itchy skin (said to be caused by touching the leaf of a sugercane, or by eating too much sugarcane)
scratch made by a girl with a claw of tehe hawk as a sign she has had intercourse with a man
little sores from scratching burn the tongue dirty
scratch—itehing pustules of the skin grope mange suffer of @R
skin disease from scratching rash
stroke a dog @ itch after being muddy su
itch acutel dermatitis  PricKly i
i 5 : skin disease stingj(Sore) feel
. unwashed "
ticklish cut around learn from pain not to do
irritiation (skin i
turn round and round (skin) sting  Wait
smell of a burnt coconut
aroused ITC H
sulky
pudding sting. yitie pit
; an
covered with fuzz o; p:lnt L P dark brown  (debt) repaid
ishing line
sug@ane nibble bait g plait two strands together stir round
dregs of coconut scrapings  scorch bed holdina fire SXCeSSIVejing give a little bit offend
women's belt of shell money and dog's and bat's teeth
irritation

Figure B6

Legend

physical
psvchological
both physical and psychological
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Colexification Pattern in the Austronesian Languages with Labels Zoomed in on Nodes Hurt, Hunger, Appetite and Thirst

harass

HURT

hit -~ injury
crash SINGcontuse
cicatrix burnt on the shoulder

hungry for fresh meat/fish

starve
hot (salid/liquid)

sink down

thin for want of food

sink down (weakness)

warm (Sgiifliquid) span of outstreched arms

sickness like worms have, where one eat all the time but remains very thin

wound oneself with something sharp/pointed Y casghurt
hiss L ulcerous chastize fight go bad
disappear hurt greatly (bodily pain) / wound strike
. poun
maim - jame blow puggwn
cut mongle  scar bruise
poisonous  pinch ik seuffie
broken oo ferm SPOIl perseciite
beat out a fire p peeve aggrieve
despite | ragy pay one's passage N suspect <Hame
" putolta light disbelieve . .o rehension conscious
say 'hush devide out food

pull up a net
close a hole in roof with thatch

know by experience  insult icize
d . perceive with senses
agpair hurt (feelings)

expect

APPETITE

taste body

famine chestnut . impoverish
dove p
healed beg want of food
famish HUNGER greed

craving for fresh meat/fish
reluctant to share food/goods

fathom

dry
very hot

not eaten
try to find water

THIRST

head of grain

Legend

sweat
breathless

physical

psychological

both physical and psychological
other
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Colexification Pattern in the Indo-European Languages with Labels

labour pains badger exEHijon

rmaking known
wiglent eraving infliction of pain by way of punishmentnmsancﬁ(nﬁﬂ'&dge drudgeryyvexed
i wor - . T
dry P arnidity marrying (af both sexes) WEV” pithosind Pang mereyiyyl ation [2tHEtion
fusiciSHi desert country — seven appeal soligitude PESIED difficult
sti:;m adium tear \ somow hardship pity 9°°d§clipse
=] affliction ragurin
heart hunger il THI RST S gensation e hnuiﬁge [of pain]
w | } oiflba violation@ar IMpOsitionyidh  iflicti
seratch aneselfrurience ¥ encroachbruise infringement —anguish anxiety ; infliction
psara scab tingling e harm PAIN pain of hodfereeption throe
sexual excitement yeaming i fault pestlT | o sore 4 ailment  protest
i esian grie a
pest ) ITCH I 3 prejudice push disable . A 'Fesentgﬂrggt plague
hanker scabmst 4 onaing ¢ clime  detriment zompassiof delouiabaour painfully unpleasant
L. ¢ ECIalc ray hack
irritation . intrud pound shoc il torment
cigNing - guilt Y darthother MISETY effart
mange urge pla suffer

HUNGEstﬁve e defe-:ﬁ_:;;rii[ed away HURT tarture trouble mentally painful

inconvenienceard work
contuse
r

. damage
ab lab
fancy,E:PPETITEEsi,E 1‘a"_"Hls.[;u:nrta5;|eh“".||: bangh dlkeailment sympathy = distress o0 bore il @oun)
i ull {ealour
i = - ) challenge "13Meccaii  trauma disacigptage harass lack-lustre (2ye)
delight fare Wish desire eagerly _ il 055 tnrust TIRED languid
dlspoﬂtlnnfmd rn||.1d inelinatian "°X'°U5T(ﬁ?ck ad mischief smart lifeless dull
y t|ntentmn pleasure poke outrage hit offend waorn out )
i it j - e TR
will mealdinnerjw emotional hufine annoflunue put FATIGUE tag ma.t .
belly attack wound  pyrden wiolence dim (light)
greed purpose prod  stab lassitude  opvercome w"
maood prostrate Oppress weary
weaken deal unjustly with
) __ ‘tl||l|‘|g. prostration exhausted
inanition assistence X
fatigue-party use ill
it aid
Legend
physical
psychological _
both physical and psychological
other
sensation
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Figure B8

Colexification Pattern in the Sino-Tibetan Languages with Labels

two
present
. stiff
toil work Rard give as an eamest
wear out rest day
day sun  poar
P unfortunate
horizental
. lessen
EVEry strain bespeak by part payment
Ll restless annay painful as body sufficient
cling  starve suffer support humble one's self before
crass difficutt domesticate TIRED redice miserable
suffer famine rotten igggarticle exhgy= pay harmage to
sling across the shoulder (as satchel)
decrease dote on agany patemnal aurit
S N%E(Rﬂ due to vitamin deficieney) feed trauble ovemmarked
iffness in joints (often due to vitamin deficienc ]
ashamed ! v sad  labor " wasting away of the body -~ appoint @ holiday mark as ane's own
step aver grief distress 18 i cultivate drum monotonous define (as a boundary)
ache . . o o
in allusion to a reduction of strength camy in a satchel . place in a horizental position
WO o
evaporate great distress
dry B chuibby FATIGUE .y
love dearly & possess
disease PAIN enclose in a covering raised ground
sore existing being run-down APPETITE
k-2 irmplying unnecessary labor s
torment ; wrap up
ache painfull enfald
fond g ¥ brow of a hill or incline
use sparingly and carefully
ji spasms
affliet o hanker
shy
embamassed
tichle
mange (in others) THIRST
HURT langin i
scabies Epa yeggne
insult titillate
harm mischief feel
hurt one’s feelings injury by hook or by crook somehaw or other
offend beg
hurt one's self-respect
hurt @ sare by touch .
Legend 4 e springy FPSEra desire
physical il st ::Julre du one's pride hat (as @ pepper) having a smell like raw flesh
- sore or boil burst or bruise
psychological

both physical and psychological
other
sensation

pungent
ask

having a metallic taste or smell

dried pulse
lust



Figure B9
Colexification Pattern in the Trans-New Guinea Languages with Labels

commit suicide (lit. to beat or strike one's spifiable i i i
slau hterrum him (by blows and by throwing something at him)
insult hit ape's skin gminmf‘?:f_,'ﬁ,;able uise )
not listen te advice smetrihulationd’i"k fE“ d ea':t-redndlng die vélBthirst
: ea all down har ie wi i
make somebody stumble and hurt hlmhsEE;hEEush and stab somebody trguble

beat hlgogtyr hurt feelings
do things harmful te one's own interest esiroy Y .
mpath comode malaise hurt ane's nail THIRST
SMPaty . o ackhurt by hitting damageaﬁ“ct":'"
head—hrealﬂcl;grate il wound injury

siill eresent cut [L"Ertw“h aspeatpointed stick lonely (maouth is waterin%forfondj
weigh down fall down heavily name of Eware man whose brother deserted him and moved
commitsuicide |ikestarve
repraach tﬂuc!? asore place Maou (klids witheut a fathen o
spoi alone
ruin sad . S HURT lack (food) 2NEIY
J 5 wvariety of bush: grows on beagh, a strong wood to make wa gi
bad @@ine 01”-.s[usf?nlru::u:unfliu:t body part: pancreas short uﬂfood
sharp . etuggling te get food
fErDGil:&!.IS . @ < . deserted
insec ings sunburn fast abstain from food
soratch da“ﬂemuﬁieme !EI"E‘;ﬁ"E|.|.|is$_.ra|:,|E HUNGER without suppaort
b #:uiercing pain craving
a ache stab
bad-tempered . .
hitter {insect) hurts rain-chill
abdominal pain toofgehe suffer speakin a feeble manner
painef heary g, .
shin dise ase suffer a stitch PAIN afraid weak stamina

. ined i punish her
pain all aver ITCH |:-a|:1|;a I:;ELErS:I:inns t weak FATIGUE

WiEhing p
forebodingicyle abbing pain

agonygh i . omental suffering
itch (of skin with heat or from scratch) B a " el LI - siek ) ) .
presentiment exacting’3PPT  ayj|  stinging pain hurtwith a spearpointed stick difficult wain out
sorely termpted fto do wrong) i Fneumonias-:-rrowannﬁ"mach'“phlgwisl;aln in the chest orback exhausted
: " painfully swee i . o ]
sting (of ascbaut:ﬂah;npatlent hissing hot watei"51 488 pain inject  pain (of bones) P - unwilling
splinte;hroEt_uinE ig:ect hites mejche EITEEHBW”’“';'rgtdIE 2 child in arms lazy pale smuooth
f P . reak in haltager desirearduous i
little pain in the skin pain of eating hot food g - izzling soundhreathen tire oneself out

bath .
greed {:Iisease‘”ﬁers“”p paitrew face up with pain TI RED Alnable ta keep the head up (because of tiredness)
sore throa
ill

. P iff (of body)
ol 5 Iongm%uild delicious hordeedpms“d::o lethargic
Upsehains on the chesthake her too much ired after wark )
sarrow (at a deathg :fllivc-ur weary Wither (plantslislike doing sormething
oi

. iscaurage unpleasant
presse i time apathetic satisfied

SIBEPY efeated slow
Legend

breathless perfectly smooth
i become weak (man, beast) .
ph}-‘SIC:ﬂ ] heawy-eyed PUUPEJ”N from exertion
psycholog:lcal want to just sit down and rest
both physical and psychological
other
sensation
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Appendix C
Interpretation of interaction effects

The meaning of a significant interaction effect will be illustrated with an example from Table C1. All beta coefficients (denoted by B) are given
in log odds. The interaction effect between the language families Afro-Asiatic and Austronesian for meanings colexifying with “hunger” and
“pain” (B = 0.05, p <0.001) shows that meanings colexifying with “hunger” are more likely to be categorised as “physical” than meanings
colexifying with “pain” in the Austronesian language family in comparison to the Afro-Asiatic language family. To aid the interpretation of the
results, figure 2 can be used. This figure shows that the proportional difference between “pain” and “hunger” is smaller for Austronesian than for
Afro-Asiatic. Thus, the probability of “hunger”, compared to the probability of “pain” is larger for Austronesian than for Afro-Asiatic.

Table C1

Interaction Effects between Language Family and Sensation for Model of Category Physical

Intercept Afro-Asiatic Intercept Atlantic- Intercept Intercept Indo- Intercept Sino- Intercept Trans-New
Pain Congo Pain Austronesian Pain European Pain Tibetan Pain Guinea Pain

Interaction B SD p B SD p B SD p B SD p B SD p B SD p
Afro-Asiatic
Appetite 0.00 0.00 0.981 0.00 0.00 0.988 0.00 0.00 0991 129 >1000 1.000
Fatigue 13.82 1236 0.003 1.32 0.85 0.663 0.67 049 0585 135 1.04 0.697 >1000 >1000 0.994
Hunger 0.05 0.05 0.003 0.05 0.04 <0.001 0.03 0.02 <0.001 015 013 0.035 0.23 0.18 0.067
Hurt 051 0.33 0.302 058 033 0343 0.21 013 0013 043 035 0299 095 056 0.931
Itch 0.63 051 0570 0.61 0.39 0432 0.08 006 0001 059 046 0492 093 070 0.921
Thirst 0.00 0.00 0.987 0.00 0.00 0.983 0.00 0.00 0.980 0.94 >1000 1.000 0.00 0.00 0.993
Tired 1.03 0.79 0.973 0.15 0.09 0.001 0.11 0.09 0.007 046 035 0309 046 0.30 0.228
Atlantic-Congo
Appetite  >1000 >1000 0.989 0.00 0.00 0.993 334 394 0.305 >1000 >1000 0.993 >1000 >1000 0.989
Fatigue 0.07 0.06 0.003 0.10 0.09 0.009 005 005 0.002 010 0.10 0.020 >1000 >1000 0.995
Hunger 21.98 22.55 0.003 1.13 098 0891 058 056 0574 320 317 0241 512 451 0.064
Hurt 194 126 0.304 113 052 0.787 040 021 0.088 084 0.62 0813 186 0.88 0.192
Itch 158 1.27 0.573 096 0.63 0949 013 010 0.006 093 073 0.923 147 112 0.614
Thirst >1000 >1000 0.985 0.75 0.92 0.814 137 152 0.776 >1000 >1000 0.991 4.08 6.90 0.405

Tired 097 0.74 0.967 0.15 0.09 0.001 010 0.09 0.006 044 034 029 045 029 0.210
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Austronesian

Appetite  >1000 >1000 0.990 >1000 >1000 0.994 >1000 >1000 0.993 >1000 >1000 0.990 >1000 >1000 0.993
Fatigue 0.75 048 0.659 1046 9.38 0.009 051 037 0354 102 079 0980 >1000 >1000 0.995
Hunger 19.51 1532 <0.001 0.89 0.78 0.895 052 036 0346 284 209 0157 453 264 0.010
Hurt 171 099 0349 088 041 0.787 036 0.16 0.020 0.74 050 0658 164 0.61 0.183
Itch 164 105 0437 104 0.68 0.947 0.13 0.07 <0.001 097 060 0956 153 0.89 0.463
Thirst >1000 >1000 0.985 134 166 0.811 1.83 199 0580 >1000 >1000 0.991 5.44 912 0.313
Tired 6.65 3.94 0001 6.85 405 0.001 0.72 048 0.624 304 181 0.063 306 1.28 0.007
Indo-European

Appetite  >1000 >1000 0.990 0.30 0.36 0.309 0.00 0.00 0.992 >1000 >1000 0.994 >1000 >1000 0.990
Fatigue 150 1.08 0574 20.80 19.86 0.001 1.99 1.44 0.342 203 172 0.403 >1000 >1000 0.994
Hunger 38.15 33.84 <0.001 175 168 0.561 1.95 1.37 0.338 555 468 0.043 886 6.32 0.002
Hurt 485 3.08 0.013 251 134 0.085 2.83 1.26 0.019 210 152 0307 464 213 0.001
Itch 1239 9.08 0.001 7.89 588 0.006 7.54 4.21 <0.001 728 520 0.005 1155 7.90 <0.001
Thirst >1000 >1000 0985 0.74 0.82 0.786 0.55 0.60 0.585 >1000 >1000 0.991 3.01 477 0.488
Tired 936 7.76 0.007 9.68 8.00 0.006 1.41 0.94 0.608 428 356 0.080 432 3.08 0.040
Sino-Tibetan

Appetite 218 >1000 1.000 0.00 0.00 0.995 0.00 0.00 0.990 0.00 0.00 0.982 1.59 >1000 1.000
Fatigue 0.74 057 0.699 10.30 10.28 0.019 0.98 0.77 0.984 050 043 0.416 >1000 >1000 0.995
Hunger 691 6.33 0035 032 031 0245 035 026 0.159 0.18 0.15 0.044 1.61 120 0.528
Hurt 233 189 0299 120 0.88 0.804 136 091 0.652 048 035 0.315 222 152 0.243
Itch 1.71 133 0492 109 086 00916 1.04 0.64 0951 0.14 0.10 0.006 159 117 0.525
Thirst 1.68 >1000 1.000 0.00 0.00 0.983 0.00 0.00 0.987 0.00 0.00 0.990 0.00 0.00 0.992
Tired 220 170 0308 227 175 0.289 0.33 0.20 0.064 0.24 0.20 0.085 1.01 066 0.983
Trans-New Guinea

Fatigue 0.00 0.00 0.996 0.00 0.00 0.995 0.00 0.00 0.992 0.00 0.00 099 0.00 0.00 0.994

Hunger 430 343 0.067 020 017 0.065 022 0.13 0.009 0.11 0.08 0.002 0.62 047 0531

Hurt 1.04 061 0941 054 026 0.191 0.61 0.23 0.182 0.22 0.10 0.001 045 031 0.246

Itch 1.07 080 0930 068 052 0611 0.65 0.38 0460 0.09 0.06 <0.001 0.63 046 0.527

Thirst >1000 >1000 0.986 0.24 0.41 0.404 0.18 0.30 0.309 0.33 0.53 0.488 >1000 >1000 0.992

Tired 217 140 0230 223 143 0.212 0.33 0.14 0.007 0.23 0.17 0.043 099 0.64 0.986

Note. All B-values are given in log odds. All bold p-values are lower than 0.05.



Table C2

Interaction Effects between Language Family and Sensation for Model of Category Psychological
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Intercept Afro- Intercept Atlantic-  Intercept Austronesian Intercept Indo- Intercept Sino-Tibetan Intercept Trans-New

Asiatic Pain Congo Pain Pain European Pain Pain Guinea Pain
Interaction B SD p B SD p B SD p B SD p B SD p B SD p
Afro-Asiatic
Appetite 347 455 0.342 >1000 >1000 0.995 296 2.87 0.264 >1000 >1000 0.995
Fatigue 020 0.5 0.033 028 0.18 0.055 435 330 0.053 >1000 >1000 0.990 >1000 >1000 0.997
Hunger >1000 >1000 0.994 447 320 0.037 589 439 0.018 6.65 589 0.032 459 327 0.032
Hurt 372 345 015 196 126 0291 690 452 0003 089 076 0888 171 1.11 0.410
Itch 098 120 098 141 133 0717 279 270 0289 106 112 0957 059 0.59 0.595
Thirst 217 244 0.488 >1000 >1000 0.994 328 273 0.154 0.00 0.00 0.995 >1000 >1000 0.997
Tired 029 020 0.073 093 050 0.88 807 646 0009 247 181 0218 095 0.56 0.929
Atlantic-Congo
Appetite 0.29 0.38 0.347 >1000 >1000 0.995 0.86 0.93 0.891 >1000 >1000 0.996 0.29 0.38 0.346
Fatigue 511 3.87 0.031 1.41 089 0590 22.13 16.13 <0.001 >1000 >1000 0.988 >1000 >1000 0.996
Hunger 0.00 0.00 0.989 0.00 0.00 0.994 000 0.00 0.993 000 000 0.993 000 0.00 0.993
Hurt 0.27 025 0.163 053 042 0425 187 150 0432 024 023 0142 046 0.37 0.334
Itch 1.04 1.27 0.976 146 146 0707 289 29 0301 109 121 0936 061 064 0.638
Thirst 0.47 052 0.496 >1000 >1000 0.994 153 1.68 0.700 0.00 0.00 0.994 >1000 >1000 0.997
Tired 3.53 245 0.069 324 1.87 0.041 2837 2342 <0.001 865 657 0.004 333 2.06 0.053
Austronesian
Appetite 0.00 0.00 0.995 0.00 0.00 0.996 0.00 0.00 0.997 0.58 3598.98 1.000 0.00 0.00 0.994
Fatigue 3.63 243 0.054 0.72 045 0.599 1570 9.97 <0.001 >1000 >1000 0.989 >1000 >1000 0.996
Hunger 0.22 0.16 0.037 >1000 >1000 0.994 132 097 0711 149 131 0.653 1.03 0.73 0.969
Hurt 051 033 0.298 189 149 0.418 351 152 0.004 045 032 0.255 087 0.37 0.743
Itch 071 067 0721 070 0.70 0.716 198 132 0307 075 059 0715 042 030 0.217
Thirst 0.00 0.00 0.997 0.00 0.00 0.994 0.00 0.00 0.996 0.00 000 0.991 128 >1000 1.000
Tired 1.09 059 0875 031 0.18 0.043 873 6.12 0002 266 166 0.116 103 045 0.955
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Indo-European

Appetite 0.34 033 0264 117 126 0.882 >1000 >1000 0.995 >1000 >1000 0.996 0.34 0.33 0.263
Fatigue 0.23 0.18 0.054 0.05 0.03 <0.001 0.06 0.04 <0.001 >1000 >1000 0.991 >1000 >1000 0.997
Hunger 0.17 0.13 0.017 >1000 >1000 0.994 0.76 056 0.706 1.12 1.02 0.898 0.78 057 0.732
Hurt 0.15 0.10 0.003 054 043 0439 028 0.12 0.004 0.13 0.09 0.004 025 0.11 0.002
Itch 036 035 0292 035 036 0307 050 034 0.305 0.38 0.31 0.236 021 0.16 0.035
Thirst 030 0.25 0.153 066 0.73 0.707 >1000 >1000 0.995 0.00 0.00 0.994 >1000 >1000 0.997
Tired 0.12 0.10 0.009 0.04 0.03 <0.001 0.11 0.08 0.002 0.30 0.26 0.164 0.12 0.09 0.004
Sino-Tibetan

Appetite 0.00 0.00 0994 000 0.00 0995 1.00 =>1000 1.000 0.00 0.00 0.995 0.00 0.00 0.994
Fatigue 0.00 0.00 0987 000 0.00 0984 000 0.00 0989 0.00 0.00 0.981 0.83 >1000 1.000
Hunger 0.15 0.13 0.033 >1000 >1000 0.994 068 0.60 0656 089 0.81 0.897 0.69 0.61 0.677
Hurt 1.15 098 0872 422 409 0138 223 156 0251 7.84 560 0.004 194 138 0.348
Itch 095 101 0964 093 102 0944 133 105 0714 264 216 0.235 0.56 0.47 0.493
Thirst >1000 >1000 0.995 >1000 >1000 0.994 >1000 >1000 0.993 >1000 >1000 0.995 >1000 >1000 0.995
Tired 041 030 0.222 012 0.09 0.005 038 023 0.116 328 282 0.166 0.39 0.26 0.151
Trans-New Guinea

Fatigue 0.00 0.00 0997 000 000 099 000 0.00 099 000 0.00 0.997 230 >1000 1.000

Hunger 0.22 0.16 0.033 >1000 >1000 0.994 098 0.69 0973 129 095 0.733 145 1.27 0.671

Hurt 059 038 0419 218 173 0326 115 049 0.740 405 182 0.002 0.2 0.37 0.355

Itch 171 170 0588 167 175 0.627 240 169 0.215 474 350 0.035 1.80 1.53 0.490

Thirst 0.00 0.00 0.996 0.00 0.00 0.997 096 >1000 1.000 0.00 0.00 0.996 0.00 0.00 0.993

Tired 106 062 0916 030 019 0055 098 043 0961 854 631 0.004 261 1.73 0.149

Note. All B-values are given in log odds. All bold p-values are lower than 0.05.



Table C3

Interaction Effects between Language Family and Sensation for Model of Category Both Physical and Psychological

Intercept Afro-Asiatic

Intercept Atlantic-

Intercept Austronesian

Intercept Indo-

Intercept Sino-Tibetan
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Intercept Trans-

Pain Congo Pain Pain European Pain Pain New Guinea Pain
Interaction B SD p B SD p B SD p B SD p B SD p B SD p
Afro-Asiatic
Appetite 0.57 092 0.726 >1000 >1000 0.996 1.71 220 0.678 0.18 0.30 0.302
Fatigue 0.50 030 0.249 145 0.84 0517 0.35 021 0.074 035 024 0.123 0.00 0.00 0.996
Hunger >1000 >1000 0.994 9.68 11.93 0.065 >1000 >1000 0.991 0.71 0.68 0.724 0.58 0.48 0.507
Hurt 1.01 0.71 0.992 0.68 0.42 0538 0.75 047 0.643 216 219 0.448 0.58 0.38 0.407
Itch 1.77 248 0.685 1.06 1.07 0952 0.87 0.86 0.886 148 205 0.775 1.15 157 0.917
Thirst >1000 >1000 0.994 >1000 >1000 0.995 >1000 >1000 0.992 >1000 >1000 0.995 0.16 0.25 0.243
Tired 1.82 1.07 0.305 2.82 141 0.038 0.79 050 0.711 221 142 0.216 1.13 0.62 0.822
Atlantic-Congo
Appetite 177 286 0.724 >1000 >1000 0.996 3.01 403 0412 031 053 049 175 283 0.728
Fatigue 200 119 0.244 2.88 150 0.042 0.69 037 0485 069 045 0571 0.00 0.00 0.996
Hunger 0.00 0.00 0.989 0.00 0.00 0.993 404 >1000 0.999 0.00 0.00 0.992 0.00 0.00 0.987
Hurt 1.00 0.70 0.998 0.68 0.34 0441 0.74 039 0566 214 204 0423 058 031 0.314
Itch 057 0.80 0.689 0.60 0.76 0.688 0.49 0.62 0570 084 133 0.913 0.65 1.02 0.785
Thirst 0.00 0.00 0.994 0.68 >1000 1.000 1.63 >1000 1.000 0.28 >1000 1.000 0.00 0.00 0.990
Tired 055 032 0311 1.55 0.74 0362 0.43 027 0174 121 076 0.758 0.62 0.33 0.369
Austonesian
Appetite 0.00 0.00 0.997 0.00 0.00 0.988 0.00 0.00 0.994 0.00 0.00 0.993 0.00 0.00 0.995
Fatigue 069 040 0523 0.35 0.18 0.042 0.24 0.12 0.006 0.24 0.15 0.025 0.00 0.00 0.996
Hunger 010 013 0.066 >1000 >1000 0.994 >1000 >1000 0.992 0.07 0.09 0.043 0.06 0.07 0.018
Hurt 147 090 0532 1.47 0.74 0.444 1.09 043 0.825 315 280 0.196 0.85 0.36 0.703
Itch 095 095 0.958 1.66 211 0.689 0.82 064 0796 140 174 0.787 1.08 1.32 0.948
Thirst 0.00 0.00 0.996 175 >1000 1.000 3.40 >1000 1.000 2.78 >1000 1.000 0.00 0.00 0.994
Tired 0.36 0.18 0.038 0.65 0.31 0.362 0.28 0.15 0.017 0.78 0.43 0.655 0.40 0.17 0.035
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Indo-European

Appetite 059 0.76 0681 033 045 0411 >1000 >1000 0.996 0.10 0.15 0.109 0.59 0.75 0.677
Fatigue 292 173 0071 146 079 0483 421 219 0.006 100 0.66 0.996 0.00 0.00 0.996
Hunger 000 0.00 0995 040 >1000 1.000 0.00 0.00 0.990 0.00 0.00 0.989 0.00 0.00 0.992
Hurt 135 085 0.635 135 070 0564 0.92 036 0.831 289 260 0.237 0.78 0.35 0.581
Itch 117 116 0.874 205 257 0569 123 096 0.791 1.72 211 0.660 1.33 1.61 0.812
Thirst 000 0.00 0953 045 >1000 1.000 0.34 >1000 1.000 0.13 663.29 1.000 0.00 0.00 0.991
Tired 128 081 0.69 232 143 0.172 359 191 0.017 281 188 0.123 144 0.83 0.532
Sino-Tibetan

Appetite 578 970 0.295 327 562 0.491 >1000 >1000 0.995 9.87 13.97 0.106 5.75 9.63 0.297
Fatigue 293 201 0117 147 096 0555 424 271 0024 101 066 0.987 0.00 0.00 0.996
Hunger 143 137 0.712 >1000 >1000 0.993 13.70 17.66 0.042 >1000 >1000 0.991 0.82 0.74 0.827
Hurt 047 047 0452 047 044 0423 032 028 0.19 035 031 0.239 0.27 0.25 0.151
Itch 070 096 0792 1.22 192 0.901 073 090 0800 0.60 073 0.674 0.79 1.22 0.880
Thirst 0.00 0.00 0997 028 1387.16 1.000 0.69 2346.08 1.000 1.05 3307.68 1.000 0.00 0.00 0.995
Tired 046 0.29 0224 083 052 0.767 1.28 070 0.648 0.36 024 0.127 0.51 0.31 0.263
Trans-New Guinea

Fatigue >1000 >1000 0.998 >1000 >1000 0.996 >1000 >1000 0.996 >1000 >1000 0.998 >1000 >1000 0.994

Hunger 1.74 143 0499 >1000 >1000 0.993 16.72 19.88 0.018 >1000 >1000 0.991 1.23 1.11 0.822

Hurt 1.73 112 0398 173 094 0312 118 049 0699 128 057 0572 370 3.37 0.151

Itch 087 119 0922 153 241 078 092 113 0946 075 091 0814 129 199 0.870

Thirst 6.48 1035 0.242 >1000 >1000 0.993 >1000 >1000 0.994 >1000 >1000 0.991 >1000 >1000 0.994

Tired 089 049 083 162 086 0.365 250 108 0.034 070 041 0541 196 1.16 0.257

Note. All B-values are given in log odds. All bold p-values are lower than 0.05.



