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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.  
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 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 & Brødsgaard, 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 (bol’) and extremely 

intensive pain (muka) is 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 
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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 ból respectively are used more in the context of psychological pain than the English 

“pain”. Yet, the Polish ból 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.  



5 
 

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; François, 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 (François, 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 ænduh 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 
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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 wí (“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 
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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). 
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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 

(Hammarström 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 
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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 
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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” “Erschöpfung” and “müde”.  

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-

Asiatic 

Atlantic-

Congo 

Austronesian Indo-

European 

Sino-

Tibetan 

Trans-

New 

Guinea 

Total 

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 
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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 (c) 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.  
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Figure 1 

Colexification Pattern per Language Family 

A. Afro-Asiatic B. Atlantic-Congo 

 

 
C. Austronesian D. Indo-European 

 

 

E. Sino-Tibetan F. Trans-New Guinea 

 

 

  

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 (R2
Marginal [0.62;0.74] and 

R2
Conditional [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 = 0.27, 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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Table 2 

Fixed Effects of Language Family by Category  

 

Intercept Afro-

Asiatic Pain 

Intercept Atlantic-

Congo Pain 

Intercept 

Austronesian Pain 

Intercept Indo-

European Pain 

Intercept Sino-

Tibetan Pain 

Intercept Trans-New 

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 0.21 0.424 0.66 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    1.23 0.48 0.589 2.10 0.68 0.022 8.08 3.26 <0.001 1.87 0.77 0.129 0.85 0.29 0.642 

Atlantic-Congo 0.81 0.31 0.594    1.71 0.60 0.128 6.55 2.79 <0.001 1.52 0.66 0.336 0.69 0.25 0.317 

Austronesian 0.48 0.15 0.022 0.59 0.21 0.128    3.84 1.42 <0.001 0.89 0.33 0.753 0.41 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 0.54 0.22 0.128 0.66 0.28 0.334 1.12 0.42 0.758 4.32 1.93 0.001    0.46 0.18 0.046 

Trans-New Guinea 1.18 0.40 0.635 1.45 0.53 0.314 2.47 0.74 0.003 9.47 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 
   

1.59 0.83 0.371 0.91 0.35 0.809 0.28 0.10 0.001 0.67 0.31 0.395 0.71 0.29 0.399 

Atlantic-Congo 0.62 0.32 0.361 
   

0.57 0.27 0.232 0.17 0.08 <0.001 0.42 0.23 0.109 0.44 0.22 0.097 

Austronesian 1.09 0.42 0.818 1.74 0.82 0.238 
   

0.30 0.09 <0.001 0.74 0.30 0.463 0.78 0.27 0.466 

Indo-European 3.60 1.36 0.001 5.74 2.69 <0.001 3.29 1.02 <0.001 
   

2.44 0.99 0.028 2.57 0.86 0.005 

Sino-Tibetan 1.47 0.68 0.402 2.36 1.27 0.112 1.35 0.55 0.464 0.41 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 0.470 0.39 0.13 0.005 0.95 0.41 0.901 
   

Category Both Physical and Psychological 

(Intercept) 0.51 0.15 0.024 0.51 0.17 0.047 0.51 0.12 0.005 0.68 0.17 0.120 0.43 0.16 0.021 0.25 0.08 <0.001 

Afro-Asiatic 
   

0.99 0.45 0.990 0.99 0.38 0.988 0.75 0.29 0.457 1.17 0.54 0.742 2.02 0.87 0.100 

Atlantic-Congo 1.00 0.46 0.993 
   

1.00 0.42 1.000 0.75 0.32 0.500 1.18 0.58 0.744 2.04 0.93 0.119 

Austronesian 1.00 0.39 0.990 1.00 0.42 0.996 
   

0.75 0.26 0.413 1.18 0.51 0.709 2.04 0.79 0.067 

Indo-European 1.33 0.52 0.466 1.33 0.56 0.503 1.33 0.46 0.417 
   

1.56 0.69 0.312 2.70 1.06 0.012 

Sino-Tibetan 0.85 0.40 0.734 0.85 0.42 0.743 0.85 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 0.49 0.22 0.119 0.49 0.19 0.067 0.37 0.15 0.011 0.58 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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Table 3 

Fixed Effects of Sensation by Category  

 

Intercept Afro-

Asiatic Pain 

Intercept Atlantic-

Congo Pain 

Intercept Austronesian 

Pain 

Intercept Indo-

European Pain 

Intercept Sino-Tibetan 

Pain 

Intercept Trans-New 

Guinea Pain 

Sensation B SD p B SD p B SD p B SD p B SD p B SD p 

Category Physical 

Appetite 0.00 0.00 0.989 1.49 1.30 0.648 >1000 >1000 0.992 0.44 0.35 0.308 0.00 0.00 0.994 0.00 0.00 0.989 

Fatigue 0.56 0.25 0.201 0.04 0.03 <0.001 0.42 0.19 0.059 0.83 0.47 0.741 0.42 0.26 0.165 0.00 0.00 0.994 

Hunger 0.15 0.10 0.005 3.23 2.49 0.129 2.88 1.15 0.008 5.59 3.21 0.003 1.02 0.63 0.978 0.64 0.27 0.285 

Hurt 0.72 0.37 0.521 1.39 0.54 0.391 1.23 0.31 0.406 3.46 1.27 0.001 1.66 1.04 0.419 0.75 0.21 0.296 

Itch 1.29 0.72 0.655 2.03 1.17 0.223 2.12 0.64 0.013 15.83 7.43 <0.001 2.19 1.18 0.145 1.38 0.69 0.518 

Thirst 0.00 0.00 0.986 4.61 4.07 0.084 6.17 5.31 0.034 3.38 2.25 0.068 0.00 0.00 0.992 1.13 1.63 0.932 

Tired 0.16 0.08 0.001 0.15 0.08 0.001 1.04 0.25 0.877 1.44 0.90 0.559 0.34 0.19 0.050 0.34 0.12 0.002 

Category Psychological 

Appetite 14.23 12.35 0.002 4.11 4.02 0.149 0.00 0.00 0.996 4.81 2.09 <0.001 0.00 0.00 0.996 14.26 12.38 0.002 

Fatigue 0.54 0.30 0.263 2.72 1.40 0.052 1.95 0.72 0.072 0.12 0.06 <0.001 0.00 0.00 0.989 0.00 0.00 0.997 

Hunger 3.96 2.02 0.007 0.00 0.00 0.994 0.89 0.45 0.814 0.67 0.37 0.469 0.60 0.43 0.478 0.87 0.43 0.771 

Hurt 1.94 1.11 0.245 0.53 0.38 0.380 1.00 0.29 0.989 0.28 0.09 <0.001 2.21 1.41 0.213 1.15 0.36 0.663 

Itch 0.75 0.62 0.727 0.77 0.69 0.770 0.53 0.24 0.159 0.27 0.13 0.008 0.71 0.46 0.602 1.28 0.70 0.655 

Thirst 5.22 3.18 0.007 2.41 2.26 0.351 0.00 0.00 0.995 1.59 0.90 0.412 >1000 >1000 0.994 0.00 0.00 0.997 

Tired 1.17 0.55 0.743 4.08 2.08 0.006 1.27 0.34 0.375 0.15 0.09 0.003 0.48 0.27 0.187 1.24 0.44 0.545 

Category Both Physical and Psychological 

Appetite 0.22 0.24 0.171 0.39 0.45 0.419 0.00 0.00 0.996 0.13 0.08 0.002 1.25 1.57 0.861 0.22 0.24 0.172 

Fatigue 1.81 0.82 0.193 3.60 1.38 0.001 1.25 0.44 0.526 5.25 2.01 <0.001 5.24 2.78 0.002 >1000 >1000 0.996 

Hunger 0.45 0.28 0.195 0.00 0.00 0.993 0.05 0.05 0.004 0.00 0.00 0.991 0.63 0.46 0.528 0.77 0.41 0.630 

Hurt 0.80 0.45 0.690 0.80 0.34 0.603 1.18 0.31 0.533 1.08 0.32 0.801 0.37 0.32 0.246 1.38 0.45 0.329 

Itch 0.23 0.19 0.076 0.13 0.15 0.073 0.22 0.12 0.007 0.27 0.14 0.014 0.16 0.17 0.093 0.20 0.22 0.138 

Thirst 0.65 0.43 0.515 0.00 0.00 0.994 0.00 0.00 0.994 0.00 0.00 0.992 0.00 0.00 0.995 4.21 6.13 0.323 

Tired 2.94 1.25 0.011 1.62 0.65 0.230 1.05 0.27 0.855 3.74 1.74 0.005 1.34 0.64 0.543 2.62 0.91 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 
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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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Appendix A 

Language Sample 

Figure A1 

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* 

 Amharic* 

 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 
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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 

 Kâte 

 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.  
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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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Figure B4 

Colexification Pattern in the Austronesian Languages with Labels Zoomed in on Nodes Pain, Fatigue and Tired 
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Figure B5 

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

  

Figure B6 

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

 



37 
 

Figure B7 

Colexification Pattern in the Indo-European Languages with Labels  
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Figure B8 

Colexification Pattern in the Sino-Tibetan Languages with Labels   
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Figure B9 

Colexification Pattern in the Trans-New Guinea Languages with Labels  
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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 

Pain 

Intercept Atlantic-

Congo Pain 

Intercept 

Austronesian Pain 

Intercept Indo-

European Pain 

Intercept Sino-

Tibetan Pain 

Intercept Trans-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    0.00 0.00 0.981 0.00 0.00 0.988 0.00 0.00 0.991 1.29 >1000 1.000    

Fatigue    13.82 12.36 0.003 1.32 0.85 0.663 0.67 0.49 0.585 1.35 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 0.15 0.13 0.035 0.23 0.18 0.067 

Hurt    0.51 0.33 0.302 0.58 0.33 0.343 0.21 0.13 0.013 0.43 0.35 0.299 0.95 0.56 0.931 

Itch    0.63 0.51 0.570 0.61 0.39 0.432 0.08 0.06 0.001 0.59 0.46 0.492 0.93 0.70 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 0.46 0.35 0.309 0.46 0.30 0.228 

Atlantic-Congo 

Appetite >1000 >1000 0.989    0.00 0.00 0.993 3.34 3.94 0.305 >1000 >1000 0.993 >1000 >1000 0.989 

Fatigue 0.07 0.06 0.003    0.10 0.09 0.009 0.05 0.05 0.002 0.10 0.10 0.020 >1000 >1000 0.995 

Hunger 21.98 22.55 0.003    1.13 0.98 0.891 0.58 0.56 0.574 3.20 3.17 0.241 5.12 4.51 0.064 

Hurt 1.94 1.26 0.304    1.13 0.52 0.787 0.40 0.21 0.088 0.84 0.62 0.813 1.86 0.88 0.192 

Itch 1.58 1.27 0.573    0.96 0.63 0.949 0.13 0.10 0.006 0.93 0.73 0.923 1.47 1.12 0.614 

Thirst >1000 >1000 0.985    0.75 0.92 0.814 1.37 1.52 0.776 >1000 >1000 0.991 4.08 6.90 0.405 

Tired 0.97 0.74 0.967    0.15 0.09 0.001 0.10 0.09 0.006 0.44 0.34 0.290 0.45 0.29 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 0.48 0.659 10.46 9.38 0.009    0.51 0.37 0.354 1.02 0.79 0.980 >1000 >1000 0.995 

Hunger 19.51 15.32 <0.001 0.89 0.78 0.895    0.52 0.36 0.346 2.84 2.09 0.157 4.53 2.64 0.010 

Hurt 1.71 0.99 0.349 0.88 0.41 0.787    0.36 0.16 0.020 0.74 0.50 0.658 1.64 0.61 0.183 

Itch 1.64 1.05 0.437 1.04 0.68 0.947    0.13 0.07 <0.001 0.97 0.60 0.956 1.53 0.89 0.463 

Thirst >1000 >1000 0.985 1.34 1.66 0.811    1.83 1.99 0.580 >1000 >1000 0.991 5.44 9.12 0.313 

Tired 6.65 3.94 0.001 6.85 4.05 0.001    0.72 0.48 0.624 3.04 1.81 0.063 3.06 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 1.50 1.08 0.574 20.80 19.86 0.001 1.99 1.44 0.342    2.03 1.72 0.403 >1000 >1000 0.994 

Hunger 38.15 33.84 <0.001 1.75 1.68 0.561 1.95 1.37 0.338    5.55 4.68 0.043 8.86 6.32 0.002 

Hurt 4.85 3.08 0.013 2.51 1.34 0.085 2.83 1.26 0.019    2.10 1.52 0.307 4.64 2.13 0.001 

Itch 12.39 9.08 0.001 7.89 5.88 0.006 7.54 4.21 <0.001    7.28 5.20 0.005 11.55 7.90 <0.001 

Thirst >1000 >1000 0.985 0.74 0.82 0.786 0.55 0.60 0.585    >1000 >1000 0.991 3.01 4.77 0.488 

Tired 9.36 7.76 0.007 9.68 8.00 0.006 1.41 0.94 0.608    4.28 3.56 0.080 4.32 3.08 0.040 

Sino-Tibetan 

Appetite 2.18 >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 0.57 0.699 10.30 10.28 0.019 0.98 0.77 0.984 0.50 0.43 0.416    >1000 >1000 0.995 

Hunger 6.91 6.33 0.035 0.32 0.31 0.245 0.35 0.26 0.159 0.18 0.15 0.044    1.61 1.20 0.528 

Hurt 2.33 1.89 0.299 1.20 0.88 0.804 1.36 0.91 0.652 0.48 0.35 0.315    2.22 1.52 0.243 

Itch 1.71 1.33 0.492 1.09 0.86 0.916 1.04 0.64 0.951 0.14 0.10 0.006    1.59 1.17 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 2.20 1.70 0.308 2.27 1.75 0.289 0.33 0.20 0.064 0.24 0.20 0.085    1.01 0.66 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 0.996 0.00 0.00 0.994    

Hunger 4.30 3.43 0.067 0.20 0.17 0.065 0.22 0.13 0.009 0.11 0.08 0.002 0.62 0.47 0.531    

Hurt 1.04 0.61 0.941 0.54 0.26 0.191 0.61 0.23 0.182 0.22 0.10 0.001 0.45 0.31 0.246    

Itch 1.07 0.80 0.930 0.68 0.52 0.611 0.65 0.38 0.460 0.09 0.06 <0.001 0.63 0.46 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 2.17 1.40 0.230 2.23 1.43 0.212 0.33 0.14 0.007 0.23 0.17 0.043 0.99 0.64 0.986    

Note. All B-values are given in log odds. All bold p-values are lower than 0.05.  
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Table C2 

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

 

Intercept Afro-

Asiatic Pain 

Intercept Atlantic-

Congo Pain 

Intercept Austronesian 

Pain 

Intercept Indo-

European Pain 

Intercept Sino-Tibetan 

Pain 

Intercept Trans-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 
   

3.47 4.55 0.342 >1000 >1000 0.995 2.96 2.87 0.264 >1000 >1000 0.995 
   

Fatigue 
   

0.20 0.15 0.033 0.28 0.18 0.055 4.35 3.30 0.053 >1000 >1000 0.990 >1000 >1000 0.997 

Hunger 
   

>1000 >1000 0.994 4.47 3.20 0.037 5.89 4.39 0.018 6.65 5.89 0.032 4.59 3.27 0.032 

Hurt 
   

3.72 3.45 0.156 1.96 1.26 0.291 6.90 4.52 0.003 0.89 0.76 0.888 1.71 1.11 0.410 

Itch 
   

0.98 1.20 0.986 1.41 1.33 0.717 2.79 2.70 0.289 1.06 1.12 0.957 0.59 0.59 0.595 

Thirst 
   

2.17 2.44 0.488 >1000 >1000 0.994 3.28 2.73 0.154 0.00 0.00 0.995 >1000 >1000 0.997 

Tired 
   

0.29 0.20 0.073 0.93 0.50 0.886 8.07 6.46 0.009 2.47 1.81 0.218 0.95 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 5.11 3.87 0.031 
   

1.41 0.89 0.590 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 0.00 0.00 0.993 0.00 0.00 0.993 0.00 0.00 0.993 

Hurt 0.27 0.25 0.163 
   

0.53 0.42 0.425 1.87 1.50 0.432 0.24 0.23 0.142 0.46 0.37 0.334 

Itch 1.04 1.27 0.976 
   

1.46 1.46 0.707 2.89 2.96 0.301 1.09 1.21 0.936 0.61 0.64 0.638 

Thirst 0.47 0.52 0.496 
   

>1000 >1000 0.994 1.53 1.68 0.700 0.00 0.00 0.994 >1000 >1000 0.997 

Tired 3.53 2.45 0.069 
   

3.24 1.87 0.041 28.37 23.42 <0.001 8.65 6.57 0.004 3.33 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 2.43 0.054 0.72 0.45 0.599 
   

15.70 9.97 <0.001 >1000 >1000 0.989 >1000 >1000 0.996 

Hunger 0.22 0.16 0.037 >1000 >1000 0.994 
   

1.32 0.97 0.711 1.49 1.31 0.653 1.03 0.73 0.969 

Hurt 0.51 0.33 0.298 1.89 1.49 0.418 
   

3.51 1.52 0.004 0.45 0.32 0.255 0.87 0.37 0.743 

Itch 0.71 0.67 0.721 0.70 0.70 0.716 
   

1.98 1.32 0.307 0.75 0.59 0.715 0.42 0.30 0.217 

Thirst 0.00 0.00 0.997 0.00 0.00 0.994 
   

0.00 0.00 0.996 0.00 0.00 0.991 1.28 >1000 1.000 

Tired 1.09 0.59 0.875 0.31 0.18 0.043 
   

8.73 6.12 0.002 2.66 1.66 0.116 1.03 0.45 0.955 
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Indo-European 

Appetite 0.34 0.33 0.264 1.17 1.26 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 0.56 0.706 
   

1.12 1.02 0.898 0.78 0.57 0.732 

Hurt 0.15 0.10 0.003 0.54 0.43 0.439 0.28 0.12 0.004 
   

0.13 0.09 0.004 0.25 0.11 0.002 

Itch 0.36 0.35 0.292 0.35 0.36 0.307 0.50 0.34 0.305 
   

0.38 0.31 0.236 0.21 0.16 0.035 

Thirst 0.30 0.25 0.153 0.66 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 0.994 0.00 0.00 0.995 1.00 >1000 1.000 0.00 0.00 0.995 
   

0.00 0.00 0.994 

Fatigue 0.00 0.00 0.987 0.00 0.00 0.984 0.00 0.00 0.989 0.00 0.00 0.981 
   

0.83 >1000 1.000 

Hunger 0.15 0.13 0.033 >1000 >1000 0.994 0.68 0.60 0.656 0.89 0.81 0.897 
   

0.69 0.61 0.677 

Hurt 1.15 0.98 0.872 4.22 4.09 0.138 2.23 1.56 0.251 7.84 5.60 0.004 
   

1.94 1.38 0.348 

Itch 0.95 1.01 0.964 0.93 1.02 0.944 1.33 1.05 0.714 2.64 2.16 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 0.41 0.30 0.222 0.12 0.09 0.005 0.38 0.23 0.116 3.28 2.82 0.166 
   

0.39 0.26 0.151 

Trans-New Guinea 

Fatigue 0.00 0.00 0.997 0.00 0.00 0.996 0.00 0.00 0.996 0.00 0.00 0.997 2.30 >1000 1.000 
   

Hunger 0.22 0.16 0.033 >1000 >1000 0.994 0.98 0.69 0.973 1.29 0.95 0.733 1.45 1.27 0.671 
   

Hurt 0.59 0.38 0.419 2.18 1.73 0.326 1.15 0.49 0.740 4.05 1.82 0.002 0.52 0.37 0.355 
   

Itch 1.71 1.70 0.588 1.67 1.75 0.627 2.40 1.69 0.215 4.74 3.50 0.035 1.80 1.53 0.490 
   

Thirst 0.00 0.00 0.996 0.00 0.00 0.997 0.96 >1000 1.000 0.00 0.00 0.996 0.00 0.00 0.993 
   

Tired 1.06 0.62 0.916 0.30 0.19 0.055 0.98 0.43 0.961 8.54 6.31 0.004 2.61 1.73 0.149 
   

Note. All B-values are given in log odds. All bold p-values are lower than 0.05. 
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Table C3 

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

 

Intercept Afro-Asiatic 

Pain 

Intercept Atlantic-

Congo Pain 

Intercept Austronesian 

Pain 

Intercept Indo-

European Pain 

Intercept Sino-Tibetan 

Pain 

Intercept Trans-

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 0.92 0.726 >1000 >1000 0.996 1.71 2.20 0.678 0.18 0.30 0.302 

   

Fatigue 
   

0.50 0.30 0.249 1.45 0.84 0.517 0.35 0.21 0.074 0.35 0.24 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 0.538 0.75 0.47 0.643 2.16 2.19 0.448 0.58 0.38 0.407 

Itch 
   

1.77 2.48 0.685 1.06 1.07 0.952 0.87 0.86 0.886 1.48 2.05 0.775 1.15 1.57 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 1.41 0.038 0.79 0.50 0.711 2.21 1.42 0.216 1.13 0.62 0.822 

Atlantic-Congo 

Appetite 1.77 2.86 0.724 
   

>1000 >1000 0.996 3.01 4.03 0.412 0.31 0.53 0.496 1.75 2.83 0.728 

Fatigue 2.00 1.19 0.244 
   

2.88 1.50 0.042 0.69 0.37 0.485 0.69 0.45 0.571 0.00 0.00 0.996 

Hunger 0.00 0.00 0.989 
   

0.00 0.00 0.993 4.04 >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 0.441 0.74 0.39 0.566 2.14 2.04 0.423 0.58 0.31 0.314 

Itch 0.57 0.80 0.689 
   

0.60 0.76 0.688 0.49 0.62 0.570 0.84 1.33 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 0.55 0.32 0.311 
   

1.55 0.74 0.362 0.43 0.27 0.174 1.21 0.76 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 0.69 0.40 0.523 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 0.10 0.13 0.066 >1000 >1000 0.994 
   

>1000 >1000 0.992 0.07 0.09 0.043 0.06 0.07 0.018 

Hurt 1.47 0.90 0.532 1.47 0.74 0.444 
   

1.09 0.43 0.825 3.15 2.80 0.196 0.85 0.36 0.703 

Itch 0.95 0.95 0.958 1.66 2.11 0.689 
   

0.82 0.64 0.796 1.40 1.74 0.787 1.08 1.32 0.948 

Thirst 0.00 0.00 0.996 1.75 >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 0.59 0.76 0.681 0.33 0.45 0.411 >1000 >1000 0.996 
   

0.10 0.15 0.109 0.59 0.75 0.677 

Fatigue 2.92 1.73 0.071 1.46 0.79 0.483 4.21 2.19 0.006 
   

1.00 0.66 0.996 0.00 0.00 0.996 

Hunger 0.00 0.00 0.995 0.40 >1000 1.000 0.00 0.00 0.990 
   

0.00 0.00 0.989 0.00 0.00 0.992 

Hurt 1.35 0.85 0.635 1.35 0.70 0.564 0.92 0.36 0.831 
   

2.89 2.60 0.237 0.78 0.35 0.581 

Itch 1.17 1.16 0.874 2.05 2.57 0.569 1.23 0.96 0.791 
   

1.72 2.11 0.660 1.33 1.61 0.812 

Thirst 0.00 0.00 0.953 0.45 >1000 1.000 0.34 >1000 1.000 
   

0.13 663.29 1.000 0.00 0.00 0.991 

Tired 1.28 0.81 0.696 2.32 1.43 0.172 3.59 1.91 0.017 
   

2.81 1.88 0.123 1.44 0.83 0.532 

Sino-Tibetan 

Appetite 5.78 9.70 0.295 3.27 5.62 0.491 >1000 >1000 0.995 9.87 13.97 0.106 
   

5.75 9.63 0.297 

Fatigue 2.93 2.01 0.117 1.47 0.96 0.555 4.24 2.71 0.024 1.01 0.66 0.987 
   

0.00 0.00 0.996 

Hunger 1.43 1.37 0.712 >1000 >1000 0.993 13.70 17.66 0.042 >1000 >1000 0.991 
   

0.82 0.74 0.827 

Hurt 0.47 0.47 0.452 0.47 0.44 0.423 0.32 0.28 0.196 0.35 0.31 0.239 
   

0.27 0.25 0.151 

Itch 0.70 0.96 0.792 1.22 1.92 0.901 0.73 0.90 0.800 0.60 0.73 0.674 
   

0.79 1.22 0.880 

Thirst 0.00 0.00 0.997 0.28 1387.16 1.000 0.69 2346.08 1.000 1.05 3307.68 1.000 
   

0.00 0.00 0.995 

Tired 0.46 0.29 0.224 0.83 0.52 0.767 1.28 0.70 0.648 0.36 0.24 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 1.43 0.499 >1000 >1000 0.993 16.72 19.88 0.018 >1000 >1000 0.991 1.23 1.11 0.822 
   

Hurt 1.73 1.12 0.398 1.73 0.94 0.312 1.18 0.49 0.699 1.28 0.57 0.572 3.70 3.37 0.151 
   

Itch 0.87 1.19 0.922 1.53 2.41 0.785 0.92 1.13 0.946 0.75 0.91 0.814 1.29 1.99 0.870 
   

Thirst 6.48 10.35 0.242 >1000 >1000 0.993 >1000 >1000 0.994 >1000 >1000 0.991 >1000 >1000 0.994 
   

Tired 0.89 0.49 0.836 1.62 0.86 0.365 2.50 1.08 0.034 0.70 0.41 0.541 1.96 1.16 0.257       

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

 


