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Abstract 

 

Number morphology (e.g., singular vs. plural) is a part of the grammar which captures 

numerical information. Some languages have morphological Number values which 

express few (paucal), two (dual), three (trial) and sometimes (possibly) four (quadral). 

Interestingly, the limit of the attested morphological Number values matches the limit 

of non-verbal numerical cognition. The latter is based on two systems, one estimating 

approximate numerosities and the other computing exact numerosities up to three or 

four.  We compared the literature on non-verbal number systems with data on Number 

morphology from 218 languages. Our observations suggest that non-verbal numerical 

cognition is reflected as a core part of language. 

 

Keywords: number morphology, core grammar, core cognition, non-verbal number 

systems, language typology. 
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Adult humans typically solve mathematical problems by using number words. We are so 

accustomed to using symbols to solve numerical tasks that it seems apparently impossible to 

perform mathematical calculation without the support of language. A long-debated issue 

concerns the existence of numerical thoughts without the words to express them; it has been 

proposed that number words are necessary to solve numerical problems (for a review: 

Gelman & Butterworth, 2005).  

However, more recent studies have shown that non-human animals (Agrillo, Miletto 

Petrazzini & Bisazza, 2014; Rugani, Vallortigara & Regolin, 2013; Vallortigara, 2012; 

Cantlon & Brannon 2006), pre-verbal infants (de Hevia, 2011; McCrink & Wynn, 2007) and 

adult speakers of languages having no number words (Butterworth, Reeve, Reynolds & 

Lloyd, 2008; Pica, Lemer, Izard & Dehaene, 2004) do master numerical abilities. Moreover, 

educated adult humans are able to solve a subset of numerical tasks when, under specific 

experimental conditions, language use is prevented (Cordes, Gelman, Gallistel & Whalen, 

2001). Further evidence of language’s complex relation with numbers and numerical 

cognition comes from double dissociations in cognitive neuropsychological case studies: 

aphasic language impairments need not implicate numerical disorders, (i.e. Delazer, Girelli, 

Semenza & Denes, 1999; Semenza et al., 2006; Varley, Klessinger, Romanowski & Siegal, 

2005). Likewise, cases have been described with severe numerical problems, but no problem 

with language (i.e. Warrington, 1982; Delazer & Benke, 1997).  

Where, in the absence of language, non-verbal numerical skills (i.e. all those 

calculations that could be solved in absence of symbolic numerical words) are preserved, they 

can be compared with those of other non-linguistic organisms such as preverbal infants and 

non-human animals (Cordes et al., 2001). The similarity in performance of different species, 

qualitatively and quantitatively, suggests that, among the core cognitive abilities we share 

with other animals, there is a subset of non-verbal numerical skills, evident in human infants 

soon after birth, that can be considered the evolutionary foundation of more complex 

numerical reasoning (Spelke, 2000; Cantlon & Brannon, 2007; Dehaene, 2011; Starr, Libertus 

& Brannon, 2013; Rugani, Vallortigara & Regolin, 2015). Non-verbal numerical cognition is 

thought to be based on two systems: the Object File System (OFS) and the Analogue 

Magnitude System (AMS). The OFS is based on the ability to individuate each new object 

entering a scene, to which a new file (the ‘object file’) is assigned and stored in working 

memory. Perceived spatio-temporal information and property/kind changes are used to effect 

this. The signature of the OFS is a limit to the number (usually 3 or 4) of object-files that can 

be simultaneously tracked and stored in working memory (Trick & Pylyshyn, 1994). 

Differences at the upper limit, 3 in the case of salamanders (Plethodon cinereus; Uller, 

Jaeger, Guidry & Martin, 2003) fish (Xenotoca eiseni; Stancher, Sovrano, Potrich & 

Vallortigara, 2013), chicks (Gallus gallus; Rugani, et al., 2008; 2009; 2010; 2011; 2013; 

2014), frogs (Bombina orientalis, Stancher, Rugani, Regolin & Vallortigara, 2015) and 4 in 

the case of adult monkeys (Macaca mulatta; Hauser, Carey & Hauser, 2000), have been 

attributed to maturational factors (Carey, 2009). Hence, such a system is not specific to 

number representation though number is implicitly represented. Quantity estimation (i.e. 

deciding which of two groups of objects is larger or smaller), which can involve larger 

numerosities, is hypothesized to be dealt with by the AMS. This system is ratio-dependent 

and follows Weber’s law: as the ratio between the numbers to be discriminated increases, 

response times decrease and accuracy increases (Gallistel & Gelman, 1992). The minimum 

discernible ratio narrows over development from 1:3 for newborns, to 1:2 at six months, 2:3 

for nine months and 3:4 for preschool children (Izard, Sann, Spelke & Streri, 2009; 

Feigenson, Dehaene & Spelke, 2004; Halberda & Feigenson, 2008). Dissociable neural 

signatures of the non-verbal numerical systems have recently been demonstrated in preverbal 

infants (6-7.5 month-old), using event-related potentials (ERPs) while they were viewing 



 
 

either small (1-3) or large (8-32) sets of objects in a number alternation paradigm. Small 

numbers evoked a relatively early occipital-temporal response peaking at about 400 ms, on 

the absolute value of the numbers presented in successive sets, regardless of their ratio. By 

contrast, large numbers evoked a mid-latency parietal response peaking at 500 milliseconds 

that was dependent on the ratio between successive large numbers, irrespective of their 

absolute values (Hyde & Spelke, 2011).  

Until now, the relation between numerical cognition and language has been 

investigated mainly by considering words expressing quantities and numbers, for example 

quantifiers, ordinal and cardinal numbers (i.e. Butterworth et al., 1999; Carey, 2004; Clark & 

Grossman, 2007; Gelman & Gallistel, 2004; Gordon, 2004; Lipton & Spelke, 2003; Ochtrup 

et al., 2013; Pica et al., 2004; Rath et al., 2015; Salillas, Barraza & Carreiras, 2015; Semenza, 

2008; Troiani, Peelle, Clark & Grossman, 2009). However, it has been shown that number 

words can dissociate neuropsychologically from other lexical categories (Semenza et al., 

2007; Bencini et al., 2011). While most studies have explored this in relation to the lexicon, 

fewer have focussed on grammatical features (neural signature: Carreiras, Carr, Barber & 

Hernandez, 2010; number line (SNARC) studies: Roettger & Domahs, 2015; developmental 

studies: Almoammer et al., 2013; Barner, Thalwitz, Wood, Yang, & Carey, 2007; Marušič et 

al., 2016; Sarnecka, Kamenskaya, Yamana, Ogura & Yudovina, 2007).  

In addition to number words, language can also encode numerosity information as Number 

morphology, that is as part of the grammar. For example, in English, morphological Number 

values of singular and plural refer respectively to one and to more-than-one entities. The word 

cat has a lexical meaning of ‘small, usually domestic, felid’ and a singular morphological 

Number value; the word cats has the same lexical meaning but a different Number value, 

namely plural. The morphological Number value of singular is linked to a numerosity of one, 

while the plural refers to a numerosity different from one. A morphological system entails an 

opposition of two or more values: Number morphology systematically encodes different 

numerosities onto different values. As these values are mostly phonologically short and are 

mostly mandatorily expressed (Dressler, 1989), they can convey information about 

numerosity efficiently. Number value is mandatory for performing agreement operations, for 

example in parsing phrases: compare the cat is sleeping vs. the cats are sleeping.  

Number morphology is widespread throughout different languages and need not be 

limited to oppositions such as one (singular) vs. more than one (plural). In fact, some 

languages have morphological Number values for expressing exact numerosities up to 

three/four, or for expressing different quantity estimations. In what follows, we illustrate the 

possible morphological Number values present in various languages. We propose a 

parallelism exists between expressible information within Number morphology throughout 

natural languages and information processed by the two non-verbal numerical systems, 

namely the OFS and the AMS. Furthermore, we suggest that grammar is a domain wherein 

Number morphology and non-verbal numerical systems interact, sharing some common 

evolved neuro-cognitive mechanisms. Speakers automatically inflect for morphological 

Number using quantitative and numerical information, suggesting that numerosities and 

magnitudes are cognitively processed whenever communicating with language. Here we 

show that the relevance of the information about numerosity is such that the majority of 

languages display grammatical devices for its ready encoding and decoding.  

 

2. TYPOLOGICAL DATA FROM NATURAL LANGUAGES 

 

Morphological Number is widespread and very few languages lack it. The World Atlas of 

Language Structure database (WALS; Dryer & Haspelmath, 2013) reports data on plurality 

marking on nouns in Chapter 33A (Dryer, 2013). 90.8% (968/1066) of reported languages 



 
 

encode plurality using grammatical devices. The author notes that the remaining 10% is 

difficult to interpret and could also mark morphological Number. Moreover, Number is 

marked not only on nouns and pronouns but also on verbs, referring to the numerosity of 

participants in an action, or to the number of times or places in which an action is performed 

(Veselinova, 2013). 

Given the extent of morphological devices marking Number across languages, 

Number morphology appears to be a suitable point at which to investigate the intersections 

between language and numerical cognition. Thus, the present study focuses on this aspect of 

grammar rather than on lexical means such as quantifiers (many, few…) or number words 

(two, ten, tenth…).  

Importantly, the marking of morphological Number is subject to further constraints, 

mostly related to animacy and definiteness, both across and within languages. Generally, 

nouns tend to be marked for morphological Number values when the referent is higher in the 

animacy hierarchy. Dixon (1979) proposes the following hierarchy: personal pronouns > 

kinship terms > human nouns > animate nouns > inanimate nouns (see also Smith-Stark, 

1974; for a critical discussion see Corbett, 1996; Brown, Corbett, Fedden, Hippisley & 

Marriott, 2013). For example, Malay marks Number on pronouns but not on nouns, Sarsi 

marks Number only for kinship terms, Manchu on pronouns and nouns denoting human 

beings, Comanche marks Number for animate, but rarely for inanimate referents. Data from 

WALS reported in chapters 34A (Haspelmath, 2013) and 35A (Daniel, 2013) provide a 

measure of this distribution. Since our survey concerns the relationship between numerical 

cognition and language, all the parts of speech that can refer to entities (i.e. nouns and 

pronouns) will be taken into consideration.  

 

2.1 Data set  

The possible Number values and systems found across languages are described in the next 

two sections. This survey is based on data collected on a typological sample of 210 languages 

from 50 language families plus eight language isolates (i.e. languages that do not share 

genealogical relationship with other languages). Morphological Number values for each of 

the 218 languages are reported, for the first time, in the synoptic table in the Appendix.  

It is not possible to report data on all natural languages, since exhaustive 

morphological analyses are missing for many languages. The Ethnologue catalogue, updated 

to 2017, lists 7099 living languages distributed across 141 families (Simons & Fennig, 2017). 

However, this number is constantly shifting due to the extinction of some languages and to 

the fact that linguists sometimes disagree in discerning which are distinct languages and 

which are dialects of the same language (i.e. Lewis & Simons, 2010).  

In addition, the distribution of languages within language families and users of those 

languages is extremely variable, which can vitiate cross-language comparisons and 

generalisations (Rijkhoff & Bakker, 1998).  For example, according to the Ethnologue 

catalogue, the Austronesian family (with 1256 languages) and the Niger-Congo family (with 

1539 languages) comprise many related languages, while the Indo-European family lists only 

446 languages. This disproportion is found even when world language distribution by area of 

origin and number of speakers is considered. For example, 1313 living languages (i.e. 18.5% 

of the world languages) originate in the Pacific area which are spoken by 0.1% of the total 

speakers in the world. In Europe, by contrast, there are only 287 native languages (i.e. 4% of 

the world languages), but they are spoken by 25.8% of the total speakers (data from the 

Ethnologue catalogue, 2017).  

This study discusses the data from the languages reported in the most exhaustive 

collection concerning the typology of Number (Corbett, 2000). This sample appears 

representative as far as language size and language family are concerned, and is consistent 



 
 

with the most used methods of typological sampling (i.e. Dahl, 2008; Rijkhoff, Bakker, 

Hengeveld & Kahrel, 1993; Rijkhoff & Bakker, 1998).  

 

2.2 Possible morphological number values1  

2.2.1 Singular and plural: 1 vs. ≠1. 

Singular vs. plural is the basic opposition in Number morphology: 214 out of 218 languages 

reported in the Appendix show this opposition. If a language marks morphological Number, it 

shows at least the opposition in which a numerosity equal to one is encoded into a value of 

singular, while numerosities larger than one are encoded into a value of plural2. In the 

absence of further specification about numerosity, plural conveys the meaning of a 

numerosity that is interpretable as ‘larger than one’ or, more generally as ‘different from one’.  

 

2.2.2 The values for exact numerosities of two, three, four: dual, trial, quadral 

Some languages can denote precise numerosities up to four by means of morphological 

Number values of dual, trial, quadral (Corbett, 2000). At present, there is no evidence of 

languages that display morphology for numerosities greater than four.  

A precise numerosity of two is expressed by means of dual, which is quite common 

and attested across language families (84/218 languages belonging to 26/50 families have a 

dual). For example, in Sikuani: emairibü ‘a yam’ - emairibü-nü ‘yams’- emairibü-behe ‘two 

yams’ (example adapted from Aikhenvald, 2014).  

A precise numerosity of three is encoded by trial. Its diffusion seems to be limited to 

languages in different families distributed in the Oceanic area (20/218 languages in 4/50 

families) and its occurrence is restricted to pronoun inflection, or constrained by the animacy 

of the referents. Lihir provides an example: wa ‘you’ (singular) – go ‘you’ (plural) - gol ‘you 

two’ - gotol ‘you three’ (Corbett, 2000). 

Whether a numerosity of four can be morphologically encoded is under debate. The 

corresponding value of quadral seems to be found only in two Austronesian languages, 

namely Marshallese and Sursurunga. Moreover, its use seems to be confined to personal 

pronoun inflection and kinship terms (Corbett, 2000) as in Sursurunga: -i/on/ái ‘he/she/it’ - di 

‘they’ - diar ‘they two’ - ditul ‘they three’ - dihat ‘they four’.    

Overall, the occurrence of values mapping exact numerosities seems to be ruled by 

some constraints as well: in certain languages, they can surface only on pronouns and not on 

nouns (as in Maori and in Ilocano), or when denoting an animate referent (as in Maltese and 

in Comanche).  

 

2.2.3 Values for a few and a few More: paucal and greater paucal. 

The morphological values that map exact numerosity do not vary across communicative 

conditions nor with respect to their referents: a value of dual always encodes a numerosity of 

two. By contrast, the morphological values for approximate numerosities refer to an 

                                                             
1 An exhaustive description of all the possible morphological Number values across languages should also consider the 
values of general, collective, and greater plural Number. A Number value of ‘general’ expresses no information about its 
numerosity. An example of general number is given in Fula: besides the singular vs. plural opposition nyaarii-ru - nyaarii-ji 

‘cat-cats’, the value for general number nyaari ‘cat(s)’ is also available when the speaker wants to refer to at least one cat, 
without specifying if one or more. In languages that lack general Number, a similar reference may be expressed by means of 
singular or plural. A number value of ‘collective’ is used to refer to a group of items considered together rather than 
individually. In English the collective meaning is marked in the lexicon (i.e. ‘fleet’ designates a group of ships), in other 
languages (see table) it can be expressed by morphological inflection. The value of ‘greater plural’, sometimes called ‘plura l 
of abundance’ (Corbett, 2000, p.30), is used to refer to an excessive number. An example of this is taken from Banyum: the 
form i-sumƆl means ‘snakes’, while the form ti-sumƆl refers to ‘an unlimited number of snakes’. 
2 Some modifiers can require an agreement with a Number value different from the expected one. Here we will not consider 

such syntactic phenomena. Also, in languages that admit this possibility, the basic opposition of the system is the one 
expected between singular and plural. 
 



 
 

evaluation of the magnitude of a set of units, whose precise numerosity can be variable. 

Paucal is a value that refers to an estimation of a small set of entities whose numerosity is not 

precisely defined; in English a concept of paucal may be expressed with the quantifier a few. 

For this reason, the value of paucal can refer to sets of different numerosities depending on 

the referential and communicative context. Thus a certain variability in the use of paucal is 

observed in different speakers, and even in the same speaker referring to different entities. 

For example, “elephant-PAUCAL may typically refer to fewer real world entities than ant-

PAUCAL” (Corbett, 2000, p.40). 

A morphological value for paucal occurs in geographically diverse languages and 

language families (30/218 languages from 9/50 families) and, as distinct from trial and 

quadral, it is marked primarily on nouns, as in Bayso: lubán-titi ‘a lion’ - luban-jool ‘lions’ - 

luban-jaa ‘a few lions’. Greater paucal is very rare, reported so far only in two Austronesian 

languages, Tangga and Sursurunga. Greater paucal can occur only in a language that displays 

also a paucal, and it is used to designate small numerosities, greater than the ones paucal 

would refer to (Corbett, 2000).  

 

2.3 Possible morphological number systems  

The term morphological Number system refers to a set of at least two morphological Number 

values that display a regular opposition between form and meaning in order to systematically 

denote different numerosities. The basic morphological Number system is singular vs. plural, 

which is also apparent in all language families. Morphological Number values cannot emerge 

in a system if there is no singular vs. plural opposition: the presence of the other 

morphological Number values (such as dual, trial, paucal) is possible only given the basic 

opposition singular vs. plural.  

Beyond this basic condition, constraints concerning the values mapping exact 

numerosities have been known at least since Greenberg’s (1963) work. Greenberg’s 

Universal #34 states that “No language has a trial Number unless it has a dual. No language 

has a dual unless it has a plural”. Likewise, the presence of quadral appears to be constrained 

to the presence of trial. Thus, a morphological Number system can be: singular – plural –  

dual (e.g. Slovene, Sanskrit); singular – plural – dual – trial (e.g. Ngan’gityemerri, Larike); 

singular – plural –  dual – trial – quadral (e.g. Sursurunga and Tangga, but see above for 

remarks concerning the quadral); but morphological Number systems as *singular – dual or 

*singular – plural – trial have not been found. 

Paucal is constrained only by the presence of the plural and surfaces in morphological 

Number systems as singular – plural – paucal (e.g. Avar, Kayapò). Systems such as singular – 

plural – dual – paucal (e.g. Longgu, Pilagà), in which values referring to precise and to 

approximate numerosities coexist, are not rare. Notably, morphological Number systems like 

these can show (i) a different distribution with respect to the categories of pronoun and noun 

and (ii) syncretism with respect to number values. Concerning pronouns and nouns, values 

mapping exact numerosities tend to appear mostly on personal pronouns, while paucal tends 

to be marked on nouns. Few languages seem to have paucal on pronouns and not on nouns, 

but the question is debated (Corbett, 2000).  

Furthermore, in some languages, the morphological Number values mapping exact 

numerosities can be interpreted as a paucal value. For example, trial may be used to refer to a 

few entities, rather than three precisely. As a consequence, morphological Number values of a 

system as singular – plural – dual – trial can alternatively be interpreted as singular – plural – 

dual – paucal (e.g. Larike, Murrinh - Patha); similarly, the morphological Number values of a 

system like that of Sursurunga can shift their interpretation to singular – plural – dual – 

paucal – greater paucal (the situation of Sursurunga and Tangga is still under debate). 

Crucially, such syncretism of morphological Number values does not take place with values 



 
 

of dual. As a side effect of the syncretism of values, no morphological Number system shows 

more than five values (Corbett, 2000)3: all of the possible morphological Number values 

present across languages never occur together as a system in the same language.  

Grammars are built on a finite and discrete sets of elements which combine to 

generate a potentially infinite number of sentences. Crucially, the set of combining elements 

must be finite in order to be learned (as noted in mathematical learning theory, e.g. Malouf, 

Ackerman & Seyfarth, 2015; Nowak, Komarova & Niyogi, 2001) and interpreted (as noted in 

information theory since the pivotal work by Shannon, 1948). The amount of information 

within morphological systems is optimised rather than maximised by means of syncretism of 

Number values. Thus, different information may surface into the same morphological value 

(i.e. Ackerman & Malouf, 2013; Carstairs, 1987; Loporcaro, 2011; Müller, 2007; Pirrelli & 

Battista, 2000; Stump, 1991, 2006, 2010). The larger the number of morphological values in a 

system, the greater the amount of information encoded. A morphological Number system 

needs to balance the overall number of morphological Number values and the amount of 

information encoded. In languages which have been analysed so far, the optimized set ranges 

up to five values.  

As a consequence of morphological syncretism, the amount of information encoded in 

Number morphology is less than the total amount of referential information about numerosity. 

For example, in languages that have a morphological Number system of singular-dual-plural, 

the numerosity of three cannot be encoded into a dedicated morphological value. It may be 

implied in the value of plural but needs additional, likely lexical, means to be unambiguously 

shown. In a system of singular vs. plural, information about numerosities of two or three is 

encoded in the plural value, and thus the reference to precise numerosities is covert.  

 

3. DISCUSSION 

 

To date, the relation between numerical cognition and language has mainly focussed on the 

lexicon. Most languages have lexical words to denote precise numbers (such as ninety-nine, 

one hundred…) but some lack number words either completely or in part (i.e. Gordon, 2004; 

Pica et al., 2004). Studies have shown that speakers of such languages nevertheless master 

numerical tasks, supporting the hypothesis that number words are not essential for numerical 

estimations (for a review: Gelman & Butterworth, 2005).  

We approached the relationship between numerical abilities and language from a 

different perspective, focusing on the information about numerosity which is encoded in the 

grammar, (e.g. in Number morphology). Morphological Number values can readily encode 

information about numerosity, and are mostly mandatorily expressed. In fact, while parsing 

phrases, we automatically inflect words for morphological Number, taking into account the 

numerical information relative to the reference.  

From this perspective, Number morphology offers no less insight than the lexicon in 

exposing relationships between language and the cognitive processing of numerosities. We 

have highlighted that in addition to singular and plural values, some languages can also 

express quantity by means of the Number value of paucal. Moreover, some languages can 

express Number values referring to exact numerosities up to four: dual for two, trial for three, 

and the debated quadral for four. Although languages may appear very different, the limits of 

the attested variation seem to hold for every language (Moro, 2006): this is true also in the 

case of Number morphology. Some Number values, such as quadral, occur less often than 

others across languages. However, here the relevant point does not concern the frequency of 

                                                             
3 The surfacing of values of general, collective, greater plural is rather unconstrained by implications, but even in this case 
the total values of the number system cannot be more than five. For example, Tigre has singular – plural – dual – paucal- 
general and Katyeye has singular – plural – dual – greater plural – general. 



 
 

such number values, but the possibility for them to appear in the language. It is worth noting 

that (i) all the possible Number values allowed across natural languages comprise the same 

finite set, and that (ii) the highest possible exact numerosity that can be encoded in a Number 

value is four. So far, no spoken language has been reported to have a dedicated morphological 

Number value for the expression of an exact numerosity of five, six or more.  

Interestingly enough, the Number values that can be encoded in noun morphology in 

natural languages seem to resemble the values that non-human animals and preverbal infants 

can distinguish by non-verbal number systems (see §1). While number words can refer 

precisely to numerosities that are perceptually indistinguishable (such as ninety-nine vs. one 

hundred), we hypothesize that Number morphology encodes only numerosities and 

estimations that are distinguishable at the perceptual level. Thus, the estimation of quantities 

supported by the AMS system could be grammaticalised in the paucal vs. plural or paucal vs. 

greater paucal opposition. Similarly, numerosities processed by the OFS have their 

grammatical counterpart in the values of dual, trial, quadral. The value of singular is a 

reference to an entity: it marks the precise numerosity of ‘one’ only in opposition to other 

values4. Thus, it is not always possible to trace whether the singular is used to denote a 

reference explicitly encoding a numerosity, a quantity, or not.  

At first glance, the suggested parallelism between Number encoding in morphology 

and the non-verbal numerical systems may not seem so straightforward. No attested 

morphological Number system entails all possible dedicated values for the encoding of 

information delivered by AMS and OFS processes. This may seem somewhat inconsistent 

with the fact that non-verbal numerical systems have been recognized as a part of the core 

knowledge systems. According to the core knowledge hypothesis, animals, including humans, 

are endowed with a small set of core knowledge systems to represent the most relevant 

aspects of the environment (Spelke, 2000; Carey, 2009). Core knowledge systems therefore 

represent inanimate and animate physical objects, places in the spatial layout with their 

geometric relationships, time and numbers (Vallortigara, Chiandetti, Rugani, Sovrano & 

Regolin, 2010). 

As already noted (§2.3), even when a language does not explicitly mark some core 

numerical information with a dedicated Number value, that does not mean that such 

information cannot be expressed in that language. For example, in a language without a 

quadral Number, the information about a numerosity of four is syncretically encoded in the 

value of plural, and therefore its decoding is more generic. A language, however, may exploit 

other means to explicit that information – for instance by number words.  

In this regard, it should be noted that any linguistic reference entails less information 

with respect to the entity that it denotes, and that generic signs can stand for more specific 

signs, but not vice versa. The word dog can refer to any beagle, but the word beagle cannot 

refer to any dog. The same holds for morphology: a more generic value can stand for a more 

specific one. This is possibly why languages that mark morphological Number entail in their 

Number system at least the more generic values, i.e. singular and plural. As the Appendix 

reveals, the morphological Number systems of most languages mark this basic distinction. 

However, this does not imply that the information about numerosity processed during 

language parsing is limited to that encoded in the Number value. Instead, it is likely that 

numerosity and magnitude information is processed by non-verbal number systems whenever 

a word is inflected for Number. Thus, a numerosity of two may be conceptually processed, 

even when the language may only permit plural marking.  

In fact, evidence suggests that neural areas associated with non-verbal number 

processing are implicated in the processing of the most basic opposition; singular vs. plural. 

                                                             
4 For example, in most languages, nouns with a mass reference surface in the singular: since there is no opposition with the 
plural, it is not possible to interpret that singular as referring to a numerosity of one.  



 
 

In an fMRI study conducted by Carreiras and colleagues (2010), participants read noun 

phrases in three conditions: (i) phrases with a Gender agreement violation (i.e. *la piano ‘the-

FEMININE piano-MASCULINE’), (ii) phrases with a Number agreement violation (i.e. *los 

piano ‘the-PLURAL piano-SINGULAR’), (iii) phrases with no agreement violation (el 

piano). The authors found increased activation in the right superior parietal gyrus and the 

right intraparietal sulcus for morphological Number agreement violations compared to the 

other two conditions. These areas are specifically associated with non-verbal numerosity 

processing (Dehaene, Piazza, Pinel & Cohen, 2003; Piazza, Mechelli, Butterworth & Price, 

2002; Piazza, Mechelli, Price & Butterworth, 2006; Piazza, Pinel, Le Bihan & Dehaene, 

2007; Pinel, Piazza, Le Bihan & Dehaene, 2004). The authors concluded that parts of the 

right parietal lobe involved in non-verbal number processing are also activated during the 

processing of Number morphology. Thus, while grammatical processing typically activates 

left prefrontal cortex (e.g., Sakai, Homae & Hashimoto, 2003) the processing of 

morphological Number values could require additional, number-specialized networks. While 

Carreiras et al. (2010) only explored singular/plural marking, we hypothesize that 

morphological Number values of dual, trial and paucal should also activate specialized 

number networks. The neural activation pattern could match that reported by Carreiras and 

colleagues, or alternatively the networks reported to be specifically related to the two non-

verbal numerical systems OFS and AMS (i.e. Hyde & Spelke, 2011; Hyde & Spelke, 2012).  

A further demonstration of a possible relationship between Number morphology and 

numerical cognition relates to the mental number line, which describes a spatial 

representation of numbers along a left-right oriented continuum. Along the mental number 

line small numbers are located on the left side and large ones on the right (Galton, 1880). As 

a result of this spatial-numerical association, adults are faster in processing small numbers 

when responses are executed on the left side of space and faster for large numbers when 

responses are executed on the right side of space. This effect is known as spatial-numerical 

association of response codes, SNARC (Dehaene, 2011; Göbel, Shaki & Fischer, 2011; 

Fischer & Shaki, 2014). An association between numbers and space also occurs in preverbal 

human infants (de Hevia et al., 2009) and animals (Rugani et al., 2015; Rugani & de Hevia, 

2017). A study by Roettger & Domahs (2015) reports a SNARC-like effect in a series of 

speeded behavioural response tasks using German words which varied in morphological 

Number. The authors found that words inflected in the singular had a relative left-hand 

advantage and words in the plural a relative right-hand advantage, suggesting that 

morphological Number impacts selectively on quantity processing. In this regard, the authors 

suggest that it may be useful to build paradigms using more complex morphological stimuli, 

by exploiting languages with other morphological Number values, such as dual and paucal.  

Further research focussed on these fine-grained distinctions will be necessary to 

understand the relation between information encoded in Number morphology and those 

processed by non-verbal numerical cognition. We propose that Number morphology only 

grammaticalises information about perceptually discriminable numerosities processed by the 

two non-verbal numerical systems. Crucially, the non-verbal numerical systems develop early 

in humans and are evident across species, thus this information seems to be highly salient 

from a biological perspective, as a part of core knowledge systems. This capacity to encode 

and communicate core numerical knowledge and more generally information processed by 

core knowledge systems may reflect the salience of such information for evolutionary 

survival. For the first time, the present paper extends such observations to the link between 

Number morphology and numerical core knowledge. 

Core knowledge systems can be considered as cognitive tools that favour effective 

animal interactions within their natural environment. Recently, some of these systems have 

also been considered to shape the grammatical structure of human language. For example, a 



 
 

link has been outlined between the salience of conceiving of naïve physics, animacy, 

countability and the fact that these are encoded in the grammar of natural languages 

(Strickland, 2017; Zanini, Benavides-Varela, Lorusso & Franzon, 2017).  

Further, it has been proposed that the core structure of human language stems from 

cognitive processing mechanisms rather than the other way round (Christiansen & Chater, 

2008). In this regard, it has been shown that morphological systems are mastered when the 

amount of the encoded information is optimized rather than maximized (Kirby, Dowman & 

Griffiths, 2007). This is consistent with data from associative learning theory (Wagner & 

Rescorla, 1972). Since number as a real-world category is inherently structured, with smaller 

numerosities being implicit in larger numerosities, learning theory predicts that 

morphological Number hierarchy as reported in typology should emerge naturally and 

universally in language, as a consequence of reflecting these real-life contingencies (Malouf, 

Ackerman & Seyfarth, 2015).  

We propose that Number morphology has evolved in natural languages in order to efficiently 

encode information about a core cognitive feature, namely the numerosity of entities. New 

research questions arise from this observation. 

From the discussion above it can be inferred that we estimate magnitudes and 

numerosities whenever we are selecting a pertinent morphological Number value for the 

words we process, while parsing language. What are the cognitive and neural implications of 

this hypothesis? Does information coming from other non-verbal cognitive domains, such as 

animacy, influence our counting and/or our encoding of numerosity into grammar? We have 

suggested that animacy may interact with morphological Number systems since animate 

references are more likely to be inflected for Number (i.e. Dixon, 1979; Smith-Stark, 1974). 

Is this interaction cognitively based? Such observations could lead to new insightful research 

issues about the relation between language and cognition.  
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