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Abstract

This paper provides a form-meaning account of Yoruba numerals, demonstrating
how they can be analyzed with morphological schemas, as developed in ( ).
The discussions on Yoruba numerals, described as one of the most complicated nu-
meral systems of the world ( ), have centered on the array of arith-
metic operations involved in their computation. This complex computation results
in phonological variations for some numbers in isolation and when such numbers
are stems for the derivation of complex numerals, thereby constituting a challenge to
the identification of numerical meanings from phonological forms. In a more recent
approach to the analysis of complex words, Geert Booij, through a series of works
( , , , , ) developed Construction Morphology (CxM)
to provide a systematic pair of linguistic forms and meanings of complex words. This
approach uses constructional schema to account for the holistic properties of com-
plex words and how existing templates can be used to create new words ( ,

; ). Following the CxM approach, this paper, through a sys-
tematic examination of each group of numerals with a similar arithmetic operation,
shows that numbers with similar mathematical operations have feature commonali-
ties that set them apart from other groups of numerals. These commonalities show
how Yoruba users make form-meaning representations of numbers that are repre-
sented with different allomorphs, whether phonologically governed or idiosyncratic.
The paper concludes that presenting holistic properties of Yoruba numerals through
constructional schemas shows a direct way to identify their mathematical properties
from phonological forms.
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1 Introduction

Numerals are intrinsically complex linguistic expressions whose configurations follow differ-
ent patterns across languages. In Yoruba, a language with “probably the most unusual and
complicated of any of the world’s natural language numerical systems” ( :211),
the basic numbers are 1-10, and isolated numbers 20, 30, 200, 300, and 400. Other nu-
merals from 11 are complex linguistic expressions whose compositions consist of an array of
numerical operations. As exemplified in Table 1, some subsets of Yoruba numerals within this
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2 A CxM approach to Yoruba numerals

complex system are a product of simple subtraction, addition, or multiplication as in (f), (g),
and (h), respectively, while the derivation of other subgroups as exemplified with 563 in (e)
and 500 in (i) involves a concatenation of numerical operations'. In addition to these eclec-
tic arithmetic operations, the complexity of Yoruba numerals is attributed to the numerous
subgroups to which each numeral belongs and allomorphy within the system. Examples of
allomorphy include the appearance of 10 as ewd in isolation in (b) but as &d in 13 in (g), 200
as igba in (d) but as ggb- in (h & i), and 100 as ggdrin-iin in (c) but as ¢¢ in (i) 2.

Numerical Form Numerical Form Computation
eta eta-din-1-6gin
a. | ‘8 3 f. | 8-minus-PREP-20 | 20 - 3
q7
ewa eta-1-ad
b. | ‘10 10 g. | 8-plus-10 3+ 10
q3
0g-orunun egh-eta
c. | twenty-five 20x 5 h. | two hundred-three | 200 x 3
‘100° ‘600’
igha eé-d-égb-eta
d. | ‘200 200 i. | 100-minus-200-3 | 200 x 3 — 100
500°
ota-1é-1-ée-d-égb-eta 6 1¢ m-éta
e. | 60-plus-PREP-100-minus-200-3 RP plus ADJ-3 (200 x 3 - 100) +
563 (60) +(3))

Table 1: A Representative Sample of Yoruba Numerals

Much of the previous work has focused on providing an input-output account of Yoruba
numerical forms. In this traditional word formation rule approach, which presents the (mor-
pho)phonological processes involved in the derivation of each numeral, two proposals have
been made in accounting for the derivation of 100 (and other multiples of 20 in Table 4), for
example. The first ( , , ) argues that ggérinun derives through com-
pounding ogun+eérin. Compounding leads to vowel coalescence [T] + [e]= [o] as a result of a
constraint that disallows vowel hiatus in Yoruba, creating an environment for cross-consonant
vowel harmony. An alternate approach ( ; , ; )
argues that hiatus is resolved through vowel deletion og+érizniin, vowel harmony og+éraniin, and
cross-consonant vowel assimilation ggdranin. Similarly, this account considers egbeta ‘600’ to
derive through compounding igba-éta ‘200-3’, which creates an environment for vowel dele-
tion igbeta and cross-consonant vowel harmony egbeéta.

Although this approach offers an insight into each constituent of Yoruba complex numbers,
two main issues are worth consideration: (i) it does not provide a direct phonology-semantic
or form-meaning interpretation, and, most importantly, (ii) it fails to account for allomorphy

! Examples presented in this paper will use Yoruba orthography. Vowels e and ¢ represent [€]

and [o], respectively. n after a vowel represents nasality (un = [ti]. The consonant p is [la)], gb
is [gﬁb] The acute sign represents high tone, the grave sign represents low tone, and mid tone is
unmarked.

These examples and others presented in this study are the basic counting pattern of Standard
Yoruba, which differs from other numerical functions such as the long (e.g., eéji), the cardinals
(e.g., méji), and the ordinals (e.g., keji).
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that seems to not follow regular phonology of the language, such as the realization of 100 as
ogorim-in in isolation in (c) but as ¢¢ in 500 in (i) (see Table 8 for multiples of 100 indivisible
by 200). These variations, in addition to the complex mathematical operations involved, pose
a challenge to the learnability of Yoruba numerals for native speakers and non-native speakers
alike, and have contributed to the endangerment of the numeral system, described as “the as-
pect of the language that is most susceptible to falling out of use” ( :862). These
difficulties call for an approach that makes a direct connection between Yoruba numerical
forms and their meaning.

More recently, Booij, through a series of work ( , , , , ),
developed Construction Morphology (CxM) to account for the holistic properties of complex
words by making a connection between the (output) form of words and their meaning. CxM
represents complex words as constructions and accounts for their holistic properties through
the use of a constructional schema. Constructional schemas show a form-meaning mapping
of complex words by representing their common and predictable aspects and account for how
language users can use existing templates to generate new structures. In doing this, CxM
shows that both unproductive patterns, existing word forms with no generative function, and
productive patterns, existing templates that speakers can use to generate new forms, can be
represented in the same way. The only difference in the representation of both patterns is
that in the representation of the former, the legal instances have to be listed in the lexicon,
whereas the schema representation of the latter can, in addition to representing existing words,
generate new word forms that meet the required constraint ( ;

; ).

As morphology research increasingly considers the application of CxM to different word
categories, research focus has extended to provide a form-meaning account of numerals and
to account for the complex network of systems involved in their derivation ( ;

, ). In pursuit of these concerns, this study presents numeral data from
Yoruba. The main goal of this paper is to provide a form-meaning account of Yoruba numer-
als, demonstrating how they can be analyzed with morphological schemas, as developed in
( ). In providing a schema representation, the paper categorizes Yoruba numerals
into different subgroups according to their commonalities and the mathematic operations in-
volved. Through this categorization, I wish to illustrate that the Yoruba numeral system forms
a complex network of systems at different layers, some of which are more productive than
others. I conclude by providing potential learning implications for a form-meaning account
of Yoruba numerals.

After this introduction, section 2 provides a briel background of Yoruba, describes the
sources of data presented in this paper, and provides a brief overview of Construction Mor-
phology. Section 8 offers a detailed account of Yoruba numerical groups, presenting schema
representation for each group. Section 4 discusses the issue of idiosyncrasy and regular
phonology as related to Yoruba numerals. Section 5 concludes by relating the contribution of
Yoruba numeral data to construction theory and by providing directions for future research.

2 Background

Data for this study are from Yoruba, a language spoken in Western Africa, primarily in the
Southwestern part of Nigeria, Benin, and Togo. Yoruba belongs to the Yoruboid group of
languages within the Volta-Niger branch of the Niger-Congo family (

). Yoruba is a dialect continuum consisting of several dialects, which ( )

classifies into North-West Yoruba, North-East Yoruba, Central Yoruba, South-West Yoruba,
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and South-East Yoruba. Due to the influence of slave trade, some dialects of Yoruba also exist
in countries like Brazil, Cuba, Trinidad and Tobago, and Haiti. In addition to these dialects,
there is a Standard Yoruba (SY) that speakers of all the various dialects understand and that
forms a strong integration element in the formation of a common Yoruba identity (

; ). This standard variety is the variety learned in school in
all Yoruba-speaking communities, the language of the media, and the variety represented in
major dictionaries and grammars of the language prepared over the past two centuries and in
most pedagogical materials prepared for learners of the language.

Standard Yoruba has a phonological system that distinguishes it from other dialects of the
language. This system includes seven oral vowels [a], [e], [], [i], [o], [2], [u], five nasal vowels
[a], [€], [i], [5], and [d], three tones High, Mid, and Low, and an ATR vowel harmony system.
Orthographically, vowels e and ¢ represent [¢] and [o], respectively. n after a vowel represents
nasality as in an for [d]. The acute sign [é] represents high tone, the grave sign [e] stands for
low tone, and the mid tone is unmarked. The ATR harmony system requires mid vowels [e],
[o], [€], and [5] to agree in [ATR] within a phonological word.

The author of the paper is a native speaker of Yoruba. The data presented, which are
from Standard Yoruba, and the analysis developed in section 3 are informed by my native
speaker’s intuition and existing written works on Yoruba numerals such as ( ),

( ), ( ), ( ), and ( ). From
the entire numeral system, I selected and grouped number sets according to their mathematical
composition (see 3 for the description of each group).

2.1 Construction Morphology

Construction Morphology (CxM) is a theory of linguistic morphology that accounts for the
properties of complex words as systematic pairs of linguistic form and meaning. CxM as an
offshoot of Construction Grammar applies to the analysis of words, where complex words
are analyzed as constructions. The notion “construction” accounts for the morphological
structure of existing words and how speakers use existing templates to create new words. A
central assumption of CxM is the use of constructional schemas to account for and represent
systemic relationships between words” forms and their meaning ( , ).

( ) presents an example of a systematic form-meaning relation in the analysis of Dutch
numeral sets 8-9 and 10 in (a) of Table 2 and the set of numerals 13-19 in (b).

(a) Numerals 3-9  (b) Numerals 13-19

(1) drie ‘3 | 1) | der-tien
(ii) vier ‘4’ | (ii) | veer-tien
(i) | vijf 5’ | (i) | vijf-tien ‘15
(iv) | zes ‘0 | (iv) | zes-tien ‘16’
v) zeven | 77 | (v) | zeven-tien | ‘17’
(vi) | acht ‘8" | (vi) | acht-tien ‘18’
(vii) | negen | ‘9 | (vii) | negen-tien | ‘19’
(viiil) | tien ‘10’

Table 2: Dutch Numerals 1-10 and 13-19 ( :195)

Booij represents the common and predictable properties of the closed set of Dutch nu-
merals 13-19 with the schema in (1). He explains that the schema shows the form-meaning
relationship between a particular set of numerals with tien ‘10’ where dig denotes numerals
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3-9. The meaning of this numerical construction is the addition of the number tien ‘10’ and
any digit between 3-9. Thus, the schema represents how Dutch speakers store this closed
subset of numerals in the lexicon.

(1) Schema for Dutch Numerals 15-19(Booy 2010:196)
[x]'Num, [dig] tenfNum « » [NUM + 10}

Constructional schemas help to express generalizations over sets of words. This general-
ization can make predictions of how language users can derive new words through existing
word structures (productive pattern) or only express the common and predictable features of
a group of words (unproductive pattern), such as Dutch numbers 13-19 in Table 2. Schemas
show that the form and meaning of every subset of numerals, as in other word categories,
are not completely arbitrary, but that a relationship exists between their output forms and
meaning. This form-meaning mapping of numerals is established not as a concatenation of
morphemes, but as “independent meaningful units within which certain subcomponents (mor-
phemes) may be distinguished on the basis of the paradigmatic relations with other words”
( 4-5).

In the following section, I will present a form-meaning account of Yoruba numerals. Through
the use of constructional schemas, I will show how phonological properties and arithmetic pat-
terns distinguish a numerical group from another.

3 Yoruba Numerals

The Yoruba numeral system is intricate and unique as a result of the complex patterns involved

in its derivation. ( ), notes that, in contrast to other languages, Yoruba numer-
als pose a serious challenge to giving an adequate theoretically motivated analysis. Other
theory-driven works such as ( ), ( ), ( , ), and
descriptive works such as ( ), ( , ),

( ), ( ), and ( ) allude to the complexity of the Yoruba nu-
merals, which ( :35) refers to as “the problems of Yoruba numerals”. Accord-
ing to ( :5), the “Yoruba numeral system is a fascinating chapter in the history
of mathematics and of the development of human thought”. ( :33) refers to

the derivations of these numerals as done in a “very cumbersome and complicated manner
involving multiplication, addition, and subtraction”. Some numerals are derived through sim-
ple addition, subtraction, or multiplication. Others are derived through a concatention of
numerical operations.

3.1 Basic Layer of Structures

The most basic uninflected numerical forms in the Yoruba system, presented in (a) of Table
3, are 1-10, and isolated numbers 20, 30, 200, and 400. These uninflected numbers form
the blocks for the computation of the group of numerals in (b) and other groups presented in
this section.
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(a) Basic Numerals | Gloss | (b) Numbers 11-14 | Computation
(1) okan ‘1 (i) | okan-1-ad

() | e ‘Y 1-plus-10 1+10
(iii) | eta ‘3’ ‘11

(iv) | erin ‘4’ (i) | eji-l-ad

(v) | erin/arin | ‘5’ 2-plus-10 2+ 10
(vi) | efa ‘6’ ‘12°

i) | gje 7| Gi) | ctl-nd

(viii) | ¢jo ‘g 3-plus-10 3+ 10
(ix) | esdn ‘9’ ‘18’

(x) ewd ‘10° (iv) | erin-l-ad

(xi) | ogun ‘200 4-plus-10 4+ 10
(xii) | ogbon 30° ‘14°

(xiii) | igba ‘200°

(xiv) | 0d¢dinrun 300

(xv) | irinwo 400

Table 3: Basic Numerals and numbers 11-14

The group of numerals (b) in the table above is a clear case of complex words involving
addition, where the addends precede the number to which they are added. These numbers
have features that set them apart from other subgroups in the system. The common part is
the form [-ad “plus-ten”, which in addition to any digit between 1-4 forms numbers 11-14.
Consistent with early interpretation as lé ni wd “increase by 107 ( ;

, ; ), we can interpret [-ad as (+10) by considering [ as a variant of /¢
“+” and ad is an allomorph of éwd. The realization of éwd as ad in this context results from
a regular phonological requirement in Yoruba that deletes intervocalic [w], thereby creating
an environment for regressive assimilation. Regardless of the variation between ¢wd and
ad, Yoruba speakers do not need to revert to the form [¢ ni ewd to get the meaning of the
group of numerals in (b). Instead, they represent the meaning of each numeral in -lad as the
addition of the numerical digits 1-4 and 10. The morphological schema in (2) expresses the
commonalities of the close group of numeral set 11-14 and represents their holistic properties
as stored in speakers’ mental representation.

(?) Schema for 11-14
a. [[Num]igiz1 ¢ Fad T« »  [NUM' + 105
b. [etaTFaa Ty “ > [3' 4 104

The schema in (2a) represents the connection between a single form and meaning. The
meaning of the whole construct is the addition of the numerical value of the closed digital
numbers 1-4, represented with [Num][dig1-4], and ad ‘10’. The superscripts , j, and k, which
are variables for lexical indexes, establish a correspondence- the arithmetic value- between
the form and the meaning. Num with the index 7 and the subscript [digl-4], which stands
for digital numerals 1-4, on the left side corresponds with NUM with the index ¢ on the
right, -1- with the index j corresponds with +, and ad with the index £ corresponds with the
numerical value 10. Num and the superscript [ at the end of the schema indicate that the
entire construction is a numeral. (8a) will express a number like ¢talad ‘18’ in (b). The form
eta on the left side of the schema corresponds with 3 on the right side, /- corresponds with
+, and ad corresponds with 10. The same schema can extend to other numerals within the
11-14 system. Replacing eta ‘3" with okan ‘1, ¢ji ‘2, or erin ‘4’ will express 11, 12, and
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14, respectively. Note that the schema above only expresses the common and predictable
properties of numbers 11-14 and serves no derivation function because this is a closed set of
numerals with an unproductive word formation pattern.

3.1.1 Vigesimal System

The next sets of multiples of 20, 200, and 2,000 in Tables 4, 5, and 6 show the preponderant
use of vigesimal system and multiplication in the Yoruba numerical system. For multiples
of 20 such as 40, 80, 100..200% in Table 4, 20 is multiplied by any number between 2-10.
Notably, we see allomorphy for 20 and 2-10 in isolation and when these are constituents of
multiples of 20. 20 is ogun in isolation in (a) but 0g/og as parts of multiples of 20 in (b-j)
and ¢ appears invariantly as the first vowel of 2-10 (note that the initial vowel of 2-10 in
isolation in Table 2 is either e/e). This allomorphy results from the Yoruba phonological
constraints that disallow vowel hiatus and require vowel harmony, the co-occurrence of mid
vowels with identical [ATR] values, within a word ( ;

; ; ). This phenomenon is common
in the Yoruba grammar as evidenced in “owner-of-X/ possessor-of-X/ seller-of-X” construc-
tion, where aldjd “owner of dog/seller of dog” and oldghdn “owner of wisdom/ a wise person”
are each constituent of on7 “owner” and ajd@ “dog” and ogbon “wisdom” ( ). De-
spite the variation between ogiin and og/og for 20, there is a consistent use of the latter for 20
within the group of numerals that are multiples of 20. The choice between og and og resolves
to vowel harmony requirements, where the former surfaces when all vowels are (+ATR) as in
ogdje ‘40 in (g) and the latter selects all (-ATR) vowels as in ggdjo ‘160" in (h).

ogun og-ofa

(@) | ‘200 (f) | twenty-six (20 x 6)

‘120°

0g-0ji og-oje

(b) | twenty-two (20 x 2) (g) | twenty-seven (20 x 7)
‘40’ ‘140°
0g-dta 08-0j0

(c) | twenty-three (20 x 3) (h) | twenty-eight (20 x 8)
‘00’ ‘160°
0g-orin 0g-0sanan

(d) | twenty-four (20x4) (i) | twenty-nine (20x9)
‘80° ‘180’
0og-orunun 0g-Owad

(e) | twenty-five (20 x 5) (j) | twenty-ten (20 x 10)
‘100° ‘200°

Table 4: Multiples of 20

The regularities across the group of numerals above, despite the variation for 20, show that
Yoruba users do not need to revert to the form ogun to interpret the phonological form of

3 A variant of ggowad (20 x 10) ”200” that is commonly used within the numeral system, especially

for the computation of multiples of 200, is igba.
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numbers that are multiples of 20. Rather, they make meaning connection with og or og as
20. We can, therefore, represent this group of numerals with the schema in (3). As with (2),
the schema does not have a generative power but only expresses the common and predictable
properties of multiples of 20.

(3) Schema for Muluples of 20
[TE] Numpgse 210" Num < » [20° x NUM*

[ATR][ATE] [ATE]

The schema above shows the relationship between the output form of multiples of 20 and
their meaning. The left side represents the phonological form, while the right side expresses
their semantic interpretation. og with the index 7 on the left side of the schema coindexes with
20 on the right side, to which we multiply numbers 2-10, represented with Num[dig 2-10]
with the indexj. The variable [ATR] indicates that all vowels within this numerical form must
be identical in ATR value. The constraint, for example, permits ggdjo but disallows *ogdjo for
160. Replacing the index Num[dig 2-10] with 2, 3, or 4, will express ogdji ‘40’, ogdta ‘60, and
ogorin ‘80, respectively.

The set of multiples of 200 in Table 5 employs the same arithmetic operation as multiples
of 20. In this group, 200 serves as the base through which we multiply digits 2-10. Similar
to the observation in multiples of 20, 200 appears as igba in isolation in (a) but as egb/egb
in multiples of 200 in (b-j). As with 20 in multiples of 20, this variation results from the
phonological constraints of Yoruba that disallow vowel hiatus and require vowels with identical
[ATR] values to co-occur within a word.

egbe-fa
(a) | igbha 200 (f) | two hundred-six 200x 6
‘1,200°
egbe-ji egbe-je
(b) | two hundred-two | 200 x 2 (g) | two hundred-seven | 200 x 7
‘400° ‘1,400°
egbe-ta egbe-jo
(c) | two hundred-three | 200 x 3 (h) | two hundred-eight | 200 x 8
‘600’ ‘1,600’
egbe-rin egbe-sin
(d) | two hundred-four | 200 x 4 (i) | two hundred-nine | 200x 9
‘800° ‘1,800’
egbe-rin egbe-wid
(e) | two hundred-five 200x 5 (j) | two hundred-ten 200 x 10
‘1,000° 2,000’

Table 5: Multiples of 200

We can represent the group of numerals above with the schema in (4). In the schema, the
phonological form egb on the left side coindexes with 200 on the right side. Num[dig 2-10]
with the index j denotes the set of digital numbers 2-10 with which we multiply 200. The
variable [ATR] expresses the requirement for the co-occurrence of vowels with identical ATR
values within a numerical form. This constraint explains why we have egb in egbeje ‘1,400’ but
egh in egbejo ‘1,600 Replacing the index NUM|[dig2-10] with 2, 3, or 4 will express egb-ji
(200 x 2) “400’, ggb-eta (200 x 3) ‘600’, and egb-erin (200 x 4) ‘800, respectively.
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(4) Schema for Muluples of 200
|:'-|3g1::+'L [ll‘qu:in[dig 210" Num +——— [200° x NUMT*

[ATR] [ATR] [ATR]

The number ¢gbad ‘2000’, which in itself is an allomorph of egbéwd, serves as the base for
the computation of multiples of 2,000 in Table 6. As with multiples of 20 and 200, 2,000
is multiplied with the digits 2-10 to derive 4,000, 6,000, 8,000, up to 20,000. Based on
this computation, we can present a form-meaning representation of this group of numbers
with the schemas in (5). Since this is a closed set of numerals that speakers have to store in
their mental lexicon, the schema, as with previous ones, does not have a generative function.
Rather, it shows the common and predictable properties of numbers in Table 6 and expresses
how Yoruba speakers form a connection between the phonological forms of this group of
numerals and semantic interpretations.

Numerical Form ‘ Computation ‘ Numerical Form ‘ Computation ‘
egbad-fa
(a) | egbad 2,000 (h) | two thousand-six 2,000 x 6
‘12,000’
egbad-ji egbad-je
(b) | two thousand-two | 2,000 x 2 (g) | two thousand-seven | 2,000 x 7
‘4,000’ ‘14,000’
egbad-ta egbad-jo
(c) | two thousand-three | 2,000 x 3 (h) | two thousand-eight | 2,000 x 8
‘6,000’ ‘16,000’
egbad-rin egbad-sandn
(d) | two thousand-four | 2,000 x 4 (i) | two thousand-nine | 2,000 x 9
‘8,000’ ‘18,000’
egbad-runin egbad-wad
(e) | two thousand-five 2,000 x 5 (j) | two thousand-ten 2,000 x 10
‘10,000° ‘20,000°

Table 6: Multiples of 2,000

The schema in (5) represents the meaning of each number in egbad as the multiplication of
any of the digital numerals 2-10 and 2,000. egbad on the left side of the schema co-indexes
with 2,000 on the right. NUM|[dig2-10] with the index j denotes the set of numerals 2-10.
If we replace the index Num[dig2-10] with a specific number such as 8, we will express the
meaning of egbadta as (2,000 x 3) ‘6,000’.

(5) Schema for Multiples of 2,000
[ég‘bﬁél mumld% E.]_.]:]’I]kNum e [QOOGI H NUI\"IJ]L

The groups of numerals presented in this section use multiplication. Multiplication is not
morphologically marked in Yoruba but inferred in complex numerals with bases that are of
vigesimal value (multiples of 20, 200, and 2,000) and digital numerals 2-10. The next set
of numerals, which operate within the vigesimal system, uses subtraction. Unlike numerals
derived through multiplication, the meaning of subtraction is expressed with the morpheme

din/d.
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3.1.2 Subtraction within Vigesimal

Numeral sets presented in this section show how derived complex words can serve as the base
for morphological operations. The derived multiples of 20, 200, and 2,000 in Tables 4, 5,
and 6 above serve as bases for multiples of 10 that are indivisible by 20 (50, 70, 90..190),
multiples of 100 that are undividable by 200 (500, 700, 900...1,900), and multiples of 1,000
that are indivisible by 2,000 (5,000, 7,000, 9,000... 19,000).

For multiples of 10 indivisible by 20 in Table 7, we remove 10 from the next multiple of
20 (60, 80, 100..200) such that adddgta ‘50’ is (60-10). Notably, 10 which is ¢wd in isolation
in (a) and appears as ad in numbers 11-14 in Table 3 resurfaces here as ad in (b-i); “minus”
appears as d but as din in isolation (see Table 10); the multiples-of-20 template to which 10
is subtracted is the last CVC of the base in isolation in Table 4. Despite these variations, we
see the regular use of ad for 10, d for minus, and the VCV template for multiples of 20.

Phonological Form ‘ Computation Phonological Form Computation
ewd

(a) 10 10
ad-d-ota ad-d-oje

(b) | 10-minus-60 60-10 (f) | 10-minus-140 140-10
50’ ‘130°
ad-d-orin ad-d-gjo

(c) | 10-minus-80 80-10 (g) | 10-minus-160 160-10
70’ ‘150°
ad-d-drunin ad-d-gsandn

(d) | 10-minus-100 100-10 (h) | 10-minus-180 180-10
‘90’ ‘170°
ad-d-ofa ad-d-6wad

(e) | 10-minus-120 120-10 (1) | 10-minus-200 200-10
‘110° ‘190°

Table 7: Multiples of 10 indivisible by 20

The consistent use of ad ‘10" as an allomorph of ¢wd and d ‘minus’ as a variant of din shows
how multiple phonological forms can represent a single numerical meaning. This is consistent
with other languages such as Dutch and English, where Dutch speakers represent the digit 4
as vier /vi:r/ in isolation but as veer /ve:r/ as a stem for the formation of 14 ( ) and
English speakers represent the number 10 as ten in isolation but as -teen in numbers 13-19
and as -ty in multiples of 10 ( ). For Yoruba speakers, 10 is represented as ad
within numbers 11-14 and multiples of 10 that are indivisible by 20 but as ¢wd in isolation.
Thus, we can express the holistic properties of the data above with the schema below.

(6) Schema for multiples of 10 indrvisible by 20
P )
[ad'd Numpeo 'Num ¢—— [NUM* -1107]

The phonological form ad on the left side of the schema coindexes with 10 on the right
side; d, ‘reduce/minus’ coindexes with (-); the subscript [x20] denotes that Num with the
index k represents multiples of 20 to which we subtract 10. Notably, we see a positional
variability between the phonological representation on the left side of the schema, where the
subtrahend precedes the minuend, and the semantic interpretation on the right side, where
the computation requires the minuend to precede the subtrahend. This form-computation
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order mismatch is adequately captured and annotated with the use of superscripts: Num[x20],
indexically marked with &, on the left side of the schema corresponds with NUM on the right
side, with [x20] denoting it as a multiple of 20; d marked with the index j corresponds with
(-); ad, marked with the index 7, which appears at the beginning on the left side of the schema
corresponds with 10 at the end on the right side.

Multiples of 100 that are indivisible by 200 in Table 8 rely on multiples of 200 for their
computation. For this set of numerals, we remove 100 from the next multiple of 200 such that
eédégbeta ‘500’ in (b), for example, is 600-100. Unlike the phonological explanation posited
to have accounted for the realization of ¢wa ‘10" as ad, the source of &¢ in this subgroup is
not phonologically governed (since 100 is ggdrin-un), but rather appears to be idiosyncratic.
Regardless of the source, however, there is a direct form-meaning association for ¢¢ as, in
relation with multiples of 200, expressing 100. Phonologically, ¢¢ can appear as either &¢ as in
() or as &¢, depending on the [ATR] value of other vowels in the number. When other vowels
are [-ATR], ¢¢ surfaces, whereas &¢ appears with a number whose other vowels are [+ATR].

Numerical Form Compulalion‘ Numerical Form ‘Computalion
ogorun-in

(a) 100° 100
eé-d-égbeta eé-d-égbeje

(b) | 100-minus-600 600-100 () | 100-minus-1,400 | 1,400-100
500° ‘1,300’
¢¢-d-¢gherin e-d-cgbejo

(c) | 100-minus-800 800-100 (g) | 100-minus-1,600 | 1,600-100
700° ‘1,500’
¢¢-d-égberin e¢-d-éghesan

(d) | 100-minus-1,000 | 1,000-100 (h) | 100-minus-1,800 | 1,800-100
‘900’ ‘1,700’
eé-d-cgbefa e¢-d-cgbewa

(e) | 100-minus-1,200 | 1,200-100 (i) | 100-minus-2,000 | 2,000-100
‘1,100° ‘1,900

Table 8: Multiples of 100 indivisible by 200

We can extend the schema in (6) to (7) to express the holistic properties of the data above.
Num with the subscript [x200] stands for multiples of 200. The subscript [x200] stipulates
the constraint governing the number that can appear in this position as multiples of 200. The
meaning of ¢¢ is expressed through its co-indexation with 100 on the right side of the schema.
d co-indexes with “minus”. We can replace Num[x200] with any multiple of 200 such as
egbeta ‘600’ to express ¢é-d-égbeta (600-100) ‘500”. Notably, the same structural-semantic
juxtaposition that exists in multiples of 10, where the subtrahend precedes the minued in the
phonological form, also exists in multiples of 100. Again, co-indexation adequately captures
this order mismatch (¢¢ coindexes with 100; d coindexes with “-”; Num[x200] coindexes with
NUM]. As with the previous schemas, (7) does not serve a generative function, but rather
expresses the common and predictable properties of the group of numerals above.

(7) Schema for Multuples of 100 Indivisible by 200

[ee'd'Numy 00| ¢—» [NUM* 51007

There is a multi-meaning use of ¢¢ in multiples of 100 in Table 8 and in multiples of
1,000 in Table 9. The source of ¢¢ within the overall Yoruba numeral system is generally
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unknown since 100 is ggdran-in and 1,000 is egberin. Although we can postulate &¢ to have
phonologically developed from egbérin, its development from ggdrin-in 100’ raises more
questions than answers. Nonetheless, its meaning can be expressed when taken holistically

within the entire numerical construction: ¢¢ in relation to multiples of 200 denotes multiples
of 100 that are indivisible by 200, whereas it indicates 100 within multiples of 2,000 that are
indivisible by 2,000.

Numerical Form Computation Numerical Form ‘ Computation
egbeérin

(a) 1,000 1,000
eé-d-égbadta eé-d-égbadje

(b) | 1,000-minus-6,000 | 6,000-1,000 | (f) | 1,000-minus-14,000 | 14,000-1,000
5,000’ 13,000’
eé-d-égbadrin eé-d-égbadjo

(c) | 1,000-minus-8,000 | 8,000-1,000 | (g) | 1,000-minus-16,000 | 16,000-1,000
7,000° 15,0007
eé-d-égbadrunin ¢é-d-égbadsandn

(d) | 1,000-minus-10,000 | 10,000-1,000 | (h) | 1,000-minus-18,000 | 18,000-1,000
9,000° 17,0007
eé-d-égbadfa eé-d-égbadwad

(e) | 1,000-minus-12,000 | 12,000-1,000 | () | 1,000-minus-20,000 | 20,000-1,000
‘11,000’ 19,000’

Table 9: Multiples of 1,000 indivisible by 2,000

The morphological schema in (8) shows the common and predictable parts of multiples of
1,000 Table 9. In this schema, &¢ as a common feature translates to 1,000 on the right side,
Num with the subscript [x2000] denotes multiples of 2,000 from which 1,000 is removed.
d with the index j co-indexes with subtraction. As such, we can replace Num[x2,000] with
any multiple of 2,000 such as egbadia ‘6,000, egbadrin ‘8,000, or egbadriin ‘10,000’ to express
5,000 as eé-d-égbadta (6,000-,000), 7,000 as eé-d-égbadrin (8,000-,000), and 9,000 as ¢¢-d-
égbadrinin (10,000-1000), respectively.

(8)Schema for Mulaples of 1,000 Indivisible by 2,000

[ee'dNumes poo"]' ¢—— [NUM* -11000°7

The data presented in 3.1 shows that the Yoruba numerical system is vigesimal based, built
upon multiples of 20, 200, and 2,000 and the digits 2-10. Members of each group are
closed and cannot be freely generated. Thus, a schema representation of each group is to
show common and predictable properties of each subgroup of numerals. The next section
discusses a more productive pattern of numeral formation in Yoruba.

3.2 Complex Layer of Structures

The next sets of numerals operate at a more complex layer and have more productive patterns
than those discussed in the previous section. These groups of numerals, which rely on the
already derived numbers in section 3.1 for their formation, present evidence that complex
lexical units can serve as the basis for morphological operations.
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For the next subset of numerals in Table 10*, Yoruba employs addition to and subtraction
from higher decades. ( ) describes a decade in Yoruba as a set of ten numbers
such that each of the number groups 21-30, 31-40, and 41-50 constitutes a decade. This
system has more productive patterns, as long as the numerical form observes the constraints
governing its realization. Within this decade system, we can add any digit from 1 to 4 to any
multiple of 10 such as 20, 30, 40, 50, 120, 300, 1000, 5000, and so on, thereby creating
groups 21-24, 31-34, 41-44, 51-54, as exemplified with the data in (a).

(a) Whole numbers increase by 1 to 4 ‘ (b) Whole numbers decrease by 5 to 1 ‘
Numerical Form Computation Numerical Form Computation
okan-1é-1-6gin okan-din-1-6gun

1. 1-increase-PREP-20 | (20 + 1) 1. 1- remove-PREP-20 | (20 - 1)

21 ‘19
eji-lé-1-¢gota ¢ji-din-1-6géta

ii. | 2-increase-PREP-60 | (60 + 2) ii. | 2-minus-PREP-60 (60 - 2)
‘62’ b8
eta-1é-1-dadgrunin eta-din-1-dadgrunin

iii. | 8-increase-PREP-90 | (90 + 3) iii. | 3- remove-PREP-90 | (90 - 3)
‘93’ ‘87
erin-lé-1-6gaotfa erin-din-1-¢géfa

iv. | 4-increase-PREP-120 | (120 + 4) iv. | 4-remove-PREP-120 | (120 - 4)
‘124 ‘116°

arun-din-1-égbeta
v. | 5-remove-PREP-600 | (600 - 5)
595’

Table 10: Representative Sample of Non-Whole Numbers

Conversely, we can subtract any of the digits 1-5 from the next multiple of 10 to create late
members of a decade, that is, numbers in the groups 25-29, 85-39, 45-49, as evident from
the data in (b). Note here that ‘-’ appears as din as opposed to d in multiples of 10, 100, and
1,000 in Tables 7, 8, 9 and ‘+” appears as [¢ as against -/- in Table 3. These variations show
that the numeral subgroup selects a specific allomorph for addition and subtraction in Yoruba.
Speakers make form-meaning connections through the holistic properties of numerals, not
just a subsect of a word. They represent subtraction as din in the group above but as d in

multiples of 10, 100, and 100, and addition as / in Table 3 but as /¢ in (b) above.

We can represent the addition pattern in (a) above with the schema in (9a) and that of
subtraction in (b) with the schema in (9b). (a) represents the form-meaning association of
the addition of 1-4 and multiples of 10. The morpheme that expresses addition, 1€, on the
left side co-indexes with + on the right side. Num[digl-4] stands for digital numerals, with
the subscript [1-4] showing its limitation to 1-4. NUM|[x10] with the index & represents any
multiple of 10. Thus, we can substitute NUM[x10] with numbers like ogin ‘20°, 9gbon ‘30,
ogdji 40, egbeta ‘600, egbadta ‘6,000”. Unlike previous schemas that serve a representative
function, the schema in (9a) has a generative power, in addition to representing common and
predictable properties of numerals in this group. Any numeral that satisfies the constraints,
which requires addends to be any multiple of 10 and any digit between 1 and 4, can fit into
the Yoruba numerical system.

4 Only a representative sample of this construction is presented here because members of this group

are unlimited.
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(9 Schema for the addition of 1-4/Subtraction of 1-5

(2) Addifon:  [NumamsENumopiof]  «—» [NUM: + NUM]
(b) Subtraction: [Numgiz1-5/'din’ Numpyq,"] +— [NUM* - NUM]

The difference between the schemas in (9a and b) is the arithmetic operation involved
and the constraints guiding the generation of each set. (9a) uses l¢ ‘addition” and requires
the addend to be any digit between 1-4, whereas (9b) uses din ‘subtraction’ and requires the
subtrahends to be digits 1-5. Similar to (9a), the schema in (9b) serves a generative function.
Any numeral that satisfies the constraint which requires the subtrahend to be 1-5 and the
minuend to be a multiple of 10 can fit into the Yoruba numeral system. For example, replacing
Numl[dig1-5] with &ji ‘2" and Num[x10] with ggdta ‘60’ will express &ji-din-logdta (60-2) 58’

The use of l¢ ‘increase/plus’ also extends to multiples of 20 between 20 and 80 (okod, a
variant of 20, dji, a variant of ogdgji ‘40’, ota, a variant of g9gdta ‘60’, and orin, a variant of ogdrin
‘80°) and multiples of 100 (200, 300, 400, 500, etc). These data sets are in blocks of (220,
240, 260, 280), (320, 340, 360, 380), (420, 440, 460, 480) and so on. Multiples of 100
in this subgroup are already-derived numbers that can be divided by 100 such as 200, 300,
400, 500, 1000, 1900, 2,000, etc. Although the meaning of the phonological forms for 40,
60, and 80 in this subset of numerals reflects easily from their variants in isolation, the word
okod for twenty seems to have derived outside the numeral system from okd owd ‘bundle of
money’ ( ; ). The source does not pose any challenge to
its interpretation; we can easily interpret 0kdod when taken holistically within a numeral form.
The addition of 20 to a number uses the form 0kdd; adding other numbers to 20 uses oguin.
Table 11 presents examples of numerals within this construction.

Phonological Form Computation ‘

oko6-1é-n-igha

a. | 20-increase-PREP-200 | (200 + 20)

‘2207
oji-lé-1-éedégbeta
b. | 40-increase-PREP-500 | (500 + 40)
540’
ota-1é-1-égberin
c. | 60-increase-PREP-800 | (800 + 60)
‘860’
orin-lé-1-éedégbewa
d. | 80-increase-PREP-1900 | (1900 + 80)
‘1980

Table 11: Complex Numerals (Multiples of 20 and Multiples of 100)

The computation of the set of numerals above is similar to those in (a) of Table 10 in
that they both involve the addition of two groups of numerals. They differ, however, in the
arithmetic constraints that govern them. The addends in Table 10 are digital numerals 1-4
and multiples of 10, whereas those in Table 11 are multiples of 20 (from 20-80) and multiples
of 100. We can, therefore, extend the schema in (9a) to (10) by modifying its constraint.

(10) Schema for Multiples of 20 and 100
[Numpeoo/1ENumy 0o # » [NUM* < NUMT

Num[x20] with the index 7 stands for multiples of 20 such as okod ‘20° oji ‘40, ota ‘60, and



Matthew A. Ajibade 15

orin ‘80°. Num with the index £ and on both sides of the schema represents multiples of 100,
such as igba ‘200°, oddunrin ‘300’ irinwo ‘400’, eédégbera ‘500, egbeta ‘600’, eédégberin ‘700,
egberin ‘800 eédégberin ‘900, egberiin 1,000’, and so on. The subscripts 20 and 100 indicate
the numerals that can occupy each position in the schema as multiples of 20 and multiples of
100. For example, if we replace Num[x20] with oza ‘60’ and NUM[x100] with egberin ‘800’
we will express otalélégberin [800 + 60] ‘860’ in (c) of Table 11.

A different pattern exists for the sets of numerals that are a combination of multiples of
10 indivisible by 20 (such as 80, 50, 70) and multiples of 100 (such as 100, 200, 300, 400).
These numerals are in groups of (210, 230, 250, 270), (310, 330, 350, 370), (410, 430, 450,
470), (510, 530, 550, 570), and so on, and are formed from the combination of multiples of
100 and multiples 20 in Table 12. More specifically, we subtract 10 from the next multiples
of 20 and 100 such as 210 okodlénighd ¢ din m-éwad ‘220 RP reduce in ADJ-10’ is (220 - 10);
230 ojilénighd ¢ din m-éwad ‘240 RP reduce in ADJ-10 is (240 — 10); 250 otalénighd ¢ din m-
éwad ‘260 RP reduce in ADJ-10’ is (260 — 10); 270 orinlénighd ¢ din m-éwad ‘280 RP reduce
in ADJ-10" (280 — 10). We can replace igba ‘200° with ddddrin ‘300, irinwd ‘400° eédégbéta
500, egbeta ‘600’, or any multiple of 100.

Numeral Form Computation

a | okodlélegberin 6 din m—éwz‘:ﬁ (820 - 10
820 RP  minus ADJ-
10
‘810
b | djilélégherin 6  din  m-ewhs (840 — 10)
840 RP  minus ADJ-10
830°
b | ojiléleedegherin = & din  m-esinan (740 - 9)
740 RP  minus ADJ-9
731’
¢ | otalélegbeta 6 din  m-ejo (660 — 8)
660 RP  minus ADJ-§
‘652°
d | orinléleedegheta 6 din  m-éji (580 — 2)
580 RP  minus ADJ-2
‘578

Table 12: Representative Sample of Multples of 20 and 100 Minus (10-1)

In principle, this system covers numbers in the groups 331-339, 351-359, 371-379, and
so on’. Technically, we can remove any digit between 1-10 from the next multiple of 20 and
100 in Table 10. Thus, we can replace 700, in 731 in (b) above, with any multiple of 100,
30 with any multiple of 10 that is indivisible by 20, and 1 with any digit between 1-10. This
group of numerals can be represented with the schema in (11):

(11)  Schema for Multiples of 20 and 100 Minus (10-1)
[Numirx0)+[xzo])’ ' din’ Numfgig: 10 « » [NUM: -3 NUMF]

Num[[x100]+[x20]]i stands for multiples of 100 and 20 such as (220, 340, 460, 580).
The co-indexation of [NUM|[[x100]+[x20]] and ¢ on the left side of the schema shows the
interconnectedness of the two: ¢, a resumptive pronoun, stands for multiples 100 and 20 and
connects the phrase with the rest of the construction. -din with the index j on the left side of

5 we can replace 800 with any multiple of 100 in this system to give us (281-289, 251-259, 271-
279), (431-489, 451-459), (471-479), (631-539, 551-559, 571-579), (631-639, 651-659, 671-
679), etc.
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the schema coindexes with minus on the right side. Num[digl-10] with the index k on the
left of the schema stands for any digit between 1-10. We can replace Num[[x100]+[x20]]
with any multiples of 20 and 200 such as okoslélégberin ‘820° and NUM[dig1-10] with any
digit between 1-10 such as mewad ‘10 to get okodlélégherin ¢ din m-éwad ‘810°. Replacing
NUM[[x100]+[x20] with ojiléléedéegbrin ‘740’ and Num[dig1-10] with mésandn ‘9’ will express
ojiléléedégberin 6 din m-ésandn ‘731°. Similar to other schemas in this section, this schema has
a generative function, as long as the constraint governing its formation is observed.

The subgroup of numerals in Table 12, represented with the schema in (11), is structurally
different from other subgroups in the Yoruba numeral system by having the appearance of
a phrase. Phrasal appearance is shown through orthographic space between words, a phe-
nomenon not observed in other subgroups, and the use of a resumptive pronoun ¢. In ad-
dition, unlike in other uses of subtraction where there is a positional variability between the
phonological forms and mathematical operations, subtrahend and minuend on the left side
of the data in Table 12 appear in the same position as the computation on the right side.
Therefore, the next step for the analysis of Yoruba numerals should be to explore how these
structural differences can offer insight into how each numerical group fits into the architecture
of grammar.

4 Idiosyncrasy or Regular Phonology?

The form-meaning account presented in this work shows that various allomorphs exist within
the Yoruba numerical system. Examples of allomorphy include the realization of 10 as wd
or ad, 20 as ogun, 9g/og, or okods, 200 as igha or egh/egh, 100 as ggorin-un or &, and variation
for arithmetic operations evidenced in the realization of subtraction as din or d and addition
as [¢ or [. Research on the interaction between phonology and morphology is robust. A
notable account of this interface shows that the choice of allomorphs may be governed by
phonological conditions ( ; ). Certain allomorphs within the
Yoruba numeral system fall under those categories whose variations are governed by regu-
lar phonology of the language. For example, we can explain the reduction of ¢wd to ad as
a result of the phonological constraint that deletes intervocalic [w], thereby creating an envi-
ronment for vowel assimilation. Similarly, ogiin-og variation has been posited to result from
hiatus resolution and vowel coalescence ( , , ) or vowel deletion
and cross-consonant vowel harmony ( ; ; , ).
Even though these variations are phonologically governed, we see regularities within a partic-
ular group of numerals. This suggests that Yoruba speakers have to associate meaning with
a particular form within a group of numerals. For example, speakers assign éwd to 10 in
isolation but represent 10 as ad within 11-14 and multiples of 10 that are indivisible by 20.
Similarly, they represent 20 as ogun in isolation or when it is a base to which we subtract or
add 1-5 and as 0g/og when 20 is multiplied by any number between 2-10. The form-meaning
association is also made for 200, which speakers represent as igba in isolation but as egb/egh
among multiples of 200.

In the same vein, speakers make form-meaning associations for construction-specific nu-
merical forms that seem not to have developed through regular phonology of the language.
An Example of such forms include the realization of 20 as 0kod or ogun and 100 as ogdrin-in
or ¢¢. This type of variation is construction-specific for which speakers associate each form
within a subgroup of numerals. For example, they associate the form ggdgrin-in to 100 in
isolation and the phonological form ¢¢ to the same number among multiples of 100 that are
indivisible by 200. Speakers also make a form-meaning mapping with & as 1,000 among
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multiples of 1,000 that are indivisible by 2,000 and make the meaning distinction through
the holistic properties of the whole numeral construction. Yoruba speakers also assign the
form okod to 20 when it is added to multiples of 100 but attribute different phonological
forms in other numerical contexts.

5 Conclusion

This study contributes to constructional theory by addressing the challenge that the traditional
word formation rule has in accounting for Yoruba numerals. Yoruba numerals are unique
and intricate in that their formation involves an array of arithmetic operations and relies on a
vigesimal system. In these operations, subtraction plays an important role as well as addition
and multiplication. The product of these complicated mathematical operations is the creation
of groups of complex numerals whose bases have different phonological forms from their
corresponding number in isolation. These variations, especially those that seem not to have
developed through the regular phonology of Yoruba such as the realization of 100 as either
ogorim-in or ¢¢, present a challenge for an input-output account. To address this challenge,
the present study provided a Construction Morphology (CxM) approach to Yoruba numerals.
This approach accounts for the holistic properties of each numeral group and shows that the
meaning of Yoruba numerals is not taken in isolation. Rather, speakers of the language make
form-meaning associations with all numerals that belong to the same group.

The present study, which shows that some subsets of Yoruba numerals have limited mem-
bers, while other groups have an infinite number of numerals, also strengthens the notion that
productive and unproductive word formation patterns can be represented in the same way un-
der the Construction Morphology approach ( , ; ). The only
difference is that schemas representing productive patterns also make predictions on how
Yoruba speakers can form a long list of numerals, as long as the constraints governing their
formation are obeyed. The implication of the productive/unproductive distinction and allo-
morphy within numerals is that young Yoruba users who have difliculties learning the Yoruba
numerical system ( ) and L2 learners of Yoruba may need to learn the system
in groups. The group of numerals with less productive power should be learned as lexical
items. On the other hand, learning complex layers with more generative patterns should in-
clude learning their structures and the specific constraints governing their generation. Future
studies could assess the pedagogical effects of this approach.

NOTES

The abbreviations used in this paper are as follows:
RP: Resumptive Pronoun

PREP: Preposition

ADJ: Adjective

ATR: Advanced Tongue Root
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