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“Humankind is defined by language;
but civilization is defined by writing.”

—Peter T. Daniels
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Abstract
While grapholinguistic research has investigated the representation inwriting of linguistic units such
as morphemes, syllables, and phonemes, the investigation of phonological features rarely made it
beyond the point of description of their existence. How geminates, or any other phonological feature,
is represented in writing had not yet been investigated in a cross-linguistic typological study.

When categorising the representation strategies writing systems adopt to represent
geminates, the data supported nine types of such strategies. The types are an extension to the
framework of Meletis (2020) and organise the strategies of the graphematics level according to
composition of basic shapes as well as modification as a systematic property of the linguistic unit
the geminate marker acts on. One type came out as the preferred one, both within and across
scripts, Type II – Digrammaticity, the compositionally transparent type. In addition to extending the
scope of theoretical frameworks, gemination, an often disregarded linguistic unit was investigated
across the world’s writing systems, filling an important gap in the field of grapholinguistics. While
exploring the approaches to structure and categorise the data, in this study a typological framework
for categorising phonological features in writing has been proposed, and proved efficient.

Keywords: grapholinguistics, writing system, phonological feature, diacritic, gemination, typology,
representation strategy

This study contains 12796 words.
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1 Introduction
In the last decades research on writing has slowly increased, with the development of theoretical
frameworks applicable to all the world’s writing systems. These theoretical frameworks have
attempted to categorise scripts according to different typologies, ranging from the five main
categories outlined by Daniels (1996), to Gnanadesikan’s (2017) framework that proposes different
categories free from labels, based on variables such as represented linguistic unit and whether
vowels are independent graphemes. These theoretical frameworks often categorise scripts according
to their main representation strategy of linguistic units, such as morphemes, syllables, or phonemes.
However, there are additional parts of language represented in writing that, even though known
to these researchers, are rarely included in these frameworks: phonological features. Although
optional in writing, these phonological features can be directly represented in various ways, such
as the systematic German umlaut, for example, that encodes the [- back] phonological feature on
vowels, thereby <u> /u/ + < ̈> [- back] becomes <ü> /y/ and <a> /a/ + < ̈> [- back] becomes <ä> /ɛ/.

One of these phonological features is that of length or [+long], which can be applied to
either vowels to make long vowels, or to consonants to form geminates. While geminates are usually
composed of more phonological features than just length, such as heavy weight in contrast to light
weight consonants for example, in this study the focus does not lie on the phonological analysis of
geminates, but rather how these geminates in general are represented in writing. These consonants,
contrasted by length from their singleton counterparts, are widespread in the world’s languages,
occurring in an array of language-families spread across different geographical regions. It is precisely
the geographical diversity that makes it interesting to investigate this phenomenon in writing, as
it implies that it will be included in many different writing systems, each of them representing
linguistic units, among which [+long], in different ways yielding a rich diversity of representation
strategies.

While grapholinguistic research has investigated the representation of linguistic units such
as morphemes, syllables, and phonemes in writing (Bright, 1999; Daniels, 1996; Gnanadesikan, 2017;
Osterkamp & Schreiber, 2023; Poser, 2004), the investigation of phonological features rarely makes
it beyond the point of mention of their presence. How gemination, or any other phonological
feature, is represented in writing has not yet been investigated in a cross-linguistic typological
study. This is precisely what this study will do by examining the cross-linguistic representation
strategies of geminates in the world’s writing systems. Additionally, this study will test whether
proposed theoretical frameworks for the structure of writing systems can be used and built upon in
order to include phonological features. Furthermore, creating visibility for these under-represented
linguistic units within the field is achieved by providing a pioneering methodological structure and
categorisation of the data into a cross-linguistic database of geminate representation. Finally, as this
study is, to the knowledge of the author, the first of its kind, it proposes a new framework that serves
as a primary attempt to a typology of the fascinating “small world” of phonological features within
the realm of written language.

The study is divided into four main chapters, starting with Chapter 2 “Writing systems”.
As its title suggests, the chapter discusses the structure of writing systems and the main elements
they are composed of (cf. Section 2.1). Then it delves into the definition and identification of the
central term ‘grapheme’ according to Meletis’s (2020) three criteria (cf. Section 2.2), followed by a
revised theoretical framework concerning the typology of writing systems devised by Gnanadesikan
(2017), which will serve as the spine for typological categorisation of writing systems in this study
(cf. Section 2.3). The chapter concludes on a presentation of the current state of research on
phonological features in writing (cf. Section 2.4). The third chapter then follows by exploring the
different types of geminates that exist around theworld’s languages, covering the typology geminates
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(cf. Section 3.1), as well as their origins and diversity in the world’s languages (cf. Section 3.2).
After the theoretical background, the methodology that was used to conduct this

cross-linguistic typological study is outlined in chapter four. This chapter provides the reader
with the methodological and structural decisions that were opted for when constructing the
database, as well as populating it with data on geminate languages (languages that contain geminate
phonemes, cf. Section 4.1), and the scripts used to write down these geminate languages (cf. Section
4.2). The last main chapter, which holds the pioneering work of this study, is concerned with the
new typological framework used to categorise phonological features in writing (cf. Section 5.1). The
chapter continues by correlating the data to the different variables from Gnanadesikan’s (2017)
writing systems typology, and finding general tendencies therein (cf. Section 5.2). Finally, in the
Appendix, the reader is referred to the glossary of theoretical terms used throughout this study to
support their understanding of the covered topics, which can fall outside of the usual phonetic or
phonological fields. Moreover, the Appendix contains additional examples, graphics, tables, and
SQL queries, for the reader to consult to further deepen themselves in the topics covered in this
study, which stays within the boundaries of the typological structure of phonological features in
writing.

1 Introduction 6
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2 Writing systems
To understand writing a basic structure with an appropriate terminology must be established.
The field of study that concerns itself with writing in relation to spoken language is the field of
grapholinguistics.1 The structure outlined below (cf. Section 2.1) combines research conducted by
Meletis (2020) and Gnanadesikan (2017). Since they compared the theoretical frameworks of their
predecessors and made important improvements to design a framework compatible with all writing
systems of the world–rather than focusing only on alphabetical writing systems–their structure was
chosen over those proposed by previous researchers of the field of grapholinguistics such as Bright
(1999), Daniels (1996), and Poser (2004). The structure outlined below is composed of concepts and
terminology based on the frameworks of Gnanadesikan (2017) and Meletis (2020), although neither
has proposed the structure in such a way before.

Of importance for this study, which aims for a typological analysis of the representation
of geminates across writing systems, is the analysis of the structure of the scripts on the one hand,
and the graphematic and orthographic conventions that languages apply onto a script on the other
hand. These will help frame the representation strategies within the broader typology of the script
and conventions of the writing systems. After having outlined the structure of writing systems
(cf. Section 2.1), graphemes will be defined following Meletis’s (2020) criteria (cf. Section 2.2).
Then, following Gnanadesikan’s (2017) framework, a typology of scripts will be outlined, serving to
categorise segmentaries – often used in writing systems used for geminate languages (cf. Section 4,
Methods) – according to several variables. And finally, a framework to analyse smaller linguistic
units in writing will be established, as these represent phonological features such as geminates, thus
a crucial part for this study.

2.1 Structuring writing systems

Following the structure of writing systems outlined by Gnanadesikan (2017), writing systems are
composed of several building blocks, as is illustrated in Figure 1 below. On the lowest level of the
structure, there is the signary, which is a collection of basic shapes such as |A|, |L|, or |W|, that are
stripped from any meaning, and are simply a composition of graphic elements.2. Furthermore,
signaries tend to be composed of basic shapes that are graphically homogeneous (Osterkamp &
Schreiber, 2023). Then, on the same level, there is the typology, which determines which type of
linguistic unit basic shapes can represent. The typology is functionally homogeneous, where the
relationship between basic shapes is standardised, such that in an alphabet following Daniels (1996),
all consonants and all vowels are represented with their own basic shape. Together, the signary
and the typology form a script that is both graphically and functionally homogeneous. To give an
example of how they all relate to each other, take the basic shapes |A|, |L|, and |W| from one signary.
In the Latin script, the linguistic units attached to the basic shapes are individual phonemes. In
the Cherokee script, however, these same basic shapes |A|, |L|, or |W|, represent syllables. As this
example shows, the signary is merely a collection of basic shapes, devoid of any information.

1This termhas been borrowed fromMeletis (2020). It refers to the study ofwriting, a subbranch of linguistics that has
increasingly been investigated in the past three decades under different names. One of these names is grammatologyused
by Daniels (1996), and Bright (1999) for example. For an argumentation about the fitness of the term ‘grapholinguistics’,
see Meletis (2020).

2Following Meletis (2020), in this study the vertical lines ‘| |’ refer only to the basic shape, they are not tied to any
form of meaning. Note that in Government Phonology and the Element Theory school the vertical lines ‘| |’ are used to
represent sub-segmental properties in phonology, for further reading concerning this matter see Backley (2011).

3In order to be consistent with the term used in the methods and data analysis part of this study, it was chosen to
replace “Roman Alphabet” with “Latin Alphabet”. Although the term “alphabet” is controversial as it has been defined
in many ways and should therefore be avoided (cf. Section 2.3), it has been used here in the sense defined in Daniels
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Writing System (e.g. Italian writing system)

Orthography (correct vs. incorrect
sequence of graphemes)

Graphematics (graphemes: <ch>↔ /x/, <A>↔ /a/, <oe>↔ /u/…;
fixed grapheme combination: <ng>↔ /ŋ/, <ph>↔ /f/…
suprasegmental graphematic components: <.>, <;>, <…>…

subsegmental graphematic components: < ̈>↔ [- back], <◌>゙↔ [+ voice]…)

Script (e.g. Latin Segmentary) Linguistic units (e.g. /ɲ/, /a/, /go/, /nɨŋ/…)

Signary (basic shapes: |A| |L| |W|…) Typology (e.g. Segmental)

Figure 1. Structure of writing systems, adapted from Gnanadesikan (2017, p. 15) with implementations from
Meletis (2020).3

Once a script has its signary and typology assigned, a language component is still required
to represent language. This component consists of linguistic units, which is the collection of speech
parts to represented in writing.4 When combining the script and the linguistic units, writing comes
to the level of graphematics. It is at this level, that each basic shape is mapped onto a linguistic unit
to form a grapheme, which type of speech part (segment, syllable, morpheme...)these graphemes
represent is defined by the typology. If there are not enough basic shapes to which all the phonemes
of the language can be mapped to in a script, combinations of graphemes can also represent one
linguistic unit, yielding fixed grapheme combinations,5 such as in Dutch for example, where the
combination of basic shapes <o> and <e> form <oe> which stands for one phoneme only, namely
/u/.6 The precise definition of a grapheme will be covered in Section 2.2.

(1996), which states that a true alphabet is one that represents all consonants and all vowels. Additionally, the basic
shapes that serve as example for “Signary”, were changed to follow the examples in the text, as is the addition of “ <A>→
/a/”. Moreover, the graphematics section was expanded to contain the different concepts proposed by Meletis (2020).
Finally, the “Language” part, which is not present in Gnanadesikan (2017), was added to provide better visual support to
the theory.

4Note that the language units can be either phonemes, syllables or even morphemes.
5The term ‘fixed grapheme combination’ is based on the term ‘fixed letter combination’ that was coined by Neef

(2015) to refer to any combination of letters that stand for one phoneme. AsMeletis (2020) points out, there are different
types of ‘letter combinations’ such as the German <ch> and the Dutch <ng>, the former being a complex grapheme, the
latter not (cf. Section 2.2). Meletis (2020) refers to the combination of different graphemes that map onto one linguistic
unit with the term ‘complex combination of graphemes’. In this study, however, the term ‘fixed grapheme combinations’,
which only refer to combinations of basic shapes all of which are graphemes, will be used to refer to Meletis’s (2020)
‘complex combination of graphemes’ to avoid confusion with the term complex grapheme.

6The angle brackets ‘<’ and ‘>’ in the field of grapholinguistics are used to refer the elements of the graphematics level
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Additionally, at the graphematics level, there are also suprasegmental graphematic
components and subsegmental graphematic components. The former, is the collection of all
visual arrangements and basic shapes that do not map to linguistic units directly, but serve as
structural elements instead. Examples include punctuationmarks, white space between paragraphs,
capitalisation, or even italicising. The latter, covers all the remaining basic shapes that fall below
the level of the individual grapheme, and can surface in multiple different ways. The most common
are diacritics, which systematically modify the grapheme they are attached to such as the German
umlaut, for example, that encodes the [- back] phonological feature on vowels, thereby <u> /u/ + <
̈> [- back] becomes <ü> /y/ and <a> /a/ + < ̈> [- back] becomes <ä> /ɛ/. Additionally, subsegmental
graphematic components can function as components of graphemes, such as in Chinese characters,
in which they provide either semantic or phonological information to the grapheme in which
they surface, but are never graphemes themselves. Both graphematic components are optional for
writing systems, neither are required for a writing system to be fully operational (Meletis, 2020).

To highlight the difference between languages, take the difference between the Cherokee
language, and the Italian language. Following the script typology of Cherokee graphematics, inwhich
only syllables can be represented inwriting, the basic shape |A| ismapped to the syllable /go/. Which
stands in contrast to the phoneme /a/ beingmapped onto the basic shape |A| in Italian graphematics.
However, this distinction is still governed by the difference in typology. To account for the difference
linguistic units bring, take two languages that share a script, Italian and English for example. In
Italian, as mentioned before, the phoneme /a/ is mapped onto the basic shape |A|. In English on
the other hand, the phoneme /eɪ/ is mapped onto that same basic shape |A| (cf. Example (1)).

(1) Same basic shape used to represent different linguistic units.
a. |A| ~ syllable /go/ in Cherokee
b. |A| ~ vowel /a/ in Italian
c. |A| ~ diphthong /eɪ/ in English

Furthermore, it is also possible to have different scripts represent the same language.
The language units represented depend on the script, of course, and can either be exactly the
same provided the different scripts have signaries containing basic shapes that have a one-to-one
correspondence. Such an example would be the Serbian language that uses both the Latin script
and the Cyrillic script, in which only the basic shapes are switched out, while the linguistic units
they correspond to remain the same (Meletis, 2020). It is also possible to have one language that
uses scripts with different typologies, in which the linguistic units mapped onto the basic shapes are
not the same, such as the Chechen language that can be written with the Arabic script, as well as the
Cyrillic script, the former containing less vowel graphemes than the latter.

Finally, in the structure of a writing system there is the optional level of orthography. Some
writing systems can have a graphematics level that allows for many different combinations of basic
shapes that represent the same linguistic units. In French for example, the phoneme /s/ can be
written in at least four ways.7 Orthography then, acts as a filter that decides which combination of
basic shapes is used in which context. In addition to work as a “filter”, on the level of orthography,
homophones can be distinguished, such as in English where /tu/ can at least be written with
three combinations of basic shapes – <two>, <too>, and <to> – where each combination of basic
shapes refers to a different morpheme. Thus, the standardisation of orthography determines

that are conventionally written down. What is generally referred to as ‘spelling’.
7Some examples from ATILF (1994) include <s> in /suri/ (<souris>), <ss> in /pwasõ/ (<poisson>), <ç> in /fasõ/

(<façon>), <z> in /astɛk/ (<aztèque>)…

2 Writing systems 9
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the combination of basic shapes that are to be used to represent larger linguistic units, such as
morphemes, words, or sentences.8

However, as mentioned earlier, an orthography is not required to have a functioning writing
system, and was in fact not much in use before the widespread use of writing in combination with
institutions such as the Académie française (Académie française, 2026) that set up a correct way to
represent the languagebyusing the right basic shapes in the right context. Orthographies canbecome
quite complex, and there are several non negligible layers on which they can operate, resulting in
what researchers call opaque or transparent; the extent of which falls beyond the scope of this study.9

2.2 Defining graphemes

Meletis (2020) investigates the minimal linguistic unit of writing that exists in every script, for
which he uses the term ‘grapheme’. Graphemes differ from basic shapes in their position within the
structure of a writing system (cf. Figure 1). While basic shapes fall within signaries and are devoid of
anymeaning, graphemes operate on the graphematics level, where script and speech coincide in the
form of linguistic units. Contrary to basic shapes, graphemes must bear and distinguish meaning.

To identify a grapheme, Meletis (2020) came up with three criteria. These criteria determine
how a grapheme serves the core function of writing, encoding language. These three criteria are fit
to be applied to a grapheme from any writing system, in a similar way that definitions of phonemes
or morphemes apply to all languages. Additionally, these criteria will be used in the data analysis of
this study, andwill asses whether geminates are represented in writing systems across the world with
graphemes or with other graphematic componants.

The first criterion, that of lexical distinctiveness, requires a grapheme to distinguish meaning,
which, similarly to phonemes, can be testedwithminimal pairs. Bothwords of theminimal pairmust
be existing words of a language. In Dutch for example, <tuin> and <puin> are minimal pairs where
the contrast between <t> and <p>, corresponding to /t/ and /p/ is segmental. Whereas the minimal
pairs <sjaal> and <kaal> with <sj> and <k> corresponding to /ʃ/ and /k/, are poly-segmental, and will
be discussed in more detail in criterion 3 below.

The second criterion, that of linguistic value, posits that to count as a grapheme, a basic shape
must relate to at least one linguistic unit (such as amorpheme, syllable, phoneme, etc.). However, this
does not entail that every linguistic unit must be represented by a basic shape. This is of importance
to the case of geminate representation, where geminates are phonemes that are not obligatorily
represented with graphemes, or even basic shapes for that matter. As a result, other techniques for
representing geminatesmight beused, suchasdiacritics, or orthographic rules (cf. Section 5.1). In this
case, the second criterion refersmore generally to linguistic value or information, instead of referring
merely to linguistic units.

Lastly, the third criterion Meletis (2020) proposes for identifying a grapheme, is that of
minimality. Minimality is best explained through examples. In Dutch for example, a sequence of two
basic shapes as |ng| is a not grapheme <ng>, as there are manyminimal pairs that exist in which only
one of the segments is substituted: <tang> ‘pliers’ vs. <tank> ‘tank’ vs. <tand> ‘tooth’, and <tang>
vs. <talg> ‘tallow’. Therefore, having the two basic shapes <ng> corresponding with the phoneme
/ŋ/ implies that <ng> is not minimal. On the other hand, when looking at the French <qu>, the
situation is different as no minimal pairs can be found for the both components. Whereas |q| can
be substituted in very limited cases–such as in <quels> and <duels>–the |u| can never as it is always
bound to |q|. As a result of the inseparability of the basic shapes |q| and |u|, they are considered

8If the orthography hasmany rules and set combinations, it can become quite cumbersome to learn, such as English
or French, in the same way a semantic script counts many basic shapes.

9For more information regarding orthography and transparency, see Veloso (2019).
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together as a complex grapheme <qu> composed of two basic shapes, in contrast to simple grapheme
that consist only of one basic shape.

2.3 Gnanadesikan’s (2017) typology of segmental scripts

Graphemes can be arranged in several ways within a writing system, following the typology of
the script that is used. Many researchers have made an attempt to identify and categorise scripts
according to different typologies (Bright, 1999; Coulmas, 1989; Daniels, 1996; Gnanadesikan, 2017;
Hill, 1967; Rogers, 2005; Sampson, 2015). What most agree on, is that there is a difference between
graphemes that encode morphological units, such as the Kanji of the Japanese writing system
in which each grapheme corresponds to a morpheme, and those that encode phonological units
dissociated from morphological meaning, such as the English, Hindi, or Arabic writing systems, in
which each grapheme encodes a phoneme or a syllable. As mentioned in Gnanadesikan (2017), the
latter have been called phonographic (Fedorova, 2020; Rogers, 2005; Sampson, 2015), phonetic (Hill,
1967), and cenemic (Coulmas, 1989).10 In this study these scripts will be referred to as segmentaries,
following Gnanadesikan (2017) as outlined below.

Nevertheless, one main issue, highlighted by Osterkamp and Schreiber (2023), is that many
of these typologies fail to distinguishwhat type of linguistic units are represented in a script, and how
these are arranged, i.e. distinguish the form–signary–from the function–typology. Scripts have been
categorised by Daniels (1996) into alphabets, abjads, abugidas, syllabaries, and finally logosyllabaries;
labels which often only apply to a restrictive amount of scripts.11 Another example of failing to
distinguish between the form and the function of a script, is the term “alphasyllabary”. Bright (1999)
uses this term to label a script based on its spatial arrangement of graphemes which follows an
āksharik arrangement (cf. Table 1), basing his category on how the graphemes are represented and
arranged, and completely disregards what is represented by the graphemes of such scripts. This
restrictive issue has gained visibility in the recent decades, as Joyce (2016, p. 295) points out, the
“categories are not labelled in uniform fashions”. Some are labelled according to the linguistic
units they encode, such as logosyllabaries and syllabaries, whereas others are named according
to exemplar names that only take a selection of criteria into account, such as alphasyllabaries for
example. To this issue, Gnanadesikan (2017) proposes a solution in which the typology of a script
is not defined by restrictive labels, but rather by a broader paradigm of variables for segmental
scripts.12

Gnanadesikan (2017) categorises segmental scripts according to several variables (cf. Table
2). The first variable makes a distinction between segmentaries and non-segmentaries. The scripts
defined as segmentaries, are those “whose basic units [graphemes] encode phonological units

10Cenemic graphemes are those that encode phonetic properties of speech that distinguish meaning. It stands in
contrast with pleremic graphemes, which bear meaning, i.e. are semantic Coulmas (1989).

11Daniels (1996) defines these terms as follows: “In a logosyllabary, the characters of a script denote individual words
(or morphemes) as well as particular syllables. In a syllabary, the characters denote particular syllables, and there is no
systematic graphic similarity between the characters for phonetically similar syllables. In a consonantary, here called
an abjad as a parallel to ”alphabet”, the characters denote consonants (only). In an alphabet, the characters denote
consonants and vowels. In an abugida, each character denotes a consonant accompanied by a specific vowel, and the
other vowels are denoted by a consistent modification of the consonant symbols, as in Indic scripts.” The term abjad, for
example, labels the Tifinagh script well, as no vowels are represented. However, it does not label the Arabic script well
(ironically the one for which the term was coined), as vowels can be represented in writing but are not obligatory.

12Morphemic scripts fall beyond the scope of this study, as the representation of the phonological feature [+ long] or
[+ geminate] will be investigated within segmental scripts. For a typology of morphemic scripts see Fedorova (2020).

13The linear part is an example from the author of this study adapted into the theoretical framework outlined by
Gnanadesikan (2017); the Flemish sentence translates in English to “a coot”. The syllabic part is drawn from an example
in Gnanadesikan (2017), and fit into the paradigm; the Korean text reads “Han’gŭl script”. The āksharik part is inspired
from Gnanadesikan (2017); the Hindi word was taken from Nag (2014) and means ‘strength’.
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Table 1. Comparison of linear, syllabic, and āksharik higher-order structure or spatial arrangement.13

Linear

Spatial arrangements e e n m e e r k o e t

Phonetic syllables /ə/ /meːr/ /kut/

Syllabic

Spatial arrangements 한 글 전 국

Phonetic syllables /han/ /kɯl/ /tɕun/ /kuk/

Āksharik

Spatial arrangements
<ʃ> <a> <k> <t> <i>

श ि¯त

Phonetic syllables /ʃak/ /ti/

dissociated from any morphological meaning” (Gnanadesikan, 2017, p. 16). Non-segmentaries then,
are those scripts that represent linguistic units that are associated with morphological or semantic
meaning. The second variable Gnanadesikan (2017) proposes, concerns vowels and is separated in
two parts.

The first part of the vowel-related variable consists of which vowels are represented within
a script, either all are represented, all but one, some, or none are represented in which case the
segmentary is considered to be ‘consonantal’.14 The second part of the vowel-related variable is
how vowels are represented within a script, the vowels can be independent (vowels have their own
grapheme), semi-dependent (vowels can be represented by both a free grapheme and a bound
grapheme), and dependent (vowels can only be represented as bound graphemes).15

The third variable, concerns which strategy is adopted to spatially represent graphemes
which are grouped on a phonological level in syllables; i.e. the higher-order structure representation
(cf. Table 1 above). These higher structures can be one of three, either divided into syllables, which is
then syllabically arranged, where the boundary of a written syllable coincides with the boundary of a
spoken syllable, such as in Han’gŭl for example. Or if there is no higher-order structure, the script is
said to be linear. The third option is referred to as āksharik, in which the grouping of signs follows a
peak/margin structure, where the peak of a syllable is a vowel (V), and themargin a consonant (C) or
consonant cluster. Instead of following the syllable structure of the spoken language, a peak/margin
script will follow the preferred CV grouping of graphemes, resulting in word-boundaries occurring
in the middle of these groups (Gnanadesikan, 2017; Nag, 2014; Pandey, 2007).

Finally, there is an optional variable which is there to allow for other structures represented
within scripts, such as a moraic or a featural structure, in which each grapheme stands for a mora, or

14A consonantal script, is a script in which the vowels are not represented in writing at all, they are inferred by the
reader from context.

15Osterkamp and Schreiber (2023) propose yet a more precise way of categorising vowels (cf. Examples (2), (3),and
(4)).
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visually represents features respectively. In table 2 below the criteria are outlined.16

Table 2. Typological categories and terminology according to Gnanadesikan (2017). Taken from Gnanadesikan
(2017, p. 29), slightly modified.17

Category Values Term

Graphemes (basically) represent segments Yes Segmentary, syllabary
No Morphemic

Inclusion of vowels All Fully vowelled
All but one Mostly vowelled
Some Partially vowelled
None Consonantal

Dependence of vowels Free Free graphemes
Semi-dependent Combined: free and bound graphemes
Dependent Bound graphemes

Higher-order structure represented None Linear
Syllables Syllabically arranged/spaced
Peak/margin Āksharik

Other structures represented (other than spatial
arrangement)

Features Featural

Moras Moraic
None (omit)

Gnanadesikan’s (2017) typological framework of scripts is not the only one that uses variables
to avoided being stuck into the established labels. Fedorova (2020) proposes another such generative
typological framework, in which scripts are divided into morphosyllabic and phonographic scripts.18
The phonographic scripts are then further divided into syllabic and alphabetic types (cf. Table
3 below). These are then distinguished using two parameters, which she calls ‘completeness’ or
‘reduced’. The former is equivalent to Gnanadesikan’s (2017) free vowel grapheme, while the latter
refers to unwritten vowels. As this example shows, Fedorova’s (2020) framework falls short compared
to that of Gnanadesikan (2017) as it only provides information on some possibilities rather than an
exhaustive array of possibilities applicable to any writing system.

Table 3. Phonographic script typology according to Fedorova (2020).

Segmental syllabic Alphabetic

Complete Japanese Kana Greek alphabet

Reduced Arabic West Semitic

Contrarily, Gnanadesikan’s (2017) framework is composed by variables allowing for a
generative terminology, in which the typology of each script can be ‘generated’ according certain

16For a list of examples see Table 9, p. 34 in which all the scripts used in this study are classified according to
Gnanadesikan’s (2017) criteria.

17The order in which the criteria appear were changed to follow the narrative of the text. Additionally, the part
“Dependence of vowels” described in Gnanadesikan (2017) was added to the table to have a distinction between which or
if vowels are represented, in addition to how vowels are represented.

18Here, the term ‘generative’ refers to the ability to generate many different combinations of labels to specify the
scripts.
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variables. A further advantage is that this framework can be used as a foundation upon which new
perspectives can be added, as has been done by Osterkamp and Schreiber (2023) for exapmple.
In Osterkamp and Schreiber (2023), the typology is based on examples expressed in a systematic
representation of linguistic units, see the proposal (2) and (3) for proposed signs that map on the
taxonomy of terms introduced in Gnanadesikan’s (2017) framework, and an example onto which the
use of the proposed system of signs to represent graphematic operations in Example (4).

(2) Form: boundness of graphs
a. free / bound graphs X/x

(3) Function: mapping on linguistic units
a. phono- / morphograms P/M, p/m
b. consonants, vowels, … C, V, CV, VC, CVC, …
c. long / short; specific, inherent vowels V̄ /V̆ , v̄/v̆; Vx, Vi (alsoCi)
d. unwritten elements [C], [V], …
e. suppressed portions C(Vi), (Ci)V , …
f. free / bound morphemes F/B, f/b

(4) Devanāgarī word glossed according to Osterkamp and Schreiber’s (2023) framework.
Ťद
<v(a)e.da>

/veda/ ‘knowledge’ <C(Vi)v> or: <Cv>

Thus, while various typologies of scripts exist, the framework proposed by Gnanadesikan
(2017) stands out as the most flexible yet precise typology, which allows for expansion as Osterkamp
and Schreiber (2023) have demonstrated.

2.4 Subsegmental graphematic components as phonetic features

In writing systems, there are some basic shapes, that do not qualify as graphemes, which are
referred to as subsegmental graphematic components. Subsegmental graphematic components
are defined by their inability to satisfy all three criteria required to be classified as a grapheme (cf.
Section 2.2), still, these subsegmental graphematic components do carry linguistic information.
The linguistic information they carry often functions onto the graphemes to add or modify the
linguistic properties thereof. Subsegmental graphematic components are present in all types of
writing systems. In morphographic writing systems such as Mandarin Chinese, most characters are
complex graphemes, composed out of two subsegmental graphematic components for example,
with one subsegmental graphematic component being a semantic component, and the other a
phonological component. Neither of which can stand on its own as a grapheme. In segmental
writing systems then, subsegmental graphematic components can surface as modifiers, such as the
Japanese voicing markers on consonants (cf. Table 5), or the German umlaut on vowels indicating
fronting (cf. Example (5)).
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(5) German umlaut serving as a fronting marker on back vowels.
a. <u> /u/ + < ̈>→ <ü> /y/
b. <o> /o/ + < ̈>→ <ö> /ø/
c. <a> /a/ + < ̈>→ <ä> /ɛ/

Just as segments are not intuitive to users of a morphosyllabic script, features are not
intuitive to users of segmental scripts; which is probably related to the fact that they are not usually
written down (Gnanadesikan, 2023). Whereas researchers often present featural characteristics of
writing systems either for vowels, such as the umlaut in Example (5) (Bezrukov & Soni, 2023), or for
consonants, only the Han’gŭl script of Korean, Gnanadesikan (2023) brings featural representations
of consonants that are rarely discussed in grapholinguistics to the foreground. It must be noted
that the iconicity of Han’gŭl segments to their pronunciation manner and features have even led
researchers, such as Sampson (2015), to devise a new ‘featural’ category for scripts, additional to those
identified by Daniels (1996), i.e. alphabets, abjads, abugidas, syllabaries, and logo-syllabaries. Rather
than being a new typology, in Gnanadesikan’s (2017) framework, Korean Han’gŭl can be categorised
according to the already established variables, with the addition of an inherent represented structure,
that of features, as subsegmental graphematic components at the graphematics level, i.e. these
modify the linguistic units of the graphemes into a systematic way (cf. Table 4).19

Table 4. Features in the Korean Han’gŭl script following phonetic production categories of consonants in the rows,
and additional phonological features in the columns. Adapted from Gnanadesikan (2017).

Non-Stop/Affricate Plain Stop/Affricate Aspirated Glottalized/Tense(*)
Labial ㅁ /m/ ㅂ /p/ ㅍ /pʰ/ ㅃ /p*/
Alveolar ㄴ /n/ ㄷ /t/ ㅌ /tʰ/ ㄸ /t*/
Velar ㄱ /k/ ㅋ /kʰ/ ㄲ /k*/
Glottal ㅇ /ŋ/ ㅎ /h/
Sibilant ㅅ /s/ ㅈ /tɕ/ ㅊ /tɕʰ/ ㅆ /s*/,ㅉ /tɕ*/
Liquid ㄹ /r∼l/

While Korean Han’gŭl is a case in which many different features are systematically
represented, there are many writing systems in which some features are also represented, though
often to a lesser extent. Two morphemes can be differentiated by only one feature, and writing
systems show that speakers of several languages have been aware of this. An example is the <C>
in Latin, which used to stand both for /k/ and /g/, until a small horizontal stroke was added to
differentiate the two phonemes based on voicing, where /g/ was now written <G>, and only /k/ as
<C> (Gnanadesikan, 2023). This, however, shows only an awareness of the distinction between the
two phonemes, since it was not systematically applied within the writing system, as there are other
minimal pairs with a horizontal stroke that do not encode a phonological feature at all, such as <F>
and <E> for example. A more systematic situation in which voicing is differentiated, is the Japanese
writing system, where the feature [+voice] has its own diacritic, which could be represented in the
following way: C [-voice]→ C [+voice] /◌ (゙cf. Table 5).20 In the Tifinagh script used to write the
Amazige languages, spoken in North-West Africa, there is a featural marker for labio-velars <ⵯ> (cf.
Table 6) (Andries, 2004).21

19Note that features do not fit in the framework proposed by Fedorova (2020).
20How this type of diacritic fits into Meletis’s (2020) framework will be dealt with in Section 5.1
21In his proposal for the new standardised version of the Tifinagh script–called Neo-Tifinagh–Andries (2004) states

that it would be cumbersome to have different graphemes for phonemes that are similar and only differentiated by one
feature, labialisation, and therefore proposes only to add a sub-graphemic diacritic that only encodes the [+ labial] feature
to separate the similar velar phonemes in writing.
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Table 5. Japanese Hiragana dakuten <◌>゙ in voicing pairs, as well as the handakuten <◌>゚ in fricative-voicing
and voiced-voiceless pairs (Gnanadesikan, 2025).

V<◌>゙ and <◌>゚ /a/ /i/ /ɯ/ /e/ /o/

Voiceless /k/ か き く け こ

Voiced /g/ が ぎ ぐ げ ご

Voiceless /s/ さ し /ʃi/ す せ そ

Voiced /z/ ざ じ /dʒi/ ず ぜ ぞ

Voiceless /t/ た ち /tʃi/ つ /tsɯ/ て と

Voiced /d/ だ ぢ /dʒi/ づ /dzɯ/ で ど

fricative /h/ は ひ ふ /ɸɯ/ へ ほ

Voiced /b/ ば び ぶ べ ぼ

Voiceless /p/ ぱ ぴ ぷ ぺ ぽ

Table 6. Tifinagh labio-velar marker <ⵯ> (Andries, 2004).

<ⵯ> Velar Labio-velar

Voiceless ⴽ /k/ ⴽⵯ /kw/

Voiced ⴳ /g/ ⴳⵯ /gw/

As these examples illustrate, the purpose of phonological featuremarkers is to systematically
modify the linguistic unit of the grapheme it attaches to. Thereby, two identical graphemes
differentiated only by one phonological feature marker, should differ in speech, only in that
phonological feature. When such a marker acts as a systematic modifier, it applies the exact same
change to each grapheme it attaches to. For more examples of phonological feature markers see
Appendix B.1. As this study will investigate the different representation strategies for the [+long]
phonological markers on consonants, the following chapter will provide a theoretical background of
these ‘geminated’ consonants.
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3 Geminates
Geminates are phonetically long consonants that phonemically contrast with their shorter singleton
equivalent. These long consonants are found in many languages and vary on several aspects, such
as phonemic length differentiation (Davis, 2011), position within a word (Ridouane & Hallé, 2017),
and secondary cues, such as length of the preceding vowel, that accompany consonantal length
(Kubozono, 2017) for example. In example (6) the phonemic contrast in Japanese is illustrated, in
which (6a) is the singleton, and (6b) the geminate equivalent, noted with the [+long] symbol from
the International Phonetic Alphabet ‘ː’.

(6) Japanese consonant length contrast, example from the author.
a. /hato/ ~ ‘pigeon’
b. /hatːo/ ~ ‘cap’

3.1 Typology of geminates

Geminates, in general sense are ‘long’ consonants. The lengthening of the consonants can be realised
by a longer duration of obstruction in plosives for example, a longer duration of constriction for
fricatives, double articulation such as in Polish for example, by differentiating them in intensity, etc...
Moreover, they can be categorised according to two main characteristics. The first characteristic
looks at the function of the geminates within a language, distinguishing between geminates that are
phonemic, and those that occur haphazardly due to morpheme boundaries for example (cf. Section
3.1.1). The second characteristic categorises languages according to the positions in which geminates
occur, distinguishing between word-initial, word-medial (or intervocalic), and word-final positions
(cf. Section 3.1.2).

3.1.1 True versus fake geminates

It is important to distinguish between the four different types of geminates present in the languages
around the world: lexical, grammatical, assimilated, and concatenated. The first type of geminates,
lexical, are those contrast phonemically, and that are given in the lexicon, such as Example (6) in
Japanese above. The second type, grammatical, surfaces in languages such as Arabic and are part
of the morphological derivation of verbs as illustrated in Example (7). The third type, assimilated
geminates, are those that occurword-internally, when the two segmentsmerge into one long segment
– a geminate – at a morpheme boundary (e.g. cheon + li→ [ʨhʌlːi] ‘the law of nature’ in Korean,
example from Oh and Redford (2012)). Finally, concatenated geminates are those that are from a
sequence of two identical consonants at a morpheme boundary, and can occur within a word or a
phrase (e.g. un + known, or hot + tub) (Oh & Redford, 2012).

(7) Arabic morphological derivation by gemination, example from (Ford, 2009).
a. /ħazana/ ~ ‘to make someone sad’
b. /ħazːana/ ~ ‘to cause someone to make someone sad’

Synchronically, true geminates are only those that are phonemically contrastive in the
language–lexical and grammatical geminates–and are those that come from one underlying
segment that split into two feature bundles, as opposed to false geminates that emerge from two
underlying segments, as is illustrated below in example (8). Diachronically, on the other hand,
the boundary between true and fake geminates can be blurry, as lexical geminates can arise from
3 Geminates 17



UvA –Written Strategies of Geminates De Buysscher J. 14387980

concatenated geminates, or assimilated phonemes for example. This can impact the written
representation of the phonological feature in writing, with different origins of geminates that could
result in different written representations. If a geminate arises from assimilation, it will not be
surprising to see the assimilated phoneme to be used as a gemination marker in writing.22 A broader
overview of the origin of geminates will be discussed in section 3.2 (Blevins, 2004, ch. 7).

(8) Difference in underlying structure of true (a) and false (b) geminates, with ‘C’ standing for the
underlying consonants. In (a) there is one underlying consonant that is geminated, in (b) there
are two underlying consonants thatmerge, on the surface these are realised similarly as /tː/ (Oh
& Redford, 2012).

a. Japanese lexical geminate

C

hat to

b. English concatenated geminate

C C

hot + tub

3.1.2 Position within words

With regard to the position geminates occur in within words, the intervocalic, or word-medial,
position is preferred cross-linguistically. There are two main reasons for this, one being synchronic
while the other is diachronic. The former, is that of ‘perceptual saliency’, where adjacent vowels
provide clear acoustic boundaries between the preceding vowel and the onset of the geminate, as
well as the offset of the geminate and the following vowel. The geminate’s constriction duration is
clearly distinguishable from context (Blevins, 2004; Kubozono, 2017). The latter–diachronic–reason,
is that intervocalic geminates are less likely tomerge with adjacent vowels, and to become shortened
or ‘degeminated’, directly lying in contrast with the geminates that occur next to other consonants,
which are more susceptible to merge or to be influenced by them through processes such as
assimilation for example (Kubozono, 2017).

Much rarer cross-linguistically are word-initial geminates. The main reason for their scarce
occurrence is that the onset of the geminate is much harder to perceive as the closure or constriction
cannot be easily differentiated from a previous sound or from silence (Blevins, 2004; Ridouane, 2010).
To overcome this issue at the onset of speech, initial geminates often bear secondary cues that help
differentiate them from their singleton counterparts. Some languages have features such as increased
amplitude, stronger bursts, or pitch perturbations in these geminates, such as Pattani Malay and
Chuukese (Trukese) for example (Blevins, 2004; Davis, 2017). Another characteristic of word-initial
geminates is that they can carry syllable weight and act moraic. In languages such as Chuukese
(Trukese), which has bi-moraic minimal-word requirements, these geminates can satisfy such rules
to formminimal words composed only of a geminate and vowel. Where a CV structure would not be
accepted as only the vowel is moraic, a CːV (geminate - vowel) structure would be as both the initial
geminate and the following vowel are moraic, satisfying the bi-moraic minimal-word requirements
(cf. Example (9)).

22For example, if the /n/ systematically assimilates to other coronals such as /d/ and /t/, the grapheme used for the
phoneme /n/ in the writing systemmight be used to represent gemination in addition to the phoneme /n/. How this fits
into a broader framework of representation strategies will be dealt with in Section 5.1.
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(9) Underlying representation of the bi-moraic minimal-word requirements, adapted from Davis
(2011). a. Mono-moraic

µ

C + V

b. Bi-moraic

µ µ

Cː + V

Lastly, there are word-final geminates, which also occur rarely. Similarly to word-initial
geminates, word-final geminates face perception issues due to the absence of a following sound to
mark the offset of the geminate, often resulting in geminates and singletons in word-final position
being undistinguishable from one another – such as with unreleased voiceless stops – ultimately
leading to degemination (Blevins, 2004). Nevertheless, in many languages, such as Arabic,23 these
geminates act as moraic heavy units – following the pattern of word-initial geminates in Example
(9) – which allows word-final geminates to overcome degemination (Al-Deaibes, 2021).

3.2 Inventory origins and diversity

The question of which geminates are present within the phoneme inventory across languages
aligns well with Blevins’s (2004) ‘Evolutionalry Phonology’ and will be explored in section 3.2.1.
Furthermore, the literature points towards a preference of [+consonantal] geminates across
languages, in relation with intervocalic positions of geminates which is supported by the sonority
scale, this tendency will be explored in section 3.2.2.

3.2.1 Diachronic origin, Blevins’s (2004) ‘Evolutionary Phonology’ framework

In Blevins’s (2004) ‘Evolutionary Phonology’ framework, she proposes that recurrent sound patterns
across languages worldwide result from common, phonetically motivated historical sound changes,
as opposed to the traditional theoretical approaches that explain these recurring sound patterns
with innate, universal constraints built into languages’ synchronic grammar. She posits that to truly
understand the synchronic state and behaviours of sounds in a language, their historical origins and
evolutionary pathways must be traced.

A first point of view she offers with regard to geminates, is that they reflect historical
phonological changes. Geminates can be the result of consonant assimilation, deletion of unstressed
vowels – syncope –, or lengthening of a stressed singleton. In total there are seven such processes
possible.24 Due to these multiple possible historical origins for gemination, geminates will show
different properties across languages. Moreover, according to the ‘Evolutionary Phonology’
framework, the idea of absolute phonological universals, such as “geminate-specific constraints”
within a language’s grammar, is rejected. Despite the fact that there are some cross-linguistic
properties – such as a preference for stops and affricates – these can be explained by acoustic
perceptibility for example (cf. Section 3.2.2).

Secondly, geminates are known to avoid degemination or weakening processes, in contrast
to singletons which are more easily affected. This resistance to change, Evolutionary Phonology

23There are several dialects of Arabic that use this distinction, some examples are Hadhrami, San’ani, and Baghdadi
(Al-Deaibes, 2021).

24The seven possible diachronic phonological changes that can lead to gemination are: (1) assimilation in consonant
clusters, (2) assimilation of a consonant and a vowel or glide clusters, (3) vowel syncope between identical consonants,
(4) lengthening of singletons under stress, (5) expressive lengthening (produced under emphatic conditions for example,
these often stay allophonic and rarely phonologise), (6) boundary lengthening (phrase-final lengthening), and (7) the
reinterpretation of an obstruent voicing contrast (/t/ vs. /d/→ /tː/ vs. /t/) (Blevins, 2008).
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posits, is simply a phonetic consequence of duration, because they have significantly longer closure
durations, and are thus less prone to gestural reduction in contrast to singletons. Finally, the property
that geminates are integral structures as opposed to consonant clusters, an inviolable synchronic
constraint according to other researchers (Davis, 2011; Hayes, 1989), is rejected in Blevins’s (2004)
Evolutionary Phonology framework. The fact that geminates are rarely separated by epenthetic
vowels – frequent in consonant clusters – is not due to a structural integrity, but rather because
the geminate does not violate specific surface phonotactic constraints of the language, resulting in
unnecessary epenthesis in that position (Blevins, 2004).

As a result of the different properties of geminates and the varying historical pathways from
which they emerged, the amount of geminates within phoneme inventories vary greatly from one
language to the next. Blevins (2004) gives the following languages as example to illustrate the range
of different geminates within phoneme inventories:

• Wichita has only three geminates (/tsː/, /sː/, and /r̃ː /) that result from a reanalysis of identical
consonant sequences across morpheme boundaries (e.g. {r, j, h} > s/ {s, ts}_ (Blevins, 2008)).

• Gilbertese has only nasals, simply because only nasals were allowed as a syllable coda, with
morpheme concatenation only possible with two nasals (Blevins, 2008).

• Somali has geminate contrasts only for voiced stops, but no length contrast for voiceless stops
(Blevins, 2004).

Despite varying in the proportion geminates take within the phoneme inventory of a
language, there appears to be a tendency regarding the kind of geminates that aremost often present
as will be seen in the following section.

3.2.2 Following the sonority scale

Following the framework of Evolutionary Phonology, certain types of geminates can be expected to
occur more frequently than others, where some are preferred over others due to their perceptibility
cues. Kawahara and Pangilinan (2017) provide experimental results to back this hypothesis, showing
that geminate occurrence follows the inverse of the sonority scale (cf. Figure. 2) with obstruents
(stops, affricates, and fricatives) being the preferred geminates, followed by nasals, liquids, and finally
glides.25

Figure 2. The sonority scale of the IPA chart (Riggle, 2011).

As the primary phonetic cue distinguishing geminates from singletons, the constriction
duration of a geminate is only perceptible by a listener if clear boundaries for the onset and offset of

25This trend was also observed with the data of this study (cf. Figure. 7, p. 46.)
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a geminate are detected, which is directly affected by the sonority of a consonant and the adjacent
phonemes (Kawahara & Pangilinan, 2017). In intervocalic position, the boundaries of obstruents
are easily detected due to their distinct acoustic profiles; stops having a clear gap (closure), and
fricatives a distinctive aperiodic noise. On the other hand, sonorants (nasals, liquids, and glides)
are “spectrally continuous” with the surrounding vowels, making acoustic transitions blurry in
vowel-sonorant boundaries. Having an onset and offset of the consonant that are difficult to detect,
results in difficulties to distinguish geminates from their singleton counterparts.

Furthermore, the hierarchy within the sonorants can be explained by the amplitude of
the consonants. Nasals and glides have different amplitudes, nasals having lower ones than glides.
Additionally, the amplitude of the glides is closer to that of vowels, leading to a small amplitude
change in vowel-glide combinations as opposed to a noticeable amplitude change in vowel-nasal
combinations, from high-amplitude vowels to low-amplitude nasals. Finally, liquids are on the lower
end of the sonority scale of geminates as these high-sonority sounds pose articulatory problems. To
geminate a tap or flap for example, the consonant needs to turn into a trill, which requires highly
precise inter-articulator coordination, which physically makes them difficult to produce, hence the
general tendency to avoid them (Kawahara & Pangilinan, 2017).26

Kawahara and Pangilinan (2017) conclude that this phenomenon maps well onto the
‘Adaptive Dispersion Theory’, which states that language prefer phoneme contrasts that are
perceptually distinct for the listener’s ease. Therefore, the ‘distance’ on the sonority scale best
represents the most efficient boundary–geminate pairs that can exist. The farther apart on the scale,
the clearer the distinction, and the easier it is for the listener to detect the boundaries of the geminate.
Thereby, a ‘vowel-stop-vowel’ combinationwill bemore easily detected than a ‘liquid-fricative-liquid’
combination for example, supporting the preference for intervocalic geminates over peripheral
geminates in the world’s languages.

As it has been seen, geminates can be categorised according to several criteria, and there
are many types of geminate across languages world-wide. Understanding how these geminates are
then represented in writing has been observed by researchers such as Kubozono (2017) and Saechan
and Ruangjaroon (2024), who have come to the conclusion that doubling the singleton is a common
strategy, such as in Thai or in Russian for example. Additional strategies that have been observed
by Tanaka (2017) are the use of ‘special characters’, such as in Japanese. Others, such as Ford (2009),
mention the use of a diacritical mark as is the case in the Arabic script for example. Even though
several observations have been made over the past decades, no one has attempted a cross-linguistic
typological study thus far. Therefore, this study aims to provide an overview of the use of these
different representation strategies of geminates across the world’s writing systems providing a better
understanding of how this phonological feature is represented in writing. The following chapter will
cover the methodological approach of this study to collect and structure the data.

26Although often avoided, Spanish contradicts this tendency with its only geminate–singleton distinction being that
of a trill and a tap, such as in /perːo/ ‘dog’ and /peɾo/ ‘but’.
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4 Methods
Since this cross-linguistic typological study is the first of its kind – focusing only on one phonological
feature, i.e. geminates, present across a range of languages – a new methodology for data collection
had to be explored and a new structure for data organisation had to be set up. The aim is on the
one hand to provide visibility for the often disregarded feature of gemination and representation
thereof across writing systems in the field of grapholinguistics, and on the other hand to explore and
lay a foundation with regard to the data collection and database structure for future cross-linguistic
typological research on additional features in writing. Although this study is not exhaustive, the
collected data did offer overall visibility with regard to the written representation of geminates
across writing systems. Additionally, the organisation and collection of the data, were set to fit in
the theoretical frameworks (cf. Chapter 2) of the young field of grapholinguistics, expanding the
understanding and applicability thereof to as many writing systems as possible. This was done by
categorising the scripts in generative typological categories proposed by Gnanadesikan (2017) on the
one hand, and by placing the different representation strategies within the writing system structure
(cf. Figure. 1) outlined above (cf. Section 5.1 for more information on how the different types of
representation strategies fit into the structure).

In this cross-linguistic typological study, the data was processed in two stages. Firstly, all
languages that have geminates (cf. Section 4.1), which of these have a writing system (cf. Section
4.2), and how or if geminates are represented in that writing system (cf. Section 4.3) were identified.
Secondly, the collected data was categorised according to representation strategies divided into
several types following specific criteria (cf. Section 5.1). Finally, these different types were correlated
with Gnanadesikan’s (2017) extended typological framework for scripts in which certain tendencies
could be observed (cf. Section 5.2).

Importantly, to register all the data for this study a new database was set up: Written
Geminates DataBase (WGDB) (cf. Appendix B for some of the important data). First, all raw data
was included in an .xlsx file divided into five main sheets (cf. infographic Figure. 3).27 To start, the
‘languages’ sheet (3)28 contains all the information regarding the languages (glottocode, language
family, location, amount of vowels, consonants, and geminates) the collection of this data is outlined
in section 4.1. Then, the ‘scripts’ sheet (1) contains the information regarding the scripts used to
write down these geminate languages and has information on these scripts regarding their typology
both according to Daniels (1996), and Gnanadesikan (2017); the collection of this data is outlined in
section 4.2. The ‘language_scripts’ sheet (2) then connects the languages to scripts (via the glottocode
and script_code respectively), and records which type of representation strategy is adopted for
geminates in that particular writing system; the collection of this data is outlined in section 4.3.
Finally, the ‘geminate_phonemes’ and ‘language_geminates’ sheets (5) and (4) respectively, contain
all the featural information for every geminate in PHOIBLE (5), and map each language to all the
geminates it contains (4); the collection of this data is outlined in section 4.1 as well.

27For practical purposes, theWGDBwas transformed from a .xlsx file into a .sqlite, the latter allowingmore liberty for
commands to extract the data.

28Numbers in brackets refer to sheets in the excel file.
29Note that not all variables have been listed as some of the sheets have more than 40 of them. Furthermore, not

all the terms listed match those in the database perfectly, some are terms that refer to a group of variables, such as
‘grapheme’ which is actually divided into the three variables in the database: ‘grapheme_segmental’, ‘grapheme_syllabic’,
and ‘grapheme_morphemic’. This infographic is used as an illustration to provide a visualisation of the structure of the
WGDB, not an exact reflection of its content.
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Scripts Languages Geminates

scripts
(1)

18 rows
name

script_code
type

grapheme
vowel inclusions
vowel dependency

spatial arrangement
other structure

etc.

language_scripts
(2)

138 rows
glottocode
script_code

type_i
type_ii
type_iii
type…
type_ix
notes

references

languages
(3)

130 rows
glottocode
name

location
macro_family
sub_family

databases used
phonemes
geminates

geminate position
etc.

language_geminates
(4)

1848 rows
glottocode
phoneme_id

geminate_phonemes
(5)

265 rows
ipa

phoneme_id
description

segment_class
consonantal
sonorant
nasal
etc.

Figure 3. Visual representation of the WGDB structure (Excel and SQLite). On the first level are the three main
themes to which each sheet can be related. Then on the second level, there are the five different sheets present in
theWGDB. Below each sheet name is the sheet number (1 – 5), then the amount of rows of that sheet has. Finally, a
list of different variables, present in each sheet as column headers, has been included.29

4.1 Identifying geminate languages

To identify geminate languages – i.e. languages that have geminates in their phoneme inventory –
datawas extracted from the PHOIBLEdatabase (Moran&McCloy, 2019) and served as the foundation
of the WGDB.30 Outlined below is the structure of PHOIBLE and the extraction process adopted for
identifying geminate languages.

The PHOIBLE database is structured in several Comma-Separated Values (CSV) files. First,
there is the languages.csv file which lists all 2186 languages present in the database with their
corresponding glottolog code, ISO639P3 code, glottolog code for the language family, and the name
of the language family. Additionally, the file contains information on the macro area, longitude and
latitude of where in the world the languages are spoken. Second, is the parameters.csv file from
the database, in which all the segments are listed with a description. Most important for this study
are the columns ‘segmentClass’ and ‘long’ within that file as, combined, these allow to search for
‘consonants’ that are ‘long’, i.e. the geminates to be extracted for theWGDB (cf. Appendix C.1, Listing
2). Lastly, there is the values.csv file which maps each language to the segments it has. Furthermore,
when these files are compiled into one SQLite database, it is possible to “browse” these files with
SQL commands in the ‘DB Browser for SQLite’ software.

To start expanding on theWGDB all languages containing geminates were identified.31 These
languages amounted to a total of 130, which formed the basis of theWGDB.32 In addition to the names
of the languages, the widely used Glottolog code as well as the ISO639P3 code of each language were
added to the WGDB, serving as a bridge between linguistic databases. Furthermore, the geminates

30Henceforward Moran and McCloy’s (2019) database will be referred to as “PHOIBLE”. Limitations of this database
will be discussed in section 6.2.

31For a detailed overview of the commands that were run in SQL to extract data from the PHOIBLE database, see
Appendix C

32(cf. Appendix C.1, Listing 3)
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of each language were added in the two-column ‘language_geminates’ sheet (4).33 Added to the
‘languages’ sheet (3) were also the total amount of phonemes for each language separated into vowels,
total consonants, and geminate consonants from each language.34

When compiling this data, it became apparent that some languages only had one geminated
consonant, and sometimes did not even have a singleton counterpart. To ensure that only phonemic
geminates are included in the analysis, only languages that have more than one geminate have been
included, and furthermore, each geminatemust have a singleton counterpart; bringing the remaining
amount of languages to be analysed in this study to 113.35

At this point, the .xlsx file contains three sheets: ‘languages’ (3), ‘language_geminates’ (4), and
‘geminate_phonemes’ (5).

4.2 Scripts for geminate languages

On the other hand, finding information about the scripts used for these geminate languageswas done
manually, as there is no readily available database that contains this type of information on feature
representation in writing. Nevertheless, the two online databases ScriptSource (SIL Global, 2011) and
Omniglot (Ager, 1998) proved helpful as primary sources on information concerning writing and
representation strategies of gemination in some languages. However, these online resources were
by no means exhaustive, and many languages still required a thorough analysis of primary sources
about orthographic rules and script use conventions for example.

First, the ScriptSource database, developed by SIL Global (2011), was consulted to know
whether the speakers of a language use writing or not, and if so, which script is widely used among
them. There are a great amount of languages that use several scripts simultaneously, which is often
tied to the location of a community that uses a language spoken over a vast geographic area.36
To ensure the information regarding scripts in the WGDB can be included in future projects, the
commonly used four-letter abbreviated codes devised by Unicode Consortium (2026) are used
as references to the different scripts.37 Secondly, Omniglot: The online encyclopedia of writing
systems and languages (Ager, 1998), was consulted for gaining information regarding the mappings
that happen between language and script at the graphematics level (i.e. which linguistic unit
maps to which basic shape, cf. Section 2.1) for each language in the WGDB. It was concluded that
when a language was registered as “unwritten” in ScriptSource and that that language was not
present in Omniglot, the speakers of that language did not commonly use writing for that language.
Consequently, those languages were left out of the research, leaving a total of 94 languages that meet
the two essential criteria to be interpreted in this study: they have geminates and are written.

Based on the information extracted from ScriptSource and Omniglot, at least 18 scripts are
used around the world to represent geminate languages, 10 of them are used by only one geminate
language, the other 8 scripts are used towrite 90 languages amounting to a total of 136writing systems
(cf. Figure 4).38 As there is a strong bias towards the Latin script, a normal distribution of the data
cannot be performed on the amount of scripts compared to the amount of geminate languages they
represent.39

33(cf. Appendix C.1, Listing 4).
34(cf. Appendix C.1, Listing 5).
35(cf. Appendix C.1, Listing 6)
36In theWGDB, 65 languages are conventionally written with only one script, 17 with two scripts, 11 with three scripts,

and 1 with four scripts. For a detailed overview of the language–script combinations cf. Table 24, p. 54.
37(e.g. ‘Latn’ for Latin, ‘Tols’ for Tolong Siki, ‘Tfng’ for Tifinagh etc.
38Keep inmind that, as mentioned above, some languages are written with several scripts, therefore the total amount

of scripts does not match the languages.
39As is illustrated in Figure 4, the bias towards Latin found in the WGDB is also a general bias.
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Figure 4.
Top graph: The total amount of languages from theWGDB that use each script (scripts used by only 1 language
have been excluded from this graph). The scripts that cover only one geminate language are Garay for Wolof;
Greek for Cypriot greek; Gurmukhi (Punjabi) for Punjabi; Japanese for Japanese; Khoiki for Punjabi; Mahajani for
Punjabi; Osmanya for Somali; Sinhala for Sinhalese; Telugu for Telugu; Tolong Siki for Kurukh.
Bottom graph: For each script, the total amount of languages (around the world from the CLDR (Common Locale
Data Repository) (Unicode Consortium, 2026)) that use it have been counted, with the Latin script clearly
overshadowing the other scripts. Note, however, that these numbers were taken from the CLDR which records only
some 1000 writing systems (script–language combinations), which is clearly not exhaustive (Unicode Consortium,
2026). Therefore, the results in this graph only serve as an illustration, and not as a factual representation of the
scripts’ use across the world’s writing systems (scripts used by less than 3 languages have been excluded from this
graph). It can also be seen that the data used for the bottom graph is not exhaustive as it only counts 7 writing
systems using the Ethiopic script, in contrast to 9 writing systems in the WGDB.
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4.3 (How) are geminates represented in writing systems?

Finally, to understand the different types of representation strategies writing systems adopt for
geminates, mainly Omniglot was used. The information was either taken from the graphematic
explanation, the grapheme charts, or the examples snippets.40 External references were also
consulted to gain information on the graphematic mappings of some of the remaining languages.41
The different representation strategies adopted by writing systems were categorised according to
seven different types (cf. Section 5.1 for a detailed explanation of these types, and cf. Section 5.2 for
an interpretation of the data).

In total the representation strategy for geminates adopted in 93 writing systems was found
with this method (repartition cf. Table 8), leaving the representation strategy of the 45 remaining
writing systems present in the WGDB undetermined at this stage. Although this method shed light
on many writing systems, it is only a primary step and does not cover all there is to know about the
different types of representation strategies of each writing system can contain.

The following chapter will look at the collected data in detail, starting by drawing a general
picture of the data. Then, in section 5.1, a new typological framework has been devised to categories
the representation strategies in seven types. It will then go on to interpret the data as a whole, with
regard to several correlations and tendencies in section 5.2.

40Since some languages use multiple scripts, there were more writing systems than languages used, and the types of
representation strategies could differ from one script to another, even though the scripts are used to represent the same
language. This highlights that there are differences that can exist between several writing systems that are used for one
language, each with a different scripts, and serves as a good example for relations that can exist within the structure of
writing systems (cf. Figure 1 above).

41Due to time constraints, only a few writing systems profited of external research with primary sources. All the
external sources consulted were: Treis (2008, §5.2.3) for Kambaata, Akamine (1997, §2) for Central Sama, Comitau
Scientificu po sa normalisadura de sa bariedadi campidanesa de sa lingua sarda (2009, pp. 69 – 71) for Campidanese
Sardinian, Råðdjärum, Älvdalska språkrådet (2005) for Elfdalian, Matia et al. (2009, p. 77) for Didinga, Pike and Diatta
(1994) for Joola Huluf, Andries (2004) for the languages written with the Tifinagh script, Gill (1996, p.397) for Punjabi
written in the Gurmakhi script, and Lovestrand (2012) for Barain. 45 writing systems are still needed to be looked up in
further research.
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5 Results and typology
The sample size used for this cross-linguistic typological study consists of 94 languages (cf. Section
4.1), 18 scripts, and 136 writing systems (cf. Section 4.2).42 These languages are distributed over 29
language-families and 48 sub-families over a geographic area spanning acrossmore than 47 countries
worldwide.43 Thephoneme inventories of the sampled languages had an average of 15.81 vowels, 44.70
consonants, of which 12.78 geminates.

This chapter will further deal with the nine types of representation strategies writing systems
opt for in section 5.1, a framework which partially builds on the existing theoretical terminology of
Meletis (2020). Then the distribution of the different types are examined in section 5.2. The reader
is reminded that these results are all drawn from the 93 writing systems for which the representation
strategy types have been identified, and that there are still 45 out of the 136 writing systems for which
the representation strategies are undetermined and 2 of them were uncertain.

5.1 A typology of geminate representation in writing

The different representation strategies used to represent phonological features in the world’s writing
systems can be divided into nine types, which are governed by four main criteria (cf. Figure 5 below).
The framework starts by differentiating phonological features depending on whether these are
represented or not. If the phonological feature is not represented, it is of Type I – Not represented.
Otherwise, if a phonological feature is represented in writing, the next criteria then asks if that
representation strategy is ‘digrammatic’. Digrammaticity means that when two graphemes or
subsegmental graphematic components are combined, the meaning of the individual parts add up
to the whole meaning. For example, the sequence the graphemes <i> /i/ and <a> /a/ in Spanish,
logically (i.e. digrammaticaly) add up to the sequence <ia> /ia/. When the representation of
phonological features is digrammatic, it is of Type II – Digrammatic.

Then, the last two criteria, three and four, form a (3 x 2) matrix of six possible combinations.
The third criterion is used to categorise the representation strategies according to three degrees of
systematicity. The first, ‘No’, is when the representation is not systematic, i.e. the representation
strategy is unique for each linguistic unit represented by the grapheme to which it applies (see below
for its application to geminates for concrete examples). The second, ‘partial’, refers to graphematic
components that modify several graphemes in the writing system consistently, but is not applied
to all the possible candidates, often competing with other partially systemic modifiers. The third
degree of systematicity, ‘full’, is used to refer to a graphematic representation strategy that applies to
all graphemes in the writing system of which the linguistic units can bear that phonological feature.
The fourth, and thus last criteria, which operates in combination with the third, is used to categorise
representation strategies based on the nature of the basic shapes it is composed of. Either all the
basic shapes used in the combination grapheme + phonological feature representation are already
graphemeswithin thewriting system, or at least one basic shape is not a grapheme. When combining
the third and the fourth criteria, six types (Type III – Type VIII) emerge as can be seen in Figure 5
below.

Type III – fixed grapheme combinations consists of representation strategies that are
composed of fixed basic shape combinations of basic shapes that all function as graphemes as well
in the writing system, and that together stand for a new linguistic unit. Then in Type IV – complex
graphemes, the representation strategy is composed of fixed basic shape combinations, however,
some of the basic shapes do not have the status of graphemes within the writing system. Both Type V
– partially systemic graphemicmodifier and Type VI – partially systemic non-graphemicmodifier

42For a full list of all the writing systems present in the database, cf. Table 23 in the Appendix.
43For detailed distribution graphs cf. Appendix B.3.
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are characterised by the use of a basic shape, be it already a grapheme or not in the writing system,
that is used with some of the graphemes tomark a phonological feature. In Type VII – fully systemic
graphemic modifier and Type VIII – fully systemic non-graphemic modifier then, the modifiers
that represented the phonological feature are applied to all graphemes standing for linguistic units
that can bear that it, again, be it already a grapheme in the writing system or not.

Finally, when a representation strategy for a given phonological feature has been identified,
the framework asks whether there is another representation strategy for the same phonological
feature present in the writing system. When this is the case, the process starts over from the second
point, that of digrammaticity. In case a phonological feature is represented by multiple strategies
within one writing system, the representation strategy is of ‘Type IX –Mixed strategy’.

1. Represented?

Yes

2. Digrammatic?

No

Type I – Not Represented

Yes

Type II –
Digrammatic

No

3. Is it systemic?

4. Are all basic
shapes graphemes?

Type III
– Fixed
grapheme

combination

Type V –
Partially
systemic
graphemic
modifier

Type VII –
Fully systemic
graphemic
modifier

Type IV –
Complex
grapheme

Type VI –
Partially
systemic

non-graphemic
modifier

Type VIII –
Fully systemic
non-graphemic

modifier

No Partially Fully

Yes

No

If there is a second
strategy represented:
Type IX –Mixed strategy

Figure 5. Proposed theoretical framework for a typology concerning the representation of phonological features
encoded on the graphematics level. Please refer to the main text above for the complete explanation of the
framework.
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Building on the framework of the writing system structure outlined above (cf. Section
2.1), these different types of representation strategies all fall within the graphematics level as
explained below. Furthermore, the broad nature of these types allow them to be used to categorise
the representation strategies of any phonological feature in writing. Below, these types will be
interpreted in the light of geminates across the world’s writing systems.

Type I – Not represented When phonological features are not explicitly represented, they are
of Type I – Not represented. These omissions could originate from several levels in the writing
system structure. At the level of the signary, for example, if the writing system does not have any
basic shape to which it can assign the phonological marker. However, there are still other possible
strategies that a writing system could adopt to represent a given phonological feature at the levels
of graphematics by encoding it in complex graphemes or using a grapheme that functions as a
systematic phonological marker for example. In the Ethiopic script for example, geminates, though
phonemic, are not represented in writing at all (cf. Example (10) below).

(10) The geminated equivalent of the Ge’ez singleton /r/ is not represented in writing (Ager, 1998,
Ge’ez script).
a. <በረከት> ~ /barakat/
b. <በረከ> ~ /barːaka/

Type II –Digrammaticity Digrammaticity, or compositional transparency, can be found inwriting
systems to represent geminates, in which the fixed grapheme combination of two identical singleton
graphemes correlates directly with the phonological lengthening of the phoneme. In Italian, for
example, the singleton /t/ is written with one <t>, whereas its geminated counterpart /tː/ is spelled
with two <tt>; the singleton grapheme is doubled. This type of representation strategy for geminates
fits in thewriting system structure at the level of graphematics as a compositionally transparent fixed
grapheme combination. The geminate consonants in a language are encoded as separate linguistic
units onto a fixed grapheme combination, rather than being given their own distinct grapheme (cf.
Examples (11) and (12) below).

(11) Geminating the Italian /t/.
a. <t> /t/→ <tt> /tː/

(12) Bengali digrammatic fixed grapheme combination (Khan, 2010).
a. /kɔ/ <ক>→ /kːɔ/ is <ž>
b. /d̪ɔ/ <ড>→ /d̪ːɔ/ <Ƭ>

Type III – Fixed grapheme combination The writing systems that represent geminates with Type
III – Fixed graphemecombination, are those that opt for a fixed graphemecombinationof graphemes,
this time not one that is compositionally transparent, on the contrary, a combination referred to as
a graphematic mismatch (Meletis, 2020). In such a fixed grapheme combination, the whole is not
the sum of the added values of the graphemes it is composed of, but a combination in which one
of the graphemes serves as a subsegmental graphematic component functioning as a phonological
feature marker rather than a distinct linguistic unit. Within the writing system structure, Type III –
Fixed grapheme combination also operates at the graphematics level. At this level it clearly does not
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behave as a grapheme but as a combination of a fixed grapheme combination with a subsegmental
graphematic component instead (cf. Example (13) below).

(13) Geminating glides in Maasai, spoken in Kenya (Ager, 1998, Maasai).
a. <wu> ~ /wː/
b. <yi> ~ /jː/

(14) Geminated lateral fricative in the Andi writing system (Ager, 1998, Andi).
a. <лъ> ~ /ɬː/

Type IV – Complex grapheme This type is a representation strategy which results from the
combination of different basic shapes, at least one of which is not a grapheme. This matches exactly
what Meletis (2020) defines as complex graphemes and these are thus by definition graphemes. So
far, no writing system has been found to represent geminates with this strategy. Nevertheless, it is
found as the representation strategy for other phonological features, such as the Swedish grapheme
<å>, which is composed of <a> and a basic shape | ̊| that encodes the phonological feature [+high]
(cf. Example (15) below). Representation strategies of Type IV – Complex graphemes all necessarily
fall on the graphematics level as they are graphemes by definition.

(15) Swedish complex grapheme composed of an existing grapheme and another non-graphemic
basic shape (Ager, 1998, Swedish).
a. <a> /ɑː/ + < ̊> [+high]→ <å> /oː/

Type V – Partially systemic graphemic modifier In the type of representation strategy when an
existing grapheme is repurposed as a phonological featuremarker, that can be combinedwith several
but not all graphemes to which the feature could be applied, that strategy is of Type V – Partially
systemic graphemic modifier. Examples of graphemes of this type are found in the Bengali writing
system in which there are three graphemes that can be repurposed to function as phonological
feature markers. These three consonantal graphemes each partially modify consonant phonemes
in the language that can be geminated. Representation strategies of this type are encoded at the
graphematics level given the basic shapes are tied to linguistic units, as well as the orthographic
level, given that there are several modifiers to choose from but only one is considered correct, even
though the others are equally valid to be used to mark the phonological feature [+long].

(16) Bengali’s three partially systemic graphemic modifiers (Daniels & Bright, 1996).
a. <ত> /tɔ̪/ + <ম> /mɔ/→ <ƺা> /t ̪ː a/
b. <ঠ> /thɔ/ + < ্য> /jɔ/→ <ঠ্য> /thːɔ/
c. <শ> /ʃɔ/ + <  ্ব> /bɔ/→ <Ű> /ʃːɔ/

Type VI – Partially systemic non-graphemic modifier Then if a writing system uses a basic shape
that is not yet a graphemewithin that language, and combines it consistently tomark a phonological
feature on some of the graphemes that represent a linguistic unit that can take that phonological
feature, that strategy is of Type VI – Partially systemic non-graphemic modifier. An example of
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subsegmental graphematic components of this type is the ring below consonants that encode the
phonological feature [+retroflex] in the Pashto writing system used to write the Pashto language
spoken in Afghanistan written with the Arabic script. Representation strategies of this type are
encoded at the graphematics level given the basic shapes are tied to linguistic units (phoneme and
phonological feature), as well as the orthographic level, given that there are several modifiers to
choose from (< ̥> and <۰> ) but only one is considered correct, even though the other is equally valid
to be used to mark the phonological feature [+retroflex].

(17) Pashto retroflex consonants are mostly written with a semi-circle below the consonant
grapheme to which [+retroflex] is applied, and is applied to all retroflex consonants except
the fricatives /ʂ/ and /ʐ/, for which a dot is used instead (Ager, 1998, Pashto).
a. /ʈ/ ←<ټ> [+retroflex] < ̥> + /t/̪ <ت>
b. /ɖ/ ←<ډ> [+retroflex] < ̥> + /d̪/ <د>
c. /ɻ/ ←<ړ> [+retroflex] < ̥> + /r/ <ر>
d. /ɳ/ ←<ڼ> [+retroflex] < ̥> + /n/ <ن>
e. /ʂ/ ←<ښ> [+retroflex] <۰> + /s/ <س>
f. /ʐ/ ←<ږ> [+retroflex] <۰> + /z/ <ز>

Type VII – Fully systemic graphemic modifier When writing systems represent phonological
features according to Type VII – Fully systemic graphemic modifier, they re-purpose an existing
grapheme and systematically use it in pair with other graphemes to modify them. Examples
of a Type VII – Fully systemic graphemic modifier representation strategies are the Japanese
geminate marker <っ> derived from the grapheme that stands for the syllable /tsɯ/, and the Arabic
geminate marker called ‘Shaddah’ < ّ > derived from the grapheme ‘sīn’ that<س> stands for the
phoneme /s/ (cf. Examples (18) and (19) respectively). Representation strategies of this type are
also part of the graphematics level, and were originally graphemes, but have taken a new function
as a phonological feature marker instead of a linguistic unit, thereby becoming a subsegmental
graphematic component.

(18) Japanese syllable /te/ geminated by the preceding fully systemic graphemic modifier <っ>
(Ager, 1998, Hiragana).
a. <っ> + <て> /te/→ <って> /tːe/

(19) Arabic consonant /n/ geminated by the addition of the fully systemic graphemic modifier
‘shaddah’ < ّ > (Ager, 1998, Sudanese Arabic).
a. /nː/ < ←<ذّ [+long] < ّ > + /n/ <ذ>

Type VIII – Fully systemic non-graphemic modifier Writing systems can also opt for a Type
VIII – Fully systemic non-graphemic modifier representation strategy for geminates. In these
cases, the Fully systemic non-graphemic modifiers are identified as subsegmental graphematic
components rather than graphemes given they do not relate to a linguistic unit but merely modify
the linguistic unit of the grapheme they are bound to. When attached to graphemes that encodes
a singleton, a fully systemic non-graphemic modifier that encodes the phonological feature [+
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long] will systematically modify these singletons to become geminates. Furthermore, fully systemic
non-graphemic modifiers can never be graphemes as they are not independent linguistic units, one
of the basic criteria that define graphemes (cf. Section 2.2). Within the writing system structure,
gemination fully systemic non-graphemic modifiers also operate at the graphematics level, within
the category of subsegmental graphematic components. A writing system that exemplifies this well
is that of the Ocaina language spoken in Peru which uses the Latin script. In Ocaina, only nasals can
be geminated, and to distinguish singleton nasals from their geminate counterparts, two dots are
added on top of the singleton grapheme to indicate gemination (cf. Example (20) below).

(20) Geminating nasals in Ocaina using a diacritic.44

a. <m> /m/ + < ̈>→ <m̈> /mː/
b. <n> /n/ + < ̈>→ <n̈> /nː/
c. <ñ> /ŋ/ + < ̈>→ <ñ̈> /ŋː/

Type IX – Mixed strategy Finally, there are writing systems that opt for a combination of some
of the possible representation strategies (cf. Table 7 below). Which types are included in these
‘mixed strategies’ depends on the writing systems and which strategy is applied to which grapheme
is determined by orthographic rules. Bengali, for example, uses a combination of Types II –
Digrammaticity, and Type V – Partially systemic graphemic modifier (cf. Example (21) below).
Another complex case is that of the Didinga language written with the Latin script, as it uses a
combination of Type I – Not represented, Type II – Digrammaticity, and Type VIII – Fully systemic
non-graphemic modifier representation strategies. What is interesting about this writing system is
that the representation type does not depend on the linguistic unit represented by a given grapheme,
but rather by the position of the phonemewithin awordwith the following orthographic rules: onset
<’> (22a); middle “double consonant” (22b) except when the singleton is written with a complex
grapheme or a fixed grapheme combination, in which case it is also indicated with a <’> (22c); coda
“never doubled even when geminate” (22d) (Matia et al., 2009).45

Table 7. Writing systems with Type IX –Mixed representation strategies and which different strategies they use.

Language Script I II III IV V VI VII VIII IX
Andi Cyrillic – Yes Yes – – – – – Yes
Bengali Bengali – Yes – – Yes – – – Yes
Didinga Latin – Yes – – – – – Yes Yes
Maasai (masai) Latin – Yes Yes – – – – – Yes
Cypriot greek Greek – Yes Yes – – – – – Yes

(21) Bengali is a case of mixed representation strategy use. Note that in the cases of the Type V –
Partially systemic graphemic modifier representation strategies in Bengali, orthographic rules
apply on top of the graphematics level. The information on the orthographic rules concerning
the ligatures and their mapping to phonemes – graphematics level – can be found in Khan
(2010) and Daniels and Bright (1996).

44Note that the singleton version of <ñ̈> –<ñ>– is a complex grapheme based on <n> on which two phonological
feature modifiers have been applied: [+velar] with < ̃> and [+long] with < ̈>.

45For more complex cases cf. Appendix B.2.

5 Results and typology 32



UvA –Written Strategies of Geminates De Buysscher J. 14387980

a. Type II: <ক> /kɔ/→ <ž> /kːɔ/
b. Type II: <ড> /d̪ɔ/→ <Ƭ> /d̪ːɔ/
c. Type (II): <টা> /ʈā/→ <Ʃা> /ʈːā/46

d. Type V: <ত> /tɔ̪/ + <ম> /mɔ/→ <ƺা> /t ̪ː a/
e. Type V: <ঠ> /thɔ/ + < ্য> /jɔ/→ <ঠ্য> /thːɔ/
f. Type V: <শ> /ʃɔ/ + <  ্ব> /bɔ/→ <Ű> /ʃːɔ/

(22) Didinga has representation strategies that vary according to position of the geminate within
a word as well as digraphs (whether complex graphemes or fixed grapheme combinations)
(Matia et al., 2009).47

a. Type VIII in onset position: <’gool> /gːoːl/
b. Type II in middle position: <atabba> /atabːa/
c. Type VIII in middle position: <bala’ngiook> /balaŋːioːk/
d. Type I in coda position: <doholeec> /doholeːtːʃ/

While all types exist as representation strategies, they are not all necessarily foundwithin one
writing system for several phonological features, nor do these necessarily all exist to represent one
phonological feature in the world’s writing systems, as has been apparent with the geminates. In the
following section, correlations and tendencies of the representation strategies adopted for geminates
across the world’s writing systems will be examined.

5.2 Correlations and tendencies

Now that the types have been theoretically defined partially using terminology laid out by Meletis
(2020), they can be interpreted with the data gathered about each script through the many writing
systems. In table 8 below, the number of writing systems that represent geminates according to a
particular type are grouped by script. There are 40 languages that use the Latin script and represent
geminates according to Type II – Digrammaticity. It is clear that there is an overall majority of
writing systems that prefer to use Type II – Digrammaticity as their representation strategy for
geminates. While this table offers a valuable overview, scripts such as Latin, Arabic, and Cyrillic are
heavily overrepresented, as they are used in many more writing systems than other scripts; compare
the Latin script with the Khoiki script for example. Therefore, approaching the data from the scripts
themselves gives a more balanced overview. Furthermore, all the scripts used in the writing systems
of this study have been described according to Gnanadesikan’s (2017) typological framework (cf.
Table 9 below).48

When reading the tables below, the reader is reminded of two important points. First, the
types, represented in the columns, are not mutually exclusive, with a script being counted in each
column for which at least one of its writing systems uses that strategy. Thus, for each script that has

46In the case of <টা> /ʈā/→ <Ʃা> /ʈːā/, the digrammaticity is rather opaquewhich is due to the grapheme<ট> /ʈɔ/ that
has a reduced form when used in ligatures. The consonant is reduced to a left-wards curl below the previous consonant,
in this case <ট> /ʈɔ/.

47In Didinga, geminates are differentiated both by length and by ‘weight’, distinguishing between light and heavy
consonants which can result in different surface forms. For example, the light phoneme /ʃ/ is contrasted with its heavy
and geminated counterpart /tːʃ/.

48The equivalent of the following tables that count the writing systems (tables 17 – 20) rather than the scripts (tables
10 – 13) can be found in the Appendix B.4.

5 Results and typology 33



UvA –Written Strategies of Geminates De Buysscher J. 14387980

Table 8. Sum of the representation strategies for writing systems sharing a script.

Script I II III IV V VI VII VIII IX Undetermined
Arabic 3 2 – – – – 9 – – 12
Bengali – 1 – – 1 – – – 1 1
Cyrillic – 11 1 – – – – – 1 4
Devanāgarī  – 3 – – – – – – – –
Ethiopic - Ge’ez 9 – – – – – – – – –
Garay – – – – – – – 1 – –
Greek – 1 1 – – – – – 1 –
Gurmukhi (Punjabi) – – – – – – – 1 – –
Japanese – – – – – – 1 – – –
Khoiki – – – – – – 1 – – –
Latin 1 40 1 – – – – 3 2 28
Mahajani – 1 – – – – – – – –
Newari – 3 – – – – – – – –
Osmanya – 1 – – – – – – – –
Sinhala – 1 – – – – – – – –
Telugu – 1 – – – – – – – –
Tifinagh – 3 – – – – – – – –
Tolong Siki – 1 – – – – – – – –

Table 9. Script classification following the typological terminology outlined by Gnanadesikan (2017).

Script Typological features
Arabic Bound, partially vowelled, linear, segmentary
Bengali Combined, mostly vowelled, āksharik, segmentary
Cyrillic Free, fully vowelled, linear, segmentary
Devanāgarī  Combined, mostly vowelled, āksharik, segmentary
Ethiopic - Ge’ez Bound, fully vowelled, syllabically arranged, syllabary
Garay Free, fully vowelled, linear, segmentary
Greek Free, fully vowelled, linear, segmentary
Gurmukhi (Punjabi) Combined, mostly vowelled, āksharik, segmentary
Japanese Combined, fully vowelled, syllabically arranged, moraic, syllabary
Khoiki Combined, mostly vowelled, linear, segmentary
Latin Free, fully vowelled, linear, segmentary
Mahajani Free, partially vowelled, linear, segmentary
Newari Combined, mostly vowelled, āksharik, segmentary
Osmanya Free, fully vowelled, linear, segmentary
Sinhala Combined, mostly vowelled, āksharik, segmentary
Telugu Combined, mostly vowelled, āksharik, segmentary
Tifinagh (unwritten vowels), consonantal, linear, segmentary
Tolong Siki Free, fully vowelled, linear, segmentary

a writing systemwith Type IX –Mixed strategy, that script will also be counted in the columns of the
representation strategies that writing system uses. The columns thus count how many scripts ever
use a strategy. Second, these results do not include the writing systems for which the representation
strategy is still undetermined. Furthermore, the 45 undetermined cases are concentrated in the
scripts that are overrepresented, i.e. Latin, Arabic, and Cyrillic. Therefore, the dominance of Type II
is measured on those scripts which still count many undetermined cases, meaning that dominance
could shift if those gaps were to be filled.

Below, tables 10 to 13 present the 18 scripts against Gnanadesikan’s (2017) variables
to categorise a script, namely segmentality, vowel inclusion, vowel dependency, and spatial
arrangement. When read together, three main observations can be made.
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Table 10. Feature typology according to linguistic unit mapped onto grapheme. Counting scripts.

script_type I II III IV V VI VII VIII IX
segmental 2 13 3 – 1 – 2 3 4
syllabic 1 – – – – – 1 – –

Table 11. Feature typology according to vowel inclusion. Counting amount of scripts.

script_type I II III IV V VI VII VIII IX
consonantal – 1 – – – – – – –
fully vowelled 2 5 3 – – – 1 2 3
mostly vowelled – 5 – – 1 – 1 1 1
partially vowelled 1 2 – – – – 1 – –

Table 12. Feature typology according to vowel dependency. Counting amount of scripts.

script_type I II III IV V VI VII VIII IX
(unwritten vowels) – 1 – – – – – – –
Bound 2 1 – – – – 1 – –
Combined – 5 – – 1 – 2 1 1
Free 1 6 3 – – – – 2 3

Table 13. Feature typology according to spatial arrangement. Counting amount of scripts

script_type I II III IV V VI VII VIII IX
linear 2 8 3 – – – 2 2 3
syllabically arranged 1 – – – – – 1 – –
āksharik – 5 – – 1 – – 1 1

First, Type II – Digrammaticity overall appears to be the default representation strategy as
in segmental scripts, it appears in all the value of each variable, with 13 out of the 16 segmental
scripts using the strategy. Regarding the syllabaries, given there are only two such scripts to represent
geminate languages, no tendency can realistically be observed from the data. Furthermore, two types
are completely avoided as representation strategy for geminates: Type IV – Complex graphemes and
Type VI – Partially systemic non-graphemic modifier.

Second, Type III – Fixed grapheme combination occurs only in a set of three, typologically,
identical scripts, namely free fully vowelled linear segmentaries. The three scripts in question are
Cyrillic, Greek, and Latin, all three of them ‘genealogically’ related, as they all descend from the same
ancestor script. The reason why it only appears in these three scripts is unclear. Furthermore, it is
important to note that the writing systems in which Type III – Fixed grapheme combination occur,
are all of Type IX – Mixed strategies, and also use the Type II - Digrammaticity strategy to represent
geminates. Therefore, Type III appears never to be an exclusive representation strategy within a
writing system.

Third, when not taking Type II – Digrammaticity into account, the remaining strategies
are not represented often enough in order to make a claim of even distribution across them. No
strong second preference comparable to Type II – Digrammaticity emerges, with the counts too
small for a realistic comparison. Nevertheless, worth noting is that whenever a writing system has
a mixed representation strategy (Type IX), Type II – Digrammaticity is always among the chosen
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representation strategies. Since Type II – Digrammaticity is the preferred strategy in general, this is
not surprising. Additionally there are only 5 such writing systems, again, too small of a count for a
realistic interpretation.

When looking at the data according to the amount of geminates within the language,
different insights can be gained.49 In table 14 below the writing systems are grouped by tier of tens,
where the first tier counts the amount of languages that have 0 to 9 geminates, the second tier 10
to 19 etc. While, Type II – Digrammaticity is rather evenly distributed, it is apparent that Type I –
Not represented, only occurs among languages with a large inventory of geminates. Note however,
that it is because these are all the languages written in the Ethiopic script, which does not represent
geminates in writing. Moreover, it is also noteworthy that even though only free fully vowelled
linear segmentaries used the Type III – Fixed grapheme combination representation strategy, these
languages have great inventory size differences. It should also be noted that there are still many
languages for which the representation strategy in their writing systems are undetermined, meaning
any conclusions drawn regarding the languages with smaller geminate inventory sizes are still prone
to change.

Table 14. Representation strategies by consonant-inventory size. Languages are grouped by tiers by their
geminate counts, and the cells report the number of writing systems in each tier that employ each representation
type.

Geminates inventory I II III IV V VI VII VIII IX Undetermined
1. 1–9 – 14 1 – – – 1 3 2 21
2. 10–19 1 28 1 – – – 4 2 1 13
3. 20–29 9 20 1 – 1 – 3 – 2 9
4. 30–39 3 6 – – – – 3 – – 2
5. 40–49 – 1 – – – – – – – –

In general, if a segmental script has a preferred type it uses as representation strategy, when
it expands to several languages, other types of representation strategy emerge alongside. Such as
in Arabic where the default strategy is the diacritic ‘Shaddah’, but still allows other representation
strategies, such as digrammaticity for example. Segmental scripts appear to be rather flexible when it
comes to graphematic encoding of linguistic unit to basic shapes. While some types of representation
strategies are completely avoided to represent geminates, Type IV –Complex graphemes, andTypeVI
– Partially systemic non-graphemic modifier, others are clearly preferred, Type II – Digrammaticity,
as representation strategy, both across and within scripts, with few exceptions (such as the Ethiopic
script). Thus, as has been seen in this chapter, geminates can be represented in a variety of ways, and
there appear to be very few limitations to or pre-requisites for a writing system to choose one type of
representation strategy over another.

49The equivalent tables counting consonants or vowels rather than geminates can be found in the Appendix B.4.
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6 Conclusion and discussion

6.1 Conclusion

While grapholinguistic research has investigated the representation inwriting of linguistic units such
as morphemes, syllables, and phonemes, the investigation of phonological features rarely made it
beyond the point of description of their existence. How geminates, or any other phonological feature,
is represented in writing had not yet been investigated in a cross-linguistic typological study.

When categorising the representation strategies writing systems adopt to represent
geminates, the data supported nine types of such strategies. The types are an extension to the
framework of Meletis (2020) and organise the strategies of the graphematics level according to
composition of basic shapes as well as modification as a systematic property of the linguistic unit
the geminatemarker acts on. One type came out as the preferred one, both within and across scripts,
Type II – Digrammaticity, the compositionally transparent type. Next to the main representation
strategy, Type VII – Fully systemic graphemic modifier, in which an existing grapheme functions
as a phonological feature marker instead of a linguistic unit such as the Arabic shaddah diacritic,
is the preferred type with 3 scripts adopting the strategy. Additionally, marking a phonemically
salient phonological feature in writing is not obligatory as the Ethiopic script shows us, with none
of the languages that use it to have adopted any form of representation strategy of geminates. It
also became apparent that when used to represent many languages, segmentaries are quite flexible,
and allow many different strategies to be adopted, such as the Latin segmental script that allows 5
different strategies.

6.2 Limitations and boundaries

Due to resource constraints, this study encountered some limitations. A concerning occurrence
that has to be pointed out, is that there were languages mentioned in the literature on geminates
that were either not in the PHOIBLE database at all, or the segment inventories did not contain
geminates, which was the case of Swedish for example. This highlights the limitation that results
from working with PHOIBLE directly, which only contains information on 2186 languages, and the
segment inventories can vary greatly in detail both within and across languages as different sources
are used as basis for the data in the PHOIBLE database. Due to time restrictions, and to prevent a
bias towards languages the author of this study happens to know have geminates, all languages that
did not have geminates in PHOIBLE were left out of this study.

Another limitation of this study were the available sources to collect information on the
writing systems of the geminate languages, since geminates were not always mentioned as such in
the consulted sources, or were not dealt with, neither at the spoken or written level. Additionally,
Omniglot, the website that was used to confirm some of the data for this study, is not scientifically
reviewed, and can contain mistakes. Nevertheless, it still provided a crucial resource for this study.
The difficulty of extracting information from such rudimentary sources meant that not all writing
systems could get the level of attention theymerit, and resulted inhaving 45writing systemsout of the
total 136 that still need to be thoroughly investigated in order to determine the type of representation
strategy it draws on to represent geminates in writing.

6.3 Suggestions for further research

Some changes that could improve the results of this cross-linguistic typological study would be
to collect more information on the writing systems in addition to the representation strategy of
geminates. By recording which types of representation strategies are used in the writing system for
other phonological features might give a better picture of the general behaviour of a writing system,
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and the tendencies that exist in the script it uses. Think of already present diacritics or ligatures in
the script, for example, a strategy which would be a logical solution for any phonological feature
marker to adopt. What could be investigated is whether writing systems already actively uses any of
the types of representation strategies for another phonological feature, are likely to adopt the same
strategy for gemination.

Furthermore, as this study aimed to propose a typological framework to situate phonological
features in writing, testing it with other features than geminates could lead to improvements of the
structure or insights towards an improved theoretical approach of a the typological categorisation of
representation strategies of phonological features, one that includes strategies of the suprasegmental
tier within the graphematics level, such as spatial arrangement for example.

6.4 Contribution of this study

This study contributed to the field of grapholinguistics by expanding and combining two existing
theoretical frameworks into one larger functional structure of writing systems. Combining the
frameworks of Gnanadesikan (2017) and Meletis (2020) helps bridge the discrepancies and gaps in
the theoretical frameworks that are current in the grapholinguistics field. Additionally, interpreting
the typological framework for scripts by Gnanadesikan (2017), and implementing it systematically
to the structure of a cross-linguistic typological study, was proven to be efficient, even though, to the
knowledge of the author, this had never been applied in another study.

In addition to extending the scope of theoretical frameworks, gemination, an often
disregarded linguistic unit was investigated across the world’s writing systems, filling an important
gap in the field of grapholinguistics. While exploring the approaches to structure and categorise
the data, in this study a typological framework for categorising phonological features in writing
has been proposed, and proved efficient. Needless to say that this study was rather exploratory
than explanatory and offers a glimpse to what can still be researched regarding writing systems.
Nevertheless, the present study shows that this innovating methodology is functional and promising
to further understand the relationship between written and spoken language at the level of the
phonological feature.

6 Conclusion and discussion 38



UvA –Written Strategies of Geminates De Buysscher J. 14387980

References
Académie française. (2026). Dictionnaire de l’académie française (10th ed.) [10e édition en cours de

publication sur le portail numérique du Dictionnaire]. Retrieved June 18, 2026, from http :
//www.academie-francaise.fr

Ager, S. (1998). Omniglot: The online encyclopedia of writing systems and languages. Retrieved June 1,
2026, from https://www.omniglot.com

Akamine, J. (1997). Notes on Sinama languages: Phonology, orthography, and wordlist. The Journal of
Sophia Asian Studies, (15), 3–39.

Al-Deaibes, M. (2021). Gemination: Weight or Length? Evidence from Rural Jordanian Arabic.WORD,
67:2(2), 159–171. https://doi.org/10.1080/00437956.2021.1909841

Andries, P. (2004, June 6). Proposal to add the tifinagh script (Working Group Document No. N2739R)
(Submitted byMorocco, Canada and France). ISO/IEC JTC1/SC2/WG2. Retrieved June 1, 2026,
from https://www.unicode.org/L2/L2004/04123-n2739-tifinagh.pdf

ATILF. (1994). TLFi: Trésor de la langue française informatisé. ATILF, CNRS & Université de Lorraine.
Retrieved June 1, 2026, from http://atilf.atilf.fr/tlfi

Backley, P. (2011). Introduction to element theory. Edinburgh University Press.
Bezrukov, N., & Soni, R. (2023, November 10). Emergence of featurality as a byproduct of script

inheritance [Conference presentation]. Temple University Rome, Rome, Italy. Retrieved June
1, 2026, from http://faculty-sgs.tama.ac.jp/terry/awll/WS/14/2023D1O3S3P.pdf

Blevins, J. (2004). Evolutionary phonology: The emergence of sound patterns. Cambridge University
Press.

Blevins, J. (2008). Explaining diversity in geminate consonant inventories: An evolutionary approach.
Lecture delivered during Leipzig Spring School on Linguistic Diversity. Max Planck Institute
for Evolutionary Anthropology: Leipzig, Germany.(Available online at https://www. eva. mpg.
de/lingua/conference/08_springschool/pdf/course_materials/blevins_ evening_lecture. pdf ).

Bright, W. (1999). A matter of typology: Alphasyllabaries and abugidas.Written Language & Literacy,
2(1), 45–55.

Comitau Scientificu po sa normalisadura de sa bariedadi campidanesa de sa lingua sarda. (2009).
Arrègulas po ortografia, fonètica, morfologia e fueddàriu de sa Norma Campidanesa de sa
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A Glossary
āksharik Follows peak/margin system (Gnanadesikan, 2017). 12
basic shapeA shape composed of one or more graphic elements, stripped from any form of meaning

(Meletis, 2020). 7–10, 24, 27–31, 37, 42, 43
complex graphemeA grapheme that is composed of more than one basic shape, not all of which are

graphemes themeselves (Meletis, 2020). 8, 11, 27, 29, 30, 32, 33
diacritic It is a subsegmental graphematic component that systematically modifies the grapheme it

is bound to. 9
digrammaticityAdding up themeaning, functions, or features of two graphemes correlates naturally

to form the combination of the two graphemes. 27–29
feature Groups phonemes into natural classes of manner or place of articulation (e.g. [+nasal]).

Furthermore, they distinguish phonemes (e.g. [+voice] vs. [-voice]) (Gnanadesikan, 2023).
15, 29, 44

fixed grapheme combination Refer only to combinations of basic shapes all of which are graphemes
8, 27, 29, 30, 32, 33, 42

graphematic mismatch A fixed grapheme combination in which the whole is not the sum of the
added values of the graphemes it is composed of, but one of the graphemes serves as a
subsegmental graphematic component functioning as a phonological featuremarker rather
than a distinct linguistic unit. 29

graphematics Level of the writing system structure at which a script and linguistic units from a
language are joined (Meletis, 2020). 8–10, 15, 24, 28–32, 37, 38

grapheme Needs to fulfil the following three criteria outlined by Meletis (2020): lexical
distinctiveness, linguistic value, and minimality. 7–12, 14, 18, 26–33, 35, 42, 49

grapholinguistics The subfield of Linguistics that concerns itself with writing and its connection
to spoken language. Also historically called grammatology, see Meletis (2020) for an
argumentation of the term. 7, 22

linear In a linear spatial arrangement, all graphemes are independent from one another
(Gnanadesikan, 2017). 12

linguistic unit Referred in this study as a part of speech that can be represented in writing such as
morphemes, syllables, moras, segments, features, etc (Gnanadesikan, 2017; Meletis, 2020).
8–11, 14, 24, 27–32, 35, 37, 42, 43, 49

non-segmentary Script in which the graphemes are non-segments, they represent syllables or
morphemes rather than phonemes (Gnanadesikan, 2017). 11

opaqueWhen the orthography of a writing system is considered opaque, it means that the linguistic
units that are to be represented, based on the typology, are done so in a non-systematic
way, and is difficult to extract. The linguistic-unit-to-basic-shape ratio is complex. Further
reading see Veloso (2019). 10

orthography Operates above the graphematics in a writing system. The set of rules which it
composes, determines which graphematic combinations are correct or incorrect when
multiple options are possible (Meletis, 2020). 9, 10

script The combination of a signary, with graphically homogeneous basic shapes, and a typology
which is functionally homogeneous (Gnanadesikan, 2017). 7–11, 24

segment A single phoneme represented by grapheme (Meletis & Dürscheid, 2022). 15
segmentary A segmentary is a script all or most of whose signs are used in such a way as to encode

individual phonological segments, or phonemes (which may include archiphonemes
and morphophonemes). A fully one-to-one relation between signs and phonemes is not
required, nor is the representation of all phonemes of a given language. Althoughmost such
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scripts encode only segments (consonants and/or vowels), the inclusion of suprasegmentals
(such as tone) does not preclude a classification of segmentary. Phonemic script or alphabet
(broad definition) may be considered synonyms (Gnanadesikan, 2017, p. 13). 7, 11, 12, 37

signary A collection of graphically homogeneous basic shapes, that constitute the inventory of basic
shapes used in a script (Gnanadesikan, 2017). 7–11, 29

simple grapheme A grapheme that is composed of no more than one basic shape (Meletis, 2020). 11
subsegmental graphematic component As it only passes two out of the three criteria outlined by

Meletis (2020), it cannot be a grapheme, however, it does contribute to at least two criteria,
making it linguistically relevant. 9, 14, 15, 27, 29–32, 42

suprasegmental graphematic component It is the collection of all visual arrangements and basic
shapes that do not map to linguistic units directly, but serve as structural elements instead.
Examples include punctuation marks, white space between paragraphs, capitalisation, or
even italicising. 9

transparentWhen the orthography of a writing system is considered transparent, it means that the
linguistic units that are to be represented, based on the typology, are done so in a systematic
way, and can be easily extracted. The linguistic-unit-to-basic-shape ratio is simple. Further
reading see Veloso (2019). 10

typologyA classification of howbasic shapes are arranged in a script andwhat type of linguistic units
are encoded (morphemes, syllables, segments, etc.), often in a functionally homogeneous
way (Gnanadesikan, 2017; Meletis, 2020). 7–9, 11

writing A technology that records and relays linguistic information through time and across
individuals who can independently interpret it. 7, 22, 27, 29

writing system The structure that combines language and script with an optional orthography to
systematically represent language (Gnanadesikan, 2017; Meletis, 2020). 7, 9–11, 14, 15, 21, 22,
24, 26–37, 44
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B Written Geminates Database
The Written Geminates Database (WGDB) is the database that was built for this study. It contains
information on the scripts, languages, and phonemes, and is divided into five distinct sheets (in excel
and SQL). For a complete overview of how this was built please refer to chapter 4, Methods. Below,
additional information regarding the collected data is laid out in the form of graphs, tables, and
examples. For the general theoretical overview and information please refer to the main text, the
information laid out here serves only as an extension of the main theoretical and methodological
structure outlined in the core of this study.

B.1 Additional examples of phonological feature markers

Beloware several examples of phonological featuremarkers. Each is described following the typology
outlined in section 5.1. These examples are additional illustrations to those presented in section 2.4,
and come from literature covered in the main study.

(23) Some of the different features represented in writing (Gnanadesikan, 2023).
a. Nasalisation of vowels in Devanāgarī: <अ> /a/ + < ँ>→ <अƧ> /ã/
b. Visual representation of place of articulation in writing such as the velars with the tongue

raised towards the soft palate: <ㄱ> /k/
c. Aspiration of consonants in Han’gŭl with a horizontal stroke: <ㄱ> /k/ + horizontal stroke
→ <ㅋ> /kʰ/

d. Palatalisation of consonants in Czeck with the háček: <s> /s/ + < ̌>→ <š> /ʃ/

B.2 Additional Type IX –Mixed strategy

In themain text (cf. section 5.1), two writing systems that use a Type IX –Mixed strategy to represent
geminates have been explained. In table 7 in section 5.1, a complete overview of these writing
systems is provided, showing the different representation strategies each uses. Given Type II –
Digrammaticity is the preferred type, it is not surprising to see it being used by all writing systems
that have mixed strategies. Some of the other writing systems are explained below.

(24) In Masaai, spoken in Kenya, the representation strategy depends on the preference of the
author of the text. BothType II –Digrammaticitywithdoubling, andType III – Fixed grapheme
combinations can be used.
a. Type II <ww> ~ /wː/
b. Type II <yy> ~ /jː/
c. Type III <wu> ~ /wː/
d. Type III <yi> ~ /jː/
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B.3 Descriptive statistics

In this section of the appendix, the reader is providedwith graphs that represent the data concerning
the languages and the gemination inventories. The first graph (6) is a visual representation of the
language-families of which the geminate languages are part of. With the most common language
family being Afro-Asiatic.
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Figure 6. Macro-family distribution of the written geminate languages (each macro-family must have more than
two families to appear in the graph).
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The following graphs contain information regarding the geminates present in the languages.
The first graph (7) counts the average amount of geminates according to the categories of the sonority
scale. It is clearly visible that the geminates follow the inverse of the sonority scale, with stops and
affricates being the preferred geminates across the languages. Moreover, glides appear in less than
one language on average, clearly showing the general tendency of languages to avoid these geminates
in their inventory.
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Figure 7. Average occurence of geminates per language, categorised following the sonority scale of the IPA chart
(Riggle, 2011).
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The following graph (8) represents the amount of geminates on the x-axis and the total
amount of languages on the y-axis. Furthermore, each bar is a range of five geminates. This means
that the total amount of languages that have 0 to 4 geminates will be counted in the first bar, the
second bar then counts the total amount of languages that have 5 to 9 etc. There does not appear
to be a gap in the amount of geminates a language has, it appears rather evenly distributed, with a
decline towards the larger inventories.
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Figure 8. Languages with most geminates.

On the contrary, figure ?? below does show some tendencies when it comes to the percentage
of the inventory. It appears from the figure that geminate languages tend to have a preference for 25%
and 45% of their phoneme inventory to be geminates. This, however, does not exclude geminate
languages to have varying percentages of their phoneme inventory to be geminates.
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Figure 9. Distribution of geminate phonemes as a percentage of the consonant inventory across the sampled
languages.
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B.4 Feature typology tables according to writing systems

Daniels’s (1996) terminology has also been investigated.

Table 15. Feature typology according to Daniels’s (1996) writing system typology. Counting by scripts

script_type I II III IV V VI VII VIII IX
abjad 1 2 – – – – 1 – –
abugida 1 6 – – 1 – 1 1 1
alphabet 1 5 3 – – – – 2 3
syllabary – – – – – – 1 – –

Table 16. Feature typology according to Daniels’s (1996) writing system typology.

script_type I II III IV V VI VII VIII IX
abjad 3 5 – – – – 9 – –
abugida 9 10 – – 1 – 1 1 1
alphabet 1 54 3 – – – – 4 4
syllabary – – – – – – 1 – –
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Following the tables in section 5.2

Table 17. Feature typology according to linguistic unit mapped onto grapheme.

script_type I II III IV V VI VII VIII IX
segmental 4 69 3 – 1 – 10 5 5
syllabic 9 – – – – – 1 – –

Table 18. Feature typology according to vowel inclusion.

script_type I II III IV V VI VII VIII IX
consonantal – 3 – – – – – – –
fully vowelled 10 54 3 – – – 1 4 4
mostly vowelled – 9 – – 1 – 1 1 1
partially vowelled 3 3 – – – – 9 – –

Table 19. Feature typology according to vowel dependency.

script_type I II III IV V VI VII VIII IX
(unwritten vowels) – 3 – – – – – – –
Bound 12 2 – – – – 9 – –
Combined – 9 – – 1 – 2 1 1
Free 1 55 3 – – – – 4 4

Table 20. Feature typology according to spatial arrangement.

script_type I II III IV V VI VII VIII IX
linear 4 60 3 – – – 10 4 4
syllabically arranged 9 – – – – – 1 – –
āksharik – 9 – – 1 – – 1 1
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Strategy types according to consonants and vowels.

Table 21. Representation strategies by consonant-inventory size. Languages are grouped by tiers by their
consonant counts, and the cells report the number of writing systems in each quintile that employ each
representation type.

Consonants inventory I II III IV V VI VII VIII IX
2. 10–19 – 3 – – – – – – –
3. 20–29 – 4 1 – – – – 1 1
4. 30–39 1 16 – – – – 1 2 1
5. 40–49 6 14 – – – – 3 1 –
6. 50–59 3 10 1 – – – 1 – 1
7. 60–69 – 5 1 – – – 2 1 1
8. 70–79 2 4 – – – – 2 – –
9. 80–89 – 5 – – 1 – 1 – 1
10. 90–99 1 4 – – – – 1 – –
12. 110–119 – 4 – – – – – – –

Table 22. Representation strategies by vowel-inventory size. Languages are grouped into five equal-sized quintiles
by their vowel count, and the cells report the number of writing systems in each quintile that employ each
representation type.

Vowel inventory I II III IV V VI VII VIII IX
1. 4–9 vowels 3 13 1 – – – 4 – 1
2. 9–10 vowels 7 14 1 – – – 2 – 1
3. 11–15 vowels 1 12 – – – – 2 1 –
4. 15–20 vowels – 11 1 – – – 1 3 2
5. 20–50 vowels 2 19 – – 1 – 2 1 1

B Written Geminates Database 50



UvA –Written Strategies of Geminates De Buysscher J. 14387980

B.5 Data

Table 23. Writing systems with their representation strategy for geminates.

# Language Script Glottocode Representation strategy
1 Alaba-K’abeena Ethiopic -

Ge’ez
alab1254 Type I

2 Amharic Arabic amha1245 Undetermined
3 Amharic Ethiopic -

Ge’ez
amha1245 Type I

4 Andi Cyrillic andi1255 Type II, Type III
5 Archi Cyrillic arch1244 Type II
6 Avar Arabic avar1256 Complex: Type V
7 Avar Cyrillic avar1256 Type II
8 Avar Latin avar1256 Type II
9 Awiyaana Latin awiy1238 Undetermined
10 Barain Latin bare1279 Type II
11 Bengali Bengali beng1280 Type II, Type V
12 Bengali Newari beng1280 Type II
13 Border Kuna Latin bord1248 Type II
14 Campidanese Sardinian Latin camp1261 Type II
15 Central Sama Latin cent2092 Type II
16 Chamorro Latin cham1312 Type II
17 Chechen Arabic chec1245 Undetermined
18 Chechen Cyrillic chec1245 Type II
19 Chechen Latin chec1245 Undetermined
20 Chuvash Cyrillic chuv1255 Type II
21 Cypriot greek Greek cypr1249 Type II, Type III
22 Didinga Latin didi1258 Type II, Type VI
23 Egyptian Arabic Arabic egyp1253 Complex: Type V
24 Elfdalian Latin elfd1234 Type II
25 Estonian Latin esto1258 Type II
26 Etsako (Yekhee) Latin yekh1238 Undetermined
27 Finnish Latin finn1318 Type II
28 Fulfulde (Adamawa) Arabic adam1253 Complex: Type V
29 Fulfulde (Adamawa) Latin adam1253 Type II
30 Gaam Latin gaam1241 Type II
31 Goajiro (wayuu) Latin wayu1243 Type II
32 Godoberi Cyrillic ghod1238 Type II
33 Hadiyya Ethiopic -

Ge’ez
hadi1240 Type I

34 Hadiyya Latin hadi1240 Type II
35 Hausa States Fulfulde Arabic nige1253 Complex: Type I, Type V
36 Hausa States Fulfulde Latin nige1253 Undetermined
37 Hindi Devanāgarī  hind1269 Type II
38 Hindi Newari hind1269 Type II
39 Hungarian Latin hung1274 Type II
40 Ibibio Latin ibib1240 Type II
41 Ingush Arabic ingu1240 Undetermined
42 Ingush Cyrillic ingu1240 Undetermined
43 Ingush Latin ingu1240 Undetermined
44 Inuit (Kalaallisut -

Greenlandic)
Latin kala1399 Type II

45 Isthmus Latin isth1244 Undetermined
46 Italian Latin ital1282 Type II

Continued on next page
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Table 23. Writing systems with their representation strategy for geminates.

# Language Script Glottocode Representation strategy
47 Itunyoso Trique Latin sanm1298 Undetermined
48 Japanese Japanese nucl1643 Complex: Type V
49 Joola Huluf (Jolo-Esulalu) Latin jola1262 Type II
50 Kadiweu Latin kadi1248 Type II
51 Kambaata Ethiopic -

Ge’ez
kamb1316 Type I

52 Kambaata Latin kamb1316 Type II
53 Kanga (Kanga) Latin kang1288 Undetermined
54 Karata Cyrillic kara1474 Type II
55 Katcha-Kadugli Latin katc1249 Uncertain: Type I, Type II
56 Keiga Latin keig1242 Undetermined
57 Kildin Saami Cyrillic kild1236 Type II
58 Kogi (Cogui) Latin cogu1240 Undetermined
59 Konni Latin konn1242 Undetermined
60 Koorete Ethiopic -

Ge’ez
koor1239 Type I

61 Koorete Latin koor1239 Type II
62 Koyraboro Senni Songhai Arabic koyr1242 Undetermined
63 Koyraboro Senni Songhai Latin koyr1242 Undetermined
64 Krongo Latin kron1241 Undetermined
65 Kurukh Bengali kuru1302 Undetermined
66 Kurukh Devanāgarī  kuru1302 Type II
67 Kurukh Tolong Siki kuru1302 Type II
68 Lak Arabic lakk1252 Type II
69 Lak Cyrillic lakk1252 Type II
70 Lak Latin lakk1252 Type II
71 Maasai (masai) Latin masa1300 Type II, Type III
72 Maltese Latin malt1254 Type II
73 Masalit Latin nucl1440 Type II
74 Mavea Latin mafe1237 Type II
75 Moroccan Arabic Arabic moro1292 Complex: Type V
76 Nara Latin nara1262 Undetermined
77 Nepali Devanāgarī  nepa1254 Type II
78 Nepali Newari nepa1254 Type II
79 North Saami Cyrillic nort2671 Undetermined
80 North Saami Latin nort2671 Type II
81 Northern Altai Cyrillic nort2686 Undetermined
82 Ocaina Latin ocai1244 Type VI
83 Ojibwa Latin east2542 Undetermined
84 Oromo Arabic east2652 Undetermined
85 Oromo Ethiopic -

Ge’ez
east2652 Type I

86 Oromo Latin east2652 Undetermined
87 Otoro Latin otor1240 Undetermined
88 Otuho Arabic otuh1238 Undetermined
89 Otuho Latin otuh1238 Undetermined
90 Pite Saami Latin pite1240 Type II
91 Punjabi Arabic panj1256 Undetermined
92 Punjabi Gurmukhi

(Punjabi)
panj1256 Type VI

93 Punjabi Khoiki panj1256 Complex: Type V
94 Punjabi Mahajani panj1256 Type II
95 Reunionnais Latin reun1238 Uncertain: Type II

Continued on next page
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Table 23. Writing systems with their representation strategy for geminates.

# Language Script Glottocode Representation strategy
96 Satawalese Latin sata1237 Undetermined
97 Shilha;

Tarifiyt-Beni-Iznasen-Eastern
Middle Atlas Berber

Arabic tari1263 Undetermined

98 Shilha;
Tarifiyt-Beni-Iznasen-Eastern
Middle Atlas Berber

Latin tari1263 Type II

99 Shilha;
Tarifiyt-Beni-Iznasen-Eastern
Middle Atlas Berber

Tifinagh tari1263 Type II

100 Silt’i Ethiopic -
Ge’ez

silt1240 Type I

101 Sinhalese Sinhala sinh1246 Type II
102 Siwi Arabic siwi1239 Undetermined
103 Siwi Latin siwi1239 Undetermined
104 Siwi Tifinagh siwi1239 Type II
105 Slovak Latin slov1269 Type VI
106 Somali Latin soma1255 Type II
107 Somali Osmanya soma1255 Type II
108 Soninke Arabic soni1259 Undetermined
109 Soninke Latin soni1259 Type II
110 Sudanese Arabic Arabic suda1236 Complex: Type V
111 Tachelhit Arabic tach1250 Complex: Type I, Type V
112 Tachelhit Latin tach1250 Type II
113 Tachelhit Tifinagh tach1250 Type II
114 Tadaksahak Arabic tada1238 Undetermined
115 Tadaksahak Latin tada1238 Undetermined
116 Telugu Telugu telu1262 Type II
117 These Latin tese1238 Undetermined
118 Tigre Arabic tigr1270 Undetermined
119 Tigre Ethiopic -

Ge’ez
tigr1270 Type I

120 Tofa (Taiga Sayan Turkic) Cyrillic kara1462 Undetermined
121 Totonac (Papantla Totonac) Latin papa1238 Undetermined
122 Ts’amakko (Tsamai) Latin tsam1247 Undetermined
123 Tulishi Latin tuli1249 Undetermined
124 Uighur Arabic uigh1240 Type II
125 Uighur Cyrillic uigh1240 Type II
126 Uighur Latin uigh1240 Type II
127 Urdu Arabic urdu1245 Complex: Type I, Type V
128 Usarufa Latin usar1243 Type II
129 Welamo (Wolaytta) Ethiopic -

Ge’ez
wola1242 Type I

130 Welamo (Wolaytta) Latin wola1242 Type II
131 Western Tlacolula Valley

Zapotec; San Juan Guelava
Latin sanj1284 Undetermined

132 Wolof Arabic nucl1347 Complex: Type V
133 Wolof Garay nucl1347 Type VI
134 Wolof Latin nucl1347 Type II
135 Yakut (Sakha) Cyrillic yaku1245 Type II
136 Zuni Latin zuni1245 Type II
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Table 24. Languages in the analytic sample.

# Language Glottocode ISO Region Family Geminates Scripts
1 Alaba-K’abeena alab1254 alw Ehtiopia Afro-Asiatic 26 Ethiopic - Ge’ez
2 Amharic amha1245 amh Ethiopia Afro-Asiatic 32 Arabic, Ethiopic - Ge’ez
3 Andi andi1255 ani Russia Nakh-Daghestanian 26 Cyrillic
4 Archi arch1244 aqc Russia Nakh-Daghestanian 18 Cyrillic
5 Avar avar1256 ava Azerbaijan, Georgia,

Kazakhstan, Turkey
Nakh-Daghestanian 15 Arabic, Cyrillic, Latin

6 Awiyaana awiy1238 auy Papua New-guinea Nuclear Trans New
Guinea

2 Latin

7 Barain bare1279 bva Chad Afro-Asiatic 16 Latin
8 Bengali beng1280 ben India Indo-European 21 Bengali, Newari
9 Border Kuna bord1248 kvn Colombia Chibchan 7 Latin
10 Campidanese Sardinian camp1261 sro Sardaigne Indo-European 19 Latin
11 Central Sama cent2092 sml Philipines Austronesian 13 Latin
12 Chamorro cham1312 cha Guam Austronesian 10 Latin
13 Chechen chec1245 che Russia Nakh-Daghestanian 4 Arabic, Cyrillic, Latin
14 Chuvash chuv1255 chv Russia Turkic 6 Cyrillic
15 Cypriot greek cypr1249 ell Greece, Cyprus Indo-European 18 Greek
16 Didinga didi1258 did South Sudan Surmic 6 Latin
17 Egyptian Arabic egyp1253 arz Egypt Afro-Asiatic 26 Arabic
18 Elfdalian elfd1234 ovd Sweden Indo-European 15 Latin
19 Estonian esto1258 ekk Estonia Uralic 28 Latin
20 Etsako (Yekhee) yekh1238 ets Nigeria Atlantic-Congo 3 Latin
21 Finnish finn1318 fin Finland Uralic 10 Latin
22 Fulfulde (Adamawa) adam1253 fub Cameroon Atlantic-Congo 10 Arabic, Latin
23 Gaam gaam1241 tbi Sudan Estern Jebel 12 Latin
24 Goajiro (wayuu) wayu1243 guc Colombia Arawakan 9 Latin
25 Godoberi ghod1238 gdo Russia Nakh-Daghestanian 12 Cyrillic
26 Hadiyya hadi1240 hdy Ethiopia Afro-Asiatic 23 Ethiopic - Ge’ez, Latin
27 Hausa States Fulfulde nige1253 ful Nigeria Atlantic-Congo 20 Arabic, Latin
28 Hindi hind1269 hin India Indo-European 34 Devanāgarī , Newari
29 Hungarian hung1274 hun Hungary Uralic 34 Latin
30 Ibibio ibib1240 ibb Nigeria Atlantic-Congo 4 Latin

Continued on next page
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Table 24. Languages in the analytic sample.

# Language Glottocode ISO Region Family Geminates Scripts
31 Ingush ingu1240 inh Russia Nakh-Daghestanian 3 Arabic, Cyrillic, Latin
32 Inuit (Kalaallisut -

Greenlandic)
kala1399 kal Greenland Eskimo-Aleut 16 Latin

33 Isthmus isth1244 zai Mexico Otomanguean 2 Latin
34 Italian ital1282 ita Italy Indo-European 20 Latin
35 Itunyoso Trique sanm1298 trq Mexico Otomanguean 10 Latin
36 Japanese nucl1643 jpn Japan Japonic 8 Japanese
37 Joola Huluf (Jolo-Esulalu) jola1262 csk Senegal Atlantic-Congo 12 Latin
38 Kadiweu kadi1248 kbc Brazil Guaicurran 9 Latin
39 Kambaata kamb1316 ktb Ethiopia Afro-Asiatic 22 Ethiopic - Ge’ez, Latin
40 Kanga (Kanga) kang1288 kcp Sudan Kadugli-Krongo 27 Latin
41 Karata kara1474 kpt Russia Nakh-Daghestanian 18 Cyrillic
42 Katcha-Kadugli katc1249 xtc Sudan Kadugli-Krongo 21 Latin
43 Keiga keig1242 kec Sudan Kadugli-Krongo 18 Latin
44 Kildin Saami kild1236 sjd Russia Uralic 46 Cyrillic
45 Kogi (Cogui) cogu1240 kog Colombia Chibchan 5 Latin
46 Konni konn1242 kma Ghana Atlantic-Congo 7 Latin
47 Koorete koor1239 kqy Ethiopia Ta-Ne-Omotic 21 Ethiopic - Ge’ez, Latin
48 Koyraboro Senni Songhai koyr1242 ses Mali Songhay 11 Arabic, Latin
49 Krongo kron1241 kgo Sudan Kadugli-Krongo 19 Latin
50 Kurukh kuru1302 kru India Dravidian 13 Bengali, Devanāgarī , Tolong

Siki
51 Lak lakk1252 lbe Russia Nakh-Daghestanian 20 Arabic, Cyrillic, Latin
52 Maasai (masai) masa1300 mas Kenya Nilotic 2 Latin
53 Maltese malt1254 mlt Malta Afro-Asiatic 22 Latin
54 Masalit nucl1440 mls Sudan Maban 4 Latin
55 Mavea mafe1237 mkv Vanuatu Austronesian 4 Latin
56 Moroccan Arabic moro1292 ary Morocco Afro-Asiatic 35 Arabic
57 Nara nara1262 nrb Eritrea Isolate 17 Latin
58 Nepali nepa1254 npi Nepal Indo-European 26 Devanāgarī , Newari
59 North Saami nort2671 sme Norway Uralic 31 Cyrillic, Latin
60 Northern Altai nort2686 atv Russia Turkic 4 Cyrillic
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Table 24. Languages in the analytic sample.

# Language Glottocode ISO Region Family Geminates Scripts
61 Ocaina ocai1244 oca Peru Huitotoan 3 Latin
62 Ojibwa east2542 ojg Canada Algic 6 Latin
63 Oromo east2652 hae Ehtiopia Afro-Asiatic 23 Arabic, Ethiopic - Ge’ez, Latin
64 Otoro otor1240 otr Sudan Heibanic 2 Latin
65 Otuho otuh1238 lot South Sudan Nilotic 4 Arabic, Latin
66 Pite Saami pite1240 sje Sweden Uralic 22 Latin
67 Punjabi panj1256 pan India Indo-European 19 Arabic, Gurmukhi (Punjabi),

Khoiki, Mahajani
68 Reunionnais reun1238 rcf Réunion Indo-European 12 Latin
69 Satawalese sata1237 stw Micronesia Austronesian 13 Latin
70 Shilha;

Tarifiyt-Beni-Iznasen-Eastern
Middle Atlas Berber

tari1263 rif Morocco Afro-Asiatic 17 Arabic, Latin, Tifinagh

71 Silt’i silt1240 stv Ethiopia Afro-Asiatic 22 Ethiopic - Ge’ez
72 Sinhalese sinh1246 sin Sri Lanka Indo-European 15 Sinhala
73 Siwi siwi1239 siz Egypt + Lybia Afro-Asiatic 3 Arabic, Latin, Tifinagh
74 Slovak slov1269 slk Slovakia Indo-European 3 Latin
75 Somali soma1255 som Somalia Afro-Asiatic 8 Latin, Osmanya
76 Soninke soni1259 snk Mali Mande 17 Arabic, Latin
77 Sudanese Arabic suda1236 apd Sudan Afro-Asiatic 27 Arabic
78 Tachelhit tach1250 shi Morocco Afro-Asiatic 34 Arabic, Latin, Tifinagh
79 Tadaksahak tada1238 dsq Mali Songhay 25 Arabic, Latin
80 Telugu telu1262 tel India Dravidian 16 Telugu
81 These tese1238 keg Sudan Temeinic 5 Latin
82 Tigre tigr1270 tig Eritrea Afro-Asiatic 21 Arabic, Ethiopic - Ge’ez
83 Tofa (Taiga Sayan Turkic) kara1462 kim Russia Turkic 7 Cyrillic
84 Totonac (Papantla Totonac) papa1238 top Mexico Totonacan 4 Latin
85 Ts’amakko (Tsamai) tsam1247 tsb Ethiopia Afro-Asiatic 28 Latin
86 Tulishi tuli1249 tey Sudan Kadugli-Krongo 18 Latin
87 Uighur uigh1240 uig China, Mongolia,

Kazakhstan
Turkic 25 Arabic, Cyrillic, Latin

88 Urdu urdu1245 urd Pakistan Indo-European 31 Arabic
Continued on next page

B
W
rittenGem

inatesDatabase
56



UvA
–W

rittenStrategiesofGem
inates

DeBuysscherJ.14387980

Table 24. Languages in the analytic sample.

# Language Glottocode ISO Region Family Geminates Scripts
89 Usarufa usar1243 usa Papua New-guinea Nuclear Trans New

Guinea
2 Latin

90 Welamo (Wolaytta) wola1242 wal Ethiopia Ta-Ne-Omotic 15 Ethiopic - Ge’ez, Latin
91 Western Tlacolula Valley

Zapotec; San Juan Guelava
sanj1284 zab Mexico Otomanguean 4 Latin

92 Wolof nucl1347 wol Senegal Atlantic-Congo 11 Arabic, Garay, Latin
93 Yakut (Sakha) yaku1245 sah Russia Turkic 11 Cyrillic
94 Zuni zuni1245 zun United States of

America
Isolate 21 Latin
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Table 25. List of languages that were not included in the analytic sample.

# Language Glottocode ISO Region Family Geminates Scripts
1 Acheron ache1245 acz Sudan nan 1 nan
2 Anfillo anfi1235 myo nan nan 16 nan
3 Anyin Morofo anyi1244 mtb Côte d’Ivoir nan 3 nan
4 Arbore arbo1245 arv Ethiopia Afro-Asiatic 22 nan
5 Bashkir bash1264 bak Russia Turkic 1 nan
6 Delaware (Language: Unami) unam1242 unm nan nan 9 nan
7 Dime dime1235 dim Ehtiopia South Omotic 21 nan
8 East Makian (Taba) east2440 mky Indonesia Austronesian 14 nan
9 Garadjari, Karadjeri kara1476 gbd Australia Pama-Nyungan 1 nan
10 Hunzib hunz1247 huz Georgia Nakh-Daghestanian 3 nan
11 Icelandic icel1247 isl Iceland Indo-European 1 Latin
12 Jamsay Dogon jams1239 djm Mali (border with

Burkina Faso)
Dogon 14 nan

13 Karok karo1304 kyh United States of
America

Isolate 10 nan

14 Kazym-Berezover-Suryskarer
Khanty

khan1273 kca Russia Uralic 1 nan

15 Korean kore1280 kor Korea Koreanic 1 Korean Han’gŭl
16 Kángw Iraqw iraq1241 irk Tanzania Afro-Asiatic 1 nan
17 Leggbo (legbo) legb1242 agb Nigeria Atlantic-Congo 21 nan
18 Mahas-Fiyadikka (nobiin) nobi1240 fia Egypt Nubian 15 nan
19 Maranungku mara1386 zmr Australia Western Daly 6 nan
20 Mundari mund1320 unr India Austroasiatic 1 nan
21 North-Central Ju kung1261 knw Namibia Kxa 1 nan
22 Ongamo (ngasa) ngas1238 nsg Tanzania Nilotic 3 nan
23 Ossetian osse1243 oss Georgia Indo-European 1 nan
24 Panamint pana1305 par United States of

America
Uto-Aztecan 9 nan

25 Rigwe irig1241 iri Nigeria Atlantic-Congo 1 nan
26 Russian russ1263 rus Russia Indo-European 1 nan
27 Sa’aban saba1265 snv Malaysia Austronesian 1 nan
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Table 25. List of languages that were not included in the analytic sample.

# Language Glottocode ISO Region Family Geminates Scripts
28 Shawnee shaw1249 sjw United States of

America
Algic 1 nan

29 South-Eastern Ju juho1239 ktz Namibia Kxa 1 nan
30 Tatar tata1255 tat Russia Turkic 1 nan
31 Trumai trum1247 tpy Brazil Isolate 1 nan
32 Tsuvaɗi (Vadi) tsuv1239 tvd Nigeria Atlantic-Congo 5 nan
33 Tumtum tumt1243 tbr Sudan Kadugli-Krongo 14 nan
34 Ukrainian ukra1253 ukr Ukraine Indo-European 3 nan
35 Waray wara1290 wrz Australia Gunwinyguan 4 nan
36 Wichita wich1260 wic United States of

America
Caddoan 6 nan
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B.6 SQL commands

Table 26. Overview of all the scripts that are used in only one writing system in the database.

Script name Language
Garay Wolof
Greek Cypriot greek
Gurmukhi (Punjabi) Punjabi
Japanese Japanese
Khoiki Punjabi
Mahajani Punjabi
Osmanya Somali
Sinhala Sinhalese
Telugu Telugu
Tolong Siki Kurukh

Listing 1. Overview of all the scripts that are used in only one writing system in the database.
1 SELECT s.name AS "Script␣name",
2 l.name AS "Language"
3 FROM language_scripts ls
4 JOIN languages l ON l.glottocode = ls.glottocode
5 JOIN scripts s ON s.script_code = ls.script_code
6 WHERE l.used_in_data = 1
7 GROUP BY ls.script_code
8 HAVING COUNT(DISTINCT ls.glottocode) = 1

C PHOIBLE database

C.1 Identifying languages with geminates
In Listing 2, the SQL code creates a table rendering each language and its reference codes (Glottolog and ISO639P3), as
well as the total amount of geminates in that language, and then lists all the geminates.

Listing 2. Languages with geminates.
1 SELECT
2 l.cldf_name AS Language,
3 l.cldf_glottocode AS Glottocode,
4 l.cldf_iso639P3code AS ISO639P3code,
5 COUNT(DISTINCT v.cldf_value) AS NumGeminates,
6 GROUP_CONCAT(DISTINCT v.cldf_value) AS Geminates
7 FROM valuetable v
8 JOIN languagetable l ON v.cldf_languageReference = l.cldf_id
9 JOIN parametertable p ON v.cldf_parameterReference = p.cldf_id
10 WHERE p.long IN ('+', '-,+', '+,-')
11 AND p.segmentclass = 'consonant'
12 GROUP BY l.cldf_id
13 ;
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Listing 3. Amount of languages with geminates.
1 SELECT COUNT(DISTINCT l.cldf_id) AS TotalLanguages
2 FROM valuetable v
3 JOIN languagetable l ON v.cldf_languageReference = l.cldf_id
4 JOIN parametertable p ON v.cldf_parameterReference = p.cldf_id
5 WHERE
6 p.long IN ('+', '-,+', '+,-')
7 AND p.segmentclass = 'consonant'
8 ;

The followingSQLcommandwasused to extract themappings ‘language to geminates’ in the ‘language_geminates’
sheet (4) of the WGDB.

Listing 4. Mapping relation between each language and geminates thereof.
1 SELECT
2 v.cldf_languageReference AS glottocode,
3 v.cldf_parameterReference AS phoneme_id
4 FROM valuetable v
5 JOIN parametertable p ON p.cldf_id = v.cldf_parameterReference
6 WHERE p.SegmentClass = 'consonant'
7 AND p.long IN ('+', '+,-', '-,+')
8 ORDER BY glottocode, phoneme_id
9 ;

Listing 5. Total amount of vowels consonants and geminates per language.
1 SELECT
2 l.cldf_name AS Language,
3 l.cldf_glottocode AS Glottocode,
4

5 COUNT(DISTINCT CASE
6 WHEN p.segmentclass = 'vowel'
7 THEN v.cldf_value
8 END) AS NumVowels,
9

10 COUNT(DISTINCT CASE
11 WHEN p.segmentclass = 'consonant'
12 THEN v.cldf_value
13 END) AS NumConsonants,
14

15 COUNT(DISTINCT CASE
16 WHEN p.segmentclass = 'consonant'
17 AND p.long IN ('+', '-,+', '+,-')
18 THEN v.cldf_value
19 END) AS NumGeminates,
20

21 GROUP_CONCAT(DISTINCT CASE
22 WHEN p.segmentclass = 'consonant'
23 AND p.long IN ('+', '-,+', '+,-')
24 THEN v.cldf_value
25 END) AS Geminates
26
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27 FROM valuetable v
28 JOIN languagetable l
29 ON v.cldf_languageReference = l.cldf_id
30 JOIN parametertable p
31 ON v.cldf_parameterReference = p.cldf_id
32

33 GROUP BY l.cldf_id
34 HAVING COUNT(DISTINCT CASE
35 WHEN p.segmentclass = 'consonant'
36 AND p.long IN ('+', '-,+', '+,-')
37 THEN v.cldf_value
38 END) > 0;

Listing 6. Amount of languages with more than one geminate.
1 SELECT COUNT(*) AS TotalLanguages
2 FROM (
3 SELECT l.cldf_id
4 FROM valuetable v
5 JOIN languagetable l ON v.cldf_languageReference = l.cldf_id
6 JOIN parametertable p ON v.cldf_parameterReference = p.cldf_id
7 WHERE
8 p.long IN ('+', '-,+', '+,-')
9 AND p.segmentclass = 'consonant'
10 GROUP BY l.cldf_id
11 HAVING COUNT(DISTINCT v.cldf_value) >= 2
12 );

C.2 Populating sheets four and five of WGDB
The following SQL command was used to extract the features of geminate phonemes from PHOIBLE, and was
implemented in the ‘geminate_phonemes’ sheet (5) of the WGDB.

Listing 7. Mapping relation between each geminate and its phonetic properties.
1 SELECT DISTINCT
2 p.cldf_id AS phoneme_id,
3 p.cldf_name AS ipa,
4 p.cldf_description AS description,
5 p.SegmentClass AS segment_class,
6 p.consonantal,
7 p.sonorant,
8 p.continuant,
9 p.delayedRelease,
10 p.approximant,
11 p.tap,
12 p.trill,
13 p.nasal,
14 p.lateral,
15 p.labial,
16 p.round,
17 p.labiodental,
18 p.coronal,
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19 p.anterior,
20 p.distributed,
21 p.strident,
22 p.dorsal,
23 p.high,
24 p.low,
25 p.front,
26 p.back,
27 p.tense,
28 p.retractedTongueRoot,
29 p.advancedTongueRoot,
30 p.periodicGlottalSource,
31 p.epilaryngealSource,
32 p.spreadGlottis,
33 p.constrictedGlottis,
34 p.fortis,
35 p.raisedLarynxEjective,
36 p.loweredLarynxImplosive,
37 p.click
38 FROM parametertable p
39 WHERE p.SegmentClass = 'consonant'
40 AND p.long IN ('+', '+,-', '-,+')
41 ORDER BY p.cldf_name;
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