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The Linguistic Landscape:
WhatWeCan Learn From It
Florian Coulmas

Abstract. In the course of the last two decades, the linguistic landscape, that is,
the display of written language in public places, has become an object of investi-
gation, which is now recognised as a branch of Sociolinguistics. This is remark-
able because since its inception, Sociolinguistics, much like structural linguistics,
has always had an oral bias and paid relatively little attention to writing, which
was often seen as a mere representation of speech. In fact, written language is a
branch of human communication with great social significance. In this lecture,
I will show that linguistic landscaping is a political issue with many economic
and cultural aspects, which upon inspection reveal much about how a society is
constituted. At the same time, the linguistic landscape is a repository of history
that is often contested. Using examples from various contexts in Asia and Eu-
rope, I will show how and why language displayed in public texts may become
and often is subject to legal restrictions designed to proscribe or, in the contrary,
promote the visibility of languages in the public domain. Language, in writing as
well as in speech, is always embedded in social practice. This is only pointing out
the obvious. However, I will try to show that the linguistic landscape also makes
for a good starting point with regard to foreign language education.

1. Introduction

Once we have opened our eyes to it, the linguistic landscape (LL)
presents itself in such a variety that every student of it must grapple
with the question of how best to conceptualize and order it and how
to assign it a position in our understanding of language and society. In
the initial phase when Sociolinguistics gained recognition as a proper
field of study, research was mainly oriented to spoken language and
the many varieties which earlier investigations of (normative) grammar
had largely ignored. About the relationship between language and so-
ciety, written language has, however, as much to say as speech. Since
early studies near the end of the last century, for instance by Landry
and Bourhis, who defined the linguistic landscape as “the visibility and
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2 Florian Coulmas

salience of languages on public and commercial signs in a given terri-
tory or region” (1997: 23), the field has expanded steadily. My view is
that the field is still evolving with new definitions being proposed, as
new research projects are undertaken.

Rather than introduce yet another definition, I want to start here by
walking you through a series of examples that may give you a tour d’hori-
zon of the field. It is by no means representative, let alone complete, but
may illustrate the multifariousness of life with the written word in the
public sphere.

Linguistic landscape is a way of looking at things or, if you like, a lens
throughwhich to see writing, and this lens reveals many different facets.
For instance, aesthetic: is it beautiful or ugly? Linguistic: are words and
grammar used correctly? Are there many mistakes? Geolinguistic: is the
LL what you would expect of the region/country where you are? Soci-
olinguistic: What languages and varieties are being used? Political: Do
messages on display carry political contents? Is the script ideologically
loaded? Economic: Who pays for, and who benefits of, inscriptions on
public signs? Historical: Since when have signs beenwhere they are now
and why? And so on. Many other questions could be asked. But let’s get
a bit more specific.

2. A Guided TourThrough the LL

My proposal is to consider LL research as a branch of Sociolinguistics
while drawing on other theories wherever that is useful.

Linguistic landscapes are part of a visibility regime. The eight wh-
questions—who, where, when, what, which language(s), to whom, why,
with whose permission—are a first step toward a systematic analysis of
such a regime.

LLs consist of linguistic expressions of various kinds exhibited in
public spaces that are initially partitioned spontaneously. With growing
complexity of urban environments legal regulations evolve that main-
tain divisions and monitor them more or less strictly. Where norms and
regulations are established visibility regimes come into existence. Impor-
tant as they are, LLs are only one part of visibility regimes. The display of reli-
gious symbols, flags, dress codes (veil in public), seating arrangements
(at school, in parliament), art styles, architecture, license plates, among
others are also included. Considering all of them, it is important to pay
attention to the boundaries between the visible and the invisible by means of
which social figurations manifest themselves as a visual order. To put it
differently, LLs are part of a visibility regime that reflects government
regimes.What is visible andwhat invisible may be an aesthetic question,
but in many cases it is politically loaded.
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The boundaries between the visible and the invisible are social facts.
In relation to LL they refer, for instance, to language status, that is, na-
tional, official, minority, or foreign. Are there any restrictions on dis-
playing a language in public? Do such restrictions become apparent
upon comparing a particular LL now with the same LL two, three, four
decades ago?

We can look at the boundaries between the visible and the invisible of
a LL from the point ofviewof appearance discrimination, e.g., the teaching of
Chinese languages in schools and Chinese on public signagewas banned
in Indonesia from 1966 to 1998.

Under dictator Francisco Franco (1939-1975) the Catalan language
was banned from public spaces, even from gravestones, in Spain where
Spanish was made the sole language of public life.

Bilingual street signs vandalized in many places, Ulster, Carinthis,
Austria.

Foreign language street signs as tokens of recognition, e.g., Japanese, Ara-
bic in Düsseldorf; metro station signs in 4 languages in Tokyo.

Hierarchies in bi-/multilingual street signs, e.g., in Quebec: “The Office
Québécois de la langue française considers any message displayed in a
place accessible to the general public as “public signage”.”

The general rule is that public signage and commercial advertising in
Québec must be in French. Another languagemay also be used alongside
French, provided that French is ‘markedly predominant’.1

Making (in)visible is a way of exercising power.
As a theoretical embedding I will use 8Wh-questions, as guideline as

follows:

1. Who writes
2. Where
3. When
4. What
5. Using which language(s)
6. addressingWhom
7. Why, to what end
8. withWhose permission.

3. Examples

With these questions in mind, let us go through a round of linguistic
landscape clippings.

1. L’affichage public et la publicité commerciale doivent se faire en français. Ils
peuvent également être faits à la fois en français et dans une autre langue pourvu que
le français y figure de façon nettement prédominante. Charte de la langue française.
https://www.legisquebec.gouv.qc.ca/fr/document/lc/C-11
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3.1. Kanji of the year 2022

Who: Kiyonori Mori, the head priest of Kiyomizu Temple, who also
served as a director of the Japan Kanji Proficiency Test Association.
Where: Kiyomizu-dera, Kyoto.When: 12/2022.What: the Chinese charac-
ter of the year: 戦 sen, ikusa which means war, battle. In which language:
Japanese/Chinese. To whom: the general public.Why: ???

With Whose permission: Kiyomizu Tempel and Japan Kanji Profi-
ciency Test Association.

3.2. Covid-19 The Hague

Who: private person.Where: Amsterdam.When: 12/2022.What: Covid-
19. Which language: indefinite. To Whom: everyone. Why: ??? Whose per-
mission: without.
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3.3. Covid, passengers

Who: city administration.Where: The Hague.When: 2022.What: instruc-
tion to guide behaviour.Which language: English, Dutch. ToWhom: pas-
sengersWhy: health protection.Whose permission: ???

3.4. Covid African Artists, De Fred

Who: African artists.Where: Berlin, Cyber space.When: 2022.What: pub-
licity.What language: English. To whom: public. To what end: ???Whose
permission: ???
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3.5. The Hague

Who: Neighbourhood. Where: The Hague. When: 2022. What: safety in-
struction.Which language: Dutch. Towhom: public.Why: fight pandemic.
Whose permission: Neighbourhood association.

3.6. Distanza sociale—new expressions

To maintain social distance Wait here. Observe
this seat cannot be used. the safety distance.

Who: A bank, a shop. Where: Tuscany. When: 06/2022. What: health
safety.Which language: Italian.Towhom: customers.Why: to fight Covid.
Whose permission: Bank, shop owner.
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3.7. Quarantine, St. Luke’s

Who: St. Luke’s Hospital. Where: Tokyo. What: Encouragement. Which
language: English, Japanese. To whom: staff, patients. Why: to boost
morale.Whose permission: Hospital.

3.8. How to confront the pandemic in Tokyo

English first, Japanese second?

Who: Ministry of Health. Where: Tokyo airport. When: 2023. What:
instruction. Which language: Japanese, English, Chinese, Korean. To
whom: passengers.Towhat end: Instruction.Whose permission: Japanese
government.
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3.9. Non siamo pacchi

Demonstration in Venice features trade union’s demands, which throws
some light on freedom of expression in Italy.

Who: kindergarten teachers. Where: Venice. When: 2020. What: protest.
Which language: Italian. To whom: government. Why: to get a raise.
Whose permission: ???

3.10. Twelve socialist core values

How the public sphere is governed, in China compared to other coun-
tries. From left to right: Prosperity/Democracy, Civility/Harmony,
Freedom/Equality, Justice/Rule of law, Patriotism/Dedication, (not vis-
ible:) Integrity/Friendship.

Who: Tongji University.Where: Shanghai.When: 11/2019.What: Socialist
values. What language: Chinese. To whom: Students Why: political edu-
cation.Whose permission: State.
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3.11. Street sign in Jerusalem

Who: Municipal administration.Where: Jerusalem.When: 10/2022.What:
Street sign.Which languages: Hebrew, Arabic, English. Towhom: public.
Why: to represent all population groups.Whose permission: the city’s.

3.12. City of tolerance, Lisbon

Who: City of Lisbon. Where: Portugal. When: 2016. What: public com-
mitment. Which language(s): many. To whom: citizens and foreigners.
Why: to promote tolerance symbolized by multilingualism.2 Whose per-
mission: the city’s.

2. Editor’s note:Notice thatwhile Portuguese and Italian use classical 19th-century-
like type, Greek and Hebrew are set in Helvetica, and Arabic in Geezah, a modern
computer-like typeface. All languages are equal, but some share the esthetics of the
environment while others are represented in a modern and cold way.
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3.13. “Without a valid ticket”

Where multilingualism in the public sphere is important.

Who: Public transport.Where: Berlin.When: 2023.What: warning to free
riders.Which language(s): many. Towhom: citizens and foreigners.Why:
to make them pay the fare.Whose permission: the city’s.

3.14. Mio piccolo angelo

Graffiti with an addressee in Venice: My little angel come back to me …
you are my life … and together … hand in hand … we will overcome any
obstacle … Elisa I love you (Photo 09/2016).

Who writes? ALE. Where: Venice. When: ?? What: a plea, declaration of
love. In what language: Italian.3 To whom: Elisa. Why: to get her back.
With whose permission: without.

And who crossed it out?

3. Editor’s note: Note the rebus-like style of writing “sei” (“you are”) as a digit “6,”
also written “sei”.
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3.15. Ayasofyaからすみ専門店

Solving a riddle: Why Japanese ads for smoked roe and beds covers in
shop in Istanbul?

Who: shop owner.Where: Istanbul.When: 09/2014.What: ad, decoration.
Which language Turkish, English, Japanese. To whom: tourists, public.
Why: commerce. With whose permission: ???

3.16. The truth: VERITAS

(VERITAS = Veneziana Energia Risorse Idriche Territorio Ambiente
Servizi)
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3.17. Signs of the times
In Venice, the truth is still expressed in the local language. In Tokyo,
a city not known for the multilingual skills of its native population but
which currently experiences a high rate of immigration, the truth can
now be expressed in many languages, at least when it comes to crossing
the street.

3.18. ⼤文字 festival
About Japanese culture and the importance of writing in it: Chinese
character ⼤ dai ‘big’ cut into a mountain outside Kyoto and lit at the
Daimonji Festival in August. The purpose of the bonfires of the festival
is to guide the spirits of the ancestors back to heaven.
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4. Conclusion

I hope I have given you an idea or at least a presentiment of how full of
surprises and unexpected featureswaiting to be discovered and analysed
the linguistic landscape holds.

LL research can be approached from different disciplinary angels. To
begin with, since nowadays every LL is located in a state, you maywant
to ask whether there are any legal norms regulating the public display
of writing. To take an obvious example, graffiti is widely considered a
crime that exposes the writer/artist to civil liability for the damage to
the defaced property. This is why the last one of my seven wh-questions
refers to permission. Are there any such laws? If so, what is the contents?
Does it contain a definition of “graffiti”? How severe is the penalty? Have
there been any interesting precedents? These are just some of the ques-
tions to be pursued in this connection.

Example: The Indonesian Presidential Instruction No. 14/1967 (In-
press No. 14/1967) on Chinese Religion, Beliefs, and Traditions effec-
tively banned any Chinese literature and cultures in Indonesia, includ-
ing the prohibition of displaying Chinese characters in public.

Politicallymotivated renaming of street names, e.g., a segment of the street
where the Soviet embassy was located in Washington DC, in 1984 was
renamed Andrei Sakharov Plaza, after the jailed physicist and Soviet dis-
sident.

Quite recently, in December 2022, the Nachtigalplatz in Berlin, so
named after the German empire’s commissioner for West Africa who
played an important role in the German colonisation ofTogo, Cameroon
and Namibia in the 1870s, has been renamed Manga Bell Platz in mem-
ory of Rudolf and Emily Duala Manga Bell, a king and queen of Duala
in Cameroon who fought against German colonialism. The examples of
taking issue with historical legacies in street names are many, and often
they come along with fierce debates between different interest groups.
In the event, historical memorywasn’t eradicated, but the questionwhat
should be remembered was answered differently.

Next, education. The socialist core values publicly exhibited in Chinese
cities are an example of an authority claiming the linguistic landscape
for purposes of education. The political motivation is very obvious here,
but when we start asking why streets are named as they are, we will find
a variety of reasons, political ones among them. Since the appreciation
of politicians and political events is historically contingent, evading the
necessity or desire of renaming streets is also an option. In Tokyo, for
example, most streets have no name. One’s address is just a number code.
Or consider New York city. 5th Avenue, surely one of the best-known
streets of the US if not the world, will never have to be renamed.

There are beautiful street names, such as Love Lane in London, fright-
ful ones, such as Calle dei assassini, Assassin Street, in Venice, and run-of-
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the-mill street names, such as Main Street or Rue de l’Église, Church Street,
the most common street name in France. Just names, you may want to
say, but it actually matters. Street names are residents’ addresses, and
there are popular and unpopular addresses. Remember Monopoly, the
ultimate capitalist parlour game? Streets are ordered there for value,
Park Avenue being the most expensive. Research has shown that street
names affect real estate prices. There are hence also economic aspects of
the linguistic landscape—among others.

The lesson that I draw from these observations is this. The Linguistic
Landscape is all around us. Wherever we go, it is a multifarious con-
figuration of languages, authors, readerships, passers-by, observers, su-
pervisors, censors driven by political, social, educational, cultural, and
economic motives guided by and transgressing standards of writing in
public, all ofwhich can be studiedwith equal benefit for our understand-
ing of the ever-changing dynamics of language in society. Because of this
multiformity, it is not surprising that there is no generally agreed on definition
of LL, nor is there one theory that can direct its investigation. The lin-
guistic landscape is an artefact that keeps changing as society evolves.
There are always new things to discover in the linguistic landscape, such
as this Chinese character addressed to spirits to find the way to eternity.
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ofWriting Systems
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Abstract. Writing systems have sometimes been evaluated in terms of their “lin-
guistic fit” to the language written in them, a concept that has pervaded a good
deal of literature on writing typology. Here I argue, building on the idea that
writing systems also have a broader sociolinguistic fit (Meletis 2020), that the
visual-cultural fit of a writing system in its sociolinguistic context should also
be considered. This reveals an important principle of writing system develop-
ment, namely visual distinctiveness. Following an introduction to the concepts
discussed in the paper (§1), the ancient writing systems known as Linear B and
the Cypriot Syllabary are used as a comparative case study illustrating that lin-
guistic and visual-cultural fit need not and often do not have a strong correlation
(§2). Different types of visual distinctiveness in writing are then presented, with
a particular focus on systems used for minoritised languages and groups in the
modern day, where visual distinctiveness may be particularly important to the
community of users (§3). Finally the conclusion acknowledges further practical
problems that affect minority writing systems, particularly digital disadvantage
and issues related to dissemination (§4). The paper demonstrates that visual as-
pects of writing deserve further attenion in and beyond grapholinguistic study.

1. Introducing “Fit” and “Vitality”

The idea that a writing system can be well-suited (or ill-suited) to a
language, or that a language can have an ‘optimal orthography’ (Rogers
1995), has persisted as a tool for thinking about graphic representations
of language. The concept of linguistic fit can be thought of as a way of as-
sessing the “quality” of a writing system’s semiotic structures (Meletis
2020, 231), or the effectiveness with which linguistic information can
be encoded by writers and decoded by readers, with potential for wider
ramifications among its users. Real-world applications could be consid-
ered to be a separate area of enquiry (cf. the separate categories of “pro-
cessing fit” and “sociolinguistic fit” suggested in Meletis 2020). To take
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one brief example, the use of an antiquated orthographic system for Ti-
betan, with a considerable mis-match between written and modern spo-
ken forms, has been demonstrably linked with learning difficulty and
hence with low literacy rates (Tournadre and Gsang-bdag-rdo-rje 2003,
and see recently Schmidt 2024): this is largely a result of political insis-
tence on linguistic and so also written unity in a linguistically diverse
state (see Roche 2020, 78; also Roche 2024, 70-75), although the single
orthographic system at the same time can be used as a sort of interscript
between different language varieties, none ofwhich arewell represented
by it. Even such a brief example shows that writing systems exist within
and interact with messy networks of linguistic and social structures, and
their operational effectiveness can only be understood in that broader
context.

Thus, although linguistic fit is a descriptive tool of grapholinguis-
tics (e.g., Meletis 2020, 231), a contextualised assessment of a given
writing system can have positive or negative associations that result
in judgements of value or effectiveness (for various takes on this, see
Katz and Frost 1992, Seidenberg 2011, Frost 2012, Perfetti and Harris
2013). It would not be unreasonable to suggest that the application of
this grapholinguistic theory is a way of testing of its own validity. The
present paper takes the position that the application of grapholinguistic
theory is of great importance, particularly in this case because it may
have some bearing on the global language crisis that today sees more
than half the world’s living languages in danger of imminent loss within
the next century (6,769 languages ofwhich 60% are on the scale between
“threatened” and “nearly extinct” according to Glottolog at time of writ-
ing: https://glottolog.org/). Since writing can play an important role
in the fight against language endangerment and loss (see Shah and Bren-
zinger 2021), understanding howwriting supports language should be a
priority.

Perhaps the most important point to make at the outset is that it does
not necessarily follow that a writing system with a good linguistic fit
will be associated with high literacy rates, widespread use, or notable
longevity (i.e., possible indicators or outcomes of vitality in the sense
presented below). In other words, there is not necessarily a straightfor-
ward relationship between readability/usability and acceptability, or be-
tween linguistic fit and implementation (cf. Dawson 1989, Cahill 2018).
The development of orthographies (very often adaptations of the Latin
alphabet) for previously unwritten, minoritised languages is a case in
point (see Grenoble and Whaley 2005, 102-159; Lüpke 2011; Shah and
Brenzinger 2021), as case studies show that devising the orthography is
only the beginning of the process, while community consultation and ac-
ceptance are ultimately the deciding factors in the system’s take-up (see
the papers in Jones and Mooney 2017 for a range of examples). Many
such orthographies have suffered from limited take-up and/or have gone
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out of use quickly, meaning they have not been effective supports for the
language they were intended to write. The present paper is part of an
ongoing programme of research to address this issue by considering the
factors that contribute to the vitality of awriting system, therebymaking
it a more effective support for the language it serves. To an extent, this
means it is important to consider writing beyond the narrower study of
mapping linguistic units to graphic units, since contextual factors will
play a significant role in such outcomes, and, overall, an integrated ap-
proach is necessary.

The concept of linguistic fit can itself refer to several aspects of lan-
guage, not only phonological representation (i.e., whether all of the lan-
guage’s phonemes are represented). The issue of structural suitability,
for example, is also crucial to the choice of writing system type, and as
Baroni emphasised some time ago, an alphabetic-phonological princi-
ple is not necessarily the best fit for many languages (Baroni 2011). Fea-
tures related to the phonological repertoire, syllabification patterns, and
morphological structure of a language, as well as others such as tonal-
ity and word length, require a system whose structure can accommo-
date them efficiently (see also, briefly, Meletis 2020, 234), whether by
total graphic representation or through orthographic strategies. For in-
stance, the Japanese syllabic kana systems (hirogana and katakana, with V
and CV signs) could be said to be well suited to the language’s syllable or
mora structure and especially the frequency of open syllables (Joyce and
Meletis 2021, 267), although it is important also to consider the reality
of overall orthographic complexity when combined use of all the differ-
ent systems for Japanese is considered (Joyce and Masuda 2019). These
are language-specific concerns related to structure; I will deliberately
leave aside the question of whether particular kinds of structural encod-
ing may or may not have universal cognitive benefits, where important
research is ongoing (see for example a recent study on the syllable as
a unit of learning in Arabic: Abu Ahmad and Share 2024) but not yet
sufficiently established across writing system and language types to be
applied universally.

Some of the properties that determine writing system efficiency are
not intrinsic to the language and its typology but rather to contextual
factors, as already noted (see also Cahill 2014). Because contextual fac-
tors are not, or not overtly, linguistic, they pose a greater challenge for
a grapholinguistic framework that draws its structure from general lin-
guistics or semiotics. Meletis has proposed a category of “sociocultural
fit,” starting out with the observation that writing systems can have in-
dexicality since ‘they can signal, for example, parts of their users’ iden-
tities by being connoted with a specific group of people’ (Meletis 2020,
339), and admitting that there is such a wide range of possible features
that to some extent they have to be ‘bundled’ together (ibid., 340); he
then groups his examples and discussion into the three categories of
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Graphetics, Graphematics and Orthography, of which the first is the
most overtly concerned with visual matters. The broadness of the socio-
cultural categorisation is appropriate, since writing is affected by many
factors arising from social and cultural context, but it could be argued
that it is too unwieldy to apply usefully to individual cases with any-
thing other than a broad brush. Particularly in order to strategise for
the future, it is necessary to break down areas of sociocultural relevance
and tackle them individually. That is in part the rationale for consider-
ing whether “visual-cultural fit” could be a helpful way of thinking about
the visual aspects of writing and their relationship with issues of lin-
guistic and cultural minoritisation and endangerment (see also recently
Simpson 2024)—so the intention here is to make a small contribution
to a much larger topic. A further motivating factor is the marginalisa-
tion within grapholinguistic research of some writing systems whose
features are relatively difficult to describewithin a linguistic framework,
and may be better served by a framework that includes visual features.
The latter is a long-term aim to which I hope this paper may make a
contribution.

Theoretically, writing can be a powerful support to a marginalised
and/or threatened language because it can make long-distance and digi-
tised communication possible, enable documentation and the creation of
new languagematerials, lead to an online presence, influence other areas
of culture such as art and design—on top of the fundamental function of
providing speakers with a visible manifestation of their language, which
for some may equate to a validation of its very existence and value (see
e.g., Cahill 2004). But the successful take-up of a writing system cannot
be predicted simply from its linguistic fit. One choice, for example, is
between an orthography of an existing majority system on the one hand
and a distinct minority system, perhaps unique to the language, on the
other (whether a heritage system or a newly created one). This choice,
which is in large part visual (though it may also relate to other choices,
such as structural ones), plays a significant role in a writing system’s
vitality—and so should be at the forefront when deciding how to write
down a minoritised, indigenous, or endangered language. The choice
should also be contextualised, rather than relying on assumed universals
as mentioned above (such as the syllable as an effective learning unit or
the phonemic principle as supposedly democratising). Unseth, speaking
about emergent scripts in Africa, offers three criteria necessary for the
successful adoption and continued use of a writing system: community
endorsement, a corpus of literature, and a schooling programme (Unseth
2011, 31), factors that we will return to in the final section.

The idea that a writing system can have its own vitality can be situ-
ated within a much broader framework of cultural endangerment since
writing systems are different kinds of entities from language and rely
on social praxis and materiality (see Steele 2023, 79-88). I am going to
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use some examples from the ancient world to introduce this concept,
since historical systems can more easily be assessed from a teleological
perspective—that is to say, we know the answer as to whether the system
survived long-term ornot, and, depending on the quality of the evidence,
we may be able to make a more detailed assessment of its vitality in dif-
ferent areas and periods of use. Being able to study long-term trajecto-
ries in historical writing systems is an advantage not shared bymost mi-
noritywriting systems today, since many are poorly documented and/or
recent creations or codifications. Linguistic fit is not necessarily highly
correlated with writing system vitality or positive outcomes, as far as
historical examples show. The extent to which visual-cultural fit corre-
lates with vitality is a central testing ground for this paper.

In order to evaluate vitality from a teleological perspective, I am go-
ing to use a very basic set of three indicators for historical writing sys-
tems:

– Longevity: How long was the writing system in use?
– Literacy: How many people could use the system, and over what
range of social spectra?

– Domains of writing: What was the range of uses of the system?

Awider range of factors is typically considered when assessing the vital-
ity of living languages according to scales such as that published by UN-
ESCO in 2003 (https://unesdoc.unesco.org/ark:/48223/pf0000183699),
GIDS (Fishman 1991), or LEI (Lee and Van Way 2016, 2018). However,
many of the indicators used in such scales (e.g., numbers of users, age
of users) cannot be assessed with regard to historical writing systems,
and arguably writing systems may require a different set of indicators
reflecting their practical, material, visual, and embodied properties (see
Steele 2023, 81-88). The UNESCO, GIDS, and LEI scales are also specif-
ically geared towards assessing the health or vitality of a language from
a synchronic perspective, or in otherwords, its present likelihood of sur-
viving in the future. For historical systems, the teleological perspective
is perhaps more helpful, since one of the major pieces of information
we have is whether the system survived, and for how long—hence the
emphasis on diachronicity here. Nevertheless, there is a relationship be-
tween these two, as diachronic, long-term usage should theoretically en-
tail synchronic vitality for at least some periods of use.

2. Historical Examples: Linear B and the Cypriot Syllabary

The writing systems of the Bronze Age Aegean are a family of scripts
applied to several different languages or language varieties. Both Lin-
ear B and the Cypriot Syllabary have been deciphered and were used to
write varieties of Greek (Mycenaean and Cypriot Greek, respectively);
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the Cypriot Syllabary was also used for at least one, probably indige-
nous language of Cyprus, traditionally labelled Eteocypriot. Cretan Hi-
eroglyphic and Linear A were used in Crete (Linear A also a little more
widely) to write at least one language usually referred to as Minoan,
now poorly understood to the extent that these writing systems are usu-
ally labelled as undeciphered. The situation is more complex than that,
as there are good reasons for assuming that the sign values identified for
Linear B can largely be read backwards onto Linear A (and probably also
Cretan Hieroglyphic) as at least an approximation, bearing in mind the
likelihood of a different phonological inventory in Minoan language(s)
(Steele and Meißner 2017). Cypro-Minoan, the final member of the fam-
ily, also remains undeciphered and was used for at least one poorly un-
derstood language of Late Bronze Age Cyprus.We will concentrate here
on Linear B and the Cypriot Syllabary, whose sign values and ortho-
graphic rules are well understood. Both could be argued to constitute
examples of poor linguistic fit.

Linear B was used to write the earliest attested variety of Greek, be-
tween the 15th and 13th centuries BCE. Before its decipherment, manyof
the features of an earlier stage of Greek could be reconstructed, such as
labiovelar consonants that latermergedwith other sounds; the decipher-
ment confirmed these reconstructions, and quickly progressed to an ad-
vanced understanding of its linguistic features and theway theywere en-
coded in the Linear B syllabic script (for themost recent full account, see
Thompson 2024 and Thompson and Meißner 2024). Although Linear B
could be classed as logosyllabic, in practice the syllabic and logographic
inventories are kept separate, even where the same signs are used (i.e.,
polyvalency): unlike in contemporary, nearby logosyllabic systems like
Anatolian Hieroglyphs and Mesopotamian Cuneiform, logograms could
not be used syntactically (i.e., to stand for aword, or spell one in conjunc-
tionwith syllabograms, within a sentence) (Steele 2023, 39-54). Instead,
logographic signs were relegated to specific slots in the layout of ad-
ministrative documents, and are also identifiable by their co-occurrence
with numerals and measurement signs. The linguistic fit of Linear B to
Mycenaean Greek will therefore be assessed primarily on the basis of
its syllabographic repertoire, although the logograms could be argued
to aid reading and thus improve processing fit to a limited degree.

When studying the way in which Greek was written in Linear B, a
number of deficiencies are quickly apparent:

1. Linear B encodes only open syllables: V, CV, and occasionally CCV.
Problem: Greek has very frequent consonant clusters in all word po-
sitions and often has final consonants.

2. The Linear B consonant series does not distinguish voicing (except in
one case, the d-series) or aspiration. Problem: In Greek of this period,
voicing and aspiration are phonemic contrasts (e.g., /k/, /kh/, /g/).
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3. Linear B does not distinguish between /r/ and /l/. Problem: In Greek,
these are phonemically distinct.

4. Linear B does not distinguish short and long vowels. Problem: In
Greek of this period, vowel length is phonemic.

Problems 2–4 are essentially failures of phonological representation,
and have been suggested to originate from the phonological features of
an earlier language for which the “ancestor” writing system Linear A
(and/or Cretan Hieroglyphic) was designed. Linear B would then be the
result ofwriting Greek in Linear Awithout doing verymuch to redesign
the system. A few of these issues could be written off as ones that do not
impede the use of the system very much. For example, although vowel
length is phonemic in Greek, the occurrence of minimal pairs (i.e., pairs
of words identical in all other respects than the feature in question) is
perhaps not frequent enough to cause regular confusion. Even in nom-
inal morphology, there are a few categories where vowel length is the
only distinguishing feature. On the restrictions of the consonant series
it has been argued that, since /b/ is notoriously underrepresented across
Indo-European languages (i.e., it is difficult to reconstruct an original
/b/ in the proto-language), it could actually have been more efficient not
to represent it with a separate series of signs (Palaima and Sikkenga
1999, 602). However, this argument does propose anymotivation for the
total lack of distinction of aspirated consonants, nor that of the more fre-
quent voiced sounds /g/ and especially /gw/ (which is often the source
of later Greek /b/). Arguably, grouping phonemes together could have a
beneficial effect on the size of the syllabary, since for every consonantal
phoneme differentiated, a series of five signs (e.g., ga, ge, gi, go, gu) would
have to be added to the repertoire (Meißner 2007, 97). However, if this
is an economical principle, it is at the expense of the ability to differ-
entiate between phonemes, with a possible result of ambiguity in some
spellings.

Problem 1, on the other hand, is deeply embedded in structure. Linear
B signs (V, CV, CCV) must always write sequences that end in a vowel,
and so would suit a language with predominantly open syllables—but
the Greek language has many closed syllables in all positions, including
at the end ofwords. So, in order towrite Greek in Linear B, orthographic
strategies are needed for consonant clusters and word-final consonants
(see Consani 2003). LinearB employs a complex but highly standardised
solution to this problem:

– Word-final consonants are always omitted (the only exceptions being
where one member of a final consonant cluster is written, as in wa-
na-ka for /wanaks/).

– Some consonant clusters are written with partial spelling (i.e., omit
one of the consonants, as in pe-ma for /sperma/).
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– Some consonant clusters are written with plene spelling (i.e., write
both consonants but use a “dummy vowel” for the one that has no
following vowel, as in ko-no-so for the place name Knossos).

– The second element of a diphthong is usually not written, although
there are some exceptions (including the use of special signs ai and
rai).

The rules for partial and plene spelling of consonant clusters are com-
plex but fairly consistent overall, and depend on the position of the clus-
ter and its composition in types of sound (see Thompson and Meißner
2024, 119-123). In word initial position, for example, full plene spelling
is used if the first sound is a stop, but partial spelling is used in clusters
with /s/ followed by a stop (where /s/ is omitted in writing). The choice
of dummyvowel in cases of partial spelling is not entirely consistent but
usually relies on syllabification (i.e., it is borrowed from the syllable to
which the written consonant belongs).

The reason this complex set of solutions is so highly standardised is
presumably that writing was a trained activity that was important for
administrative professionals working in the Mycenaean centres, which
is where almost all our evidence for Linear B writing survives in the
form of bureaucratic clay documents. It could be argued that the neces-
sity of complex orthographic rules would have increased the cognitive
learning burden for the system, which can be an inhibiting factor for lit-
eracy, and so could be cited in support of restricted use of the system—
essentially that it was used only in administrative settings. On the other
hand, the set of orthographic choiceswas evidently designedwith a prac-
tical principle in mind, since it ‘privileges the lexical access and the se-
mantic identification of the lexemes, with simultaneous indifference for
the rendition of the morpho-syntactic aspects of the utterances’ (Con-
sani 2016, 96). Whether that is an advantage is more ambiguous. For
example, the lack of differentiation of nominal endings, and so the un-
derrepresentation of syntactic relationships, could perhaps be seen as
a weakness for an administrative tradition that records a great deal of
information about givers and receivers of various goods and materials.
Judson (2022) has further demonstrated, based on variations in orthog-
raphy at Pylos, that the writers were trained in a standard orthography
for phonological sequences but did not have single “correct” spellings for
words (even common ones) or even for morphological sequences, such
that theywould make decisions on how to spell a word based fundamen-
tally on the phonological rules. That suggests in turn that the usability
of the system hinged on standardisation at the level of phonological or-
thography, which may also help us to understand how it was first devel-
oped towrite Greek, since the orthographic rules broadly hold true from
the earliest to the latest attestations.

It remains to ask what effect the purported deficiencies of Linear B
may have had on its vitality and its long-term use. While the dominant
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Mycenaean administrative centre ofCrete, Knossos, underwent destruc-
tionmore than a century earlier, the last attested traces of Linear B come
frommainlandGreek sites such as Pylos andThebes and date to the tran-
sition to the last phase of the Late Bronze Age (Late Helladic III B-C):
around 1200 BCE. The clay documents written in Linear B only survive
because theywere baked in fires that destroyed the administrative com-
plexes within which they had been agents of bureaucracy. It is impossi-
ble to saywhy or how those buildings were destroyed, but the old narra-
tives of conflict (an invasion by outside groups) have given way to more
nuanced attempts at explaining what was clearly a time of significant
economic upheaval and social change. We can see from the archaeolog-
ical record that some sites were abandoned, people were uprooted and
probablymoved to live in other areas, and the telltale signs ofMycenaean
centralised administrations disappeared. The usual explanation is that
there was no need for Linear B any more once the administrations no
longer existed, and pre-existing social order had been overturned (per-
haps resulting in the promotion of Mycenaean qa-si-re-we, some sort of
minor official, to something more akin to the Homeric and later sense of
βασιλεῖς: Morpurgo Davies 1979). This presupposes that Linear B was
not used outside of the centralised administrations; however, we have
insufficient evidence to decide this question. Might there have been peo-
ple who used Linear B in other domains of writing (as believed by many
Mycenologists) and carried onwriting it in other contexts even after the
fall of the administrations? In a climatewhere the archaeological survival
of other potential writing materials like wood, papyrus, and parchment
is unlikely, there is no secure basis for arguing one way or the other—
this is an issue I have written about at length elsewhere and I will not
rehearse the whole discussion here (Steele 2023, 110-125).

For Consani, the Linear B writing system was good enough for its ad-
ministrative purposes, particularly bearing in mind the concomitant use
of sematography for additional information—as long as we assume that
the system was only used within the restricted contexts of literacy that
are reflected in the surviving archaeological record (Consani 2016). If
writing did occur in other domains, such as private or political letters or
trading contexts, on the other hand, might writers have been hampered
by the features of the script or even devised different orthographic rules?
Perhaps it is worth asking the question, but there is a total dearth of ev-
idence to answer it. However, a comparison with ancient Cyprus will be
instructive: while its syllabic writing system is structurally very similar
to Linear B, the evidence for literacy points in a very different direction.

Just like in Crete, in Cyprus, we have a situation where an undeci-
phered writing tradition is succeeded by one we can read, which was
largely in Greek. Writing is first attested in Cyprus in the early part
of the Late Bronze Age in a system labelled Cypro-Minoan by Arthur
Evans because of its obvious linkwith the Cretan scripts.The small num-



24 Philippa M. Steele

ber of Bronze Age inscriptions are very diverse and mostly very short,
and whatever language(s) they were written in remain unknown. Then,
around the turn of the first millennium BCE, the first inscriptionwritten
in Greek (a namewrittenwith an inflection characteristic of the Cypriot
Greek dialect) is attested, and from there the number of Greek inscrip-
tions increases over time to a boom (in the archaeological record at least)
in the 5th and 4th centuries BCE. Although the Greek alphabet had de-
veloped and come to be used for Greek elsewhere in the Mediterranean
by the 8th-7th centuries BCE, in Cyprus it did not really take hold until
the 4th century and beyond, while the Cypriot Syllabary was still being
used for Greek in the 3rd or 2nd centuries BCE.

The Cypriot Syllabary is structurally nearly identical to Linear B, and
so has very similar deficiencies when writing Greek:

1. It encodes only open syllables: C, CV, and in just two cases, CCV.
2. Its consonant series do not distinguish voicing or aspiration in any

cases. The only possible exception is the sign sometimes transcribed
as ga, although as Egetmeyer has demonstrated at length, there are
more complex phonetic issues at play in this case (Egetmeyer 1993;
2010, 188).

3. It does, however, distinguish between /r/ and /l/.
4. It does not distinguish between short and long vowels.

The differences in phonological representation are minimal—the system
lacks a separate series for /d/ as found in Linear B, but it does have
separate series for /r/ and /l/, unlike Linear B (two issues which may be
linked: Steele 2014). The structural mismatch, however, is the same: the
signs of the script represent only open syllableswhile the Cypriot variety
of Greek, like all others, has frequent closed syllables in all positions.
What is different from Linear B is that Cypriot Syllabic writing involved
very different orthographic choices (see Egetmeyer 2010, 220-235):

– Word-final consonants are always written, using a following dummy
vowel (in Greek, almost always -se or -ne).

– Consonant clusters are written with plene spelling (i.e., write both
consonants but use a “dummyvowel” for the one that has no following
vowel).

– Diphthongs are also written with plene spelling (i.e., write one vowel
after the other, using the vowel-only sign for the second part).

There is significant standardisation in these spelling strategies, despite
a far more varied distribution than we see in Linear B.Within the Myce-
naean administrative centres, in documents pertaining to administra-
tion, a high level of standardisation is more easily explained by pre-
sumed training. But in Cyprus writing was used for a much wider range
of purposes: royal inscriptions, administrative documents, religious and
funerarymonuments, graffiti, and other inscription types, with evidence
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for literacy across different social strata and even a small amount of evi-
dence for gender diversity in writing (Steele 2023, 125-137). However,
the orthography of Cypriot Syllabic writing presents the writer with
fewer choices, since there is a basic underlying rule that every sound
is written even if it necessitates the use of a dummy vowel: where Lin-
ear B is characterised by both underdifferentiation and underrepresen-
tation of phonemes (Meißner 2007, 97), the Cypriot Syllabary is char-
acterised only by underdifferentiation. At the end of a word, the dummy
vowel is always -e, while elsewhere the choice depends on syllabifica-
tion (typically choosing the vowel of the syllable to which the consonant
belongs). This can result in some variation in the spelling of individual
words, especially where the syllabification could be interpreted in more
than one way: for example, since Greek permits certain consonant clus-
ters at syllable onset, it is sometimes the case that a consonant could
be interpreted as belonging to the end of one syllable or the beginning
of another, as in the variant spellings e-se-ta-se and e-sa-ta-se for /estāse/
where the /s/ could close the first syllable or open the second (example
from Egetmeyer 2010, 222).

Consani (2016, 101) sees the orthographic rules of the Cypriot Syllab-
ary, which favour the maximum representation of individual phonemes,
as a significant factor in thewriting system’s longevity. Although dummy
vowels would have been very frequently encountered, theoretically, it
may have taken less cognitive effort to match written sequences with
phonological ones, thus aiding word identification and making the writ-
ing traditionmore accessible to awider range of people for awider range
of uses. However, it remains that while every sound might be written,
not every phoneme was being distinguished. So, for instance, when a
Cypriot reader encountered a sequence like ta-ra-ka-ma-ta, in order to
reach the encoded word /drakhmata/ they would need to interpret the
two instances of ta differently (/d/ in one case and /t/ in the other) and
the vowel of ka as a dummy not to be pronounced. Perhaps in a longer
word like this, the overall word shape is helpful in distinguishing be-
tween possible words and so making the correct choices for the poten-
tially ambiguous graphemes, while a shorter word could have more po-
tential for confusion. Again it may be worth considering whether there
is an economical principle at play, in that differentiating between the
full range of phonemes in Cypriot Greek would involve adding multiple
extra series of five signs per phoneme to the overall repertoire.

Greek was not the only language written in the Cypriot Syllabary: a
number of inscriptions are evidently not written in Greek and can be
attributed to at least one other language. The term Eteocypriot has usu-
ally been applied to these non-Greek inscriptions, although only a small
number exhibit consistent features that appear to belong to the same
language (Steele 2013, 99-160). It is possible, perhaps likely, that we are
dealing with at least one language that has survived from the Bronze
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Age and may once have been written in Cypro-Minoan, although the
only feature that clearly seems to link the two is a preponderance of
endings in -ti in Cypro-Minoan and a common noun ending in -o-ti in
Eteocypriot. Just as in the case of Linear B we are faced with a question
as to howmuch the structure of the script owes to the language(s) under-
lying Linear A, for the Cypriot Syllabary we may ask how the structure
relates to other languages written in it (or in the earlier Cypro-Minoan).
Because a number of Greek names have been borrowed in Eteocypriot,
we can see that the orthographic rules seem to have been at least partly
shared. However, the spelling of some Greek elements looks unusual,
such as examples of both a-ra-to- and a-sa-to- apparently representing
the element Aristo- (one of which is in a bilingual inscription where the
identification is beyond doubt): are these variant partial spellings of the
whole sequence (so potentially evidence of a different orthography), or
do they reflect a different phonetic reality that may have resulted from
a simplification of a consonant cluster (see Steele 2013, 152)? It is also
difficult to discern the features and syllabification patterns of the Eteo-
cypriot language because of its very small corpus (fewer than 30 inscrip-
tions), and so it is difficult to compare its linguistic fit with the Syllabary
with that of Cypriot Greek.

The diachronic status of the Cypriot Syllabary looks rather different
from that of Linear B. Linear B seems to have changed quiteminimally in
the couple of centuries of its attested existence, andwhen it disappeared
from the archaeological record it did so suddenly, leaving no traces in the
subsequent centuries. It also gives the appearance of disappearing in a
linguistic and graphic vacuum, in connection with the changing social
and economic landscape, but not obviously in close competition with
any other language varieties or writing systems. The Cypriot Syllab-
ary, on the other hand, grew out of Late Bronze Age writing, and was
used throughout most of the first millennium BCE, thus with consider-
ably more longevity than Linear B, and in association with a far wider
attested range of uses. Literacy in the Cypriot Syllabary, based on sur-
viving evidence, was considerably more widespread than in Linear B.
Cypriot Greek speakers seem, at least in some periods, to have thought
of themselves as having some affinity with other Greek speakers to the
west, perhaps most obvious in historical evidence for the Persian Wars
and especially the Ionian Revolt. And yet, Cypriot Greeks did not seem
tempted to adopt the Greek alphabet that was so widely used elsewhere,
and it was not until certain rulers more consciously began to assert re-
lationships with Athens in the later 5th and 4th centuries BCE that the
Greek alphabet came to appear on Cypriot coin legends and occasion-
ally digraphic monuments. By the 4th century, the competing variety
of Greek was the pan-Mediterranean Koine, which spread particularly
during and after the reign of Alexander the Great and became the of-
ficial administrative language of Cyprus once the island came under
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the jurisdiction of Ptolemy I, after the conflict of the Diadochoi. This
top-down change does seem to have impacted wider literate society, but
more slowly (see Fig. 1 for a late Cypriot Syllabic religious inscription):
the mixed corpus of the religious inscriptions from the 3rd/2nd century
BCE Nymphaeum of Kafizin, with both Cypriot Syllabic and alphabetic
Koine texts, indicates high levels of contact between the two language
varieties and writing traditions; beyond this there is very little trace of
the continued existence of the Cypriot Greek dialect or the Cypriot Syl-
labic writing system (for a fuller account of the loss of this system and
introduction of Greek alphabetic writing, see Steele 2018, 219-241).

Fig. 1. Limestone votive relief with a Cypriot Syllabic inscription, 3rd century
BCE, from Golgoi. Metropolitan Museum New York. The Cesnola Collection,
Purchased by subscription, 1874–76, inv. 74.51.2372

It has often been assumed that the Cypriot Syllabic writing system
had some special symbolism or relevance for Cypriot people. For Mit-
ford, it was in the transition to Ptolemaic rule and the disappearance
of the local dialect and writing system that ‘Cyprus seemed to lose her
soul’ (Mitford 1953, 90). Sherratt has suggested that it was especially the
Phoenician expansion and the foundation of the Phoenician colony of
Kition on the island in the 9th centuryBCE that first gave the impetus for
Cypriots to embrace the distinctive syllabic writing system as symbolic
of their identity (Sherratt 2003; see also Iacovou 2013). But even earlier,
in the Late Bronze Age, the visual distinctiveness of Cypro-Minoanwent
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hand-in-hand with the creative selection of writing practices and sup-
ports, which may have looked to both east and west for inspiration (clay
document types, seals, etc) butwas always idiosyncraticallyCypriot (see
Steele 2018, 35-44; Steele and Boyes 2023). Whatever the genesis of the
link between Cypriot Syllabic writing and Cypriot identity, it seems to
have been deeply rooted—and for the larger part of the first millennium
BCE it would have been regularly reinforced for Cypriot individuals,
from the coins in their pocket to public and private monuments in their
visible landscapes, and a whole range of quotidian uses in between.

The visual distinctiveness of the Cypriot Syllabic system iswhat gives
it the potential for a close relationship with linguistic and cultural iden-
tity (see also Steele 2018, 149). This writing systemwas exclusively asso-
ciated with the island of Cyprus, and left a unique visual footprint wher-
ever Cypriots used it, both in the everyday visible landscapes of Cypriot
cities and sanctuaries, and even abroad—for instance at Panhellenic re-
ligious sites like Delphi, or among the international graffiti left on an-
cient monuments in Egypt (on the latter see Pestarino 2025). Theoreti-
cally, a Cypriot Greek speaker could have written down their dialect in
the Greek alphabet, but this apparently never happened: the occasional
Greek alphabetic inscriptions appearing before the end of the 4th cen-
tury BCE (i.e., before the alphabet came to be used as a central admin-
istration’s official script) never contain Cypriot dialectal features (most
are in the Koine, with some abbreviated forms also). Likewise, we know
of no Eteocypriot inscriptions in anything other than the Cypriot Syllab-
ary.We know that Cypriots had wide-ranging contact outside the island
throughout the periods when Cypriot Syllabic writing was in use, and
so their choice to use their distinctively Cypriot writing system, both at
home and abroad, looks like a positive and deliberate one. The link with
Cypriot identity created ongoing motivation to maintain the Syllabary,
and with it the local language varieties with which it was associated.

We may also ask whether the visual uniqueness of the Cypriot Syllab-
ary was associated with conscious distancing. Were Cypriots specifi-
cally concerned with avoiding a linguistic appearance that was not suf-
ficiently visually differentiated from the consonantal alphabets used in
the contemporary nearby Levantine coast or the Greek and other alpha-
bets of the wider Mediterranean, or did it only matter to them that the
Cypriot language was visually unique? When Cypriot writing was first
developed from Linear A in the Bronze Age, it is possible and indeed
likely that local and geopolitical identities were of a different nature
from those of the later Iron Age: was the choice of the Aegean linear
scripts as a model connected with any particular desire to have contem-
porary Cypriot languages look similar in writing to those of Crete and
the Aegean islands, or did it only matter to them that they avoided the
appearance of cuneiform associated with the broader Bronze Age Near
East?
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Finally, it is worth pointing out that there need not be—and in the
Cypriot case there was not—a one-for-one match between language va-
riety and writing system. Not only was Cypriot Greek written in the
Cypriot Syllabary, but at least one indigenous languagewas also written
in it; the islandwas also home to a significant Phoenician population us-
ing the Phoenician consonantal alphabet. The island’s material culture,
meanwhile, was quite homogeneous and did not reflect divisions by lan-
guage (Iacovou 2013, 133). In the age of the independent city kingdoms,
individuals who recorded themselves in Cypriot Syllabic writing did not
call themselves Cypriots, they referred to themselves as citizens of indi-
vidual places like Paphos, Marion, or Salamis. On the other hand, names
with Kupro- or -kupros elements seem to have been popular for a time
in Greek onomastics (e.g., Philokupros). In other words, expressions of
group identity were complex and multifaceted, and cannot be reduced
to any single association or set of associations. The Cypriot Syllabary
could be associated with assertions of linguistic or cultural identity, but
should be regarded as just one method of expressing a distinctive iden-
tity, available to Cypriot individuals and groups alongside many other
visually distinctive aspects of Cypriot culture. Any given individual will
have held and presented different aspects of their identity, or different
identities, in different ways in different settings.

This section has aimed to use historical examples to demonstrate that
a writing system can show traits of vitality (through longevity, usership,
domains of use) evenwhen it has a number of apparent deficiencies with
regard to its linguistic fit—particularly notable in the case of the Cypriot
Syllabary. As we have seen, Cypriots were well aware of an available al-
ternative: the Greek alphabet, which offered much better representation
of the phonological inventory of any Greek dialect, a structure that per-
mitted simple notation of consonant clusters without redundancy and
an economic principle such that it had considerably fewer graphemes to
be memorised—and was used by speakers of other Greek dialects with
whom Cypriots acknowledged cultural and political connections (espe-
cially obvious in the 5th and 4th centuries BCE). Cypriots did not ap-
parently maintain their syllabic writing system because they could not
have improved on it linguistically—they maintained it because it was
something undeniably, traditionally, and visibly Cypriot.

3. Visual Distinctiveness inWriting and Its Cultural Context

Unseth argued some time ago that the visual aspect of a writing sys-
tem is always of high importance to its users, particularly at the point
of adoption or creation (Unseth 2005, 2008). He suggested this is espe-
cially noticeable from a relational perspective, as users may wish either
to assimilate with or distance from other language/writing communi-
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ties and to use a visual strategy to do so: in other words, to have their
written language explicitly look similar to, or look different from, an-
otherwritten language. This potentially powerful visual principle needs
to be contextualised by several sociolinguistic factors, including geopol-
itics, colonising activity and its legacy, regional and social identities,
perceived ethnicities, and so on. It makes a difference who is looking
and what the writing landscape looks like in a given place or at a given
time—likeness and distinctiveness are relational categories after all. Dis-
tinctiveness is also, broadly speaking, a principle that could be applied
in several different visual dimensions such as the shapes of graphemes,
principles of text arrangement, orthographic strategies and, for want of
a better word, “fonts” (i.e., styles of text).

There are thus multiple ways in which a writing system can be visu-
ally distinctive, and different possible degrees of visual distinctiveness.
For our present purposes I am not concerned with trying to measure
visual distinctiveness in any quantitative way, although computational
tools could certainly be developed, based on existing models, to do so.
Rather, I want to establish the cultural importance of visual distinctive-
ness in writing, and hence make a case for a visual-cultural category
of fit. The groundwork laid in this section will illustrate the complex-
ity of relationships between the parameters identified above (grapheme
shapes, text arrangements, orthography, and text styles), now using ex-
amples that are in use today rather than historical systems, many of them
used to write minority languages.

From the outset, it should be pointed out that not every speaker com-
munity will desire to write their language down in a visually distinctive
system. For some communities, writing a minority language down in a
script used by majority languages could be desirable because it implies
equal status or gives a kind of validation of the minority language’s exis-
tence. Using amajority script may also bring some advantages for digital
literacy. In some areas of the world there is very low diversity of scripts:
for instance in Europe there are very few languages written in anything
other than the Latin or Cyrillic alphabets, the most obvious counter ex-
ample being the longstanding written tradition in Greek—although in
some historical periods it would have been less singularly distinctive,
particularly in the first half of the first millennium BCE, since the al-
phabets used for Italic languages, including Latin, were much closer in
appearance to Greek alphabets; they have grown more visually distinc-
tive over time. Today a minority language community like that of Ar-
vanitika in Greece can both tell a story about once having had their
own distinct alphabet (see https://hopscotchtranslation.com/2023/02/
06/hatzipemou-constantine-arvanitika/) and at the same time write ex-
clusively in the Greek alphabet of the local majority—and predominantly
in Greek language too, as Arvanitika has suffered serious marginalisa-
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tion, in part owing to “othering” political narratives about its linguistic
relationship with Albanian.

Visual distinctiveness may therefore be highly unmotivated for some
language communities. However, even if the script is the same, the or-
thography is quite likely to be noticeably different as the script is used
to represent the sounds and structural features of a different language.
It is highly unlikely that any two language varieties will look identi-
cal when written down—except perhaps in the case of “interscripts,” by
which I mean systems that can theoretically use the same orthography
for different languages, for example if phonological information is omit-
ted (Wenyan Classical Chinese is a good example, or written Putonghua to
some extent).

Orthographies of what may be thought of as the same script can be
highly visually distinctive. European languages written in the Latin al-
phabet, for instance, can be recognised quite easily through the distinc-
tive sets of diacritics theyuse to suit their phonological and orthographic
systems. Many orthographies for minority languages employ diacritics
in order to mark sounds that do not exist in the writing system used
as a base (which is often the Latin alphabet as used for a majority lan-
guage such as English or Spanish), some requiring a considerable range
because of their phonological inventories, including sometimes extra
marking for tones. Some also use special characters alongside the bor-
rowed script inventory, like the historical thorn <þ> for /θ/, originally
from the Runic alphabet, and edh <ð> for its voiced counterpart /ð/, a
historical modification of Latin <d>, still used in the Latin orthography
of Icelandic.

Because of associations between the Latin alphabet and colonial pow-
ers, language communities affected by colonial legacies may seek to dis-
associate their written language from colonial structures of power or
oppression by changing or distancing a Latin orthography. Theoreti-
cally, there could be a further advantage that this may also improve the
linguistic fit of their writing system, given that many invented Latin or-
thographies have notoriously underrepresented the phonological inven-
tories of indigenous languages. Spanish orthographies in central Amer-
ica, for instance, are easily recognisable from their distinctive <c> vs
<qu> for velar stops footprint, while newer indigenous orthographies
tend to undo the orthographic rules surrounding <c> and <q> and make
more use of <k>, as seen in spelling reforms such as the Mayan language
name Cakchiquel > Kaqchikel. Investment in distinguishing graphically
and visually between Mayan and Spanish languages has even been ob-
served in children (Pellicer 2004). The principle of distancing visually
from a colonial language can indeed be so strong that, rather than re-
sulting in better linguistic fit (although this is often outwardly cited
as a motivation), such changes can instead make the orthography ‘less
phonologically transparent... and less effective in terms of learnability’
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(Hull 2017, 142, on Ch’orti’Mayan, where for example the connective pro-
nounced [i] is written <yi> purely to distance it from Spanish <y>).

The linguistic fit of an orthography is not necessarily a simple matter
of phoneme to grapheme mapping (and hence the expanded categorisa-
tions created inMeletis 2020, as we saw above). As the previous example
makes clear, the wishes of the speaker community will not be motivated
by the same concerns that might occupy linguists designing an orthog-
raphy. Another often overlooked factor is the compatibilitywith existing
educational practices. For example, Souag has demonstrated that the or-
thographic strategies of Ajami Arabic systems forWest African languages,
while employing various ways of denoting sounds that do not exist in
Arabic, are best understood with regard to their pragmatic roots within
Qurʾānic education: in this context it makes sense and is more econom-
ical to mark some sounds with a universal “non-Arab sound” diacritic
(as opposed to individual phonemic differentiation) (Souag 2010). Al-
though Ajami orthographies are not widely standardised, they are lo-
cally well established, and their principles rely on cultural hierarchies
of thought, often incorporating locally significant cultural details, that
cannot be understood through a European model of how to read a text
simply by identifying syntactic linguistic elements (Ngom 2018).

While an orthography can be visually distinctive wherever it is writ-
ten and in whatever typeface or style, it can potentially also be made
even more distinctive through the use of a special font associated
strongly with the given language. For instance, cló Gaelach (Gaelic type)
was used historically for Early Modern Irish and continues to be used for
Irish and otherCeltic languages in the present day—including in socially
highly visible contexts such as signage. A similar origin in EarlyModern
typography can be traced for Fraktur, characteristically associated with
German although now far less frequently used, while the Harri font as-
sociated with Basque, which has gained in popularity, has its origins in a
revival of ancient letter forms. In theOtomaung script of Bougainville, one
of the three styles of writing employs more ornamental sign shapes that
are explicitly said to recall sacred designs of traditional bodymarking by
ceremonial scarification (Kelly 2021, 840-844; Simpson 2024, 68-69).

On the one hand, distinctive styles of writing could be ‘symbolically
relevant, acting as distinctive markers of the linguistic landscape... [or
as] markers of folklorization or archaization’, triggering mixed reac-
tions among the speaker community (Shah and Brenzinger 2012, 231).
While one-on-one visual relationships between language and script style
may be desirable to some language communities, for others, they might
be seen as restrictive. The domination of a visual style based on early
Cherokee typography, for example, has more recently been viewed as rel-
atively limiting (in comparison with the vast range of typeface support
enjoyed by most majority scripts: see Schillo and Turin 2020 on type-
face support for North American minority languages). A recent cam-
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paign to change this situation through a crowdfunded initiative (by Ty-
potheque in collaboration with Cherokee type designer Chris Skillern:
https://www.typotheque.com/blog/cherokee-project-update), is aimed ex-
plicitly at ‘preserving Cherokee script diversity and vitality’ (see Fig. 2).
It is clear that inequalities in visual representation differ and are felt
differently across the spectrum of marginalised—and often digitally
disadvantaged—languages.

Fig. 2. ChokeCherry Cherokee Character Set by Chris Skillern. Image courtesy
of Chris Skillern

Different parts of the world have very different histories of writing,
and attitudes towards particular scriptswill at anyplace, and at any time,
depend on a complex nexus of language varieties, writing traditions,
group identities, political entities, andmany other facets of sociocultural
practice and ideology all butting up against each other. For example the
wider Balkan area has suffered a notorious history of script appropria-
tion and “othering” against a shifting background of political and cul-
tural upheaval, especially between Latin and Cyrillic orthographies, with
further developments such as the revival of Glagolitic: the visuality and
visual differentiation of these scripts makes them inevitable targets for
political and identarian symbolism (see Selvelli 2021). Depending on the
situation and what is available, choices or adoptions of scripts can be
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more or less politicised, or ideologised as Selvelli puts it. They are ar-
guably only contentious where there are other reasons for contention.

The appearance of writing can itself become an instrument of resis-
tance, as Kelly has shown to be the case in the highland areas of South
East Asia, where newly developed scripts reclaiming indigenous liter-
acy were made deliberately illegible to outside agents, and used in re-
stricted domains of literacy in contrast to lowland usage (Kelly 2018a).
The combination of the unusual appearance and usage of such systems
can be comparedwith other resistance strategies and shows complex en-
gagement with, and appropriation of, literacy. In such cases the visual
distinctiveness of a system is crucial to its role in resistance.

At an extreme of visual distinctiveness, some recently created mi-
nority writing systems have been built from scratch on a visual prin-
ciple that is completely unrelated to any previously used. One example
is the Mandombe script created by Wabeladio Payi following his revela-
tory dream and observation of patterns in mortar on a wall. The result
looks very different from other existing scripts, and the whole system
has been designed to have close connections with Kongolese philosoph-
ical and artistic traditions alongwith a holistic system of training (Sarró
2018, 2023). A small number of geometric shapes with rotational and
reflectional symmetry make up the base consonant signs, and to these
are added extra strokes in the upper and lower portions of each charac-
ter, denoting vowels and tones. With a cornerstone of usage in the Kim-
banguist church, the Mandombe script has seen some significant take-
up with 5,000-6,000 users (plus a few hundred in diaspora) and 500
trained teachers, as reported in a 2016 Unicode proposal (Rovenchak
et al. 2016). A perhaps now more famous example of a completely ex
novo creation is the ADLaM script devised by Abdoulaye and Ibrahima
Barry as teenagers to represent and to safeguard the Fulani language
in Guinea (ADLaM stands for the first four letters of the alphabet but
also encodes the phrase “ �𞤮𞤺𞤵𞤤𞤵𞤃𞤤𞤮𞤻𞤫𞤂𞤫𞤯𞤴𞤢𞤣𞤲𞤢𞤁𞤫𞤤𞤵𞤳𞤤𞤀� ” / “Alkule
Dandayɗe Leñol Mulugol”: “The alphabet that protects the people from
vanishing”). This has been seen as a significant step in language mainte-
nance in Guinea (Diallo 2021). The inventors have described their cre-
ative process at length, which involved drawing shapes, often with the
eyes closed, and matching them to sounds, thus creating a visually id-
iosyncratic system. ADLaM is written from right to left, like the Arabic
ajami orthography most widely used to write Fulani. Gaining Unicode
support in 2016 and furtherwork on digitisation has led to functionality
across multiple computer and smartphone operating systems, and has
given the script significant advantages in comparison with many other
emergent systems. Kelly concludes from a survey of three other recently
invented scripts in west Africa (Vai, Bamum, and Masaba) that ‘the ap-
peal... was thus tied more to their relative indexical power than their
apparent technological or cognitive advantages’ (Kelly 2018b, 189), un-
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derscoring the relative importance of visual distinctiveness in writing
and its links with expressing identity.

It has been noted that a considerable number of recent emergent
scripts developed for African languages have followed similar strategies
in terms of visual distinctiveness, creating a rich and varied tapestry
of writing traditions at different stages of take-up among communi-
ties (most recently Brookes 2024, 14-45;Mafundikwa 2004,Tuchscherer
2007, Rovenchak and Glavy 2011 and Unseth 2011 are also helpful and
illustrative, although they are quickly becoming outdated in the rapidly
shifting landscape of writing throughout the continent). Some of these
systems take pre-existing communicative systems as a basis, ones that
have typically been excluded from the definition ofwriting. At this point,
it is important to emphasise that there are many marginalised systems
around the world that communicate meaning in ways that are not usu-
ally recognised (or have not been up to now) in even the most expan-
sive grapholinguistic analyses, from Nsibidi and Adinkra to Dongba and
khipus. As Martínez-Ruiz has eloquently pointed out, we need to change
our viewpoint to understand a system (speaking about what he called
graphic writing of the Bakongo in this case) that does not seem to work
like writing systems as encountered in the usual taxonomies: “Theories
based on linguistic paradigms rooted inWestern traditions will not lead
to an understanding of Kongo graphic writing systems” (Martínez-Ruiz
2013, 4). Similarly, many systems of the Americas have been overlooked
in linguistic taxonomies, despite growing scholarship seeking to address
this oversight (e.g., Boone andMignolo 1994, Salomon andHyland 2010,
Mikulska 2022). It is not that such systems do not encode language (they
typically do, including phonography, morphography, and logography to
different degrees), but they often do so inways that are intertwinedwith
other forms of expression and with whole ontologies, philosophies, and
worldviews.

An important point arising from the above observation is that, al-
though it is tempting to see it that way, not all systems are necessar-
ily in some kind of (symbiotic or antagonistic) relationship with oth-
ers nearby, and seeking either to assimilate to or distance from them.
A new system created with a more holistic philosophical principle in
mind could have cultural benefits because it matches knowledge struc-
tures better: after all, a language is itself a system of knowledge. Such
knowledge structures may already have forms of visual representation,
and developing new writing systems to build on such pre-existing sys-
tems of visual representationwill have obvious advantages (see Simpson
2024). Resulting emergent systems may indeed seek to “codify” symbol
systems to develop something with greater phonographic representa-
tion in order to develop wider usability across different media, which
may alsomake them easier to categorisewithin existing grapholinguistic
terms—although in doing so, something may perhaps be lost “in transla-
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tion”. I will use the example of isiBheqe soHlamvu to illustrate some of
the principles that are at stake here.

Fig. 3. Graffiti in isiBheqe soHlamvu. Photograph Courtesy of Sandile Radebe

isiBheqe soHlamvu, also known as Ditema tsa Dinoko, has been de-
veloped out of longstanding systems of visual communication to write
Ntu languages of southern Africa (see further Auda forthcoming). The
prevalence of learning through colonial languages, and corresponding
marginalisation of indigenous languages and knowledge systems, has
overshadowed education (Mkhize and Ndimande-Hlongwa 2014), and
speakers of indigenous languages are impeded inwriting their languages
down by inconsistent Latin orthographies that vary in grapheme map-
ping and do not adequately represent their consonants, vowels, or tones.
Thus, linguistic fit is a foundational principle for isiBheqe soHlamvu:
structurally, it could be called a featural syllabary or abugida, built on
triangular base signs with different orientations representing the vow-
els, to which are added marks (lines, dots, circles, loops, etc) represent-
ing consonantal features.The triangle represents the shape of themouth,
meaning that the whole system is built on a visual representation of the
points of articulation, with furtherways of marking the manner of artic-
ulation (e.g., breathy voicing and prenasalisation). Methods of marking
tones have also been developed, and the set of ChiMbire morphograms
created by Shannon Rutendo Goneso (https://chimbire.africa/) can be
incorporated into writing and read with different phonological realities
in different languages. Although L>R linear writing is common, writing
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and reading direction are free in isiBheqe, which allows complex lay-
outs (“tessellation” based on the triangular shapes) that are particularly
desirable for deliberate aesthetic effects (for instance, in art, crafts, or
graffiti; see Fig. 3).

The visual design of isiBheqe is not itself a new creation: it is derived
from izimpawu zesintu such as the long-established regional symbologies
of litema tsa basotho, which communicate knowledge structured through
indigenous systems such as the Nahanotsebo described by Zulumanthabo
Zulu and the concepts and traditions communicated to Western audi-
ences by Credo Mutwa (e.g., Zulu 2014, Mutwa 1965). Litema tsa ba-
sotho are traditional Sesotho designs used especially in murals on the
external walls of houses in Lesotho and South Africa, which communi-
cate information about people’s lives and kinship relations, and consist
of geometric patterns inwhich the triangle is an important element. The
ChiMbire morphograms add another dimension to representation since
they encode prefixes that are deeply rooted in the epistemological struc-
ture of Ntu languages (see Creider 1975, Denny and Creider 1986, Selvik
2001), and so operate on another level of cultural meaning as well as
mediating across languages.

Thus, isiBheqe soHlamvu is a script that can potentially encodemuch
more than phonography, depending on the knowledge of the people us-
ing it. For those who understand the traditional associations of the de-
signs, it is possible to communicate information related to gender and
family associations, for example, with further meaningful use of colour.
It is perhaps better to think of the system as encompassing multiple lay-
ers, such that it is possible for “lay” writers to simply use the phono-
graphic principles to write (potentially in any language—I have seen
transcriptions in Arabic that extend the consonant repertoire to include
non-Ntu sounds), and to use colours and arrangements for purely aes-
thetic effects; while someone who has greater knowledge of the epis-
temological background of the script, and the visual culture to which it
relates, might also communicate more nuanced messages and meanings.

Motivations to create a newwriting systemvary from one situation to
another but there are numerous common threads that have become ap-
parent in communication with minority script users and communities,
such as:

– a desire to make a minoritised or indigenous language visible in a
landscape visually dominated by majority languages;

– the need to disentangle written language from colonial structures of
power;

– principles of visual economy in comparison with existing alphabetic
orthographies (the positive assertion that a word can be written with
far fewer signs in a new syllabic or semi-syllabic script is surprisingly
common);
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– the practical aspect of building a writing system from scratch so that
it is founded on a principle of accurately representing the features of
the target language (and thus a desire for good linguistic fit) and its
cultural context.

The last of these points demonstrates how important it is to treatwriting
system development as a complex concept and process, where visual-
cultural (and other aspects of sociocultural) fit and linguistic fit have
roles to play to different degrees in different cases. It remains to add that
if visual factors can be shown to be of importance, then so too is visibility.
The case of the Cypriot Syllabary already introduced the idea that high
social visibility could correlate with relativelywidespread literacy and a
wide range ofwriting domains as markers of high vitality for thewriting
tradition. How writing looks, and so what language looks like, may be
particularly high on the agenda where people are invested in linguistic
and cultural identity, for whatever reason.

4. Conclusions

The previous section demonstrated that visual distinctiveness is an im-
portant property ofwriting systems andworth taking into accountwhen
we try to explain how a writing system is used and its sociocultural con-
text (or its ‘situational adequacy’: Meletis 2020, 347). Aspects of visual
distinctiveness can be described, and there may be some scope in the
future to develop ways of measuring it. But can it be diagnostic of the
vitality of a writing system?To answer this questionwe need to consider
the possible relationships between visual properties of writing and pos-
itive or negative outcomes. The cited historical examples, especially the
Cypriot Syllabary, strongly suggest that there is a relationship between
visual distinctiveness and indicators of vitality, namely longevity, wide
usership and varied domains of usage.

Simpson concludes his survey of visual-cultural features of ten mi-
nority scripts by saying that ‘a script’s acceptance ultimately relies on
community acceptance. Therefore, language communities contemplat-
ing script development could consider implementing visual cultural el-
ements relevant to their unique identities’ (Simpson 2024, 76). Further-
more the incorporation of such elements in the writing system can it-
self help to preserve traditional culture, making a two-way support re-
lationship between the two.We have seen that writing systems can have
strong associationswith linguistic identity, because they give a language
a unique visual footprint. On the one hand, the design of thewriting sys-
tem may be drawn from existing visual culture. On the other, the visual
aspect of the writing may become in some way culturally symbolic: con-
sider the many calligraphic traditions around the world, for example,



The Visual-Cultural Fit ofWriting Systems 39

where writing is itself art. If “visual-cultural fit” is a useful concept, as
I tentatively suggest in this paper, both of these kinds of relationships
should be considered as its positive indicators of visual-cultural signifi-
cance.

Where a writing system has both a good linguistic fit and a good
visual-cultural fit, it might be thought to have significant strengths.
However, it is important to note that there are other factors involved
in vitality, and so there are further matters to address—though these
are beyond the scope of the present article. We have already seen that
isiBheqe soHlamvu, for example, has crucial advantages both in terms of
linguistic and visual-cultural fit. So why is this not a dominant writing
system in southern Africa at the time ofwriting? There are the old prob-
lems of finding meaningful state support and putting educational pro-
grammes in place to proliferate the system. But digital disadvantage is
perhaps the greatest problem in the modern writing landscape: isiBheqe
soHlamvu is not yet represented in the Unicode standard at the time of
writing, so while there are ways of developing some digital literacy, it
remains impossible to make this a reality in the daily lives of most users,
where theywould want to type it easily on smartphones and computers.
A Unicode proposal requires a usage case, and as with many minority
scripts, the usage case is hampered by the limitations on digital literacy,
creating a vicious circle (see Hossain 2026). Even the existing digital
resources for isiBheqe are affected by the legacy of Latin orthographies
that have been applied to Ntu languages: for instance, one community-
made app (https://riker.itch.io/isibheqe-translator) for writing the
script only works for isiZulu because it has Latin text input and so re-
quires the orthographic rules that only apply to isiZulu (which has five
vowels)—meaning that if you wanted to write in Sesotho (which has seven
vowels represented by onlyfive graphemes in its Latin orthography) you
would often generate the wrong isiBheqe vowel sign and so be unable to
write what you intended. The user community will struggle with such
issues until better digital support becomes available, just as many other
minority writing communities do.

Digital disadvantage is a very significant problem for today’s minori-
tised, indigenous and endangered languages and their writing systems
(Rebin 2024). This does not only apply to newly created and emer-
gent scripts, but also to languages written in orthographies of major-
ity languages—frequent need for complex sets of diacritical marks and
sometimes unusual special characters, as designed for fuller phonologi-
cal representation, means that often they are not sufficiently supported
by existing keyboards and typefaces. Indeed, you could say that attempt-
ing to achieve full phonological representation, and so a particular type
of linguistic fit, has made digital literacy more difficult to accomplish in
some cases. The “digital age” offers unprecedented ways of supporting
endangered languages, facilitating communication and preserving cul-
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tural heritage and knowledge, but the fundamental inequalities in digi-
tal access that affect minority communities around the world need to be
addressed more effectively to make this a reality (Ajani et al 2024).

Another potential problem for a newly introduced writing system is
the possible effect on language learning and literacy, which should also
be considered in caseswhere a visuallymore distinctive systemmight be
newly introduced. For anyone already literate in another system, there
will be a certain learning burden to acquire or switch to the new system;
that may be exacerbated when changing from one system to another for
the same language.Whether learning a second script that has a very dif-
ferent visual appearance from a learner’s first script has a noticeable ef-
fect, positive or negative, on acquisition of the new script is a question
that requires further research. Gnanadesikan has argued that, for any al-
ready literate individual, learning a second script (an S2, like an L2 in
multilingual situations) is affected by a sort of cognitive preeminence
of their first script: ‘learners find them hard to process, use them with
an accent, and experience transfer from their S1’ (Gnanadesikan 2021,
119). In popular imagination script signs and language sounds tend to
be conceptually conflated (as I am often reminded when observing my
son’s alphabet cartoons), and changing script or orthography entails a
significant change to the mental mapping of the language units and so
the whole surrounding system of thought.

However, a new system devised with linguistic fit in mind could
have particular advantages for child learners, especially if introduced
at a time when they are consolidating their acquisition of the language
written in it. The same could be said for previously illiterate adult in-
dividuals. It must be acknowledged that the situation with regard to
language and writing use and literacy will be different in any commu-
nity, and choices and preferences have to be tailored to individual situa-
tions. The relative advantages and disadvantages of a new system could
be distributed unevenly across the population. For example, disadvan-
tages related to adult learning could be offset by advantages in child
learning, and the latter could be bolstered by beneficial effects of impe-
tus from youthmovements and enthusiasm among younger generations.
For minoritised languages this is crucial, because low intergenerational
transmission—i.e., the failure to pass on the language to the young—is a
primary indicator of language endangerment in every scale developed
to measure the concept. Any factors that might support a language and
its writing system in gaining and maintaining young learners will also
bolster their vitality. No system is objectively too new or too complex
or too different, it is only within its specific sociocultural setting that its
advantages and disadvantages can be weighed against each other.

The three factors cited by Unseth as needed by a writing system to
survive (community endorsement, a corpus of literature and a schooling
programme: Unseth 2011, 31) are indeed important if not vital to success-
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ful take-up, proliferation and maintenance. But how to achieve them is
another matter. Community interest and investment are absolutely crit-
ical because writing systems need groups of people to put time and ef-
fort into teaching, learning and using them. That requires resources (in-
creasingly digital ones alongside more traditional print publications, as
well as venues and funding), but it also requires motivation. Motivation
is not an abstract concept: it consists of social and personal responses
and opinions. Linking a writing system with existing ideas about cul-
ture and identity, whatever those may be for a given group of people at
a given time, gives it relevance. That is precisely why the visual aspects
of a writing tradition matter: social visibility and cultural relevance can
impart crucial advantages in the struggle to develop or maintain lasting
literacy.

I hope to have achieved three goals through this paper. The first was
to show that the category of sociolinguistic fit as offered by Meletis can
be productively broken down into further areas of enquiry, rather than
bundling together different types of social phenomena as situational
context. This allows better comparison and integration with linguistic
and other categories of fit, including the visual-cultural category pro-
posed here. The second was to show that visual aspects of writing con-
stitute an important area of study in their own right, in this case by in-
terrogating the principle of visual distinctiveness as a property of writ-
ing. The third goal was to show that drilling down on visual properties
and visual contexts of writing has real world applicability for minority
writing systems, where several recurring factors have been observed in
the complex relationships between visual aspects ofwriting systems and
their vitality. Cultivating links with cultural traditions and identities,
through visual means, can be key to the motivation needed to maintain
a heritage system or propagate an emergent one.
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DoWe Process Characters as Shapes,
Nothing Special?
Mary C. Dyson & David Březina

Abstract. This paper addresses the question of whether we use general object
mechanisms to process characters or more specialised processes. A multidisci-
plinary literature review includes examples of potential specialisations in other
domains, such as speech or face recognition, introducing specific forms of exper-
tise. A terminology which clarifies the relationships and representations in the
character recognition process is used in identifying similarities and differences
between attributes of shape perception and character recognition. The impor-
tance of the visual similarities among characters within a font and the retention
of font information suggest that expertise in character recognition reflects mod-
ifications to our general perceptual processes, i.e., specialisation.

1. Introduction

One debate among psychologists and other scientists is whetherwe have
a few general perceptual mechanisms that we apply to various activities,
or more specialised mechanisms that have adapted to particular needs.
General mechanisms provide a more parsimonious explanation of how
we perceive the world and can be intuitively appealing. In applying this
distinction to reading, the question iswhetherwe have specialisedmech-
anisms for character recognition or use general perceptual mechanisms
employed in object recognition. By overlooking certain aspects of how
we recognise characters when reading, we may be misled into simplify-
ing the perceptual process.

This paper discusses attributes of characters to avoid an oversimpli-
fied description of potential character shapes. The focus is on character
recognition, describing properties associated with perceptual expertise.
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The multidisciplinary review aims to demonstrate and clarify the com-
plexity of the process and its implications for graphemics, which may
also be of significance for educators in terms of language acquisition. For
typographers, there is the practical objective of improving the legibility
and readability of text, as well as an interest in elucidating the contri-
bution of fonts to visual perceptual processes. Such knowledge should
help eliminate, or at least question, any assumptions by investigators
that characters are neutral stimuli. This tendency to treat all characters
in the same way, ignoring the differences among fonts, was pointed out
byGilmore (1985) with reference to comparisons of letter confusion ma-
trices.

The premise is that the object-based recognition system is modified
to recognise characters as we learn to read. Although our review focuses
on behavioural studies rather than neuroscientific research, the “neu-
ronal recycling hypothesis” (Dehaene & Cohen, 2011) provides a helpful
description of the process by which the novel function of reading re-
cycles existing brain circuitry. We examine the nature of the perceptual
processes that are peculiar to character recognition to identify potential
modifications.

1.1. Related Specialisation Debates

In arguing against the special nature of speech perception, Carbonell
and Lotto (2014) point out the considerable debate as to whether the
accomplishment of speech perception is the result of general percep-
tual/cognitive mechanisms or special processes. They conclude that
“speech sounds are... over-learned categories that play a functional role
in a larger hierarchical linguistic system” (p3), but this does not mean
that they use different processing mechanisms than other sounds.

In contrast, there has been greater consensus regarding the special
status of face perception, distinguishing it from the perception of ob-
jects (e.g., Farah et al., 1998). One of the main reasons to attribute a
special status to face recognition is the face inversion effect. Most ob-
jects or scenes are more difficult to recognise when they are inverted,
but faces are considerably more difficult. Thompson (1980) provided a
compelling demonstration of the difficulty of perceiving facial expres-
sions in inverted faces. Spatial relations among features that are cru-
cial in the perception of upright features are not apparent when up-
side down. However, this inversion effect (Yin, 1969) is not unique to
face processing and might instead be attributed to expertise (Diamond
& Carey, 1986; McGugin & Gauthier, 2010). In the field of design, per-
ceptual processes may also be influenced by expertise. Typographers are
more impaired in their judgements of fonts than non-typographerswhen
the characters are inverted relative to upright (Dyson & Stott, 2012).
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Both speech and face perception can be considered examples of per-
ceptual over-learning and expertise, with typographic training leading
to a more specific expertise. Skilled reading is also a form of expertise.

2. Character andWord Recognition Models

There is broad agreement amongst reading researchers that word recog-
nition is letter-based. Expert readers identify individual letters in paral-
lel. These letters are matched against potential candidate words. In this
paper, we focus on character recognition, i.e., the three levels at the bot-
tom of Figure 1.

PORK CORN CORK

C O R K

C O R K

Fig. 1. Word recognition model (after Larson, 2005). The first level represents
the stimulus or specific material instance (see below), the next level up is the
features used to recognise individual characters (not dealt with in this paper),
and the third level is the character detectors. The last, bottom, level represents
the identified word.

2.1. Terminology Across Disciplines

Graphematics, psychology, epigraphy, and typography use somewhat
disparate terminologies to explore the nature of the relationships and
representations involved in the character recognition process.They, nat-
urally, take into account considerations relevant to their respective fields
and not necessarily those of the other fields. Graphematics focuses on
mapping the units of language andwriting systems to their visual repre-
sentation (see Figure 2). Depending on the source, terms such as “glyph,”
“graph,” or “character” can becomemore or less general and blur the dis-
tinction between the general/abstract and material representations that
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is highly relevant here. We use a hybrid approach, a terminology of vi-
sual communication expanded to account for other fields, in order to be
sensitive to the effects of production and perception (see Figure 3).

Grapheme‘a’ Grapheme ‘b’

Graph Graph

aa
a a

aa aa 
a a 

a
a

aa

bb
b b

bb bb 
b b 

b
b

bb

Fig. 2. Linguistic units mapped to images/shapes

Character ‘a’ Character ‘b’

Character
image/shape

Character
image/shape

General

Particular

aa
a a

aa aa 
a a 

a
a

aa

bb
b b

bb bb 
b b 

b
b

bb

Fig. 3. Hybrid terminology used in this paper clarifies the differences between
particular material instances and more abstract character representations.

The term character image represents the image on the retina or the
specific material instance, while character shape refers to the perceptual
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representation. The character is the most general term referring to the
whole class of images/shapes used to represent a particular linguistic
unit (comparable to basic shapes in Meletis, 2020).

There are class → instance/token relationships among some of the
terms. With respect to external processes such as production or analyt-
ical modelling, it is: character → character image. With respect to per-
ception, recognition, and internal processes, the orientation is reversed,
from instances to classes: character image → character. Characters de-
fined this way are general and visual entities without any inherent lin-
guistic value. One or more characters are associated with one or more
linguistic units (e.g., phonemes, syllables, words) from a language by
means of a writing system and graphemes (Meletis, 2020).

3. Invariance and Perceptual Constancy

Our perceptual world is more constant than would be predicted by the
visual information. An important attribute of object recognition is our
ability to perceive an object as having the same shape when viewed at
different angles, i.e., shape constancy (Pizlo, 1994). Shape is a visual
property of objects that can be used to recognise them.

Readers can cope with many types of visual distortions, e.g., scaling,
mirror reflection, rotation, perspective distortions, or environmental ef-
fects such as poor lighting or fog, and take account of these distortions
during character recognition (see Figure 4). Perceptual constancy de-
scribes howwe respond to invariants in the physical world.

Readers can also recognise most letters quickly regardless of the font
used or style of handwriting (see Figure 5). Consequently, a variety of
character images leads to the same character identity. Constancy enables
the different character images to be translated from their variant visual
forms into invariant representations, referred to as abstract letter iden-
tities (Grainger, Rey, & Dufau, 2008).

However, distortions and design variety can lead to uncertainty re-
garding character identities. In Figure 6, Palmer (1999) illustrated that
readers use context to affirm character identities. In the McClelland and
Rumelhart (1981) interactive activation model, this is described as top-
down processing from the word level interacting with bottom-up pro-
cessing from the feature and letter level to determine our perceptions.

3.1. From Invariance to Discrimination

Some invariances are problematic for Latin characters, where we should
not be applying our normal object recognition processes. Unlike ob-
jects, manipulations to visual forms which change orientation, i.e., mir-
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Fig. 4. Distortions caused by different viewing angles and distances

ror imaging (<b> vs. <d>) or plane rotation (<n> vs. <u>) cannot be ig-
nored (Dehaene, 2009; Torres et al., 2021). Although these are not al-
ways precise mirror images (see Figure 7), they are sufficiently close to
cause problems when the characters need to be discriminated and not
perceived as variants of the same form.

From a developmental perspective, Perea,Moret-Tatay, and Panadero
(2011) found that by ten years old, children are similar to adult readers in
their ability to discriminate between mirror-reversed letters. They pro-
pose that learning to read involves “functional tuning of the letter iden-
tification system” (p. 244). In the course of literacy acquisition, there
is debate as to whether mirror invariance is unlearned, suppressed, or
inhibited (Fernandes, Arunkumar, & Huettig, 2021). Unlearning mirror
invariance for letters is regarded as a byproduct of neuronal recycling
induced by reading (Pegado et al., 2014).

3.2. Is Mirror Discrimination Specific to Latin Readers?

Given the role of reading development in the suppression of mirror gen-
eralisation, a pertinent question is whether readers of a script without
mirrored characters (e.g., Tamil) develop mirror-image discrimination.
By comparing illiterate, Tamil monoliterate, and Tamil-Latin-alphabet
bi-literate adults, Fernandes, Arunkumar, and Huettig (2021) concluded
that mirror-image discrimination depends on learning to read regard-
less of script. Tamil monoliterates showed good explicit mirror-image
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Fig. 5. An inclusive collection of shapes for the letter <a> from various contem-
porary fonts (Březina, 2024; after Hofstadter & McGraw, 1998)
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Fig. 6. The same shape is used to represent <H> and <A> thanks to its uncertain
character identity (after Palmer, 1999). We are able to fluently oscillate between
two different character identities thanks to our knowledge of the English lan-
guage.

Fig. 7. The letter <b> is not an exact mirror image of the letter <d>. Similarly,
the letter <p> is not an exact mirror image of the letter <q>. In both examples,
the third letter is the correct form.

discrimination. The authors propose that the ability to discriminate is
trained when learning to read because of the specific reading direction.
This is supported by a studywhich found faster responses to Latin char-
acters oriented to the right, when required to judge whether the charac-
ter was oriented correctly (Patro, Gross, & Friedrich, 2024). The results
were consistent across age groups ranging from around seven years to
adults.

However, Fernandes, Arunkumar, and Huettig (2021) did find that
automaticmirror-discrimination,when not relevant to the task, depends
on learning a script with mirrored characters; training from the reading
direction is insufficient. They propose that learning a script with mir-
rored graphs is the strongest force for breaking mirror invariance. Mir-
ror images need to become “graphemically contrastive” (de Heering &
Kolinsky, 2019).

4. Visual Coherence

4.1. Type Design

Březina (2018) studied the visual coherence of fonts, i.e., the structure
of visual similarities among characters (see Figure 8). He showed that
there is a correspondence between the craft practices and the similarity
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relationships perceived by readers; that the apparent coherence is cre-
ated deliberately.

ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopqrstuvwxyz

ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopqrstuvwxyz

Comic Sans typeface

Times New Roman typeface

Fig. 8. Visual coherence among character shapes produced by a font makes
shapes from the same font look more related to each other than to character
shapes produced by a different font (Březina, 2018)

4.2. Character Recognition

We can capitalise on this coherencewithin a font during character recog-
nition. Expert character recognition takes advantage of the particular
characteristics of a font to facilitate recognition, described as a “font-
regularity effect” or “font tuning” (Sanocki, 1987). Character processing
becomes more efficient because the perceptual system tunes itself to ex-
ploit the regularitieswithin a font.The consistency in font styling can be
used to translate different character shapes into an invariant (abstract)
form. An emphasis on the distinctiveness of characters can overlook the
contribution of character uniformity, a view of character processing that
considers principles from the field of type design (Sanocki & Dyson,
2012). Although characters may be more distinctive when mixed, they
are not easier to read (Figure 9).

I y u o ’t o t n e e d n t e e t f
h s a e , y u i l i s i d n o t o e
b u w y h r c e s i h b s e i l.

 Fig. 9. An extreme example of mixing fonts where we need to adjust the frame of
reference for alternating characters.

The original research conducted by Sanocki (1988) used the crude
technology of the time to explore font tuning (Figure 10). Subse-
quently, researchers pursued other enquiries: testing the speculation
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that font tuning distinguishes character recognition from object recog-
nition (Gauthier et al., 2006); looking at the time course of font tuning
(Walker, 2008); using font tuning as a means of exploring the effective-
ness of different type variants in emphasising text (Dyson&Beier, 2016).

Fig. 10. Fonts used by Sanocki

These studies have employed very different tasks, but all involved
brief presentations of characters or words, and readers were required
to respond as quickly and accurately as possible. This time pressure is
necessary as character recognition is very rapid. Gauthier et al. (2006)
make explicit that the artificial tasks are “designed to reduce the impact
of the knowledge of orthographic and phonological regularities that de-
velop with reading experience.” (p543).

Sanocki (1988) displayed four character images very briefly, in mixed
or consistent fonts. Characterswere identifiedmore accuratelywhen the
font was consistent.

Many years later, Gauthier et al. (2006) used a search of a ma-
trix where characters were displayed in mixed fonts or all in the same
font. Mixing decreased accuracy and increased the time to locate tar-
get characters. Evidence for the process of font tuning is mainly based
on Latin, but the researchers conducted additional experiments with
Chinese characters. They questioned whether experience with charac-
ters (reading expertise) is necessary to tune to the stylistic regularities
within a font by comparing Chinese and non-Chinese readers. This task
required the identification of three characters, presented briefly on a
screen. The novice readers were trained with the verbal labels for the
Chinese characters before the experiment. They found that non-Chinese
readers do not tune to stylistic regularities. Readers who are not famil-
iarwith the script appear unable to take advantage of the font regularity
and perceive meaningless shapes, rather than characters. They conclude
that characters are not processed in the same manner as shapes.

Walker (2008) elaborated upon the concept and nature of font tuning,
describing the process as deriving and implementing font-specific rules
which map visual features (style-specific) onto structural descriptions
(font-invariant). His experiments revealed that we may have some con-
trol over the time course of font tuning. In these studies, a random string
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of consonants was displayed above or below a word or pseudoword. The
task was to identify whether there was a word or not and to ignore
the string of consonants. When the consonants were in a (very) differ-
ent font from the target, responses were slower. Varying the frequency
of font repetition across trials appears to influence whether the font-
specific translation rules are retained in working memory for reimple-
menting with the next portion of text.

The study of font tuning by Dyson and Beier (2016) aimed to de-
termine the type of stylistic variation and how much variation is toler-
ated before character recognition becomes more difficult. This knowl-
edge has practical relevance in text design, where italic or bold type
distinguishes a word from the surrounding text. The variation among
six fonts was controlled as these were created by Sofie Beier, a type de-
signer. Rapid Serial Visual Presentation of a string of 15 words, with a
possible pseudoword inserted, was used to assess the speed and accuracy
of detecting the pseudoword. Alternating between a regular and italic
font did not show a font-regularity effect, i.e., responses were not slower
than a single font. However, alternating regular with a heavier weight,
bold, did show this effect. The practical implications for designers are
that words in italic can distinguish text elements without significantly
disrupting reading. Bold is likely to be more appropriate than italic for
headings by making words stand out.

4.3. Objects

Walker (2008) concludes his paper by surmising as to whether object
recognition might also be facilitated by the equivalent of font tuning. He
uses the example of sets of cutlery in the same design (a similar example
appears in Figure 11). Is it easier to identify items within the same set,
rather than mixed? To our knowledge, whether stylistic features aid the
recognition of objects has not yet been tested.

Fig. 11. Two sets of cutlery (after Walker, 2008): Liner (left) and Provençal
(right) from https://www.davidmellordesign.com/cutlery
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5. Modelling Object vs. Character Recognition

The study described above by Gauthier et al. (2006) concluded that
character recognition can be distinguished from object recognition
based on font regularity. An alternative means of addressing the distinc-
tion between domain-specific (character) and domain-general (object)
features concludes that object-based features account well for charac-
ter perception (Janini et al., 2022). This study used machine learning
to model features and focused on the set of features that determine dis-
tinctiveness, looking for a match with behavioural data that measured
perceptual similarity between characters.

5.1. Perceptual Similarity

In using two behavioural tasks to measure similarity, visual search and
letter categorisation, Janini et al. (2022) are assuming that similarity is
the inverse of distinctiveness and that this is sufficient to explain the ac-
curacy of character recognition. The discussion of font tuning based on
the coherence of characterswithin a font questions this assumption. Fur-
thermore, Mueller andWeidemann (2012), through a review of legibility
literature, experiments, and modelling, refer to the term “perceivabil-
ity” which they equate with “legibility,” concluding that perceivability
should be considered as independent from similarity. Machine learn-
ing does not speak directly to which features readers use to recognise
characters when reading. This limitation is acknowledged by Janini et
al. (2022, p. 13): “Future studies are required to determine the extent to
which our findings generalize to the context of reading”.

6. Characters in the Context of Reading

The above studies explored or modelled character recognition through
studies of single characters orwords, focusing on the early stages ofword
recognition, primarily the bottom-up processes. This emphasis disre-
gards any potential residual effects of font style information beyond the
creation of abstract letter identities. Although there is consensus on the
inclusion of abstract letter identities in character identification, this does
not preclude the existence of other forms of representations (Walker &
Hinkley, 2003).

There is some evidence that font style information can linger beyond
the creation of abstract letter representations. In the first experiment
conducted by Lewis and Walker (1989) they examined whether the vi-
sual style of the characters in a word would be encoded unintention-
ally and whether this might affect semantic judgements. This was con-
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firmed as reaction times to words were slower if the perceptual quali-
ties of the font were inconsistent with the meaning of the word, e.g., the
word “heavy” in a “light” font (Figure 12). Their second study widened
the scope to include animal words where participants were required to
indicate whether the animal was fast/slow or light/heavy as quickly as
possible (see Figure 13). These effects suggest that there are some top-
down influences on character and word recognition, included in inter-
active models of reading (McClelland & Rumelhart, 1981).

Fig. 12. Responses were slower if the perceptual qualities of the fonts were in-
consistent with the meaning of the words (Lewis &Walker, 1989)

Fig. 13. Participants were slower to identify if the animal was fast/slow or
light/heavy if the font was inconsistent with this quality (Lewis &Walker, 1989)

This type of inconsistency or incongruence is based on the Stroop
task (Figure 14), where we are required to name the colour of eachword.
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However, the Lewis and Walker implementation is a reverse Stroop ef-
fect, as you need to ignore the font and respond to the word’s meaning.

Fig. 14. The original Stroop effect, where participants are slower to name the
colour of the word when the meaning is inconsistent with the colour of the ink.

A study concerned with memory for the visual appearance of words
found evidence of the “long-term retention of superficial details (i.e.,
typography)” (Sheridan & Reingold, 2012, p. 255). The study included
measurements of eye movements while reading sentences with a low-
frequency target word (e.g., banjo) in “distorted typographies”. Fixation
times for the second presentation of the target word (in a different sen-
tence) were shorter when the visual style was consistent with the first
presentation. This effect was found within the relatively short time span
of an experiment and with a gap of one week. However, difficult-to-read
or unusual fonts were required to demonstrate the effect after a one-
week lag. The apparent memory advantage for less legible fonts, which
take longer to read, is an example of the reported effects of perceptual
disfluency (see Dyson, 2022, for a review).

In a further study concerned with memory for the visual appearance
ofwords, therewas some indication that font styling is retained in mem-
ory (Dyson & Březina, 2022). Changing the font of an item between an
initial lexical decision task (word or non-word) and subsequent presen-
tation impaired recognition. This behavioural data is supported by an
event-related potential study showing a response in the brain to the font
at a later stage, beyond the assumed point of abstracting letter identity
(Keage et al., 2014).

The possibility of stylistic features of characters being retained be-
yond character recognition and interacting with semantic information
would seem to distinguish characters from mere shapes.
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7. Conclusion

Table 1 summarises attributes of shapes and characters, identifying simi-
larities and differences. The differences indicate processes that may have
been introduced during neuronal recycling, while the similarities indi-
cate processes that appear to be shared. The review highlights that read-
ers retain relevant semantic information from characters outside their
direct linguistic function. Stylistic features are used to facilitate recog-
nition across characters from different linguistic categories. The percep-
tual constancy inherent in object/shape recognition is useful in charac-
ter recognition when mapping the variant forms onto a single represen-
tation. However, where character recognition requires discrimination
between different orientations, learning to read introduces modifica-
tions to the treatment of invariance. Skilled readers develop a perceptual
expertise that reflects the demands of the task.

In graphetics, the world’s scripts are usually viewed as character in-
ventories. The mutual visual relationships of characters within scripts
are often described informally. Exploration of the component percep-
tual processes seems to be a good point of departure for a deeper formal
analysis of character relationships and their regularity.

Table 1. Similarities and differences between some of the perceptual processes
involved in shape and character recognition, indicating potential effects of neu-
ronal recycling

Shapes Characters

Size, rotation, position invariance + +
Invariance to visual style + +
“Unlearned” mirror invariance x Latin script
Capitalizes on coherence ? +
Secondary semantic information – +
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On the Linguistic Status of Emojis
Dennis Reisloh & Tatjana Scheffler

Abstract. This study explores the linguistic potential of emojis, focusing on their
grammatical and semiotic qualities. While previous research has examined emo-
jis as language accompaniments, this paper investigates their use in standalone
sequences. In two experiments, participants transferred simple German sen-
tences into emoji sequences, to enable analyses into how a) subject-predicate
order and b) human versus animal agents affect emoji usage. The results indi-
cate that although emojis can represent simple sentences while assuming basal
grammatical features, a systematic use of grammatical concepts cannot be found.
Instead, participants often rely on visual characteristics of the emojis rather than
abstract linguistic meaning.

1. Introduction

The increase of digital messages deviating from standard linguistic
norms has created a necessity for the expansion of graphic sign systems
in digital linguistic spaces (Androutsopoulos, 2020). In these medially
written, but mostly conceptually oral (cf. Koch and Oesterreicher, 1985),
contexts, emojis are used frequently (Androutsopoulos, 2003; Sieben-
haar, 2018). While research has examined the language accompanying
use of emojis, identifying their linguistic functions (e.g. Dürscheid and
Siever, 2017; Pappert, 2017), fewer studies focus on the use of emojis
as standalone sequences. This could be due to the fact that emojis are
context-sensitive to a large extent (Gawne and McCulloch, 2019). How-
ever, recent work by (Weissman, Engelen, Baas, and Cohn, 2023) shows
that emojis are undergoing a process of lexicalization, which allows
some of them, e.g., object and activity emojis, to be interpreted inde-
pendently of context. Furthermore, this raises the question of the extent
to which emojis have the potential to be used as language-independent
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linguistic signals. While emojis have been shown to assume graphe-
matic functions (Dürscheid and Meletis, 2019) and substitute for words
or punctuation marks (Scheffler, Brandt, Fuente, and Nenchev, 2022),
they aremissing complex grammatical structures (Dürscheid and Siever,
2017). For these reasons, emojis could not be classified as independent
linguistic elements but rather as elements that accompany language.
Nevertheless, the pure use of emoji sequences can still be observed (Mc-
Culloch and Gawne, 2018). Building on the framework of Jackendoff and
Wittenberg (2014), Cohn, Engelen, and Schilperoord (2019) has estab-
lished a hierarchy for different grammatical levels of emoji sequences,
which shows different possible basic grammatical constructions.

This paper aims to expand on current research, exploring the gram-
matical and semiotic qualities of object and activity emojis in more de-
tail. For this purpose, we devised an experiment that asks participants
to translate standard German sentences into emojis. This allows us to
answer the following two research questions, providing deeper insight
into the linguistic status of emojis:

1. To what extent does the position of the subject in the given sentence
affect the position of the corresponding emoji in the translated se-
quence?

2. Are emojis depicting people from the subcategory “activities and
sports” interpreted in a human context and preferentially selected for
this purpose or are they used independently to describe an abstract
activity?

Both questions address the emojis’ potential as abstract linguistic sig-
nals. The first investigates the syntax of emoji sequences (following
ibid.), while the second investigates whether activity emojis are still in-
terpreted holistically as depicting scenarios, or whether their meaning
has conventionalized and become more detached from a specific scene
and actor type.

2. Background

Although the grammar of emojis remains a rarely explored topic in cur-
rent research, a few studies have examined it from different perspectives.
Studies have shown that emojis can be substituted forwords or punctua-
tion marks (Cohn, Roijackers, Schaap, and Engelen, 2018; Pappert, 2017;
Scheffler, Brandt, Fuente, and Nenchev, 2022). McCulloch and Gawne
(2018) argue that emojis are most comparable to words; however, this
alone is insufficient to classify them as an independent language, as
languages must exhibit grammatical structures. They reject the notion
that emojis possess a hierarchical grammar, supporting their claim by
analyzing the ten most frequently used bigrams, trigrams, and quadri-
grams of emoji sequences. With only one exception, these sequences
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predominantly consist of repeated instances of the same emoji. Through
corpus analyses, they demonstrate that this pattern contrasts with the
English language—even in informal contexts—and argue that emojis do
not function with an autonomous grammar. Instead, they behave simi-
larly to rhythmic gestures in relation to written text.

This raises the question of how emojis operate when they are not
embedded within written text. Cohn, Engelen, and Schilperoord (2019)
have categorized different types of emoji sequences and classified them
into four distinct grammatical levels, drawing on the hierarchy proposed
by Jackendoff and Wittenberg (2014). This hierarchy not only encom-
passes complex linguistic systems but also differentiates between possi-
ble precursors to fully developed language structures.

The lowest category in this classification consists of one-unit grammars,
which include sequences of multiple emojis used to create a larger unit
or a cohesive image. Following this is the category of linear grammars,
where emojis are employed as lists of different elements or temporal se-
quences. The frequent reduplications of emojis highlighted by McCulloch
and Gawne (2018) are also included in this category. Such repetitions
function as intensifiers or as indicators of large quantities, analogous to
the repetition of morphemes in various languages (Cohn, Engelen, and
Schilperoord, 2019).

Although the model excludes more complex grammatical structures
for emojis, the next two categories at least exhibit basic forms of gram-
mar.The categorical grammars type includes two-unit and three-unit emoji se-
quences, which incorporate grammatical elements such as subject, verb,
and object. Notably, in the given examples, the sequence of emojis does
not necessarily alignwith theword order of the corresponding translated
sentence. Furthermore, the subject of the sentence is not represented
by an emoji but is instead assumed to have an automatic first-person
indexicality—an observation frequently made in emoji usage (Grosz,
Kaiser, and Pierini, 2021).

As the fourth and highest grammatical level for emojis, Cohn, Enge-
len, and Schilperoord (2019) introduce simple phrase grammars. This cate-
gory, consisting of only one subcategory, is limited to cases where emoji
sequences emerge through the embedding of grouped emojis within
other grouped emojis. For instance, the role of the subject may not be
conveyed by a single emoji but rather by an affixation, i.e., a combination
ofmultiple emojis that together form a larger unit. Beyond the grammat-
ical hierarchy, additional phenomena, such as the use of metonymy and
rebuswriting, are noted.These findings alignwith observationsmade by
Weissman, Engelen, Baas, and Cohn (2023) on the presence of polysemy
and homonymy in emoji usage.

The research conducted by Weissman, Engelen, Baas, and Cohn
(ibid.) and Cohn, Engelen, and Schilperoord (2019) serves as a foun-
dation for the first experiment in our empirical study presented here.
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It is worth noting that the German language, in which the experiments
were conducted, is particularly well-suited for investigating the syntac-
tic structures of emoji sequences. Unlike English, for example, German
has a relatively free word order and is not strictly bound to an S-V-O
structure. The verb-second (V2) constraint allows for more flexible sen-
tence constructions, including the possibility of placing the subject at
the end of the sentence (O-V-S). This flexibility enables a more precise
discussion of the results regarding the extent to which participants ad-
hered to the given syntax of the matrix language, German, or modified
it in their emoji sequences.

The second experiment focuses on activity-related emojis. Grosz,
Kaiser, and Pierini (2021) have already found that, unlike facial emo-
jis, activity emojis are less influenced by first-person indexicality and
instead function as event-denoting free adjuncts that assign an individ-
ual as the agent of an action. Our experiment builds on this finding by
examining two distinct categories of activity-related emojis: those that
depict humans performing an activity and those that represent an object
symbolically associated with an activity.

By manipulating predefined sentences in which a human agent is re-
placed by an animal, we aim to determine whether these two categories
of activity-related emojis are used differently. Specifically, the analysis
will explore whether human-representing emojis are consistently cho-
sen to signify a human agent performing the action or whether the se-
lection is guided solely by the activity itself, independent of the agent’s
identity.

3. Empirical Study

Former studies have already made evident that complex matters or
grammatical structures cannot be adequately represented through emo-
jis (Cohn, Engelen, and Schilperoord, 2019; Dürscheid and Siever, 2017).
Following Chomsky’s assumption (1985, p. 4) that grammar serves as a
description of the idealized competence of language, it is conceivable
that patterns in the use of emojis could emerge, even if only basic gram-
matical properties are present. Consequently, the following study tests a
“translation” of simple sentences into freely chosen emoji sequences by
participants.

3.1. Methodology

3.1.1. Participants

The studywas conductedwith 49 people via an online questionnaire.We
recruited 49 individuals. No data were collected that would allow direct
identification of participants. Of the participants, 46 reported German
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as their native language, while three stated they were fluent in German.
Regarding gender identity, 31 identified as female, 16 as male, and two
as another gender. One participant indicated being under 20 years old,
while the age ranges of 20–29 and 30–39 were the most represented
with 13 and 17 participants respectively. Additionally, five participants
reported being between 40–49 years old, nine between 50–59 years old,
and four were either 60 years or older. The highest levels of education
achieved were varied: one participant is a (secondary) student, five had
completed secondary school (“Realschulabschluss”), twelve had completed
high school (“Abitur”), 17 held a vocational qualification, six had a Bach-
elor’s degree, and eight had earned a Master’s degree.

In order to estimate the participants’ emoji fluency, we asked them
to specify how often they typically use emojis in contexts such as chats
or social media on a scale from 1 to 5 (1 = never, 2 = rarely, 3 = occa-
sionally, 4 = frequently, 5 = always). The mean score was 4.429 (sd =
0.707), indicating a high frequency of emojis. No participants specified
their emoji usage as “never” or “rarely”.When asked about the frequency
of exclusively using emojis without additional text in messages or posts,
the mean score was 2.694 (sd = 0.822). A detailed overview of the demo-
graphic data, presented as bar charts, can be found in Appendix A.

3.1.2. Study Design

Participants were randomly assigned to one of two questionnaires on
the online survey platform SoSci Survey1. The link was programmed
to randomly assign one of the two questionnaires upon the first ac-
cess and to ensure that the next participant received the alternate ques-
tionnaire. This process is repeated iteratively. Participants were not in-
formed about their random assignment to one of the two groups. Full
versions of the questionnaires are available in the appendix of this study.
After providing participants with information about the approximate
duration of the survey, a recommendation to use a mobile device (due to
its built-in emoji keyboard), and collecting the demographic data sum-
marized in 3.1.1, the task was presented as follows (translated into En-
glish): “On the following pages, you will see a short sentence displayed
on each page. Please use the input field below to represent the sentence
using emojis. The number of emojis you use can be greater or smaller
than the number of words in the sentence. Create an emoji sequence
that, in your opinion, provides the best possible ‘translation.’ Please use
only emojis available on the emoji keyboard of your device and do not
use any other symbols.”

Subsequently, participants were presented with ten simple sentences
per experiment. Each sentence included an open text field for the partic-

1. https://www.soscisurvey.de/
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ipants to input their emoji sequences. The 20 sentences used across the
two experiments contained a maximum of three sentence constituents
and primarily included words that could be represented with emojis
from categories known to be easily understood, even out of context (cf.
Weissman, Engelen, Baas, and Cohn, 2023). The sentences from both
experiments were randomly mixed and displayed individually on each
page, serving as filler items for the alternate experiment.

Experiment 1 aimed to investigate whether the position of the sub-
ject in the given sentence influenced the position of the corresponding
emoji in the resulting sequence. For this purpose, five sentences were
constructedwith the sentence structure Subject-Predicate-Adverbial (S-
P-A) and another five with the structure Subject-Predicate-Object (S-
P-O). Additionally, manipulated versions of these sentences were cre-
ated by inverting the structure to Adverbial-Predicate-Subject (A-P-S)
or Object-Predicate-Subject (O-P-S). For instance, group A received the
sentence Die Sonne scheint warm (‘The sun shines warmly’), while group B
received its inverted version Warm scheint die Sonne (‘Warmly shines the
sun’). Note that both the default (subject-first) word order and the re-
verse are equally grammatical in German. The sentence variants were
evenly distributed between the two groups so that both group A and
group B received five sentences in their original word order and five in
the reverse order, minimizing the impact of potential non-measurable
factors within a single group.

Experiment 2 examined the semiotic interpretation of human-
representing emojis within the subcategory “Activities and Sports” (part
of the “People” category2). The central research question was whether
these emojis are interpreted solely as depicting human actors orwhether
they can also denote the activity independently of the human agent. Ten
simple sentences were constructed in which humans performed activi-
ties that could be represented by emojis from the specified subcategory.
Each of these sentences had an alternate version in which the human
agent was replaced by an animal. As in Experiment 1, both versions were
evenly distributed across the two groups, with each group receiving five
sentences in their original form and five in their manipulated form. For
instance, group A saw the sentence Die Frau spielt Golf (‘The woman plays
golf’), while group B received the sentence Der Pinguin spielt Golf (‘The
penguin plays golf’).

It is worth noting that, due to technical constraints, nouns referring
to humans were exclusively presented in either female or male forms.
The reason is that many human-representing emojis were only recently

2. For further reference, see https://emojipedia.org/peopleactivities-sports. Ad-
ditionally, there is a separate category called “Activity” including representations of
sports gear without depicting humans, see https://emojipedia.org/activity.
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updated to include gender-neutral versions in the Unicode standard, and
these are not properly displayed in some browsers3.

3.1.3. Data

The raw data for the analysis is provided by SoSci Survey, which as-
signs a unique case number to each participant and records all responses
as well as the time required to complete the tasks. This file was further
processed by filtering incomplete datasets, resulting in 27 datasets from
group A and 22 datasets from group B being included in the analysis.
Since the demographic composition of the two groups is very similar
(see the full data table for details), we consider the difference in group
sizes to be negligible.

Key relative frequencies relevant to the experiment were also
recorded in the table. It should be noted that SoSci Survey automati-
cally converts responses into text format. To avoid errors, we conducted
a pre-test in which we entered all emojis to verify their respective con-
version and ensure correct assignment.

For illustrative purposes, selected examples will be presented in 3.2
and 3.3 as emojis rendered using the current operating system iOS 17.4
by Apple. This approach aims to accurately reflect how these emojis are
displayed in practice.

The experiment data and analyses are available at the address
https://osf.io/qhgx3/.

3.2. Results and Discussion 1: Altered Subject Positions

To analyze the response data, we categorized the obtained emoji se-
quences for each sentence into three result categories:
1. Consistent Subject Position: This category includes all emoji se-
quences that consist of at least one representation of the subject and
one additional sentence constituent, with the subject-representing
emoji(s) placed in the same position as the subject in the given sen-
tence.

2. Shifted Subject Position: This category encompasses all emoji se-
quences that consist of at least one representation of the subject
and one additional sentence constituent, but where the subject-
representing emoji(s) were placed in a different position than the
subject in the given sentence. This includes cases where the sequence
reflects an inverted structure compared to the given sentence, as well
as sequences where multiple sentence constituent positions do not
correspond to the order in the original sentence.

3. See https://unicode.org/emoji/charts/full-emoji-list.html
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3. Alternative Representation: This category covers all emoji sequences
that either represent only a single sentence constituent or do not in-
clude any emoji that can be interpreted as representing the subject of
the given sentence. This does not necessarily imply that the task in-
structions were ignored; in some cases, patterns can still be observed
for certain sentences.

It is important to note that, across all result categories, not all se-
quences align with the categorical grammar framework of Cohn, En-
gelen, and Schilperoord (2019). In many cases, assigning sequences to
a specific grammatical structure or distinguishing between patterns is
challenging. In the following sections, some of these representationswill
be further analyzed and interpreted to gain deeper insights into the ob-
served phenomena.

3.2.1. Subject-Predicate-Adverbial

After categorizing the responses into the three result categories, the fre-
quency distribution for sentences with the structure S-P-ADV is shown
in Figure 1, with the numbering of the sentences corresponding to that
in the questionnaire appendix. The addition of “i” denotes the inverted
form of the sentence with the structure ADV-P-S.

In this section, the results for these sentences will be presented, high-
lighting the frequency of emoji sequences that correspond to each of the
three categories (consistent subject position, shifted subject position,
and alternative representation). This analysis will provide insights into
how the participants adapted the sentence structure when translating it
into emojis, and whether the inversion of the sentence order affected the
placement of the subject-representing emojis.

It is immediately apparent that the subject position is mostly retained
with values between 77.8% and 90.9% when it appears at the beginning
of the given sentence. In contrast, when the sentence structure is in-
verted, the subject position is more frequently shifted, with values rang-
ing from 40.7% to 72.7%, although with greater variability in the data.
This significant difference between the data from the respective sen-
tences and their inverted variants indicates that participants did not
simply adhere to the syntax of the given sentence. Furthermore, it is
unlikely that the order within the emoji sequence was chosen entirely
arbitrarily; for example, shifting the subject position when it appears at
the beginning of the sentence occurs at a frequency of at most 7.4% in
Sentence 5, making this a rather exceptional case.

The frequency of alternative representations varies across sentences,
ranging from 4.5% to 29.6%. In line with the assertion that performance
does not directly reflect competence (Chomsky, 1985, p. 4), it cannot
be concluded from the present data that emojis inherently possess the
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Fig. 1. Results of Experiment 1a: Subject position in emoji sequences for S-P-ADV
(unmarked) and ADV-P-S (inverted, indicated by “i”) syntax

grammatical property of positioning the subject at the beginning of the
sentence. It is also plausible that participants oriented themselves to-
wards the more familiar syntax; after all, starting a main clause with the
subject is typical for German.

In the following, we will discuss several examples that illustrate the
responses obtained.

(1) Die Sonne scheint warm.
‘The sun shines warmly.’
a. (188/A1*)4
b. (106/A1*)
c. (140/A1)
d. (178/A1*)

Emoji sequences like those in (1a) and (1b) were frequently used, while
(1c) represents a single exception. A word-for-word “translation” was
therefore more likely to be rejected by participants, although it demon-
strates that such translations are not impossible. This contradicts the

4. The numbers identify the response in the raw data table described earlier. The
first part of the identifier indicates the number for the row in the document. The sec-
ond part provides the SoSci Survey question identifier, which can be found in the
headers of the respective columns. Emoji sequences that appear multiple times in the
responses (disregarding any skin tone modifications) are marked with an asterisk.
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assumption that a definite article cannot be represented by emojis
(Dürscheid and Siever, 2017).

In the inverted version of the sentence, examples (1a) and (1b), or the
same sequences in reverse order, were also observed. It is noteworthy
that, in addition to representing the subject, emojis were used to depict
the adverbial adjective warm, with the predicate being entirely omitted.
The meaning had to be inferred from the interaction of the two emojis.
This tendency can be observed for the other sentences as well.

Alternative representations, such as in (1d), include only a single sun
emoji. It is conceivable that such a representation was chosen because
the sun inherently has the properties of shining and radiating warmth.
Therefore, adhering to grammatical structures may be seen as unneces-
sary under certain conditions. This aligns with Pappert’s (2017) asser-
tion that emojis serve an economic function, simplifying communication by
reducing the need for complex syntactic constructions.

(2) Laut singt der Vogel.
‘Loudly sings the bird.’
a. (120/A2*)
b. (154/A2)

Larger differences in representation are observed in the results for sen-
tence 2i. The frequent combination of a speaker and musical notes, as
seen in (2a), suggests that, unlike in sentence 1, a combination of two
emojis (or even one) is insufficient to convey the meaning of the sen-
tence. This could be due to the fact that a sequence like (2b) may capture
the semantic features [+bird] and [+loud], but the melodic property of
singing is completely omitted—unlike with the sun, where even a single
emoji can evoke an associated property like warmth.

This highlights that some actions or properties require a more nu-
anced representation through emojis, as certain meanings (such as the
melody in singing) cannot be captured by basic visual signs. This sug-
gests that the representation of more complex or dynamic concepts may
necessitate the use of multiple emojis to fully convey the intended mes-
sage, as opposed to simpler concepts, which can often be represented
with a single emoji.

(3) Der Vogel singt laut.
‘The bird sings loudly.’

(82/B2)

The emoji sequence depicted in (3) is the only one where the bird
emoji is not congruently positioned at the beginning, following the sub-
ject position as in the original sentence. In addition to the repetition
of musical notes as a symbol for volume, the microphone can be inter-
preted as representing the predicate. We argue that this is not merely a



On the Linguistic Status of Emojis 75

positional shift of the subject based on grammatical properties. Rather,
the emojis have been arranged so that the bird directs its gaze toward
the microphone, and the musical notes visually originate from the mi-
crophone and fly away from the bird.

This raises a challenge in relation to the hierarchy established by
Cohn, Engelen, and Schilperoord (2019): Cohn, Engelen, and Schilpero-
ord (ibid.) emphasize that a one-unit grammar does notmean a single emoji
is used, but rather it can also applywhenmultiple emojis are used to cre-
ate a larger whole image. In principle, this applies here as well; however,
the repetition of themusical note emoji introduces a higher grammatical
categorywithin the linear grammar hierarchy. Onemight assume that by
embedding one category within another, the sequence as a whole would
be classified as an embedded sequence, representing the highest grammat-
ical category. However, a significant difference from the examples of
Cohn, Engelen, and Schilperoord (ibid.) lies in the fact that individual
sequences are not combined here. While the three musical note emojis
represent a repetition, they are not combined with a second grammati-
cal form, which consists of the microphone and bird emojis. Instead, the
whole image emerges only through the combination of all five emojis.

This suggests that a category above in the hierarchy does not neces-
sarily dominate or subsume a lower category. Additionally, this sequence
does not seem to follow higher grammatical structures, and it is likely
that no intention to form sentence constituents was present. The idea
that such a case, which lacks the recognition of basic grammatical struc-
tures, would fall into the same embedded sequencing category as the
examples from Cohn, Engelen, and Schilperoord (ibid.), where funda-
mental grammatical structures are identifiable, seems inadequate to us.

This analysis challenges the application of Cohn et al.’s hierarchical
model to more complex and abstract emoji sequences, as the ordering
and usage of emojis here suggest a different type of syntactic or visual
organization that does not strictly adhere to the basic structures identi-
fied in their framework.

(4) Schnell fährt das Auto.
‘Fast drives the car.’
a. (104/B3*)
b. (78/B3*)

Sentence 3i shows the lowest frequency of 9.1% for maintaining the sub-
ject position. Emoji sequences such as those shown in (4), represent the
largest share of the depiction. The same holds true for sentence 3. Here,
as in example (3), it is evident that the sequence is less oriented toward
sentence constituents and more toward a pictorial representation, fol-
lowing a one-unit grammar (ibid.), in order to form an affixation. Once again,
the direction of the car and dust cloud emojis plays a significant role. It
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can be assumed that if thesewere presentedmirror-reversed in the emoji
keyboard, the preferred representationwould likely involve an inversion
of the sequences in (4).

Thiswould also highlight a feature that continues to distinguish emo-
jis from writing systems of both alphabetic and logographic languages.
We suspect that a mirror image of German alphabetic characters would
disrupt reading flow at least to some degree and doubt that such a rever-
sal would result in a preference for the syntactic swapping of individual
words or morphemes within a sentence.

In contrast to written language, where the inversion of individual
characters or words can lead to confusion or difficulty in reading, the
flexibility and potential for visual play in emoji sequences do not seem
to face the same constraints. Emojis function in a more visual or picto-
rial domainwhere spatial and directional manipulations of symbols may
not necessarily disrupt comprehension.

(5) Schnell fährt das Auto.
‘Fast drives the car.’

(74/B3*)
(6) Hoch fliegt das Flugzeug.

‘High flies the airplane.’
(264/A4*)

Examples (5) and (6), consistent with (1d), show that a single emoji can
also be perceived as sufficient when it semantically encompasses all the
properties conveyed in the sentence. For example, a race car is attributed
the inherent property [+can drive fast], while an airplane is attributed
the property [+flies high].

We would also like to argue that the proportion of other representa-
tions for sentences 4 and 4i is relatively high due to the use of a single
airplane emoji, as the design of the emoji visually emphasizes the direc-
tion of flight. This visual cue reinforces the semantic message of the sen-
tence, which may make a single emoji appear adequate to represent the
entire meaning. By highlighting specific characteristics such as speed
or altitude, the emoji can provide a complete, contextually appropriate
“translation” of the sentence, thereby making it a functional representa-
tion in the context of emoji-based communication.

3.2.2. Subject-Predicate-Object

Following the division into the three result categories, the frequency dis-
tribution for sentences with the structure S-P-O is shown in Figure 2,
where the sentence numbering corresponds to the one in the question-
naire in the appendix. The suffix “i” represents the inverted form of the
sentence with the structure O-P-S.
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Fig. 2. Results of Experiment 1b: Subject position in emoji sequences for S-P-O
(unmarked) and O-P-S (i = inverted) syntax

In comparison with the results from 3.2.1, it is evident that the pro-
portion of other representations, often involving just a single emoji, is
significantly lower, with values ranging from 0% to 3.7%. This supports
my assumption that these were not chosen arbitrarily or due to igno-
rance, but rather because the adverbial adjective describes an inherent
property of the subject and does not necessarily require its own rep-
resentation. However, for sentences with an object, it seems necessary
to provide an explicit representation of the object. It is observed that
the alignment of the subject position, on average, exceeds 90% when
the subject is at the beginning of the sentence, indicating that there is
neither significant rejection nor arbitrary changes in this case. For sen-
tences where the subject is at the end of the sentence, there is nearly a
50%-50% ratio on average when it comes to maintaining the subject po-
sition, with only minor variability. This initially suggests that there is
no consensus on a fixed rule. However, an analysis of selected examples
in 3.2.1 showed that the syntax does not necessarily depend on the order
of the sentence components. Rather, the direction of representation of
certain emojis, such as in examples (3) or (4), seems to have a significant
influence on the participants’ choices.

(7) Die Hummel liebt Blumen.
‘The bumblebee loves flowers.’
a. (228/A9)
b. (162/A9)
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The fact that the direction of emojis is not a sufficient factor in deter-
mining sentence syntax is demonstrated by examples (7). In these cases,
the bee emoji explicitly looks away from the flower emojis, yet 88.9% of
participants chose a syntactically comparable representation. It is also
notable that for the word flowers, in most cases, a semantic list (Cohn, En-
gelen, and Schilperoord, 2019) was created, which was embedded into
the syntactic structure of the sentence. This highlights both the plural
and the playful component of the selection of flower emojis, whichPap-
pert (2017) refers to as a ludic function. A bee emoji facing the flower emojis
could be congruent with the syntax in sentence 9i. However, 50% of par-
ticipants chose against this and created a sequence comparable to those
in (7). This value is similar to the other sentences 6–10, even though no
emoji was chosen that is oriented to the left or right.

Wewould like to propose the hypothesis that the direction of an emoji
is particularly important when an affixation like in (4) is formed, but
less so when a whole image is created. This could be tested in future
experiments.

(8) DerWeihnachtsmann liest ein Buch.
‘Santa Claus reads a book.’
a. (74/B8*)
b. (254/B8)

Here, the emoji sequence in (8a) exemplifies the most frequently cho-
sen representation of the sentence (68.2%, regardless of skin tone mod-
ification). Compared to (8b), the only instance in which the subject’s
position was swapped, the representation of the predicate is omitted.
This may be related to the fact that an open-book emoji intuitively as-
sociates with reading, and also that the eye emoji directs its gaze to the
left. To avoid ambiguity, the subject position would need to be swapped,
which is less preferred. In sentence 8i, a representation with the eye
emoji while maintaining the subject position appears only 14.8% of the
time, suggesting that economy, driven by semantic properties, likely has
a stronger influence on the responses.

(9) Das Baby malt einen Regenbogen.
‘The baby paints a rainbow.’
a. (232/B10*)
b. (230/B10*)
c. (216/B10*)

The various examples for sentence 10 show an orientation toward the
syntactic structure of S-P-O. In only 9.1% of the cases, a representation of
the predicatewas omitted. It is assumed that a rainbowdoes not have the
prototypical property of being painted, which makes a representation
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smaller than a three-unit sequence (Cohn, Engelen, and Schilperoord, 2019)
less preferable for reasons of economy.

In conclusion, it can be stated that, in the context of the experiment,
emoji sequences appeared at all levels of the hierarchy established by
Cohn, Engelen, and Schilperoord (ibid.). A preference based on sentence
structure could not be demonstrated. Rather, specific properties, such
as gaze direction and prototypical associations, seem to be decisive for
the “translation” of the sentence. Considering the guidelines given for
future emojis, the establishment of emojis as an independent language
seems highly unlikely and currently unattainable. However, their use as
lexical units is possible, as argued by Dürscheid and Siever (2017) and
Weissman, Engelen, Baas, and Cohn (2023), among others. In response
to the initial research question, we can conclude that a subject position
at the beginning of the emoji sequence is preferred when it aligns with
the subject position in the given sentence. When the subject is at the
end of the sentence, no clear preference is observed for the subject’s po-
sition within the response. Maintaining and shifting the position of the
subject-representing emoji are equally preferred or rejected on average.
Some emoji sequences exist at a lower grammatical level, which does not
follow the formation of sentence constituents. The semiotic qualities of
the emojis also influence the order within a sequence. We therefore as-
sume that emojis provide incentives to forgo strictly fixed grammatical
structures.

3.3. Results and Discussion of Exp. 2: Semiotics of Activity Emojis

As already shown in the examples from 3.2, the semiotic quality of emo-
jis is not easily determined. Examples (1d), (5), and (6) demonstrate that
an emoji can represent not only individual concepts of entities but also
entire propositions, although this may not necessarily be the preferred
application. For activity emojis depicting people (hereafter abbreviated
as HAEs), it is conceivable that these can represent an entire proposi-
tion or only the activity itself. It is also important to examine whether
this changes in different contexts, thus suggesting that a semiotic asso-
ciation (in the sense of Saussure, 2011) juncts to represent an activity
(Grosz, Kaiser, and Pierini, 2021); however, no distinction is made be-
tweenHAEs and emojis from the separate category of “activities” that do
not depict people.The results of this study can build upon these findings.

For the analysis of the response data, we have divided them into the
following result categories:

1. Subject Representation + Human Activity Emoji: This category in-
cludes all emoji sequences that, in addition to an HAE, contain at
least one other emoji representing the agent of the sentence.
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2. Subject Representation + Other Representation of Activity: This in-
cludes all emoji sequences that feature at least one emoji representing
the agent (hereafter abbreviated as AR) and at least one other emoji
depicting the activity, without using an HAE.

3. Only Human Activity Emoji: This category, which only appears in
3.3.1, includes emoji sequences consisting solely of a single HAE or
its repetition.

4. Other Representation: Emoji sequences that do not include an HAE
and either lack a representation of the agent or the activity are cate-
gorized here.

Occasionally, therewere responses that did not adhere to the task and
included additional characters alongside emojis. These are categorized
as “not adhering to the task” and are included in the graphs in 3.3.1 and
3.3.2.

3.3.1. Humans as Agents

Based on the classification into the previously mentioned result cate-
gories, the frequency distribution for sentence variants with a human
agent is shown in Figure 3, with the sentence numbering corresponding
to the questionnaire in the appendix.

Fig. 3. Results of Experiment 2a: Usage of human representing activity emojis in
sentences with human agents
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Significant deviations in the frequencies of the first three result cat-
egories are observed. The frequency of an emoji sequence with AR
(Agent Representation) combined with at least one HAE (Human Ac-
tivity Emoji) averages 39.2%, with a considerable spread ranging from
14.8% to 70.4%. A comparable average is observed for the representa-
tion using only HAE, at 38.2%, although this category exhibits an even
larger spread, with values ranging from 13.6% to 72.7%. A lower average
of 19.8% is found for emoji sequenceswith AR combinedwith a represen-
tation of the activitywithout HAE, with values ranging from 0 to 54.5%.
Other result categories appear only rarely,with amaximumvalue of 9.1%
for sentence 10. Notably, despite the significant spread in the values, cer-
tain pairs exhibit very similar frequency distributions, such as sentences
11 and 14, sentences 13 and 15, and sentences 16 and 18. We will now dis-
cuss in the following examples whether patterns can be identified that
point to underlying reasons for these results.

(10) Peter schwimmt.
‘Peter swims.’
a. (74/B16*)
b. (160/B16)

The most common representation of sentence 16 is shown in (10a). The
chosen HAE depicts a male person, interpreted as Peter, wearing a swim
cap and goggles, engaged in a swimming motion in the water. Less fre-
quent representations, such as in (10b), place an emoji before the HAE,
which could be interpreted as indicating gender or suggesting that the
person depicted is not arbitrary. An identical distribution of responses
based on the selected result categories is also found in the following sen-
tence:

(11) Laura tanzt.
‘Laura dances.’
a. (258/B18*)
b. (70/B18)

The HAE chosen in (11a) depicts a female person, interpreted as Laura,
wearing a flowing dress and adopting a dancing posture. Less frequent
emoji sequences with a preceding AR also appear, which might indicate
gender or a specified name. Sentences 16 and 18 share a distinctive fea-
ture compared to all other sentences: both consist solely of a subject and
predicate, each represented by a single word. The highest response rate
with exclusive HAE representation, 72.7%, in sentences 16 and 18 corre-
lates with this structure.

(12) Die Frau jongliert.
‘The woman juggles.’
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a. (78/B12*)
b. (216/B12*)

While the representation of sentence 12 through a combination of AR
and HAE, as seen in (12a), is preferred with a frequency of 55%, the rep-
resentation through a single HAE, at 45%, is similarly common. Since
the juggler emoji marks the feminine attribute primarily through the
hair partially covered by the hat—unlike the dancer emoji in (11)—this
might explain the slightly higher rate of the additional AR. It is also
worth noting that there are no responses to sentences 12, 16, and 18with-
out an HAE.

(13) Die Frau fährt Ski.
‘The woman skis.’
a. (104/B14*)
b. (236/B14*)
c. (222/B14*)

Sentence 14 contains the same subject as sentence 12 and shows simi-
lar results, but with a significantly differing frequency distribution. The
representation with a single HAE, as seen in (13b), is only present in
18.2% of cases, while emoji sequences consisting of both AR and HAE
are present in 68.2%. Another representation of the activity using the
ski equipment emoji is also relatively rare, at 13.6%. This suggests that
an HAE is used to represent the activity itself, and additional AR is only
necessarywhen certain properties, such as gender, are not identifiable in
theHAE.The skiHAE in (13a) and (13b), unlike the previously discussed
HAEs, is not available in multiple gender-marked variants in Unicode,
which may explain the high rate of emoji sequences as in (13a).

At this point, we would like to reject the previously made assumption
that an AR placed before the HAE functions to distinguish between spe-
cific and unspecified entities. While Peter and Laura in sentences 16 and
18 are more specific than the woman in sentences 12 and 14, a preceding
AR occurs significantly more often in sentences 12 and 14, suggesting it
can be interpreted more as a gender marker.

(14) Leon und Florian halten Händchen.
‘Leon and Florian hold hands.’
a. (84/A17*)
b. (180/A17*)
c. (246/A17)

Sentence 17 exhibits a unique frequency distribution of result categories.
While 37% of the emoji sequences are represented by a single HAE as in
(14a), only 14.8% consist of a combination of HAE and AR. The largest
proportion, 44.4%, consists of a combination of emojis representing the
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agent and a representation of the activity without HAE, as seen in (14b)
and (14c). It is difficult to clearly identify the reasons for this. Repre-
sentations similar to (14b) for ”Leon” and ”Florian” always feature the
same emoji, which excludes a more precise differentiation of the indi-
viduals through distinct heads. Perhaps the depiction of multiple people
within one emoji also leads to this being less recognized and therefore
less frequently chosen. Example (14c) forms an interesting exception,
where the names are presented playfully: the lion emoji for ”Leo” and
the tulip emoji for ”Florian”, likely referencing the word ”Flora.” This is
an example of wordplay, as addressed by Gawne and McCulloch (2019),
the meaning ofwhich can be difficult, if not impossible, to disambiguate
without context.

In general, it is noticeable that the depiction of specific names posed
problems. The appearance of sequences like (14c) shows that partici-
pants did not consider this aspect irrelevant. For sentences 17, 19, and 20,
there are even occasional responses in which the task was ignored, and
nameswerewritten outwithout emojis. This illustrates that not only can
complex concepts not be adequately expressed with emojis (Dürscheid
and Siever, 2017), but even very simple yet specific ideas cannot always
be properly conveyed. Therefore, the experiment, as alreadymentioned,
adapted the sentences mostly to the available visual vocabulary (Cohn,
Engelen, and Schilperoord, 2019) of emojis.

3.3.2. Animals as Agents

In order to assess the semiotic qualities of HAEs, it is essential to first
examine and discuss the results of their use in a context without hu-
man agents. To confirm the hypothesis that HAEs can denote activity
independently of a human context, it would be expected that these ap-
pear with similar frequency in the manipulated sentence variants 11t to
20t. For sentence variants with animal agents, the frequency distribu-
tion shown in Figure 4 applies, with the sentence numbering matching
that in the questionnaire in the appendix. The suffix “t” marks that these
are the manipulated versions of the sentences without the addition, in
which the agent has been replaced by an animal.

Even when humans are replaced by animals as agents, no consistent
pattern emerges regarding the form of representation. Combinations of
AR and HAE are usedwith great variation, ranging from 14.8% to 88.9%,
while combinations of AR and representation of the activity without
HAE occur with frequencies ranging from 11.1% to 95.5%. A represen-
tation consisting solely of HAE does not occur at all. This observation is
consistent with the earlier conclusion that an emoji is considered nec-
essary as an additional AR if it expresses important properties that are
not made visible by the HAE.
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Fig. 4. Results of Experiment 2b: Usage of human representing activity emojis
in sentences with animal agents

Unlike the variants with human context, similar correlations of fre-
quency distributions between the sentences 11t and 14t, 13t and 15t, and
16t and 18t cannot be observed. According to my assumption that the
correlation between the values of sentences 16 and 18 is due to these
sentences being the only ones consisting of just two words, it explains
why this correlation is absent in sentences 16t and 18t. However, with
animals as agents, similar frequency distributions can be found in sen-
tence pairs 11t and 13t, 12t and 18t, as well as 19t and 20t. A more detailed
examination of individual representations follows.

(15) Der Affe jongliert.
‘The monkey juggles.’
a. (204/A12*)
b. (124/A12)

Example (15a) shows the most frequently given response. Here, the
monkey emoji is used as an AR combined with the HAE of the juggling
person, which was also used in sentence 12. A plausible assumption is
that the HAE is lexically located as a sign for juggling, independent of the
human characteristic. In contrast, emoji sequences consisting of AR and
representation of the activity without HAE, such as in (15b), were used
only 11.1% of the time, and present a greater challenge for disambigua-
tion: without context, it is unlikely that this sequence could be traced
back to the provided sentence.
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(16) Der Bär tanzt.
‘The bear dances.’
a. (144/A18)
b. (218/A18)
c. (184/A18)

Sentence 18t, with a frequency distribution similar to that of sentence
12t, shows the same pattern with the frequent responses seen in (16a)
and (16b): the bear as AR and the dancing people as HAE. The fact
that both male and female HAEs occur (and, unlike the juggling person,
there is no gender-neutral emoji for this) supports the assumption that
the HAE is lexically located for performing the activity. No correlation
can be observed between the perceived gender of the dance emoji and
the gender provided by the participant who used the emoji in their re-
sponse. This also reflects the results of Grosz, Kaiser, and Pierini (2021),
who view activity emojis as free adjuncts, unlike face emojis, which are
not primarily used for referencing the self. Among the less frequent re-
sponses (11.1%) is (16c). Here, similar to (15b), a context-sensitive visual
puzzle is created, where it is assumed that disambiguation is made more
difficult.

(17) Das Känguru spielt Basketball.
‘The kangaroo plays basketball.’
a. (160/B19*)
b. (71/B19*)

A significantly different frequency distribution can be observed in sen-
tence 19t. Emoji sequences consisting of AR and HAE, as shown in (17a),
make up only 18.2% of the responses. The variant, preferred with 81.2%,
consisting of AR and representation of the activity without HAE, is
shown in (17b), the most frequent response. Since this distribution is not
an exception, the question arises as to why the use of the HAE is more
often avoided. One possible reason we see is that the representation in
(17b) does not, like in (15b) or (16c), lead to difficult disambiguation.
We suspect that the prototypical association with a basketball is play-
ing, whereas the ballet shoes depicted in (16c), as clothing, first make
one think of putting them on or wearing them. And although pins are
frequently used with balls for juggling, the ball in the bowling emoji in
(15b) more strongly evokes the association with bowling. For sentence
19t, it could even be argued that the use of the HAE in (17a) leads to
more difficulty in disambiguating, as a joint game involving a kangaroo
and a human could be interpreted. The high rate of HAE in individual
sentences in the animal context may therefore not be due to a semiotic
connection between the HAE and the activity, but rather a lack of alter-
native available emojis. However, this also suggests an attempt to use
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emojis as lexical units and to avoid constructing picture puzzles that are
more difficult to disambiguate.

(18) Die Katze fährt Boot.
‘The cat goes boating.’
a. (178/A20*)
b. (204/A20)
c. (144/A20)

The responses to sentence 20t paint a picture similar to that of sen-
tence 19t: The representation with 14.8% preference, consisting of AR
and HAE, as shown in (18a), suggests that disambiguation is made more
difficult. A cat riding a boat is not a typical event; thus, the HAE in (18a)
can also be interpreted as a human riding away from the cat in the boat.
This assumption is reinforced by the interpretation of other responses:
Unlike the responses for most of the other sentences, many participants
seemed to feel that a representation with just two emojis, as shown in
(18b), was not sufficient. Various emoji sequences, exemplified in (18c),
contain a third emoji to connect the cat and boat emojis, as this is pre-
sumably necessary to express the relationship between ”cat” and ”boat.”

(19) Der Hase fährt Ski.
‘The rabbit skis.’
a. (158/A14*)
b. (106/A14*)

A frequency distribution with values of 70.4% for the combination of AR
and HAE and 29.6% for the combination of AR and a representation of
the activity without HAE is observed for sentence 14t. It can be argued
that the emoji sequences shown in (19) have a similar degree of difficulty
in their disambiguation. While the HAE in relation to the rabbit emoji
can be interpreted as an activity performed by the rabbit, an interpre-
tation is also possible where a human skier is approaching the rabbit.
Similarly, a prototypical association with the ski equipment could be
that the rabbit is merely wearing it or is depicted as moving away from
it due to the direction of its gaze. In this case, a preferred representation
could be due to individual aesthetic reasons. The most frequent answers
for sentences 15t and 16t show a similar pattern. Here too, a representa-
tion with HAE is more commonly seen, but a significant portion, 36.4%
and 29.6%, respectively, of answers use AR and non-HAE to represent
the activity. Answers from both result categories seem equally plausible
(see the full data as referenced in 3.1.3), and the exact reasons for the
preference can also be attributed to immeasurable factors.

In conclusion, it can be stated that HAEs are frequently used both
in animal and human contexts. When characteristics such as gender
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marked by a word are visually represented by an HAE, it is seen as
unnecessary to form an emoji sequence with an additional AR. In the
case of animals as the agent of the sentence, the frequency of HAE us-
age varies depending on the alternative emojis available. There are cases
where an HAE either complicates, simplifies, or likely reflects individ-
ual preference for non-measurable reasons. Arguments for considering
emojis as an independent language based on langue and parole (Arafah
and Hasyim, 2019; Duque, 2018) therefore seem inadequate and lin-
guistically unsustainable. Regarding the initial question about HAEs,we
conclude the following: Clearly defined semiotic relations for HAEs in
human contexts can be assumed initially, but when the human charac-
teristic of the agent changes, they can no longer be clearly proven. The
individual visual properties of the HAE, as well as prototypical associa-
tions between agent and activity, influence the representation of emoji
sequences.

3.4. Limitations

Limitations arise from the nature of the study. It must be considered
that the results of such an experimental, anonymous online study can-
not provide sufficient evidence for generalizable rules regarding the use
of emojis. A larger sample size or deliberately selected groups, sorting
participants by age, gender, or other demographic data, may yield dif-
ferent results. Due to the anonymous online format, it cannot be ruled
out that an individual may have participated multiple times. The in-
terpretation of the results is not always clear-cut, and the reasons for
the use of certain emojis and their order in the sequence may vary in-
dividually due to immeasurable factors. In contrast to ASCII symbols
like emoticons, emojis are not arbitrarily composed products ofmultiple
characters (cf. Pavalanathan and Eisenstein, 2016), but rather individual
characters that are firmly embedded in the operating system. Since 2010,
they have been encoded in the international character standard Unicode.
The representation varies depending on the chosen software, analogous
to the use of different fonts, in which the fundamental characteristics of
an emoji are maintained so that it can be as easily recognizable as pos-
sible. However, it cannot be ruled out that the platform-specific display
of individual emojis might be a small but not entirely negligible factor
in their disambiguation and, thus, in their usage. It is also assumed that
not all participants are familiar with all emojis. Since Unicode provides
a four-digit number of emojis on the keyboard, unexpected or shorter
sequences may arise for motivational or time-related reasons. Finally, it
should be noted that a different selection of sentences could potentially
produce different results. Further experiments of this kind are necessary
for verification.
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4. Conclusion

The aim of this work was to investigate the current linguistic status
of emojis. Specifically, we investigated their grammatical and semiotic
qualities. Cohn, Engelen, and Schilperoord (2019) established a hierar-
chy of grammatical complexity for emoji sequences, which shows that
basic grammatical constructions are possible. Recent research byWeiss-
man, Engelen, Baas, and Cohn (2023) further indicates that emojis are
currently undergoing a lexicalization process, correlatingwith their cat-
egory, making context-independent disambiguation more difficult to al-
most impossible. The empirical studywe conducted followed up on this
research and asked participants to convert given simple sentences into
emoji sequences using free text input in randomized order.Two research
questionswith ten sentences eachwere examined. A random assignment
into two groups with manipulated sentence variants produced measur-
able results.

Experiment 1 investigated how the subject position in the given ver-
bal sentence affects the position of the subject-representing emoji in the
emoji sequence. The results showed that the subject position is largely
preserved when the subject is at the beginning of the sentence (canon-
ical subject-predicate order). When the subject is placed at the end of
the sentence (inverse predicate subject order), participants deviate from
the structure as often as they adhere to it. The variability between the
results of individual sentences is small. The hypothesis that emojis al-
ready follow established grammatical structures is therefore unlikely.
Additionally, many emoji responses did not adhere to the hierarchical
construction of phrases but formed sequences that can be classified at a
lower grammatical level. Visual factors such as the direction of an emoji’s
gaze influenced its position within the sequence. Prototypical associa-
tions with the entity represented by the emojis also influenced the de-
cision about whether an (additional) emoji was necessary to represent a
word from the original sentence. A notably frequent occurrence was the
lack of a separate representation of the predicate.

Experiment 2 examined the semiotic qualities of human-representing
activity emojis (HAE). The results primarily found a preferred selection
of HAE in the human context. When the agent is assigned an impor-
tant characteristic, such as gender, which is not visually represented by
the HAE, participants added additional emojis to represent the agent.
When the agent is replaced by an animal, the frequency distribution of
emoji sequence types deviates from those of the sentence variants with a
human agent. The use of HAE is rejected when an alternative represen-
tation of the activity (e.g., a salient object) leads to less difficulty in dis-
ambiguating the sequence. Again, individual visual properties of emojis,
as well as prototypical associationswith the entities they represent, have
an influence.
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Our results show that while it is possible to represent simple sentence
meanings purely with emojis, these representations show little struc-
ture and systematicity, and are often either dependent on the underly-
ing (textual) sentence before translation, or mere depictions of the de-
scribed situation. Importantly, visual characteristics of the emoji char-
acters, such as their spatial orientation and whether certain properties
are visually salient or not, are sometimes more significant for emojis’ use
in our participants’ translations than any abstract ‘meaning’ assigned to
them via their official names. It thus seems that the majority of our par-
ticipants select (object and activity) emojis not as a ‘writing system’ for
linguistic output (evenwhen asked to do so in an experiment), but rather
via distinct processes.
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A. Demographic Information of Participants
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B. Experiment 1: Items

ID Syntax Sentence Group SoSci

1 S-P-ADV Die Sonne scheint warm. A A1
1i ADV-P-S Warm scheint die Sonne. B B1

‘The sun shines warmly.’

2 S-P-ADV Der Vogel singt laut. B B2
2i ADV-P-S Laut singt der Vogel. A A2

‘The bird sings loudly.’

3 S-P-ADV Das Auto fährt schnell. A A3
3i ADV-P-S Schnell fährt das Auto. B B3

‘The car drives fast.’

4 S-P-ADV Das Flugzeug fliegt hoch. B B4
4i ADV-P-S Hoch fliegt das Flugzeug. A A4

‘The plane flies high.’

5 S-P-ADV Die Ampel leuchtet grün. A A5
5i ADV-P-S Grün leuchtet die Ampel. B B5

‘The traffic light shows green.’

6 S-P-O Der Lehrer spielt Fußball. B B6
6i O-P-S Fußball spielt der Lehrer. A A6

‘The teacher plays soccer.’

7 S-P-O Die Königin isst Sushi. A A7
7i O-P-S Sushi isst die Königin. B B7

‘The queen eats sushi.’

8 S-P-O DerWeihnachtsmann liest ein Buch. B B8
8i O-P-S Ein Buch liest derWeihnachtsmann. A A8

‘Santa reads a book.’

9 S-P-O Die Hummel liebt Blumen. A A9
9i O-P-S Blumen liebt die Hummel. B B9

‘The bumblebee likes flowers.’

10 S-P-O Das Baby malt einen Regenbogen. B B10
10i O-P-S Einen Regenbogen malt das Baby. A A10

‘The baby paints a rainbow.’
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C. Experiment 2: Items

ID Agent Sentence Grp SoSci

11 human Der Mann liegt im Bett. A A11
11t animal Der Hund liegt im Bett. B B11

‘The man/dog lies in bed.’

12 human Die Frau jongliert. B B12
12t animal Der Affe jongliert. A A12

‘The woman/monkey juggles.’

13 human Der Mann fährt Fahrrad. A A13
13t animal Das Eichhörnchen fährt Fahrrad. B B13

‘The man/squirrel rides a bicycle.’

14 human Die Frau fährt Ski. B B14
14t animal Der Hase fährt Ski. A A14

‘The woman/bunny skis.’

15 human Die Frau spielt Golf. A A15
15t animal Der Pinguin spielt Golf. B B15

‘The woman/penguin plays golf.’

16 human Peter schwimmt. B B16
16t animal Der Fisch schwimmt. A A16

‘Peter/The fish swims.’

17 human Leon und Florian halten Händchen. A A17
17t animal Die Otter halten Händchen. B B17

‘Leon and Florian/The otters hold hands.’

18 human Laura tanzt. B B18
18t animal Der Bär tanzt. A A18

‘Laura/The bear dances.’

19 human Mehmet spielt Basketball. A A19
19t animal Das Känguru spielt Basketball. B B19

‘Mehmet/The kangaroo plays basketball.’

20 human Aylin fährt Boot. B B20
20t animal Die Katze fährt Boot. A A20

‘Aylin/The cat rides in a boat.’
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1. Introduction

Ever since Sampson (1985), it has been recognized that many writ-
ing systems contain featural elements, representing units lower on the
phonological hierarchy than the phoneme.While most researchers agree
that featurality does not warrant a separate typological class because no
writing system is entirely and exclusively featural, it is increasingly ac-
knowledged that featurality is widespread.

The newly emerging orthographies of African minority languages
are no exception, yet featurality has received very little attention in the
Africanist literature and is not generally taught in training programs
for those engaged in orthography development. A twin article (Roberts
in press) surveys multilinear featurality in Africa, i.e., the use of super-
script and subscript diacritics to represent phonological features. The
present article is a parallel survey focusing on linear featurality, that is,
the weaving of featural elements into the tissue of the segmental tier.
This tier is largely reserved for consonants and vowels, but the survey
will also include the apostrophe <’> and saltillo <ˈ> on the grounds that
these symbols, unlike diacritics, occupy the same position as the vertical
extensions in the letters <b d h k l>. Moreover, featurality researchers of-
ten dissect character stroke patterns, which would lead them to regard,
for example, the upper hooks on the implosive letters <ɓ ɗ ʄ ɠ> as fea-
tural. This survey, in contrast, is limited to discrete whole characters,
finding plenty to report on the featural use of these without adjusting
the lens more finely.

The methodology involved a detailed perusal of published and un-
published sources in 180 languages, which inevitably means that some
countries are better represented than others. Fieldworkers in Cameroon
and South Sudan have been particularly diligent in leaving an online
paper trail. To help correct any geographical imbalance, I also accessed
overviews such as Omniglot, the online encyclopedia of writing systems
(Ager 1998-2024) and UNESCO’s Alphabets ofAfrica (Hartell 1993). These,
like many other individual sources, do not always clearly distinguish be-
tween existing practice and proposals, so the present survey makes no
attempt to do so either. The survey also avoids reference to historical
orthographies, although occasional mention will be made of recent re-
forms. Neither is there any attempt to assess the effectiveness in terms
of literacy outcomes of the different featural strategies identified. The
aim is more fundamental than this: to identify which phonological fea-
tures are represented linearly, the degree of systematicity, and any areal
tendencies.

This paper assumes that its intended readership is more likely to rec-
ognize phonetic labels (e.g., dental) than their more opaque counter-
parts (e.g., +coronal +anterior -distributed) as employed in Fea-
ture Geometry (Broe 1992; Clements 1985). This more flexible approach
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also permits the survey to embrace phenomena such as rhotics, whose
featural status is contested (Wiese 2011).

Orthographic data is presented between <chevrons> and phonemic
data between /slashes/. The latter largely follow IPA, except that the
palatal approximant is transcribed /y/ following the Africanist tradition.
Transcription conventions in the sources have occasionally been slightly
regularized for ease of comparison.

2. The Survey

2.1. GeographicallyWidespread Featurality

The survey begins by identifying five of the most frequent and
widespread cases of linear featurality in Roman script African or-
thographies: nasal vowels (Section 2.1.1), prenasalized consonants (Sec-
tion 2.1.2), labialized and palatalized consonants (Section 2.1.3), glottal
consonants (Section 2.1.4), and lateral consonants (Section 2.1.5).

2.1.1. Nasal Vowels

The marking of nasal vowels with a postposed letter <n> is probably the
most common and widespread case of linear featurality in African lan-
guages (Table 1, and see also Table 39). Much less frequently, postposed
<ŋ> (Table 2) and <h> (Table 3) are also attested.

2.1.2. Prenasalized Consonants

The widespread strategy of representing prenasalized consonants with
<m> preceding bilabial consonants and <n> elsewhere (Schroeder 2008,
30-31) is not strictly featural because -bilabial is not a natural class of
sounds. However, many languages do represent prenasalization featu-
rally, using <m> for labial consonants (Table 4), <n> for coronal conso-
nants (Table 5), and <ŋ> for dorsal consonants (Table 6, and see also Ta-
bles 36, 38, and 42). Depending on the language, labio-velars participate
in either the labial or dorsal graphic series, and labio-dentals in either
the labial or coronal graphic series, either choice being justifiable from a
featural point of view. Sources do not always clearly distinguish between
prenasalised consonants /nC/ and preconsonantal syllabic nasals /N̩C/;
Tables 4–6 present them as units for the sake of regularity. Either way,
the orthographic representations are featural.

Another featural strategy is to represent all prenasalized consonants,
irrespective of their place of articulation, with a preposed <n>. In such
cases, only the manner, not the place of articulation, is specified featu-
rally (Table 7).
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Table 1. Representation of nasal vowels with postposed <n>

Speech Writing Language Family Country Citation

/Ṽ/ <Vn> Aja Kwa Benin (CISOLA 2010,
8-9)

Glui Kx’a Botswana (Omniglot)
Cerma Gur Burkina

Faso
(Hartell 1993,
42)

Tikar Bantoid Cameroon (Hartell 1993,
93)

Nzakara Ubangi Central
African
Republic

(ACATBA 2005,
48)

Niaboua Kru Côte
d’Ivoire

(Hartell 1993,
140, 165, 194)

Nafaanra Gur Ghana
Grebo Kru Liberia
Soninke Mande Mali (Drame & Hagg

2020, 11)
Ososo Edoid Nigeria (Legbeti 2016,

89)
Anufɔ Kwa Togo (Hartell 1993,

282)

Table 2. Representation of nasal vowels with postposed <ŋ>

/Ṽ/ <Vŋ> Gwama Nilo-Saharan
Satellite

Ethiopia (Hellenthal & Kutsch
Lojenga 2011, 8)

Lama Gur Togo (Hartell 1993, 289)

Table 3. Representation of nasal vowels with postposed <h>

/Ṽ/ <Vh> Mo Gur Ghana (Hartell 1993, 164, 167)
Vagala

2.1.3. Labialized and palatalized consonants

Labialization and palatalization are extremely common in African lan-
guages, and are especially prolific in Cameroon and Nigeria. These fea-
tures are usually represented with the rather obvious strategy of post-
posed <w y> respectively (Table 8). See also Section 2.3, Tables 36–38.
Many other African languages have only labialization, but I am unaware
of any that only have palatalization.

Alternative featural strategies, which to my knowledge are confined
to Cameroon and South Sudan, represent labialization and palataliza-
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Table 4. Representation of prenasalized labial consonants with preposed <m>

/mb m͡ŋg͡b
ɱf mpf
mbv mm/

<mb mgb
mf mpf
mbv mm>

Isu Grassfields Cameroon (Anderson 2014, 5)

/mb ɱv/ <mb mv> Budu Bantu DR Congo (Bamata 1997, 2)
/mb ɱf
ɱv/

<mb mf
mv>

Yilumbu Gabon (Hubert &
Mavoungou 2010,
183)

/mp mb
m͡ŋk͡p
m͡ŋg͡b mɸ
mβ ɱf ɱv
mm/

<mp mb
mkp
mgb mph
mbhmfmv
mm>

Mbembe Cross River Nigeria (Barnwell ms, 5)

/mp mb/ <mp mb> Ngando Bantu Central
African
Republic

(Murrell 2020, 4-5)

/mb ŋ͡mg͡b
ɱv/

<mb mgb
mv>

Ma’di C Sudanic S Sudan (Kilpatrick 2004,
89-90)

/mp mb/ <mp mb> Gusilay Atlantic Senegal (Diatta 2013, 3, 7)
/mb m͡ŋg͡b
ɱv/

<mb mgb
mv>

Lugbariti C Sudanic Uganda (Anonymous ms, 5)

Table 5. Representation of prenasalized coronal consonants with preposed <n>

/nd ns nz
nd͡ʒ nl ɲy/

<nd ns nz
nj nl ny>

Bakoko Bantu Cameroon (Njeck &
Anderson
2010, 4)

/nd ɲd͡ʒ/ <nd nj> Massalit Nilo-Saharan
Maban

Chad (Prinz ms, 3)

/nd nz
nt͡s nd͡z/

<nd nz
nts ndz>

Yilumbu Bantu Gabon (Hubert &
Mavoungou
2010, 183)

/nd nz ɲɟ/ <nd nz nj> Jur Modo C Sudanic S Sudan (Hall & Hall
2004, 81-82)

Table 6. Representation of prenasalized dorsal consonants with preposed <ŋ>

/ŋk ŋg
ŋg͡b ŋɣ/

<ŋk ŋg
ŋgb ŋgh>

Mungong Beboid Cameroon (Mkounga
2022, 5)

/ŋg ŋ͡mg͡b/ <ŋg ŋb> Jur Modo C Sudanic S Sudan (Hall & Hall
2004, 81)

Table 7. Representation of all prenasalized consonants with preposed <n>

/mb nd ŋg/ <nb nd ng> Kisiei Atlantic Guinea (Hartell 1993, 174)
/nt ɲc ŋk
ɱf ns nh/

<nt nc nk
nf ns nh>

Karon Senegal (SIL 2011, 18)
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tion with postposed vowels <Cu Ci> respectively (Table 9) or, in several
Beboid languages of Cameroon, asymmetrically as <Cw Ci> (Table 10).

Finally, some Grassfields languages of Cameroon represent a third
series of labio-palatalized consonants featurally (Table 11), and at least
one Plateau language of Nigeria does so for lengthened labialization and
palatalization (Table 12).

2.1.4. Glottal Sounds

Implosive consonants are common in many parts of Africa, although
the palatal /ʄ/ and velar /ɠ/ positions are much less frequently at-
tested than the labial /ɓ/ and alveolar /ɗ/ positions (Sande & Oakley
2023, 2). Phonemic transcriptions in the literature tend to vary between
the palatal implosive /ʄ/ and the glottalised palatal approximant /ʔy/.
Implosives form a natural class with other glottal sounds, and tend to be
represented featurally either with a preposed apostrophe (Table 13), or
a postposed letter <h> (Table 14, and see also Tables 32 and 42).

Ejective consonants are abundant in Ethiopia and also occur sporad-
ically elsewhere. Like implosives, they form a natural class with other
glottal sounds, and are usually represented featurally with a postposed
apostrophe <’> (Table 15). The use of postposed <h> in Blin (Table 43)
is exceptional. At least one Ethiopian language uses separate featural
strategies for representing implosives and ejectives (Table 16). However,
since implosives and ejectives both involve glottal release and never co-
occur (the former being voiced and the latter voiceless), it is completely
defensible, from a featural point of view, to represent themwith a single
orthographic strategy such as a postposed apostrophe <’> (Table 17) or
a preposed apostrophe <’> (Table 18).

2.1.5. Lateral Consonants

In a wide geographical spread of languages, with a concentration in
Chadic, lateral consonants are marked featurallywith the letter <l> (Ta-
ble 19).

2.2. Geographically restricted featurality

The remaining cases of linear featurality in African Roman Script or-
thographies are much less frequently attested and geographically more
restricted. Beginning with consonants, the survey will cover six kinds:
dental consonants (Section 2.2.1), retroflex consonants (Section 2.2.2),
aspiration (Section 2.2.3), rhoticization (Section 2.2.4), and fricativiza-
tion (Section 2.2.5). Then, turning to vowels, three cases will be enumer-
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Table 8. Representation of labialization and palatalizationwith postposed <wy>
respectively

/Cw Cy/ <Cw Cy> Tɔfɩn Kwa Benin (Hartell 1993, 34)
S Toussian Gur Burkina Faso (SIL 2001, 5)
Akoose Bantu Cameroon (Hedinger 2011,

9-10)
Moghamo Grassfields (Njeck 2008, 4-5)
Ipulo Tivoid (Tuinstra 2018, 9-12)
Luumbu Bantu Congo (Mfouhou 2022, 8)
Senara Senoufo Côte d’Ivoire (Hartell 1993, 141,

300)
Fuliru Bantu DR Congo
Latege Gabon (Linton 2016, 4)
Tharaka Kenya (Schroeder 2008, 31)
Bwaatye Chadic Nigeria (Pweddon n.d.,

122-125)
Bekwarra Cross River (Hartell 1993, 221)
Tiv Tivoid (Iornumbe 2020,

51-55)
Venda Bantu S Africa (PanSALB 2019,

10-14)
Zinza Tanzania (Odom 2015, 7)
Ruuli-Nyala Uganda (Nzogi 2011, 5-6)

Table 9. Representation of labialization and palatalization with postposed <u i>
respectively

/Cw Cy/ <Cu Ci> Nulibie Bantu Cameroon (Boyd 2015a, 6-8)
Numala (Boyd 2015b, 4-7)
Nuasue (Boyd 2016, 4-6)
Otuho Nilotic S Sudan (Duerksen 2004b,
Dinka 40, 71)
Nuer

Table 10. Representation of labialization and palatalization with postposed
<w i> respectively

/Cw Cy/ <Cw Ci> Kemezung Beboid Cameroon (Cox 2005, 4-5)
Nooni (Lux 2018, 7-9)
Mungong (Mkounga 2022, 6-8)
Naami (Mkounga 2023, 12-14)
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Table 11. Representation of labio-palatalization with postposed <wy>

/Cw Cy

Cɥ/
<Cw Cy
Cwy>

Mfumte Grassfields Cameroon (Eyoh & Hedinger
2008, 5)

Koffa (McLean 2020a, 5-7)
Ndǝ Wuli (McLean 2020d, 6-7)
Kwaja (McLean 2020b, 5-6)

Table 12. Representation of lengthened labialization and palatalization with
postposed <ww yy>

/Cw Cww

Cy Cyy/
<CwCww
Cy Cyy>

Gworok Plateau Nigeria (Anonymous
2015, 13-18)

ated: ATR (Section 2.2.6), pharyngealization (Section 2.2.7), and back
unroundedness (Section 2.2.8).

2.2.1. Dental Consonants

A concentration of languages in Sudan and South Sudan contrasts dental
and alveolar plosives, with the dental series usually being represented
featurally with a postposed letter <h> (Table 20, and see also Table 35).
However, at least two languages use the same strategy to mark the non-
dental series (Table 21).

2.2.2. Retroflex Consonants

At least one Ethiopian language marks a series of retroflex consonants
with a postposed apostrophe <’> (Table 22).

2.2.3. Aspirated Consonants

Aspirated consonants sometimes contrast with their non-aspirated
counterparts, and the aspirated series is sometimes represented featu-
rally with a postposed <h> (Table 23, and see also Tables 32 and 33).

2.2.4. Rhoticized Consonants

The inventories of some languages in Cameroon and South Sudan in-
clude a series of rhoticized consonants that are invariably represented
with a postposed <r> (Table 24, and see also Tables 38 and 42). Sources
do not always make it clear whether /Cr/ is analyzed as a sequence or
a unit, but Table 24 presents them as units for the sake of regularity.
Either way, the orthographic representations are featural.
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Table 13. Representation of implosives and other glottal sounds with preposed
apostrophe <’>

/ɓ ɗ/ <’b ’d> Lele Chadic Chad (Hartell 1993, 113)
Mono Ubangi DR Congo (Omniglot)

/ɓ ʔl ʔw
ʔy/

<’b ’l ’w
’y>

S Birifor Gur Ghana

/ɓ ɗ ʔw
ʔy/

<’b ’d ’w
’y>

Aringa C Sudanic S Sudan (Kilpatrick 2004,
90)

/ɓ ɗ ʄ/ <’b ’d ’j> Ma’diti (SIL ms-b, 44)
Beli (Stirtz 2014, 26)

<’b ’d ’y> Baka (Persson 2004, 81)
Bari Nilotic (SIL ms-b, 13)

/ɓ ɗ/ <’b ’d> Mundu Ubangi (Bilal 2004, 182)
Kadugli Kadu Sudan (Hall & Hall 2004,

59)
/ʔp ʔl ʔw
ʔy/

<’p ’l ’w
’y>

Teen Gur Côte d’Ivoire (Hartell 1993, 142)

Table 14. Representation of implosives and other glottal sounds with post-
posed <h>

/ɓ ɗ ʄ/ <bh dh vh> Mangbetu C Sudanic DR
Congo

(Hartell 1993, 303)

/ɓ ɗ/ <bh dh> E Dan (2014) Mande Côte
d’Ivoire

(Vydrin et al.
2019, 9)

Ngando Bantu Central
African
Republic

(Murrell 2020, 3)

Lubwisi Bantu Uganda (Tabb et al. 2011,
10, 14)

/aʔ eʔ oʔ/ <ah eh oh> S Toussian Gur Burkina
Faso

(SIL 2001, 6-7)

Table 15. Representation of ejectives with postposed apostrophe <’>

/k’ t͡s’ t͡ʃ’/ <k’ s’ c’> Mpadɨ Chadic Cameroon (Allison
2006, 2-4)

/t’ k’/ <t’ k’> Gawwada Cushitic Ethiopia (Omniglot)
/p’ t’ k’ ts’/ <p’ t’ k’ c’> Bambassi Omotic
/p’ t’ ts’ tʂ’
t͡ʃ’/

<p’ t’ x’ c’
ch’>

Bench

/p’ k’ t͡ʃ’/ <p’ k’ c’> Kafa
/p’ t’ k’ t͡ʃ’/ <p’ t’ k’ c’> Waata Cushitic Kenya
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Table 16. Separate representation of implosives with postposed <h> and ejec-
tives with postposed apostrophe <’>

Implosives /ɓ ɗ ɠ/ <bh dh gh> Hamar Omotic Ethiopia (Yigezu &
Mendisu
2015, 12-14)

Ejectives /s’ q’ t͡ʃ’/ <s’ q’ c’>

Table 17. Unified representation of ejectives and implosives with postposed
apostrophe <’>

/p’ t’ k’ t͡s’ t͡ʃ’
ɗ/

<p’ t’ k’ s’ c’
d’>

Borna Omotic Ethiopia (Joswig et al.
2010, 2-3)

/p’ t’ c’ k’ t͡s’
t͡ʃ’ ɓ ɗ/

<p’ t’ c’ k’ s’
ç’ b’ d’>

Gumuz Nilo-Saharan
satellite

(Omniglot)

Table 18. Unified representation of ejectives and implosives with a preposed
apostrophe <’>

/p’ t’ t̪’ c’ k’ ɓ ɗ/ <’p ’t ’th ’c ’k ’b ’d> Uduk Nilo-Saharan
satellite

S Sudan (Omniglot)

Table 19. Representation of lateral consonants with <l>

/l tɬ/ <l tl> Tswana Bantu Botswana (Omniglot)
/l ɬ ɮ/ <l sl zl> Buwal Chadic Cameroon (Viljoen et

al. 2009, 3-5)
Guemzek (Scherrer

2014, 8)
Muyang (Smith 2001,

5-6)
Vame (Kinnaird

2005, 5-6)
<l tl dl> Musey Chad (Omniglot)

Ngizim Nigeria
/l ɬ ɮ kɬ/ <l hl dl kl> Swati Bantu Eswatini
/l ɬ ɮ t͡ɬʼ/ <l hl dl tl> Tswa Mozambique
/l pl bl tl k͡pl
fl ml nl wl/

<l pl bl tl kpl
fl ml nl wl>

Idoma Idomoid Nigeria (Armstrong
ms, 8-9)

/l ɬ ɮ kɫ tɫ’/ <l hl dl kl tl> S Ndebele Bantu S Africa (Omniglot)
/ɬ t͡ɬ’/ <sl tl> Iraqw Cushitic Tanzania

2.2.5. Fricativized Consonants

At least one Bantu language of Mozambique marks fricativized con-
sonants featurally with a postposed <v> (Table 25), and at least one
Cameroonian language has a series of consonants with velar fricative
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Table 20. Representation of dental plosives with postposed <h>

/t̪ d̪ nd̪/ <th dh ndh> Olu’bo C Sudanic S Sudan (Kilpatrick 2004, 89)
/t̪ d̪ n̪/ <th dh nh> Anywa Nilotic (Gilley 2004, 173)

Shilluk
Dinka (Duerksen 2004a, 74)
Nuer

/d̪ n̪/ <dh nh> Belanda Boor (Gilley 2004, 173)

Table 21. Representation of non-dental plosives with postposed <h>

/t d/ <th dh> Jumjum Nilotic S Sudan (Gilley 2004, 173)
Burun

Table 22. Representation of retroflex consonants with postposed apostrophe <’>

/ʈʂ ʂ ʐ ʈʂ’/ <c’ s’ z’ x’> Sheko Omotic Ethiopia (Omniglot)

Table 23. Representation of aspiration with postposed <h>

/ph th kh/ <ph th kh> Kaansa Gur Burkina Faso (SIL ms-a, 16, 20)

Table 24. Representation of rhotics with postposed <r>

/tɾ fɾ lɾ/ <tr fr dr> Baba 1 Grassfields Cameroon (Njeck &
Hedinger
2006, 5)

/pɾ tɾ kɾ fɾ
ʃɾ ɣɾ t͡ʃɾ lɾ
yɾ wɾ/

<pr tr kr fr
shr ghr chr lr
yr wr>

Bambalang (Grove &
Wright 2012,
11)

/tɾ dɾ ndɾ / <tr dr ndr> Avokaya C Sudanic S Sudan (Kilpatrick
2004, 89-90)

/tr k͡pr dr
g͡br ndr/

<tr kpr dr
gbr ndr>

Baka (Persson
2004, 82)

/pr tr br dr/ <pr tr br dr> Morokodo

Table 25. Representation of fricativized consonants with postposed <v>

/bv sv zv/ <bv sv zv> Nyungwe Bantu Mozambique (Omniglot)

Table 26. Representation of velar fricative articulation with postposed <gh>

/ɣ ŋɣ bɣ fɣ/ <gh ngh bgh fgh> Weh Grassfields Cameroon (Davison
2009, 8)



106 David Roberts

primary or secondary articulation. These are marked featurally with the
digraph <gh> (Table 26).

2.2.6. ATR Vowels

Certain Sudanese languages mark ATR with a postposed <x> (Table 27,
and see also Table 46). However, some have recently rejected this lin-
ear strategy in favor of multilinear superscript umlauts (Alaki & Norton
2015, 228). A postposed <h> is also attested in one Nigerian language
(Table 28, and see also Table 34). A few sources advocate marking the
orthographic word with only one symbol, for languages in which all the
vowels in a phonological word agree in ATR quality (Table 29).

Table 27. Representation of +ATR vowels with postposed <x>

/i e ǝ
o u/

<ix ex ax
ox ux>

Kamda Kadu Sudan (Hall & Hall 2004, 62)

These E Sudanic (Yip 2004, 116)

Table 28. Representation of +ATR vowels with postposed <h>

/e o/ <eh oh> Dhuo Mambiloid Nigeria (Hartell 1993, 235)

Table 29. Representation of +ATR vowels with word final <h>

+ATR vowels word final <h> Ogba Igboid Nigeria (Williamson
Igede Idomoid 1984, 24-25)

Hartell (1993, 109) reports a highly unusual application of the ATR
word-marking principle in Zande (Ubangi, Central African Republic),
where the letter <j> is placed “after the first simple (double) vowel of the
word” to indicate that the whole word is +ATR.

2.2.7. Pharyngealized Vowels

Several Kx’a languages of southern Africa have pharyngealized vowels,
which are represented featurally with a postposed <q> (Table 30, and
see also Table 39).
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Table 30. Representation of pharyngealized vowels with postposed <q>

/ɑʕ ẹʕ ɪʕ ɔʕ
ʊʕ/

<aq eq iq oq
uq>

ǂ’Amkoe Kx’a Botswana (Omniglot)

/ɑʕ ɔʕ ʊʕ/ <aq oq uq> Ekoka !Kung Namibia
/ɑʕ oʕ/ <aq oq> Ju|’hoan

2.2.8. Back Unrounded Vowels

One Togolese language uses the postposed letter <ɣ> featurally to unify
a series of five long back unrounded vowels (Table 31).

Table 31. Representation of long back unround vowels with postposed <ɣ>

/ɰɰɯɯ ɤɤ ʌʌ ɑɑ/ <iɣ ɩɣ eɣ ɛɣ aɣ> Kabiye Gur Togo (Roberts
2008, 54-55)

2.3. Simultaneous featurality

This section illustrates some cases of simultaneous featurality, drawing
attention to two possible scenarios. First, a single orthographic conven-
tion may represent more than one feature, and within each series, do so
regularly and completely. In Ekoka !Kung, the postposed <h> simultane-
ously represents aspiration, glottalization, and breathiness (Table 32).

Table 32. Simultaneous representation of aspiration, glottalization, and breath-
iness with postposed <h>

Aspiration /ph th kh
t͡ʃh/

<ph th kh
tch>

Ekoka
!Kung

Kx’a Namibia (Omniglot)

Glottalization /bʱ dʱ gʱ
mʱ nʱ/

<bh dh gh
mh nh>

Breathiness /a̤ e̤ i̤
o̤ ṳ/

<ah eh ih
oh uh>

Nyungwe uses the same strategy to simultaneously represent voice-
less aspirated (as opposed to non-aspirated) consonants, and voiced plo-
sive (as opposed to implosive) consonants (Table 33).

Luwo uses the same strategy to simultaneously represent both dental
consonants and +ATR vowels (Table 34).
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Table 33. Simultaneous representation of aspiration and voiced plosives with
postposed <h>

Aspira-
tion

/pʰ tʰ kʰ/ <ph th kh> Nyungwe Bantu Mozambique (Omniglot)

Voiced
plosives

<b d> <bh dh>

Table 34. Simultaneous representation of dental consonants and +ATR vowels
with postposed <h>

Dentals /t̪ d̪ n̪/ <th dh nh>Luwo Nilotic S Sudan (Gilley 2004,
173)

+ATR /ǝ e i
o u/

/ah eh ih
oh uh/

Finally, Goemai uses the postposed apostrophe <’> to simultaneously
represent both voiceless non-aspirated (as opposed to aspirated) con-
sonants, and implosive (as opposed to voiced plosive) consonants (Ta-
ble 35).

Table 35. Simultaneous representation of non-aspiration and implosives with
postposed apostrophe <’>

Non-aspiration /t k f s ʃ/ <t’ k’ f’ s’ sh’> Goemai Chadic Nigeria (Omniglot)
Implosives /ɓ ɖ/ <b’ d’>

The second scenario is equally widespread. A single series of
graphemes may systematically manifest more than one featural charac-
teristic. Labialization is probably the articulation most likely to partic-
ipate in this. Numerous Cameroonian languages combine it with labial,
coronal, and/or dorsal prenasalization (<NCw>, Table 36a, b, c respec-
tively), while elsewhere labialization co-occurs with laterals <Clw> and
rhotics <Crw> (Table 37a, b respectively).

Convergences also frequently occur between prenasalization and an-
other feature, such as palatalization <NCy> or rhotics <NCr> (Table 38a
and b respectively).

Similarly, in some Kx’a languages, nasalization co-occurs with pha-
ryngealization <Vqn> or breathiness <Vhn> (Table 39a and b respec-
tively).

Finally, these Kx’a languages, as well as Khoe-Kwadi and some of
Bantu stock, are characterized by an elaborate series of clicks with
multiple secondary and tertiary articulations, which are represented
orthographically with extensive and often highly regular simultane-
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Table 36. Simultaneous representation of labialization with (a) labial, (b) coro-
nal, and (c) dorsal prenasalization

a /mpw mbw
ɱfw

<mpw mbw
mfw>

Sari Beboid Cameroon (Langhout
2022, 9-10)

b /ntw nd͡zw
ndw ɲt͡ʃw/

<ntw nzw
ndw nchw>

Bafanji Grassfields (Hamm &
Hamm 2016,
8)

c ŋgw ŋ͡mg͡bw
ŋvw /

<ŋgw ŋgvw
ŋvw>

Kwanja Mambiloid (Weber &
Weber 2008,
5)

Table 37. Simultaneous representation of labialization with (a) laterals and (b)
rhotics

a /tlw tlwh
dlw/

<tlw tlhw
dlw>

Tsonga Bantu S Africa (Omniglot)

b /tɾw dɾw
ndɾw/

<trw drw
ndrw>

Moru C Sudanic S Sudan (Kilpatrick
2004, 90)

Table 38. Simultaneous representation of prenasalizationwith (a) palatalization
and (b) rhotics

a /nty ɲt͡ʃy
nd͡ʒy nly/

<nty nchy
nzy ndy>

Bafanji Grassfields Cameroon (Hamm & Hamm
2016, 6)

/mpy mby
mfy/

<mpi mbi
mfi>

Sari Beboid (Langhout 2022, 8)

b /ntɾ ndɾ nsɾ
nzɾ ɲt͡ʃɾ/

<ntr ndr nsr
nzr nchr>

Mbembe Jukunoid (Eyoh & Sandamu
2009, 8)

Table 39. Simultaneous representation of nasalization with (a) pharyngealiza-
tion and (b) breathiness

a /ãʕ õʕ/ <aqn oqn> Ju|ʼhoan Kx’a Namibia (Omniglot)
/ɑ̃ʕ ɔ̃ʕ ʊ̃ʕ/ <aqn oqn uqn> Ekoka !Kung

b /ã̤ õ̤/ <ahn ohn>

ous featurality. The five ǂ’Amkoe clicks—labial, dental, lateral, alveolar,
palatal—are represented featurally with the IPA symbols <ʘ | ǁ ! ǂ> re-
spectively, while a host of secondary articulations are also represented,
such as uvulars with the postposed letter <q> (Table 40).

Table 41 summarizes how the clicks themselves are represented or-
thographically in other southern African languages, while Table 42 sum-
marizes how a representative sample of secondary articulations is rep-
resented.
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Table 40. Simultaneous representation of clicks and uvular secondary articula-
tions in ǂ’Amkoe (Botswana)

Bilabial Dental Lateral Alveolar Palatal

Simple uvular <ʘq> <|q> <ǁq> <!q> <ǂq>
Ejective uvular <ʘq’> <|q’> <ǁq’> <!q’> <ǂq’>
Aspirated uvular <ʘqh> <|qh> <ǁqh> <!qh> <ǂqh>
Voiced ejective uvular <g|q’> <gǁq’>
Ejective affricate uvular <ʘqx> <|qx> <ǁqx> <!qx> <ǂqx>
Voiced ejective affricate
uvular

<gʘqx> <gǁqx> <gǂqx>

Table 41. Symbolization of clicks in other southern African languages

Dental /|/ <|> G|ui Kx’a Botswana (Omniglot)
Ekoka !Kung Namibia
Ju|ʼhoan
Khoekhoe Khoe-Kwadi

<c> Naro Botswana
Swati Bantu Eswatini
N Ndebele S Africa
S Ndebele
Zulu

<q> Tsonga
Lateral /ǁ/ <ǁ> G|ui Kx’a Botswana

Ekoka !Kung Namibia
Ju|ʼhoan
Khoekhoe Khoe-Kwadi

<x> Naro Botswana
S Ndebele Bantu S Africa
N Ndebele

Alveolar /!/ <!> G|ui Kx’a Botswana
Ekoka !Kung Namibia
Ju|ʼhoan
Khoekhoe Khoe-Kwadi

<q> Naro Botswana
N Ndebele Bantu S Africa
S Ndebele
Zulu

Palatal ǂ <ǂ> G|ui Kx’a Botswana
Khoekhoe Khoe-Kwadi Namibia
Ekoka !Kung Kx’a
Ju|ʼhoan

<x> Zulu Bantu S Africa
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Table 42. Representative sample of secondary articulation symbolization in
southern African click languages

Aspirated /Ch/ <Ch> G|ui Khoe-Kwadi Botswana (Omniglot)
Naro
ǂ’Amkoe Kx’a
Khoekhoe Khoe-Kwadi Namibia
Ekoka !Kung Kx’a
Ju|ʼhoan

Glottalized /Cʔ/ <C’> Naro Khoe-Kwadi Botswana
ǂ’Amkoe Kx’a
Ju|ʼhoan Namibia

Nasalized /ŋC/ <nC> G|ui Khoe-Kwadi Botswana
Naro
ǂ’Amkoe Kx’a
Ekoka !Kung Namibia
Ju|ʼhoan
S Ndebele Bantu S Africa
N Ndebele Zimbabwe

Voiced /gC/ <gC> G|ui Khoe-Kwadi Botswana
ǂ’Amkoe Kx’a
Ekoka !Kung Namibia
Ju|ʼhoan
S Ndebele Bantu S Africa
Zulu

2.4. Irregular featurality

The survey so far may have given the impression of a high degree of
systematic featurality in African orthographies, whereas in fact irregu-
larity is just as widespread. Highlighting the following cases carries no
implication that the strategies are necessarily defective, since decision-
makers may be influenced by linguistic or sociolinguistic issues that go
unexplained in the sources consulted. Again, it will be helpful to high-
light two possible strategies. In all the following examples, the regular
featurality is highlighted in bold.

The most common scenario is when a single orthographic strategy is
applied regularlywithin a particular featural series, but is also employed
irregularly for a mixed bag of other unrelated purposes. Table 43 illus-
trates this for implosives, ejectives, dentals, retroflexes, aspiration, and
velarization in various languages.

The second scenario, when featurality is applied partially but does
not extend to an entire series, is also widespread. In languages that
mark fricatives and affricates with a postposed <h>, the phoneme /d͡ʒ/,
if present, is usually excluded, being represented non-featurally as <j>
(Table 44). To a lesser extent, the same is true of /t͡ʃ/, which is some-
times represented non-featurally as <c> (Table 45). I am unaware of any
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African language that marks the fricative/affricate series with entirely
regular featurality.

Similarly, three languages of South Sudan mark all but one of the se-
ries of +ATR vowels with a postposed <x> (Table 46).

Finally, in Tswana, the irregularity operates in both directions. On
the one hand, the postposed <h> falls one short of marking all the as-
pirated consonants and, on the other hand, it marks one unaspirated
consonant (Table 47).

3. Discussion

Featurality bequeaths visual similarity to an orthography, binding to-
gether a natural class of sounds. As the foregoing survey has amply
demonstrated, linear featurality, which weaves featural elements into
the tissue of the segmental tier, is widespread in Roman script African
orthographies.

Table 48 summarizes symbol choice and position for the linear fea-
tural representations of vowels. In all cases, they involve digraphs the
second element of which is a letter, most commonly <Vh>, which may
represent nasality, ATR, or breathiness. Of the three options for nasal
vowels, the digraph <Vn> is by far the most frequently attested and ge-
ographically widespread.

Click consonants tend to be represented with their correspond-
ing IPA characters, but the letters <c q x> are also attested (Ta-
ble 49). Obviously, none of these orthographic strategies is geograph-
ically widespread because the clicks themselves are not.

The picture that emerges for consonants other than clicks is more
complex because they are represented with an additional symbol which
may be (a) preposed or postposed, (b) a consonant, a vowel, or an apos-
trophe, and these form (c) digraphs or, in one case, a trigraph (Table 50).

With these summary charts in mind, it will be instructive, by way of
conclusion, to compare the two basic approaches to featurality—linear
and multilinear—identifying which characteristics they share and to
what extent they differ.

Linear and multilinear strategies encode a similar number of phono-
logical features. Nasal vowels, which are ubiquitous, attract linear and
multilinear featurality in more or less equal measure (<Vn> vs <Ṽ>;
Roberts in press, xx), and the same is true of implosives (<bh dh...> vs
<ḅ ḍ...>; Roberts in press, xx). Tongue-root position is another matter.
In areas of Africa that are resistant to representing the -ATR set with
special characters, multilinear featurality is clearly the preferred option,
albeit with a startling lack of uniformity (Roberts in press, xx). The lin-
ear strategies reported in this paper, on the other hand, are much less
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Table 43. Extending a featural strategy irregularly for other unrelated purposes

Implosives /ɓ ɗ ʃ
t͡ʃ ʒ kw/

<bh dh sh
ch zh wh>

Ekpeye Igboid Nigeria (Ngulube
2011a, 56)

Ejectives /t' k' tʃ͡'
ʃ x/

<th qh ch
sh kh>

Blin Cushitic Eritrea (Fallon
2006, 96)

Dentals /θ ð
nð c/

<th dh
ndh ch>

Dholuo Nilotic Kenya (Hartell
1993, 183)

Retroflexes /ʈ ɖ ʃ
ʒ/

<th dh sh
zh>

Kanga Kadu Sudan (Hall & Hall
2004, 59)

Aspiration /pʰ kʰ tʃ͡ʰ
ʃ ɣ/

<ph kh ch
sh gh>

Tumbuka Bantu Malawi (Omniglot)

Velarization /kɰ bɰ gɰ

bvɰ ʃ ɣ
t͡ʃ/

<kh bh gh
bvh sh gh
ch>

Isu Grassfields Cameroon (Anderson
2014, 4, 8)

Table 44. Omitting /d͡ʒ/ in a series of fricatives and affricates

/ʃ ʒ ɣ
tʃ͡ d͡ʒ/

<sh zh gh
ch j>

Lidzonka Grassfields Cameroon (McLean
2020c, 4-5)

Ndǝ Wuli (McLean
2020d, 3-4)

/ʃ ɣ tʃ͡ d͜ʒ/ <sh gh ch j> Awing (Alomofor &
Anderson
2005, 2)

/ʃ tʃ͡ d͡ʒ/ <sh ch zh j> Mbembe Jukunoid (Eyoh &
Sandamu
2009, 5-6)

/ʃ ʒ x ɣ

tʃ͡ d͡ʒ/
<sh zh kh gh
ch j>

Tera Chadic Nigeria (Tench n.d.,
19)

/ʃ ʒ tʃ͡ d͡ʒ/ <sh zh ch j> Lunda Bantu Zambia (Omniglot)

Table 45. Omitting /t͡ʃ d͡ʒ/ in a series of fricatives and affricates

/ʃ ʒ t͡ʃ d͡ʒ/ <sh zh c j> Mekaa Bantu Cameroon (Hartell
1993, 73, 84)

/ʃ ʒ ɣ t͡ʃ d͡ʒ / <sh zh gh c j> Fe’efe’e Grassfields
/ʃ ʒ t͡ʃ d͡ʒ/ <sh zh c j> Nupe Nupoid Nigeria (Madugu

n.d., 32,
35-36)

/ʃ ʒ ɣ t͡ʃ dz/ <sh zh gh c j> Tarok Plateau (Hartell
1993, 239)

Table 46. Omitting /ǝ/ in a series of +ATR vowels

/i e o u ǝ/ <ix ex ox ux a> Kadugli Kadu Sudan (Hall & Hall
Kanga 2004, 62-63)
Kufa
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Table 47. Irregular representation of aspiration with postposed <h>

Aspirated
(regular)

/kʰ pʰ tʰ tɫ͡h
ts͡h tʃ͡h/

<kh ph th tlh

tsh tšh>
Tswana Bantu Botswana (Omniglot)

Aspirated
(irregular)

/k͡xʰ/ <kg>

Unaspirated
(irregular)

/ʃ/ <sh>

Table 48. Symbol choice and position of linear featurality of vowels

Vh Vn Vŋ Vx Vq Vɣ
Nasal vowels ✓ ✓ ✓
ATR vowels ✓ ✓
Pharyngealized vowels ✓
Back unrounded vowels ✓
Breathy vowels ✓

Table 49. Symbol choice for linear featurality of click consonants

ʘ | ǁ ! ǂ c q x
Labial clicks ✓
Dental clicks ✓ ✓ ✓
Lateral clicks ✓ ✓
Aveolar clicks ✓ ✓
Palatal clicks ✓ ✓

widely attested and, in some cases, are on the wane (Alaki & Norton
2015, 228).

Linear featurality is frequently applied to consonants and less often
to vowels, whereas the reverse is true of multilinear featurality (Roberts
in press, xx). Table 50 may give the impression of a wide range of linear
strategies available for consonants other than clicks. But in fact, beyond
the rather obvious strategies of spelling out secondary articulations as
they sound (e.g., laterals as <Cl>, rhotics as <Cr>), and putting aside
those that are infrequent and geographically limited, the choice whittles
down to just two symbols: postposed <h>, and preposed or postposed
apostrophe <’>. This contrasts vividly with about ten commonly used
symbol-and-position choices formultilinear representations (Roberts in
press, xx).

This surveyhas intentionally ignored one ubiquitous scenario. Linear
featurality occurs whenever a primary articulation is constant across an
entire series. For example, all the phonemes in the series /p mp pw py
ph p’ k͡p/ are labial and, in a given orthography, they might plausibly
be represented featurally as <p mp pw py ph p’ kp>, respectively. Such
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Table 50. Symbol choice and position of linear featurality of consonants other
than clicks

Preposed Postposed

’C mC nC ŋC C’ Ch Cr Cw Cu Cy Ci Cl Cv Cgh

Prenasalization ✓ ✓ ✓
Labialization ✓ ✓
Palatalization ✓ ✓
Glottalization ✓ ✓ ✓
Lateralization ✓
Dentals ✓
Retroflexes ✓
Aspiration ✓
Rhoticization ✓
Fricativization ✓ ✓
Voiced plosives ✓
Non-aspiration ✓

cases were judged to be simply too numerous and widespread to include
in the survey.

Similarly, the survey has deliberately avoided any mention of tone.
Most sub-Saharan African languages are tonal, and if tone is marked
at all, it is usually with a multilinear strategy involving superscript di-
acritics (Roberts in press, xx). Linear strategies for marking tone, on
the other hand, have been proposed much more often than they have
been implemented (e.g., Mann & Dalby 1987: 210; Mann 1969: 98-106;
Nakuma 2002: 16; Tucker 1949: 222-223; 1964: 606). A notable exception
is Côte d’Ivoire, where word-initial and -final punctuation symbols were
officially endorsed for an entire generation for various Mande, Kru, and
Kwa languages (ILA 1979, 20), and this is a clear case of linear featural-
ity because the system encodes tone fully and systematically. However,
more recently, this strategy has been abandoned in numerous languages
in favor of multi-linear marking by means of superscript diacritics (see
Roberts et al. 2019, 320 for the case of Eastern Dan). As for semiographic
representations of grammatical tone (Cahill 2021: 109-111; Kutsch Lo-
jenga 2014: 65-67; Snider 1992: 25-30), they cannot be considered fea-
tural because they encode grammar, not phonology. For these reasons,
including tone in the present survey was considered unwarranted.

Finally, areal tendencies are less clear for linear than for multilin-
ear featurality. For example, marking nasal vowels multilinearly with
a subscript cedilla <V̧> is a distinctively Cameroonian strategy unat-
tested elsewhere (Roberts in press, xx). However, although Cameroon
has a dense concentration of languages attesting labialization, the linear
strategy of representing this feature with postposed <w> is by no means
restricted to that country. Granted, the linear use of postposed <x> to
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mark +ATR vowels is unique to Sudan, as far as I am aware, but it is not
widespread evenwithin that country and has already been abandoned in
some languages. Similarly, postposed <q> marking pharyngealized vow-
els linearly is a distinctively southern Africa tradition, but within that
area, the languages that have this phonological feature and that use this
orthographic strategy are far from numerous.

In conclusion, Table 51 summarizes the differences between linear
and multilinear approaches in African Roman script orthographies.

Table 51. Linear and multilinear featurality in Roman script African orthogra-
phies

Linear featurality (this paper) Multilinear featurality (Roberts in press)

• Narrow range of frequently used sym-
bols

• Wide range of frequently used symbols

• Frequently applied to consonants • Less frequently applied to consonants
• Less frequently applied to vowels • Frequently applied to vowels
• Rarely applied to tone • Frequently applied to tone
• Less clear areal tendencies • Clearer areal tendences

The highest priority, surely, is to empirically test the various featu-
ral strategies against one another in classroom interventions, beginning
with this fundamental distinction between linear and multilinear repre-
sentations. Armed with data, we will be better placed to train the next
generation of orthography developers to avoid any featural strategies
that do not contribute, or contribute negatively, to reading outcomes.
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TheUse of Brackets in German
(And Beyond)
Jonas Romstadt & Lorenz Vielhauer

Abstract. Brackets are established punctuation units in German. Nevertheless,
little is known about the conditions under which writers employ this sign.
This serves as the starting point for this study. Based on an analysis of over
1,000 Abitur examination essays (the final school-leaving exam in Germany), we
demonstrate that usage-based prototypes can be distinctly characterized. These
pertain, first, to the form of the sign, second, to its function, and third, to the
linguistic structure(s) in which brackets are employed. In a subsequent step, we
contrast the resulting profile of the brackets with the plus sign in live tickers—a
unit that has thus far been rarely (if ever) described in the context of punctuation.
Finally, these usage-based insights are contextualized within a grapho-linguistic
framework.

1. Introduction:What Is This All About?

The novel Berlin Alexanderplatz by Alfred Döblin was published in 1929.
Over the course of the plot, the reader accompanies Franz Biberkopf,
a wage laborer who is released from prison and is now trying to build a
new life for himself. In 2002, it was voted to be one of the 100 best books
of all time.1 The novel begins with the story of Franz Biberkopf taking
the tram from the prison to the city of Berlin:

“Er stand vor dem Tor des Tegeler Gefängnisses und war frei. […] Der
Aufseher am Tor spazierte einige Male an ihm vorbei, zeigte ihm seine
Bahn, er ging nicht. Der schreckliche Augenblick war gekommen (schreck-
lich, Franze, warum schrecklich?), die vier Jahre waren um. Die schwarzen

Jonas Romstadt
University of Oldenburg, Ammerländer Heerstraße 114-118, 26129 Oldenburg, Ger-
many
E-mail: jonas.konstantin.romstadt@uni-oldenburg.de

Lorenz Vielhauer
University of Bonn, Breite Straße 97, 53111 Bonn, Germany
E-mail: lorenzvielhauer@web.de

1. Cf. https://www.theguardian.com/world/2002/may/08/books.booksnews (accessed:
19.11.2024).

Y. Haralambous (Ed.), Grapholinguistics in the 21st Century 2024. Proceedings
Grapholinguistics and Its Applications (ISSN: 2681-8566, e-ISSN: 2534-5192), Vol. 11.
Fluxus Editions, Brest, 2026, pp. 123–158. https://doi.org/10.36824/2024-graf-roms
ISBN: 978-2-487055-10-0, e-ISBN: 978-2-487055-11-7



124 Jonas Romstadt & Lorenz Vielhauer

eisernen Torflügel, die er seit einem Jahre mit wachsendem Widerwillen
betrachtet hatte (Widerwillen, warum Widerwillen?), waren hinter ihm
geschlossen.” (Döblin 1947 [1929]: 12)
“He stood in front of the gate ofTegel Penitentiary andwas a freeman. […]The guard
at the gate walked past him a few times, showed him his way to the tram, he didn’t
go. The terrible moment had come (terrible, why terrible, Franz?), the four years in
prison were over. The black iron gates, which he had been looking at for a yearwith
growing disgust (disgust, why disgust?), were closed behind him.”

The third-person narrator reports on the discomfort Franz Biberkopf
feels as he stands in front of the prison and should actually be starting
the next phase of his life on a positive way. Analyzing this inner conflict
was the subject of German school leaving exams (Abiturprüfung) in 2008.
The students were given the following task:

Interpret this text excerpt from “Berlin Alexanderplatz” by Alfred Döblin.

A number of linguistic peculiarities can be analyzed and interpreted
in the given text. Some students focused on the two insertions in brack-
ets that appear in the text (‹(terrible, why terrible, Franz?)› and ‹(disgust, why
disgust?)›), see for example (1).

(1) Zusätzlich nutzt der Autor durch [sic!] Zugabe in Klammern […], um seine
Auffassung deutlich zu machen. (German exam 2008, grade C)
In addition, the author uses additions in brackets […] to insert comments in order to
make his view clear.

This statement by a female student has two sides: On the one hand,
it discusses a formal aspect: the brackets are inserted into the surrounding
sentence and not placed at its edge. On the other hand, the author inter-
prets them functionally: the author of the text reveals himself in his role
and makes a subjective comment—similar to a comment from the off (to
make his view clear).

This assessment is not so far away from what linguists have said about
brackets. Geoffrey Nunberg, for example, states:

Most often, however, the features of the context of production that are rel-
evant to interpretation will involve the author’s intentions in inscribing
the text, and will be construed as providing a kind of metalinguistic com-
ment on the form or content of the associated antecedent. (Nunberg 1990:
115–116)

In (1), the author has also identified this metalinguistic comment. It is
not free, but refers to the context. Behrens (1989: 104) assigns bracketed
units a loose “contextual reference”2 to the surrounding construction.
This is also the case in the given extract from Berlin Alexanderplatz: the

2. All German quotes in this paper were translated by the authors.
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comments are inserted into the surrounding syntactic structure. How-
ever, they are irrelevant for the overall understanding. If the texts in-
serted between the brackets were omitted, the sentence would be com-
plete both syntactically and semantically. Gallmann (1985: 167) there-
fore analyses texts in brackets as “parts of the text with the characteris-
tics ‘incidental’, ‘dispensable for the overall understanding’, and there-
fore ‘can be omitted”’. Zimmermann (1968: 25) similarly states that the
usage of brackets is a matter of “marking information as incidental”.

What all these commentaries on brackets have in common is that they
focus on the systematic function of the sign. They discuss when brackets
can possibly be used more than when they are actually.

What, therefore, only plays a subordinate role is the question ofwhen
exactly brackets are written—and, related to this, which functional (and
formal) potentials of the brackets are used to what extent. If the usage is
explicitly addressed at all in the mentioned studies, they often onlywork
with small, apparently intuitively compiled collections of evidence. An
analysis of the status quo of the usage of the brackets is, as well as for
punctuation in general, a research desideratum (cf. Fürstenberg 2023:
4; Langlotz 2017: 151).

This is the starting point of the present study. A large text corpus of
school leaving examswill be used to determinewhenwriters actually use
brackets, how they do so, and why.

In detail, the text is structured as follows. First, the brackets are de-
scribed as a punctuation unit3 and classified in the punctuation system
of German. Here, a distinction is made between the reader’s and the
writer’s perspective (Section 2). Building on these findings, the actual
use of the brackets in school leaving exams is described. We will give
reasons why we believe that these texts are actually a rather poor data
basis for this endeavor—but nevertheless the best option available (Sec-
tion 3).Wewill also trace developments over time that relate to the form
of the brackets, their function, and the variation that can be observed
(Section 4). We will show that the brackets have gradually developed
their synchronous functional specificity in the school leaving exams.

Building on these findings, the view is broadened in Section 5 and
the formal-functional profile of brackets in German is compared to the
plus sign ‹+›. We will show that it has a mirror-image function in cer-
tain, well-defined communicative situations. The article concludes with
an outlook (Section 6). Overall, it is a plea for usage-based grapholin-
guistics and comparative analyses of writing systems, which have so far
been the exception in the field of punctuation.

3. We use the term punctuation unit rather than punctuation sign or punctuation
mark in order to adopt a neutral term that equally denotes both the form and the
function of the respective unit (cf. Meletis & Romstadt, accepted).
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2. Brackets as Part of the (German) Punctuation System

Punctuation is a written phenomenon realized through segmental
means. Building on the analysis by Bredel (2008; 2020), it can be further
delineated as follows: Punctuation units differ from other segmental el-
ements of a writing system in that, on the one hand, they are identifiable
even without a graphic context, yet, on the other hand, they are not as-
sociated with conventionalized vocal gestures during reading (i.e., they
are not recodable).

The first aspect distinguishes them from the space, which, there-
fore, is not considered a punctuation sign (contrary to, e.g., Jones 1995).
The latter aspect differentiates punctuation units from other segmental
means of a writing system.

This holds true regardless of the specific writing system under con-
sideration. Specific to German, the criterion of recodability differenti-
ates punctuation units from letters, numerals, and special characters.
The latter are commonly associated with vocal gestures, such as ‹%›
being realized as [pʁoˈt͡sɛnt] (“percent”) (issues of delineation are dis-
cussed in Chapter 5, as well as in Bredel 2008).

Based on this definition, the following 12 units can be identified as
punctuation units in German: ‹ ., : ; „“ ( ) ! ?—- ’ ... ›.4

Two of these hold a special status: quotation marks and brackets.
They are paired signs, which constitute a necessary condition: They al-
ways consist of two elements. This differs from cases where, for instance,
commas or dashes are used in pairs. Using only one bracket or only one
quotation mark constitutes an orthographic error (see Section 4.2 for
exceptions). Their pairing is obligatory, and they always consist of an
initial and a final element that together constitute a single punctuation
unit.

Structurally, this can be explained by the organization ofwritten lan-
guage. Bredel (2008: 92) defines this in terms of “prototypical written-
grammatical constituent structures of punctuation phrases.” These are
descriptions of written word phrases (WWP) in their interaction with
other graphically realized segmental means ofwriting. For brackets, this
results in Figure 1.

Brackets thus encompass a writtenword sequencewithin their scope.
This is also true in the above-cited excerpt from Berlin Alexanderplatz. It
should be noted that, theoretically, even a single graphematic word can

4. Note that these punctuation units are abstracted from their actual form. They
are more or less functional labels for concrete forms. Some of these punctuation units
may appear in different forms, such as the brackets (‹( )› vs. ‹[ ]› vs. ‹ ‹ › › vs. ‹ › , see
section 4.1). This form of variation is excluded here while creating the inventory, as
all of these (allographic) forms can be assigned to the same punctuation unit in the
given inventory.
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Fig. 1. Constituent structure of written word phrases (WWP) with brackets (cf.
Bredel 2008: 92)

be enclosed in brackets (2). Similarly, it is possible to place only parts of
a graphematic word (3) or other punctuation units (4) in them.

(2) Sie hatten feste Zielvorstellungen (Demokratie) ... (German exam 1978,
grade C)
They had clear objectives (democracy) ...

(3) ... diese gescheiterte(n) Beziehung(en) ... (German exam 2018, grade A)
... these failed relationship(s) ...

(4) ... da ein Mensch mit seiner geistigen Entwicklung nie (!) fertig werden
kann (German exam 1958, grade C)
... since a person can never (!) fully complete their intellectual development

Brackets demonstrate considerable flexibility in this regard, functioning
as a kind of “all-inclusive-signs.”

In Figure 1, however, a second aspect is also relevant: the function
of brackets emerges only in light of the interplay between punctuation
units and their surrounding co-text. This observation itself has two di-
mensions: on the one hand, it concerns the linguistic structure within
the brackets; on the other, it pertains to the carrier structure outside
them.

In the structure described in Figure 1, brackets have long been part
of the German writing system. Masalon (2014) identifies early instances
in texts written between 1470 and 1510 (19 bracket pairs in 9 texts; cf.
Masalon 2014: 247–250). Parkes (1993: 48) traces brackets even further
back to the late 14th century. In early examples, brackets are predom-
inantly associated with a circular form: they are “presumably (at least
conceptually) remnants of a circle, which was used to enclose specific
words and thus set them apart from the surrounding text” (Klein 1998:
183). This explains why brackets are still used in pairs today and why
they continue to visually evoke a circle, at least in their rounded form,
which is also the oldest.

The introduction of brackets into the German writing system led to
their early high frequency (cf. Höchli 1981: 19). They benefited, on the
one hand, from the overall increasing syntactic complexity in German
at that time, which was enabled by the growing pervasiveness of written
language in society. On the other hand, theywere also a product of these
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developments, as they facilitated the introduction of more complex syn-
tax (cf. Klein 1998: 183). Brackets, thus, are a symptom aswell as a driver
of these processes.

This dual role was recognized and discussed metalinguistically at an
early stage. In the first metalinguistic analyses of German punctuation,
brackets were often discussed in detail—frequently more so than any
other punctuation mark (a status that today would likely belong to the
comma) (cf. Höchli 1981: 290).These spacious discussionswere often ac-
companied by stylistic and linguistic criticisms warning against exces-
sive use of brackets. For example, Gottsched (1766: 38) remarked: “Since
it is not aesthetically pleasing to make too many insertions, one should
prefer to use simple dashes for shorter phrases.”5

This is no longer the case today. In the current official rules of the
German Orthographic Council (Rat für deutsche Rechtschreibung) (2024),
brackets are addressed only superficially in a single paragraph: “Brackets
indicate the presence of supplementary information” (§ 76).

Two aspects are noteworthy here: First, this statement is formulated
from the perspective of readers. It does not addresswhatwriters dowhen
(or why) they use brackets but rather discusses the effect this sign has
on readers (cf. Bredel/Wöllstein 2024). Second, only a single primary
function of brackets is identified. There is no acknowledgment of poly-
functionality, which has been proposed by Zifonun et al. (1997: 296).

The explanatory notes to § 76 of the official orthographic rulebook
further state: “Brackets contain clarifications, additions, or explanations.
The bracketed addition is always omissible. The remaining structure is
grammatically and semantically complete.”

This elaborates onwhat was previously described as the interplay be-
tween the text within the brackets and the surrounding structure (see
Figure 1). By assigning the property of ‘omissibility’ to the bracketed
unit, brackets are framed as a tool of linguistic economy. At the same
time, this explains why brackets primarily assume a structural function
in texts (and words): “Only those units that do not contribute to the tex-
tual representation of a factual proposition can be bracketed” (Bredel
2008: 142).

These units may either be integrable into the surrounding syntactic
structure (5) or not (6).

(5) An Kleidung ist (fast) gar nicht zu denken. (German exam 1949, grade D)
Clothing is (almost) out of question.

(6) Er (der Leser) muß nämlich einen verschachtelten Satz solange im
Gedächtnis behalten, bis der Verstand zum Schluß das ganze „Rätsel“ auf-
löst. (German exam 1963, grade D)

5. The specific form of brackets is of secondary importance to Gottsched. He notes
that round brackets are the most common but adds: “Others make them like this [⸗].
Both are the same” (Gottsched 1766: 38).
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He (the reader) must keep a convoluted sentence in memory until the mind finally
resolves the entire “riddle” at the end.

In the case of (5), Bredel (2020: 61) refers to an integrable construction
bracket. She terms (6) a commenting bracket. If the brackets in the latter are
omitted, this would result in an orthographic error:

(5′) An Kleidung ist fast gar nicht zu denken.
Clothing is almost out of question.

(6′) *Er der Leser muß nämlich einen verschachtelten Satz solange im Gedächt-
nis behalten, bis der Verstand zum Schluß das ganze „Rätsel“ auflöst.
*He the reader must keep a convoluted sentence in memory until the mind finally
resolves the entire “riddle” at the end.

Both (5) and (6) share the characteristic that the truth-value of the sur-
rounding structure is not influenced by the elements in brackets. It re-
mains unchanged even if the parts inside the brackets and the punctua-
tion unit itself are omitted.

This also explains why brackets confer a special status upon the text
within them: “Brackets elevate the information inside […] to a special in-
formation status with respect to the information of the carrier structure” (Baum-
garten, Meyer & Özçetin 2008: 187, our emphasis).

The final restriction is crucial: Central to the analysis is the relation-
ship between the elements inside and outside the brackets. This is why
brackets can be used to establish a sub-discourse within a text, allow-
ing authors to express themselves in their role. The writer shifts from
being a “covert” to an “overt” writer (cf. Bredel 2008: 149), revealing
themselves—within the brackets:

[This is] a method of stressing the presence of a writer in the text who
is involved in information organization, as brackets signal that different
pieces of information in the sentence are given different information sta-
tuses. (Baumgarten, Meyer & Özçetin 2008: 188)

Thismay also explainwhybrackets are frequently used in academic texts
(cf. Biber & Gray 2016: 120). They graphically license the introduction
of a potentially subjective sub-discourse.

Up to this point, the focus has been on characterizing the systematic
functions of brackets (in German).

A related but distinct issue concerns actual usage: when and where
are brackets employed, and to what extent do competent writers utilize
their functional nuances? Initial insights into this can be found in two
corpus studies that primarily focused on translation practices.

Baumgarten, Meyer & Özçetin (2008) examine German popular sci-
ence texts and their English translations. In the German original texts,
they identify 284 pairs of brackets, which they classify into 13 cate-
gories. Brackets aremost commonly used for “reader-oriented exophoric
and intertextual reference” (107 tokens, 37.7%), followed by 36 instances
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each of “specialized terminology” and “geographical information” (12.7%
each) (cf. Baumgarten, Meyer & Özçetin 2008: 192). This highlights
what was previously noted about brackets: they create a sub-discourse
to explicate supplementary information. At the same time, and closely
related, brackets in (popular) science texts provide a way for authors to
directly address readers, more or less explicitly, in their role as writers.

More recent data can be found in the larger corpus study by Levin &
Ström Herold (2021), who analyzed 5,923 pairs of brackets in German,
Swedish, and English texts and their respective translations. Of particu-
lar interest for the present study are the 539 pairs of brackets in the eight
German original texts.6

Levin & Ström Herold functionally distinguish between content-
oriented and interpersonal brackets:

As the terms imply, content-oriented brackets focus on adding to the con-
tent of the text, while interpersonal ones are more reader- or author-
oriented and as such may be considered a prototypical case of using brack-
ets as communicative marks. (Levin & Ström Herold 2021: 127)

Each class is further subdivided. Among content-oriented brackets,
there are those used to indicate synonyms for a “co-referential […] item
outside the brackets” (Levin & Ström Herold 2021: 127), as well as the
broader category of specification, which provides omissible additional in-
formation about the carrier structure.

By contrast, interpersonal brackets focus more explicitly on the re-
lationship between author and reader. This is most evident in the cat-
egory of subjective author comment, where writers subjectively evaluate or
assess parts of the carrier structure (or the structure as a whole). The
interpersonal character of brackets is also clear in the subcategory of
reader address, which involves “instances where the reader is addressed
‘outside the text’, […] and metatextual comments guiding the readers”
(Levin & Ström Herold 2021: 128). Finally, there is the interpersonal
subcategory of hedge, described by Levin & Ström Herold (2021: 128) as
“in some ways categorically ambiguous.” This ambiguity primarily con-
cerns its distinction from the content-oriented category of specification.
However, when it involves subjective qualifications where the author is
directly recognizable as the qualifying agent, an interpersonal classifi-
cation seems justified.

In the data analysis in Section 4, a conservative annotation is applied:
The category hedge is only assigned where an interpersonal character is

6. The relevant findings of Levin & Ström Herold (2021) on the translation prac-
tices of brackets are not further elaborated here. Overall, they state: “Most brackets are
retained in translations, and there are systematic target-language-specific preferences
for the retention rates” (Levin & Ström Herold 2021: 134).
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explicitly expressed linguistically. The overall distribution in Levin &
Ström Herold’s (2021) corpus is as follows:

Fig. 2. Bracket functions in German texts (cf. Levin & Ström Herold 2021: 129)

Brackets are primarily used to add specifying supplementary infor-
mation to the surrounding carrier structure, in a content-oriented man-
ner. By contrast, interpersonal brackets make up only a smaller por-
tion. The function reader address, which most closely corresponds to
the most prominent subcategory identified by Baumgarten, Meyer &
Özçetin (2008), is still the most frequent subcategory here. This is an
initial indication of a genre-specific use of brackets.

3. Examining Punctuation Use

The basic mode of writing itself is variation. This is, grapholinguisti-
cally, a “largely understudied topic” (Meletis 2020a: 105), what is un-
doubtedly (and evenmore so) the case for punctuation usage (cf. Rössler,
Besl & Saller 2022).

When specific punctuation usage has been linguistically described, it
has often been done in large newspaper corpora. Studies of this kind can
provide relevant insights due to the data volume, but press texts poten-
tially undergo an editorial process, and the influence of AI text gener-
ation is not transparent. Thus, such corpus studies essentially reflect the
“combined” usage of writers and editors.

Unedited texts are included in large web corpora, which refer to, for
example, blogs or digitally mediated communication (cf. Busch 2021).
These corpora, however, due to technical development, have only a little
or no temporal span. It is simply impossible to draw conclusions about
bracket usage in the early 20th century using web corpora.
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Learner corpora seem to be better suited, but only show milestones
in the acquisition process of writers.

The best compromise among all of these limitations seems to be
school leaving exams.They have beenwritten in Germany under compa-
rable conditions for over 100 years. Authors have a set amount of time to
handwrite a text without any additional tools (other than a dictionary).
In the “world of written texts,” they emerge in fully-regulated ortho-
graphic spaces (cf. Sebba 2007: 43). This is directly related to the high
social obligation perceived in German orthography. Writers of school
leaving exams are anxious to produce orthographically correct texts be-
cause spelling mistakes are officially sanctioned. They therefore best
demonstrate what can be understood as the authentic writing skills of
more or less ‘competent’ writers at the end of their school years (mean-
ing that most of them will no longer attend institutionalized spelling
classes) (cf., e.g., Ransmayr 2022, Eiben-Zach 2023).

3.1. The GraphVar-Corpus

The use of brackets is to be examined in the GraphVar corpus for these
reasons. This corpus contains over 1,800 school leaving exams written
at a secondary school in Lower Saxony (cf. Romstadt, Strombach & Berg
2024).

Here, a portion of this corpus is described, specifically, only those ex-
ams that were written in the subject of German. This is the only subject
that is present in all corpus years, and historically, the German essay
holds a special position (cf. Reh, Kämper-van den Boogaart & Scholz
2017). These are 1,027 exams with 1,363,029 tokens. All units of the
school leaving exams that are quoted and thus attributed to other au-
thors by the writers are excluded (cf. Berg, Romstadt & Neitzert, 2021).
The exams are not evenly distributed across the individual years, see
Figure 3.

3.2. Methodological Remarks

In addition to the imbalance in terms of the number of texts described
in Figure 3, there are other factors that limit the comparability of the
texts. For instance, the exams have generally become longer over time.
An average exam in the year 1917 was 713 tokens long, whereas 101 years
later, in 2018, the average length was 2,087 tokens. To compensate for
this, relative values are mainly provided below. These results are less
sensitive to fluctuations in text length.
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Fig. 3. Number of exams in the corpus, aggregated by year of origin

The historical comparability is also limited by two factors. These are
(a) changes in the task environment and (b) sociodemographic develop-
ments.

Ad (a): In the early years, the explicit goal of final exams was not to
assess subject-specific competencies, but to measure general academic
ability (earlier, the term “Reifeprüfung” ‘maturity examination’ rather
than “Abiturklausur” ‘graduation exam’ was used). This also means that
in the early years, students were often expected to address subjective
value issues. A comparative example of two task formulations makes
this immediately clear (see Table 1). In 1948, a so-called reflection es-
say (Besinnungsaufsatz)was expected (cf. Ludwig &Merchert 1987), which
was thought to reveal the eloquence and argumentation skills of thewrit-
ers. Today, a more or less scientific treatise on a subject-related topic is
required.

Ad (b): In the past, taking the school leaving exam was the privilege
of a small portion of the (male) population. Today, more than 50% of the
German population takes the corresponding exam. Sociologically, this
has been described as “educational expansion” (cf. Bölling 2010).

Both aspects need to be considered in the further analysis of the data
presented here, and we will return to them in the analysis section.

Our quantitative study is methodologically relatively simple. In the
GraphVar corpus,we query all instances of brackets that do not appear in
quotes. In total, this amounts to 17,572 brackets (initial and final brackets
are counted separately here, cf. Section 4). These tokens will be further
analyzed and linguistically described.
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Table 1. Exemplary task formulations

1948 2008

WelcheWünsche und Gedanken kom-
menmir beimAnblick eines Großflug-
zeuges?
What wishes and thoughts come to my
mindwhen I see a large airplane?

1. Interpretieren Sie den vorliegenden
Textauszug aus „Berlin Alexander-
platz“ von Alfred Döblin.
2. Setzen Sie sich mit der Frage
auseinander, inwiefern die Figuren-
konzeptionen von Franz Biberkopf
und Lenz unter dem Aspekt von Ich-
und Wirklichkeitszerfall miteinander
vergleichbar sind.
1. Interpret the following excerpt from
“Berlin Alexanderplatz” by Alfred Döblin.
2. Discuss towhat extent the character con-
cepts of Franz Biberkopf and Lenz can be
compared under the aspect of decomposi-
tion of reality and ego.

4. The use of brackets in German

First of all, the frequency of the tokens ‹(› and ‹)› is evaluated in the
GraphVar corpus. They are counted separately, although, as mentioned
above, they form a single punctuation unit. The absolute value is nor-
malized to the total corpus size, so the frequencies are determined per
1,000 tokens here.

Fig. 4. Frequency of round brackets per 1,000 Tokens over time

It is particularly striking that the frequency of the brackets increases
significantly on a temporal axis (its frequency quadruples from under 5
occurrences per 1,000 tokens to nearly 20).This is especially noteworthy
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because the frequency of most other punctuation units in the GraphVar
corpus tends to decrease. In recent years, many final exams, for exam-
ple, are written without semicolons, dashes, apostrophes, colons, ques-
tion marks, and exclamation marks (cf. Berg & Romstadt 2021: 2017,
Romstadt in preparation). While other punctuation units are becoming
more and more marginal in usage, this is not the case for brackets. As-
suming that punctuation units are only used when they are functional,
this suggests from a broader perspective that the function of the brack-
ets seems particularly and increasingly relevant in the communicative
context outlined.

Additionally, it is striking that the final bracket ‹)› is always (!)
slightly more frequent than the initial one. This seemingly contradicts
the assumption that the closing bracket is more likely to be forgot-
ten than the opening one (especially in longer constructions within the
brackets). The reason for the higher frequency of the closing symbol is
brackets like (7).

(7) 1.) (German exam 2018, grade D+)
1.)

Brackets like (7) have the main function to organize and structure the
text; they primarily serve a text-structural role. Baudusch (1989: 171)
calls them “half brackets.” Referring to their main function—textual
organization—they are referred to here as organization brackets.

Figure 4 shows the global frequency of bracket forms from a macro
perspective. It is possible that a few exams contain an unusually large
number of brackets, which could distort the data in favor of brackets. An-
other measure for bracket usage is therefore prevalence. This is a metric
commonly used in epidemiology and medical statistics to quantify the
distribution of diseases. In this case, it counts how many exams contain
at least one bracket. An examwith one bracket is treated the same as one
containing 100 brackets in the analysis.

In Figure 5, it is evident that in the early years, a large number of ex-
ams contain at least one bracket.When combining this observation with
the very low global frequency shown in Figure 4 for these periods, it be-
comes clear that there appear to be relatively many exams with only a
few brackets. After this period, the global frequency of brackets remains
relatively stable at a low level, while prevalence decreases. This means
that there are fewer exams containing brackets, but those that do use
them more frequently (the total number of brackets is distributed over
fewer exams). Both developments (constant frequency and decreasing
prevalence) are somewhat opposed to each other. From the 1960s on-
ward, the observed increase in frequencybecomes apparent in the preva-
lence aswell. More andmore brackets are being used in final exams—and
in more and more exams. In the last decade, almost every final exam has
contained at least one bracket.
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Fig. 5. Prevalence of round brackets over time

4.1. Form(s)

Up to this point, we have only spoken generally of “brackets,” whereas in
the GraphVar corpus, only the following forms were actually analyzed:
‹(› and ‹)›. However, brackets also appear in other forms in German.
Four form variants are commonly distinguished: round, square, angle,
and curly brackets. They can be described as allographic variants (cf.
Meletis 2020b). Gallmann (1985: 171) proposes the following hierarchy
of markedness.

Fig. 6. Hierarchy of markedness of allographic bracket variants (cf. Gallmann
1985: 171)

This exactly corresponds to the frequency of the individual bracket
forms in the GraphVar corpus (see Table 2). At the same time, Table 2
also clearly shows that the round variant dominates.

The evaluations in Figures 4 and 5 have thus indeed depicted the
formal prototype, which is more than 230 times more frequent than all
other forms combined.Thismay also be due to the fact that the GraphVar
corpus contains handwritten texts.

The frequencies of the other allographic bracket forms in the Graph-
Var corpus are too low to allow for reliable quantitative statements based
on this data. For contextualization, one can consult the German Ref-
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Table 2. Frequency of allographic bracket variants

Form Frequency (absolute) Frequency per 1,000 tokens

( ) 17,496 12.8
[ ] 73 0.0536
‹ › 2 0.00147
{ } 1 0.000734

Table 3. Frequency of allographic bracket variants in the corpus DeReChar-v-
uni-204-a-c-2018-02-28-1.0

7

Form Name Unicode Frequency Frequency
(absolute) (per 1,000)

tokens)

( left parenthesis U+0028 180,360,930 1.00
) right parenthesis U+0029 179,601,830 0.999
] right square bracket U+005D 4,022,239 0.0224
[ left square bracket U+005B 4,010,322 0.00223
{ left curly bracket U+007B 413,060 0.000229
} right curly bracket U+007D 409,724 0.000228
› single right-pointing U+203A 3,490 0.00000194

angle quotation mark
‹ single left-pointing U+2039 3,008 0.00000167

angle quotation mark

erence Corpus (Deutsches Referenzkorpus, DeReKo). This is a large cor-
pus with over 175 billion tokens, primarily containing press texts. In
the DeReChar corpus version, the frequency of Unicode characters is
countedwithin that corpus (cf. Institut für Deutsche Sprache 2018). The
result is shown in Table 3.

Since the individual Unicode characters are distinguished, a more
precise differentiation between types of brackets can be made. It is im-
portant to note that the “angle brackets” in Gallmann’s system are de-
scribed as quotation marks in DeReChar. This does not change their
overall very low frequency, which is also significantly lower than that of
curly brackets, which were more frequent in the GraphVar corpus than
the angle brackets.

Two other observations stand out: First, the initial (round) bracket
is more frequent than the final one, what is the opposite in the Graph-
Var corpus across all years. This is ultimately a reflection of the texts
included in the corpus. In longer, argumentative compositions, the need
for textual structuring (including organizational brackets) is likelymore

7. Cf. https://www.ids-mannheim.de/fileadmin/kl/derewo/DeReChar-v-uni-204-
a-c-2018-02-28-1.0.html (accessed: 03.01.2025).
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prominent than in prototypical press texts. It can be assumed that the
final bracket is more often forgotten than the initial one. These two de-
velopments run in opposite directions. In newspaper texts, the initial
bracket predominates, whereas in Abitur exams, the final bracket (as an
organizational bracket) is more common.

Second, both corpora are homogeneous in that the round bracket
form, which historically was a forerunner, remains the clearly dominant
one. It is formally the prototype.

4.2. Function(s)

For the following functional analysis, the focus on brackets is method-
ologically narrowed.While in Section 4.1 both parts of the same punctu-
ation unit “bracket” were counted separately, here instances with both
initial and final brackets are counted together as a single token (8). Also
included are all instances of “half brackets,” in which a bracket is essen-
tiallymissing.These are, on the one hand, organization brackets (i.e., the
true half brackets) like (9), and on the other hand, cases where a bracket
was forgotten during writing, as in (10).8

(8) Durch den hundertjährigen Krieg (1339-1453) war Frankreich in die größte
Notlage geraten. (German exam 1920, grade C+)
The Hundred Years’ War (1339–1453) had plunged France into its greatest crisis.

(9) 1.) Abenteuerlust und Wandertrieb. (German exam 1944, grade D+)
1.) Thirst for adventure andwanderlust.

(10) Sie fühlen sich von der Stadt abhängig (Monika verdient dort ihr Geld, dort
gibt es Dinge zu kaufen, die es auf dem Lande nicht gibt. (German exam
1974, grade D)
They feel dependent on the city (Monika earns her money there, and there are things
available to buy that cannot be found in the countryside.

(8)-(10) each corresponds exactly to one example in the following func-
tional analysis. In total, 9,239 tokens are included in the analysis.

These examples are first described based on whether they are con-
struction brackets or commenting brackets. These are the categories

8. It should be noted that this is, of course, only an interpretation of these exam-
ples. From a product perspective, it is not reconstructable why exactly one bracket
was realized and why another was not. However, it can be assumed that final exams
are generally produced with a focus on orthographic correctness. As stated in the ed-
ucational standards: “Serious and repeated violations of linguistic accuracy [...] lead
to a deduction of up to two points” (Kultusministerkonferenz 2012: 23). Therefore, it
can be assumed that the most plausible interpretation is that in examples like (10), a
bracket was actually forgotten. To empirically substantiate this, data on the writing
process are needed, and exploring this has remained a research desideratumwith few
exceptions (e.g., Schüler 2023).
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proposed by Bredel (2008), which are primarily based on a syntactic
description of the relationship between thewritten units inside and out-
side the brackets. Construction brackets can be omitted without creat-
ing an ungrammatical structure. This is not the case with commenting
brackets. A special case occurs when entire graphematic sentences are
enclosed in brackets, e.g., (10).

(10) (Wo liegen diese Gefahren und wie kann man ihnen begegnen?) (German
exam 1950, grade B)
(Where do these dangers lie, and how can they be addressed?)

Since they form their own—complete—syntactic structure, they are pri-
marily textually linked to the surrounding written material. Therefore,
they are not simply classified as construction or commenting brackets
but are counted as their own category. They are extremely rare in all
years, so this is more of a side note (they occur a total of 184 times). Also
counted separately are enclosed punctuation units, such as in (4), which
are very rare as well (8 occurrences). Lastly, another category is added:
organization brackets. These are primarily examples like (9), where the
(half) brackets clearly serve a text-structuring function. They cannot
easily be classified into the categories of construction and commenting
brackets, which are mainly described based on the reference unit of the
(syntactic) sentence.

Fig. 7. Proportions of different structural bracket types in the GraphVar corpus

Three aspects are particularly noteworthy in Figure 7.
First, it is apparent that two categories of bracket usage are especially

relevant: commenting brackets and organization brackets. Other config-
urations, in contrast, occur only to a negligible extent.

Second, a prototype emerges along a temporal axis. Brackets in Ger-
man (in school leaving exams) today are almost always comment brack-
ets. These are the instances that fit particularly well with the function
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of the symbol, which is to establish a—also syntactic—subordinate dis-
course. In contrast, the organization bracket dominated much more
strongly in the early decades. This can also be explained by structural
requirements for the final exams. Until the 1970s, it was mandatory for
students to include a writing plan for their exams. Planning processes
were thus much more (literally) visible than they are today—and this is
directly connected to a greater need for textual organization.

Third, the unusually high proportion of construction brackets in the
1950s is striking. During this time, there are particularly many adjective
attributes and adverbials that are enclosed in brackets (and syntactically
integrable), such as (11).

(11) Arbeiten, die für den Menschen mühsam und zeitraubend waren, führt
(heute) nun die Maschine aus, überwältigt sie in einem viel schnelleren
Maße. (German exam 1952, grade C)
Tasks that were arduous and time-consuming for humans are (now) carried out by
machines, which accomplish them at a much faster pace.

It is possible that the increased use of construction brackets here is a
reflection of the topics being addressed. This could only be clarified
through studies based on broader empirical data. However, it remains
constant that such bracket usages nevermake up the quantitativelymost
significant part. These are always organization and commenting brack-
ets.

Regarding the latter category, there are also brackets that stand out,
which are used in the context of citations. This concerns, for example,
the indication of sources directly after quoted units.

(12) Diese Geliebte „erquickt“ (V. 18) das lyrische Ich mit „ew[i]ger Treue“
(V. 17). (German exam 2018, grade B)
This beloved “revives” (v. 18) the lyrical subject with “eternal loyalty” (v. 17).

When evaluating the proportion of such citation brackets among all com-
menting brackets, it becomes clear that the development in Figure 7 is
primarily due to these instances.

For contextualization, reference can be made to the study by Sieber
(1998), who also examined German school leaving exams over a tempo-
ral scale. His corpus includes 112 texts, which were written at a single
school between 1881 and 1991. He notes: “It does not seem like much has
changed in a significant way” (Sieber 1998: 112). However, on a global
level, he observes a “convergence of written and spoken language, with
the trend clearly moving towards spoken language” (Sieber 1998: 51).

He describes this with the term “Parlando.” The main thesis of the
text is that school leaving exams are increasingly becoming such Par-
lando texts. They are characterized by, among other aspects, not adher-
ing uniformly to linguistic norms, which is, e.g., reflected in an “extraor-
dinarily careless handling […] of the spelling of individualwords […] and
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Fig. 8. Proportion of citation brackets and other commenting brackets among all
bracket instances in the GraphVar corpus

the placing of punctuation units […].” Interesting remarks are made re-
garding citations: “While the early years contain several texts with cita-
tions, they almost entirely disappear in recent years” (Sieber 1998: 113).
He thinks it’s “remarkable that despite the demands posed by the exami-
nation situation, in more recent timesmuchmore personalized and freer
forms have become possible […] whereas older texts almost completely
lack such a perspective” (Sieber 1998: 131, 148).

This contradicts the observation made in the GraphVar corpus: Here,
it is precisely the increasing relevance of citations that has led to the over-
all rise in the frequency of the brackets. Moreover, this is not a develop-
ment that has only occurred in the last two decades, i.e., after Sieber’s
study, but has been visible since at least the 1960s.

Furthermore, it can be contextualized with the changing demands
on school leaving exams, which are anticipated by the writers. While,
particularly afterWorldWar II, “personalized” forms in reflection essays
were much more common, this is no longer the case today.9 More or less
scientific discussions on a professional level are expected nowadays.

The educational standards in the subject of German, therefore, con-
sistently refer to “text-related” or “material-supported” writing tasks (cf.
Kultusministerkonferenz 2012: 24). In both cases, the reference to ex-
ternal texts is already clear terminologically. It is either about text-based
analyses/discussions or the processing of other sources/material in one’s
own texts. What both task types have in common is the positioning of
the writing individual in relation to otherwritten statements, which can

9. As stated in the educational standards: “‘Creative writing’ [...] should primarily
be reserved for classroom work and is excluded as the sole task in the written Abitur
exam. [...] The text prompt must [...] not serve merely as a trigger for subjective or
imitative writing” (Kultusministerkonferenz 2012: 24).
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understandably be realized primarily through citations. “Text reference”
as a quality feature of such exams is then merely a “disguised” demand
to substantiate arguments with citations. This becomes evident in Fig-
ure 4, even though the bracket as a punctuation unit is neither formally
nor functionally tied to citations.

Up to this point, the so-called functional analyses were mainly based
on structural aspects (cf. the terms construction and commenting brack-
ets). It was primarily about the relationship (and syntactic integrability)
of the units within the brackets in relation to the surrounding co-text.

Only the evaluation of citation brackets was already functionally mo-
tivated in the narrower sense.10

To place this perspective more centrally in the following, the cate-
gories proposed by Levin & Ström Herold (2021) will also be applied
to the data discussed here (cf. Section 2). Only the organization brack-
ets, which cannot easily be assigned to another subclass, are described
as their own category. First, the relationship between content-oriented
and interpersonal brackets is analyzed.

Fig. 9. Percentage of content-oriented and interpersonal brackets in the Graph-
Var corpus

From a macro perspective, it becomes clear that brackets in Abitur
exams are primarily content-oriented. It is only in the most recent years
that the relevance of interpersonal brackets has increased. This is most
comparable to Sieber’s (1998) observations about Parlando texts. Gen-
erally, it is nonetheless not surprising that school leaving exams are
more content-oriented. Ideally, they are subject-specific statements that
(among other things) are intended to demonstrate the competence of

10. Compare Rödel & Rothstein (2015: 235): “The function of a linguistic sign re-
sults from its meaning and its use.”
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the writer in answering a (complex) question in a way that earns them
the school graduation.

At the same time, one could also interpret the data from an opposing
perspective: brackets offer an (accepted) way of expressing oneself sub-
jectively ormore generally in an interpersonal manner. For example, if a
writer wants to express a subjective author comment in a school leaving
exam, it is better to do so within brackets than without this punctuation
unit. However, this clearly has not been done to a quantitatively signif-
icant extent—at least not until the 2000s.

The data from Figure 9 can be further differentiated when the sub-
types of interpersonal and content-oriented brackets are considered.
This is done in Figure 10. The organization brackets, which were dis-
cussed in more detail above, are included as a separate category.

Fig. 10. Proportions of Functional Bracket Types According to Levin & Ström
Herold (2021) in the GraphVar Corpus

It is initially noticeable that the corpus primarily contains specifica-
tion brackets. The other content-oriented subcategory, the indication of
synonyms, plays no role in German school leaving exams.11 Thus, con-
tent specification brackets, which provide additional information to the
surrounding co-text, are particularly relevant. On the level of interper-
sonal brackets, hedge and subjective author comments, conversely, make
up a small proportion. In both cases, it concerns the subjective commen-
tary on the context, which is generally not expected in exams. This is
different for the category of reader address, which has notably increased

11. Here, the dependency of punctuation usage on the subject becomes clear. In
the biology exams, which are also included in the GraphVar corpus but were excluded
from this study, synonym brackets appear to a greater extent, mainly due to the higher
density of foreign words and technical terms in those papers (cf. Romstadt in prepa-
ration).
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in relevance, especially in the last two decades. When writers of school
leaving exams reveal themselves interpersonally in brackets, it is primar-
ily about the readers. This is alsowell-founded: the (anticipated) readers
of those texts are the ones who evaluate them. Their judgment matters
significantly (in sociology, this is referred to as “high-stakes tests”). Ac-
cordingly, it is not surprising that such instances are the entry point for
interpersonal brackets in school leaving exams. Furthermore, it is often
not just any reader address that appears in brackets, but it can be linked
to what was noted above about citations.

(13) (Dieses werde ich später erklären) (German exam 1974, grade C)

(I will explain this later)

(14) Botho sagt deutlich, dass sie für ihn kein Glück bedeutet (vgl. Z. 40-41).
(German exam 2003, grade B-)

Botho clearly states that she does not bring him happiness (see lines 40–41).

Examples like (13) are the absolute exception. Here, the student indi-
cates within the brackets that the explanation anticipated by the readers
at this point will follow later in the text (meaning it is not forgotten,
but only postponed). The prototype of reader address brackets in school
leaving exams, on the other hand, is unquestionably (14). Nearly all ex-
amples refer to constructions with ‹vgl.› and ‹s.› or ‹siehe›. Both are
reader address markers because they can be interpreted as imperative
verb forms (“vgl. = Compare!” cf. Duden 2020: 1211; “s. = See!” cf. Duden
2020: 973–both with exclamation marks). If these forms are understood
as abbreviated imperative forms, they are much more likely to be reader
addresses than the possible specification instances for enriching the text
with information about the location of the cited units.

Taking these functional observations together, it becomes clear how
the GraphVar corpus differs from that of Levin & Ström Herold (2021).
While the latter contains a greater variety of different bracket func-
tions, school leaving exams primarily feature two key subtypes. One
of these is content-oriented specification brackets, whose proportion is
roughly the same as in Ström-Herold & Levin (2021), which is a no-
table insight as well. Both corpora do not differ significantly in this re-
gard (χ2 = 1.996, df = 1, p = 0.1577). On the other hand, almost only
reader address brackets appear, and they are significantly and statisti-
cally more frequent than in the corpus of Levin & Ström Herold (2021)
(χ2 = 111.15, df = 1, p < 2.2× 10–16,φ = 0.11).

This results in a functional prototype in addition to a formal one in
the GraphVar corpus.
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Fig. 11. Comparison of the proportions of different bracket functions in the
GraphVar corpus and in Levin & Ström Herold (2021)

5. Beyond theHorizon: Brackets and the Plus Sign(s) as Kindred
Spirits

In several studies on German punctuation, brackets are compared with
the (paired) dash. Fuhrhop & Schreiber (2015: 48), for instance, catego-
rize these two units, along with the comma, as tools for marking paren-
theses in written German. They regard brackets as stronger markers of
parentheses compared to dashes, noting that while both units indepen-
dently convey additional pragmatic information, brackets are inherently
paired.

Ström Herold & Levin (2024) contrast their findings on brackets
with those on dashes, motivated by functional overlaps between the two
units—specifically their shared role inmarking parentheseswithin a sen-
tence (cf. Ström Herold & Levin 2024: 263–264).

However, Bredel (2008: 146) identifies a key distinction: content
within brackets is seen as a deliberate authorial disclosure, while the
use of dashes often stems from unsatisfactory planning during ongoing
verbalization on the speaker’s part.

Ström Herold & Levin (2024: 264) observe that “dashes [are] having
a more informal, dramatic flair than both brackets and commas.”

While these observations are valid, they pertain to different levels of
the linguistic system (e.g., pragmatics, obligatory pairing as a formal
property, and syntactic-structural features of the marked units).

In this chapter, we will instead focus on a punctuation mark that, in
specific contexts, better fulfills the claim of complementarity to brack-
ets—especially in terms of many of the aforementioned aspects: the plus
sign ‹+›.
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5.1. The Plus Sign and the German Punctuation System

Admittedly, the plus sign, unlike the paired dash,12 does not appear in the
literature on (German) punctuation. However, there are specific con-
texts in which a justified argument can be made for considering the
plus sign as part of the German punctuation system. These contexts are
particularly prevalent in German online journalism. To mark breaking
news, live blogs, or to indicate a new development in an ongoing or past
event, plus signs are a common tool employed by online editorial teams.
Typically, at least two, and often three, plus signs are placed both before
and after the message (see Figure 12). These signs frame the sequence
of words deemed most interesting or important for the reader. By using
these symbols, journalists aim to convey immediacy, relevance, or both
simultaneously.

Fig. 12. Newsblog coronavirus, https://www.deutschlandfunk.de/newsblog-
zum-coronavirus-114.html (accessed: 09.09.2024)13

12. See, for example, Bredel (2008: 23–24), Baudusch (1981: 207), and Mentrup
(1983: 34–39).

13. Translation: “News blog on the coronavirus. Archive: Developments from De-
cember 1st to December 4th. +++ The Bundestag will discuss changes to the Infection
Protection Act tomorrow. +++ Saxony’s Minister of the Interior Wöller announces a
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For recipients, these symbols serve an additional function in this
context: they facilitate reading. By employing plus signs, a text can be
segmented, signaling a thematic shift to the reader. As illustrated in
Figure 12, such markers separate individual reports from one another.
Through this structuring function, the symbols meet a key criterion for
classification as punctuation units: “The purpose of punctuation units
is to structure a written or printed text clearly and thereby ensure its
comprehensibility and readability” (Baudusch 1981: 207). The imple-
mentation of the segmenting function is particularly evident in exam-
ples where, for improved clarity, different pieces of information on the
same topic or “individual news items are demarcated with +++” (Meier-
Vieracker 2021).

Fig. 13. Liveticker Coronavirus, https://www.n-tv.de/panorama/23-55-Mehr-
als-220-000-Tote-in-den-USA–article22116061.html (accessed: 14.08.2024)14

strict approach to violations of Corona rules. +++ US expert Fauci sees no evidence of
severe disease courses caused by the Corona variant Omicron so far. +++”.
14. Translation of the headings including plus signs: “+++ 18:12 Brazil’s HealthMin-

ister tests positive forCorona +++ […] +++ 17:37 Nighttime curfewbegins in Lombardy
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In Section 2, we already addressed the characteristics of punctuation
units as defined by Bredel (2008; 2020). To compare the plus sign with
brackets, it must first be examinedwhether it can be classified as a punc-
tuation unit, defined as “representable, non-recodable, non-combinable,
single-element segments of writing” (Bredel 2020: 9). Since the plus
sign, like letters, numerals, and special characters, belongs to the small-
est units of writing its inclusion among segmental tools requires no fur-
ther debate.

The criterion of single-element nature is also quickly addressed. Un-
like letters, which can be realized in uppercase and lowercase forms, the
plus sign exists in only one form. It also cannot be combined with other
graphic elements, such as diacritics (cf. Günther 1988: 64–65), and is
thus, like punctuation units, non-additive. Additionally, the feature of
standalone identifiability is evident through the sign’s realization: ‹+›.

In addition to that, combining multiple plus signs does not result in
a larger unit. Even when repeated, each plus sign remains an individ-
ual graphic element, unlike digits, which, when placed together, form a
larger numerical entity (cf. Günther 1988: 67–68).

Thus, the plus sign satisfies almost all criteria for punctuation units
unequivocally. The property of non-recodability, however, remains de-
batable. In certain contexts, the plus sign can represent and or plus, mak-
ing it recordable—whichwouldmean it’s more of a special character than
a punctuation unit. Consider the following sentence to be read aloud:

(15) Nur so ist auch das Skandalon des monatelangen Zögerns der damaligen
Bundesregierung zu erklären, in den 2+4-Verhandlungen die Oder-Neiße-
Grenze anzuerkennen – obwohl die Deutschen gegenüber Polen, dem vier-
mal geteilten, brutal überfallenen und versklavten Nachbarn im Osten, eine
mit nur wenig sonst zu vergleichende historische Schuld tragen. (Fischer
2000: 5)
This is the only way to explain the scandal of the months-long hesitation by the
then German government during the 2+4 negotiations to recognize the Oder-Neisse
border—despite the fact that the Germans bear a historical guilt toward Poland, their
eastern neighbor, whichwas partitioned four times, brutally attacked, and enslaved,
that is hardly comparable to any other.

The verbalizability of the plus sign (as [plʊs] in German) is undeniable.
According to Bredel’s perspective, this would mean the sign could no
longer be included in the inventory of the German punctuation system.
Bredel (2020: 9) explicitly tightens the criterion for recodability, stating:
“To qualify as recodable, it is sufficient to identify a context where this
characteristic applies.” This criterion leads her to exclude symbols such
as the asterisk from the category of punctuation units, as it can stand for

+++ […] +++ 17:10 Health Minister Spahn tests positive for Corona +++ […] +++ 16:58
EU to remove Canada from the list of safe countries +++”.
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born in (cf. Bredel 2008: 24). She would likely argue similarly regarding
the plus sign.

However, Bredel’s inventory also includes units such as the hyphen
and the colon (by Bredel as well as by many other linguists15). Yet, there
are also contexts in these units that seem to be recodable:

(16) Seit Freitag wird auf der Bahnstrecke Berlin-Hamburg groß gebaut.
(Haase-Wendt 2024)
Since Friday, major construction work has been underway on the Berlin-Hamburg
railway line.

That the hyphen here stands for to or through and would therefore be pro-
nounced is plausible. This becomes even more evident in the following
example sentence:

(17) Die Baskets unterlagen dem italienischen Topteam Pallacanestro Reggiana
mit 91:94 und zeigten über 40 Minuten zwei unterschiedliche Gesichter.
(Halbfas 2025)
The Baskets were defeated by the Italian top team Pallacanestro Reggiana with a
score of 91:94, displaying two completely different sides over the course of 40 min-
utes.

The recodability of the colon in (17) is obvious. These examples illus-
trate the problems that arise with a strict criterion of recodability. If
even units whose inclusion in the inventory is widely agreed upon do
not meet all the listed criteria in every context, then the discussion of
the plus sign as part of the German punctuation system is justified.While
there are indeed contexts inwhich the plus sign is likely to be verbalized,
this does not automatically exclude the sign itself from the inventory de-
bate.There are exampleswhere the plus sign is (probably) not verbalized
and otherwise fulfills Bredel’s criteria.

When the graphical element appears as a structuring device, as ana-
lyzed above, and cannot be verbalized, this phenomenon will hereafter
be referred to as the “liveticker plus sign.”

5.2. Comparison Between Brackets and Plus Sign

Bredel (2008: 146–147) conducts a comparison between brackets and
paired dashes, despite the latter not being classified as a distinct punc-
tuation unit in her framework. While the final element in brackets is
obligatory, the realization of a second dash is considered a “specific us-
age variant” (Bredel 2008: 23–24).

15. Schreiber (2020: 7) provides an overview of the inventories from various stud-
ies on German punctuation. Symbols such as the period, the hyphen and colon are
included in all of them.
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The situation differs for the live-ticker plus sign, which never appears
alone but always as an initial and final block. No evidence suggests that
this symbol is used only before or only after the text. Therefore, we can
conclude that the final element is mandatory, justifying the inclusion of
the live-ticker plus sign in the inventory of paired units. However, Bredel
emphasizes that brackets and quotation marks are the “only truly paired
symbols” (Bredel 2008: 82), distinguished by differing appearances of
their initial and final elements (cf. Bredel 2020: 10). Since the plus signs
on either side of a text are visually identical, one might argue against
their classification as “truly paired,” challenging their inclusion in the
German punctuation system.

Despite this, there are sufficient contexts where the plus sign con-
trasts effectively with brackets. Unlike the dash, the live-ticker plus sign
requires the realization of the final element. This formal necessity aligns
more closely with brackets than with dashes. Examples (18) and (19),
repeated from Figures 12 and 13, illustrate this distinction. In (19), the
plus signs are obligatorily paired, while in Figure 12, the “initial” and the
“final” plus signs may appear intermixed within a paragraph.

(18) +++Bundestag berät morgen über Änderungen am Infektionsschutzgesetz.
+++ Sachsens Innenminister Wöller kündigt ein rigoroses Vorgehen bei
Verstößen gegen Corona-Regeln an +++ Der US-Experte Fauci sieht bis-
lang keine Hinweise auf schwere Krankheitsverläufe durch die
Corona-Variante Omikron +++
+++The Bundestagwill discuss changes to the Infection Protection Act tomorrow.
+++ Saxony’s Minister of the InteriorWöller announces a strict approach to vio-
lations of the Corona rules. +++ US expert Fauci sees no evidence of severe disease
courses caused by the Corona variant Omicron so far. +++

(19) +++ 18:12 Brasiliens Gesundheitsminister positiv auf Corona gestestet +++
[…] +++ 17:37 In der Lombardei startet nächtliches Ausgangsverbot +++
[…] +++ 17:10 Gesundheitsminister Spahn positiv auf Corona getestet +++
+++ 18:12 Brazil’s Health Minister tests positive for Corona +++
[…] +++ 17:37 Nighttime curfew begins in Lombardy +++
[…] +++ 17:10 Health Minister Spahn tests positive for Corona +++

The plus sign’s pairing is evident in overlapping contexts, as initial and
final elements of the whole sequence are consistently realized.

Thus, live-ticker plus signs exhibit a stronger pairing characteristic
than dashes. Both symbols– brackets and plus signs—serve as framing
devices for text sequences. Brackets typically indicate an aside (see Sec-
tion 2), which is why they are often comparedwith dashes. However, the
live-ticker plus sign serves a contrasting purpose, directing the reader’s
attention to the text’s most important information.

Whereas brackets therefore function as the “strongest symbol for
asides” (Fuhrhop & Schreiber 2015: 48), the live-ticker plus sign ex-
presses emphasis or urgency, akin to a carnival barker shouting, “Don’t
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miss this! This is important!” (Niggemeier 2014). While brackets high-
light secondary remarks, plus signs emphasize the author’s most significant
statement.

Though Fuhrhop& Schreiber (2015: 49) note that dashes also empha-
size certain elements, and Lauchman (2010: 114–115) considers dashes
the most expressive punctuation, the live-ticker plus sign often sur-
passes the dash in expressiveness. For example, in public transport
displays, plus signs highlight disruptions or urgent updates, signaling
critical information to passengers. This attention-grabbing function is
unique, even compared to exclamation points, which lack the plus sign’s
pairing feature.

Thus, the plus sign is the punctuation unit most similar to brack-
ets in formal terms, particularly because of its pairing. Although quo-
tation marks are also “truly paired,” their function differs fundamen-
tally, as they distance the author from the enclosed text (cf. Klockow
1978: 15). Brackets and plus signs, by contrast, reflect the author’s voice,
either adding supplementary information (brackets) or emphasizing a
core statement (plus signs). These similarities underscore a formal-
functional relationship between the two units, making them suitable for
contrasting purposes.

However, the live-ticker plus sign remains primarily associated with
specific communicative settings. Its name alone implies its role in such
contexts, which explains why it has not been extensively discussed in
punctuation studies. Bredel (2008) notes that her analysis of German
punctuation focuses on “text mode,” characterized by a lack of (syntac-
tic) structuring by line construction (Bredel 2008: 32). Reißig (2015)
refines this by emphasizing the continuity of text mode, where elements
could theoretically appear in an uninterrupted sequence without al-
tering meaning or grammar (Reißig 2015: 33). This description aligns
perfectly with live-ticker text, which unfolds in seemingly endless se-
quences, either visually or through simulated formatting (see Figure 12).

In such cases, plus signs resemble headings, serving as an introduc-
tion to subsequent content (see Figure 13). They function as “graphical
distinctions in a spatial relationship to the text” (Finkbeiner 2021: 265).
While headings are not confined to text or list mode, their defining fea-
ture is graphical separation from the main text. Live-ticker plus signs
are a practical graphical distinction, especially when other typographic
methods are unavailable.

Future studies could investigate the quantitative relationships be-
tween different uses of the plus sign, distinguishing between verbalized
and non-verbalized contexts. Such research would provide an empirical
basis for enriching the “recodability” criterionwith “verbalizedness” and
refining distinctions between core punctuation units, peripheral sym-
bols, and transitional cases.
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In conclusion, plus signs and brackets share notable similarities, par-
ticularly in their pairing and their functions of conveying authorial in-
tent. While brackets contextualize the base text, plus signs emphasize
its main point. Both segment text effectively, with brackets interrupting
(sentence) linearity and plus signs separating updates in live-ticker for-
mats. Unsurprisingly, plus signs are popular in online journalism, where
concise, impactful communication is paramount.

Yet, differences remain. Brackets can integrate into any text type,
while plus signs seem to be limited to specific contexts like online jour-
nalism and announcements. Although the inclusion of the plus sign in
the German punctuation system remains unsettled, its role as a periph-
eral element merits consideration. Its text-segmenting function and ful-
fillment of key criteria in specific contexts clearly support this.

6. What Follows? Implications for Punctuation Research and
Grapholinguistics

The aim of this study was the corpus-driven linguistic description of
bracket usage in German. We argued that school leaving exams (Abitu-
rarbeiten), particularly due to their temporal scope, are a suitable data
source for this purpose.

We demonstrated that, formally, the round bracket is by far the dom-
inant form in these handwritten texts. It appears 203 times more fre-
quently than all other allographic variants combined. Structurally, most
brackets are commenting brackets found within graphematic sentences.
Particularly in recent years, they predominantly relate to citation, ex-
plaining why this punctuation unit—unlike nearly all other components
of the inventory—has become increasingly common. Nowadays, nearly
every graduation exam contains at least one bracket.

This was not the case in the past, as the structural prototype of the
commenting bracket has, over the last century, supplanted the organi-
zation bracket, which serves a text-structuring function (and is often
represented as a “half-bracket” in Baudusch’s (1989) sense).

Functionally, the prototype is mainly the specification bracket, which
is thus described as content-oriented. This is well justified within the
communicative context of school leaving exams, although other linguis-
tic studies have drawn differing conclusions (cf. Sieber 1998).

The increasing use of interpersonal brackets in recent decades is also
due to the growing importance of citation, as these brackets often con-
tain imperative forms like ‹vgl.› or ‹s.› (compare! or see!). These are in-
terpersonal as the writers instruct readers to take a specific action. In-
terpersonal brackets are one-way communicative tools in this regard, as
the subjective commentary function for the surrounding text is virtually
non-existent. All of this aligns well with what has been expected from
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school leaving exams, particularly in recent years, as outlined in educa-
tional standards.

Thus, usage-based data reveals a prototype for German school leav-
ing exams of a round, structurally commentary, functionally specifying
bracket.

Building on this, we examined the liveticker plus sign, a unit that
has been rarely (if ever) discussed in the context of punctuation. It
was compared with this prototype. In certain communicative settings,
specifically live-ticker scenarios, they can be described as non-recodable
(punctuation) units. In this usage, they function as mirror images of
brackets. Graphotactically, they are analogous, as they also appear in
pairs. Functionally, however, they do not situate the enclosed written
units within a side discourse but instead highlight them as particularly
relevant. This usage unquestionably belongs to the text mode.

Further quantitative studies are needed to determine the general rel-
evance of this phenomenon and the functional contrast with brackets.
Such data could simultaneously contribute to refining the criterion of
recodability. This would also impact other borderline cases of unit clas-
sification, such as the slash or the asterisk (even in the context of gender-
neutral writing in German). Taking this further, it could ultimately lead
to rethinking the category of “punctuation unit” not as a fixed concept
but as a continuum. Prototypical punctuation units like commas or pe-
riods would then, based on quantitative usage observations, be situated
alongside classic special characters like the ‹%›-sign and units in tran-
sitional areas. The liveticker plus sign, for instance, could be described
as more punctuation-like than the equals sign, for example, the slash as
more punctuation-like than the liveticker plus sign, and the colon (since
it is verbalized in only a few contexts) as more punctuation-like than the
others.

Thus, this study advocates for increased attention to usage-based
studies in punctuation and grapholinguistics overall. This was demon-
strated on multiple levels here. The relevance of the contrast between
brackets and plus signs was described using usage data. The formal and
functional characterization of brackets in German was also based on
authentic instances, consistent with concepts like usage-based graphe-
matics (UxG). This perspective necessarily connects production data (as
in this study) with reception-based insights. Thus, analyses like those
conducted here are more of a starting point than the culmination of
grapholinguistic work. They are closely tied to other areas of this sub-
discipline, including:

– corpus-driven studies: Which variations appear where? Which vari-
ants are used in which contexts and why? What does it mean if the
liveticker plus sign predominantly appears in press contexts, where
it contrasts with brackets? How can developments in bracket usage in
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high school exams be explained in consideration of other punctuation
units in the inventory?

– the system of punctuation units: Which functions (and forms) of
punctuation units represent the core andwhich belong in the periph-
eral area?

– typological research: How can differences across writing systems be
categorized? Brackets are—like punctuation units in general—a suc-
cess story in writing. Meletis & Romstadt (accepted) compare punc-
tuation inventories across 30 writing systems worldwide. Brackets
appeared in the same form and with the same function as in German
in 24 systems (80%). In twowriting systems, the function of brackets
is taken over by a graphically similar symbol, namely ‹꧊ ꧊ › in Javanese

and ‹『』› in vertically written Korean Hangul. Only Barnun, Bassa,
Buginese, and Balinese do not have brackets.

– grapholinguistics as a whole: What role do punctuation units play in
writing and reading? How do they relate to standard concepts such
as the grapheme? What historical developments can be traced?

Usage studies are the first necessary step to address these (and simi-
lar) questions from a grapholinguistic perspective.
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Un court manuel du minoen
proto-gréco-anatolien
Alexandre Solcà & Francesco Perono Cacciafoco

Résumé. Courte communication suite à notre présentation pour le colloque /gʁa-
fematik/ 2024.

Le texte suivant est le résultat synthétique des recherches effec-
tuées entre 2021 et 2025. La rédaction de cette étude est entièrement
la mienne (A.S.) Nous sommes infiniment reconnaissants au professeur
Perono de son soutien et à ma tendre épouse et mes parents pour leurs
conseils, profonds échanges et confiance dans nos entreprises.

Cette année (2026), nous avons l’intention de présenter un court ma-
nuel du minoen proto-gréco-anatolien qui pourra éclairer plusieurs ins-
criptions et aspects toponymiques de la Crète actuelle et aussi de l’Âge
du Bronze. Avant d’avancer dans des considérations plus détaillées, il
nous semble nécessaire de présenter brièvement trois étapes essentielles
dans la discussion du minoen : il existe, à notre avis, trois variantes prin-
cipales de ce langage.

1. le minoen observé sur les sceaux minoens et les inscriptions hiéro-
glyphiques comme le disque de Phaïstos et dont la datation est assez
haute dans la chronologie crétoise de l’Âge du Bronze ;

2. le minoen transcrit dans un système d’écriture phonétique mono- et
plurisyllabique (appelé Linéaire A) en raison de sa proximité gra-
phique avec le mycénien (appelé encore Linéaire B). La principale
difficulté de cette étape du minoen est que la nature de ses inscrip-
tions (tablettes, vases, sceaux) n’est pas toujours de la même source et
donc leur interprétation est complexe et nécessite beaucoup de pru-
dence. Il manque de plus un véritable lexique des mots en linéaire A
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et leurs formes parallèles en anatolien et proto-grec, et voilà ce sur
quoi nous travaillons actuellement ;

3. le minoen que l’on observe dans certaines tablettes en linéaire B, en
égyptien et dans d’autres sources méditerranéennes et qui nous in-
dique une étape de langue différente.

En raison de ces critères, il nous semble adéquat de parler non de minoen mais de
langues égéo-anatoliennes sur terres crétoises.

Ainsi, il est plus aisé et précis d’analyser ces inscriptions sous la forme de langues
d’une région ayant grandement développé son influence, notamment en raison du com-
merce et de la navigation et ayant perfectionné au cours des âges ses caractéristiques
linguistiques propres.

Pour mieux comprendre ce qui fait la spécificité des langues égéo-
anatoliennes en terres crétoises, il faut se représenter des princes et
princesses crétois, certains originaires d’Anatolie occidentale, d’autres
des terres égéennes, qui, unifiés sous un royaume dit minoen, bien que
le terme devrait être corrigé à notre avis, organisaient l’ensemble de la
Crète sous une large confédération de protecteurs et «vassaux».

Pour les points concernant strictement les écritures crétoises, il nous
paraît important d’utiliser trois catégories lors de la discussion du ma-
tériel archéologique et épigraphique en provenance de Crète ou d’îles
égéennes en relation avec le monde minoen-anatolien.

Nous proposons donc ces trois abréviations :

— HMA (Hiéroglyphique Mino-Anatolien),

— EACPS (Égéo-anatolien crétois pluri-syllabique),
— CPE (Crétois post-égéen).

À noter qu’en anglais, celles-ci seront transcrites MAH, PSCEA, PEC.
Ainsi, la catégorisation de chaque inscription ou de chaque matériel

portant une inscription s’en trouvera clarifiée et plus précise lorsque l’on
procède à une analyse en détail de son contenu lexicologique et morpho-
linguistique.

Si la majorité des publications en lien avec le minoen adoptait ce sys-
tème, cela augmenterait les chances de déchiffrements précis et d’une
meilleure compréhension du corpus égéo-anatolien en général, y com-
pris en ce qui concerne les autres systèmes d’écriture de cette région,
comme, par exemple, le dit chypro-minoen.

Passons maintenant en revue certains termes observés dans les
lexiques HMA et EACPS.

Dans la majorité des tablettes transcrites en linéaire A (EACPS), on
observe la présence de noms en lien avec la réalité géographique et
cultuelle de Crète (e.g., A-DI-KI-TE, le fameux mont Dikté), des mots
en lien avec la généalogie mythologique (A-TA-I, cf. atta en hittite et
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отец en russe : papa) mais aussi des mots contenant des formes quasi-
ment équivalentes au proto-grec (KU-RU-KU, cf. grec κρόκος).

Il devient alors bien plus évident comment approcher les subtilités
lexicales du corpus égéo-anatolien crétois. Et aussi d’observer les phases
de développement de ces différents langages ou plus précisément les
phases dialectales d’un créto-anatolien.

Nous voudrions dans un deuxième volet exposer en détail la liste
complète des mots que nous avons pu analyser, mais cela sera inclus
dans notre futur manuel du minoen proto-gréco-anatolien.

Comme nous l’avions présenté en ligne, le crétois minoen possède
plusieurs formes lexicales mais aussi graphiques et c’est l’étude appro-
fondie de leurs parallèles et différences qui produit un résultat clair et
exact de ces combinaisons phonographiques.

Je remercie le comité de la conférence Grapholinguistics in the 21st Cen-
tury de son intérêt et de la compréhension de Dr Yannis Haralambous
concernant notre dossier remis avec du retard.

L’article suivant comportera les images des tablettes et le lexique cré-
tois égéo-anatolien dont nous avons exposé les principes.

Nous espérons pouvoir discuter prochainement avec d’autres spécia-
listes de ces questions et remercions nos lecteurs et lectrices de leur in-
térêt. Pour toute autre information ou demande de précision, vous êtes
cordialement les bienvenus pour nous contacter par email.

Ressources

1. Introduction au Linéaire A par Alexandre Solcà, secrétaire général de
la Societas Anatolica et spécialiste de linguistique antique etmoderne
https://www.youtube.com/watch?v=dzYWn3MiSQo

2. Les sceaux minoens et les écritures hiéroglyphiques de Crète : pre-
mière partie, par Alexandre Solcà https://www.youtube.com/watch?v=
ZWmPahZ7b-o

3. Les sceaux minoens : écriture syllabo-hiéroglyphique du monde
égéo-anatolien (seconde partie du précédent exposé d’Alexandre
Solcà) https://youtu.be/i2I7SerkrYc?si=pJLR4av0gNB3CizK
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InscribingMultilingualism
Lifemaps and “Trans-scripting”
AmongMoroccan AmazighYouth

Adeli Block

Abstract. In this paper, I examine script and writing practices after Tamazight
officialization and standardization in the broader linguistic landscape of Mo-
rocco. Drawing on over 150 lifemaps (García-Sánchez 2014), whereby students
in Tamazight classes in public elementary schools (grades 1 through 6) draw
the places they frequent and label them, I consider script contact (contact be-
tween scripts) and the emergent ways students in southeast Morocco are ex-
pressing themselves multimodally with their entire semiotic repertoire. Similar
to translanguaging (Otheguy et al. 2015) that recognizes peoples’ full linguis-
tic repertoire without reifying named (colonial) languages, the lifemaps demon-
strate the ways in which young students are, what I’m calling, trans-scripting
or transgraphing. For example, elementary school students utilize several scripts
(Neo-Tifinagh, Latin, and Arabic), write Arabic wordswithTifinagh script, write
Tamazight words with Arabic script, and muddle script directionality. I aim to
take the aesthetics of scripts and children’s drawings seriously as an instantia-
tion of linguistic justice (Baker-Bell 2020) that recognizes multipleways of being
“correct” as students are being interpellated asmultiscriptal andmultilingual cit-
izens in the Moroccan social imaginary. Visually, I analyze the different aesthet-
ics of frequented communal places. Indubitably, lifemaps are a powerful act of
self-representation that reveals the ways in which young minds interpret spaces
and places. Crucially, I contend that these lifemaps, with their distinctive aes-
thetics, function as an “other-archive” (El Guabli 2023) that documents a history
enmeshed in loss and silence against the backdrop of layers of colonialism.

In January 2023, I held hands with a seven-year-old girl in southeast
Morocco, whom Iwill call Amira.Wewere about to enter the weekly souq
(market), and we saw her French teacher nearby, and we waved. I said
to her, “is trẓṛit aslmad nnm?” (Did you see your teacher?). I said “teacher”
using the Tamazight word. She said, “No! That is not aslmad,” emphat-
ically. “That’s monsieur or ustad.” For her, aslmad (the Tamazight word
for “teacher”) was reserved only for the Tamazight teacher, not just any
teacher. A fewweeks later, I was observing Amira and her mom, Fatima,
work through some homework, which her mom was very invested in.
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Amira had drawn a rainbow and some other landscape features, and she
needed to come upwith a title. I suggested, “How about you name it tislit
n unẓaṛ?” referring to “rainbow” in Tamazight (lit. bride of the rain). Her
mom quickly interjected, “No, this is for Arabic; it has to be in Arabic.”
I told her daughter, “Okay, so write tislit n unẓaṛ in Arabic letters.” Her
mom said, “No.” They settled on nuḥaafiḍh ʿala al-bi’a in Modern Standard
Arabic, “let’s preserve the environment.” These two moments exemplify
some of the ways in which children are socialized into conceptualizing
language boundaries and script boundaries, both reinforced by school
and at home, through their parents. Arabic script is for Arabic, Latin is
for French, and Tifinagh script is for Tamazight. In other words, there
is a conflation between language and referential content, as we see with
aslmad and monsieur, and there is a conflation between script and lan-
guage where Arabic script is meant only for Arabic words rather than a
medium towrite any language. Mypaper today looks specifically atwrit-
ing, script, and the visual practices of children in southeastMorocco, and
the different ways kids are reproducing this script essentialism and also
subverting it.

In 2001, through a royal decree, King Mohamed VI created the Royal
Institute for Amazigh Culture (also called IRCAM) to promote Amazigh
languages and begin to codify and standardize them. In 2002, some
schools first began teachingTamazight, after decades ofmarginalization
and erasure. After generations of activism and resistance, the Amazigh
Culture Movement achieved a milestone in 2011 when Tamazight be-
came an official language alongside Arabic in the wake of the “Arab
Spring.” Notably, the King, in coordination with IRCAM, selected Ti-
finagh, not Latin nor Arabic, as the official script for Tamazight, which
is an ancient script that they modernized and revived. This government
choice scripted distinction and distinctiveness because Latin indexed
French, and Arabic indexed Arabism/Islamism. This schema results in
an essentialized and conflated relationship between script and language.

For example, on a prominent bank’s ATM screen (Figure 1) asking,
“choose your language,” Tifinagh, the script, is listed as the language
rather than Tamazight, the actual name of the language. School then
becomes a key site through which students are taught to separate these
codes and scripts while also being interpellated as multilingual andmul-
tiscriptal citizens.

In Figure 2, we see the days of the week in the three separate
codes (Arabic, Tamazight, and French) with their respective essential-
ized script (Arabic, Tifinagh, and Latin). I found this hanging in one of
the classrooms at another nearby school that teaches Tamazight. While
Tamazight and Arabic are the official languages, French continues to
be taught in schools and for grades 3-6, students are taught six hours
of French plus math and science (also taught in French) compared to
the three hours allotted forTamazight. Currently, Tamazight is only be-
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Fig. 1. Bank Screen for Attijariwafa Bank

ing taught in some elementary schools, with middle schools to soon roll
out. Teacher shortage continues to be a crucial problem in universaliz-
ing Tamazight education across the country. As a scholar of language
and script politics, Tamazight classes in elementary school classrooms
in the southeast became a prominent setting for my research.

In designing my dissertation fieldwork, I was inspired by linguistic
anthropologist Inma Garcia-Sanchez’s use of lifemaps with Moroccan
immigrant children in Spain (2014). While her method combined draw-
ings and text as acts of self-representation, my approach differs by inte-
grating lifemaps more systematicallywith children in Al-Jadida elemen-
tary school, rather than just focal children (see Figure 3).

In collaboration and consultationwith the Tamazight teacher Achraf,
we decided to include the lifemap activity as a structured classroom ac-
tivity that all children in the school would participate in. For grades 1
through 4, the lifemaps were done during the nashaṭ tarfihi (the fun activ-
ity) as part of the Tamazight class. For grades 5 and 6, participants in
the Tamazight club also drew lifemaps. When Achraf introduced the ac-
tivity to the students, their faces lit up. They were so excited to see that
they would have the opportunity to draw, and on actual drawing paper,
as part of class. Parents and teachers alike were surprised that I spent
money to buy the “special drawing paper” but appreciated it by saying,
“bravo ʿalik!” I told them that it was not my personal money but money
acquired through research funding for these exact kinds of expenses. Ad-
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Fig. 2. Days of the week in Arabic, Tamazight, and French

ditionally, the students were central to my research, and so I was thrilled
to give them a “fun” activity, which I also knewwould be fruitful in dis-
playing heterogeneous writing and drawing practices. News travelled
fast throughout the school, and classes already knew what was coming
when itwas their “turn” to do the lifemaps. Achrafwould often take a stu-
dent as an example to demonstrate to the students what wewere looking
for: “First, you wake up, and then where do you go?” “School!” “Great,
and then after school, where do you go?” “Draw the places that you go
to many times during the week, and then write down the names of the
places. You can write the names however you want, or however you say
them.” Often, he would draw a house on the board with an arrow to the
next place to give them an idea of the task. We would remind students
many times, “Don’t forget to write the names of the places! In any lan-
guage!” Some students, when going over the directions, were more pre-
occupied with it being “accurate,” especially in levels 3 and up. “How
do I say classroom in Tamazight?” A couple of students said, ” Can I
write in the American language”? Achraf thought this was funny because
they didn’t call it English. Achraf said, “You can write in Chinese,” sig-
nally that literally any code was permissible, even though they didn’t
know these codes. Some students sought my approval: “Is this beauti-
ful?” Some wanted to make it a competition for who could have the best
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Fig. 3. An example of a lifemap

lifemap, given that students were accustomed to different competitions
at school. I assured them that all maps are beautiful and that whatever
they turned in would be great.

In this talk, I aim to take children’s drawings and their writing prac-
tices “seriously” as both a powerful act of self-representation and aswhat
Amazigh studies scholar, Brahim El Guabli, calls an “other-archive.”
Other-archives are:

texts, artifacts, alphabets […] where stories of the excluded, the silenced, and
the forgotten live in a ghostly state […] other-archives are part of unfolding
memory and history, existing to bridge the gap between a past that is not yet
finished and a society still impacted by the consequences of the unfinished
past”. (El Guabli 2023: 1)

I argue that children’s lifemaps should be treated as an “other-
archive” in the afterlives of language policy change, not merely because
it documents a history enmeshed in silence in loss through the reclama-
tion of Tifinagh but also because the act of writing in Tamazight, in any
script, and depictions of lifeworlds at the margins of Moroccan society
constitute an act of resistance. As a newgeneration that is able towrite in
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three different languages and three different scripts emerges, these chil-
dren are hailed by the state as multilingual and multiscriptal citizens,
while also subverting hegemonic institutionalized practices that privi-
lege Arabic (and French). Lifemaps are also central to my ethnographic
study of script politics because they engender the three rights or princi-
ples that shape Amazigh identification. These are: akal (land), afgan (per-
son), and awal (speech/language). The Amazigh Cultural Movement in-
vented or reinvented these principles as integral to Amazighness. Thus,
these lifemaps uniquely depict the nexus of land, people, and language
as children draw the places they frequent and label them.

While some scholars and instructors would consider these semiotic
practices as “wrong,” “incorrect,” or “truncated” (Blommaert 2010), I
aim to valorize them as acts of resistance and self-expression against
the backdrop of layers of colonialism and linguistic oppression. Sim-
ilar to how scholars in linguistics have theorized translanguaging as
a framework that rejects (colonial) named languages that often corre-
spond to nation-states (Otheguy 2015 et al.), I understand these lin-
guistic and script practices to be “trans-scripting.” Thus, while the state,
through schools, is trying to socialize students into a script or graphic
regime where Arabic=Arabic, Latin=French, and Tifinagh=Tamazight,
these students demonstrate the de-essentialized relationship between
script and language. In otherwords, while scripts are essentialized (rhe-
matized) by the state, and reified through elementary schools and the
standardized curriculum, kids are subverting this by writing words in
whatever script they want, as we will see in these lifemaps.

Here is an example of a lifemap (Figures 4 and 5) where we can ob-
serve script contact and language contact from a first grader. “Police” is
written in French in Latin script, “tinml” (“school” in Tamazight) is writ-
ten inTifinagh script, and she has her name and “field”written in Arabic.

These lifemaps are a point or stoppage, at a particular time on their
script socialization trajectory, through which we can understand the
semiotic ideological assemblages in which students are enmeshed. We
can assess how students are thinking about the relationship between
script and code, different varieties (Moroccan Standard Tamazight,
Standard Arabic, Moroccan Arabic, local Tamazight, and French), and
their lifeworlds. Elementary school is an ideal site to do these lifemaps
because it is this very space where students are acquiring three scripts
and 3+ codes simultaneously.

After coding 173 of these maps thus far, here are some of the signif-
icant findings. The main kinds of places that children drew are school,
home, the store, the mosque, a friend/family house, and soccer fields.

One salient feature is the caricature-like nature of many of the chil-
dren’s drawings, especially when houses are drawn. Many students, in
particular, drew box-shaped homes with triangular roofs, undoubtedly
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Fig. 4. The frontside of a first grader’s lifemap

Fig. 5. The backside of a first grader’s lifemap
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images of homes that they have encountered in cartoons, movies, and
other media, given that no homes locally look like that.

However, some students took a more emic or locally constructed ap-
proach and aimed to represent southeastern architecture where struc-
tures are adorned with tower corners as depicted in Figure 6. This is
significant for depicting what their actual local architecture looks like
rather than reproducing images that are circulated in the media.

Some students’ images of the mosque were particularly detailed, in-
dexing degrees of piety or the importance of Islam to their lifeworld con-
structions. 64% of students drew a mosque on their lifemap.

For example, several students wrote Allahu ʾakbar (in Arabic script),
“Allah is the greatest,” which is how the call to prayer begins and ends.
Moreover, certain students wrote makaan llwaḍuʾ (place for ablution),
indexing their high degree of familiarity with space and signage in
mosques.

For some, kids drew ḥanut/taḥanut/maḥal/dukkan (convenience stores)
because running to the convenience store on behalf ofmom is an integral
part of many children’s roles in the family.

Many children, especially boys, drew a soccer field, even those who
don’t play soccer. Nearly 50% of the boys drew a field compared to 15% of
girls. I surmise that this is mainly for two reasons. Firstly, there is an im-
pressive turf complex adjacent to the school for club teams; thus, the field
is a salient place in their everyday geography, whether or not they utilize
it. Second, soccer is an ever-growing sport in Morocco for all genders,
with both the men and the women having significant World Cup and
Olympic runs. Nonetheless, soccer continues to be a male-dominated
sport.

Many students also drew gardens. In the center or downtown part of
Tinjedad, there is a garden that has swings, a playground spinner, many
benches, popcorn/chip/ice cream vendors, and so forth. Many families
spend their evenings in this park area as a recreational activity, and
it’s also a public space where women can convene and chat. Trees were
also present in many of the children’s maps because Tinjedad is a pre-
Saharan oasis town, and so there are many fields filled with palm trees
on either side of the main road that cuts through the center of Tinjedad.

In these lifemaps, we see students who have drawn very specific
places that are tied to their “asl” or origin, which is a key principle of
social organization in southeast Morocco.

Depicted here are different fortified villages that connect to their fam-
ily’s lineage, demonstrating the spatial networks that children are em-
bedded in.

I will now present a map from each grade level so I can discuss some
of the key patterns that are featured across these maps. First, we have
Hamza, who is a first grader.
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Fig. 6. Examples of students who incorporated southeastern architecture in their
lifemaps

Fig. 7. Examples of mosques drawn on students’ lifemaps
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Fig. 8. Fortified villages and other cities drawn on children’s lifemaps

His name is written in Tifinagh. He starts his day off at al-manzil
(house) in Arabic but written in Tifinagh script. Then he goes to school,
tinml, the Tamazight word for “school.” Then he goes to a garden, turtit,
also in Tamazight, then he goes to a mosque, timzgida also in Tamazight,
then he goes to the library, al-maktabawritten in Arabic butwithTifinagh
letters, and then he goes to taddart n Yousef, (Youssef’s house) written in
Tamazight. Clearly, we have a lot of mixing here. Next, we have a second
grader.

He has ḥadiqa (garden) in Standard Arabic, tinml in Tamazight (and
Tifinagh script), taddarat meant to be taddart in Tamazight, and nk ligh
ghor baba (I’m at dad’s), a sentence in Tamazight written in Arabic script.

For this third grader (Figure 11) he starts with tadart, the Tamazight
word for “home,” then he goes to tinml the Tamazight word for “school,”
then he goes to malʿab, the Standard Arabic word for “field,” then the
masjid or the “mosque” in Arabic, then the jarda (garden) which is the
Darija or Moroccan Arabic term (borrowed from the French jardin), and
then piscine (pool) written in Arabic letters.

For this fourth grader,we see only tifinagh script, but as youmayhave
surmised, she does not use only tamazight words.

For “mosque,” she uses the Arabic ljaamʿ and for “library,” she uses
the Arabic lmaktaba even though all her script choices are in Tifinagh.
For grade 6, we have Mariam.

“House” and “school” are both in Tamazight and written in Tifinagh,
“park” and her “remediation school” are in Arabic, and the café is in
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Fig. 9. A lifemap by a first-grade boy

Fig. 10. A lifemap from a second-grade boy
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Fig. 11. Lifemap by a third-grade boy

Fig. 12. Lifemap by a fourth-grade girl
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Fig. 13. A lifemap from a sixth-grade girl

Latin/French, which is called café Alaska, the new hot place to be in
town.

This activity also allowed those who are most marginalized socially
in the classroom to be able to participate in a classroom activitywithout
judgment or fear of punishment. On Figure 14, I have compiled a few
examples that illustrate this.

For example, we see a tent drawn by a second-grader who lives in the
pastoral nomadic community near the school. Notably, he did not draw
a caricature-looking house and instead drew the quarters in which he
lives. Additionally, several students at the school have severe cognitive
disabilities, and they are “integrated” with those who do not have cog-
nitive disabilities as part of a change in education policy. While they are
integrated nominally, they are often relegated to the back and occupy
themselves, rarely being consciously included in the standardized cur-
riculum. I have included several drawings here from students with cog-
nitive disabilities across different grade levels. While the teachers often
characterize their work as walu or “nothing,” I wanted to include their
drawings because they do, in fact, matter. We see from Houda, a sixth
grader (upper left photo in Figure 14), that she writes her name in Ara-
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Fig. 14

Fig. 15. Examples of students muddling script directionality
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bic, and also writes various letters in Tifinagh.While this does not mean
anything referentially, we see that she is still engaging in a powerful act
of “trans-scripting” freely and drawing on her entire semiotic repertoire.

When I’ve observed script mixing, there are three main kinds that
emerge. The first is muddying script directionality.

In Figure 15, there are examples where the Arabic text is going left
to right instead of right to left, and the Tamazight is going right to left
instead of left to right. While this happens more at the younger levels,
there were students in the upper levels who also showed this practice.

The second type of mixing is Arabic words in Tifinagh script.

Fig. 16. Examples of children writing Arabic words in Tifinagh script

The primary examples that occurred are the ones shown here lmanzil
(house), tirran, a Moroccan Darija word coming from the French terrain,
ljaamʿ the Arabic word for “mosque,” ḥadiqa the Arabic word for “garden,”
and madrasa, the Arabic word for “school.” When Achraf asked Hamza
why he wrote lmanzil, an Arabic word in Tifinagh, Hamza said, “I wanted
to.”

The third type of mixing is Tamazight words in Arabic script.
The overwhelming Tamazight term written in Arabic script was

taddart, meaning “house.” Other examples included here are amdakkl
(friend), taḥanut (store) and tarbat (girl). When Achraf asked Abdullah
why he didn’t write taddart using Tifinagh letters, he said ur tn sinngh “I
don’t know them.” Noticeably absent is French. Only one student labeled
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Fig. 17. Examples of children writing Tamazight words in Arabic script

a place in French, school, and he did so alongside madrasa and tinml, the
Arabic and Tamazight words for school, as seen in Figure 18.

Fig. 18. ”School” written in three codes and three scripts

Students are educated formally in French, but when given the option
to write “freely,” French was not a code that agentively chose.

As I have demonstrated, lifemaps are not clear-cut, and neither are
people’s lives. As a powerful act of self-representation and resistance
against the backdrop of layered colonialisms, we must take lifemaps
seriously as a form of social action. With more than 64% of student
lifemaps being characterized as showing significant mixing, we must
de-essentialize our understanding of codes, scripts, and languages. As
the late linguist Jon Henner said, “Don’t let anyone tell you your lan-
guage iswrong. Your languaging is the story ofyour life.”While scripts can
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script distinction or distinctiveness, we cannot use them as a means to
police, censure, or constrain people when we have a system that pro-
duces multiscriptal citizens. Just as translanguaging is a radical act in
pursuit of linguistic justice (Baker-Bell 2020) that doesn’t adhere to
named language boundaries, trans-scripting or transgraphing as an anti-
essentialist framework must also be included in our efforts toward lan-
guage as liberation.
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Creating anOrthography
for an Endangered Language:
TheGraphisation ofCypriot Arabic
Spyros Armostis & Marilena Karyolemou

Abstract. Graphisation, i.e., the development of a signary and associated ortho-
graphic conventions for a previously unwritten language variety, constitutes an
important component of language corpus planning, particularly in the context
of endangered-language revitalisation. This paper presents the graphisation of
Cypriot Arabic, a severely endangered Arabic variety spoken byMaronite Cypri-
ots of Kormakitis. Following its recognition as a minority language of Cyprus
in 2008 and the establishment of revitalisation initiatives, the need arose for a
codified writing system to support language documentation, teaching, and com-
munity use. A proposed signary and orthography were developed on the basis
of linguistic analysis and subsequently evaluated through a study involving na-
tive speakers. The study investigated preferences regarding script choice, ortho-
graphic depth, and the representation of selected morphophonological phenom-
ena, as well as attitudes towards the proposed system in terms of acceptability,
usability, and learnability. Participants generally considered the proposal accept-
able and logical. However, they did not uniformly favour either phonetic trans-
parency or morphophonological depth. Instead, preferences varied according to
the linguistic phenomenon under investigation, with surface-oriented spellings
preferred for lexical processes and deeper spellings for post-lexical ones. The
findings suggest that successful graphisation should combine linguistic analysis
with speaker feedback and that orthographic depth may vary across phenomena
rather than characterising a writing system as a whole.

1. Introduction

Linguists are often called upon to propose a writing system for language
varieties that have hitherto existed primarily as oral traditions with
no established written norm. In such graphisation efforts, especially in
cases of endangered varieties, multiple parameters must be taken into
account in order for the implementation of a new system to have the po-
tential to succeed. Beyond the linguistic soundness of the proposed or-
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thography, issues of acceptability and learnability among native speak-
ers of the variety become central. The present study reports the results of
an investigation that tested a proposed orthography for Cypriot Arabic,
a severely endangered language in the mediterranean island of Cyprus.

1.1. Cypriot Arabic

Cypriot Arabic (endonym: sanna ‘our language’, also referred to as arapika
‘Arabic’ within the community) is spoken by members of the Maronite
community of Cyprus, one of the constitutionally recognised ethnoreli-
gious groups of the Republic ofCyprus. In the scientific literature the va-
riety is known as Cypriot Arabic, while the designation CypriotMaronite Ara-
bic has appeared to a certain degree in official contexts; the informal label
marōnitika ‘Maronite language’ is also attested but imprecise (Armostis,
2025). Maronite Cypriots belong to the Maronite Church, an Eastern
Catholic Church based in Lebanon with Saint Maron as its patron saint.
Maronite populations arrived on the island in successive waves from the
region of Greater Syria between approximately the 7th and 12th cen-
turies, with medieval sources reporting the presence of numerous Ma-
ronite villages especially to the north of the island (Frangeskou andHad-
jilyra, 2012, p. 8). Today only four Maronite villages remain, all located
in the northern part of the island. Cypriot Arabic is spoken exclusively
by Maronites originating from the Kormakitis village; Maronites from
other villages neither speak the variety nor have any memories of the
language ever having been used in their villages in the past.

From a typological and historical perspective, Cypriot Arabic belongs
to the group of peripheral Arabic varieties, i.e. varieties that developed
outside the core Arabic-speaking area and in sustained contactwith non-
Semitic languages (Borg, 1985; 1994). In this case, prolonged contact
with Cypriot Greek has resulted in extensive lexicogrammatical influ-
ence (Armostis and Karyolemou, 2023). Following the turbulent events
of 1974 and the displacement of the Kormakitis population, community
networks were disrupted and intergenerational transmission virtually
arrested. As a result, Cypriot Arabic is today spoken as a first language
by fewer than one thousand speakers. Therefore, Cypriot Arabic is clas-
sified as severely endangered in UNESCO’s Atlas of theWorld’s Languages in
Danger and is characterised by very low ethnolinguistic vitality (Kary-
olemou, 2019).

The official recognition of Cypriot Arabic as a minority language of
the Republic of Cyprus in 2008, following joint efforts by academics and
members of the Maronite community, constituted a crucial step in for-
mal language planning, and more specifically in status planning: this
recognition established Cypriot Arabic as a language in its own right
rather than as a mere dialectal form of Arabic, thereby raising its insti-
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tutional profile and enabling access to funding and coordinated protec-
tion measures (Armostis, 2025). In consultation with community rep-
resentatives, a team of academics subsequently designed a structured
programme for documentation and maintenance/revitalisation, while
the government appointed an Experts Committee composed of aca-
demics and community members to advise on revitalisation strategy.
These developments culminated in 2013 in the launch of the ‘Research
Programme for the Documentation, Preservation and Revitalisation of
Cypriot Maronite Arabic’ under the Cyprus Ministry of Education (the
now-called the Ministry of Education, Sports and Youth), a programme
in which the present authors participate (ibid.).

Given that Cypriot Arabic had for centuries functioned almost ex-
clusively as an orally transmitted variety, with very limited written ma-
terial and no comprehensive grammatical or lexicographic description,
the programme initially prioritised systematic documentation as a foun-
dation for corpus planning (Armostis, 2025; Armostis and Karyolemou,
2023). Documentation, however, was conceived not as an end in itself
but as a prerequisite for maintenance and revitalisation. From the out-
set, the development of teaching and learning materials emerged as a
central objective. This, in turn, made explicit the absence of a codified
orthography for Cypriot Arabic and necessitated its practical develop-
ment, i.e., its graphisation.

Graphisation is part of language corpus planning (Fishman, 1974;
Haarmann, 2006; Liddicoat, 2005) and can be defined as the develop-
ment of a signary and associated orthographic conventions for a given
language variety (Fenyvesi and Bakrá-Nagy, 2025; Haarmann, 2006).
The signary is ‘the complete inventory of the basic signs of a given writ-
ing system’ (Coulmas, 2003, p. 36), which includes not only signs corre-
sponding to language units (distinctive features, phones, phonemes, syl-
lables, moras, or morphemes/words), but also other symbols, such as ty-
pographic blank spaces, punctuation marks, and numerals. Signary de-
velopment, as a component of graphisation, is called alphabetisation in the
case of alphabeticalwriting systems (Haarmann, 2006); for graphisation
to be complete, the creation of an associated orthography is required.
Orthography is an optional component of awriting system and is under-
stood as regulation of the system by means of prescriptive rules speci-
fying how one may write correctly in the given writing system (Meletis
and Dürscheid, 2022, p. 171–172).

1.2. Writing in Cypriot Arabic

In discussing the development of a signary and orthography for Cypriot
Arabic, it is necessary to consider the literacy backgrounds of speakers
and their familiarity with existing scripts and writing systems. Mem-
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bers of theCypriot-Arabic-speaking communityhave native competency
not only in Cypriot Arabic, but also, in recent years, in Cypriot Greek
and are literate in StandardModern Greek; they therefore have full com-
mand of the StandardModernGreekwriting system and theGreek script
in general. In addition, through formal education, many speakers have
learnt English, French, and/or Italian as foreign languages and are con-
sequently familiarwith theirwriting systems and with the Roman script
more broadly. Bycontrast, there is practicallyno literacy inModernStan-
dard Arabic within the community, with the exception of a couple of in-
dividuals. As a result, the Arabic script is largely unfamiliar and not func-
tionally available for community-wide literacy practices. Syriac abjad is
used in liturgical contexts, but it is not directlyaccessible tomostCypriot
Arabic speakers, since liturgical texts are typically mediated through
Greek transliteration rather than read in the original script.

On the basis of the above considerations, any graphisation effort
would be more successful if it was based on the Greek and/or Roman
scripts rather than on the Arabic one. This is supported by the limited
writing practices in Cypriot Arabic that existed prior to the graphisa-
tion efforts of the above-mentioned research programme. For instance,
Cypriot Arabic was rendered in writing with the use of the Greek script
in the Frangiskou (2000) dictionary and in some other unpublished
material. Even though the use of the Greek script (with the addition,
for some users, of two letters from the Roman script, namely <b> and
<d>) was not conceived necessarily as a full alphabet proposal in those
sources, it can be summarised as follows:

(1) <Αα Ββ Γγ Γγ Δδ Εε Ζζ Ζζ Ηη Θθ Ιι Κκ Λλ Μμ Νν Ξξ Ξξ Οο Ππ
Ππ/Bb Ρρ Σσς Σσς Ττ Ττ/Dd Υυ Φφ Χχ Ψψ Ψψ>

An alphabet based primarily on the Roman script (with the addi-
tion of letters from the Greek script) was proposed by linguist Alexan-
der Borg and was officially adopted by the community in a ceremony in
2007 (Armostis, 2020; Karyolemou and Armostis, 2020). This alphabet
was subsequently used in community contexts, including the ‘Maronite
Press’ newspaper. Borg, being a speaker of Maltese, a peripheral variety
whose alphabet uses the Roman script, modelled his Cypriot Arabic al-
phabet on the Maltese one, hence its primarily Roman character. Borg’s
alphabet, as presented in Borg (2008), is replicated below:

(2) <Aa, Bb, Cc, Ċċ, Dd, Δδ, Ee, Ff, Gġ [or Gg], Xx, Ii, Jj, Kk, Ll, Mm,
Nn, Oo, Pp, Rr, Ss, Şş, Tt, Θθ, Uu, Vv, Ww, Yy, Zz>1

1. Arguably, ‘Gġ [or Gg]’ found in Borg (2008) was a typo; one would have ex-
pected ‘Ġġ [or Gg]’.
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However, the practical application of this alphabet displayed consid-
erable graphematic variation (Armostis, 2020), a pattern also observed
in the orthographic transcription of the oral corpus compiled within the
revitalisation programme (Armostis, 2025). The main reason for this in-
consistency was that only the alphabetisation component of the graphi-
sation process was provided, i.e., the creation and adoption of the al-
phabet, whereas the second essential component, namely a coherent set
of orthographic rules governing its use, was largely absent, beyond ba-
sic graphophonemic correspondences. For instance, in the leaflet (Borg,
2008) in circulation within the community about his proposed alpha-
bet, it was specified that the letters <ċ> and <ġ> represent the affricate
consonants [t͡ʃ] and [d͡ʒ] respectively, but only in loanwords. However,
it was not explicitly stated how the same affricates would be spelled in
inherited words. In the sample text provided in the leaflet for how the
alphabet could be applied, it could be found that, in inherited words,
these affricates were spelled with the digraphs <tş> and <tj> respec-
tively. Additional limiting factors in the application of Borg’s proposal
included the scarcity and fragmentation of publicly available documen-
tation about the alphabet, the absence of established letter names, and
the fact that speakers had not been systematically consulted regarding
their preferences.

More generally, the creation of a signary and orthography for pre-
viously unwritten or underwritten varieties is often pursued as a
largely top-down process with limited speaker participation. However,
as speakers preferences often take precedence over a linguistically ideal
orthography (Cahill, 2014; Cahill and Karan, 2008), the research pro-
gramme opted for a full graphisation process that would involve com-
munitymembers in reaching a signary and orthography proposal, which
would be put to test with native speakers. Hence, one of the primary
objectives of the Cypriot Arabic documentation and revitalisation pro-
gramme was the development not only of a revised and fully specified
signary, building on and reassessing Borg’s earlier alphabetic proposal,
but also of a comprehensive orthographic framework (Armostis, 2025).
With respect to the signary, this involved evaluating whether the ex-
isting alphabet adequately represented all phonemic contrasts of the
language and making decisions concerning alphabetical order, letter
names, and the inventory of punctuation and auxiliary symbols. With
respect to orthography, the aim was to formulate explicit rules cover-
ing graphophonemic correspondences and their balance with morpho-
graphic considerations, orthographic depth, the marking of supraseg-
mental features such as stress and consonant gemination, capitalisation,
orthographic word division and hyphenation, contraction, loanword
spelling, and punctuation practices (ibid.; Coulmas, 1996, p. 379–380).
Establishing such conventions was necessary both for ensuring con-
sistency in corpus transcription and for supporting the production of
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teaching materials for younger and adult learners within the broader
framework of acquisition planning.

1.3. Research Motivation

In designing a writing system from a linguistically informed perspec-
tive, a central question concerns the appropriate level of representation:
whether priority should be given to surface phonetic forms or to under-
lying phonemic and morphophonological structure, and the extent to
which morphological or etymological information should be encoded.
Although linguists typically aim at maximising structural adequacy and
internal consistency, linguistic soundness alone does not guarantee the
success of a newly proposed writing system. Even a theoretically op-
timal system cannot be considered ‘ideal’ if it is not acceptable to its
intended users, usable in everyday practice, and teachable within realis-
tic educational settings. Research on orthography development has re-
peatedly shown that acceptability, usability, and learnability, alongside
educational, sociopolitical, and practical production factors, are deci-
sive for successful implementation (cf. Cahill, 2014; Cahill and Karan,
2008).These factors include, among others, the transfer of graphetic and
graphematic conventions from familiar writing systems (Malone, 2004;
Smalley, 1964), as well as technological support such as Unicode encod-
ing, keyboard and font availability, and spellchecking tools. For this rea-
son, proposals developed exclusively on theoretical linguistic grounds
must be empirically tested with native speakers, and user preferences
and attitudes must be taken into account before a system is finalised
(Armostis, 2025; Karan, 2013).

1.3.1. Morphophonological Processes Under Investigation

A writing system is analysed as an ordered language-script pair (Juste-
son, 1976; Weingarten, 2011) consisting of a signary and associated
graphematic correspondences between the language and its written
form (Daniels and Bright, 1996, p. xlv), part of which may be codified
in an orthographic module. A central design issue is representational
depth, namely whether spellings should be phonetic or morphophono-
logical.

As a Semitic language, Cypriot Arabic exhibits templatic morphology
characterised by the use of consonantal roots, i.e., abstract discontinuous
consonant sequences which, through the insertion of transfixes (vow-
els and additional consonants within the root), yield inflected and de-
rived word forms. Depending on the morphophonological environment,
the consonants of a root may undergo systematic (morpho)phonological
processes. For example, the root |ktp| ‘write’ appears unchanged in (3a),
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partially modified in (3b), and doubly modified in (3c), due to a Cypriot
Arabic rule whereby plosive clusters undergo dissimilation with respect
to continuancy (Armostis, 2020):

(3) The root |ktp|

a. /ˈkite̞p/ → [ˈcite̞p] ‘he wrote’

b. /ˈpɐktop̞/ → [ˈpɐxto̞p] ‘I write’

c. /ktupt/ → [xtuft] ‘I wrote’

The question that arises is whether the forms in (3b) and (3c) should
be written morphophonologically as <paktop> and <ktupt> or phonet-
ically as <paχtop> and <χtuft>. The first option gives the writing sys-
tem greater orthographic depth/opacity (Coulmas, 2003, p. 213–215; Rogers,
2005, p. 275), in that different phonetic allomorphs of the same mor-
pheme are written in the same way, something that makes their connec-
tion apparent in writing. The second option increases orthographic trans-
parency, in that it more faithfully represents the surface pronunciation.

A second phenomenon of interest concerns the spelling of the definite
article. The underlying form of the definite article in the nominative, ac-
cusative, and dative is the consonant /l/, which phonetically assimilates
fully to the consonant of the following word when that word begins with
a singleton consonant (rather than a geminate or a consonant cluster),
with the exception of pharyngeal [ʕ], which never occurs as a geminate
in Cypriot Arabic (Christodoulou, Armostis, and Karyolemou, 2021):

(4) The definite article /l/

a. /l#ˈʕɐfɐ/ → [ˈlʕɐfɐ] ‘the snake’

b. /l#xɐɾɾ/ → [xːɐrː] ‘the heat’

c. /l#kɐˈfe̞/ → [kʰːɐˈfe̞] ‘the coffee’2

d. /l#ˈpɐpe̞/ → [ˈbːɐpe̞] ‘the door’

In examples (4b)-(4d), the phonetic realisation differs from the un-
derlying morphophonological form, and the question arises whether the

2. In Cypriot Arabic, the geminate counterparts of the voiceless occlusives [p], [t],
[k], [c], [t͡ʃ] are enhanced by aspiration, i.e., [pʰː], [tʰː], [kʰː], [cʰː], [t͡ʃʰː]. This phe-
nomenon is an influence from Cypriot Greek, in which these occlusives are also en-
hanced by aspiration when geminate (Armostis and Karyolemou, 2023). It should be
noted that Cypriot Arabic additionally exhibits two geminate voiced plosives, namely
[bː] and [dː] (which do not exist in Cypriot Greek), with no singleton counterparts
(singleton [b], [d], and [ɡ] do appear, but only as allophones of /p/, /t/, and /k/ respec-
tively when immediately preceded by a voiced consonant: e.g., /piˈntuɐ/ → [piˈnduɐ]
‘little girl’; cf. [pnɐt] ‘daughters’).
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article should bewritten as pronounced in each case orwhether it should
always be written unchanged in its underlying form. For instance, (4b)
may be represented morphophonologically as <l-χarr> or phonetically
as <χ-χarr> (or <χχarr>, if the hyphen is not used). If (4c) is written
more phonetically as <kkafé> (without the hyphen), the phrase ‘the
coffee’ becomes homographic with <kkafé> ‘cafeteria’, whereas a mor-
phophonological spelling <lkafé> (and even better: <l-kafé>) keeps the
two forms distinct and encodes additional morphographic information
(cf. Rogers, 2005, p. 275). The situation is even more complex in (4d),
where assimilation of /l/ to /p/ obligatorily yields [bː] rather than [pʰː];
thus the phonetic spelling <bbape> / <b-bape> departs even further
from the underlying form (and from the form without the article, i.e.
<pape>) than in the previous examples, whereas the morphophonolog-
ical spelling <lpape> / <l-pape> may facilitate visual word recognition
(Armostis, 2020). Also, even though the assimilation of /l/ to the coro-
nal /t/ typically yields a voiceless geminate [tʰː] (e.g., /l#tik/ → [tʰːik]
‘the rooster’), in a couple of lexical items the result of this assimilation is
rather a voiced [dː]: for instance, /l#tist/ → [dːist] ‘the cauldron’. The rea-
sons for both the regular /l#p/ → [bː] assimilation and the exceptional
cases, such as /l#tist/ → [dːist], can be found in the diachrony of the
language (Borg, 1985). These irregular cases also pose the same prob-
lems as the /l#p/ → [bː] assimilation for the written representation of
such phrases: should it be written phonologically as <l-tist> (cf. the form
without the article: <tist>) or phonetically as <d-dist>?

Even in case (4a), where phonological and phonetic form do not dif-
fer, the issue still arises of how the article should be written: (a) attached
to the following word, i.e., <lcafa>; (b) as a separate word, i.e., <l cafa>;
(c) with an apostrophe, i.e., <l’cafa> (a practice attested in usage); or
(d) joined with a hyphen, i.e., <l-cafa>. Writing the definite article /l/
as a separate word results in a word spelled without a vowel letter (i.e.,
<l cafa>), which may appear unusual, since phonological words are ex-
pected to contain a syllabic nucleus. Writing it attached (i.e., <lcafa>)
conforms to phonotactic structure (the cluster /lʕ/ is allowed word-
initially: e.g., [lʕɐft] ‘I played’), but is not morphologically transparent,
as it does not indicate that the article is a separate morpheme. The apos-
trophe is not optimal (i.e., <l’cafa> or <l’ cafa>), since it conventionally
signals vowel elision, which is not the case here. Hyphenation indicates
that the sequence forms one phonological word but two morphological
units. In our proposal, hyphenation was adopted (as also done by Borg),
with /l/ written invariantly as <l-> in all contexts: e.g., <l-cafa>, <l-χar>,
<l-kafé>, <l-pape>, <l-tist>. These various ways of spelling the definite
article were included in the test design of the present study.

A third phenomenon investigated in the present study concerns a
small set of voiced ‘fricative + plosive’ clusters, namely [ðb], [ɣb], and
[ɣd]. These clusters present a particularly interesting challenge for or-
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Table 1. Examples of Cypriot Arabicwords containing voiced ‘fricative + plosive’
clusters (adjusted from Borg, 1985, p. 15)

surface form Borg’s
underlying
representa-
tion

reconstructed
historical
form

etymology

[ɣbiɾ] ‘big (m.)’ ← /x̬pi̬ɾ/ < *ɡbiːɾ < (Old Arabic)
kabiːɾ

[ˈɾɐɣbe̞] ‘neck’ ← /ˈɾɐx̬pe̬̞/ < *ɾɐɡbe̞ < (Old Arabic)
ɾaqaba

[ˈɾe̞ɣbe̞] ‘riding (f.)’ ← /ˈɾe̞x̬pe̬̞/ < *ɾe̞ɡbe̞ < (Old Arabic)
ɾaːkiba

[ðbɐxt] ’I slaughtered’ ← /t̬pɐ̬xt/ < *dbɐxt < (Old Arabic)
ðabaħt

[pɐˈðbun] ‘river’ ← /pɐˈθ̬pu̬n/ < *pɐˈtmun < (Cypriot Greek)
po̞tɐˈmo̞n

[ɣdiʃ] ‘horse’ ← /x̬ti̬ʃ/ < *ɡdiːʃ < (Old Arabic)
kadiːʃ

[ˈmo̞ɣde̞] ‘stove’ ← /ˈmo̞x̬te̬̞/ < *moɡde < (Old Arabic)
mawqida

thographic representation, because their synchronic phonological sta-
tus is far less straightforward than that of the processes discussed above:
unlike the alternations involving continuancy dissimilation or full as-
similation of the definite article /l/, which can be analysed in terms of
productive morphophonological processes, the voiced clusters appear to
be the result of historical sound change and have a highly restricted lexi-
cal distribution. Such items are presented in Table 1, adjusted from Borg
(ibid., p. 15).

Borg (ibid., pp. 15–16) postulated that, synchronically, Cypriot Ara-
bic exhibits a voiced plosive in the underlying representation of such
clusters, as, historically, it was the second member of the cluster that
was phonemically voiced: e.g., [ɣbiɾ] ‘big (m.)’ ultimately goes back to
Old Arabic /kabiːɾ/. However, postulating voiced plosives in the phone-
mic form is problematic, as Cypriot Arabic does not have an underlying
voicing contrast for singleton plosives (see footnote 2): it exhibits only a
series of voiceless plosive phonemes, namely /p/, /t/, /k/, which surface
as voiced when immediately following another voiced consonant (ibid.,
p. 12). The alternative, albeit not historically motivated, would be to as-
sume that, synchronically, the first member of the cluster is underlyingly
voiced, to which the second member assimilates. However, this solution
is also problematic, as Borg (ibid., p. 36–38) argues that Cypriot Arabic
does not synchronically exhibit the Old Arabic /γ/ phoneme due to it
having merged with /ʕ/ in Cypriot Arabic (e.g., Old Arabic /ɣalaq/ is
the origin of Cypriot Arabic [ˈʕilek] ‘he shut’). Consequently, it is not al-
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ways evident which segment should be regarded as underlyingly voiced
from a synchronic perspective, nor is it clear whether the surface clus-
ters should be analysed as the output of an active phonological process
converting the voiceless cluster into a voiced one, as such a rule would
be active only if historically motivated: e.g. it would apply for /xtiʃ/
→ [ɣdiʃ] ‘horse’ (cf. Old Arabic /kadiːʃ/), but not for /ktupt/ → [xtuft]
(cf. Old Arabic root |tkb|). This conundrum led Borg (1985) to repre-
sent the voiced ‘fricative + plosive’ clusters underlyingly with voiceless
phonemes,which however have exceptionally received voicing in certain
lexical items due to historical reasons, e.g., /x̬pi̬ɾ/.

This theoretical opacity of the synchronic underlying form of such
clusters has consequences on their written rendition. If a more sur-
face representation is adopted, then spellings such as <γbir>, <paδbún>,
<γdiş> etc., are straightforward, as their phonetic form unambiguously
contains a voiced fricative followed by a voiced plosive; but, if a deeper
representation is adopted, then, apart from the fact that from a theo-
retical perspective the phonological form is unclear, an additional issue
would be how deep the written representation should be with regards to
the morphophonology or even etymology of a given item: e.g., would
a deeper spelling for [ɣdiʃ] be <χtiş>, <χdiş>, <gdiş>, or <kdiş>? The
phenomenon therefore provides an additional test case for examining
speakers’ preferences regarding orthographic depth and the extent to
which historical, morphophonological, or phonetic information should
be represented in the writing system.

1.3.2. The Proposal

The proposal of the research programme that was to be tested was the
following:

Regarding the signary, it was developed by making decisions about
the alphabet, punctuation (e.g., using the Roman question mark <?>
rather than the Greek one <;>), numerals (Western Arabic numeralswere
selected), decimal separator etc. For the purposes of the test of the cur-
rent study, only the alphabet part of the signary was presented to the
participants. The test alphabet was a modification of the one created by
Borg:

(5) <Aa Bb Cc Dd Δδ Ee Ff Gg Γγ Ii Jj Kk Ll Mm Nn Oo Pp Θθ Rr Ss
Şş Tt Uu VvWw Χχ Yy Zz>

This version of the alphabet was not meant as a finalised proposal, but
was rather put together to be tested in order to be modified should this
investigation yield serious difficulties with certain aspects thereof.

Regarding the orthographic component, certain spelling conventions
were included in the materials to be presented to the participants of this
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study. Apart from basic graphophonemic correspondences, the proposal
contained rules for marking stress, writing diphthongs, affricates, and
voiced plosives. Regarding voiced plosives, the proposed rule presented
was that they are written with <b> and <d> only when geminate: e.g.,
<Rabbi> for [ˈɾɐbːi] ‘my God’; <şadda> for [ˈʃɐdːɐ] ‘he tightened it (f. ob-
ject)’. The rule for phonetically singleton voiced plosives [b], [d], and [ɡ]
was that they always occur after other voiced consonants and are repre-
sented with the letters for voiceless consonants, i.e., with <p>, <t>, <k>
respectively: e.g., <mkass> for [mɡɐsː] ‘scissors’. The only exception to
this rulewas the representation of the voiced ‘fricative + plosive’ clusters:
in our proposal, we opted for the unambiguous surface representation,
i.e., <δb>, <γb>, <γd>, for example, <δbaχt>, <γbir>, <γdiş>. Regarding
the definite article and continuancy assimilation, no explicit proposal
was made; the reason for this was for us to be able to observe how native
speakers would represent the two phenomena without being influenced
by our preferences.

1.3.3. Research Questions

Based on the theoretical and practical considerations outlined above, the
present study formulated the following research questions concerning
the graphisation of Cypriot Arabic:

1. Which script (or scripts) should form the basis of the Cypriot Arabic
signary?More specifically, given the literacy backgrounds of the com-
munity and their familiaritywith particularwriting traditions, which
graphematic resources are most appropriate for the development of
a usable and sustainable writing system?

2. Which level of linguistic representation should a linguistically well-
motivated orthography primarily respect? Should it represent:
(a) surface phonetic forms, resulting in a more transparent orthogra-

phy; or
(b) underlying morphophonological representations, resulting in

greater orthographic depth (and increased morphography)?
(c) And should the selected level of representation (surface vs under-

lying) be uniformly applied to all phenomena of the language?
3. How acceptable, usable, and teachable is the proposedwriting system

as evaluated by members of the speech community themselves?

Together, these questions link structural linguistic considerations with
user-centred criteria and treat graphisation both as a technical design
task and as a socially embedded process.
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2. Methodology

To answer the above research questions, an empirical study was de-
signed, as presented below.

2.1. Materials

Data were collected with the use of a questionnaire. The questionnaire
was administered in printed form,while the instructionswere presented
on a laptop screen using MS PowerPoint. Each test word or phrase was
presented aurally to the participants through headphones.

2.1.1. The Questionnaire

The questionnaire consisted of three main parts: (1) a pre-test; (2) a
brief teaching session presenting the basic rules of the proposed writing
system along with a questionnaire for evaluating the proposal; and (3)
a post-test. Its overall design aimed to elicit participants’ spontaneous
spelling practices, measure their preferences when confronted with al-
ternative spellings, and gauge their evaluation of the proposed alphabet
and orthography after minimal instruction.

The pre-test comprised two tasks. In the first task, participants lis-
tened to recorded Cypriot Arabic words and short phrases and were
asked to write each item down by hand in whatever way they con-
sidered appropriate. This task was intended to capture uninstructed
spelling strategies and script choices. In the second task, participants
again listened to recorded items, but this time a forced-choice format
was followed, whereby theywere asked to select their preferred spelling
among a set of proposed alternatives. These alternatives reflected differ-
ent graphematic choices (e.g., more phonetic vs more morphophonolog-
ical spellings, different boundary-marking options) etc.

The second part of the questionnaire consisted of a very brief in-
structional presentation of the proposed writing system, including the
alphabet (signary) and its principal orthographic conventions. Imme-
diately following this introduction, participants completed the second
part of the questionnaire evaluating the proposed system. Using five-
point Lickert-scaled responses, they were asked to indicate: how much
they liked the orthographic rules presented to them; the degree to which
they agreed with these rules; to what extent they would personally fol-
low them when writing in Cypriot Arabic; to what extent they believed
that all users should follow these rules; how logical they found the rules;
and how easy they considered them to be learnt.
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Table 2. The target determiner phrases used in each part of the test for the in-
vestigation of the written rendition of full assimilation of the definite article

Part target phrase Gloss

pre-test (a) /l#ˈvɐɾɐk/ → [ˈvːɐɾɐk] the books
/l#tik/ → [tʰːik] the rooster

pre-test (b) /l#ˈʒe̞ʒʒe̞/ → [ˈʒːe̞ʒːe̞] the hen
/l#kɐˈssis/ → [kʰːɐˈsːis] the priest

post-test (a) /l#xɐpl/ → [xːɐpl] the rope
/l#tist/ → [dːist] the cauldron
/l#ˈpɐpe̞/ → [ˈbːɐpe̞] the door

post-test (b) /l#ˈθɐu̯p/ → [ˈθːɐu̯p] the shirt
/l#pint/ → [bːint] the daughter

The post-test also consisted of two tasks, presented in the reverse
order compared to the pre-test: participants first completed a forced-
choice spelling task based on recorded words, again selecting among
proposed spellings; they then performed a final handwriting task, writ-
ing down the recorded items. This reversed ordering allowed for com-
parison of preferences and production before and after exposure to the
proposed system and its rules.

2.1.2. Target Words

The words and phrases used in the study were embedded as audio files
in the PowerPoint file used for the test. To create this material, EZ, a 45-
year-old male native speaker of Cypriot Arabic, was recorded in a quiet
room. EZ was familiar with the proposed writing system, as he was a
member of the research project for the documentation and preservation
of Cypriot Arabic. The words and phrases under investigation were pre-
sented to the speaker in writing. EZ was instructed to pronounce the
words and phrases clearly and to avoid ‘list intonation’ by pronouncing
each one separately.

The present study formed part of a wider investigation, the design of
which included a wide range of phenomena to be examined through a
total of 129 words and phrases serving as the test material. The current
study thoughwas confined to the investigation of three specific phenom-
ena: (1) the complete post-lexical assimilation of the definite article to
the following word-initial consonant within a determiner phrase (Ta-
ble 2); (2) continuancy dissimilation of two-plosive clusters (Table 3);
and (3) the voicing of ‘fricative + plosive’ clusters (Table 4).
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Table 3. The target words used in each part of the test for the investigation of
the written rendition of continuancy dissimilation of two-plosive clusters

Part target word Gloss

pre-test (a) /pkum/ → [fkum] I get up
/ptɐˈmin/ → [ftɐˈmin] rivers

pre-test (b) /sɾukt/ → [sɾuxt] I stole
/tlupt/ → [tluft] I asked

post-test (a) /sukt/ → [suxt] I ploughed
/ˈtkuɾɐ/ → [ˈθkuɾɐ] males

post-test (b) /ktilt/ → [xtilt] I killed
/ktupt/ → [xtuft] I wrote

Table 4. The target words used in each part of the test for the investigation of
the written rendition of the voiced clusters [ðb], [ɣb], and [ɣd]

Part target word Gloss

pre-test (a) [ðbɐxt] I slaughtered
[ɣbiɾ] big (male-singular)

pre-test (b) [ðbuˈnɐt] straw (plural)
[ˈɾeɣbe] on horseback (female adjective)

post-test (a) [ɣdiʃ] horse
[pɐˈðbun] river

post-test (b) [ˈmo̞ɣde̞] oven
[ˈɾɐɣbe̞] neck

2.2. Participants

Twenty-two participants (10 men and 12 women) took part in the study,
ranging in age from 39 to 72 (mean: 52.3; SD: 8.19). Two participants had
received only primary education, 12 secondary education, and 8 tertiary
education. All participants had Cypriot Arabic as their first language and
were bilingual with Cypriot Greek.

2.3. Procedure

Before the main part of the study began, participants filled out a ques-
tionnaire about their demographics, as well as about whether and to
what extent they use written Cypriot Arabic, and also about whether
they know other languages and to what degree.

They were then given the first printed section of the questionnaire
with the instruction to freely write down with a pen the word/phrase
recordings they would hear through headphones connected to the lap-
top displaying the PowerPoint show. It was emphasised to them that this
was not a test, as there is no right or wrong answer; on the contrary, it
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Fig. 1. A slide from the PowerPoint presentation used during the test

was stated that the researchers wanted to learn from the participants re-
garding their preferences in rendering Cypriot Arabic in writing. Each
PowerPoint slide displayed the serial number of the word being played
as well as its translation into Standard Modern Greek. In addition, in-
structions were provided on how to replay a word if they wished (see
Figure 1). As each slide appeared, the corresponding audio clip began
playing automatically.

2.4. Analysis

In each part of the test, the rates of written representation of the under-
lyingmorphophonological level vs the surface phonetic level of the three
phenomena under examination (i.e., plosive cluster continuancy dissim-
ilation, full assimilation of the definite article to the following conso-
nant, and the voicing of ‘fricative + plosive’ clusters) were measured.
Regarding the evaluation of the proposed writing system, as responses
were given on a five-point Likert scale (1–5), the appropriate measures
of central tendency and dispersion for such ordinal scalewere calculated,
namely, the median (Mdn), mode (Mo), and range.

3. Results

3.1. Evaluation of the Proposed System

As shown in Figure 2, participants rated the proposed writing system as
fairly logical (Mdn = 4;Mo = 4) and stated that they somewhat liked it and
would probably use it (Mdn = 3.5;Mo = 4 for both). They did not seem to
have a strong opinion onwhether they agreedwith this proposed system
(Mdn = 3; Mo = 3), and there was not much variation in their responses
(range = 2–4).
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Fig. 2. Boxplots of evaluation of the proposed system

Furthermore, they did not have a strong opinion on how easy it is to
learn this system, although the most frequent answer was that it is easy
to learn (Mdn = 3; Mo = 4). Finally, they seem to agree that the proposed
system should be implemented by everyone, although the most frequent
answerwas that they did not have a strong opinion on the matter (Mdn =
4; Mo = 3), while there was a wide range of responses (range = 1–5).

3.2. Graphematic Choices

Figure 3 shows the graphematic choices of the participants in the parts
inwhich they couldwrite down the targetwords and phrases byhand, i.e.
in the ‘pre-test (a)’ and the ‘post-test (b)’. Regarding script choice, they
would initially write in entirely the Greek script at a rate of 34.3% at the
very start of the test; this percentage dropped to 14.9% at the very last
part of the test. Regarding the use of the proposed alphabet and spelling
conventions, their choices followed the proposed system (even before
it was introduced to them) at a rate of 10.3% at the beginning of the
test (this number counted only segmental graphemes ignoring the use
of stress marks); at the end of the test, i.e. after they had been briefly
taught the proposed conventions, this use of the proposed system in-
creased to 18.2%. In the vast majority of the cases, theywould use mixed
conventions, i.e. they would oscillate between the proposed and ad hoc
conventions, or they would use completely ad hoc conventions some-
times influenced by the writing systems of foreign languages they had
learnt through education, such as English, French or Italian; as expected,
no use of the Arabic script emerged. The percentage of such mixed use
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Fig. 3. Percentages of use of the proposed orthography vs. alternatives in the
non-forced-choice parts of the test. [Note: In this and the following graphs, error
bars represent standard error for the mean.]

Fig. 4. Percentages of underlying vs surface spelling of two-plosive clusters

was higher at the end of the test compared to what the situation was at
the beginning.

With regards to the written representation of two-consonant clusters
consisting phonologically of two plosives, a clear preference was shown
(M = 98.1%; SD = 13.7%) for representing the surface phonetic result of
the continuancy dissimilation process (e.g., [xt] rendered as <χt>) rather
than the underlying form (e.g., /kt/ as <kt>). As shown in Figure 4, pho-
netic spelling was the most prevalent in all parts of the test.

In the case of the definite article, phonetic spelling was also generally
preferred (e.g. [tʰːik] rendered as <t-tik>) over the morphophonological
one (e.g., /l#tik/ as <l-tik>), but not quite as clearly (M = 69.8%; SD =
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Fig. 5. Percentages of underlying vs surface spelling of the definite article /l/

46.1%). As shown in Figure 5, the morphophonological spelling <l> was
used between 23.1% and 45.5%, with the highest percentages recorded
in the final part of the test.

As for the rendering of theword boundary between the definite article
and the noun it modifies, in the pre-test (a), where participants wrote
freely, the main tendency was to write them together as a single word
(e.g., <ltik> or <ttik>). In post-test (b), writing with the hyphen (e.g., <l-
tik>) became the most prevalent representation. As shown in Figure 6,
the other spellings declined in favour of the hyphenated spelling; the
only exception was the spelling without the article, which consistently
had high percentages in both parts. The use of a simple typographical
space between the twowords (e.g., <l tik>) was not used in either part. It
should be noted that Figure 6 does not include the forced-choice tasks, as
in those ones the options given always used the hyphen (e.g., <l-kassís>
vs <k-kassís>).

The results regarding the representation of the voiced ‘fricative + plo-
sive’ clusters [ðb], [ɣb], and [ɣd], are presented in Figure 7. In both the
initial handwriting task and the following forced-choice task of the pre-
test, the representation of only the fricative as voiced and the plosive as
voiceless (e.g., <δpaχt>, <γpir>, and <γtiş>) was clearly preferred. In the
forced-choice task of the post-test immediately after the presentation
of the proposed orthographic rules, there was a reversal of preferences,
with the proposed surface representations (e.g., <δbaχt>, <γbir>, and
<γdiş>) being favoured. In the final handwriting task though, they re-
verted to the preference of the ‘voiced fricative + voiceless plosive’ repre-
sentation. It should be noted that spellings representing both members
of the cluster as voiceless were minimally selected only in the forced-
choice tasks.
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Fig. 6. Percentages of the different ways in which the definite article /l/ was
linked in writing to the following noun per the two non-forced-choice parts of
the test

Fig. 7. Percentages of various ways in which the [ðb], [ɣd], [ɣb] clusters were
represented in writing

4. Discussion

The present study set out to investigate three interconnected questions
regarding the graphisation of Cypriot Arabic: which script should form
the basis of the proposed signary and associated orthography, which
linguistic principles should govern the orthography, and to what ex-
tent native speakers find the proposal logical, learnable, and likeable.
The results provide insights into all three issues and demonstrate that
graphisation cannot be reduced to solely the pursuit of a linguisti-
cally ideal orthography; rather, as argued in the language-planning and
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grapholinguistic literature (Cahill, 2014; Cahill and Karan, 2008; Haar-
mann, 2006), the successful implementation of a proposed orthography
depends on balancing structural adequacy with acceptability, usability,
and learnability.

With regard to the choice of script, the results confirm the impor-
tance of speakers’ literacy backgrounds. No participant made use of the
Arabic script, despite the fact that Cypriot Arabic is an Arabic variety.
This finding is unsurprising given that community members are literate
in Standard Modern Greek and familiar with the Roman script through
foreign-language education, but generally have no literacy in Modern
Standard Arabic (with the exception of a few who learnt it as a for-
eign language). The spontaneous use of Greek-script spellings at the
beginning of the test and the frequent adoption of mixed conventions
drawing on both Greek- and Roman-script practices further illustrate
the tendency ofwriters to transfer graphematic conventions from famil-
iar writing systems. At the same time, the increased use of the proposed
alphabet following even a brief instructional intervention suggests that
script choice is not determined solely by prior literacy experience, but
can be influenced through teaching and standardisation efforts.

The most theoretically interesting findings concern the question of
orthographic depth and the level of linguistic representation that a writ-
ing system should respect. As discussed earlier, a central issue in orthog-
raphy design is whether spellings should (consistency) privilege pho-
netic transparency vs. morphophonological deeper representations. The
results demonstrate that the answer cannot be reduced to a simple choice
between a shallow and a deep orthography. Rather, speakers showed dif-
ferent preferences for different types of morphophonological phenom-
ena.

The strongest preference observed in the study concerned the rep-
resentation of continuancy dissimilation in dyadic plosive clusters. Par-
ticipants overwhelmingly preferred spellings reflecting the surface pho-
netic outcome of the process rather than the underlying morphophono-
logical representation. Thus, forms such as /ktupt/ → [xtuft] were over-
whelmingly written as <χtuft> rather than <ktupt>. This finding can
be interpreted within the framework of Lexical Phonology (Kiparsky,
1982). Lexical phonological rules are integrated into speakers’ lexical
representations and are often sensitive to morphological structure. Con-
sequently, the outputs of such rules may acquire psychological reality
for speakers and be perceived as the ‘actual’ form of a word. In Cypriot
Arabic, continuancy dissimilation in plosive clusters exhibits precisely
such characteristics and is not merely an automatic (i.e., post-lexical)
phonological process: more precisely, the dissimilation rule is supressed
in lexical items such as [ˈʕɐptɐ] ‘(Santa)Maura’, [ˈpipte̞l] ‘I change’, [ptaɾ]
‘seed’; as Borg (1985, p. 18) observed, there is even aminimal pair, namely
[ptilt] ‘I changed’ (root: |ptl|) vs [ftilt] ‘I twisted’ (root: |ftl|), with the for-
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mer suspending the dissimilation rule arguably for remaining distinct in
form from the latter. The existence of lexical exceptions, the morpholog-
ical conditioning of the process, and also the functional load of the pro-
cess due to the existence of the above-mentioned minimal pair, suggest
that speakers store and recognise the resulting forms as part of their lex-
ical knowledge. It is therefore unsurprising that they strongly preferred
surface representations such as <χtuft> and <paχtop>.

A different pattern emerged in the case of the definite article. Al-
though phonetic spellings were generally preferred throughout, the
preference was substantially weaker, and morphophonological spellings
increased once this option was presented to the participants in pre-test
(a) and post-test (b). Importantly, as mentioned above, in the presen-
tation of the proposed rules, no explicit preference for the writing of
the definite article was introduced to the participants; this means that
the substantially increased percentage of selecting the orthographically
deep option in post-test (b) may be attributed to it being a rather in-
tuitive option. This interpretation may be supported by the fact that in
Borg’s (2008) leaflet for his proposed alphabet, the phonetic level of rep-
resentation was used in writing the definite article (e.g., <t-tarp> ‘the
road’), as is the case in Maltese (e.g., <it-tifel> ‘the child’); if Cypriot
Arabic speakers had already been familiar with Borg’s (2008) conven-
tions, then their increased percentages of using a deep representation
by the end of the test is quite revealing. This result is likewise compati-
ble with a Lexical Phonology interpretation: assimilation of the definite
article /l/ occurs automatically across word boundaries and therefore
constitutes a post-lexical process. Unlike lexical rules, post-lexical rules
are typically exceptionless,3 automatic, and less accessible to conscious
awareness, because they apply after lexical representations have been
assembled. Consequently, speakers may be more willing to preserve the
underlying representation of the article in writing, especially when do-
ing so enhances morphological transparency. The increased acceptance
of forms such as <l-tik> by the end of the test therefore suggests that
speakers recognise the value ofmaintaining a fixed image for thewriting
of this grammatical morpheme, despite the fact that its phonetic reali-
sation varies, exactly because the phonetic outcome is completely pre-
dictable by the phonological rules of the language.

A somewhat different pattern emerged in the case of the voiced ‘frica-
tive + plosive’ clusters [ðb], [ɣb], and [ɣd]. Unlike the phenomena dis-
cussed above, these clusters do not correspond straightforwardly to an
active morphophonological process. As outlined in section 1.3.1, their

3. Even the /l#tist/ → [dːist] case, albeit an exception to the /l#t/ → [tʰː] rule, it is
not really a suspension of the full assimilation rule, but rather an application thereof
with an unusual assimilation outcome; as such, it remains an automatic process and
arguably below the level of conscious awareness.
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synchronic status is theoretically opaque under Borg’s (1985) analysis:
although they are phonetically realisedwith two voiced obstruents, their
historical origins differ from item to item, and it is not clear whether
their synchronic written representation should preserve information
about etymology, an abstract phonological representation, or the sur-
face phonetic form. Consequently, ifwe followBorg’s (1985) analysis, the
phenomenon occupies an intermediate position between synchronically
productive morphophonology and lexically restricted historical residue.

The results indicate that participants were generally reluctant to rep-
resent both members of the cluster as voiced. In both tasks of the pre-
test and in the final handwriting task, they clearly preferred spellings
such as <γpir>, <δpaχt>, and <γtiş> over the proposed surface spellings
<γbir>, <δbaχt>, and <γdiş>. Only immediately after presentation of the
proposed orthographic rules did participants temporarily reverse this
preference and favour the fully voiced representations. This suggests
that, while speakers found the proposed convention understandable and
were willing to adopt it when explicitly prompted, it was not their most
intuitive solution when writing spontaneously. An explanation for this
preference may lie in the phonological structure of Cypriot Arabic itself.
As discussed earlier, the language does not possess an underlying voic-
ing contrast among singleton plosives; instead, voiced plosives are nor-
mally predictable allophones of /p/, /t/, and /k/ occurring after voiced
consonants (Borg, 1985). Participants therefore appear to have extended
this general graphematic principle to the exceptional voiced clusters as
well. Bywriting forms such as <γpir> rather than <γbir>, they preserved
the salient surface voicing of the fricative while simultaneously main-
taining the conventional representation of the plosive with a grapheme
corresponding to the underlying voiceless phoneme. At the same time,
the near absence of spellings such as <χpir> demonstrates that speakers
did not ignore the phonetic voicing of these clusters altogether. Rather
than favouring either a fully phonetic representation or a deeper mor-
phophonological-etymological one, they tended to adopt what appeared
to be an intermediate solution that captured part of the surface realisa-
tion while remaining consistent with broader orthographic principles of
the writing system.

This outcome led us to reconsider our proposed <γb>, <δb>, and
<γd> spellings and adopt the apparently more intuitive <γp>, <δp>, and
<γt> spellings in our final version of the proposed orthography. Part
of the reason for this was that we revisited the phonological status of
/ɣ/: Borg (ibid.) did not recognise phonemic status for this segment,
as it was thought to be non-contrastive and also historically deriving
from a voiceless consonant, such as Old Arabic /k/ or /q/ in clusters
with a voiced consonant; however, in preparing our materials for teach-
ing the language, we observed that /ɣ/ is regularly used in loanwords
fromCypriot Greek orTurkish (usually through Cypriot Greek), such as
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/ɣɐˈlliɐ/ ‘France’, /ɐzɣɐˈltin/ ‘almost’, /ɣuɾˈsuz/ ‘a jinx male person’ etc.,
something that makes its phonemic status plausible. Moreover, Borg
(personal communication), has recently found aminimal pair exhibiting
a contrast between /ɣ/ and /x/, namely [ˈɣdɐʕɐt] ‘I touched’ vs [ˈxtɐʕɐt]
‘I cut (past tense)’; this independent finding provides further support to
the idea that /ɣ/ does have functional load and hence should be consid-
ered a distinct phoneme in Cypriot Arabic. This justifies our decision
to include a letter for it in our proposed alphabet, i.e. <γ>, something
that had been missing from Borg’s alphabet. Accepting phonemic status
for the voiced velar fricative may have a further implication: one may
argue that the native speakers’ preference for the <γp>, <δp>, and <γt>
spellings mirrored their intuition for the underlying representation of
these clusters, as, synchronically, theymay be represented phonemically
as straightforward /ɣp/, /ðp/, and /ɣt/ clusters. This may mean that,
even though historically itwas the secondmember of the cluster thatwas
voiced, the clusters may have been reanalysed as consisting of a voiced
velar fricative phoneme /ɣ/ or /ð/ and a voiceless plosive phoneme /p/
or /t/. If this analysis is accepted, then the synchronic underlying repre-
sentation of the [ɣb], [ðb], and [ɣd] clusters becomes considerably more
straightforward than under Borg’s (1985) account. More importantly, if
the fricatives in the cluster are phonemically voiced, then the voicing of
the plosives need not be sought in their diachrony, but rather in a phono-
logical rule of regressive voice assimilation of the voiceless plosive to the
preceding voiced fricative. Such a process may plausibly be analysed as
post-lexical, insofar as the voicing of the plosive follows automatically
from the presence of the preceding voiced fricative and does not appear
to be lexically conditioned, as, e.g., /ɣt/ → *[ɣt] would be not an accept-
able outcome for any lexical item. If this is indeed a post-lexical process,
then the interpretation that the <γp>, <δp>, and <γt> spellings clearly
represent their phonemic form gains support, as post-lexical processes
tend to be represented in their underlying form, as is the case with the
definite article. These findings concerning the phonemic status of the
voiced velar fricative, together with the results concerning script pref-
erences discussed earlier, as well as other considerations that go beyond
the scope of the present study, led to certain modifications of the pro-
posed signary. The final version of the alphabet adopted for the teaching
materials is shown below:

(6) <Aa Bb Cc Γγ Dd Δδ Ee Ff Θθ Ii Jj Kk Ll Mm Nn Oo Pp Rr Ss Şş Tt
Uu VvWw Χχ Yy Zz>

All in all, the results support the view that orthographic design should
not be conceived as a binary choice between shallow and deep ortho-
graphic representations; instead, different phenomena maywarrant dif-
ferent representational strategies. Thus, the emerging Cypriot Arabic
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orthography cannot be characterised as either entirely phonetic or en-
tirely morphophonological; rather, it combines shallow and deep ortho-
graphic principles depending on the linguistic phenomenon under con-
sideration. The results regarding script preference also confirmed the
importance of literacy transfer from familiar writing systems and hence
the relevance of sociolinguistic and educational factors in graphisation.
The other main outcome of this study pertains to the significance of in-
volving speakers in graphisation processes. Participants generally evalu-
ated the proposed system positively, considering it logical and express-
ing moderate willingness to use it. More importantly, their responses
provided direct evidence regardingwhich features of the writing system
were intuitively acceptable and which required reconsideration. This
supports the argument advanced by Karan (2013) and others that writ-
ing systems should not be imposed exclusively through top-down ex-
pert decisions. Particularly in the case of endangered languages, where
community acceptance is crucial for successful implementation, graphi-
sation should be viewed as a collaborative process involving consulta-
tion with speakers (Armostis, 2025). Native-speaker preferences offer
valuable information not only about attitudes towards particular ortho-
graphic options but also about the cognitive salience of linguistic dis-
tinctions and the practical usability of competing representations.

The final Cypriot Arabic writing system that emerged from this pro-
cess therefore reflects both linguistic and social considerations. It is
grounded in phonological and morphological analysis, but it is also in-
formed by empirical evidence regarding speaker preferences, literacy
practices, and usability. In this sense, the study illustrates how graphi-
sation can function as a form of corpus planning that is simultaneously
linguistically informed and community-oriented.

5. Conclusions

The present study examined native speakers’ responses to a proposed
writing system for Cypriot Arabic and explored how different linguistic
phenomena should be represented in the process of graphisation. More
specifically, it investigated speakers’ preferences regarding script choice,
orthographic depth, and the representation of selected morphophono-
logical phenomena, while also assessing the acceptability, usability, and
learnability of the proposed system.

The findings demonstrate that the development of a writing system
cannot be guided exclusively by theoretical linguistic considerations: al-
though linguistic soundness remains an important criterion, the success
of a writing system ultimately depends on whether its intended users
find it acceptable, usable, and learnable. The relatively positive atti-
tudes expressed by participants towards the proposed orthography con-
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firm the importance of incorporating speaker perspectives into graphi-
sation and orthographic planning, particularly in the context of endan-
gered-language revitalisation. With regard to orthographic depth, the
results indicate that a writing system need not be uniformly phonetic
or uniformly morphophonological. Rather, different linguistic phenom-
enamay call for different representational solutions: participants tended
to favour deeper spellings in cases where the phonological process was
post-lexical, while more surface-oriented solutions were preferred in
cases whereby the phonological process was lexical. The findings there-
fore suggest that orthographic depth is not an all-or-nothing property of
a writing system but may vary according to the linguistic characteristics
of individual phenomena.

More broadly, the study demonstrates the importance of involving
speakers in graphisation. Native speakers’ preferences provide valuable
insight into which orthographic conventions feel intuitive and which
create difficulties. Consequently, graphisation should be viewed not as a
purely top-down linguistic exercise but as a process in which both lin-
guistic analysis and community perspectives are taken into consider-
ation. The case of Cypriot Arabic graphisation demonstrates the value of
empirically evaluating orthographic proposals before their wider imple-
mentation. Testing orthographies allows researchers to identify poten-
tial difficulties, assess competing design choices, and refine orthographic
conventions on the basis of actual speaker behaviour rather than theoret-
ical assumptions alone. Such an approach may be particularly beneficial
in the graphisation of endangered languages, where the successful adop-
tion of a writing system is closely linked to broader efforts of language
maintenance and revitalisation.
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and theMental Lexicon
AgglutinativeWord-FormRecognition in Arabic
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Abstract. This paper is concernedwith the overall structure of the mental lexicon
in an agglutinative language such as Arabic. Due to that feature, as reflected by
the writing of the language, a great number of nouns, adjectives and verbs do not
appear as nudeword-forms and include formatives on their right and/or left side.
This implies that the recognition of the lexical stem of a word-form is a complex
process, which is accounted for by aword-formative grammar. This is not without
consequences for the structure of the mental lexicon, both in general and in that
language.

It well-known today that the mental lexicon cannot be reduced to a mere
sense/form set of features. In addition to meaning (or sense) and to phonic or
graphic form, one must add a third fundamental aspect, which relates the lexi-
cal entry to its context. This is what Igor Melcuk (1982) calls the syntactic, which
includes, e.g. gender in languages such as Latin, French or German… Verbs can
be transitive or intransitive but also accept—or not—human (or quasi human)
subjects or complements (Dichy, 2005).

In this paper, we consider the syntactic of Arabic lexical entries within the
frame of the written word-form, the features of which are called morpho-syntactic
specifiers. These include, at first, the indication of the major lexical category of the
stem, due to the fact that some proclitic tool-words are related to nouns (typi-
cally, cliticised prepositions) and others to verbs (e.g. cliticised conjunctions).
Complement pronouns being also cliticised, the transitivity or intransitivity of
verbs must also be taken into consideration. These are basic examples. In this pa-
per, a complete list of Arabic word-form specifiers is presented. In the DIINAR
database, these have been added on a systematic basis to all the 129,000 lexical
entries.

The paper illustrates the fact that morpho-syntactic specifiers are necessary
in Arabic for the recognition ofword-forms. They subsequently need to be added
to the meaning and form of lexical entries in the mental lexicon of the language.
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1. Introduction

The structure of the mental lexicon is a crucial aspect of grapholinguis-
tics. It is well-known that the mental lexicon needs to register both the
acoustic forms of lexical entries and their written realisations, e.g.,

The English written word read is realised phonetically as either [ri:d] or
[red] and corresponds, respectively, to either the present-tense or the preterit
of that verb.

It is less known, though, that many other pieces of information are to
be added for the reading process to operate, particularly in an aggluti-
native language such as Arabic, where:

a verb can be transitive or not, accept human subjects or human complements,
or not (Dichy 1990, chapter X), and require, or not, a plural subject (Fassi-
Fehri 2012), a noun can be masculine/feminine (or neutral), countable or not,
collective/singulative...

Suchmorpho-syntactic factors directly affect the structure of the Ara-
bic written word-form. One also needs to mention other types of infor-
mation associated with lexical entries and affecting word-form recogni-
tion in the process of syntactic group or sentence understanding, such
as collocations, lexical functions (Mel′cuk et al. 1984; 1995), phrasal re-
lations, etc.

Howdo such relations operate? Elaborating descriptions or databases
including a seemingly unlimited number of relations associated with
every item of the lexicon seems at first sight extremely difficult to
achieve. Natural languages encompass, in addition to limited invento-
ries of grammatical items, an unlimited series of lexical or terminologi-
cal items. The view according to which one cannot really deal with un-
limited inventories can, however, be challenged.

One knows that a small number of syntactico-semantic features allow
the insertion of lexical items in syntactic structures (Chomsky, 1972...).
The author has shown (Dichy, 1997; 2005) how in Arabic and other lan-
guages, a limited number of morpho-syntactic and syntactico-semantic
features restrict subject-to-verb and verb-to-complement relations in
argument structures associated with verbs, e.g.,

In English, the verbs to think or to believe require a human grammatical
subject (or an assimilated cognitive agent); to read requires a non-human
grammatical object-complement1. So do their respective Arabic equivalents,
fakkara, ʾiʿtaqada, and qaraʾa.

1. Except in the phrase I read you, where this verb takes another meaning, which
entails considering it as another entry in a lexical database. English grammars often
disregard the [±human] feature, which must, in the author’s view, be added to the
well-known [±animated] one. In Arabic, only the former is systematically relevant.
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A phrasal verb such as to put off has a different meaning depending on
the [±human) feature of their complement (to put off someone vs. to put off some-
thing). In Arabic, the verb raġiba has two opposite meanings depending on the
associated preposition, raġiba fī signifying “to desire” or “wish to,” and raġiba
ʿan, to “dislike” or “detest”.

Recalling known approaches to these questions2 is beyond our scope
here. The essential point is that grammar-lexis relations associate
unlimited—or non-finite—items, such as the entries of the lexicon of a
given language, to limited—or finite—ones,3 such as grammatical cate-
gories, relations, and constraints. The fact that a finite number of re-
lations projected on the non-finite entries of the lexicon ‘manage’ lin-
guistic utterances is a general characteristic of natural languages, which
makes it possible for either production or recognition to operate.

This general characteristic has been illustrated by the author in the
recognition of Arabic word-forms. As a contribution to language theory
and to grapholinguistics, we present here the set of morpho-syntactic
information associated to the entries of the Arabic lexicon. These mor-
phosyntactic pieces of information are needed for producing or recog-
nising written word-forms.

We consider indicating how a set of information similar to that ob-
served in Arabic operates in Biblical Hebrewor in Aramaic/Syriacword-
forms in furtherworks. Thewrittenword-forms of this family of Semitic
languages can be described as agglutinative. In these languages, grammat-
ical morphemes are ‘agglutinated’ in a very structured and consistent
way around a single lexeme, according to what can be described as a
word-formative grammar (Desclés et al. 1982; Dichy 1990). Arabic and
Biblical Hebrew (as opposed to Modern Hebrew) only feature mono-
lexical entries, a subsequent majority of which can be analysed into a
Semitic consonantal root and a morphosyntactic pattern. There are a
few compound entries in Arabic, but their very small number and the
fact that they are only found in nominal or adjectival entries allow one
to consider the phenomenon as marginal. The complex structure of the
word-form, which includes the root and pattern structure, offers a good
explanatory hypothesis of the mono-lexical structure of Arabic entries.

2. Let us quote, though, the semantic and cognitive approach of Desclés (1994…)
andM. Abraham (1995), and, for Arabic, in a different theoretical frame, A. Fassi-Fehri
(2012…).

3. Melchuk (1982, 1984); for Arabic see Dichy (1997), Dichy & Farghali (2003)
and the DIINAR (DIctionnaire INformatisé de l’ARabe) data-base (Dichy, Braham,
Ghazali & Hassoun, 2002).
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1.1. Structure of the AgglutinativeWrittenWord-Form in Arabic

In the agglutinative graphic word-form structure of Arabic, one encoun-
ters a number of grammatical lexemes and a single lexical nucleus, ac-
cording to the example below:

Fig. 1. Scheme of the graphic Arabic word-form in Arabic

Word-Form Codes Used in the Above Table and Below

1. Word formatives
STEMS or nuclei are either analysable into ROOTS and PATTERNS
(type 1), as in the example above, or not (type 2), as with loan-words
or a great number of proper names.
PCL = proclitic(s), PRF = prefix, SUF = suffixe(s), ECL = enclitic(s);

2. Word-formative boundaries
+ = strong word-formative boundary, or lexical nucleus boundary,
# =weakword-formative boundary or clitic boundary, occurring after
a PCL or before an ECL.

3. ROOT and PATTERN codes
R1, R2, R3, or R1, R2, R3, respectively 1st, 2nd and 3rd radical conso-
nant in 3-consonantal roots. R4 or R4 is added in 4-consonantal roots.
A PATTERN can be represented (a) either with these numbered rad-
ical consonants, to which other elements, such as short or long vow-
els, are added or (b) with the traditional Arabic grammar code, us-
ing letters /f/, /ʿ/ and /l/, and repeating /l/ in 4-consonant ROOTS,
e.g., in 3-consonant ROOTs: makātib, “offices”: (a) maR1āR2iR3 and
(b) mafāʿil and in 4-consonant ones: ʿarqala, “to hinder, impede” or
“obstruct”: (a) R1aR2R3aR4a and (b) faʿlala.
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4. Transcription codes only used in the above table
Capital letters transcribe Arabic graphemes written in the body of
word-forms, while lower-case letters transcribe diacritical short vowel
signs.

The frame presented in Fig. 1, primitively introduced by David Cohen
(1961), has been taken up and developed in (Desclés et al. 1982; Dichy
1990) and so forth.

For the lexical nucleus to be correctly inserted into word-forms, it
must be associated with morpho-syntactic specifiers (introduced in Dichy
1990 and 1997), which account for relations between the nucleus and
the other formatives situated right and left of it in the graphic word-
form. They need to be associated with every verb, noun and adjective
of the language in the speaker’s mental lexicon, or in a lexical database,
such as the one designed and achieved in the second part of the 1990’s
for the DIINAR database (DIctionnaire INformatisé de l’ARABE)/ يلاعم

(يلآلاةيبرعلامجعم) —between researchers located in Lyon and a high-level
Arab research centre in Tunis4. These specifiers are limited in number:
they account for relations between lexical nuclei and grammatical lex-
emes included in graphic word-forms. The fact that grammatical lex-
emes belong to closed lists accounts for the limited number of specifiers,
which need in turn to be added to every lexical entry.

Psycholinguistic research on the recognition of written Hebrew
(Frost et al., 1997, Frost et al., 2000) andwritten Arabic (Grainger, Dichy
et al., 2003) has shown that the reading process in these languages is pri-
marily based on contour recognition. This is highly in accordance with
the formal analysis introduced here. It shows that the Semiticword-form
reading process is based on closed-list information associatedwith every
lexical item included in themental lexicon of readers. These information
items are called morpho-lexical specifiers.

2. ArabicWord Formatives and Associated Specifiers

2.1. Word-Form Nuclei Categories

In the DIINAR database, we have considered the category of verbs on
one side and that of nouns and adjectives on the other, following the
medieval Arabic grammatical tradition. Although nouns and adjectives
need to be distinguished syntactically and semantically, we have found

4. Institut Régional des Sciences de l’Informatique et des Communications (“The Regional
Institute of Computer Science and Tele-Communications”), Tunis, Profs. Salem
Ghazeli and Abdelfattah Braham.
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that the nouns/adjectives category remains sufficient for the recognition
of word-forms. Adverbs, such as ʾayḍan, “also, too” or laylan, “nightly, by
night” are included in the noun category.

2.1.1. Lexical Nuclei

Main Features
The main feature of the lexical nucleus is that it is either:

– unrelated to the root and pattern derivation system, such as nouns
pertaining to the following categories:
– proper names (generally borrowed, including anciently), e.g.,
Butrus (from the Latin Petrus, Peter in English), Maryam, ʾIsmāʿīl, Yū-
nescū (UNESCO), Sūriya, “Syria,” or

– loan-words, eg.: banāna, “banana,” makina, “machine,” mūbāyl (“mo-
bile phone”),

– representable in terms of root and pattern, such as:
– nouns/adjectives, e.g., karīm, “noble and generous,” ROOT /K-
R-M/, PATTERN faʿīl, or R1aR2īR3, where R1 = /K/, R2 = /R/, R3
= /M/,

– verbs, e.g., rasila, “to be long and flowing” [hair], which can be anal-
ysed into ROOT /R-S-L/, and PATTERN faʿila or R1aR2iR3a.

Number of Radicals in ROOTS
I have shown (Dichy, 1990), that the Arabic language only features 3-
consonant and 4-consonant roots, the definition criterion in Semitic
languages being that roots must be subject to semitic-morphological
derivation with simple and augmented patterns, e.g.,

– the 5-consonant word barnāmaj, “roster,” or “program” has a 4-
consonant plural, barāmij, featuring an ad-hoc 4-consonants ROOT
/B-R-M-J/, which allowed, in modern times, the verb barmaja, “to pro-
gram”;

– safarjal “quince” has for a plural safārij (ad-hoc 4-c. ROOT /S-F-R-J/);
– the 2-consonantword yad “hand” has 3-consonants plurals: ʾayādin and
ʾaydin (ad-hoc 3-consonants ROOT /Y-D-Y/); medieval dictionaries
also mention ʾayyada and yadda, “giving a hand, helping and support-
ing” (ad-hoc ROOTS /ʾ-Y-D/ and /Y-D-D/.

Also note that all verbs and verb-derived nouns and adjectives pertain
to the Semitic root-and-pattern frame, which, on the other hand, only
includes a subset of nouns and adjectives (Dichy, 1990).
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Consistency of Nucleus Representation
In this representation, consonants belonging to the pattern and added
to the root are considered as part of the lexical nucleus, whether they
appear between the ROOT consonants, e.g.,

– wāw inserted before the last ROOT consonant, as in durûs, “lessons,”

or whether they appear at the beginning or the end of the PATTERN,
e.g.,

– /a&/5 added at the end of kahāma&, “dullness” or “lassitude, weak-
ness”; ʾistiqāma&, “honesty”;

– madraj, “course,” “route,” “path,” “road” ...6

This representation has the advantage of avoiding splitting theword-
form nucleus, and of featuring it, for the sake of consistency, as a full
entry of the mental lexicon or of a lexical database. Morpho-syntactic or
syntactico-semantic specifiers are associated with that entry as a whole.

2.1.2. Tool-Words or Void Nuclei

Tool-words can also appear in the position of a word-form nucleus, e.g.,

– wa#ʾinna#hum, where “#” is for clitic boundary, inna is a conjunction,
and #hum is the plural masculine complement pronoun.

Some word-forms do not include a nucleus, e.g.,

– La#hum “for them,” bi#hi “by him or it”.

When the ECL pronoun is syntactically marked as a direct-case pro-
noun, an epenthetic nucleus appears, e.g.,

– ʾanā wa#ʾiyyā#ka, “me and you” [as one]; Koran I,5: ʾiyyā#ka naʿbud+u,
“Thee [only] we worship”.7 Another example is the use of miṯl, “like”
or “likeness” in the phrase-word ka#miṯ+i#hi “similar to” (Koran 42/11:
laysa kamiṯlihi šayʾun, “There is naught to the likeness of Him”).

5. By convention (after D. Cohen 1961), the tāʾ marbūṭa is represented as a&.There
are two distinct representations (Desclés et al., 1982, Dichy 1990):
– without a suffix boundary as in the example above, where it belongs to the pattern,
or

– with a strong boundary symbol “+,” i.e., +a& when it is a feminine gender suf-
fix, e.g., jamīl+a&, “pretty,” feminine, or a singulative SUF (ʾism al-wāḥid), as in:
naml+a&, “ant,” plur. naml+āt.
6. For the analysis of these two pattern ‘infixes’ (m+ and +a&) identified as 1-

consonantal roots, see A. Roman (2011).
7. Current Arabic grammars present the sequence <ʾiyyā+complement pronoun>

as an “isolated direct case pronouns” (ḍamāʾir munfaṣila manṣūba), which is doubtful,
since isolated pronouns are always of the subject case.
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In this paper, we do not present the tables of compatibility between
tool-words and proclitics and/or enclitics (ECL), due to the fact that ev-
ery tool-word category has its own compatibility rules. In fact, these ta-
bles, which I devised for the DIINAR database and associated analysers,
allow the building of a generated lexicon for Arabic natural language
processing (NLP), which only includes extant items.

2.2. Prefixes (PRFs)

Prefixes are, after D. Cohen (1961/70), strictly verbal and only appear
in the conjugation of the imperfect or the imperative. These are, for the
imperfect:

– ʾa+ or ʾu+. This PRF is for the first-person singular;
– na+ or nu+, first-person plural;
– ta+ or tu+, which is for the second person masculine/feminine, as well
as for the third person feminine;

– ya+ or yu+, which is for the third person masculine/feminine.

These prefixes are in fact personal pronouns indicating the first, sec-
ond, or third person (masc. or fem.). Only ʾa+ and na+ indicate a differ-
ence in number (singular vs. plural). The selection of the vowel a or u
above depends on the morpho-syntactic pattern of the verb. Vowel u ap-
pears with patterns faʿʿala, ʾafʿala and fāʿala or with the passive voice.

For the imperative:

– ʾu+ or ʾi+ is an epenthetic hamza appearing at the beginning of the
imperative verbs pertaining to the simple pattern and in some aug-
mented patterns, with a variation of the vowel according to a well-
known grammar rule (due to apophony).

2.3. Suffixes (SUFs)

SUFs are divided into nominal/adjectival and verbal ones. In the same
way as prefixes, their presence in the word-form is morphologically nec-
essary: all lexical entries have suffixes, the minimal suffixes in nouns be-
ing the case ending, and in verbs, gender and number desinences. This
is formally represented by the “+” strong boundary symbol.

2.3.1. Verbal SUFs

These suffixes are related to conjugation paradigms, which have been
modelized in Ammar, and Dichy (1999/2008), in accordance with the
representation devised for the conjugation of verbs in various languages
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by the French grammarian Bescherelle. His basic idea is that a small
number of verb models (ranging from 88 to over 200) can allow the con-
jugation by analogy of all the verbs of a language, provided the rules of
the language are modelized in such a way as to produce a strict formal
classification of verbs in relation to conjugation. (In today’s terms, this is
described as a taxonomy, i.e., a formal classification where a given item
appears in one slot and one only.) Regarding the Arabic language, I have
designed a 2-dimensional table featuring horizontally the simple and
augmented verb patterns, and vertically the 33 types of 3-consonantal
roots, according to the number of the transformation causes they in-
clude, such as a radical consonant hamza,waw or yaʾ, two identical conso-
nants in second and third position (R2 = R3), and two or more of these
features within a given root.8 Another table accounts for 4-consonantal
roots.

The conjugation of Arabic, complex as it may seemwith certain verbs,
is regular (with a very small number of exceptions). There are, subse-
quently, two ways of answering any question related to it:

– by applying the rules, which requires a certain level of calculation,
and is likely to occur as a remediation strategy, when the speaker en-
counters a difficulty;

– by analogy, through imitating the conjugation of a similar verb. This
is the idea brought forth byLouis-Nicolas Bescherelle in the 19th cen-
tury, which is applied in the Bescherelle series of conjugation refer-
ence books for many languages, published in France today by Hatier.
It includes Ammar & Dichy’s Bescherelle des verbes arabes (1999/2008).
The 125 verb models identified in this work are numbered, and the
volume includes a lexicon of verbs, each entry of which is associated
with the number of the model according to which it can be conju-
gated.

Human memory may well operate by analogy, with the possibility for
speakers to resort to calculation when they encounter a difficult point.
Whatever it is, Ammar & Dichy’s analogical models (1999/2008 and
2021)9 perfectly fit conjugation systems assisted by a database.

8. See Dichy 1993; Ammar & Dichy 2008, p. 34-36; 2021, chapter 1. By contrast,
other conjugation presentations include hundreds of models, while not covering the
whole conjugation of the language (see Bayyūmī et al. 1989; Osman 1995; Reig 1983;
Sheidlin 1978).

9. The former volume (1999/2008) includes a lexicon of 10,000 verbs, and a short
grammar; the latter (2021) has a reference lexicon of just under 20,000 verbs and in-
cludes many grammatical remarks in relation with the verb models, and a detailed
theoretical presentation of the analysis that led to a complete coverage of Arabic con-
jugation.
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Conjugation Morphosyntactic Specifiers
In the DIINAR database and its analysers10, the numbers associated
with every verb and referring to the 125 analogical models of Ammar
& Dichy (1999/2008) are considered as morphosyntactic specifiers re-
lated to conjugation. A pattern-matching generation program based on
these models has been designed and implemented byR. Zaafrani (2002).

Other specifiers related to conjugation are concernedwith the passive
voice, the imperative, or the absence of active and/or passive participles:

– Some transitive verbs can only be conjugated in the passive voice
at the third person. This occurs when the verb is transitive to non-
human complements, e.g.,
– wabaʾa “to prepare” [luggage], hayya “to live” [something, an expe-
rience].

In such verbs, the non-human complement cannot “speak” (1st per-
son) or “be addressed” (2nd person) in the passive voice.

– Some intransitive verbs, or prepositional transitive verbs, can only be
conjugated in the passive voice at the third personmasculine singular,
e.g.,
– fariḥa “to be glad,” “to rejoice”; waliʿa “to be madly in love (with),”
“to be passionately fond (of),” followed in Arabic by the preposi-
tion bi#.

In some verbs, in the passive voice, the first and the second person are
strictly excluded for semantic reasons, and the 3rd person expresses
‘impersonal passive’ phrasing, meaning, word-for-word:
– furiḥa, “One has rejoiced,” i.e., “People rejoiced”; fatātun kaṯīran mā
wuliʿa bihā, “a maiden many-a-time [men] fell in love with”...

– Some verbs are both intransitive and non-agentive, which excludes
the passive voice and the imperative, e.g.,
– saruwa “to be of noble descent”; yamuna “to be blessed by luck”;
raʾufa “to be of merciful nature”; qabuḥa “to be ugly”.

– In addition to the preceding constraint, some strictly non-agentive
verbs do not have an active and/or passive participle, e.g.,
– ṣaġura “to be small,” for which one can neither say ṣāġir in this
meaning of the verb, nor *maṣġūr. Instead, one uses the analogous
adjective (ṣifa mušabbaha) ṣaġīr.

– Other analogous adjectives are related to some of the above exam-
ples, e.g., raʾūf “merciful (by nature)” for raʾufa or qabīḥ “ugly” for
qabuḥa.

10. See the doctoral dissertations co-supervised by the author of Ghenima (1998),
Zaafrani (2002), Ouersighni (2002), Raheel (2010).
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2.3.2. Nominal/Adjectival SUFs

Nominal/adjectival suffixes are of five general types:

– gender and number suffixes, such as:
– +a& (feminine singular), +āt (feminine plural), +āʾ (feminine sin-
gular in some adjectives) +ūna (masculine plural), +ū (masculine
plural, elided na)...;

– case-ending suffixes, such as:
– +un (subject case, indefinite), +u (subject case, indefinite, n elided),
+an (direct case, indefinite, writtenwith alif), +a (direct case, indef-
inite, written with alif, n elided), +in (indirect case, indefinite), +i
(indirect case, indefinite, n elided), etc.;

– compound gender-number and case-ending suffixes, such as:
– +ūna (masc. pl., subject case) and +īna (masc. pl., direct and indi-
rect cases); +āni (dual number, subject case) and +ayni (dual num-
ber, direct and indirect cases); +āt+un (fem. pl., subject case) and
+āt+in (fem. pl., direct and indirect cases), etc.

– the suffix +iyy of the relative noun-adjective (yāʾ ʿal-nisba);
– the compound suffixes +iyya and +iyyāt are used in modern Arabic for
abstract notions, e.g.,
– silm+iyya, “pacifism”; lisān+iyyāt, “linguistics”.

Morphosyntactic Specifiers Related to Nominal/Adjectival SUFs
These suffixes are subject to lexical or grammatical constraints, and re-
quire specifiers associated with lexical entries:

– Indication of gender and number suffixes must be given systemati-
cally, e.g.,
– mudarris, “teacher,” masc. plur.,mudarris+ūna/mudarris+īna; the fem-
inine is mudarrisa&un, fem. plur., mudarris+āt+un/mudarrisāt+in.

– A great number of plural forms are not built with suffixes but require
a change in the pattern of the noun or adjective. These are tradition-
ally referred to as ‘broken plural’ forms. When this occurs, it requires
that, in the database, plural and singular forms be registered together
and that the relation between the singular and the broken plural be
‘arrowed’, e.g.,
– kurs+iyy, “chair,” broken plural, karās+in; safīr, “ambassador,” plural
sufarāʾ ; adjective karīm, “noble and generous,” plural forms kuramāʾ
and kirām...

– ‘Arrowing’ also applies to the feminine and plural of many adjectives,
such as:
– ʾazraq “blue,” fem. sing. zarqāʾ, pl. zurq.



220 Joseph Dichy

– In some cases, the plural is in modern Arabic built with either a suffix
or a change in the pattern (broken plural), e.g.,
– jamīl “beautiful, pretty,” masc. pl. for humans jamīl+ūna, fem.
jamīl+āt+un, shared broken plural jumalāʾ.

This requires indications of suffixes, broken plurals, or feminine
forms featuring a change in pattern (as with ʾazraq above) that cover
all cases. These relations are, of course, limited in number.

– Case endings vary with a subset of nouns and adjectives, known as
diptotes (mamnūʿ mina al-ṣarf ), e.g.,
– ʾaswad, “black,” fem. sawdaʾ, do not take all the case endings.
This requires a specific morphosyntactic specifier, due to the fact that
not all diptotes are predictable, e.g.,
– the proper noun Nihād is a diptote when it is feminine, and not
when it is masculine; ʾašyāʾ “things”, is lexically coded as a diptote.

– The relative suffix +iyy does not appear with all nouns or adjectives,
due to usage. This means that its occurrence with a given entry needs
to be recorded, either as an additional lexical entry or with an asso-
ciated specifier. E.g.:
– bayrūt, “Beirut” allows bayrūt+iyy, “related to, or inhabitant of
Beirut”.

– On the other hand, Dubay, “Dubai” or Jibūṭī, “Djibuti,” which end
with a y, do not accept the suffix +iyy. This entails the use of sup-
pletive forms, such as ʾahl Dubay or jibūṭī, “inhabitants of Dubai or
Djibouti”; the same can be said, for other reasons of Abū Ḏabī or
Rās al-ḫayma...

– The suffix +iyy may entail a modification of the noun it is suffixed to,
e.g.,
– qabīla&, “tribe” becomes qabal+, when +iyy is suffixed: qabal+iyy,
“tribal”.

– In contrast, ṭabīʿa “nature” is not affected in its structure by this
suffix: tabīʿ+iyy, “natural”.

– Some proper nouns feature a more radical change in their structure,
e.g.,
– al-quds, the Arabic name for “Jerusalem,” has a relative noun-
adjective maqdis+iyy (built after the ancient Islamic name of the
city Bayt el-Maqdis). The adjective quds+iyy being already taken in
the lexicon, with the meaning of “sacred,” in contemporary Ara-
bic, one says ʾahl or sukān al-quds, “people or inhabitants of Jerusalem
[Arabic name]”.

– The city of Casablanca is called in Arabic al-dar al-bayḍāʾ, the rela-
tive noun-adjective being bayḍāw+iyy.

In the same way as with broken plurals, an ‘arrowing’ relation must,
when applicable, link the stem of the nounwith andwithout the suffix
+iyy.
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– When the noun ends with /+a&/, the introduction of +iyy entails the
deletion of that marker, e.g.,
– jāmiʿa&, “university” becomes jāmiʿ+iyy, “academic,” “related to a
university”.

This allows the <noun+iyy> compound, shaped like a nūn to have a
feminine form <noun+iyy+a&>, avoiding a ‘doom loop’ such as:
*<noun+a&+iyy+a&+iyya...>.

2.3.3. Proclitics (PCLs)

PCLs are of various types. Basically, they are 1-consonant tool-words
(the article al# being a specific case, featuring an /l/ consonant preceded
by an epenthetic hamza).

The main difference between prefixes and suffixes, which are in-
cluded in minimal words (see Fig. 1), is that PCLs are added to them
without being morphologically necessary to the structure of the word-
form. This is formally represented by the # weak boundary symbol.

PCLs are divided into three general categories, the first of which is
common to all major category nuclei, the second and the third being
respectively related to nouns and verbs.

PCLs are submitted to a strict order of occurrence in the word-form,
as well as to a number of grammar rules. Both fall under the word for-
mative grammar (Desclés & al, 1982; Dichy 1990, chap. X, §3.4).

Two features are related to the readability of word-forms and facili-
tate word-form recognition:

1. PCLs belong to a limited set of consonants: /ʾ/, /w/, /f/, /k/, /b/, /l/,
/ʾā/, /s/, /l/, to which one must add the article /ʾal/.

2. They appear according to the following strict order:
– Position 1: /ʾa#/, interrogative
– Position 2: /wa#/, /fa#/, coordinating conjunctions;
– Position 3: /la#/ corroborative conjunction (lâm al-tawkîd)
– Position 4: /ka#/, comparative particle
– Position 5:/bi#/, /li#/, prepositions
– Position 6 and 7: /ʾal#/, definite article
– Position 7: /li#/, energetic particle, which loses its vowel /i/ when
combined with the coordinating conjunctions wa# or fa# and pro-
duces: /wa#l#/, /fa#l#/; /sa#/, future marker; /wa#/, wāw rubba;
/ʾa#/, /ʾā#/ vocative particles.

The above list includes PCLs that one does not expect to occur in con-
temporary Arabic. It is nevertheless essential to retain them, the system
needing to be sturdy enough to analyse both modern and classical cor-
pora.
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2.3.4. PCLs Shared by All Major Categories

Four PCLs appear at the beginning of a word-form (positions 1-3) ac-
cording to the above-mentioned strict order.

The first shared category of PCLs is the interrogative tool-word
hamza, which always comes first when occurring in a word-form.

The second category in the word form order of PCLs is that of the 1-
consonant coordinative conjunctions, i.e.,wa# “and,” fa# “and then,” and
of the corroborative conjunction la#, which can only be translated into
English through the addition of an adverb such as “surely,” “indeed,” or
“certainly”.

2.3.5. Verbal PCLs

In position 7, one finds 2 verbal PCLs,

– the energetic particle li# usually followed by a jussive imperfective:
e.g., li#na+ktub, “let us write”. One must also add the compound PCLs
/wa#l#/ and /fa#l#/

– the future marker sa#, e.g., sa#na+ktub, “we shall write”.

2.3.6. Nominal PCLs

These include:

– the comparative tool-word ka# “as, like”;
– the 1-consonant prepositions bi# “with, along, by...,” li# “to, for...”
– the article al#;
– 1-consonant tool-words, mainly found in ancient poetry, wa#, wâw
rubba, meaning “many-a,” e.g.,
– wa#layl+in ka#mawj+I ʾl#baḥr+i..., “Many-a night alike sea-waves...,”

– and the vocative particles /ʾa/, /ʾā/, e.g.,
– ʾa#fātimamahl+an..., “O Fatima, slowly...” (examples from Imruʾu al-
Qays’s Ode).

2.3.7. Category Selection

PCLs mentioned in the two paragraphs above select the major category
(noun, verb) they can appear with. Verbal PCLs also select the conjuga-
tion paradigm (imperfective, jussive, and imperative).

These selections pertain to the word-formative grammar.
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2.4. Enclitics (ECLs)

These are the attached complement pronouns. Verbal ECLs can only
appear with transitive verbs, and highlight the necessity of adding a
morpho-syntactic specifier indicating that:
– either the verb is only transitive to non-human complements, e.g.,
qaraʾa, “to read” seen above. This excludes pronouns referring to hu-
mans, such as the masculine plural #hum;

– or that the transitive verb admits human complements, in which case
all ECLs can appear.

2.5. Double Enclitics

Some verbs admit two direct complements, e.g.,
– ʾaʿtā, “to give” which admits ʿaʾtayt+u#ka#hu, “I gave it to you,” or the
performative marriage formula: zawwaj+tu#ka#hā, “I give her in mar-
riage to you”.

Sequences of double enclitics are restricted for euphonic reasons: one
cannot find, e.g., *ʾaʿtayt+u#ha#ha. These restrictions are also included in
the word-formatives grammar.

3. Lexicalized formatives (Dichy, 1997)

Some formatives attached to nominal nuclei present what can be de-
scribed as a cluster structure usually occurring in proper nouns, e.g.,
al#Tayyib (masculine example); al#Zahrâʾ (feminine example). Another
example is that of al#Bahr+ayn, the name of Bahrein, originally meaning
“the two seas”.

4. Conclusion

Language specifiers restrict the number of items in the generated lexi-
cons of the language. Let us take, as an example, the DIINAR database.
The number of extant entries or nuclei is 131,087, which generates
7,764,937 attestable inflected minimal word-forms, instead of between 45
and 70 million virtual ones with a blind generation system11 (Dichy et
al., 2004; 2005). The breakdown is the following:12

11. I do not present here a critical view of ancient and even current research in that
domain.
12. Column 3 stands for “GENERATED LEXICA of minimal words (inflected

forms)”.
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Table 1. Number of entries in the generated lexica of DIINAR, forminimalword-
forms

Stems or nuclei GEN. LEX.

Verbs 19,457 3,050,715
Deverbals = immediate verb-derived
nominal forms, such as: لعافلاءامسأ،رداصم

خلإ،ةهبشمتافص،لوعفملاو

70,702 2,909,772

Nouns and adjectives (including broken
plurals)

39,099 1,781,316

Proprer names (limited prototype) 1,384 11,403
Tool-words (provisional figure) 445 11,731

Total 131,087 7,764,937

In this database, the morpho-syntactic specifiers accounting for the
relations between the nucleus of the word-form designed by me (Dichy,
1990; 1997) and listed in the present paper, have been added to each of
the entries. These specifiers restrict the number of minimal words (i.e.,
of entries with their prefix and/or suffixes) generated from the database
to 7,764,937. All forms included in the generated lexica of DIINAR are
extant words. On the contrary, an unconstrained combination of all word
formatives with the total number of nuclei in the figure above would
lead to a generated lexicon of ‘virtual’ maximal word-forms amounting
to 57,642,863,616! Limiting the figures to minimal word-forms, the com-
bination would still yield:

8 prefixes × 67 suffixes × 131 087 stems = 70,262,632 ‘virtual’ forms13

This shows the efficiency of the representation implemented in the DI-
INAR dB in restricting the analyses to real Arabic data.

It is essential to note that restricting general lexica is crucial in the nat-
ural language processing of languages (NLP), because the related soft-
ware needs it to:

– operate correctly in recognition, i.e., to recognize extant word-form,
rejecting others, even if they can be generated virtually;

– produce correct word-forms included in the mental lexicon, which
implies that the morphosyntactic specifiers presented in this paper
should be considered and integrated.

13. The consistency of these figures can be easily explained based on the analysis of
the word-form and of its constituents (Dichy, 1990). Complementary word-analysis
software was developed through 5 doctoral dissertations supervised or co-supervised
by me between 1998 and 2010 (see note 10).
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The above description shows the consistency of the constraints on the
structure of word-forms in Arabic and partly explains the process of
readability in unvowelled writing and the related mental lexicon in that
family of Semitic languages.
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Whythe Abjad Suits the Arabs
Guy Boursier

Abstract. The initiators of theWikipedia Egyptian Arabic edition strove to differ-
entiate it from the Standard Arabic edition, notably via the script chosen. Some
proposed a script adapted from the Latin alphabet, thus repeating previous at-
tempts to systematically transcribe vowels, which the traditional Arabic abjad
does not. Oddly enough, most Egyptian ArabicWikipedians, despite their desire
to cultivate their difference from Standard Arabic, chose the Arabic script used
as an abjad for writing their encyclopedia’s articles. Besides the weight of habit,
the diglossic status of Arabic may explain this choice. Yet, they have managed
to adapt the script to give it a specific “Egyptian” flavor. This article is inspired
from some of the results of the research presented in the author’s master’s the-
sis, entitled Écrire l’arabe égyptien, le cas d’unWikipédia ‘dialectal’, defended at UFR
ALL-Nancy, Université de Lorraine, France, in June 2025.

1. Standard Arabic and Egyptian Arabic

In his seminal 1959 article entitled “Diglossia,” Charles A. Ferguson
takes Egyptian Arabic as an example of a “low” variety in this type of sit-
uation where “two varieties of a language exist side by side through the
community, with each having a definite role to play” (Ferguson, 1959).
Egyptians, therefore, speak what is often described as a dialect of Arabic
in their daily lives, while writing is primarily in the “high” variety, in
this case “Classical Arabic,” or its modern version, thence referred to as
“Standard Arabic”.

It is this variety that children learn to write in school, in which mas-
terpieces are composed, such as the works of Naguib Mahfouz, laure-
ate of the Nobel Prize for Literature in 1988. Most instances of writ-
ten Egyptian Arabic have traditionally been confined to marginal items
such as intimate correspondence, captions on cartoons and comic liter-
ature1. However, recently there have been increasing attempts to cross
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1. For an exhaustive study of diglossia in Arabic, see Diem (1974).
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the border, with novels written entirely in Egyptian Arabic2 or even a
work translated into this variety from Classical Arabic3.

In 2008, an edition of Wikipedia in Egyptian Arabic was created
(thence shortened to Wikipedia maṣri, from an adjective meaning
“Egyptian,” used in the website’s language menu), parallel to the 2004
Arabic edition (Wikipedia al-ʿarabiyya). This constituted a further step
towards the dialect’s legitimation as a language in its own right, capable
of dealing with all the fields of human knowledge to be found in an en-
cyclopedia. However, as with any emergence of a written corpus, many
questions needed to be resolved.

2. How toWrite Egyptian Arabic?

A major question is: how to write? Of course, the traditional way of writ-
ing Arabic is the Arabic script usedmainly as an abjad, a system inwhich
mostly consonants are represented, leaving vowels to be deduced by the
reader, as seen inTable 1. For sure, vowels can be indicatedwith diacritic
marks, but these are rarely used. The Arabic script can also be used so
as to write consonants and vowels phonographically, essentially in loan
words such as dīmuqrāṭiyya— ةيطارقميد (democracy), but this is marginal
in Standard and Egyptian Arabic. One of the raisons d’être of abjad is to
make the writer gain in writing speed, at the cost of placing the burden
of comprehensibility of the written text on the shoulders of the reader.
In any case, the abjad has regularly been judged deficient in rendering
the phonology of Arabic.

2.1. Resorting to the Latin Script

A drastic solution is the recourse to the Latin script used phonographi-
cally for consonants and vowels.

2. A list of novels written in Egyptian Arabic is to be found in Davies (2005).
3. In 2016, the reference work of Arabic literature Risālat al-ġufrān ‘The Epistle

of Forgiveness’ by Abū al-ʿAlāʾ al-Maʿarrī (973-1057) was translated from Classical
Arabic into Egyptian Arabic byNārīmān al-Šāmilī (al-KutubḪān lil-našrwa al-tawzīʿ,
Cairo). In her introduction, she explains that as a young reader, she was unable to
understand this classic text, which then motivated her to translate it into Egyptian
Arabic, in order to make it accessible to Egyptian readers (Rosenbaum, 2017, pp. 59–
61).
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Table 1. Abjad writing

Non-vocalized abjad writing #chars

.ةاواسمالوقوقحالوةيرحالةيطارقميدلانودب 4 45
bdūn -ldīmqrāṭya lā ḥrya wlā ḥqūq wlā msāwā-.5 45

Vocalized abjad writing #chars

َّيِطاَرقُْميِّدلانِوُدِب َّيِّرُحاَلِة .ةاَواَسُماَلَوقَوُقحُاَلَوَة 74
bidūni l-dīmuqrātiyyati lā ḥurriyyata walā ḥuqūqa walā musāwā. 62

Without democracy, there is no freedom, no rights, no equality.

Some contributors toWikipedia maṣri suggested usingwhat they call
“al-frānkō ʿarab,” similar to what is known as “arabizi,” with the use of
Latin letters for the corresponding sounds in Arabic, and numbers, or
even digraphs, for the others. This is illustrated in Table 2. They high-
light the ease of writing on a computer or mobile phone keyboard that
does not have an Arabic alternative.

Table 2. Wikipedia maṣri examples of experimental articles6

“frānkō ʾarab” / “arabizi”

Botros Botros 8aly howa diplomasy Ebti Masry […]. Kan sekerter 3aam el Omam
el Motta7eda el sades […], we howa 7afed Botros Nayruz 8aly, ra2ees wozara2
Masr fe awa2el el karn el 3eshreen. […] 5ad el doktorah fel Kanoun el Dawlymen
Gamɛy3et Paris […].
Boutros Boutros-Ghali is an Egyptian Coptic diplomat […]. He was the sixth
Secretary-General of the United Nations […], and is the grandson of Boutros
Nayrouz Ghali, Prime Minister of Egypt in the early twentieth century. He got a
doctorate in international law from the University of Paris […].

“phonetic writing”

El Malti heyya-l loğa-l wataneyya betāɛet Malta, we heyya kamān waħda m’n el
loğāt er rasmeyya fe-ll Etteħād el Oroppi. El loğa-l Malti mettaxda m’n el Ɛarabi
w’ be-z zāt el lahgāt betāɛet Camāl Afrikya […].
Maltese is the national language of Malta and one of the official languages of
the European Union. The Maltese language is derived from Arabic, particularly
North African dialects […].

4. This is a quote from Syrian poet and essayist Adonis, pronounced at a sympo-
sium entitled “Towards a New Religious Discourse” held on February 4, 2015, at the
Cairo International Book Fair.

5. The Arabic transliteration system used here is based on the one recommended
by the journal Arabica.



232 Guy Boursier

Others tested in experimental articles a “phonetic”writingwith Latin
letters, some of them enrichedwith diacritical marks.The goal is towrite
Egyptian Arabic by representing the pronunciation more precisely than
with the abjad mode of Arabic.

This method is even presented as a “liberation of the Egyptian lan-
guage from Arabic letters incapable of representing Egyptian speech”7.

2.2. Transcribing the Pronunciation of Egyptian Arabic

This attempt to transcribe Egyptian Arabic using graphs from the Latin
alphabet is nothing new. In 1897, Daniel Willard Fiske (1831-1904), an
American academic, published AnEgyptian alphabet for the Egyptian People. In
this booklet, he presented a transcriptionmodel forwriting the Egyptian
dialect in the Latin alphabet (see Table 3).

Table 3. One of Fiske’s example sentences for his Egyptian alphabet

Fiske wâgib ʿala kull wâḥid jeḥibb maṣr, in jisâʿid ʿala migy el jôm elly
fyh kull en nâs es sâkinyn ʿalal nyl jimkinhum jiqru we jiktibu el
lisân elly jitkallimuh we jifhamuh.(Fiske, 1897, p. 4)

IPA waːɡib ʕala kullə waːħid jiħibbə mɑsʕrə ʔin jisaːʕid ʕala migi l
joːm illi fiː kullə nnaːs issakniːn ʕala nniːl jimkinhum jiʔru wə
jiktibu llisaːn illi jitkallimuː wə jifhamuː

English It is the duty of everyone who loves Egypt to help bring about
the daywhen all the people living on the Nile can read and write
the language they speak and understand.

The goalwas nothing less than to have this alphabet adopted in Egypt
for the teaching ofwritten Egyptian Arabic, which would replace Classi-
cal Arabic in everydayuse (Zack, 2014, p. 4). Despite the distribution of a
whole range of promotional material to Egyptian teachers, this alphabet
was never adopted.

Many among such Western scholars linked the high prevalence of il-
literacy in Egypt at the time to the diglossic situation of the Arabic lan-
guage. Since the Arabic abjad was intrinsically associated with Classical
Arabic, which was considered complex to master, abandoning it in favor

6. Wikipedia, ايديبيكيو–1فيشرا/هباتكلاةقيرط:ايديبيكيوشاقن – [Wikipedia talk: Writing
method/Archive 1 – arz.wikipedia.org].

7. Wikipedia, ايديبيكيو–1فيشرا/هباتكلاةقيرط:ايديبيكيوشاقن – [Wikipedia talk: Writing
method/Archive 1—arz.wikipedia.org]
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of a phonographic system, where vowels would be systematically writ-
ten, seemed an effective way to allow a greater number of ordinary peo-
ple to access reading and writing. The association of the Latin alphabet
with modernity, and of the Arabic abjad with the past, was a common
view at the time (Al-Toma, 1961).

Many other transcription systems have been created since the 19th
century to give the most accurate phonographic representation of the
pronunciation of Egyptian Arabic, mostly for the needs of foreign learn-
ers of the language.

For some of the phonemes, a one-to-one correspondence between
Egyptian Arabic phonemes and Latin letters is straightforward and in-
deed used by all the transcription systems consulted (see Table 4).

Table 4. A selection of transcription systems with single graphs

Abdel- Al-
Arabic IPA Spitta Gairdner Mitchell Louis Massih Tonsi Boutros
letters 1880 1916 1956 2008 2009 2010 1993

ب b
ت t
ج ɡ
د d
ر r
ز z
س s
ف f
ك k
ل l
م m
ن n
ه h
و w

But for other phonemes, a basic Latin graph may be used with a dia-
critic. This is particularly the case for the emphatic consonants that have
their own graph in Arabic and a few other phonemes with no equivalent
in the target language of the transcribers. We even find instances of the
use of the Arabic graph ʿayn (see Table 5).

Finally, for a certain number of phonemes, transcriptions vary be-
tween basic Latin graphs, sometimes with a diacritic on the one hand
or digraphs (and even a trigraph) on the other hand. The first solution
allows for a nice isomorphic correspondence to be maintained, but, in
addition to the lack of consensus on the choice of diacritics, it forces
modern scribes to resort to rare graphs that are beyond the range of the
common keyboard. The second solution is the digraph. It is easy to im-
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Table 5. A selection of transcription systems with symbols and diacritics

Abdel- Al-
Arabic IPA Spitta Gairdner Mitchell Louis Massih Tonsi Boutros
letters 1880 1916 1956 2008 2009 2010 1993

ص sʕ ṣ ꞩ ȿ s̱ ṣ ş ṣ
ض dʕ ḍ đ ɖ ḏ ḍ ɖ ḍ
ط tʕ ṭ ŧ ʈ ṯ ṭ ʈ ṭ
ظ zʕ ƶ ʐ ẕ ẓ ʐ ẓ
ح ħ ḥ ħ ɧ ẖ ɦ ħ ḥ
ع ʕ ʿ ʕ ɛ ‘ ʕ ʕ ‘
ء ʔ ʾ ʔ ʕ ā ē ō ū ʔ ʔ ’

plement and already common in European languages (ch, th, gh, …) (see
Table 6).

Table 6. A selection of transcription systems with symbols and digraphs

Haggen-
Arabic IPA Spitta macher Willmore Gairdner Mitchell Louis Girod
letters 1880 1892 1901 1916 1956 2008 2016

خ x ḫ ch kh x x kh ẖ
ش ʃ ś sch sh ʃ ʃ sh š
غ ɣ ɡ̇ ɡ̇ gh ǥ ɣ gh ġ
ا aː â a â aː áa a ā
و uː û u û uː úu uu ū
و oː ô o ô oː óo oo ō
ي iː y i î iː íi ii ī
ي eː ê e ê eː ée ee ē

But the digraph is ambiguous, given that a sequence of two letters
can correspond to one phoneme or two phonemes.

In the latter case, the solution adopted byWillmore (1901), is to place
a hyphen between the two letters, which looks like an unwieldy quick fix,
establishing a separation right in the middle of a word (see Table 7).

Table 7. disambiguizing digraphs (Willmore, 1901, p. 1)

Digraph One phoneme Two phonemes

<gh> /ɣ/ ṣughaiyar ‘small’ /gh/ ag-har ‘albino’
<kh> /x/ âkhir ‘last’ /kh/ dik-ha ‘this’
<sh> /ʃ/ mishi ‘he left’ /sh/ yis-ha ‘he is distracted’
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No consensual solution has therefore really emerged to handily tran-
scribe Arabic into the Latin alphabet. Still, even for some Arabs, the re-
course to the Latin script has been seen as a desirable solution, notably
to write the vowels of Arabic on the same level as the consonants.

3. Writing the Vowels of Arabic

One of the most famous attempts at using Latin graphs for writing Ara-
bic was the project of ʿAbd al-ʿAzīz Fahmī (1870-1951). A member of the
Academy of the Arabic Language in Cairo, he was no less than the chair-
man of the committee on writing and grammar when he presented his
project in 1944. One originality was to mix Latin graphs, some with a
stroke, and Arabic graphs, a few of which were reversed and linked in a
single form to the Latin graphs. But his main concern was writing the
vowels, whose absence he saw as the main drawback in the Arabic writ-
ing system.

Fahmī

Arabic بتك�لانمءابنإقدصأفيسلا
بعللاودجلانيبدحلاهدحيف

English The sword is more truthful in informing than books,
In its edge is the limit between seriousness and play.

Fig. 1. A sentence in Fahmī’s proposed alphabet (Fahmī, 1944, p. 156)8

Fahmī admitted that the sameversewritten in Arabic scriptwasmuch
shorter than when written in the one he suggested, but he found it
preferable to transfer the burden of explicitation from the reader to the
writer. As expected, Fahmī’s proposal created a scandal, and it was never
implemented, but it is still remembered as a symbol of blatant hostility
toward Islam and Pan-Arabism9.

8. This is the first verse of an ode by Abū Tammām (803-845) to Abbasid caliph
al-Muʿtaṣim for his victory in the 838 battle of Amorium over the Byzantines.

9. For a detailed account of Fahmī’s campaign for the use of Latin graphs, see
Shraybom-Shivtiel (1998, pp. 189–193). For a recent example of a hostile reaction to
Fahmī’s and others’ proposals to write Arabic with Latin letters, see Al-Ṣāwī (2017)
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3.1. Chasing the Perfect Phonemic Script?

Yearning for a perfect phonographic script is an understandable under-
taking, but probably a vain one. As Florian Coulmas cautions, even a sys-
tem of phonetic transcription like the International Phonetic Alphabet
should not be taken to mean that it incorporates “the ultimate solution
to the problem of rendering a continuous stream of sound into a discrete
array of graphic signs” (Coulmas, 2003, p. 32) .

This is apparent in the differences that exist between Egyptian Ara-
bic and Standard Arabic. One of the three vowels of the latter is the front
unrounded open vowel [a] to which some descriptions of Egyptian Ara-
bic add its back twin [ɑ]. They provide the minimal pair bāba ‘the sec-
ond month of the Coptic calendar’ and bᾱbɑ ‘pope, pontiff, patriarch’
(Badawi and Hinds, 1986, pp. 48–49). Other descriptions prefer in this
case to speak of a single vowel and of a series of “marginal” pharyngeal-
ized consonants noted by a dot under the Latin graph (Watson, 2002,
p. 21).

Table 8. back [ɑ] or pharyngealized consonants?

Badawi, Hinds Watson
1986 2002

2nd month of Coptic calendar bāba bāba
pope, pontiff, patriarch bᾱbɑ ḅāḅa
take care of barr barr
be faithful (to a promise) bɑrr baṛṛ
my dead mayyiti mayyiti
my water mɑyyiti ṃayyiti

The hesitation in choosing which element of the context, consonant
or vowel, should be elevated to a phoneme testifies to the difficulty of
finding the holy grail of the “perfect” phonographic script. This should
remind us that there is more to speech than a mere sequence of con-
sonants and vowels. An abjad, with its focus on the consonants in the
syllable, may offer a better ambit for suprasegmental elements, closer to
that of a syllabary.

3.2. Why BotherWith Vowels?

The obsession with vowels is also strange for a language like Standard
Arabic that basically has just three. Quite regularly, the language hes-
itates between one or the other, while retaining the same meaning. In
any case, the writing does not differ.
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Table 9. Vowel fluctuation in Standard Arabic

Arabic script Pronunciation Translation
Standard Arabic

بسحي /jaħsabu/ /jaħsibu/ he considers
ةزانج /ʒanaːza/ /ʒinaːza/ funeral
صّج /ʒasʕsʕ/ /ʒisʕsʕ/ gypsum
ّزب /buzz/ /bizz/ teat
قرحي /jaħruqu/ /jaħriqu/ it burns

Similarly, between Standard Arabic and Egyptian Arabic, the differ-
ences are often limited to the pronunciation of vowels.

Table 10. Vowel fluctuation between Standard Arabic and Egyptian Arabic

Arabic script Pronunciation Translation
Standard Arabic Egyptian Arabic

ريبك /kabiːr/ /kibiːr/ big
ريغص /sʕaɣiːr/ /sʕuɣajjar/ small
بعت /taʕiba/ /tiʕib/ he was tired
ىشم /maʃaː/ /miʃi/ he walked
بتكي /jaktubu/ /jiktib/ he writes

Writing as an abjad thus allows some room to be left for different
interpretations of the written word. This makes it possible to accommo-
date the various pronunciations of vowels in the different regiolects of
Arabic and in the standard variety of the language. The principle of the
abjad appears indeed to be particularly compatible with the situation of
diglossia that exists in Arabic. By highlighting the consonants, it leaves
some considerable slack for the reader to interpret the written word. So
what could be felt as a deficiency by a few may have turned out to be a
useful compromise for many.

4. The Traditional Abjad Chosen forWikipedia Maṣri

In any case, for Wikipedia maṣri, the suggestions to write in a phono-
graphic alphabet were not retained, and the abjad mode was preferred.
The main arguments were that Egyptians are much more accustomed to
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writing and reading it, and the suggested change was perceived as being
too bold a step10.

For the contributors to Wikipedia maṣri, rejecting the Latin alpha-
bet and adopting the Arabic graphs implies the recognition that the lan-
guage of their project is strongly related to Arabic, despite their desire to
prove the contrary. Pragmatism is here the main reason for this decision,
because most Egyptians have a better command of the Arabic abjad than
of the Latin alphabet. Although this choice may seem logical, it is in con-
tradiction with the stated goal of many early contributors to Wikipedia
Maṣri, whichwas to “liberate” their language from its submission to Ara-
bic, felt as an outside influence from the Arabian peninsula.

This stance is particularly illustrated by the evolution of the terms
chosen early on to describe the language of Wikipedia maṣri. First, it
is al-luǧa al-ʿāmmiyya al-maṣriyya— هيرصملاهيماعلاهغللا ‘the Egyptian collo-
quial language’, then it becomes kalām maṣri— يرصممالك ‘Egyptian talk’
and the pejorative term “colloquial” disappears. Finally, it becomes al-
luǧa al-maṣriyya al-ḥadīsa— هثيدحلاهيرصملاهغللا , that is to say ‘the modern
Egyptian language’11, thus placing it in an idealized continuumwith the
ancient (hieroglyphic) Egyptian language. The goal is to minimize its
proximity to Arabic while laying claim to more ancient and prestigious
(Pharaonic) roots. The preference for the same abjad mode as Arabic is
thus a major concession to the recognition of a certain kinship between
this “modern Egyptian language” and Arabic.

5. Writing Arabic Differently

However, the early contributors to Wikipedia maṣri have devised ways
to differentiate the script they use from the traditional Arabic script.

5.1. Yāʾ and ʾalif Maqṣūra

In Arabic, the graph yāʾ <ي> most often corresponds to the semi-
consonant /j/ or the long vowel /iː/. A similar graph but without the
two dots ,<ى> used exclusively in the final position, corresponds to the
long vowel /aː/. Arabic grammarians call it ʾalif maqṣūra. Egyptians are
known for merging the two graphs in one, in the final position, most
often the undotted ʾalif maqṣūra.

10. Wikipedia, ايديبيكيو–1فيشرا/هباتكلاةقيرط:ايديبيكيوشاقن – [Wikipedia talk: Writing
method/Archive 1—arz.wikipedia.org]

11. ايديبيكيو–هثيدحلاهيرصملاهغللا – Modern Egyptian Language—arz.wikipedia.org
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Table 11. Fusion of yāʾ and ʾalif maqṣūra in Widipedia maṣri

yāʾ – ءاي ʾalif maqṣūra – ةروصقمفلأ

Standard Arabic

ي ى

يلع ىلع

/ʕaliː/ /ʕalaː/
Ali (proper noun) on top of

Wikipedia maṣri ى
ىلع

This national specificitywas therefore seized upon by the initiators of
Wikipediamaṣri towrite anyfinal yāʾ as a ʾalifmaqṣūra,12 thus exploiting
the treatment of these two graphs in Egypt13.

5.2. ʾalif Al-waṣl and ʾalif Al-qaṭʿ

Another subtlety of Arabic is the difference between ʾalif al-waṣl <ٱ> and
ʾalif al-qaṭʿ ,<أ> which could be translated respectively as “fusion ʾalif”
and “separation ʾalif”. These are the two main statuses of the ʾalif at the
beginning of a word. The ʾalif al-qaṭʿ is a ʾalif that indicates a glottal stop
/ʔ/ (the separation) generally marked with a hamza ,<ء> as a diacritic
above or beneath. The ʾalif al-waṣl is a token graph that indicates a liai-
son (the fusion) with the last vowel of the preceding word. It is not pro-
nounced except at the beginning of a sentence, where it is pronounced
as a ʾalif al-qaṭʿ with a glottal stop. In most texts, the ʾalif al-waṣl has no
diacritic mark ,<ا> which differentiates it from the ʾalif al-qaṭʿ with its
hamza .<أ>

Getting one’s ʾalifs wrong is one of the most common errors in con-
temporary Arabic (Attia et al., 2015, p. 13). This may be one reason why
the general rule set by the initiators ofWikipedia maṣri is to almost sys-
tematically write the initial ʾalif without a hamza14.

12. ايديبيكيو–هباتكلاةقيرط:ايديبيكيو —Wikipedia: How to write—arz.wikipedia.org
13. This Egyptian tendency not to dots the final yāʾ is illustrated in an article by

Egyptian author ʿĀdil ʿAṭṭia: “The big problem—forme—startedwhen I beganwriting.
Whenever I sent an article or a story that had a final “yāʾ” without its two dots, the
non-Egyptian publisherwould put them! And if I put the dots, the Egyptian publisher
would delete them!” (Aṭṭia, 2010).
14. ايديبيكيو-هباتكلاةقيرط:ايديبيكيو —Wikipedia: How to write—arz.wikipedia.org
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Table 12. Fusion of ʾalif al-waṣl and ʾalif al-qaṭʿ in Widipedia maṣri

ʾalif al-waṣl ʾalif al-qaṭʿ

fusion ʾalif separation ʾalif

Standard Arabic ٱ أ

نبا ّمأ

ibn ʔumm
son mother

Wikipedia maṣri نبا ّما

ا

5.3. Tāʾ Marbūṭa

A third contextual variant of an Arabic letter is the tāʾ marbūṭa (linked
tāʾ) .<ة> In Standard Arabic, it is a graph, always placed at the end of the
word, which takes the form of the graph hāʾ ,<ه> topped by the two dots
of the tāʾ .<ت> It is necessarily preceded by the vowel /a/ (short or long)
and is pronounced /t/ followed by the vowel of declension, except at the
pause (mostly at the end of a sentence), where it is only pronounced /a/.

Table 13. Treatment of tāʾ marbūṭa in Widipedia maṣri

general rule ʾiḍāfa (genitive construction)

Egyptian Arabic /il-luɣa l-ʔinɡilizijja/ /luɣit isʕsʕiʕiːd/
the English language the language of Upper Egypt

Wikipedia maṣri: هيزيلجنإلاهغللا ديعصلاةغل

In Egyptian Arabic, tāʾ marbūṭa is generally pronounced /a/, but it
becomes /(i)t/ at the end of the first element of an ʾiḍāfa (genitive con-
struction). To reflect this difference, the initiators of Wikipedia maṣri
have established the following rule: “The tāʾmarbūṭa is written accord-
ing to its pronunciation: with two dots when it is pronounced /t/, and
without dots in the other cases”14. The omission of the two dots on
the tāʾ marbūṭa is a phenomenon that has been observed by Refaat El-
Farnawany in his thesis (in German) on Egyptian Arabic as a written
language, in which he notes the following: “As far as I know, there is no
rule for these dots of—ه.When andwhere they should bewritten depends
on the writer’s writing habits” (Farnawany, 1981, p. 127). It is equally in-
structive to note that at no point does he mention the two dots under the
final yāʾ, which he systematically writes without dots in the examples of
his thesis, as if this rule went without saying.
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Thus, the contributors to Wikipedia maṣri have managed to give the
script used on their project a specific appearance that helps to differen-
tiate it fromWikipedia al-ʿarabiyya.

6. Graph FrequencyComparison BetweenWikipedia Maṣri and
Wikipedia Al-ʿarabiyya

In the light of these recommendations, it is interesting to observe
the frequency of use of graphs on Wikipedia maṣri (also referred
to as “arz”) and compare it with that of Wikipedia al-ʿarabiyya
(referred to as “ar”)15. The files containing the latest version of
each article were downloaded for each edition from https://dumps.
wikimedia.org to obtain arzwiki-20240201-pages-articles.xml (3.5GB)
and arwiki-20240720-pages-articles.xml (11GB) respectively. The 010
Editor software was used to search for each of the graphs. The graphs
are ranked from least represented to most represented on arz in rela-
tion to ar in Table 14 that lists occurrences that are under-represented
in arz relative to ar, and in Table 15 that lists occurrences that are over-
represented in arz relative to ar.

Unsurprisingly, among the least frequent graphs onWikipedia maṣri
are the sukūn, which is used to mark the absence of a vowel between two
consonants, and tanwīn diacritics, which are used to mark the flexional
ending of indefinite nouns and adjectives. The latter system is inoper-
ative in Egyptian Arabic, except for the /an/ <◌ً> flexion of common ad-
verbs such as /ʔabadan/ ‘never’ or /taʔriban/ ‘approximately’. The other
flexional endings appear in arz mainly in quotations from the Qurʾan.
This /an/ <◌ً> inflection is the most frequent in absolute numbers on
Wikipedia maṣri, but proportionally the least used in comparison with
Wikipedia al-ʿarabiyya. This relative rarity probably results from a bot’s
intervention to make it disappear16, which is not without problems of
comprehensibility. The three short vowel diacritics <◌َ>, <◌ُ>, and <◌ِ>
remain relatively less rare in arz, in particular to disambiguate the pro-
nunciation of a word, as is also customary in fuṣḥā.

The graphs <ث> and especially <ذ> are among those less frequently
used on arz compared to ar. This is because they transcribe phonemes
not used in Egyptian Arabic. However, the relative rarity of <ذ> com-
pared to <ث> is surprising since the recommendations are to keep it if
it is pronounced ./ز/ In addition, <ث> and <ذ> can be used to transcribe

15. Wikipedia differentiates its language editions by the codes assigned to them by
the ISO 639-3 standard, i.e., “ar” for Arabic and “arz” for Egyptian Arabic.
16. Bots (short for “robots”) generally make automated changes or actions to main-

tain Wikipedia’s articles and other pages on Wikipedia.
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Table 14. Graph frequency comparison between arz and ar—Under-
representation in arz

graphs arz ar proportion

Number Proportion Rank Number Proportion Rank ar/arz

◌ً 17,263 0.0022% 43 4,027,633 0.1433% 35 233.31
◌ٌ 611 0.0001% 47 129,168 0.0046% 44 211.40
◌ٍ 1,575 0.0002% 46 235,193 0.0084% 43 149.33
◌ّ 15,490 0.0020% 44 2,063,197 0.0734% 40 133.20
◌ْ 4,596 0.0006% 45 451,382 0.0161% 42 98.21
إ 348,229 0.0444% 36 19,730,202 0.7018% 25 56.66
ذ 169,397 0.0216% 38 9,507,807 0.3382% 31 56.13
◌َ 53,702 0.0069% 40 2,616,609 0.0931% 37 48.72
◌ُ 51,656 0.0066% 41 2,382,296 0.0847% 39 46.12
◌ِ 43,806 0.0056% 42 1,159,890 0.0413% 41 26.48

أ 2,275,450 0.2904% 28 54,292,275 1.9312% 16 23.86
ؤ 152,032 0.0194% 39 2,868,430 0.1020% 36 18.87
ة 5,646,607 0.7206% 23 100,960,306 3.5911% 10 17.88
ث 1,008,905 0.1288% 31 12,334,500 0.4387% 30 12.23
آ 221,304 0.0282% 37 2,488,371 0.0885% 38 11.24
ئ 1,573,673 0.2008% 29 94,74,864 0.3370% 32 6.02
خ 5,017,158 0.6403% 25 28,551,540 1.0156% 23 5.69
ء 1,268,363 0.1619% 30 6,591,327 0.2345% 33 5.20
ش 7,213,905 0.9206% 22 34,717,311 1.2349% 22 4.81
غ 3,226,804 0.4118% 27 15,515,668 0.5519% 27 4.81
ح 9,334,034 1.912% 21 44,379,696 1.5786% 19 4.75
ظ 972,875 0.1242% 32 4,427,141 0.1575% 34 4.55
ل 63,034,942 8.0443% 3 275,542,547 9.8009% 2 4.37
ق 12,080,564 1.5417% 19 52,283,490 1.8597% 17 4.33
ف 20,309,171 2.5918% 14 87,907,105 3.1268% 11 4.33
ض 3,299,101 0.4210% 26 13,122,675 0.4668% 28 3.98
د 23,302,609 2.9738% 12 86,999,405 3.0945% 12 3.73
ب 28,206,045 3.5995% 10 102,078,112 3.6309% 9 3.62

Corpus 783,599,634 100% 47 2,811,387,118 100% 47 3.59

the voiceless [θ] and voiced [ð] dental fricative consonants of foreign
words, particularly those containing the sequence <th> in English.

The graph <ظ> is slightly less frequent on arz than on ar,This is prob-
ably the result of a balance between the tendency to phonetically render
the replacement in Egyptian Arabic of the pharyngealized alveolar frica-
tive [zʕ] by the pharyngealized alveolar occlusive [dʕ] for example with
< رهض > /dʕahr/ ‘back’ and the opposite phonetic trend with < طباظ > /zʕaː-
betʕ/ ‘officer’.
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Table 15. Graph frequency comparison between arz and ar—Over-
representation in arz

graphs arz ar proportion

Number Proportion Rank Number Proportion Rank ar/arz

ي 71,586,498 9.1356% 2 255,872,222 9.1013% 3 3.57
و 46,553,694 5.9410% 6 161,904,072 5.7589% 5 3.48
ر 45,472,582 5.8030% 7 156,650,474 5.572% 6 3.44
ت 41,468,036 5.2920% 8 141,732,511 5.0414% 8 3.42
ع 23,291,652 2.9724% 13 79,194,474 2.8169% 14 3.4
ن 47,052,142 6.0046% 5 155,964,726 5.5476% 7 3.31
ا 118,929,723 15.1774% 1 391,184,188 13.9143% 1 3.29
ز 5,613,067 0.7163% 24 18,326,115 0.6519% 26 3.26
س 27,247,443 3.4772% 11 85,551,920 3.0431% 13 3.14
م 55,993,480 7.1457% 4 174,238,132 6.1976% 4 3.11
ط 9,366,993 1.1954% 20 25,908,792 0.9216% 24 2.77
ك 20,292,778 2.5897% 15 55,471,216 1.9731% 15 2.73
ص 16,558,167 2.1131% 16 45,069,246 1.6031% 18 2.72
ج 15,821,354 2.0191% 18 36,108,823 1.2844% 21 2.28
ه 31,729,113 4.0491% 9 38,498,437 1.3694% 20 1.21
ى 16,225,512 2.0706% 17 12,808,495 0.4556% 29 0.79
پ 493,200 0.0629% 34 29,921 0.0011% 45 0.06
ڤ 598,199 0.0763% 33 21,100 0.0008% 46 0.04
چ 456,134 0.0582% 35 14,114 0.0005% 47 0.03

Corpus 783,599,634 100% 47 2,811,387,118 100% 47 3.59

The various spellings of hamza ,<ؤ> <ئ> and ,<ء> as well as those
using ʾalif as a carrier: ,<إ> ,<أ> as well as the madda ,<آ> are relatively
less used on Wikipedia maṣri compared to Wikipedia al-ʿarabiyya. This
corresponds to the virtual absence of pronunciation of the “glottal stop”
/ʔ/ originating from a hamza in themiddle and end ofwords in Egyptian
Arabic, and therefore to the avoidance of the etymological spelling in
favor of a more phonetic spelling. On the other hand, this points to a lack
of popularity of the phonetic solution to mark the “glottal stop” /ʔ/, that
in Cairo Arabic replaces /q/ from Arabic fuṣḥā, and the strong tendency
to retain the etymological spelling .<ق> Incidentally, this grapheme is
almost as frequent on arz as on ar.

Concerning the ʾalif, the rule requiring it to bewrittenwithout hamza
(either above, or below) seems to explain the relative rarity of <إ> and

<أ> on arz compared to ar and consequently the slightly higher fre-
quency conversely for the “naked” ʾalif <ا> onWikipedia maṣri compared
to Wikipedia al-ʿarabiyya. If we consider the total occurrences of these
graphs on each of the two Wikipedia editions, we obtain a ratio of 3.83
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occurrences on ar for each occurrence on arz, close to the ratio of 3.59
between the totals of occurrences of all the characters studied.

Among the relatively much more present graphs onWikipedia maṣri
is <ه> which, in this case, corresponds not only to the hāʾ of the fuṣḥā,
but also to the tāʾ marbūṭa ,<ة> which the recommendations enjoin to be
written without its two dots when it is not at the end of a word in a state
of annexation, and thus is pronounced /a/.

As for ʾalifmaqṣūra ,<ى> it is the only canonical Arabic graph that has
numerically more occurrences on Wikipedia maṣri than on Wikipedia
al-ʿarabiyya, despite an overall ratio of 3.59 in favor of the latter. This
reflects the tendency prevalent in Egypt of writing any final yāʾ <ي>
without its two dots, making final <ى> an Egyptian grapheme which, in
addition to its value in fuṣḥā of ʾalif maqṣūra pronounced /a/, takes on
that of final yāʾ pronounced /i/ or /j/ in Egyptian Arabic.

With the deletion of the hamza over and under ʾalif and of the two
dots of the tāʾ marbūṭa and of the final yāʾ, the contributors toWikipedia
maṣri have succeeded in giving the script used in their project a spe-
cific appearance that helps to differentiate it from that of Wikipedia al-
ʿarabiyya. This tendency to simplify the script is not unlike the common
style of handwriting,which regularly omits thesemarks to increasewrit-
ing speed. This is reminiscent of the popular roots of Egyptian Arabic,
which was originally written mainly by hand. It is also visible in carica-
tures that have long illustrated Egyptian newspapers.

The rule concerning the ʾalif al-waṣl and the ʾalif al-qaṭʿ, as well as the
one concerning the tāʾ marbūṭa were already suggested by Fatḥi Imbābi
(born in 1949) in a sort of post-face entitled “Toward a modern Ara-
bic language” written at the end of his 1994 novel Marāʿi al-qatl ‘Killing
grounds’. He even suggested another simplification by removing the two
dots above the qāf ,<ق> a graph that is pronounced /q/ in Standard Ara-
bic, to clarify its pronunciation as a glottal stop in Cairene Arabic by the
use of this graph: <ٯ> (Imbābi, 1994, p. 414). He did not, however, go
as far as apply this innovation to the Egyptian Arabic dialogues in his
novel, and I have found no trace of it elsewhere. The fact that this graph
is deprived of a dedicated key on modern keyboards probably does not
help its popularization. What remains to be seen is whether getting rid
of all these dots and diacritics will not interfere with the readability of
the texts.

7. Al-ẒāhirWa Al-Bātin

In a way, deleting elements of the script harks back to the origins of
Arabic writing, when dots were not used to discriminate between letters
of the same shape. This contrasts with modern versions of the Qurʾan,
which not only include dots but are also entirely vocalized.



Why the Abjad Suits the Arabs 245

This contrast may be related to the opposition between the concepts
of al-Ẓāhir and al-Bāṭin mentioned in the Qurʾan (57:3) that could be
translated as “the Manifest,” and “the Unseen”. It is an opposition that
permeates many aspects of Arab society, found, for example, in the cres-
cent moon taken up as a symbol of the Red Crescent with the lit side of
the moon standing out from its shaded part.

The solution of the abjad reflects these two facets: the possibility to
write with a minimum of graphs, and let the reader make his own de-
ductions, or with all the diacritics to provide a maximum amount of
information. Paradoxically, the designers of Wikipedia maṣri are thus
resorting to traditional strategies of Arab culture, while seeking to dif-
ferentiate themselves from it.

The script of Wikipedia in Egyptian Arabic, therefore, reflects the
tug-of-war between the contributors’ desire to differentiate the language
used from Standard Arabic and the need to offer texts that remain acces-
sible to Egyptian readers. As in many cases where a script is adapted to
an essentially oral language, the trade-off is between respect for the ety-
mology or morphology of the word and the need to transcribe its actual
pronunciation. Widipedia maṣri is a major opportunity to write Egyp-
tian Arabic in many fields to which it has rarely been applied before. It
is therefore a particularly interesting candidate in the mission to help
establish an orthographic standard for Egyptian Arabic.
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Reviving Linear Elamite
(2300–1880 BCE)
TheOldest Known PhoneticWriting System

Sina Fakour

Abstract. This paper presents the outcome of a two-year research and design
project centered on the Linear Elamite script, an ancient phonetic writing sys-
tem used in Elam (present-day Iran) at the end of the 3rd millennium BCE.
Although first discovered in the early 20th century, Linear Elamite remained
undeciphered until 2017, when French archaeologist François Desset began its
systematic study. In 2020, Desset, along with Kambiz Tabibzadeh, Matthieu
Kervran, Gian Pietro Basello, and Gianni Marchesi, announced the successful
decipherment of approximately 95% of the script. This significant achievement
repositions Linear Elamite as the earliest known phonetic writing system, trans-
forming our understanding of the origins of writing.

In 2021, as part of the “Missing Scripts” program at ANRT (Atelier National
de Recherche Typographique), I began a typographic research project aimed at
developing a digital typeface for Linear Elamite. The project involved a detailed
analysis of the inscriptions, materials, and engraving tools used, in order to create
an inclusive typographic solution. The result is Hatamti, a font family consisting
of approximately 400 glyphs in four styles. This paper documents the design pro-
cess, the visual characteristics of the script, and the rationale behind each design
decision, with the goal of supporting archaeologists, linguists, historians, philol-
ogists, and type designers in preserving and working with this ancient script.

1. Introduction

At the end of the 3rdmillenniumBCE, Linear Elamite script gave eternal
life to the history of the Elamites. Linear Elamite was one of the scripts
used in Elam (located in present-day Iran) to transcribe the Elamite lan-
guage. It was first discovered at the beginning of the 20th century in
Susa, Iran (Álvarez-Mon et al., 2018) and up to now, 43 objects contain-
ing Linear Elamite inscriptions have been identified. Linear Elamite in-
scriptions, containing simple and complex geometric signs, are found
on different materials (clay, stone, and metal), and they are named by
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alphabet letters (A to Z and A′ to R′). François Desset, a French archae-
ologistworking in Iran for years, started the decipherment of LE in 2017.
In 2020, François Desset, with Kambiz Tabibzadeh, Matthieu Kervran,
Gian Pietro Basello, and Gianni Marchesi, announced that they had de-
ciphered about 95% of the Linear Elamite signs. This decipherment is of
importance as it can change our current understanding of the develop-
ment ofwriting. It is the oldest known phoneticwriting system, showing
that the phonetization of writing was achieved from the early stages of
its invention. The decipherment has also become a reason for a prelim-
inary Unicode proposal to be made.

In October 2021, I started to work on Linear Elamite as a part of the
“Missing Scripts” program at ANRT (Atelier National de Recherche Ty-
pographique). The project was guided by François Desset. He is an ar-
chaeologist specializing in the Middle East and attached to the CNRS
Archéorient team and the University of Tehran.

His presence from the beginning of the project allowed me to have
access to the most up-to-date archeological resources and to understand
the specific needs of an archeologist working with Linear Elamite.

The purpose of this project is to design an inclusive typographic so-
lution based on comprehensive research and careful analysis of the in-
scriptions that would make the digital transmission and reproduction of
Linear Elamite possible. Among others, it would help archeologists, lin-
guists, philologists, historians and type researchers during the process
of redacting and publishing their research. It could also help preserve
this ancient script and give it a new life through contemporary media.

In this project I investigated the role of the engraving tool and the
material on the quality of the signs, and I tried to achieve a methodology
of work that can be applied to similar ancient scripts.

The research and design process took about two years under
the supervision of professors Thomas Huot-Marchand, Jérôme Kneb-
usch, Charles Mazé, Émilie Rigaud, and Alice Savoie. The outcome is
“Hatamti”. A font family that includes about 400 glyphs in four differ-
ent styles, which will be released under an open-source license. Another,
equally important, outcome of this project is the present paper, which
aims to analyze the graphical aspects of the Linear Elamite script and
show the arguments and observations behind every design decision.

2. A brief history of Elam

Mesopotamian sources allowus to locate the ancient civilisation ofElam,
which covered nearly the entire southern half of the Iranian plateau in
the late 3rd Millennium BCE. The Elamite cultural influence extended
beyond this region, reaching central Asia, present-day Afghanistan, Pak-
istan, and the southern shores of the Persian Gulf. But then it was re-
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duced to only Susa (Susiana) in the Achaemenid period (539-331 BCE)
(Vallat, 1998). Elam was the eastern neighbor of Mesopotamia and was
often in conflict with it. Geographically, Elam included more than the
actual Khuzestan. it was a combination of the lowlands and the immedi-
ate highland areas to the north and east (Matthews, 2022). Elam’s par-
ticularity compared to Mesopotamia was its confederated governmental
structure with complex mechanisms (Álvarez-Mon et al., 2018). Differ-
ent settled and nomadic populations were united within this structure.
The Elamite language, which is extinct today, was used by the Elamites
to communicate. The vast majority of scholars believe that it is a lan-
guage isolate. An isolate is a language that has no relatives, that is, it
has no demonstrable genetic relationship with any other language. Lan-
guage isolates are in effect language families with only one member. The
best known and most cited language isolates are Basque, ...” (Campbell,
2010).

The name Elam does not come from the local population. It is a
name coined byMesopotamian scribes. It has reached us fromGreek Ay-
lam, itself borrowed fromHebrew ʿElām; the Elamites called their coun-
try Ha(l)tamti/Hatamti, which the Akkadians rendered Elamtu and the
Sumerians designated with the ideogram NIM “high, elevated.” (Vallat,
1998). We can divide Elam history into four main periods:

– The Proto-Elamite (Susa III/Banesh) period (ca. 3400/3200-2800
BCE).

– The Old Elamite period (ca. 2400-1600 BCE).
– The Middle Elamite period (ca. 1500-1100 BCE).
– The Neo-Elamite Period (1100-539 BCE).

The Linear Elamite writing systemwas used during the Old Elamite pe-
riod. The latter consisted of three dynasties: Awan (ca. 2400-2100 BCE),
Simaškian (ca. 2100-1970 BCE), and Eparthids or Sukkalmahs. (ca. 1970-
1500) (Vallat, 1998).

3. The first phonetic script

As far as we know, writing was invented separately in three different
regions: the Near East, China, and Mesoamerica. The earliest writing
systems were invented in the Near East in about 3500 BCE and in three
regions: Egypt, Mesopotamia, and Elam.

Not much is known about the origins of Egyptian hieroglyphs. But
the origins of Mesopotamian and Elamite pictograms can be traced
further back to previous forms of counting in the region (Schmandt-
Besserat, 2014).

The Elamites used differentwriting systems to transcribe the Elamite
language. The earliest one is Proto-Elamite, which is one of the oldest
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Fig. 1. Elam map in 1350 BCE—Ian Mladjov’s Resources, https://sites.google.
com/a/umich.edu/imladjov/maps

known writing systems, and it was used from about 3300 BCE to 2900
BCE (Desset, 2016). The first Proto-Elamite tablets were published by
Vincent Scheil, a French epigraphist, in 1900. Although more than 1600
Proto-Elamite inscriptions have been found (about 88% of the tablets are
found in Susa), the script remains undeciphered. In regard to its high
number of signs, it is considered to be a system composed of signs with
both phonetic and logogrammatic values (Desset, 2016).

Scholars do not share the same opinion about the relationship be-
tween Proto-Cuneiform and Proto-Elamite scripts. Some scholars argue
that Proto-Elamite is derived from Proto-Cuneiform. But others, includ-
ing Desset F., believe that they have both originated from older forms of
communication and then separated paths. Therefore, they can be con-
sidered sister writing systems that coexisted. The relationship between
Proto-Elamite and Linear Elamite is also a topic of debate. Some schol-
ars believe that Linear Elamite evolved from Proto-Elamite, while others
argue that there is not enough evidence to support this claim.

Linear Elamite was used during the Old Elamite period (2300–1880
BCE). Eventually, it was completely replaced by a slightly modified ver-
sion of Mesopotamian cuneiform, which had been used in parallel with
Linear Elamite even earlier (Bagh-e-Bidi, 1931).
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It isWalther Hinz, German scholar of Persian and Elamite studies (b.
19 November 1906 in Stuttgart, d. 12 April 1992 in Göttingen) (Schmitt,
2003) who coined the name Linear Elamite and Desset F. used the ab-
breviation “LE” for Linear Elamite and “PE” for Proto Elamite as a con-
vention (Desset, 2022). From now on I will use the same conventions in
this text.

In Fig. 2, you can see a simplified diagram of the evolution of writing
in the Near East. To put it more simply, in Fig. 3, you can see the two
parallel paths that writing has passed through in the Near East. We can
see that the emergence of Linear Elamite script is particularly interest-
ing as the phonetization of writing happened in Elam much earlier than
anywhere else. The Elamites could achieve an efficient writing system
containing alphabetic and syllabic signs in 2300 BCE, while Sumerians
and Egyptians were using logograms.

The LE writing system works with 5 vowels, 12 consonants, and 60
syllables. [Fig. 4] (Desset F. et al. 2022). Most of the signs have one
or more variants. These variations are most significant between objects
found in the eastern archeological sites and those found in the western
sites. About 75% of the signs are shared between eastern and western in-
scriptions. In Fig. 5 you can see all the signs attested in all inscriptions.

4. Linear Elamite Inscriptions

Like PE tablets, Most of the LE inscriptions are discovered in Susa. A
city established in 4800 BCE alternated between Mesopotamian and
Elamite power. Up to today 43 objects containing LE inscriptions have
been discovered. LE inscriptions, containing simple and complex geo-
metric signs, are found on different materials (clay, stone and metal).
Some inscriptions read from right to left, while others read from left to
right, and they are named by alphabet letters (A to Z and A′ to R′).

The inscriptions are found in different archaeological sites across
Iran. Some of them have unapproved provenance as theywere not found
in regulated excavations.1. Here are the numbers of inscriptions found in
each archeological site:

– Susa: 20;
– Marvdasht: 1;
– Konar Sandal/Jiroft: 4;

1. Before the 60’s, there were clandestine digging or commercial excavations in
Iran done by non-specialists. These people who paid for the excavations could possess
half of the finds and sell them on the open market. - David Stronach, “Excavations I.
In Persia,” Encyclopaedia Iranica, IX/1, pp. 88-94, available online at http://www.iran-
icaonline.org/articles/excavations-i
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Fig. 2. Diagram of the evolution of writing in the Near East as known today

Fig. 3. The evolution of writing in the near east

– Kam firouz: 7;
– Shahdad: 1;
– unapproved: 10.

19 of the inscriptions are kept in the Louvre Museum, 6 are in Iranian
museums, 1 is in the Los Angeles County Museum of Art, and the rest of
them are in different private collections (Desset, 2022).
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Fig. 4. Grid of the most common variants of deciphered signswith their phonetic
values. Blue signs are attested in South-Western Iran, red ones in South-Eastern
Iran. Black signs are common in both areas. (Photo: Desset F. et al 2022)

The information regarding each inscription (size, material, dating,
provenance, writing direction, etc.) is accessible in the article by Desset
F. et al 2022.

5. Design process

5.1. Confronting a new script

Translating the engraved signs into contemporary typographic forms
and making a consistent system is a challenging process. Designing a
digital font for an ancient writing system, which is obsolete today, im-
poses a significant change in the context of its use. It would therefore be
necessary to question our position and define our relationship with the
script. If we think of a writing system as the visual representation of a
language, how does our visual perception change our understanding of
a language? How do we perceive a writing system to which we are for-
eign? Is our understanding of a newwriting system based on the scripts
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Fig. 5. Linear Elamite glyph list. (Photo: Desset F. et al 2022)

we already use? Who are the contemporary users of the writing system
and what are the contemporary needs? What medium will it be used in?

The first question that arises while working with a different writing
system from ours is our legitimacy. In a hypothetical scenario in which I
were toworkwith a living script that had users, I believe it would be cru-
cial to question my position and my relationship to the script. The ques-
tion remains relevant even If I came from the same geopolitical area, but
I was not a member of the community using the script. In that case, get-
ting in touch with the community and informing myself about different
aspects of the culture would be necessary.

In the case of LE, the script went extinct long ago, and today there is
no community that identifies itself with it. Consequently, the question
of cultural appropriation is out of discussion. But being from the same
countrywhere the script was used helped me in the research process and
in understanding the place the script takes among people and scholars.
It also helped me have access to resources in Persian.
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Fig. 6. Left: King Puzur-Sushinak inscription, (Table au lion), in two scripts
of Akkadian cuneiform and Linear Elamite. Ca. 2120–2100 BCE, Discovered in
Susa. Right: Perforated stone, with Linear Elamite text—Département des Antiq-
uités orientales, Louvre Museum.

Fig. 7. Left: Clay cone with Linear Elamite text, dated to the reign of Puzur-
Inshushinak. Right: Clay tablet with Linear Elamite text—Département des An-
tiquités orientales, Louvre Museum.

Fig. 8. Linear Elamite inscriptions on silver objects—Mahboubian collection
<http://mahboubiancollection.com/>
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Fig. 9. Archeological sites where LE inscriptionswere discovered: 1. Susa, 2. Kam
Firouz, 3. Marvdasht, 4. Shahdad, 5. Konar Sandal/Jiroft.

Drawing on my past experiences designing Latin and Arabic types, it
has become clear that transposing the typographic rules from one system
to another would be irrelevant, as they are completely different. In my
encounter with LE, I tried to be as neutral as possible and to base my
design choices on arguments rather than the typographic rules I am used
to. For example, the notion of type color does not seem to be relevant for
LE, as we cannot have the same density throughout all signs. Some of
the signs consist of numerous strokes that make them dense, and some
others have very few strokes.

The main media on which the typeface would be used are paper and
screen. This shift in medium, from engraved signs to printed/rendered
characters, is considerable. For instance, the engraved signs react to the
light in a different way than ink on paper or pixels on screen. So, the
stroke thickness should not necessarily be the same (see chapter 5.4).

Another important consideration was to think about the contempo-
rary use of the typeface.Themain use of an ancientwriting system today
would be for academic purposes. The principal users would be arche-
ologists, linguists, historians, philologists, and type researchers. Having
their feedback and considering their needs was at the core of the project.
Working with François Desset as one of the main users of this writing
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Fig. 10. Excavations to the east of the Achaemenid palace, Susa 1924—Álvarez-
Mon, J., Basello, G.P., & Wicks, Y. (Eds.). (2018). “The Elamite World” (1st ed.).
Routledge. (photographic archives of the Département des Antiquités orientales,
Musée du Louvre).

system allowed me to understand particular needs that the font should
meet. (More details in chapter 5.7).

The typeface can also be used by editors, museums, and archives to
transcribe the inscriptions. But in some conditions, the sphere of the use
of an ancient script can go beyond the academic sphere. Some ancient
scripts, such as Cuneiform, have witnessed a wider range of enthusiasts.
Some people try to learn how to engrave cuneiform on clay, and others
tattoo the signs on their skin. It is not hard to observe the global fascina-
tion for a past, considered “grandiose”. There is a wave of nostalgia and
desire to revive the glory of the ancestors among nations. The amazing
nature of a writing system is that it can become a part of the identity of
a community. I cannot neglect this possibility for LE twice as much be-
cause of its phonetic nature. Meaning that any language can be written
with this writing system.Whether I, as a designer, approve of this usage
or not, once the typeface is published, I no longer have control over the
usage. What I have control over is trying to assure coherence in the de-
sign process and basing my decisions on reason. And eventually provide
a typeface with legibility and accuracy. But a certain degree of subjec-
tivity is unavoidable, even in such a rational and methodical approach.

5.2. General analysis of the inscriptions

In the beginning ofmy research, alongside reading the archeological ref-
erences, I spent quite a while observing the inscriptions. This played
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Fig. 11. Reproduction of Shuwar-asu’s clothes on the silver cup. The last king of
Iran had a vast program to create an identity based on the ancient history of Iran.
A book called Negar-e-Zan “Image of woman—An historical pageant of women’s
dress in Iran”’ was published in 1973 (Negar-e-Zan, 1973), in which women’s
clothing on ancient artefacts was reproduced.

an important role in getting familiar with the signs. This was especially
helpful in understanding their proportions and skeletons (see chapter
5.5). I also tried to draw them on paper. Despite the good quality of the
photos I had from all of the objects (see section 5.7), grasping the real
dimensions of the inscriptions could only be achieved by seeing the real
objects. A considerable number of the objects containing LE inscriptions
are in the LouvreMuseum. I managed to closely observe the inscriptions
accessible to the public (about 9 objects).

Almost all of the LE signs seem to be abstract and very geometric.2
But since they are engraved by hand, they are not completely regular
and symmetrical. My first instinct was to design symmetrical geometric
signs. An approach that seems to be evident. But was this really the in-
tention of the engravers? Was making perfectly geometric signs desired
by the Elamites? Today it seems natural for us to use theword geometric,
but were the Elamites aware of this notion?

2. Characterized by or using straight lines, triangles, circles, or similar regular
shapes or forms.—Collins, Geometric in the Collins dictionary, Retrieved January 15,
2023, from: https://www.collinsdictionary.com/dictionary/english/geometric.
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To be able to answer this question, I followed a rational approach by
trying to answer the five following questions:
a. Was the notion of geometry known by the Elamites?
b. Was achieving symmetry desired?
c. Was achieving consistency desired?
d. Is there any exceptional inscription?
e. What are the origins of the signs?

5.2.1. Was the notion of geometric abstraction known by the Elamites?

Today it seems natural for us to call a shape geometric after the achieve-
ments of the Greeks. Notably because of Euclid’s Elements3. But was the
notion of geometrical abstract shapes comprehended by the Elamites,
too?

As preserved in Herodotus History (5th century BCE), the earli-
est traces of geometrical calculations go back to the Egyptians. They
used geometric calculations for their everyday needs, such as religious
matters, construction, or timekeeping. Additionally, the Babylonian clay
tablets (ca. 1700–1500 BCE) give us the clue that the Pythagorean the-
orem and some special triads were known way before the Greeks.4

But the story of geometric signs goes much further back. Genevieve
von Petzinger is a paleoanthropologist and rock art researcher. In her
book, The First Signs: Unlocking the Mysteries of the World’s Oldest
Symbols, she studies Paleolithic cave paintings from 40,000 to 10,000
years ago with a particular focus on geometric paintings.5

She made a database of more than 5000 geometric paintings from
146 European caves. The result was the observation of 26 signs repeated
across different sites over more than 20,000 years. She considers them
to be the first traces of graphic communication and symbolism. From
the repetition of the same signs in different sites, she concludes the ex-
istence of intentionality in drawing these abstract geometric forms. She
suggests that the origin of this behavior comes from earlier ages and
possibly before our ancestors left Africa.6

Although we do not know if these drawings have abstract meanings or
not, they do show the capacity of humans to make geometric abstract
shapes and reproduce them.

3. Mathematical treatise of 300 BCE, attributed to Euclid. Euclid compiled his
Elements from a number of works of earlier scientists (Waerden et al., n.d.).

4. Heilbron, J.L. “Geometry”. Encyclopedia Britannica, https://www.britannica.com/
science/geometry.

5. Genevieve von Petzinger [WWW Document], 2016. URL https://www.
bradshawfoundation.com/news/archaeology.php?id=Genevieve-von-Petzinger

6. Genevieve von Petzinger [WWW Document], 2016. URL https://www.
bradshawfoundation.com/news/archaeology.php?id=Genevieve-von-Petzinger
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Ralph Abraham7 goes further and argues that the cave abstract geo-
metric forms are proto-geometric primitives and believes that:

“These archetypal patterns that archeologists call geometric forms
completed an evolutionary process of abstraction inwhich an iconic lan-
guage became a mathematical language” (Abraham, 2015).

Abstract thinking has been a part of human behavior for a long time.
Geometric abstraction was one of the first keys in the invention of writ-
ing when daily life concepts were translated into geometric markings.
Also, these concepts were detached from their context. The emergence
of phonetic units shows another level of abstraction where the signs no
longer represent real objects (Schmandt-Besserat, 2014).

Therefore, the origins of geometric thinking go way beyond the
Elamites. Abstract geometric patterns have been around for tens of thou-
sands of years. The Elamites’ understanding of geometry is probably dif-
ferent from Euclidean calculations, but the existence of these abstract
geometric signs on Elamite tablets is not just a simple coincidence but
may come from strong intentions.

Fig. 12. Chamber of Spanish tectiforms, El Castillo, Spain—Von Petzinger,
Genevieve. “The first signs: unlocking the mysteries of the world’s oldest sym-
bols”. First Atria Books hardcover edition. New York: Atria Books, 2016.

5.2.2. Was achieving symmetry desired?

Carving signs on stone or metal is a laborious task, and achieving per-
fection needs effort. My main question was whether or not the engraver

7. Professor Emeritus of Mathematics at UC Santa Cruz.
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Fig. 13. Panel of black Spanish tectiforms, Las Chimeneas, Spain—Von Petzinger,
Genevieve. “The first signs: unlocking the mysteries of the world’s oldest sym-
bols”. First Atria Books hardcover edition. New York: Atria Books, 2016.

Fig. 14. The St. Germain-la-Rivière teeth, France. Deer teeth decorated with ge-
ometric signs—Von Petzinger, Genevieve. “The first signs: unlocking the myster-
ies of the world’s oldest symbols”. First Atria Books hardcover edition. NewYork:
Atria Books, 2016.

Fig. 15. The “La Pasiega Inscription,” La Pasiega, Spain. A unique occurrence in
Ice Age art—Von Petzinger, Genevieve. “The first signs: unlocking the mysteries
of the world’s oldest symbols”. First Atria Books hardcover edition. New York:
Atria Books, 2016.
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Fig. 16. 26 Non-Figurative Signs repeated in French sites across 25,000 years
of prehistory—Von Petzinger, Genevieve. “Geometric Signs & Symbols in
Rock Art,” Bradshaw foundation, [WWW Document], n.d. URL https://www.
bradshawfoundation.com/geometric_signs/index.php

intended to make completely symmetrical and regular shapes. To an-
swer this question, I followed two different approaches. One based on
observation and the other on practical tests.

In the first step, I tried to detach the signs from several inscriptions
to be able to analyze them separately. In Figs. 17 and 18, you can see this
process for inscription A.

In order to have more material for comparison I chose the signs used
the most in all inscriptions which are a (representing the sound a),
r (representing the sound r), t (representing the sound t) and the di-
viding sign | [Fig. 19]. The sign t and the dividing sign do not con-
tain considerable geometric data to analyze. Consequently, I focused
on a and r. The diamond shape of the sign a is the dominant shape
in the LE script. Not only because it represents one of the most repeated
sounds, but also because by adding elements to it, some other signs such
as T, U, V, m, I, n, K, L, M, N, O and P are formed. Also, by removing
or adding elements to the sign r, we have the signs Q and R.

I detached these two signs from all of the inscriptions to make the
comparison possible. Their sizes vary across the inscriptions. By scaling
them to the same size, I tried to remove the proportion factor and just
focused on the sign shape. [Figs. 20, 21]

The aim was to verify the existence of any asymmetrical patterns
shared between all or some of the signs. For example, if we look at the
sign a, in inscription C′ we can see that the top part of the diamond
shape is longer than the bottom part. I then investigated whether this
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Fig. 17. King Puzur-Sushinak inscription, (Table au lion), in two scripts of
Akkadian cuneiform and Linear Elamite. Ca. 2120–2100 BCE, Discovered in
Susa—Département des Antiquités orientales, Louvre Museum.

Fig. 18. Detached signs of the inscription A (Table de lion)

Fig. 19. The signs attested the most in inscriptions
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Fig. 20. The sign detached from different inscriptions

Fig. 21. The sign detached from different inscriptions

characteristic was repeated in other inscriptions. The result is that I did
not find any asymmetrical pattern shared between more than 2 or 3
signs. The same approach was done with the sign r and the result was
the same.

The next step was tracing the signs with a line, trying to be as loyal
as possible to the inscriptions. [Figs. 22, 23]

I superimposed the drawings to achieve the average shape of the
sign a. The result (the denser area) shows that the average shape tends
to be a symmetrical diamond. [Fig. 24]

Despite the fact that the sign r is more complex in terms of geometry,
the same result is achieved by superimposing its drawings. [Fig. 25]

Consequently, I could deduce that symmetry is one of the character-
istics of the LE signs.

5.2.3. Was achieving consistency desired?

The process of designing a typeface includes not only designing individ-
ual signs but alsomaking a system inwhich all the signswork together in
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Fig. 22. Tracing the sign a from all inscriptions and scale them into the same
height

Fig. 23. Tracing the sign r from all inscriptions and scale them into the same
height

a coherent way. What makes the typeface a system is the characteristics
shared between different signs.

But is this idea relevant for one of the first writing systems known so
far? Is consistency a requisite for LE to form a writing system?

Defining the word consistency is necessary in order to investigate it.
What I describe as “consistency” here is the similarities between differ-
ent signs that give a homogenous nature to the script. In other words,
consistency is “agreement or harmony of parts or features to one another
or a whole”.8

To investigate this quality, different signs needed to be compared to
each other. Meaning I now had to work with lines of text rather than one
particular sign.

First, I tried to find signs that appear more than once in each inscrip-
tion. I observed that the similarities between them are not negligible. As

8. Meriam-Webster dictionary. https://www.merriam-webster.com/dictionary/
consistency.
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Fig. 24. Superimposition of the skeleton of the signs a from all inscriptions in
order to achieve the average shape

Fig. 25. Superimposition of the skeleton of the signs r from all inscriptions in
order to achieve the average shape

an example, in Fig. 26, object K, you can see the almost identical shape
of the sign a attested twice.

But as the number of identical signs in each inscription is limited,
to push the argument further, different signs made with similar shapes
needed to be investigated too [Fig. 27]. I could also observe a convincing
level of shared features between them, making each object coherent as a
whole. Keeping the forms similar in repetition is an important element
in bringing consistency to the script. A phenomenon that cannot be ac-
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Fig. 26. Analysing identical shapes in each inscription

cidental. In Fig. 28, you can see the analysis of both identical and similar
forms for various inscriptions.

Fig. 27. Analysing different signs made with similar shapes

5.2.4. Is there any exceptional inscription?

As mentioned before, the resemblance between identical or similar signs
in each inscription is not negligible. I tend to think that the irregular-
ities can be the result of other factors, such as the engraver’s skill. One
argument is the existence of the inscription Q or the Marvdasht vessel
(21st century BCE). The inscription on this object seems to be meticu-
lously planned. Similar forms are almost identical in terms of shape and
size. The spacings are well calculated, the signs are centered vertically
between the two lines, and the symmetry is obvious in almost all of the
signs.
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Fig. 28. Analysing identical and similar shapes in each inscription

The existence of the Marvdasht vessel is an important clue about the
intention of the engraver to achieve geometric forms that are symmet-
rical and consistent. [Figs. 29, 30]

Fig. 29. Silver cup from Marvdasht, Fars, with linear-Elamite inscription on the
top part. Late 3rd Millennium BCE, National Museum of Iran. (Photo courtesy
of François Desset.)

But when we compare similar forms on different objects, despite the
same skeleton, we can see more differences in size, position, and relative
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Fig. 30. Silver cup from Marvdasht, Fars, with linear-Elamite inscription on the
top part. Late 3rd Millennium BCE, National Museum of Iran. (Photo courtesy
of François Desset.)

proportions. I believe there are several factors that influence the emer-
gence of these irregularities:

Material
Engraving on deformable materials such as metal or clay is easier than
on stone, and erosion affects thesematerials differently. The inscriptions
on metal have remained sharper than those on stone. Also, the engraving
space on each object varies, and consequently, the size and proportions
of the signs are adapted to each object.

Time and Geography

The area in which LEwas used is vast. The inscriptions are found in dis-
tant archeological sites and dated within a span of 420 years. This dis-
tance in time and place has led to the appearance of different variations
for some signs. For example, the sign (representing the sound n) is com-
pletely different in the inscriptions found in the east and thewest of Iran
(Desset et al., 2022). [Fig. 31]. Temporal and geographical distance may
have also influenced the writing habits. However, this argument needs
further investigation with more inscriptions that might be discovered in
the future.
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Fig. 31. Variants of the sign representing the sound “n”. Left: Western variants.
Right: Eastern variants

Engraver’s skill

The engravers had different skills. This can especially be observed by
comparing the Marvdasht Vessel with other metal inscriptions of the
same period.

5.2.5. What are the origins of the signs?

Although there is debate over whether LE is a developed form of the
PE script, scholars agree that there is a visual connection between the
signs in the two scripts. Most LE signs have potential visual equivalents
in PE. What is noticeable in PE inscriptions is the trace of the tool. PE
inscriptions are made by pressing a reed stylus on clay tablets. The signs
are made by marking their individual strokes one by one, which makes
the triangular shape of the stylus wedge noticeable. The round shapes
are also done in the same way but with a circular tool.

Most of the PE signs seem to be abstract forms. And even if they have
hypothetically represented different kinds of beings or objects, they have
been simplified to the level that they no longer have the direct evocative
value (Ifrah, 1987, p.  174).

In the process of evolution from PE to LE, the forms become more
simplified and stylized. In LE, the presence of the tool is blurred, and
we are facing more stylized contours of the shapes rather than embossed
imprints. As an example, the round imprint in PE tablets has evolved to
just the contour of the circle, and the triangular strokes are simplified
to thin lines. Also, the detached strokes become more connected to form
integrated shapes.

This transition from 3D to 2D further shows the abstract nature of
the LE signs and the fact that they did not mean to reproduce organic
objects or beings. Thereupon, it seems relevant not to consider organic
forms for the signs and go toward geometric, stylized, abstract forms.
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Fig. 32. Proto-Elamite tablet (ca. 3100-2900 BC), Louvre Museum, Paris

Fig. 33. Evolution of signs from PE to LE
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5.3. Analyzing sign details based on the material

When working on an engraved script, the analysis of the materials and
tools used can help the designer gain a better understanding of how the
forms were shaped. However, there is no information about the engrav-
ing tools used to engrave LE, but based on observations, practical tests,
and also by looking at early Greek inscriptions, I could make some hy-
potheses. We should note that LE was developed and used in the Bronze
AgewhenHumans employed stone or claymoulds to shape sophisticated
metal tools and weapons.

In the following paragraphs I analyze the quality of the signs based
on each material and I investigate what tool could have been used to
produce such traits.

Fig. 34. Susa IVA (ca) 2700-2500 BCE), metal objects—Matthews, R., & Fazeli
Nashli, H. (2022). “The Archaeology of Iran from the Palaeolithic to the
Achaemenid Empire” (1st ed.). Routledge. (image: Javier Álvarez-Mon).
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5.3.1. Metal

In most of the metal inscriptions, it seems that the strokes were made by
putting a blunt chisel-like tool on the surface and hitting it like a punch.
In order to have lines with different lengths, one may have used tools
with different sizes or used just a part of the width of the tool. Also, in
some inscriptions, it appears that the tool was struck a couple of times
to extend the line. But what seems more probable is that the lines were
not made by scraping or chasing (cutting material by moving forward
with numerous small taps). Chasing on metal results in wider endings
with accumulation of material and traces of the steps along the stroke
[Fig. 36]. For the curved lines, in most cases, we can see the trace of small
straight lines joining together to form the curve. This shows that the
same technique for straight lines was used, but with a narrower tool. In
some instances, the curved lines of the signs are seamless,which suggests
the use of a curved tool (Casson, 1935). [Fig. 35]

Fig. 35. Quality of the curved lines. In most cases, the trace of several taps is
obvious (a), while in a few others the curves are seamless (b)

The strokes are punched separately. Consequently, in their junctions,
we see the strokes meet either seamlessly or with a gap.

The other notable phenomenon is that the strokes are the thick-
est somewhere in the middle, and they fade away at their extremities.
[Fig. 36]

This might be due to the fact that the objects have curved surfaces
(Casson, 1935). The tool, when put vertically, cannot lie completely flat
on the surface. Additionally, the first strokes create a curved surface
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around themselves, which accentuates the aforementioned phenomena
in secondary strokes. Also, the distribution of the force is not homoge-
neous, and it is at its minimum in the extremities. The other reason for
the thin endings of the strokes could be the use of a round tool that did
not have defined edges.

In my experiment with engraving on metal (Zinc), I tried both flat
and curved tools [Fig. 37]. A curved tool allows for an easy extension
of the line by rotating the tool without removing it from the surface
[Fig. 33]. As a result, the long strokes remain seamless, and strokes with
different lengths can be done with just one tool. A curved tool also facil-
itates the rotation of curved signs. With a flat tool, on the other hand, to
extend a line I had to remove it from the surface, which caused discon-
tinuity in the stroke. It was also more difficult to achieve curved lines
with a flat tool. But I could achieve the best results for the curved lines
by using an arc-shaped tool.

The round dots all have the same diameter, showing that they are
made by striking a round, pointed tool on the metal.

Fig. 36. Left: The quality of straight strokes, their junctions, and their faded ex-
tremities in metal inscriptions. Right: Touching points of a flat tool with a curved
surface.

5.3.2. Clay

Due to the soft nature of clay, signs could be produced by pressing awide
tool (presumably a wooden or reed tool) on the surface, the same way it
was done in PE inscriptions. Another method could be scraping using a
pointed tool. But this method would cause the accumulation of material
at the end of the strokes, which is rarely seen in the inscriptions.

In the case of a tool pressed on clay, what happens is similar to
metal, and the stroke extremities look alike. Especially for the secondary
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Fig. 37. Experimenting engraving on metal with round and flat tools

Fig. 38. Extending lines by rotating a curved tool

strokes of a sign, because the first strokes make a cushion-like surface
on clay, and the tool in secondary strokes cannot reach everywhere
[Fig. 36]. In the case of scraping, the endings would look more defined,
which is not the case seen in the inscriptions.

I experimented with clay engraving in practice, and I tried to use
three different wooden tools:
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Fig. 39. Formation of cushion surfaces and thin extremities in clay inscriptions

Wide rounded tool
The results I achieved with this method are the closest to the inscrip-
tions. In this method, the length of the strokes can be varied based on the
degree of pressure and by rolling the tool along its blade.The curved tool
makes the strokes thin at the extremities, as the tool does not have de-
fined edges. By pressing the tool deeper, more parts of the curved blade
reach the clay, and the stroke becomes longer. Then, by rotating the tool
along the stroke to both sides, it can be extended even further. For short
strokes, a smaller, similar curved tool can be used. [Fig. 40]

Extension of the strokes can also be achieved by pressing the tool
several times along the stroke. Using a wide, rounded tool for engraving
is versatile and rather fast.

Wide flat tool
In this method, to alter the length of the strokes, only part of the tool is
used. This makes one extremity defined and deep, and the other one,
thinner and less profound. Having good control over the length and
pressure is more difficult in this method, and the result is less similar
to the inscriptions.

Pointed tool
This seems to be the fastest method, but the quality achieved is the far-
thest to what we observe in the inscriptions. The endings are more de-
fined and have the same thickness as the middle of the strokes. Addition-
ally, material is carried away with the tool, which makes it hard to have
defined junctions.



Reviving Linear Elamite (2300–1880 BCE) 277

Fig. 40. Thin exterimities in using a rounded tool and how rotation of the tool
extends the stroke length

5.3.3. Stone

Stone inscriptions (A to I & T to V) are more worn out and less well-
preserved, which makes it harder to determine the techniques used.
However, the chasing method seems more relevant. In close observation
of the objects in the Louvre Museum [Fig. 42] I could see the trace of the
taps with which the strokes were carved, probablywith a burin-like tool.

However, the thin, less profound lines in softer stones (Such as ob-
ject C) evoke that the theory of scraping with a sharp tool can also be
relevant in some inscriptions. [Fig. 43]

For the curved lines, another possible technique, which was used in
Paeonian or early Greek inscriptions, is using a pointed tool vertical
to the stone. A laborious work requiring hundreds of punches for each
curve (Casson, 1935). [Fig. 44]

Here we can see the same phenomenon of thinner endings in strokes,
but less accentuated, and for a different reason. I tried to engrave LE
signs on two different stones. One is a soft limestone and the other one
has a harder surface. When beginning a stroke, I tended to start with
weaker taps so as not to break the stone. In the middle, automatically,
I taped harder to advance more quickly. Reaching the end of the stroke,
I reduced the force not to miss the ending. [Figs. 45 & 47]

On the stone, all of the round dots also have the exact same size. From
what I have tried, the best way to achieve this is to scrape the stone
with a pressing, rotating a pointed tool. Because by hitting the tool (The
method used on metal), there would be small breaks on the stone, and
we have less control over the perfect shape of the dot.
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Fig. 41. Experimenting engraving on clay with different tools

Fig. 42. Trace of the taps in the sign and thin extremities in the sign—Inscription
D. Louvre Museum
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Fig. 43. Thin lines in inscription C. (Photo courtesy of François Desset)

Fig. 44. Quality of the round shapes. Bottom: Inscription B. Louvre Museum.
Top: Inscription on the basis of the Stele of Megakles, ca. 530 BCE, Attica.
(Photo: Casson, Stanley. 1935.)
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Fig. 45. Top: engraving test on soft limestone. Bottom: engraving test on harder
limestone

Fig. 46. Tools used for engraving tests. The left one was used for the dots and
the right one for the strokes
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Fig. 47. Thin endings of the strokes. Left: Stone inscriptions A & B. Right: En-
graving test on soft limestone

After the analysis of different materials, it seemed a relevant deci-
sion to keep the concept of the individual strokes, but the question was
whether they should be connected or not. Based on what I already dis-
cussed in chapter 5.2.I believe that in LE, achieving stylized forms and
fading the tool’s presence are more important than in PE. This is why
I think the desired sign should represent a shape as a whole.

Drawing onwhat I argued in part 5.2, we can deduce that the inscrip-
tions done more carefully and meticulously are more symmetrical and
harmonious. They are those with more homogenous and regular posi-
tioning of the signs (like the silver vessel—object Q).We can observe that
the more we have these qualities in an inscription, the less we see dis-
connectivity in the junction of the strokes. This may be another clue to
know that the intention has been to make continuous contours. [Fig. 48]

My decision for Hatamti was therefore to keep the contrast between
the middle and the end of the strokes, but keep the thin extremities con-
nected. The contrast gives the materiality present in the inscriptions to
the typeface. The weight of the connections was chosen in a way so that
they wouldn’t be lost in small text, and allow the strokes to remain con-
nected in all sizes.

5.4. In pursuit of the suitable weight

Determining the stroke thickness was the other essential question in the
early stages of the design process. I found it challenging to define the
most suitable value without having at least several signs to compose a
text and look at it in print.Themain reason for this difficulty is that Iwas
working with a script completely alien to my eyes. No typeface has ever
been designed for LE to compare with. So, I could not apprehend how
bold or light my drawings are. The only references were the engravings
with different line thicknesses on different materials. My solution was
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Fig. 48. More detached junctions can be observed in inscriptions with less regu-
larity and harmony. Top: Inscription J’, Bottom: Inscription Q (Marvdasht silver
vessel)

Fig. 49. Hatamti weight in Regular and Bold styles
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to draw two different weights as masters and achieve the most relevant
weight by interpolating between them later. A necessary but laborious
decision, as it doubled the amount ofwork. This helped me define an in-
termediate weight as the Regular style for Hatamti. Observation guided
this decision: the weight I chose can contain all the complex elements
of signs without issues, whilst simultaneously not being so light that we
would lose details in print or on screen. It aims to be the closest to the
visual perception of the engravings, although it does not have the same
thickness. I also decided to export a bolder version for particular uses.
The Regular weight I defined for LE is lighter in comparison to text
typefaces in modern scripts such as Latin or Arabic (which is the spe-
cific nature of this writing system). The Bold version will be useful in
pairings with bold texts of Latin or Arabic so that the LE script doesn’t
appear so weak in the line. It could also be used to emphasize certain
signs and establish hierarchy in text.

5.5. Relative proportions of the signs compared to each other

At first glance, it seemed hard to find any pattern for the proportions of
the LE signs in relation to each other. The signs share the same shape,
but their relative sizes vary from one object to another.

After having the inscriptions under the eyes for quite a long time,
eventually some patterns started to merge. While analyzing the most
frequent signs (a and r), I figured out that in most cases the sign r
occupies more vertical space than a. This seems logical because if a

were as high as r, it would be too large and occupy too much horizontal
space. [Fig. 50]

Fig. 50. The signs r and a (or forms similar to a), beside each other in different
inscriptions

Despite the consistency between the signs of a single inscription,
each object has its own accent. In object W, for example, the signs oc-
cupy the whole vertical space, which makes them pretty large horizon-
tally. But in object Z, the signs are narrower and have variable heights.
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[Fig. 51]We cannot find all of the signs on each object. Some of the signs
have even been attested only once and on a single object (like the sign S
representing the sound “sa”). Consequently, the main challenge was to
establish a harmony between all the signs coming from different objects
with different proportions.

Fig. 51. Different sign proportions in each inscription. Wide signs in object W
(right) compared to small and narrow signs in object Z (left).

5.6. A system to harmonize the signs

To find a system that harmonizes all of the signs, first I started by draw-
ing the signs a and r. As explained in chapter 5.2.b, by adding elements
on top, at the bottom, or inside of a we achieve numerous other signs.
By reserving some space on top and at the bottom of a I could have the
same optical size of this component shared between different signs. By
repeating this form, I aimed to add consistency and homogeneity to the
typeface. For r and t, however, as they should be higher, I drew them in
a way to fill these spaces. [Fig. 52]

I applied the same logic to the other characters, and eventually, a
system emerged in which we can have four main heights for the signs.
[Fig. 53]

In this system, the baseline is positioned in the middle, and the signs
are aligned vertically in the center. We can see this clearly in most of
the inscriptions and especially in the inscription Q. In about half of the
inscriptions, there are lines on top and at the bottom of the signs. We
can notice that the smaller signs in these inscriptions are placed in the
middle and have the same space above and below [for example, see in-
scriptions D, Q, A′, O′, N′, and W in Fig. 28].
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Fig. 52. Defining the proportions of the signs a, r and the signs similar to them

Fig. 53. A system for four main heights of the signs. Baseline positioned in the
middle

Fig. 54. Some exceptions that do not fit in the grid system
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Most signs easily fit into this system. But I did not want the grid to
determine the design. Therefore, some smaller signs (about 5% of them)
make the inevitable exceptions. The only sign that exceeds the guide-
lines is a variant of the dividing sign (|), which needed to be distin-
guishable. [Fig. 54]

The main usage of the typeface being academic papers, I had to con-
sider how it interacts with Latin and Arabic scripts. These two scripts
are used the most in academic papers related to LE and the Elam civili-
sation. For Latin, I did comparisonswithTimes NewRoman as the type-
face used the most in academic articles. For Arabic, the comparison was
made with Adobe Arabic, Nazanin, and Mitra (the latter two are widely
used in Iran for academic purposes).

As LE signs do not have any diacritics or elements added on top or at
the bottom, I made the highest signs to occupy all the vertical space from
ascenders to descenders. This makes the LE signs taller than Latin char-
acters. The reason is that Hatamti Regular is much lighter than Times,
and by making it vertically bigger, it will not appear unnoticeable in
the middle of the Latin text. In this way, neither of them dominates the
other, but they are easily distinguishable from each other. [Fig. 55]

The same happens with Arabic. The LE signs are bigger to compen-
sate for their lighter weight. Arabic fonts, however, are mostly horizon-
tal and positioned on the baseline. Additionally, the descenders go lower
than Latin descenders. This makes LE look positioned higher and some-
how on the same baseline as Arabic. [Fig. 56]

5.7. Technical Methodology

In order to begin the design process, I had to observe each sign in detail.
Thanks to François Desset, I could have access to high-resolution photos
of all of the inscriptions from the early stages of the project. I could also
take closer photos of some of the objects during my visit to the Louvre
Museum.With the help of the inventory table made by Desset (Desset F.
et al 2022), I could trace the objects where each sign can be found.

The process of drawing each sign started with observing it in all its
occurrences and comparing them to find the most representative shape.
Soon, I understood how difficult it is to control the workflowwhile hav-
ing several images open alongside font design software on the screen (if
we ignore the music app). So, I printed all of the inscriptions on A3 pa-
per (to preserve the details). For each sign, I put all of the corresponding
images beside each other on the table.

I used the Glyphs 3 software to design the font, and I worked with
1000 units per Em scale. To achieve the best proportions, I started with
the drawing of the monoline version with a stroke that would form the
skeleton of the typeface. Then from the monoline version I drew the
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Fig. 55. Hatamti in use with Time New Roman
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Fig. 56. Hatamti in use with Adobe Arabic, Nazanin and Mitra
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main style,which is the contrasted one.Therefore, I defined fourmasters
with two axes (weight and optical size). I set the masters’ weight values
to 500 and 100. The master’s optical size values were set to 200 (with-
out contrast) and 100 (with contrast). The weight axis numbers should
not be compared to Latin. In Latin, 100 would be considered thin, and
500 would be Medium. However, due to the thin nature of LE, I consid-
ered 100 as light and 500 as bold. Then I exported the 250 instance as
regular and 500 as bold for the contrasted version. For the monoline ver-
sion, the instances for regular and bold are 200 and 450. The reason for
this difference is that thick junctions and the lack of contrast made the
monoline version look bolder, and so I tried to compensate by reducing
the values by 50.

Fig. 57. Weight and optical size values for different Hatamti styles

As LE is not yet in the Unicode Standard, I put the glyphs in the Latin
codepoints. LE is an alpha-syllabic system, so I put the signs in the Latin
glyphs that have the same phonetic values proposed by Desset F. et al.
For the syllabic characters, I used standard ligatures (.liga) of the Latin
letters. For example, a “s_i” ligature was made for the sign which has the
phonetic value of “si”. In this way, typing in LE with a standard Latin
keyboard is possible. Even after the integration of LE in Unicode, keep-
ing this feature would be helpful as it is an intuitive way of typing. Also,
the integration of a script in Unicode would not necessarily guarantee
the emergence of keyboards for the script. [Fig. 58]
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For different variations of each sign, I used the “.cv” suffix so that
they could be accessed on different applications. In order to distinguish
the sign variants, I made a guide (that would be published alongside
the font) in which all the variants of a sign are shown in a table. This
document also shows what keyboard keys should be used to access each
sign.

Fig. 58. A preview of the Glyphs application workflow. The glyphs in purple are
the western variants, and the glyphs in yellow are the eastern ones. Those in
green are common between the east and the west

In transcribing archeological inscriptions, we often face some signs
with less legibility due to corrosion and scratches. To be able to rep-
resent this, I introduced different hachures representing three degrees
of corrosion. By typing an asterisk once after a sign, a hachure super-
imposes on the glyph. Typing an asterisk twice substitutes the hachure
with a denser one. And typing an asterisk three times results in having
only the dense hachure without the sign underneath. This feature was
achieved by using the ”ccmp” feature. same OpenType feature used for
Arabic diacritics. This allows for the superimposed hachure on the cen-
ter of the sign. [Fig. 59]

While reading archeological articles, I observed that some signs like
comma, dot, plus, equal, arrow, and dash are used frequently with LE.
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Fig. 59. Scratch superimposition functionality

Therefore, I included them in Hatamti to avoid the need to change the
font for such punctuationswhile typing. You can see the complete glyph-
set in Fig. 61.

Before the official release of the typeface, I shared a beta version with
François Desset so that he could try it in practice and report any possi-
ble problems. But I also had a couple of meetings with François during
the project, in which I presented the drawn glyphs and discussed my
design decisions. During our meetings, François provided me with pho-
netic values of the signs, and we discussed the shape of the signs that
are less legible in engravings. Some of the proportions of the signs were
perceived differently by each of us, and discussing them better informed
my decision-making. As one of the main users of the font, he also ex-
pressed his needs in using the font. This led to the implementation of
the OpenType features.

5.8. Keeping the skeleton (monoline version)

The monoline (stroke) font was first designed as the skeleton and a way
to achieve the main design (contrasted style). But later on, the need to
keep it as a separate style was felt by François Desset. This version rep-
resents the skeleton and complete abstraction of the LE signs. The traces
of the carving tool and thematerial are completely erased in this version,
and it represents a graphic representation of the signs. Keeping this style
gives more choice to the users of the font. Consequently, the final font
family has four styles: Hatamti Regular, Hatamti Bold, Hatamti Stroke,
and Hatamti Stroke Bold. [Fig. 60]

6. Conclusion

The decipherment of the most ancient phonetic writing system is an
important achievement in the history of writing. Making the first LE
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Fig. 60. Hatamti font family

typeface is a delicate task, as it will be the first contemporary visual rep-
resentation of this writing system. In other words, for the public, LE
would be associated with this typeface.

Reviving an ancient writing system requires reconsidering modern
typographic principles, including geometry, weight, type color, propor-
tions, contrast, and baseline. These concepts should be evaluated based
on the nature of the writing system, but should also be adapted to con-
temporary media such as print and screen.

In the case of LE, after careful observation and historical analysis,
I figured out that achieving consistent, abstract geometric forms is rele-
vant to the nature of the writing system. The regular weight of the type-
face is lighter than modern alphabet fonts. Some characters are denser
than others, and the type color is not homogeneous everywhere.
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Fig. 61. Hatamti glyph-set

To work on an engraved script, the analysis of the material and tools
can help the designer through a better understanding of the forms. This
analysis can be done by consulting archaeological references and also by
observation, comparison, and tests. In Hatamti, analysis of the tool and
material has led to the decision of implementing a contrast and keeping
the strokes attached.

Understanding the contemporary users of the typeface and their
needs is an important factor in design decisions and the implementation
of features. Having François Desset as the archeological advisor made
this matter possible.

In the near future, publication of the Hatamti font-family under an
open-source license, and its integration in Unicode, wouldmake the dig-
ital transmission and reproduction of Linear Elamite possible. Among
others, it would help archeologists, linguists, philologists, historians and
type researchers during the process of redacting and publishing their re-
search. It could also help preserve this ancient script and give it a new
life through contemporary media.
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Fig. 62. Four levels of reading an archeological artefact: 1. Object – 2. Inscription
photo – 3. Facsimile – 4. Transcription
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1. Introduction

1.1. History of the Masorah

The word masorah means “tradition” or “transmission” in Hebrew. The
termMasoreticText refers to the corpus of 24 books of theHebrewBible as
annotated and standardized by the Masoretes, Jewish scribes and schol-
ars active between the 6th and 10th centuries CE. Historically, three
competing notation systems have emerged: the Babylonian and Pales-
tinian schools, which used supralinear marks, and the Tiberian system,
which was mostly sublinear and combined with a refined vocalization.
The Tiberian system eventually prevailed, and the Tiberian Masoretes,
especially the Ben Asher and Ben Naphtali families in the 9th and 10th
centuries, fixed both vowels and accents on the inherited consonantal
text. The Aleppo Codex (c. 930), pointed1 by Aaron ben Asher, became
the touchstone manuscript, and the Leningrad Codex B19a (1008/1009)
(see Fig. 1) remains the oldest complete Tiberian witness.

It is widely accepted (Futato, 2020; Park, 2020; Wickes, 1881; 1887;
Хаздан, 2020) that cantillation marks serve three primary functions:
they segment the text (analogous to punctuation) (Wu and Lowery,
2006), they indicate phonetic stress (Hedánek, 2017), and they pre-
scribe melody (according to various musical traditions) (Kelley, Mynatt,
and Crawford, 1998; Levine, 1989). Nevertheless, some scholars, notably
Hoop (2008), have contested this view, arguing that cantillation marks
constitute predominantly a system of musical notation influenced by
other Mediterranean musical notation systems of the period. Mitchell
(2017) draws parallels between these marks and the Greek cantillation
marks found in a third-century BCE papyrus of a Euripidean tragedy,
advancing sixteen arguments forwhy they could not have been invented
by the Masoretes but must rather have been transmitted to them from
sources potentially predating the Masoretic period by more than ten
centuries.

1.2. Importance of the Masoretic Layer

The following example is paradigmatic of the importance of teʿamim as
syntactic markers (Futato, 2020, pp. 84–85). In Isa 40:3, there is verse:

1. By “pointed” we mean that the consonantal text was written by a scribe (in this
case Shlomo ben Buyaʾa, around 930 CE), and Ben Asher then added the vowels and
cantillation marks on top of that already-written consonantal layer. It was a distinct,
highly specialized task—the naqdan (pointer) was a master of the oral reading tradi-
tion, while the sofer (scribe) was responsible for the letters themselves. The division
of labor reflects the theological status of the consonantal text, which was fixed and sa-
cred, versus the vocalization, which was understood as a learned tradition laid over it.
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Fig. 1. The first five verses of Genesis from the Leningrad Codex B19a
(1008/1009). The word marked is the one used in Fig. 7 to compare 26 printed
Bibles from 1517 to 2026.

zaqef gadolzaqef gadol zaqef katan

that can be roughly translated as (we purposely do not include punctu-
ation):

a voice is calling in the wilderness prepare the way for the Lord

This has been translated into Greek and appears in the Septuagint Bible
(3rd c. BCE) as shown in this excerpt of the Codex Vaticanus Vat.gr. 1209
(300-350 CE):
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φωνὴ βοῶντοc ἐν τῆ ἐρήμω ἑτοιμάcατε τὴν ὁδὸν κ

(

υ…

Following 4th-century CE conventions, there are no interword spaces
or punctuation. In modern times, punctuation has been added, and we
find this passage, in Roger Daniels’ OldTestament (London, 1653), written
as

Φωνὴ βοῶντος ἐν τῇ ἐρήμῳ, Ἑτοιμάσατε τὴν ὁδὸν κυρίου…

where both the comma and the capital epsilon indicate that “in the
wilderness” (ἐν τῇ ἐρήμῳ) is syntactically bound to “the voice” (φωνὴ)
rather than to “prepare the way for the Lord” (ἐτοιμάσατε τὴν ὁδὸν
κυρίου…). Similarly, in the 1611 King James Bible:

“The voyce of him that cryeth in the wilderneſſe,
Prepare yee the way of the Lord…,”

there is a comma after “wilderneſſe,” and “Prepare” is capitalized, as in
the Greek text, so that the interpretation is the same as in Roger Daniels.

We could stop the interpretation at this point, if it weren’t for the zaqef
katan cantillation mark on the second word of the Hebrew text, which
denotes a primary syntactic division after “calling,” and therefore binds
“in the wilderness” not to “the voice” but to “prepare,” leading to the
interpretation

A voice rings out: Clear in the desert a road for the LORD,

as it appears in the NJPS Bible edition of the Jewish Publication Society
of America (Philadelphia, 1985), which invalidates the “voice calling in
the wilderness,” recalled as a prophecy in the New Testament, where
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Saint John the Baptist is presented as the personification of this voice (in
all four gospels: Matthew 3:3, Mark 1:3, Luke 3:4, and John 1:23). Futato
(2020) suggests that this is an error in the Masoretic text, while Hoop
(2008, pp. 113–115) is more nuanced.

This example shows that the presence of a specific Masoretic mark
suffices to give an entirely different interpretation to a verse that is im-
mensely popular since it is the origin of the idiomatic expression “a voice
in the wilderness”.

1.3. The Printed Masora

When Hebrew printing began in late 15th-century Italy, the niqqud and
teʿamim posed a serious technical challenge: dozens of marks had to com-
bine cleanly with consonants and vowel points on a single line of metal
type. The Soncino family produced the first complete printed Hebrew
Bible in 1488, but the decisive achievement was Daniel Bomberg’s Rab-
binic Bible (Miqraʾot Gedolot) in Venice, especially the 1524–25 edition
edited by Jacob ben Hayyim, whose pointed and accented text became
the printed textus receptus for nearly four centuries. The great Chris-
tian polyglots—Complutensian, Antwerp, Paris, London—carried this
typography into European scholarship. In the 19th and 20th centuries,
critical editions refined the marks: Baer-Delitzsch, Ginsburg, then Kit-
tel’s Biblia Hebraica (1906; its 3rd edition of 1937 was the first to follow
the Leningrad Codex). The Stuttgartensia (BHS, 1967–77) and the ongo-
ing Biblia Hebraica Quinta (since 2004) reproduce the Leningrad accents
diplomatically,while theHebrewUniversityBible follows the AleppoCodex.

1.4. The NewTestament with Cantillation Marks

Besides the Tanakh, the New Testament has also been translated into
Hebrew with Masoretic signs prepared by an English scholar, Ezekiel
Margoliouth, and published by the London Society for Promoting Chris-
tianity Amongst the Jews, in 1865. The London Society had been pro-
ducing pointed Hebrew New Testaments since 1821, and a committee
revised that text between 1836 and 1838. Margoliouth’s was the third
revision, and its distinctive contribution was the addition of the full
Tiberian apparatus of niqqud and teʿamim, with all the editorial decisions
that implies—chiefly, how to map syntactic and rhetorical structures
of Koine Greek (parallelism, direct speech, parenthetical clauses) onto
the disjunctive/conjunctive accent system designed for biblical Hebrew
prose (McClintock and Strong, 1870).

The project’s purpose was twofold—missionary outreach to Jewish
readers, and a deliberate “naturalizing” of the Greek NT into the lin-
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guistic register of the Tanakh. Cantillating the text was the typographic
climax of that program: it gave the New Testament the visual and aural
signature of Scripture.

2. Layers of the MasoreticWriting System

Fig. 2. The phrase “[I give] unto him My covenant of peace” (Num 25:12) with
colors for the following layers: (1) in black (grey for punctuation), (1′) in deep
green (broken vav), (2) in orange, (3) in violet, (4) in blue, (5) in light green,
and (6) in red.

We can define layers of elements of a writing system (be they
graphemes or non-linguistic) in the following way: two elements belong
to different layers if they are not mutually exclusive. Here are the layers
we observe (see Fig. 2), inspired by the layers of Arabic (Osborn, 2017):

1. basic letter forms and punctuation;
1′. special letter forms for the Bible (inverted nun, closed qof and broken

vav), and graphe[mt]ic hapaxes (§2.3);
2. a supralinear dot placed on the left or on the right of basic form ,ש to

distinguish between sin and shin;
3. the internal dot dagesh/mappiq which represents a plosive feature or

gemination, or the consonant nature of letter heh at word end, and
the upper impositive rafe that is the binary opposite of dagesh and rep-
resents the fricative feature;

4. the supralinear short vowel holam and sublinear short vowels niqqud,
half vowels hataf, and absence of vowel sheva;

5. the sublinear impositive sign meteg;
6. teʿamim cantillation marks;
7. line fillers as in the following excerpt of the Complutensian Polyglot Bible
(Alcalá de Henares, 1517)

fillers text
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2.1. Upper and lower systems

Masoretic text has the unique feature that it can convey not only one
but two systems of niqqud and teʿamim: the Upper System (taʿamey ha-elyon,
also called “high cantillation”) and the Lower System (taʿamey ha-tachton,
also called “low cantillation”). This occurs in texts such as the Decalogue
in Exo 20:2–14 and Deu 5:6–18 (Jacobson, 1995), Gen 35:22, and other
places. As primary graphemes are the same, and to avoidwriting the text
twice, secondary graphemes of the two systems are written simultane-
ously so that a given consonant can have two vowels (the first one always
belongs to the high system and the second to the low system) and/or two
cantillation marks (see Fig. 3).

Upper System Lower System Combined

Fig. 3. Upper/lower systems

Ashkenazi custom is to use the Lower System for private study and
ordinary reading, and the Upper System for public reading of the Deca-
logue, including the festival of Shavuʿot.

2.2. Graphemic Clusters

Niqqud and teʿamim can be supralinear/internal/supralinear, preposi-
tive/centered/postpositive (from right to left in the following figure):

These features are graphemic in the sense that a change of positional
category can affect the semantics of the text.

More generally, we can subdivide the graphemes used in the Ma-
soretic text into primary and secondary graphemes, the former being
stand-alone graphemes and the latter being necessarily “carried” by
primary graphemes. A primary grapheme (called “base character” in
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Unicode) together with the secondary graphemes it carries is called a
graphemic cluster. In a cluster, primary graphemes (layers 1 and 1′) rep-
resent consonants, long vowels, and punctuation, while layers 2-6 are
represented by secondary graphemes.

2.3. Graphe[mt]ic Hapaxes

When studying the phonology of a language, we consider that two
phones belong to distinct phonemes if we can find two words, differ-
ing only by these phones, and having different semantics. We can define
graphemes in a similarway and conclude, e.g., that the graphs “i” and “ı”
(as in “fi”) represent the same English grapheme 〈i〉 since there is no pair
of English words differing only by these two graphs and having distinct
semantics, while, e.g., they represent distinct graphemes inTurkish. The
problem with this statement is that “distinct semantics” is rather vague.

In this section,we describe caseswhere primary graphemes are trans-
formed in four distinct ways: they can be broken, have their strokes
joined, be larger than their surroundings, be smaller than their surround-
ings, or be suspended. These are called otiyyot meshunot (Ginsburg, 1897;
Tov, 1999) and belong to several functional categories at once. They are
indexical (in Peirce’s sense): they do not represent a sound or amorpheme
but point at the word, saying “look here, this is special”. They are criti-
cal: the puncta extraordinaria in particular are now widely understood
as the Masoretes’ way of flagging words their tradition regarded as tex-
tually doubtful—a kind of pre-modern critical apparatus encoded inside
the text rather than alongside it. They are hermeneutic: they triggered,
and are retroactively explained (in a way similar to the ḥurūf al-muqaṭṭaʿa
in the Qurʾan, Bauer, 1921; Nguyen, 2012), by a large body of midrashic
interpretation, e.g., the small alef of Lev 1:1 read as Moses’ humility; the
raised nun of Jdg 18:30 preserving the tradition that the original reading
was Mosheh but had to be screened to protect the prophet’s name from
association with idolatry, etc. And they are redactional fossils: in several
cases they almost certainly preserve, in petrified graphic form, evidence
of earlier textual states—alternative readings, scribal corrections, or the
boundaries of redactional units (the inverted nuns around the “When the
ark went forth” pericope in Num 10:35–36 are the textbook example).

With these explanations inmind,wemay raise the question: are otiyyot
meshunot graphemes or graphetic allographs? It is easy to find minimal
pairs (words that differ only by having or not having the meshunot fea-
ture), but do they carry “distinct semantics”? Depending on the individ-
ual interpretations given, they are more or less semantic, so we consider
that they belong to a twilight zone between graphemes and allographs.
Here is a list, based on Haralambous (1994). In two cases (Est 9:9 and
Dan 6:20), we have two meshunot in the same word.
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2.3.1. Transformed Letters

These are: the joined qof (Ginsburg, 1897, p. 48) in Exo 32:25 and Num
7:2; the broken vav (loc. cit.) in Num 25:12. For the sake of completeness
we provide an example of the use of the inverted nun (nun hafukha), which
is the only graphe[mt]ic hapax that found its way into Unicode (hebrew
punctuation nun hafukha), and which is used as punctuation.

Exo 32:25 󰅏󰙚󱷙ן󱂯󲅴󱉰󱧁ה󲑚׉󱋎י󰛭ם

Num 7:2 󰚯ם󰝍󱠗󱉰󰔗םי󲂤־ל󰜑󲽒׊󰔩םי

Num 25:12 󱂏󰣽󰄢־ת󲑚󱯯י󱹢י󲉓󱂢ם׈

Psa 107:23 ת󲖄󰂗󱑍󲤨󰣼ם󰜎󲪖י󰣼󱮎󰔼י׆

2.3.2. Large Letters

Gen 1:1 םי󰁵󱈘󰙥א󲔿󱶏תי󲅗א󱰭בְּ

Gen 5:1 󰦳סֵ֔ה󱢌תּר󰣼󱂯󰗯ת

Gen 30:42 םי󰼛󲊸א󱈂ןא󰜑󳂂ףי󰇼󰜑󱾊󰲗וּ

Gen 34:31 󰡟󲫊א󱉰󱭥ּו󰜑󰾎ז󰣼󱘲ה󰺦󱾊󲋭ה

Gen 50:23 󲑚󱒪י󲅴󲰞󲅒םי󲘧ם

Exo 34:7 ֹ םי󰬭󱝱󰓝󱇚󰂌󱇚󱠼ר󱥠נ

Exo 34:14 󱂯󰃓ל󰅏󰫮ר󲫾י

Lev 11:42 󲙷󰪑ֹ־ל󰣼󱄂󰀆󲂤ה ל󰞘󱁨ןו

Lev 13:33 󰞘󰚅󱹜ַּג󲱤ח󰞘󰄢־ת󰜑󲷃󱻝ק󱈂א

Num 14:17 󰞘󲂤󳈊יִה󰎄󲜨־ל󱘴א󲮯󰭐

Num 27:5 󱍸󲆹ה󰄢־ת󱊗󲅐󲿲󰳻ן󱃒󱠸󱓦י

Deu 6:4 󲅐󱌋ע󰶥󲊷󱶞󰂸ל󰵢󰝡󰢹ה

Deu 6:4 󰁵󱈘󰚔וּני󰵢󰝡󰢹ה󰄢󰰄ד

Deu 11:21 󲬈י󱋁י󰜑󲏙󱌋󰶥ם󰝍󰆘󱱪ץ

Deu 22:6 󰶥󳄒󱰘־ןקַא󱥂󲽇󰣼ר󱂯󱣥󱕔י󰀧
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Deu 29:27 󲙷󰓕󰣼ל󰡟󲨄󲅐ִל󰾶ם󰄢־ל󰄑󱱷ץ

Deu 32:6 תא󰩡־וּל󱂯󰵢󰝡󰣋󰘬󳅱󰎄󱉰הַ

Deu 33:29 י󱊋ל󰀧󰶥󲊷󱶞󰃌י󲅐󱱣אַ

Rth 3:13 󱃂ינִי󰜑󲱇󰵢󱇚ה󰞘󰝍󰻨ה

Jos 14:11 󱍸󲆮כְּה󱁪󰫭י󰅣ז

2Ki 17:31 󲃱󲊬ּו󱑍󰇼󰮝ז󰞘󰄢־ת󳇿󱮎󳈀ק

1Ch 1:1 ת󲅽ת󲅽ם󰗕אָ

Est 1:6 ת󱹜󰾴󱅅וּס󲭬󱮎󲾼רוּח֣

Est 9:9 󰞘󰃠ת󰂌󱯯󰖞וַי󰵢ָֽז󱼶א

Est 9:29 󰡂ִּת󰾎󳉄ב󰄢󱜘󳆧ר󰜑󲴒󱂯󲮉ה

Job 9:34 󱋎󲃱󱅫י󲅴󰇼֑ט󰣼󰞌󰃯󱍬󱹀󰣼

Psa 80:16 󰞔ַכ󲹦ה󰂌󲇥־ר󱚃󰲇󲃘ה󰵢󱊗י󱔚󰀧

Psa 84:4 󱇚󲝨ןקֵ֥ר󰓱󱭼󰣼וּ

Pro 1:1 ד󲝇󰞡־ן󰉺ה󲅐󱈘󱎗י󲅐󱄌מִ֭

Ecc 7:1 ן󱊗󲎞󱋼ם󲅽ב󰣼ט֥

Ecc 12:13 ל󰜑󲮯ר󲝇󰋧ף󰣼ס֥

Sng 1:1 ר󰂌󲇙םי󱯖י󰜑󲍽רישִׁ֥

Isa 56:10 ֹ 󲯃󲱼󱉀םי󱾼󰞘󱯥ו󱣕צ

Dan 6:20 󲑸󲅐ַּפ󱮎ָּפ󱵸א󰵢󱨒ּםו󲑚󱛴󰎄󰜖א

Mal 3:22 ה󱍸󲇊ת󰣼󱴈תּו󰾎󱭪ּזִ

2.3.3. Small Letters

Gen 2:4 󰞘󰝍󰅤󱳬ץ󲑚ִה󲔻󱮎󰅔ם󲑚󰴷󰣼ם

Gen 23:2 󱃒󱜘󳀇ד󱂯󲍇󱵸ה󰞘󱃒󰇼ֹ ה󱼵ּכּ

Gen 27:46 󰄢־ל󰶥󱤩󰯤קַ֣ק󱤩󳅱י󰇼󰯋󲧒י
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Lev 1:1 󰡟󲥠󱨤אָ֖ר󰄢־ל󱍸󲆧ה󰡟󰵢󰖱󲒚ר

Lev 6:2 󲂤󱂜מ󰣼󱨤󰗗ה󲂤־ל󰜑󲲸󰤺󲒚󰯋

Deu 9:24 ה󰵢󰝡󰢅־ם󱾼ם󱺯י󰙍󰶥םי󱉰󱯦מַ

2Sa 21:19 󰄢󱂯󰰅󱚃󱏉󲓗־ן󰺦󱽵ֵ֨יר󰇁󱮎󰎞םי

Est 9:9 󰞘󰃠ת󰂌󱯯󰖞וַי󰵢ָֽז󱼶א

Job 7:5 󱯬󲴵שיגוה󲃱󱣇ר

Job 16:14 󰶥󱠸󱮎󱥚󱑍י󱢊󱱪ץ󲂤־ל󲽒󱔉־י󱣉󱲪ץ

Job 33:9 󲑙󱃍־י󱣞󲈔ףחַ֥ע󰆜󱛓󰾐י

Pro 16:28 󱍬󰓕󰣼ן󰞌󱑍󱮎󲙚ן󱌷󱠸󱯦די

Pro 28:17 󰆖ָםד󲃱󲊈ק󲑚󰖱־ם󱘦󱢐ׁש

Pro 30:15 󰌑נ󰣼󱹖󰜆ב󰜈ב

Isa 44:14 󱚃󰳫ע󰆢󱱪ן󰞘󰏻󲇥ם󰵢󰑠󲛭ל

Jer 14:2 󱇚󰅕󱲪ץ󰞘ִצ󰞘󰮺ת󰵢󱮇ּו󲉓󱆈ם

Jer 39:13 󱴰־ב󰳱󲔿󰫙וּםי󱏿󰇷ּו󲈔󰤺󲔿֙ סי󱟉󱯓־ב󱴰ן

Lam 1:12 י󲄅󰇼󱰭־ל󰿼󱉅󲯉י󰂌󱄌א󰣼ל֣

Lam 2:9 󰝍י󰌑󰅫󱱪󱤈󲅐󲃱󱱃ו󰇼󱽭ּטָ

Lam 3:36 󱂯ַע󲞱ת󰆜󰗞󱉀󲑚󱯯י󰇞󰣼

Dan 6:20 󲑸󲅐ַּפ󱮎ָּפ󱵸א󰵢󱨒ּםו󲑚󱛴󰎄󰜖א

Nah 1:3 󰵢󰝢󰢙ה󲑚וּס󱣜וּה󰈣󲊷󲃱󱶞󰘬

2.3.4. Suspended Letters

Jdg 18:30 󲓗־ן󲗦󱮎󲉰ם󲓗־ן󱉰ַנ󲎚ה󰘶ּאו

Job 38:13 󰞘󰶥󲹦󱾊󱭫ּו󱮎󲉓ִ֣םיע󱊗󲳳󲹦ה

Job 38:15 󰞘󰶥󲴵󱗋ע󱋎󱮎󲉓ִ֣אםיע󰣼󱵯ם

Psa 80:14 󰪸󰥗רי󱊗󲨊ַרע󰞘󰥍זי
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2.4. Graphotactic Rules

Let us compare two musical notation systems (the Byzantine Greek sys-
tem and the Armenian khaz system) with the system ofMasoretic cantil-
lation marks.

Both the Greek and the Armenian systems place neumes on a separate
line above the text.

Κ υ _ρι _ε _ ε _λε _ε _ε _ η _ σον _

Fig. 4. Samples of Byzantine Greek (above) and Armenian (below) systems of
musical notation

In the Byzantine Greek system (Troelsgard, 2011; Ἀθανασόπουλος,
1950) neumes are significantly larger than the corresponding text sylla-
bles so that the latter are necessarily spaced to be vertically aligned (and
therefore temporally synchronized) with the neumes. In the Armenian
khaz neume system (At‘ayan and Nersessian, 1999), neumes are sparser
and smaller, so that words do not necessarily need to be spaced. Also, the
precision of alignment between syllable and neume does not seem to be
of paramount importance.

Not so for Masoretic text, where cantillation is represented by sec-
ondary graphemes that are “carried” by specific primary graphemes, and
therefore their alignments have to be extremely precise.

Subscripts can be horizontally centered or prepositive (right-aligned),
while superscripts can be horizontally centered, prepositive, or postpos-
itive. Position is a graphemic feature since, in several cases, visually sim-
ilarmarks denote different signswhen changing position (e.g., for exam-
ple, a centered sublinear “<” denotes mark mahapakh; in contrast, in the
prepositive position, the same graph denotes mark yetiv).

Primary graphemes have vertical accentuation axes for upper and
lower diacritics (see Fig. 5). Sometimes, the same consonant can have
two lower accentuation axes intended for different marks (see rule 8).
For placing the various marks, the following rules have to be followed in
the given order:
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Rule 1: supralinear shin/sin dots and internal dagesh/mappiq marks are
placed at invariant positions (at least in printed texts);

Rule 2: primary graphemes have (sometimes distinct) supralinear and
sublinear vertical axes (Fig. 5), e.g., in the cases of ,ד ,ו ,ר the
sublinear axis is their vertical stroke;

Rule 3: sublinear niqqud and “centered” teʿamim are horizontally cen-
teredwith respect to these axes: notice the position of diacritics
in 󰖱, 󰟨, 󱮎, vs. 󰋅, 󱥩, 󰾎, etc.,;

Rule 4: the holam vowel is a postpositive superscript—an exception oc-
curs for letter vav that sometimes carries a prepositive holam
mark (holam haser) and sometimes a postpositive one (holam
male);

Rule 5: the subscript meteg mark is either centered or follows an exist-
ing sublinear vowel—in some cases it may appear between the
two components of a semi-vowel;

Rule 6: in case there is both a sublinear niqqud and one or more sub-
linear teʿamim of the centered type, the niqqud is centered with
respect to the vertical axis (see Rule 2) and the teʿamims are con-
catenated to its right;

Rule 7: prepositive and postpositive cantillation marks are placed on
their respective positions, and if there is a postpositive holam
vowel and a postpositive cantillation mark, the latter will al-
ways follow the former;

Rule 8: when the last syllable of a word has a ,ה ח or ע consonant with
patah and is preceded by a long vowel, then the patah becomes
prepositive and is called patah furtivum;

Rule 9: secondary graphemes must be equally distanced from each
other and must not cross or touch descenders (letters qoph, ayin,
and final kaf, nun, pe, and tsadi) or ascenders (letter lamed);

Rule 10: most importantly, the graphs of primary graphemes are set at their reg-
ular distances, as if there were no secondary graphemes.2

It should be noted that the properties of centrality or pre-/postpositivity
of teʿamim may depend on the context. Indeed, some cantillation marks
appear twice in the same word: once at its beginning or end, in prepos-
itive or postpositive form, and once on the stressed syllable, in centered
form—these are called anticipatory marks.

2. This was the case in manuscript Bibles since, as already mentioned in note 1,
a manuscript Masoretic text was produced in two steps: first the primary graphemes
were written by the sofer and then the secondary ones were added by the naqdan. The
technology of printing has reduced Bible production into a single-step process.
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Fig. 5. Vertical axes of the graphs of the Monotype Peninim font. In green: upper
vertical axes; in red: lower vertical axes; in dotted red: axes for placement of patah
furtivum; in light blue: ascenders and descenders

3. Graphetic Challenges

The rules given in the previous section are extremely challenging on the
graphetic level: it is often impossible to respect the perfect centering of
diacritics with respect to vertical axes, and therefore, niqqud and teʿamim
may need to be decentered due to the graphetic context.

3.1. An Example

To illustrate the various Masoretic graphetic challenges, we use the ex-
ample of word 󰡟󲧼󱮏א (“and (he) saw” as in “And God saw the light, that it
was good”) from Gen 1:4.

yod vav
dagesh

reshalef

qamats1dargasheva qamats2

Fig. 6. The word 󰡟󲧼󱮏א , analyzed
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In Fig. 6 we illustrate the graphemic structure of this word: it has
four letters: vav, yod, resh, and alef, and therefore four graphemic clusters.
The yod carries a dagesh. As for sublinear secondary graphemes, the vav
carries a qamats (we denote it by qamats1); the yod carries both a qamats
(= qamats2) and the Masoretic diacritic darga; the resh carries a sheva.

The graphetic challenge lies in the fact that, on the one hand, the yod
is a quite narrow letter so that the group of two secondary graphemes
it carries (qamats2 and darga) is necessarily wider than the letter itself,
while, on the other hand, both letters surrounding the yod also carry sub-
linear secondary graphemes. The accumulated width of the four marks
will fatally exceed the space assigned to them, which is delimited by the
sublinear vertical axes of the vav and the resh.

In Fig. 6, typeset in the Monotype Peninim font by our system
(Tiqwah v2), we have drawn the sublinear vertical axes of the three let-
ters. We see that qamats1 is perfectly centered on the vertical axis of the
vav and that the sheva is slightly on the left of the axis of letter resh. The
other noticeable fact of Fig. 6 is that the letters have kept their standard
spacing, i.e., they are located at exactly the same distance as they would
if they did not carry secondary graphemes.

Let us now take an overview, in Fig. 7, of how this word appears in 26
printed Bibles dating from 1517 to 2021 (#27 is our Tiqwah v2 output).
The bibliographical data of each of the 26 Bibles is given in Appendix A
(p. 320). 23% of these examples leave extra space on the left of the yod,
8% on its right, and 19% on both sides of the yod, i.e., half of these ex-
amples introduce parasitic spacing between letters and therefore break
Rule #10. Inmany examples, the darga, which belongs to the yod, is placed
on the axis of the resh and sometimes even to its left, introducing ambi-
guity into the visual recognition of graphemic clusters by raising the
suspicion that the darga belongs to the resh since it is placed on the left of
its vertical axis.

Example #1 contains only niqqud (it comes from the Complutensian Poly-
glot Bible (1517), in which the Hebrew text has only a very limited set of
teʿamim). Nevertheless, despite the fact that there is no darga in #1, the
sheva has been moved to the left.

Example #2 is very important because it stems from the first printed
Bible with full Masoretic marks. It was printed in 1525, in Venice, by the
Antwerpian printer Daniel Bomberg. It is astounding that the word is
typeset perfectly in #2, without any extra spacing between letters, and
with the sheva perfectly centered on the resh’s axis. Among our examples,
we have to wait until #22 (1999) to obtain a version of similar quality.

Example #3 moves the qamats1 definitely too far to the right, and not
at the same height as qamats2, but it otherwise manages to keep the sheva
almost centered under the resh.
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1
 (1517)

2
(1525)

3
(1536)

4
(1556)

5
(1572)

6
(1613)

7
(1705)

8
(1730)

13
(1866)

14
(1869)

15
(1889)

16
(1894)

17
(1903)

18
(1910)

19
(1926)

20
(1937)

21
(1967)

25
(2017)

26
(2021)

27
(2026)

9
(1744)

10
(1793)

11
(1831)

12
(1850)

22
(1999)

23
(2005)

24
(2009)

Fig. 7. The word 󰡟󲧼󱮏א in 26 different printed Bibles, from 1517 to 2021 (#1–#26)
and typeset by the Tiqwah v2 system in the Monotype Peninim font (#27)

Example #4 is quite good, but the sheva is slightly to the left, and it is
not visually clear whether the darga belongs to the resh or to the yod. We
encounter the same problem in #8.
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Examples #5, #6, and #7 are of very bad quality and definitely am-
biguous: the darga is centered on the axis of the resh, and the sheva is
pushed to the left.

Example #9 is, by far, the worst of all cases: the qamats2 of the yod has
moved under the resh, so that the darga is pushed to the left and the sheva
almost touches the alef.

Example #10 is also very bad: while the two qamats and the darga could
be considered as correct, the sheva is pushed to the left for no reason, and
appears at the boundary between the (quite large) resh and the alef.

Example #11 is from a 19th-century French edition of the Hebrew
Bible. The qamats1 is placed before the vav, the qamats2 is correctly cen-
tered under the yod, but on a different height, probably to distinguish it
from qamats1. The darga looks like an “s” letter and is placed on the resh’s
axis, but a bit lower than the qamats2, and the sheva, once again, is pushed
to the extreme left of the resh.

Example #12 has no parasitic spaces and the niqqud arewell centered,
but the darga is so narrow that it becomes unreadable, and touches the
sheva.

Example #13 is reminiscent of Examples #9–#11, except that it has a
lot of parasitic space between the vav and the yod.

Example #14 is quite interesting: the marks are quite legible, the let-
ters are sufficiently spaced so as not to give the impression of parasitic
space, but the most exciting fact is that the two qamats have different
widths: qamats2 is almost 50% the width of qamats1, and therefore leaves
sufficient space to the darga. The sheva is only slightly moved to the left
of the vertical axis.

Examples between 1889 and 1967 (#15–#21), as well as #23 (typeset
using the Tiqwah v1 system, cf. Haralambous, 1994) and #25, use extra
parasitic space between letters to solve the problem, the most extreme
being #21, which is the only one that strictly respects the alignment of
the sheva with the resh’s axis, even though it has a huge darga graph.

Examples #22 and #24 are set in the Hadassah font, which is very
well suited for Masoretic text: it has large letters and narrow diacritics,
so that no extra spacing is needed. The alignment is perfect.

Example #26 is a very special example: it comes from the KorenTanakh
and uses the Koren typeface. This typeface has been especially designed
for Masoretic text, and we see that the darga is placed under the qamats2.
This transgresses five centuries of printed Masoretic tradition, but the
result is very pleasing and would be impossible to achieve otherwise,
since the Koren graphs are very narrow and close together. Somehow
we have the feeling that in 1831 the French printer of #11 also wanted to
place the darga under the qamats2 but didn’t manage to do so—#11 and
#26 are the only examples where the darga is lower than the qamats2.
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It is interesting to note that the technique of vertically stacking sec-
ondary graphemes has already been used in manuscript Bibles. Here is
our example word in the Leningrad Codex (cf. Fig. 1 to see it in context):

We observe that (1) primary graphemes are indeed placed at their regu-
lar distances, (2) taking advantage of the fact that the yod descends only
to half-height, the qamats2 is raised to leave space for the darga. Never-
theless, the naqdan did not manage to center the sheva under the resh’s
vertical axis, even though there was room enough to do so.

3.2. Algorithms

Algorithms solve this problem (cf. Haralambous (1994)) only partially by
using letter spacing in extreme situations. In modern typefaces, Open-
Type features (Haralambous, 2007) address the problem to some ex-
tent. Nevertheless, OpenType features are limited because they process
glyphs in linear order: in a situationwherewe have Cv1Cv2, andwe need
to move v1 and/or v2, a kerning rule involving them can hardly be ap-
plied since the glyph C lies between them.

To adapt a legacy-format font to the many interactions arising be-
tween clusters, one would have to include entire clusters as glyphs in
the font. But this again presupposes that all difficult configurations are
known to the font designer and can be anticipated. And that is not pos-
sible since, even though the Masoretic corpus (Hebrew Bible and New
Testament) is relativelywell-delimited, one cannot anticipate all textual
variations in scholarly editions.

These considerations lead us to the conclusion that an optimal Ma-
soretic font must be built out of a given corpus, and updated after every up-
date or extension of the corpus, since every change may potentially in-
troduce new problematic cluster interactions.

We call such a font a corpus-driven font. In the following section, we
present our solution as well as the technologies involved.

4. The Tiqwah v2 System

4.1. System Architecture

The Tiqwah v2 system is an entirely rewritten version of the Tiqwah v1
system developed more than thirty years ago (Haralambous, 1994). Its
architecture is as follows:



Masoretic Graphemics and Graphetics 315

Original Font Corpus-driven Font

PDF, etc.

Corpus
Tiqwah v2

Text LuaTEX or XETEX

Contextual Rules

E

where the “Original Font” is any font containing standard Hebrew
glyphs and niqqud, but not necessarily teʿamim; “Corpus” is a corpus of
texts using teʿamim such as the Hebrew Bible, Margoliouth’s New Testa-
ment, etc.; “Text” is the text we wish to typeset (ideally the Hebrew text
contained in “Text” should also be part of the “Corpus”); and “PDF, etc.”
is the output. This system takes advantage of the separation between
input and output in professional typesetting systems such as X ETEX or
LuaTEX.

As for “Contextual Rules,” these are of two kinds: (1) reordering
rules that ensure that glyphs are processed in a standard order that fits
glyph names (see below) and (2) rewrite rules, with left and right con-
text, which will map Unicode strings with lookahead- and lookbehind-
endowed regular expressions, written either as a list of TECkit rules for
X ETEX (Kew, 2021) or as a Lua program for LuaTEX (Hagen, Henkel,
Hoekwater, and Scarso, 2025).

The output is searchable in any Acrobat-compliant PDF reader, since
the glyphs of clusters have names that include the glyph names of all
members of the cluster, in the logical order. So, for example, the clus-
ter 󲅗 (which actually appears 282 times in the Bible, including in the
first word of Genesis 1:1), the Unicode representation of which consists
of characters U+FB2A (shinwith shin dot), U+05B4 (hiriq), and U+0596 (tipeha),
in this order, will have a glyph named uniFB2A05B40596, so that any search
or copy action in the PDF file will use the underlying Unicode character
string.

4.2. Volumetry

We adapted three fonts to Masoretic text: SBL Hebrew (designed by
John Hudson in 2007), in which we kept the Masoretic glyphs but
removed all OpenType features; Monotype Peninim (see Turkenich
(2013) for the history of this emblematic font); Yarden (designed by
Yarden Barzilai3 in 2023), a “playful, informal look [that] is great for
light-hearted or humorous designs, comics, food packaging, and more”.
We chose the Yarden font as an extreme Proof-of-Concept, because of
its very free design. The reader can see in Figs. 9–11, on p. 322–324, the

3. https://alefalefalef.co.il/font-yarden/
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beginning of the Book of Genesis typeset in Monotype Peninim, SBL
Hebrew, and Yarden, as adapted by Tiqwah v2.

Let us give some elements of volumetry of the three fonts: SBL He-
brew,Monotype Peninim, andYarden, all three built using the same cor-
pus (Sefaria Tanakh4, Margoliouth’s New Testament5, and some other
texts) of 160,099 distinct words containing at least one niqqud or teʿamim:

SBL Hebrew Monotype Peninim Yarden

# of added glyphs 9,625 12,877 18,664
# of .alt glyphs 2,108 5,111 10,898
avg. # of .alt 2.59 3.37 5.16
max # of .alt 101 (󱱪) 151 (󱱪) 123 (󰡟)
# of contextual rules 3,505 11,815 21,802
size of original *TF 61 kB 184 kB 30 kB
size of adapted OTF 449 kB 555 kB 755 kB
# of lines of .fea file 138 442 164

After font reduction with δ = 10 glyph units (see §4.4):

# of added glyphs 8,875 11,142 13,451
# of .alt glyphs 1,796 4,063 6,372
avg. # of .alt 1.72 2.32 2.82
max # of .alt 18 (󱱪) 27 (󱱪) 25 (󰯋)

where by “avg. # of .alt“ we mean the average number of alternate
glyphs for those that have at least one alternate glyph. We observe from
the table that the number of glyphs of Yarden is almost double that of
SBL Hebrew. This is due to irregularities in Yarden’s design, whereas
SBL Hebrew has been tailored to be compatible with the Masoretic ap-
paratus. The “.alt” glyphs are alternative versions of the same cluster,
where one or more niqqud and teʿamim have been moved for the cluster to
be used in a specific context. The number of contextual rules depends
on the number of alternative glyphs. As for the size of the OTF files ob-
tained, it may seem small, e.g., when we compare them with CJK fonts,
which also have tens of thousands of glyphs—this is because glyphs rep-
resenting clusters are built using internal references rather than actual
glyph code.The “.fea” file is the file ofOpenType features, in Adobe syn-
tax; its size represents the complexity of the font with respect to Open-
Type features.

In the following, we will describe the technology we use to build the
cluster glyphs.

4. https://www.sefaria.org/texts/Tanakh
5. https://www.jer-31.com/Margoliouth.html
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A₅
l₄c₄r₄l₃ c₃ r₃ l₂ c₂r₂l₁ c₁ r₁

A₄ A₃L₃R₃ A₂ A₁

ε

A₅
l₄c₄r₄l₃ c₃ r₃l₂ c₂ r₂l₁ c₁ r₁

A₄ A₃L₃R₃ A₂ A₁

ε ε ε

“Forbidden zone” problem Optimal solution

Fig. 8. The linear constraint minimization method applied to glyph positioning

4.3. Linear Constraint Minimization

Positioning of glyphs requires calculations in glyph space. In Fig. 8 we
see the word 󰢄󲪝󱭇וּמ (Gen 22:19), in which we have drawn in red color
the sublinear vertical axes, whose x-coordinates are called A1, . . . ,A5.
We have also drawn the four sublinear diacritics (three niqqud and one
teʿamim), each one carries three x-coordinates: the right boundary of
its bounding box r1, . . . , r4, its stacking axis c1, . . . , c4 (which, depending
on the diacritic’s shape, are not necessarily the centers of the bound-
ing boxes), and the left boundary of its bounding box l1, . . . , l4. We have
drawn two zones in green color: one is the minimal distance ε between
two sublinear (or supralinear) marks belonging to the same cluster, and
the other, delimited by L3 and R3, is a “forbidden zone,” namely the
bounding box of the descender of the qof.

On the left part of the figure we have placed the diacritics accord-
ing to their natural position in the absence of “forbidden zone”, that is we
have matched the vertical axes c1, c2, c3 of the three niqqudwith the corre-
sponding vertical axes of letters A1,A2,A3, andwe have concatenated the
teʿamim next to the niqqud of the third letter, so that the distance between
r4 and l3 is equal to ε. The problem is that this contradicts graphotac-
tic Rule 9 (§2.4), namely that marks should not cross letter descenders,
which, in our case, can be expressed as the constraint l4 – R3 ≥ ε.

On the right part of the figure, we see the optimal solution: all dia-
critics are moved to the right so that l4 –R3, l3 – r4, l2 – r3, and l1 – r2 are
all equal to ε. In other words, the presence of the qof has influenced the
position of the diacritics of both letters preceding it. We have drawn the
shift vectors of each diacritic in violet.

Let us model this situation in mathematical terms, keeping the same
notation.



318 Yannis Haralambous

A linear constraint minimization problem consists of:
1. a linear function f : Rn → R to be minimized by some value x,
2. for which we have inequalities gi(x) ≥ ci for i = 1, . . . ,n, where the gi ’s

are linear functions R → R.
The application of this mathematical problem to our situation is ob-

vious: the linear function f is the sum of the absolute values of the dif-
ferences between the ci ’s which respect graphotactic Rule 3 (left part of
Figure 8) and those actually used; the gi ’s are the constraints given by
graphotactic Rule 9, for example the fact that diacritics may not cross
descenders (and even better: that they must stay at a distance of ε + κ,
where κ is a potential kerning value. Other constraints occur at bound-
aries: a diacritic may not be “too far” on the right of the first letter of the
word or on the left of the last letter of the word, etc.

This method provides us with optimal solutions in any situation. It
will notworkwhen the arrangement is physically impossible (this occurs
if we have two descenders and the total width of the diacritics placed
between them exceeds the width of the letter glyphs). These are ex-
treme cases, and extreme cases require extreme solutions: we will either
use narrower glyphs for the diacritics or stack them vertically. There
is always a solution since these problems have been faced already and
(mostly) solved by printers of the last five centuries…

4.4. Font Reduction

The problem with linear constraint minimization is that it provides op-
timal solutions up to a single glyph unit (which, for 10-point type, cor-
responds roughly to 3.53µm, far below the visibility threshold that, ac-
cording to Westheimer (1981), is ∼10µm at normal reading distance).
Having distinct glyphs for clusters that differ by only a few glyph units
is unnecessary and artificially conflates the font.

But how do we choose between two glyph clusters that differ by only
a few glyph units, knowing that a cluster may have many diacritic com-
ponents that may move in different directions (both horizontally and
vertically)?

This is a typical graph theory problem, namely aminimal clique partition
in unit disk graphs. Let S be a set of points in a Euclidean space Rd , corre-
sponding to the coordinates of the various alternate glyphs of a given
cluster with d diacritics. Let us define a distance between members c, c′
of S by dist(c, c′) :=

∑
|di – d′

i| where di , d
′
i are the centers of the diacritics

of c, c′.
Let us define the “δ-near-graph” G as a graph the vertices of which

are the elements of S and edges connecting vertices whenever their dis-
tance is less than δ. The “δ-far-graph” G′ is the complementary graph of
G (same vertices but edges only where G has no edges). Covering S with
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balls of diameter δ corresponds to finding cliques in G. But cliques in G
correspond to discrete subgraphs in G′, and discrete subgraphs can be
obtained by applying a coloring algorithm, and that is what we do.

Once we have found a minimal number of δ-balls covering S, we
choose representatives for each, which are the only glyphs kept in the
font.

As can be seen in the table of p. 316, font reduction allowed us to
reduce the number of added glyphs by up to 28% (in the case of font
Yarden). The impact of this change is most noticeable in the maxi-
mum number of .alts for a given glyph: it drops from 151 for Monotype
Peninim to a mere 27.

5. Conclusion

We have argued that the Masoretic apparatus is best understood as a
layered writing system in which a small set of primary graphemes car-
ries a dense and tightly constrained set of secondary graphemes, and
that the difficulty of typesetting it is not orthographic but graphetic.
The marks themselves are well defined; the problem is realizing them
on the page—centered on the correct axes, evenly spaced, clear of de-
scenders and ascenders, and without disturbing the standard spacing
of the consonants. This is a constraint-satisfaction problem that metal
type, OpenType features, and even careful manuscript pointing solve
only partially. The survey in Fig. 7 makes the point concretely: across
five centuries, only a few editions place the marks of a single ordinary
word without ambiguity or parasitic spacing.

Our response is the notion of a corpus-driven font. Because the difficult
configurations arise from interactions between clusters, and because
these cannot all be anticipated by a font designer, the fontmust be gener-
ated from the actual corpus to be typeset and regeneratedwhenever that
corpus changes. Tiqwah v2 does this in two stages. Linear-constraint
minimization computes, for every cluster, diacritic positions that respect
the graphotactic rules and the “forbidden zones” of neighboring descen-
ders, falling back on narrowermarks or vertical stacking only in the rare
physically impossible cases. A graph-coloring procedure then collapses
clusters whose diacritics differ by less than the perceptual threshold into
a single representative glyph, keeping the glyph count tractable even for
a corpus of some 160,000 distinct pointed words. The output is a stan-
dard OpenType font whose cluster glyphs are named after their Unicode
components, so the resulting PDF remains fully searchable.

That the same pipeline adapts fonts as different as SBL Hebrew,
Monotype Peninim, and the playful Yarden—the last chosen precisely as
an adversarial case—suggests the approach is general rather than tuned
to one typeface, and it extends naturally beyond the Tanakh, as our
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treatment of Margoliouth’s cantillated New Testament shows. Several
directions remain open: enlarging and diversifying the corpus (schol-
arly editions with non-standard pointing, the upper and lower systems
of the Decalogue, Babylonian and Palestinian vocalization), refining the
perceptual model that governs glyph merging, and applying the same
corpus-driven, constraint-based methodology to other scripts whose di-
acritics interact as richly as theMasoretic ones—a portability the layered
analysis of §2 was meant to support.
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A. List of Bibles Used in Fig. 7

#1 (Complutensian Polyglot Bible) Vetus testamentu multiplici lingua nuc primo
impressum. Et imprimis Pentateuchus Hebraico Greco atq[ue] Chaldaico idiomate,
ediderunt: Antonius Nebrissensis, Demetrius Ducas, et al. Academia Complutensi In-
dustria Arnaldi Guilielmi de Brocario: sumptibus F. Francisci Ximenez de Cisneros,
Alcalá de Henares, 1514-1517

2 (The Second Rabbinic Bible, first printed Hebrew Bible with the Massorah)
Great Scriptures with Onkelos’ translation and commentary by Rashi and Ibn Ezra,
Venice, 1525 ארזעןבאוי”שרשוריפוסולקנואםוגרתםעתולודגארקמ

3 Primus liber legis Mosaicae, qui Genesis à Græcis inscribitur, ab Hebræis Beresith ap-
pellatur. Parisiis. Ex officina ChristianiWecheli sub scuto basiliensi, Paris, 1536

4 LiberGenesis. Parisiis. Ex officina Caroli Stephani (= Charles Étienne), Paris, 1556
5 HebraicorumBibliorumVeterisTestamenti Latina interpretatio. Christophorus Planti-
nus Regius Prototypographus Antuerpia excudebat, Antwerpen, 1572

6 Biblia Hebraica, cum interlneari interpretatione Latin Xantis Pagnini Lucensis, ex
officina Plantiniana Raphelengii, Antwerpen, 1613

7 Biblia Hebraica, Secundum ultimam editionam Jos. Athiae, a Johanne Leusden de-
nuo recognitam, Asmtelaedami et Ultrajecti, ediderunt Boom, Waesberge, etc., Ams-
terdam, 1705

8 Biblia Hebraica, ex aliquot manuscriptis et compluribus impressis codicibus, item ma-
sora tam edita, quam manuscripta, selectae variantes lectiones subiiciuntur cura ac
studio Io. Heinr. Michaelis Halae Magdebvrgicae, Typis & Jumtibus Orphanotrophei,
Magdeburg, 1730

9 Book of Forty-Two, Main Section, Pentateuch, Mantua, 1744 העברארפס

מכחיותנשבהבוטנמהכהרוהישמוחהשמחןישארהקלחהםירשעו

ק״פלהמלשהידידי

10 Biblia Hebraica olim a Christiano Reineccio edita et ad opcimorum codicum et edi-
tionum fidem recensita et expressa nunc denuo ad fidem recensionis masoreticae
ediderunt D. Io. Christoph. Doederlein et Ioannes Henricus Meisner, Lipsiae, impensis
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I. G. I. Breitkopfii et Soc. (the same Breitkopf as in Breitkop & Härtel!), Leipzig,
1793.

11 La Bible, traduction nouvelle, avec l’hébreu en regard, par Samuel Cahen. Penta-
teuque, La Genèse, Paris, 1831

12 Biblia Hebraica, secundum ultimam editionem Jos. Athie, a Johanne Leusden denuo
recognitam. Ab Everardo van der Hooght, V.D.M. editio nova, recognita, et emendata,
a Judah d’Allemand, Londini, typis excudehat A. Macintosh, impensis Jacobi Duncan,
London, 1850

13 A Torah scroll, Prophets, and Writings, accurately transcribed according to tradition,
carefully studied by Yedidya ben Avram and the distinguished scholar Meir ha-Levi
Letteris, Berlin, 1866 הרוסמהיפליביטיהקיודממיבותכומיאיבנהרותרפס

ריאמיוהמקהבומהמכחהחאמוםרבאנבהידידיידילעץרמננויעבהגוה

נילרעבס󱯯עטעליולה

14 Liber Genesis. Textum masoreticum accuratissime expressit, e fontibus masorae
varie illustravit, notis criticis confirmauit S. Baer. Ex officina Bernhardi Tauchnitz,
Leipzig, 1869

15 Torah, Prophets, and Writings, accurate according to tradition, carefully studied by
the distinguished scholar Meir ha-Levi Letteris, Vienna, 1889 םיאיבנהרותרפס

םכחהידילעץרמנןויעבהגוההרוסמהיפלעביטיהקיודמםיבותכו

הריצילט״מרת׳התנשןעיווסירעטעליולהריאמוהמקהבומה

16 Torah, Prophets, Writings, Masoretic Text according toe Jacob ben Chayim and C.D.
Ginsburg, London 1894

17 The Holy Scriptures of the OldTestament, Hebrew and English, printed for the British
& Foreign Bible Society, Berlin, 1903

18 A Torah scroll, Prophets, and Writings, accurately transcribed according to the Ma-
sorah, carefully studied by the distinguished scholar Mordechai Meir ha-Levi Letteris,
New York: Hebrew Publishing Company, 1910 םיבותכוםיאיבנהרותרפס

רהומקהבומהםכחהידילעץרמנןויעבהגוההרוסמהיפּלעבטיהקיודמ

ס󱯯עטעליולהריאמ

19 Biblia Hebraica edidit Rud. Kittel, Stuttgart, 1926
20 Biblia Hebraica edidit Rud. Kittel, textu masoreticum curavit P. Kahle, Stuttgart,

1937
21 Biblia Hebraica Stuttgartensia editio funditus renovata ediderunt K. Elliger et W.

Rudolph, textum masoreticum curavit H. P. Rüger, Stuttgart, 1967
22 JPS Hebrew-English Tanakh, 2nd ed., The Jewish Publication Society, Philadel-

phia, 1999
23 Torah, Prophets, Writings, Masoretic Text according to Jacob ben Chayim and C.D.

Ginsburg, London 2005 (using the Tiqwah v1 system)
24 Hebrew-English Tanakh, Varda Books, Skokie, Illinois, 2009
25 Schmidt, MuhammadWolfgang G. A., The Complete Original HebrewText of the

Old Testament or Tanakh. According to the Leningrad Codex, Hamburg, disserta
Verlag, 2017

26 The Magerman Edition. The Koren Tanakh, Hebrew-English, Koren Publishers
Jerusalem, 2021
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1󲑚󱰭א󲅗תי󲔿󱶏א󰁵󱈘󰙥םי󰃠ת󰜑󲏙󱌋󰶥ם󰞘󰃠ת

󰝍󰆘󱱪2׃ץ󰞘󰝍󰅨󱱪ץ󰝍󰵢󱼯ה󱽆ה󲝾󰣋󰌟וּה󰞘󰰘󲇥󰀆

󲂤־ל󲽒󱓐י󱹜󰘡󰣼ם󰞘󱭹ּו󰭐󰁵󱈘󰙨םי󱉰󱴰󰬧󱢌ת󲂤־ל󲽒󱓦י

󰜑󲴲󰶥3׃ם󰡟󲪿א󱋼ר󰁵󱈘󰙫םי󰵢󰙿י󰁎󰣼ר󰡘󰵢󰚌־י󰁭󰣼׃ר

4󰡟󲧼󱮏א󰁵󱈘󰙰םי󰄢־ת󰝍󰁓󰣼ר󲬈־י󰱪󰣼ב󰡟󲨄󰇼󲛦ל

󰁵󱈘󰙨םי󲒝ןי󰝍󰁓󰣼וּר󰉅ןי󰜑󰱉󲇥󰀆5׃󰡟󲥠󱨤󱶗א󰁵󱈘󰚀םי

ב󲀙󱱫־י󰡘󰵢󰚌ה󱆗󰵣󱇚א󰞘󱆔󰰘󲇥󰀆󱬇󱶞ם󰣼󱭰󰴲󰣼א󱇚׀

󰡘󰵢󰚌־י󰌣󱪊ר󰵋󰣼ם󰄢󰰄6פ׃ד󰡟󲪺א󱋼ר󰁵󱈘󰙨םי󰵢󰚃י

󱶞󱨱י󲀨󲑚󱹍󰣼󰀆󰜑󲴔󰶦ם󰞼י󰙿י󱌷󰇼󲛅לי󲒝ןי󱌋󰶥ם󱇚󱍪󰶥׃ם

7󰡟󲧩󲂤ׂש󰁵󱈘󰚌י󱉅󰄢־ת󰝍󱶞󱨮י󲁮󰡟󲨄󰇼󲛠ל󲒚ןי󰜑󲴀󰶥󱉀

󰂌󲇥󱭰󱊗󳇨󰯋ת󱇚󱶞󱨯י󲀨ּו󰈼ןי󰜑󲳹󰶥ם󰂌󲆱ר󱋎󲂇ל

󱇚󱶞󱨭י󲀨󰡘󰵢󰚌־י󰿑8׃ן󰡟󲥠󱨤󱶖א󰁵󱈘󰙰םי󱇑󱶟󱨱י󲀨󲉓󱌺󰶱ם

󰡘󰵢󰚌־י󲀙󱱫ב󰡘󰵢󰚌־י󰌣󱪊ר󰵋󰣼ם󲆦󱑆9פ׃י󰡟󲪺א󱋼ר

󰁵󱈘󰙭םי󰶥󳄒󰞅ּו󰜑󲴃󰶥ם󱊗󳇬󰯋ת󰜑󲏙󱌏󰶥󱉀󰄢־ל󱍬󱨒󰣼ם

󰄢󰯤ד󰞘󱺧󱶞󰃷ה󰜑󲨄󲔿󲈗ה󰡘󰵢󰚌־י󰿑10׃ן󰡟󲥠󱨤󱶗א

󰁵󱈘󰚀׀םי󱆔󲨄󲔿󲉓󰘬󰃵󱱪וּץ󱂯󱊗󱨤󰟚ה󰜑󲳽󰶥ם󱬕󱶏א

󰺦󲲩םי󰡟󲧸󱮚א󰁵󱈘󰙫םי󲬈־י󰲆󰣼11׃ב󰡟󲪺א󱋼ר󰁵󱈘󰙭םי

󳇽󰓱󲆓א󰝍󰅫󱱪󱤈󲛶󲇥א󱿐󲌈ב󱌷󰤺󱯤י󲀨󰦋󱴱ע󱿛ץ󲽒󱯝י

󲄉󲌈ה󲽒󱯯󰴻󱂯󱊗י󱏒󰣼󰂌󲇙ר󰨛󱮎ע󰣼־󰇠󰣼󲂤־ל󰝍󰅕󱲪ץ

󰡘󰵢󰚌־י󰿑12׃ן󰡟ּת󰣼󱥣א󰝍󰅲󱱪ץ󲛿󲇥א󱿛󲌈ב󱌷󰤺󱯥י󲀨

󰦟󱴱󱟱󱂯󱊗י󱒡וּה󰞘󱿭ץ󲄓󲌈־ה󲽒󱯚י󰂌󲇙ר󰨛󱮎ע󰣼־󰇠󰣼

󱂯󱊗י󱒗וּה󰡟󲧸󱮚א󰁵󱈘󰙫םי󲬈־י󰲆󰣼13׃ב󰡘󰵢󰚌־י󲀙󱱫ב

󰡘󰵢󰚌־י󰌣󱪊ר󰵋󰣼ם󲅐󱃒י󲅳14פ׃י󰡟󲪺א󱋼ר󰁵󱈘󰙭םי

1

Fig. 9. The beginning of the Book of Genesis typeset in the Monotype Peninim
font, adapted by Tiqwah v2



Masoretic Graphemics and Graphetics 323

1󱩳󱑸א󱠲תי󱬖󱕯א󰁵󰵪󰒨םי󰃄ת󰔥󱧺󰸤󰧞ם󰖈󰃄ת󰕍󰅃󱒡׃ץ

2󰖈󰕍󰄤󱒡ץ󰕍󰦬󱚠ה󱚱ה󱳖󰙒󰉏וּה󰖈󰢤󱢃󰀆󱞬־ל󲌣󰼪י󱘞󰑵󰙳ם󰖈󱏲ּו󰠵

󰁵󰵪󰒪םי󰶸󱔪󰠙󱆦ת󱞬־ל󲌣󰼺י󰔥󲆝󰧞3׃ם󰘅󱽽א󰸞ר󰁵󰵪󰒭םי󰦬󰒽י

󰁎󰙳ר󰘀󰦬󰓉־י󰁭󰙳4׃ר󰘅󱻳󱐆א󰁵󰵪󰒱םי󰃶־ת󰕍󰁓󰙳ר󱿄־י󰣟󰙳ב󰘅󱻺󰆜󱱚ל

󰁵󰵪󰒪םי󱪭ןי󰕍󰁓󰙳וּר󰇓ןי󰔥󰣆󱢃󰀆5׃󰘅󱹫󱌆󱕳א󰁵󰵪󰒾׀םי󰴻א󰙳󱏩

󰥿󰙳ם󰖈󰴂󰢤󱢃󰀆󱎔󱕹א󰴅󰦭󰴻ה󰘀󰦬󰓉־י󱝑󱒢ב󰘀󰦬󰓉־י󰉒󱍔ר󰦗󰙳ם󰃶󰢙׃ד

לי󰹁󰆜󱰹י󰒽י󰖢ם󱝛󱩳󱘏󰙳󰀆󰔥󲆇󰧞י󱕹󱌎י󰦬󰓁םי󰁵󰵪󰒪ר󰸞א6󰘅󱽹פ

󱪭ןי󰸤󰧞ם󰴻󰹥󰧞7׃ם󰘅󱻢󱞬ׂש󰁵󰵪󰓉י󰶎󰃶־ת󰕍󱕹󱌋י󱞁󰘅󱻺󰆜󱱔ל󱪪ןי

󰔥󲅻󰧞󰶊󰂃󱢃󱏩󰷛󲕑󰡼ת󰴻󱕹󱌌י󱝛ּו󰇌ןי󰔥󲅵󰧞ם󰂃󱡪ר󰷾󱞘ל󰴻󱕹󱌊י󱝛

󰘀󰦬󰓉־י󰭸8׃ן󰘅󱹫󱌆󱕲א󰁵󰵪󰒱םי󰴲󱕺󱌎י󱝛󱢺󰹂󰧞ם󰘀󰦬󰓉־י󱝑󱒢ב󰘀󰦬󰓉־י󰉒󱍔ר

󰦗󰙳ם󱡤󰻵9פ׃י󰘅󱽹א󰸞ר󰁵󰵪󰒮םי󰧞󲒨󰕸ּו󰔥󲅽󰧞ם󰷛󲕒󰡼ת󰔥󱧺󰸨󰧞󰶊

󰃶־ל󰹦󱋴󰙳ם󰃶󰢁ד󰖈󱙏󱕹󰃖ה󰔥󱻺󱬖󱢜ה󰘀󰦬󰓉־י󰭸10׃ן󰘅󱹫󱌆󱕳א󰁵󰵪󰒾םי

םי󰁵󰵪󰒭א󰘅󱻯󱐑םי󰪜󲄷א󱎝󱕯ם󰔥󲅸󰧞ה󰰲󰷛󱌆󰖱וּץ󰴂󱻺󱬖󱢺󰑿󰃔󱒡׀

󱿄־י󰣻󰙳11׃ב󰘅󱽹א󰸞ר󰁵󰵪󰒮םי󲕙󰎇󱡜א󰕍󰄦󱒡󱈃󱱩󱢃א󱜙󱥋ב󰹁󰚤󱐽י󱝛

󰛠󱔫ע󱜤ץ󲌣󱐶י󱟨󱥋ה󲌣󱑈󰦈󰰲󰷛י󰺫󰙳󰂃󱡽ר󰝎󱐅ע󰙳־󰆁󰙳󱞬־ל󰕍󰄚󱒯ץ

󰘀󰦬󰓉־י󰭸12׃ן󰘅ּת󰙳󱉚א󰕍󰄫󱒡ץ󱱱󱢃א󱜤󱥋ב󰹁󰚤󱐾י󱝛󰛯󱔫󱄜󰰲󰷛י󰼎וּה

󰖈󱜬ץ󱟯󱥋־ה󲌣󱐳י󰂃󱡽ר󰝎󱐅ע󰙳־󰆁󰙳󰰲󰷛י󰼇וּה󰘅󱻯󱐑א󰁵󰵪󰒭םי󱿄־י󰣻󰙳׃ב

13󰘀󰦬󰓉־י󱝑󱒢ב󰘀󰦬󰓉־י󰉒󱍔ר󰦗󰙳ם󱠫󰱒י󱡋14פ׃י󰘅󱽹א󰸞ר󰁵󰵪󰒮םי

󰦬󰒾י󰶸󰅦󱗓󱘆󱪏󱐅󱌛י󱝛󰔥󱧺󰸢󰧞ם󰰲󰔥󰆜󱰺לי󱪭ןי󰔥󱹀󰙳וּם󰇌ןי󰔥󲃱󰦭󰴻ה

󰖈󰕍󰦔ּו󰰲󰅦󱚾󱘆ּו󰰲󰶥󰙳󱛩󰎙וּםי󰰲󰫭󰶿םי󰖈󱢺󰻵15׃םי󰖈󰕍󰦔ּו󰱒󰶸א󰙳󱗓󱘆

󱪏󱐅󱌛י󱝛󰔥󱧺󰸢󰧞ם󰰲󰕍󰂍רי󱞬־ל󰕍󰄚󱒯ץ󰘀󰦬󰓉־י󰭸16׃ן󰘅󱻢󱞬ׂש󰁵󰵪󰒪םי

󰃶־ת󱠫󰼺י󰔥󲄵󰅦󱖫ת󰔥󱭛󰑤󰰳םי󰃶־ת󰔥󲆟󰁤󰙳ר󰔥󱯴󰑤󰰐󰰲󰸞󰶸󱡻󰲶ת

󰔥󱸾󰙳ם󰖈󰃶־ת󰔥󲆟󰁤󰙳ר󰔥󲒨󰥵󰺡󰰲󰸞󰶸󱡻󰲶ת󰔥󲃖󰦬󰴻ה󰖈󰂯ת󰔥ּכ󰙳󰯝󰆹׃םי

17󰘅󱹫󲔛ן󰅦󱚗ם󰁵󰵪󰒭םי󱪏󱐅󱌛י󱝛󰔥󱧺󰹂󰧞ם󰰲󰕍󰂍רי󱞬־ל󰕍󰅃󱒡׃ץ

18󰖈󰱒󰶸󱢻󰰐󱫴󱹈󰙳וּם󰈝󲃖󰦬󰴻ה󱳤󰰲󰔥󰆜󱰹לי󱪭ןי󰕍󰁓󰙳וּר󰇌ןי󰔥󰢜󱢃󰀆

󰘅󱻯󱐑א󰁵󰵪󰒭םי󱿄־י󰣻󰙳19׃ב󰘀󰦬󰓉־י󱝑󱒢ב󰘀󰦬󰓉־י󰉒󱍔ר󰦗󰙳ם󱐅󰆺י󱜉׃י

󰙳󱅀ע󰖈ה󰡼󱻿ש󰽵󱆦ׁץ󱡪󱒡ם󰔥󲅵󰧞ו󰧞󱠫󱐅󱈗ּםי󰁵󰵪󰒪ר󰸞א20󰘅󱽹פ

1

Fig. 10. The beginning of the Book of Genesis typeset in the SBL Hebrew font,
adapted by Tiqwah v2
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1󳘚󲬅א󳋣תי󳝋󲵓א󰁷󱯷󰡸םי󰄖ת󰥧󳖔󱴧󱎍ם󰪊󰄖ת󰧻󰈪󲭷׃ץ
2󰪊󰧻󰇦󲭶ץ󰧻󱌃󲾒ה󲾺ה󳧿󰲜󰐆וּה󰪊󱆃󳍧󰀆󳆹־ל󴑽󱼷י󲺢󰟮󰳽ם󰪊󲥼ּו󱁧
󰁷󱯷󰡻םי󱱚󲲉󱀤󲏦ת󳆹־ל󴑽󱽐י󰥧󴈬󱎨3׃ם󰮷󳻍א󱴋ר󰁷󱯷󰡾םי󱌃󰢒י
󰁎󰳽ר󰮤󱌄󰢟־י󰁭󰳽4׃ר󰮸󳵥󲦤א󰁷󱯷󰢃םי󰅭־ת󰧻󰁓󰳽ר󳼪־י󱇖󰳽ב󰯛󳵼󰊟󳤧ל
󰁷󱯷󰡻םי󳙶ןי󰧻󰁓󰳽וּר󰋷ןי󰥧󱆦󳍧󰀆5׃󰮷󳰹󲙄󲶀א󰁷󱯷󰢓׀םי
󱮒א󰳽󲥭󱊶󰳽ם󰪊󱫝󱆃󳍧󰀆󲢉󲶣א󱬎󱌏󱮓ה󰮤󱌄󰢟־י󳄘󲮙ב󰮤󱌄󰢟־י󰐌󲝯ר󱋙󰳽ם
󰅭󱅕6פ׃ד󰯦󳻇א󱴋ר󰁷󱯷󰡻םי󱌃󰢖י󲶣󲙴י󳄯󳘚󲺓󰳽󰀆󰥧󴈁󱎳ם󰫹י󰢒י
󱵤󰊟󳣺לי󳙶ןי󱴧󱎍ם󱮒󱶻󱎨7׃ם󰯱󳵇󳆺ׂש󰁷󱯷󰢟י󱰪󰅭־ת󰧻󲶣󲙱י󳅱
󰯛󳵼󰊟󳤟ל󳙲ןי󰥧󴇦󱎌󱰥󰂙󳍧󲥭󱲇󴡀󱃧ת󱮞󲶤󲙲י󳄯ּו󰋮ןי󰥧󴇞󱎌ם󰂙󳌾ר
󱳕󳆐ל󱮞󲶤󲙤י󳄯󰮤󱌄󰢟־י󱞹8׃ן󰮷󳰹󲙄󲵺א󰁷󱯷󰢃םי󱭴󲶯󲙴י󳄯󳏵󱵰󱎳ם
󰮤󱌄󰢟־י󳄘󲮙ב󰮤󱌄󰢟־י󰐌󲝯ר󱋙󰳽ם󳌱󱺽9פ׃י󰯦󳻇א󱴋ר󰁷󱯷󰢀םי󱎾󴝃󰩒ּו
󰥧󴇩󱎌ם󱲇󴡆󱃨ת󰥧󳖔󱴰󱎌󱰥󰅭־ל󱷂󲘩󰳽ם󰅭󱄨ד󰪊󲻷󲶣󰄵ה󰥧󳵻󳝋󳎶ה
󰮤󱌄󰢟־י󱞹10׃ן󰮷󳰹󲙄󲶀א󰁷󱯷󰢓׀םי󱫝󳵻󳝋󳏵󰟹󰄳󲭶וּץ󱣽󱲇󲙄󰬗ה
󰥧󴇣󱎍ם󲣘󲵓א󱕳󴅾םי󰯼󳵞󲦰א󰁷󱯷󰡾םי󳼪־י󱇲󰳽11׃ב󰯦󳻇א󱴋ר
󰁷󱯷󰢀םי󴡚󰗍󳌢א󰧻󰇨󲭶󲒈󳥁󳍧א󳂬󳒴ב󱵤󰴿󲨼י󳄯󰶸󲲊ע󳂻ץ󴑽󲨵י
󳊁󳒴ה󴑽󲩘󱋃󱣽󱲇י󱸹󰳽󰂙󳍝ר󰹘󲦻ע󰳽־󰊃󰳽󳆹־ל󰧻󰇇󲮤ץ󰮤󱌄󰢟־י󱞹׃ן
12󰮷ּת󰳽󲔀א󰧻󰇯󲭶ץ󳥍󳍧א󳂺󳒴ב󱵤󰴿󲩁י󳄯󰷎󲲊󲌰󱣽󱲇י󱼍וּה󰪊󳃖ץ
󳊈󳒴־ה󴑽󲨫י󰂙󳍝ר󰹘󲦻ע󰳽־󰊃󰳽󱣽󱲇י󱼀וּה󰯼󳵞󲦰א󰁷󱯷󰡾םי󳼪־י󱇲󰳽׃ב
13󰮤󱌄󰢟־י󳄘󲮙ב󰮤󱌄󰢟־י󰐌󲝯ר󱋙󰳽ם󳋌󱥝י󳋾14פ׃י󰯦󳻇א󱴋ר󰁷󱯷󰢀םי
󱌃󰢓י󱱚󰉢󲹂󲺊󳙅󲦣󲚒י󳄯󰥧󳖔󱴤󱎌ם󱣽󰥧󰊟󳣻לי󳙶ןי󰥧󳯚󰳽וּם󰋮ןי
󰥧󴄏󱌏󱮓ה󰪊󰧻󱋔ּו󱣽󰉢󲿇󲺊ּו󱣽󱱅󰳽󳀝󰘀וּםי󱣽󱚌󱱪םי󰪊󳏵󱺽15׃םי󰪊󰧻󱋔ּו
󱥝󱱚א󰳽󲹂󲺊󳙅󲦣󲚒י󳄯󰥧󳖔󱴤󱎌ם󱣽󰧻󰃃רי󳆹־ל󰧻󰇇󲮤ץ󰮤󱌄󰢟־י󱞹׃ן
16󰯱󳵇󳆺ׂש󰁷󱯷󰡻םי󰅭־ת󳋌󱽐י󰥧󴅼󰉢󲸊ת󰥧󳞮󰟓󱤵םי󰅭־ת󰥧󴈱󰁤󰳽ר
󰥧󳢡󰟓󱣖󱣽󱴋󱱚󳍔󱨦ת󰥧󳯗󰳽ם󰪊󰅭־ת󰥧󴈱󰁤󰳽ר󰥧󴝂󱊥󱸣󱣽󱴋󱱚󳍔󱨦ת
󰥧󴃤󱌃󱮒ה󰪊󰃬ת󰥧ּכ󰳽󱢏󰋑17׃םי󰮷󳰹󴟨ן󰉢󲾁ם󰁷󱯷󰡾םי󳙅󲦣󲚒י󳄯
󰥧󳖔󱵰󱎳ם󱣽󰧻󰃃רי󳆹־ל󰧻󰈪󲭷18׃ץ󰪊󱥝󱱚󳐃󱣖󳛱󳯧󰳽וּם󰎊󴃤󱌃󱮒ה
󳨍󱣽󰥧󰊟󳣺לי󳙶ןי󰧻󰁓󰳽וּר󰋮ןי󰥧󱅻󳍧󰀆󰯼󳵞󲦰א󰁷󱯷󰡾םי󳼪־י󱇲󰳽׃ב

1
Fig. 11. The beginning of the Book of Genesis typeset in the Yarden font, adapted
by Tiqwah v2
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Audio LLMSubtokens
as Encapsulated “Knowledge”
TheCase of Persian Subtoken
Graphemic Representations inWhisper

Behnoosh Namdarzadeh & Nicolas Ballier

Abstract. Whisper is a widely used, open-access Large Language Model (LLM)
trained using a multilingual paradigm. As such, it represents an important op-
portunity for researchers to study how multilingual LLMs function across lan-
guages. In this paper, we probe the grapholinguistic representations of Whisper
for an under-resourced language with a Perso-Arabic script: Persian.

Persian, with its abjad writing system, has a consonant-heavy inventory of
letters and does not indicate vowels, making it a good candidate to test an audio
LLM such as Whisper (Maleki and Ahrenberg, 2008b). Large Language Models
do not deal with tokens, morphemes or graphemes as linguists know them but
subtokens, fragments of words generated by an algorithm. This subtokenisation
process creates fracto-morphemes, clusters of letters, that continue to represent
language (this is literally “natural language processing”) but the relationship of
the letters to morphology, semantics and phonology is completely changed.

We want to investigate this technical paradigm shift for writing systems such
as Persian, by analysing the sounds to letters mapping as mediated by acoustic
representations and LLM subtokens. Using a C++ implementation (Gerganov,
2003) of Whisper (Radford et al., 2023), we have extracted the subtoken dictio-
nary of this model and their probabilities using a customised C++ implementa-
tion ofWhisper.

In this work, we probe the phonotactic and graphotactic status of the subto-
kens representing Persian in order to understand how “knowledge” (represen-
tation) is distributed in the Whisper subtokens used to transcribe Persian. Un-
derstanding the subtokenisation process of large language models is crucial for
advancing both NLP techniques and linguistic theories. Investigating how these
models represent languages such as Persian sheds light on the intricate relation-
ship between the acoustic signal, subtoken structures, and linguistic properties.

Our experiments show the division of labour between the encoder and the
decoder. We will show that the decoder is used to post-process the data, as ev-
idenced by the fact that the internal representations of the Whisper models are
only the isolated forms of graphemes and limited digraphs. We demonstrate that
Whisper models tend to select the formal variant in their transcription. For ex-
ample, in a read speech of 100 sentences, Whisper produces the formal variant
of the object marker rā in the transcriptions three times more than its informal
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variant ro, even though the speaker only produces the informal variant in the
read speech.

1. Introduction

Whisper is an automatic speech recognition (ASR) system developed us-
ing large-scale weak supervision. It was trained to predict transcripts
of audio from 680,000 hours of labeled audio data, with 117,000 hours
covering 96 languages other than English. The audio was broken into
30-second segments and paired with transcripts from different sources.
Audio was resampled to 16,000 Hz, and an 80-channel log-magnitude
Mel spectrogram was computed. Whisper was trained for several tasks
such as language identification, transcription, translation, and times-
tamps prediction. Whisper’s training included data for 96 languages be-
sides English, including Persian, but with only 392 hours for the trans-
lation task and 24 hours for the transcription task. The performance for
transcription of Persian is reported with a word error rate of 44.8 for
the large model (compared to 6.3 for English), and the impact on per-
formance of the amount of training data is consistent with the expec-
tations (Ballier, Burin, et al., 2024). The training data transcripts were
tokenised at subword level using a byte pair encoding algorithm (Sen-
nrich, Haddow, and Birch, 2016) that was applied to the 96 languages of
the training data, resulting in a multilingual vocabulary of units we call
“subtokens” in the rest of the paper.

Whisper is a neural network that learns from a training corpus made
up of audio recordings (690,000 hours for the largest model), combined
with their transcription or translation. The aim is to match frames (win-
dows of the sound signal) with (sub)tokens, i.e., arbitrary sequences of
characters. It is therefore a supervised learning algorithm. Whisper is
therefore an auto-regressive algorithm: given an audio input and the
vector representation it constructs, it predicts the tokens one after the
other to generate the final output. More specifically, based on the in-
put audio and the prefix already generated (the previously predicted to-
kens), Whisper’s decoder determines a probability distribution for all
the tokens in its vocabulary. By choosing the subtoken with the highest
probability at each stage (or by sampling according to this distribution),
it gradually builds the output sequence.

We wish to explore the graphophonemic status of these subtokens as
applied to the transcription task (ASR) of Persian.These LLM subtokens
are a paradoxical object that are reminiscent of splinters but that are not
morphological entities.Wewant to elaborate the inventory of subtokens
used by the multilingual Whisper for Persian transcription by investi-
gating the mapping between the acoustic realisations of the Persian data
used as input and the Whisper prediction. In this sense, we address the
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presumed encapsulated “knowledge” in the subtoken dictionary of the
speech model. An important aspect to bear in mind is the potential mis-
leading metaphor that if LLMs have representations they “understand”
speech or “recognise” words. Even though the main type of encoded rep-
resentation is a dictionary of subtokens that serves as a repository for the
corresponding numbers of vectors of numerical figures, that serves as a
form of representation, if any, alternatively for every 30 second speech
window. The different attention weights corresponding to the internal
representations can also be extracted and potentially investigated (see
Mohebbi, Chrupała, Zuidema, and Alishahi (2023) as an example). Lin-
guists still need to unravel what becomes of the different languages that
are processed using these multilingual models. In this respect, it is likely
that the subtokenisation phase is not innocuous (Petrov, La Malfa, Torr,
and Bibi, 2024). We partially discuss the phonology of the Whisper dic-
tionary of subtokens1, the subtokens used to represent Persian writing
in the LLM. Persian offers a unique perspective for this type of investi-
gation for three reasons. First, the scarcity of the training data (24 hours
of training data inWhisper) entailed a scarcity of subtokens in theWhis-
per dictionary used to transcribe Persian. Second, we have a privileged
window on the phonographematics of Whisper since the acoustic space
is transcribed by a limited amount of subtokens, mostly Persian isolated
characters, whereas Persian has graphotactic constraints for final, me-
dial or initial letters. Third, Persian shares many characters with Arabic,
which has more training data in Whisper. Therefore, Persian serves as
a test case for the investigation of a language that shares some of the
characters of the same Unicode group (Perso-Arabic script).

As an abjad, ratherthan an alphabet, thePersianwritten languagedoes
not note vowels; this frequently results in an error in the transcription of
vowels. 28 letters of the Arabic script have been supplementedwith 4 ad-
ditional consonants in order to preserve consonantal distinctions that do
not exist in Arabic. However, Arabic is also encoded in theWhisper dic-
tionary of subtokens. Previous studies address the challenge of adapting
multilingual languagemodelstospecificlanguagesfordifferentNLPtasks
(Downey, Blevins, Goldfine, and Steinert-Threlkeld, 2023).

The rest of the paper is structured as follows: Section 2 presents the
tenets of the Persian writing system and the variety of Persian we de-
scribe. Section 3 presents the phonological features of Persian and subto-
kenisation process in Whisper. Section 4 details our methodology and
the datasets we used in our experiments. Section 5 presents our exper-
iments with the probing of the subtoken dictionary and discusses the
distribution of graphemes encapsulated in the Whisper subtokens used
to transcribeWhisper. We analyse our results in Section 6 and Section 7
discusses them. Finally, we conclude in Section 8.

1. We do not discuss the special subtokens, see Ballier, Burin, et al. (2024).
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2. Background on PersianWriting System

This section provides an overview of Persian graphematics and exam-
ines the graphotactic constraints that may influence the performance of
audio-based LLMs.

The history of the Persian language is divided into three periods: Old
Persian (c. 525 BC–300 BC), Middle Persian (c. 300 BC–800 AD) and
Modern Persian (800 AD to the present). After the advent of Islam in 642
AD, Persians adapted the Arabic alphabet to develop the modern Persian
alphabet. The Arabic alphabet has 28 letters, but Iranians added four
additional letters ,<پ> ,<چ> ,<ژ> <گ> to create the current 32 Persian
letters (Rastorgueva and Hill, 1964). Modern Persian emerged in the 9th
century after this adoption of the alphabet and the borrowing of many
Arabic words.

The Persian script, technically called “abjad”, consists of 32 letters,
28 of which are shared with Arabic, while the remaining four are unique
to Persian. Persian adopts a non-Latin script written from right to left
(Baluch and Choudhury, 2011). It comprises six vowels: three short vow-
els, marked with diacritical marks, and three long vowels, marked by
certain consonants (ibid.). Therefore, Persian writing can be called a
“consonantal alphabet”. Diacritics for short vowels are mainly used for
elementary readers, disappearing from textbooks after the first grade
(Rahbari and Sénéchal, 2009), and are generally absent from standard
written texts. Long vowels, in contrast, are consistently represented in
writing.

The relationship between graphemes and phonemes in Persian is
highly consistent. Each grapheme corresponds to a single phoneme
(Arab-Moghaddam and Sénéchal, 2001). Therefore, Persian is classified
as having a shallow orthography when short vowels are represented or
when only long vowels and consonants are present (Baluch and Choud-
hury, 2011). However, the omission of short vowels results in a deep and
opaque orthography where the relationships between graphemes and
phonemes are inconsistent.

2.1. Graphotactic Constraints for Persian

This subsection explores the graphotactic constraints of Persian2, which
may affect the performance of LLMs such as Whisper (Maleki and
Ahrenberg, 2008a).

2. It should be mentioned that the dialect we are examining for the sets of our ex-
periments is a variant of Farsi, called “Tehrani”, the standard colloquial dialect spoken
in Iran (Karimi, 2005).We use the term “Persian” to refer to this variant in this paper.
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Ninety different forms, referred to as “allographs”, are needed to rep-
resent the 28 letters of the Persian alphabet. Persian characters can have
different graphematic forms depending on their positions. The isolated
form of characters (28 letters) depends on their position within a word.
The isolated form of each letter of the 28 letters can vary depending on
its contextual placement, taking on different forms (allographs) in the
initial, medial, or final positions (ibid.). The training data may not in-
clude all the required cases to ensure an ideal distribution of these con-
textual character forms, specifically Segment-Initial, Segment-Medial,
Segment-Final, and Isolated forms.The dictionary ofWhisper subtokens
(see Appendix, Table 5) will be comprehensively analysed in Section 5.2.

In Persian, a single phoneme can be represented by multiple letters,
resulting in graphematic inconsistencies. This variation requires prac-
tice and familiarity to determine which specific grapheme is used in a
given word. For instance, the phoneme /t/ is represented by two let-
ters: <ت> and ;<ط> the phoneme /h/ by two letters: <ه> and ;<ح> the
phoneme /s/ by three letters: ,<س> ,<ص> and ;<ث> and finally, the
phoneme /z/ by four letters: ,<ذ> ,<ز> ,<ض> and .<ظ> This is partic-
ularly problematic when transliterating foreign words and selecting the
appropriate grapheme for a given phoneme. For example, the graphe-
matic representation of the French-origin word billet and the two vari-
ants of /t/ phoneme is controversial. This has resulted in two different
graphematic forms: < تیلب > and < طیلب >. Table 3 illustrates the various let-
ters that correspond to the same phoneme. However, in Arabic, each of
these letters corresponds to a distinct phoneme.

3. Phonological System of Persian and the Speech-to-Subtoken
Mapping

We first recall the phonological system of Persian before explaining how
sounds are mapped to the inventory of subtokens. In this paper, we
follow the standard phonological convention that indicates graphemes
(letters) with angled brackets (<>), realisations in square brackets and
phonemes (or targets) with slanted bars (//).

3.1. Vowels and Consonants

The standard Persian of Iran has six vowel sounds as shown in Table 1.
The vowels /a, e, o/ are short vowels and /i, u/ are long vowels. Since the
Persian writing system is an abjad (consonantal alphabet), short vow-
els do not have specific letters and are not written in written Persian,
and only long vowels appear in texts. Long vowels are always marked
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with consonant letters. The short vowels, as mentioned earlier, are not
marked in standard written Persian, but for learners of Persian, they can
be precisely marked with diacritics. Inserting diacritics is not allowed
in the early years of primary school.

The three long vowels, /ɒ, i, u/, are frequently found word-finally.
Less commonly occurring word-finally are the short vowels, /a, e, o/.
While /e/ is present in some high-frequency words, word-final /o/ is
rare (still appears in some high frequency words.)

Any vowel may begin a word, though some occur more frequently
than others. Word-initial /a/ is highly prevalent, while word-initial /i/
is less common.Word-initial /u/ is rare. In summary, lax vowels such as
/e/ and /a/ are the most common in word-initial positions, while word-
initial /o/ is seldom encountered.

Table 1. Tehrani Persian Vowel Chart

Height Front Back

Close i u
Mid e o
Open a

Due to the complexities of inserting or omitting vowels in written
Persian, significant challenges arise in accurately transcribing vowels.
There are some factors such as the neighbouring graphemes and the type
of syllable containing the vowel which affect the choice of grapheme (al-
lographs) for the vowel (Maleki and Ahrenberg, 2008a). Persian script
often omits short vowels, as seen in /ketɒb/ (< باتک >), where the short
vowel /e/ is not represented, reflecting the inherent complexity of vowel
representation in the language. Additionally, vowel representation is in-
fluenced by neighbouring graphemes, as in /χɒhar/ (< رهاوخ >) where the
character <و> does not denote a /v/ or /u/ sound but forms part of a
< وخ > digraph for /χ/ followed by /ɒ/.

This subsection explores the constraints that govern the distribution
and arrangement of consonants in written Persian. Persian includes 23
consonant sounds, each represented by a dedicated letter. The table of
International Phonetic Alphabet (IPA) symbols for these consonants is
presented in Table 2. Notably, the representation of a letter in Persian
script varies depending on its position within a word. A single letter
may assume different forms when appearing in initial, medial, or final
position of a word [See Table 3]. This positional variability is a defin-
ing characteristic of the Persian writing system.Word-initial consonant
clusters are absent in Persian, and Persian speakers tend to insert a
vowel between consonants when pronouncing borrowedwordswith ini-
tial clusters from the source language, thus avoiding word-initial conso-
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nant clusters. Alternatively, a vowel may be inserted before the cluster,
leading to a VC+C sequence (Mahootian and Gebhardt, 1997). Moreover,
word-initial clusters can be broken up, resulting in a CV+C sequence.
Various types of two-consonant clusters are permissible in syllable-final
positions (e.g., nasal+plosive: /omq/ (< قمع >) meaning ’depth’).

Table 2. Persian Consonants Organized by Manner and Place of Articulation

Labial Alv. Post-alv. Velar Uvular Glottal

Nasal m n
Stop p, b t, d t͡ʃ, d͡ʒ k, ɡ (q) ʔ

Fricative f, v s, z ʃ, ʒ x, ɣ h
Tap ɾ

Approx l j

3.2. The Semiotics of Subtokenisation

In this subsection we explain how the Persian representation between
graphemes and meaning is mediated with the subtokenisation phase
(Sennrich, Haddow, and Birch, 2016). Subtokens are a hybrid repre-
sentation that bear testimony to the frequency of tokens in the train-
ing data of the subtokenisation algorithm (and of Whisper’s training).
Subword units have emerged as a crucial component in language mod-
eling. They play a foundational role in the tokenisation processes of ad-
vanced transformer-based language models, such as those utilising Byte
Pair Encoding (BPE) (ibid.). This subword-based tokenization method
underpins the architecture of many LLMs (Manova, 2023). The adop-
tion of subword tokenization strategies, like BPE, has significantly con-
tributed to the success of pre-trained transformer models in natural lan-
guage processing, enabling them to effectively handle a diverse array of
languages and linguistic structures (Bostrom and Durrett, 2020). The
(sub)tokens are generated automatically from the training data using to-
kenisation algorithms. These algorithms divide the text into units based
on the frequency with which sequences appear in the corpus. The main
algorithms used are Byte Pair Encoding (BPE) (Sennrich, Haddow, and
Birch, 2016), WordPiece, initially developed for BERT (Devlin, Chang,
Lee, andToutanova, 2019), and SentencePiece (Kudo, 2018). Depending
on their frequency of appearance, (sub)tokens can correspond to whole
words, sequences of 2 or 3 characters, or even a single character.

Subtokenisation can be challenging for Persian due to its graphe-
matic and phonographematic constraints, as outlined in Table 2. In this
context, the implementation that predicts on a sub-token basis may
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differ significantly from a representation based on entire sentences.
Typically, isolated tokens are expected to correspond systematically
to individual letters. Figure 1 illustrates the subtokenisation in three
languages—French, English, and Persian—using theWhisper tokeniser3.
As can be seen with these examples, the frequent tokens in English are
less likely to be subdivided into subwords (subtokens) than French or
Persian words.

Fig. 1. Subtokenisation in French, English, and Persian sentences usingWhisper
tokeniser

To investigate the frequency of subdivision for Persian words, we
tested the Persian FLEURS dataset (Conneau et al., 2023) for a distribu-
tional analysis to observe the frequency of the subtokens for Persian and
estimate the inventory of subtokens from the Whisper dictionary used
to transcribe Persian data.

3.3. Hallucinations

Another aspect of the Whisper dictionary of subtokens used for tran-
scriptions is the fact that the Whisper multilingual dictionary of subto-
kens includes all the subtokens used to transcribe the 99 languages with
whichWhisperwas trained.WithWhisper smallermodels (tiny, base and
small)4, hallucinations can be observed, subtokens belonging to other
languages groups are used in the Whisper transcription. One way to
analyse the evolution of hallucinations across the size of the models is
to observe that the hallucinations in the outputs belong to different lan-
guage groups, and, in that respect, they somehow follow the pecking or-
der of the hierarchy of languages used in the training data. The Chinese
characters are overwhelmingly present in the transcriptions of the tiny
models and that is consistent with the role of the size of the Chinese
training data.

3. https://huggingface.co/docs/transformers/model_doc/whisper
4. With 39M,74M and 244M parameters respectively (Radford et al., 2023).
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4. Material and Methods

This section outlines the materials and methods used in the study.

4.1. Materials

Here are the three datasets used in our experiments:

– YouTube Audio File: A 69-minute audio recording extracted from
YouTube5was selected for analysis.The recording features threemale
speakers engaging in a discussion on social issues. Due to the spon-
taneous and unstructured nature of the conversation, manual tran-
scription would be both challenging and time-consuming. By utilis-
ing OpenAI’s Whisper for transcription, we gain two significant ad-
vantages: the generation of an accurate transcription and its accom-
panying translation. This output provides a valuable foundation for
developing a bilingual corpus.

– Common Voice Mozilla: Additional Persian data for detailed exper-
iments was sourced from the Common Voice Mozilla project6, a di-
verse dataset of speech recordings designed for speech recognition
tasks.

– FLEURS Dataset: The FLEURS dataset7, which focuses on multilin-
gual speech recognition and understanding, was also used to supple-
ment our analysis and broaden the scope of our Persian corpus ex-
periments.

4.2. Transcription MethodWith OpenAI’sWhisper

Our approach focused on leveraging a customized C++ implementation
of Whisper8, building upon the foundational work by Radford and col-
leagues (Radford et al., 2023). Whisper offers six model variants, rang-
ing from tiny to large-v1, which provide valuable insights into the map-
ping of spoken Persian to written Persian. The Whisper.cpp implemen-
tation by Gerganov9 facilitates efficient processing of Whisper’s param-
eters and includes tools for visualizing subtokens along with their as-
sociated probabilities. This functionality enables access to probability
scores for each subtoken generated by Whisper, forming the basis for

5. https://www.youtube.com/watch?v=YsMDE0EH42s
6. https://commonvoice.mozilla.org/fa
7. https://huggingface.co/datasets/google/fleurs
8. https://github.com/jbyunes
9. https://github.com/ggerganov/whisper.cpp
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developing a calibration model to evaluate the accuracy of the Whisper
models.

4.3. DocumentingWhisper’sDictionaryofSubtokensUsed forPersian

We compared two methods. We first compiled the prediction at subto-
ken levels extracted for the different models. Then we ran the tokenisa-
tion algorithms on the Persian component of the FLEURS training data
to compare the distribution of subtokens. we used a subsample of the
FLEURS dataset comprising 85 hours of speech. The FLEURS dataset10
(FLores Enhanced Universal Representation for Speech) is a multilin-
gual speech dataset, serving as the speech-focused counterpart to the
FLoRes machine translation benchmark. It builds on the FLoRes dev
and devtest datasets, comprising 2009 n-way parallel sentences trans-
lated into 102 languages. This extensive coverage makes FLEURS one of
the most valuable resources for advancing multilingual speech research.

A key strength of FLEURS lies in its use of multilingual fine-tuning,
which allows models to harness shared linguistic features across di-
verse languages. The dataset’s results are thoughtfully organised into
seven geographical regions, showcasing the dataset’s cultural and lin-
guistic breadth. Among the languages included is Persian, highlight-
ing the dataset’s inclusion of languages from the Central Asia/Middle
East/North Africa region.

5. Experiments

This section describes the experiments conducted in this study on writ-
ten Persian. To better understand the distribution of graphemes in Per-
sian, we used the FLEURS training dataset (Conneau et al., 2022),
which is publicly available in 102 languages and published by Google.
We analysed the distribution of Persian graphemes across this dataset.
The dataset contains a total of 280,786 graphemes, with 34 unique
graphemes. Figure 2 shows the distribution of graphemes inwritten Per-
sian. We hypothesize that the more frequently a subtoken appears in
publicly available online corpora, the fewer challenges LLMs like Whis-
per encounter in accurately processing it. Frequent exposure to com-
mon subtokens during training allows the model to develop a stronger
representation and mapping for these elements, reducing errors in tran-
scription and improving overall reliability. Conversely, subtokens that

10. https://huggingface.co/datasets/google/fleurs
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are rare or less represented in the training data are more likely to lead
to inaccuracies, reflecting gaps in the model’s learned patterns.

Fig. 2. Distribution of Persian Graphemes in the FLEURS dataset. As the differ-
ent frequency scales indicate, the order ofmagnitude between most frequent and
least frequent graphemes is about one hundred to one.

5.1. Distributional Frequencies in the Transcription of a Reference
Dataset

To improve the performance of Natural Language Processing (NLP)
tasks, the quantity of training data plays a crucial role (Ballier, Burin, et
al., 2024). In general, an increase in the volume of training data directly
correlates with improved task outcomes, as measured by various perfor-
mance metrics. For instance, in Automatic Speech Recognition (ASR)
tasks, an increase in the availability of training data for a particular lan-
guage tends to lower the Word Error Rate (WER), indicating enhanced
model accuracy and reliability. Figure 4 illustrates the distribution of
graphemes in the FLEURS dataset.

The aim is to examine the frequency of consonants and vowels that
appear at the beginning and end of words in written Persian, to be later
compared to the analysis of subtokenisation outputs produced byWhis-
per. As shown in Figure 3, the characters <د> , ,<م> ,<ب> and <ک> typ-
ically appear at the beginning of words, while the consonants ,<ر> ,<د>
,<ه> and <ن> typically appear at the end of words. Regarding vowels,
the vowel <ا> frequently appears both at the beginning and at the end of
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words. If we consider the FLEURS corpus as a foundational dataset for
Persian, it is reasonable to assume that Whisper, when trained on simi-
lar data, has been exposed to similar distributions of graphemes. Specif-
ically, Whisper may be more likely to accurately transcribe graphemes
that are highly represented in its training data. Conversely, graphemes
that are under-represented in the FLEURS dataset might pose chal-
lenges, potentially leading to transcription inaccuracies due to limited
exposure during training.

Fig. 3. Positional distribution of consonants and vowels at the beginning and end
of words

5.2. Distributional Frequencies inWhisperTranscriptions
of the FLEURS Speech Training Set

This subsection analyses Whisper transcription (large model) of the
FLEURS speech training set. We then compare the inventory of Whis-
per subtokens used for transcriptions with the positional constraints of
Persian graphemes.

Table 3 summarises the findings of this analysis. The first column
presents the IPA representations of Persian characters. The second col-
umn lists the isolated forms of Persian graphemes, accompanied by a
binary code (0–1) indicating their presence in Whisper’s subtoken dic-
tionary. A value of 1 signifies that the grapheme is included in the dic-
tionary, while a value of 0 indicates its absence. For the isolated repre-
sentation of graphemes, it was observed that ,<ژ> which belongs exclu-
sively to the Persian alphabet and not the Arabic script, is not present
in the Whisper mutlilingual dictionary. The fourth column of Table 3
shows the final graphematic representations of characters. Notably, the
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Fig. 4. Distribution of common consonants and vowels at the beginning and at
the end of words in the Whisper transcriptions of the FLEURS speech training
set (85 hours)

characters < پ,چ,ژ,ز,ظ,غ,گ > are absent from Whisper’s subtoken dic-
tionary in their final forms. It is important to highlight that < چژپ >
are Persian-specific graphemes. The sixth column represents the me-
dial forms of graphemes in Persian. In Whisper’s subtoken dictionary,
we did not observe any Persian characters in their medial forms, except
for < ت,ع,ل,ن,ی >. The eighth column reports the initial forms of charac-
ters within Persian tokens, with the following characters being absent in
their initial forms: < پ,ج,چ,ض,ط,ظ,غ,گ >.

By accessing the dictionary of subtokens for all 99 languages sup-
ported by Whisper, we extracted the subtokens associated with the
Perso-Arabic script. We identified four possible positions for Persian
characters within a word: initial, medial, final, and isolated forms11.

11. Some entries in the columns of graphematic representation for Persian contain
a value of 0, indicating that these forms do not exist in the Persian script.
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Table 3. Whisper Coding of Persian Letters in its Subtoken Dictionary

IPA Is
ol
at
ed
fo
rm

W
hi
sp
er
is
ol
at
ed

Fi
na
lf
or
m

W
hi
sp
er
fin
al

M
ed
ia
lf
or
m

W
hi
sp
er
m
ed
ia
l

In
it
ia
lf
or
m

W
hi
sp
er
in
it
ia
l

/ɒ/ ا 1 ـا 1 0 0 0 0
/b/ ب 1 بـ 1 ـبـ 0 ـب 1
/p/ پ 1 پـ 0 ـپـ 0 ـپ 0
/t/ ت 1 تـ 1 ـتـ 1 ـت 1
/s/ ث 1 ثـ 1 ـثـ 0 ـث 1
/d/ ج 1 جـ 1 ـجـ 0 ـج 0
/t/ چ 1 چـ 0 ـچـ 0 ـچ 0
/h/ ح 1 حـ 1 ـحـ 0 ـح 1
/χ/ خ 1 خـ 1 ـخـ 0 ـخ 1
/d/ د 1 دـ 1 0 0 0 0
/z/ ذ 1 ذـ 1 0 0 0 0
/r/ ر 1 رـ 1 0 0 0 0
/z/ ز 1 زـ 0 0 0 0 0
/ʒ/ ژ 0 ژـ 0 0 0 0 0
/s/ س 1 سـ 1 ـسـ 0 ـس 1
/ʃ/ ش 1 شـ 1 ـشـ 0 ـش 1
/s/ ص 1 صـ 1 ـصـ 0 ـص 1
/z/ ض 1 ضـ 0 ـضـ 0 ـض 0
/t/ ط 1 طـ 1 ـطـ 0 ـط 0
/z/ ظ 1 ظـ 0 ـظـ 0 ـظ 0
/ʔ/ ع 1 عـ 1 ـعـ 1 ـع 1
/q/ غ 1 غـ 0 ـغـ 0 ـغ 0
/f/ ف 1 فـ 1 ـفـ 0 ـف 1
/ɢ/ ق 1 قـ 1 ـقـ 0 ـق 1
/k/ ک 1 کـ 1 ـکـ 0 ـک 1
/g/ گ 1 گـ 0 ـگـ 0 ـگ 0
/l/ ل 1 لـ 1 ـلـ 1 ـل 1
/m/ م 1 مـ 1 ـمـ 0 ـم 1
/n/ ن 1 نـ 1 ـنـ 1 ـن 1
/v/ و 1 وـ 1 0 0 0 0
/h/ ه 1 هـ 1 ـهـ 0 ـه 1
/j/ ی 1 ي  1 ـیـ 1 ـی 1
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This experiment based on frequency is a sort of reverse engineering
that helps us understand howPersian graphemes are encoded in amulti-
lingual model like Whisper. Beyond this architectural bias based on the
distributions of the subtokens in the Whisper multilingual model, we
explore how the linguistic features of Persian are encoded in Whisper
when transcribing actual Persian speech.

5.3. Experiment on Spontaneous Data

To better understand the phonographemic representation of Whisper,
we analysed [the decoder output] of a 69-minute spontaneous video
from YouTube. The context is a studio where three young men (in their
30s) discuss various social and cultural topics. The session is mostly in-
formal, with frequent laughter, repetition, and other linguistic and non-
linguistic discourse markers, which could pose challenges for ASR sys-
tems to transcribe.

To assess the accuracy of Whisper in transcribing this audio file, we
report theWord ErrorRate (WER) andCharacterErrorRate (CER).The
WERof0.403 suggests that approximately 40% of thewords in theWhis-
per’s prediction are incorrect compared to the gold standard, indicating
a significant discrepancy between the prediction and the reference. This
is generally considered poor performance for many tasks, as nearly half
of the words are incorrect. A CER of 0.222 suggests that 22.27% of the
characters in Whisper’s prediction are incorrect when compared to the
gold standard, reflecting a relatively high error rate in Whisper’s tran-
scription.

Table 4. Performance Metrics for Prediction Accuracy ofWhisper

Metric Value

Precision 0.0004
Recall 0.0003
F1-Score 0.0003

The results for three other metrics Precision, Recall and F1-Score
(see Table 4) are extremely low, indicating poor alignment between the
Whisper’s predictions and the gold standard at the word level. Here is
what each of these metrics suggests:

Precisionmeasures howmanyof the predictedwords are actually cor-
rect. A precision of 0.0354% means that out of all the words Whisper
predicted, almost none of themwere correct. This indicates a high num-
ber of false positives (words predicted incorrectly). Recall measures how
many of the actual correct words were successfully predicted. A recall of
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0.029% means the system is missing nearly all the correct words, sug-
gesting a very high number of false negatives. F1-Score combines both
precision and recall into a single metric.With such a low score, it reflects
that both the precision and recall are very low, indicating a significant
mismatch between the prediction and the reference.

5.4. The Speech to Subtoken Mapping

The analysis of the Persian subtokens derived from the dataset shows
how in the distribution of token frequencies, certain characters and se-
quences appear much more frequently than others, as illustrated in Fig-
ure 5. The most frequent subtokens are key characters that are integral
parts of many common Persian words. The dominance of these compo-
nents reflects both the linguistic characteristics of Persian and the to-
kenisation strategy employed by the Whisper model.

Fig. 5. Distribution of Persian Graphemes in our YouTube Dataset

Another important aspect of subtokenisation is the length of the
subtokens across different languages. In the case of Persian, the tokeni-
sation process tends to generate shorter subtokens. Based on our anal-
ysis of the subtokenisation of Persian YouTube data, out of a total of
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30,544 subtokens generated byWhisper, 24,190 consist of only a single
Persian character. Subtokens containing two Persian characters account
for 4,325, while those with three Persian characters are limited to just 11.
This observation suggests that subtokenisation for Persian, as an under-
resourced language, may differ significantly from languages with larger
training datasets, potentially reflecting the challenges and limitations in
processing languages with less representation in model training.

5.5. Experiment onWhisper’s Alternate Predictions

We ran another experiment based on the experimentally customised im-
plementation of C++Whisper that extracts the 10 first predictions of the
model and the corresponding probabilities12. Do we get subtokens re-
served for Persian or character-based representations of corresponding
sounds for the alternate predictions?

Fig. 6. Top 10 alternate predictions for the sentence 001-A.wavfile from the Com-
mon Voice corpus (large model)

Figure 6 shows the prediction used in the final transcription (predic-
tion 1) and the alternate predictions; this is similar to the beam search
for machine translation, providing access to the alternative transcrip-
tions of the model. For instance, the first line (which predicts the special
token), lists the alternate candidates for the transcription, all of which
correspond to timestamps close to the initial starting point of the file.
In the highlighted line of predictions (l.16), the first prediction (with
a high level of certainty, 0.9969) corresponds to the unique letter that

12. https://github.com/ggerganov/whisper.cpp
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corresponds to the bilabial nasal .<م> Predictions 2 and 4 correspond to
combinations with the vowel < ام > and the consonant < رم >, respectively,
while predictions 3 and 5 correspond to the Latin letter encoding the
bilabial nasal. An unknown character appears in prediction 6. The sev-
enth and eighth generated subtokens are ,<ب> a voiced bilabial plosive,
and ,<ن> a voiced alveolar nasal. These cases are particularly intrigu-
ing as they highlight challenges faced by audio LLMs like Whisper, in
distinguishing between phonemes with similar places or manners of ar-
ticulation. This comparison of the Whisper transcription (prediction 1)
with the alternate predictions allows us to investigate the subtokens that
are the potential graphemic candidates that correspond to a portion of
the acoustic signal. This technique allows us to probe the subtokens that
may correspond to the corresponding speech interval. This method al-
lows us to answer this phonographemic question :What are the compet-
ing subtokens for a given representation of the signal for a given time
slice of the signal and the competing languages or the competing subto-
kens for a given portion of the signal?

6. Results

This section presents the key findings, including the qualitative and
quantitative analyses from the transcription task using variousWhisper
models (subsections 6.1 and 6.2). Additionally, subsection 6.3 highlights
the findings on subtokenisation phase in Whisper for Persian.

6.1. Qualitative Analysis of the Transcriptions

This subsection evaluates the performance of various Whisper models
in transcribing Persian. The base model showcases robust multilingual
outputs, such as tokens observed from other languages like Serbian, Chi-
nese, Arabic, and even mixed-language phrases, as seen in Après (=af-
ter) getting (a blend of French and English). Furthermore, it often pro-
duces hallucinations in the form of meaningless, repetitive phrases—
particularly in the middle of transcriptions—which affect the coherence
and reliability of the output (Guerreiro et al., 2023).

The tinymodel exhibits a higher frequency of hallucinations than the
base model, often repeating clusters of characters or sentences. These
hallucinations frequently contain words from other languages, predom-
inantly English. Hallucinations are found in multilingual models in
various translation contexts. Hallucinations are most common in low-
resource languages and non-English output, sometimes exposing toxic
patterns associated with training data (ibid.). Toxic patterns refer to
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harmful or undesirable outputs exhibited by AI systems due to problems
in their training data or algorithms.

The small model reduces the presence of foreign tokens significantly,
with only isolated English words occasionally appearing within Persian
transcriptions. This improvement indicates better language isolation,
allowing for clearer and more coherent transcriptions with fewer in-
stances of language interference.

In the medium model, Persian transcription accuracy improves fur-
ther; however, the model fails to handle the same phoneme, i.e., /z/,
which has multiple graphemic representations in Persian: ,<ز> ,<ذ>
,<ض> and .<ظ> Additionally, there are instances where the sequence
of Persian characters is rendered incorrectly, resulting in absurd or in-
valid forms. For example, the noun < فطل > (/lotf/, meaning grace) is tran-
scribed incorrectly as < فتول > (/lutf/), which is not a valid sequence in
Persian. There are two issues with this transcription. First, the short
vowel /o/, which is not explicitly written in Persian, is incorrectly tran-
scribed as the long vowel /u/ in the erroneous version of the word.
Second, the transcription selects the wrong grapheme to represent the
phoneme /t/ in Persian, choosing <ت> instead of .<ط> Overall, while
the model achieves greater accuracy in transcribing Persian, issues with
hallucinations persist.

Finally, the large models offer the highest level of transcription
quality, virtually eliminating hallucinations and foreign language to-
kens. Transcriptions are consistently accurate and free from unrelated
phrases. Named Entity Recognition (NER) remains an issue. For exam-
ple, the proper noun < اضر > (Reza) is written with the grapheme ,<ض>
which represents the /z/ sound. However, even though wewould expect
such a frequent first name to be present in the training data, the model
consistently uses the grapheme ,<ز> which is not used for the spelling of
this proper noun.

Another significant factor influencing transcription, whatever model
is used, is the presence of loanwords from languages such as Arabic and
Urdu. These borrowedwords, which are integrated into Persian vocabu-
lary, may exhibit unique phonetic andmorphological patterns that affect
how the model processes and transcribes them. The handling of loan-
words can highlight the model’s adaptability to cross-linguistic influ-
ences, but it also raises questions about the comprehensiveness of its
training data in capturing these nuances. For example, < رکش > (/ʃokr/)
means “gratitude” in both Arabic and Persian.

Moreover, the language frequency distribution within the Whisper
dictionary plays a crucial role in shaping transcription outputs. The fre-
quency of subtokens directly impacts the likelihood of their selection
during the transcription process. If a subtoken appears more frequently
in the training data, the model is more inclined to produce it, even in
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contexts where a less frequent variant might be more appropriate. This
distribution can influence both the selection of formal versus colloquial
variants and the representation of loanwords, underscoring the interplay
between token frequency and linguistic accuracy inWhisper’s transcrip-
tions.

Last, a noteworthy observation acrossWhisper models is the addition
of a letter referred to as the silent /he/ to represent the ezafe construc-
tion, which corresponds to an unstressed /e/ sound. In standard Persian
orthography, this [e] sound is not explicitly transcribed. For example,
Whisper transcribes < نمهتسود > (/dusteh man/, meaning “my friend”),
whereas the gold standard transcription in Persian is < نمتِسود > (/duste
man/, meaning “my friend”). This discrepancy reflects a common chal-
lenge encountered by Persian learners and individuals with limited for-
mal education, highlighting the difficulty of aligning phonetic and or-
thographic conventions in Persian transcription.

6.2. Quantitative Analysis of the Transcriptions

This subsection presents a statistical analysis of the transcriptions gen-
erated by Whisper, focusing on Word Error Rate (WER) and Charac-
ter Error Rate (CER) as key metrics to evaluate transcription accuracy
(Morris, Maier, and Green, 2004). For Persian, CER is particularly valu-
able, as it accounts for variations in spacing, which are common in the
language and can impact transcription evaluation. UnlikeWER, CER ef-
fectively ignores inconsistencies in how spaces are placed between let-
ters, providing a more precise measure of accuracy for Persian text. For
Persian, CER is very close to a subtoken error rate.

Table 5. WER and CER results for different models. The best-performing model
(Large) is shown in bold characters

Model WER CER

Base 0.97 0.84
Tiny 2.66 1.22
Small 0.89 0.58
Medium 0.83 0.56
Large 0.42 0.20
Large-v2 0.57 0.24

The large Whisper model performed best, with the lowest WER
(0.42) and CER (0.20). It captures both word-level and character-level
accuracy effectively. The mediummodel also performedwell, withWER
(0.83) and CER (0.56), though it is not as accurate as the large model.
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Base and small models showed higherWER and CER compared to both
medium and large models. Tiny model performed the worst, with ex-
tremely high WER (2.66) and CER (1.22), indicating significant tran-
scription errors. Model large-v2 strikes a balance but does not outper-
form the large model.

6.3. Distribution of Subtokens in Transcription Across Models

Our comparative analysis between model variants reveals hierarchical
performance patterns aligned with model size. The larger models, par-
ticularly large and large-v2, demonstrate marginally superior vocabu-
lary acquisition capabilities, especially beyond the 103 word threshold.
The medium and small variants maintain remarkably similar growth
trajectories through the middle ranges, while the tiny and base models
show distinct divergence patterns at various intervals. This divergence
becomes more pronounced in the upper word count ranges, suggesting
that model capacity plays an increasingly significant role in vocabulary
acquisition as the lexical complexity increases. Notably, several models
exhibit plateau phases at different points in their growth curves, indicat-
ing potential capacity limitations or optimization boundaries specific to
each model architecture.

In this subsection, we report our findings on the transcription of the
data. Figure 7 displays the frequency of different Persian subtokens pro-
duced by the Whisper tiny, medium, and large-v1 models. The x-axis
represents different Persian subtokens. The y-axis shows the frequency
values, ranging up to 5000. As for the tiny model, the subtoken on the
far left <ی> has the highest frequency, exceeding 5000. The remaining
subtokens have lower frequencies, ranging approximately between 1000
and 2000. The pattern shows an interesting distribution, with one dom-
inant token and several others at lower frequencies. The bar chart for the
MediumWhisper model’s Persian subtoken distribution shows that the
highest frequency is 4100 occurrences for the subtoken .<ی> The sec-
ond most frequent subtoken <ه> has approximately 3750 occurrences.
There is a significant drop after the second token, with the next group
clustering around 1500-2000 occurrences. The lowest frequencies, <م>
and ,<ه> are seen in the last two subtokens, with around 300-400 occur-
rences. In sum, the graph illustrates a clear non-uniform distribution
of Persian subtokens. This distribution may affect how well the model
handles different types of Persian text.

Figure 7 also shows the frequency of different Persian subtokens pro-
duced by the large-v1 model of Whisper. There appears to be a de-
scending pattern in frequency from left to right like the other models.
The most frequent subtoken <ی> has approximately 5000 occurrences,
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and the second most common subtoken <د> has around 3300 occur-
rences. The remaining subtokens show relatively consistent frequencies
between 1500-2000 occurrences. The distribution pattern is not uni-
form, showing a sharp decline between the two first frequent subtokens.
After the second subtoken, the frequency stabilises with a more gradual
decline.

(a) (b) (c)

Fig. 7. Comparison of the distribution of subtokens across models

By analysing the distribution of subtokens inWhisper outputs across
different Whisper models, we can compare these distributions to those
of Persian subtokens within the FLEURS dataset, as illustrated in Fig-
ure 2. All Whisper models, with the exception of smaller models (e.g.,
tiny), demonstrate consistencywith the distribution of graphemes in the
FLEURS dataset. The graphemes <ی> and <ا> are the most frequent in
the FLEURS dataset, a pattern also reflected in the outputs of the larger
Whisper models, namely medium and large-v1.

6.4. Probing of the Ten Best Predictions

In this experiment, we analysed the ten best predictions for the large
model in 15 minutes of speech from the Mozilla Foundation. First, we
show the validity of the results of our method, where we probe the al-
ternative predictions for the special subtoken used to indicate the be-
ginning of transcriptions [_BEG_]. We used the density probability rep-
resentation (Figure 8), which is why the probabilities of the unique oc-
currences of [_TT_30] [_TT_6] are not represented. The most frequent
second alternate predictions are [_TT_1] (5 occurrences) and [_TT_2]
(23), where these special subtokens correspond to time stamps (Ballier,
Burin, et al., 2024). Even if the time alignment is far from perfect with
Whisper (ibid.), the results are consistent with the corresponding por-
tion of the signal: these time stamps point to the very beginning of the
signal (the bigger the [_TT_] value, the further from the beginning).

We similarly illustrate the consistency of the Whisper alternate pre-
dictions for the voiced alveolar fricative and for the bilabial nasal as case
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Fig. 8. The second best predictions for the [_BEG_] Whisper special token for
transcription beginning (large model)

studies. For the transcription of the voiced fricative /z/ for the word
< نامزمه >, the expected letter would be <ز> . However, alternate predic-
tions include subtokens belonging to other languages, like зам /zam/,
which is a Russian word possibly meaning “deputy” or “assistant” or
the subtoken in Latin characters zaman (see Figure 6). The first predic-
tion corresponds to the correct letter in Persian for the voiced alveolar
fricative. Nevertheless, the alternative letters are used in the predictions
three and five and six and eight, but they are mostly used in Arabic. Al-
ternatively, the full subtoken zaman is used in the fifth prediction and
corresponds to the full realization of the following sounds. The alter-
nate candidates for the same portion of the speech signal are neverthe-
less consistent rendering and transcriptions of the sibilant, exposing the
competition of the subtokens of the different languages in the predic-
tion. This probing of the alternate predictions confirms the correspon-
dence between the token predicted and the acoustic properties of the
corresponding speech signal.

A similar phenomenon can be observed with nasals. They all corre-
spond to subtokens in different languages that correspond to the same
phonological sounds like <m> and <M> with the Latin script. Figure 9
illustrates the alternate predictions for the bilabial nasal min, where the
following vowel can be observed as well as the alveolar nasal .<ن>
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Fig. 9. The second best predictions for the bilabial nasal (large model)

ProbingWhisper at the prediction phase does not capture the grapho-
tactics of Whisper, but rather is a vantage point for the characterisa-
tion of the phonographematics of an audio LLM. It also efficiently sum-
marises the dictionary biases of the subtokenisation: languages with a
limited number of subtokens in theWhisper dictionary aremore likely to
be transcribed with subtokens used to represent other languages. Since
all theWhisper models were trained with the same subtoken dictionary,
this probably explains the hallucinations observed with the lower mod-
els: the transcriptions use ‘foreign’ subtokens that are deemed to bemore
probable, because the association of the foreign subtokenwith the acous-
tic signal is probably more present in the training data of the other lan-
guages.

7. Discussion

7.1. Distribution of Subtokens inWhisperDictionaryAcross the Perso-
Arabic Script

We assume the byte pair encoding model (the subtokneniser) was
trained on the full dataset of the Whisper training data, where Arabic
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Fig. 10. Language Frequency Distribution in the Whisper Dictionary (large
model)

has 739 hours and Persian 24 for the transcription task. To analyse the
distribution of Perso-Arabic written characters in theWhisper multilin-
gual dictionary, we extracted the corresponding subtokens [of the large
model]. Figure 10 shows that 345 subtokens are associated with Perso-
Arabic characters. Among these, 215 subtokens correspond to both Per-
sian and Arabic (labeled as “Both”), 88 subtokens are specific to Arabic
(labeled as “ARunique”), and only 12 subtokens are exclusive to Persian,
representing characters that are uncommon in Arabic but unique to Per-
sian (labeled as “FAunique”). Tadjiki and Urdu subtokens are labeled as
“Other”.

Figure 10 highlights the over-representation of Arabic, which shares
the same script as Persian, in Whisper’s subtoken dictionary. This im-
balance explains the predominance of Arabic outputs, particularly in
Whisper’s smaller models (e.g., base, tiny, and small). Other languages
are also present in the dictionary, notably Chinese, which reflects the
challenges of multilingual models with uneven language distributions.
This issue has been studied, and prior research suggests that fine-tuning
can significantly improve performance for under-represented languages
by allocating more subtokens to them (Downey, Blevins, Goldfine, and
Steinert-Threlkeld, 2023).
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7.2. Sensitivity to Gender, Social Level, Accent, Register

Understanding how speaker attributes—such as gender, social back-
ground, accent, and register—affect ASR system performance is a crit-
ical area of investigation. Graham and Roll (2024a) and Patman and
Chodroff (2024) focused on English, evaluates the impact of these vari-
ables on OpenAI’s Whisper ASR system. The results reveal Whisper’s
strong recognition capabilities for North American English accents but
highlight challenges with British, Australian, and certain non-native ac-
cents, particularly Vietnamese and Thai. Speaker-specific characteris-
tics, including English proficiency, vowel inventory, and language typol-
ogy, significantly influence recognition accuracy. Notably, male speak-
ers generally experience higher error rates. Whisper also demonstrates
superior performance with read speech compared to conversational
speech, though the gender-related accuracy gap diminishes in conver-
sational contexts. These findings underscore the importance of develop-
ing robust and inclusive ASR systems that can effectively handle diverse
accents and speech patterns. Future research should prioritise reduc-
ing biases, utilizing more diverse datasets, and advancing personalized,
context-aware ASR technologies to enhance real-world applicability. For
Persian, building on previous experiments (Namdarzadeh et al., 2023),
we report our findings on the variability ofWhisper outputs for the same
text read by two different native Tehrani speakers. Based on this experi-
ment, Despite both female speakers employing theTehrani dialect, com-
monly spoken in Iran’s capital, variations in the articulation of certain
consonants and vowels were observed when the same word was read.
Specifically, phonemic confusions were noted, including between /m/
and /b/, as well as /ʃ/ and /tʃ/. Additionally, inconsistencies arose in
the differentiation between short and long vowels, such as /e/ (close-
mid front unrounded) and /a/ (open front unrounded). These findings
suggest that subtle differences in speakers’ manner of articulation can
influence the transcription outputs, even for the large model.

7.3. The Subtokenisation Architectural Bias

An important factor to further investigate for the phono-graphematics
of Whisper is the role of the distribution of languages and of the subto-
kenisation algorithm. Assuming the transcriptions of 680,000 hours of
English are mixed all the other languages for the training of the byte pair
encoding algorithm, under-resourced languages seem to be doomed to
a character-based representation : whereas languages like English are
represented by several thousand subtokens, some of them being actual
words, less represented language only get a small fraction of the subto-
ken dictionary. The unequal distribution of the languages in the training
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data lead to an architectural bias in the Whisper models (Ballier, Burin,
et al., 2024). Previous research has pointed out some architectural bi-
ases of subtokenisation for NLP tasks. For example, for translation, Wis-
niewski, Zhu, Ballier, and Yvon (2021) have shown that the more subto-
kens are needed for occupational nouns, the more gender bias errors are
likely to be found in translations. Therefore, it is likely that subtokenisa-
tion raises issues that are still to be uncovered, whether in the represen-
tation of the written language (Downey, Blevins, Goldfine, and Steinert-
Threlkeld, 2023) or for the spoken language. Our paper is an initial in-
vestigation of these issues using a language that is under-represented in
the lists of languages used for the training data, sharing letters from the
same Unicode group, suggesting some of the dominant effects that can
also be pointed out when investigating the transcriptions fromWhisper.
Clearly, the model size, therefore the number of representations, plays a
crucial role, as well as, predictably enough, the size of the training data.
Compared to the largermodelwhere very few representationswere spot-
ted when transcribing 24 hours of speech of Persian, errors of that type
could be spotted in the different models.

It may be the case that alternate (sub)tokenisation algorithms may
be preferable, a point already made for the morphological tokenisation
of Soranî Kurdish (Ahmadi, 2020), which is written in a modified Perso-
Arabic script. Because of its specific orthographic and structural prop-
erties, the Perso-Arabic script presents specific challenges and oppor-
tunities for subtokenization. Subtokenisation models need to account
for these differences to achieve effective morphological segmentation,
and it would seem that the Unigram model tend to outperform BPE
for in this task. It should be noted that this issue has been raised for
LLMs (Petrov, La Malfa, Torr, and Bibi, 2024) and mitigating strategies
(Downey, Blevins, Goldfine, and Steinert-Threlkeld, 2023; Han and Zou,
2024) have been proposed for written models, and comparable experi-
ments should be carried out with audio LLMs.

8. Conclusion and Future Research

We have probed the graphemic outputs of Whisper and some of its
internal representations for the transcriptions of spontaneous speech.
Our reverse engineering perspective has enabled us to document how
graphemes of Persian are encoded in a multilingual model like Whis-
per. Our methodology could be replicated for other languages that have
a writing system potentially biased in the (sub)tokenisation phase. We
have been able to discuss architectural bias and properties of subto-
kens and explore how linguistic properties (like the ezafe) are encoded
in LLMs.
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One of the questions is the generalisability of our reverse engineer-
ing method. We can suggest that it can be extended to all the languages
which are treated by Whisper as a character-based model, namely lan-
guages for which theWhisper dictionary of subtokens mostly comprises
their alphabet. As a result of which, the decoder has to apply most of the
graphotactic constraints of the said language. This is what we showed
with the automatic substitution of initial and final letters which were
required in the final transcript as opposed to the grapheme in isolation
that are predicted internally, seeTable 3 that summarizes this point. The
list of languages likely to be treated on a character-based system is likely
to be deducted from the small number of hours in the training data as
published in the (Radford et al., 2023) appendix.

The demographic of the speakers in theWhisper training data is only
partially documented in Radford et al. (ibid.) since the training data is
not really known, even for the small number of hours (24) of the Persian
training data. As we suggested, we can nevertheless surmise that similar
effects that have been diagnosed for English (Graham and Roll, 2024a;
Sanabria et al., 2023) can be observed, for example, a different sensitivity
to accents and gender has been documented for English (Graham and
Roll, 2024a). Future research will need to see if the fine-tuned model for
Persian using the Mozilla Foundation Common Voice data13 has similar
gender bias for speech recognition.

Our strategy has been to treat the Whisper dictionary of subtokens
as a repository of graphemic units mapped to acoustic representations
of varying scope (from phonemic, syllabic to word-based representation
for languages like English) correspondences.14We have shown that Per-
sian corresponds the character-based representation : a limited number
of subtokens in the dictionarywas used in the encoder for the prediction
phase and graphotactic rules are applied by the decoder.

More generally, our roadmap for investigating the phonological
“knowledge” of audio LLMs consists of investigating the existence of
phonographemic mapping rules for subtokens. For this phonology of
subtokens, ifwe assume that subtokens are associated to similar pronun-
ciations, what is the acoustic granularity of this similarity? In the name
of robustness, we have to assume some plasticity for the acoustic in-
put matching the subtoken, a unique subtoken corresponding to several
phonetic realisations. A systematic analysis of the top ten alternate pre-
dictions (see Figure 6) for the transcription task should provide insight
into the phonetic representations of the different models: the subtokens

13. https://huggingface.co/speechbrain/asr-whisper-large-v2-commonvoice-fa
14. We do analyse the dictionary of the English onlymodels, based on GPT2, nor do

we detail here the fraction of special subtokens used to represent tasks, task position
of time stamps, see for instance Ballier, Burin, et al. (2024).
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predicted reflect the categorisation of phonetic neighbours as encoded
in the Whisper subtoken representations.
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A. Appendix

Table 6. Perso-Arabic Subtokens in the Multilingual Whisper Dictionary

ا ل ي ن ر م و ت د ه ب ع ة س ك

ق ح ف أ لا ع ي ج ى ه ش ن ذ يف ك

ص ط را ملا خ ني ةي ج ما لع ض اه ح نو ز

د إ ق ر ث رو ري للا او نأ تس ال ام اذ ىلع

مه ألا يد نا خ ير تلا با گ غ دا علا نع ام نك

مل آ ظ ئ يل عم مو لاب سلا يب حلا هللا دع ين ط

یک كل دو ار اذه چ هذ دح سا مك لل قلا شلا بر

اي دي ةر جلا يلع

Among the 344 Perso-Arabic characters extracted from theWhisper dic-
tionary, 240 are Persian but not exclusive to Persian, as they are also
used in Arabic. Punctuation marks are recorded in the Perso-Arabic for-
mat, following the right-to-left writing system.

The remaining characters belong to Arabic transcripts, some ofwhich
have been phased out of Persian due to the language’s evolution and
domestication.
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DevelopingOrthographic Conventions
of RomanHindi-Urdu
Saiya Karamali

Abstract. The Roman script has become ubiquitous over the past few decades for
writing Hindi-Urdu online. Not only have the orthographic conventions of Ro-
man Hindi-Urdu not been studied in detail, but the lack of prescriptive rules
gives us an opportunity to examine how a writing system might develop organi-
cally. After presenting a brief history of Roman Hindi-Urdu, and discussing pos-
sible reasons for its popularity, I use data from X (formerly Twitter) to identify
the most common orthographic representations for each Hindi-Urdu phoneme.
I then investigate how consistent these conventions are and which psychologi-
cal, sociocultural, and technological factors appear to have shaped their devel-
opment. I find a remarkable tendency toward a one-to-one relationship between
orthographic representations and phonemes, but I also find some considerations
which appear to override this tendency. By documenting the orthographic con-
ventions of Roman Hindi-Urdu, this paper provides a foundation for future work
on Roman Hindi-Urdu as well as a possible example of what an organically de-
veloping writing system might look like.

1. Introduction

Written language is full of the same kinds of complexities and intrigue
found in spoken language. In our modern era of frequent internet com-
munication, written language is a medium for users of vastly different
backgrounds to interact with each other, and users find ways of con-
veying social meaning through their choice of words, script, and ortho-
graphic conventions. The study ofwritten language has been largely ne-
glected in linguistics, and this paper is an attempt to fill that gap.

Advances in technology over the last two to three decades have accel-
erated the evolution ofmanywriting systems throughout theworld.This
includes shorthand used for instant messaging, visual characters such as
emojis, the development of orthographies for previously unwritten lan-
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guages, and the application of novel scripts to languages in which they
were not previously used (Meletis, 2018; Meletis and Dürscheid, 2022).

Two languages that have been significantly affected by changing
writing systems are Hindi and Urdu. These closely related Indo-Aryan
languages are extremely similar in informal registers. In formal speech,
lexical differences grow, but syntax and phonology remain very simi-
lar (Masica, 1991). Yet, Hindi and Urdu are generally considered sep-
arate languages for historical, political, and sociocultural reasons (Ah-
mad, 2011), and one of the most visible differentiators between Urdu
and Hindi is their use of separate writing systems. However, in recent
years, speakers of both languages have begun to use the Roman (Latin)
script in online and mobile communication as well as on billboards and
storefronts (Atta, 2021; Bali, Sharma, Choudhury, and Vyas, 2014). Since
the languages are so similar and are often indistinguishable in this form,
I consider them together, and will refer to them as Hindi-Urdu.

Although Roman Hindi-Urdu dates to British colonization of South
Asia, it lacks prescribed spelling rules and, in the technological age,
has undergone rapid adoption and evolution. In this paper, I use a
dataset harvested from X (formerly Twitter) to determine how the var-
ious sounds of Hindi-Urdu are represented in Roman orthography, and
to perform an analysis of what this tells us about Hindi-Urdu and about
how writing systems tend to develop when given the chance to do so
organically.

In Section 1, I summarize the background literature on writing sys-
tems, Roman Hindi-Urdu, the history of Hindi and Urdu, and Hindi-
Urdu phonology. In Section 2, I describe the goals, dataset, and methods
of this study. In Section 3, I examine the orthographic conventions for
writing each phoneme in Hindi-Urdu. In Section 4, I present the entire
list of correspondences between phonemes and graphemes and identify
the considerations which appear to have shaped the orthographic con-
ventions of Roman Hindi-Urdu. And in Section 5, I present several im-
portant avenues for future work.

1.1. Literature Review

1.1.1. Terminology for DiscussingWriting Systems

Following Meletis and Dürscheid (2022), I consider a grapheme to be the
smallest unit of a writing system. For an alphabet, that is equivalent to a
letter. A script is the set of graphemes used for a language, and an orthogra-
phy consists of a set of rules that govern how graphemes are put together
to form words. A writing system, then, consists of a script and, optionally,
an orthography.
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1.1.2. The History of Hindi and Urdu

Several authors have posited that Hindi and Urdu originated from
among many social dialects spoken in Delhi in the 1600s (Masica, 1991;
Schmidt, 2003). The Devanagari script, derived from older scripts which
developed on the Indian subcontinent (Masica, 1991), and Perso-Arabic
script, likely brought to India by Persian invaders in the eleventh cen-
tury, were both in use by then (Masica, 1991; T. Rahman, 2011; Salomon,
2003, pp. 58, 89). Starting in the 18th century, sociocultural divisions
between Hindus and Muslims grew—often due to deliberate actions by
British colonizers (Faruqi, 2003). By the twentieth century, the name
‘Urdu’ and the Perso-Arabic script had become associated with Muslims;
and the name ‘Hindi’ and the Devanagari script had become associated
with Hindus (T. Rahman, 2011, p. 99). This divide continued to grow
after India and Pakistan became independent, with Pakistan adopting
Urdu as its national language and India adopting Hindi.

The difference in writing systems remains the most salient across-
the-board difference between Urdu and Hindi (Ahmad, 2011; Rao, Vaid,
Srinivasan, and Chen, 2011). In spoken language, the two are mutually
intelligible, and regional differences are often greater than the differ-
ences between Urdu and Hindi (Schmidt, 2003). But although both lan-
guages include Perso-Arabic and Sanskrit loans, Urdu can be character-
ized by the use ofmore Perso-Arabic loans, and Hindi by the use ofmore
Sanskrit loans (Kachru, 2006; Shapiro, 2003). This is true of sounds, too,
where Urdu speakers are more likely to have acquired the Perso-Arabic
loans [q x G z f S], and many Hindi speakers have acquired the Sanskrit
loans [ï S ù] (Schmidt, 2003). These differences are probably not entirely
sociocultural; for instance, many Hindi speakers also may distinguish
/f S z/ (ibid.). Additionally, many self-identified Urdu speakers do not
use the Perso-Arabic loans, or use them less frequently, and the same is
true for self-identified Hindi speakers with Sanskrit loans (Fatima, 2011;
Mangrio and Ali, 2014; Ohala, 1983). Still, these sounds are another pos-
sible way that speakers might distinguish Urdu from Hindi.

1.1.3. History and uses of Roman Hindi-Urdu

Roman Hindi-Urdu was used as early as the nineteenth century, par-
ticularly by European missionaries and British Indians (Ahmad, 2011;
Nema and Chawla, 2018). The earliest Roman Hindi-Urdu publication
with which I am familiar is Gilchrist’s (1803) multilingual translation
of Aesop’s Fables, which includes Persian, Arabic, Hindi-Urdu, and sev-
eral other South Asian languages, all written in the Roman script. Many
Hindi-Urdu pedagogical materials since that time have used the Roman
script as well, which may be because they were geared towards British
learners or due to lower cost of publishing (e.g., Khan, 2000; A. Rah-
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man, 1923; R. N. Sharma, 1937). Early Roman Hindi-Urdu publications
generally devised their own systems of one-to-one correspondences be-
tween Roman characters and Hindi-Urdu sounds, and used a number of
diacritics to do so. Some conventions from this period, such as the use
of 〈kh〉 and 〈gh〉 to represent /x/ and /G/, appear to have carried over
to the present day, but many others—such as the representations for the
vowels—have changed.

In general, Indians and Pakistanis under British rule did not adopt
the Roman script (Faruqi, 2003), and upon independence in 1947, India
and Pakistan officially adopted the traditional Hindi and Urdu scripts,
respectively. Why, then, has Roman Hindi-Urdu exploded in popularity
in recent years? Certainly, the emergence of technology has introduced
the need to type, which was not always possible in scripts other than
the Latin script. But with the introduction of physical and virtual key-
boards for many more scripts, facility of use probably does not tell the
whole story. Recent statistical analyses of Romanization are sparse, but
languages appear to differ in whether the Roman script has continued to
be used: for instance, Androutsopoulos (2009) andMouresioti andTerk-
ourafi (2021) both found that Romanization is unpopular among Greek
speakers, but Bali, Sharma, Choudhury, and Vyas (2014) found that 84
percent of a sampling of Hindi Facebook posts were written in the Ro-
man script.

A possible reason for the popularity of the Roman script in South Asia
today is the prestige of English—which uses the Roman Script—in that
region. English was introduced by the British, and was taught in elite
schools dating back to the 19th century (T. Rahman, 2020). And de-
spite rising opposition to English at the time of independence, it still
became an official language of both India and Pakistan (National As-
sembly of Pakistan, 1973; Parliament of India, 1963) as well as a lingua
franca in multilingual regions of both countries (Mukherjee, 2010; Zaidi
and Zaki, 2017). English-language education remains widespread in pri-
vate schools in both India and Pakistan, leading many in the middle and
upper classes to be comfortable using both the English language and the
Roman script in formal settings (T. Rahman, 2020; Ramanathan, 2016).

Starting in the 1990s, economic development and globalization have
also contributed to increased prestige of English in South Asia, to the
point where it has become “ ‘the’ language of Indian youth” (Nema and
Chawla, 2018, emphasis in original). It is reasonable to suppose, then,
that the script of English has gained prestige along with the language.
Previous linguistic work has found concrete uses for Roman Hindi-
Urdu, as well. Rosowsky (2010) observed a Pakistani immigrant com-
munity in the UK and found that the Roman script is often used for
teaching Urdu and for teaching the Quran, and that the youth often use
the Roman script to transcribe Urdu songs and poetry. For these youth,
the Roman script is a tool to help preserve cultural, linguistic, and re-
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ligious identity. Atta (2021) found that Roman Urdu is commonly used
in billboards and storefronts in Pakistani cities, citing citizens’ ‘hybrid
identity’ due to colonization and globalization.

Thus, today’s RomanHindi-Urdu appears to be neither a colonial im-
position nor a direct reaction to technology. Instead, it is a response to
the modern needs and attitudes of many Hindi-Urdu speakers, and ap-
pears to be an increasingly important part of their linguistic repertoire.

1.1.4. Writing Systems

Previous studies have examined how people adapt new scripts to their
own languages. In some cases, users have clearly articulated philoso-
phies on how they do this: Androutsopoulos (2009) found that although
Greek has no prescriptive standards for Romanization, most users used
one of three loose ‘systems’: correspondence between Roman letters and
Greek sounds; correspondence between the shapes of Roman and Greek
letters; or correspondence between English and Greek keyboard loca-
tions. The second and third of these would then restrict possible readers
to thosewith knowledge of Greek script. In other cases, spelling conven-
tions are much less standardized: Akbari (2013) studied Romanized Per-
sian text messages by Iranian users and found a wide variety of spelling
techniques used, including multiple graphemes being used to represent
the same phoneme, variation in whether to use digits to represent a se-
quence of characters, and variation in whether to omit vowels.

Sociocultural factors have also led to the use of new scripts and or-
thographies. Sebba (2007) describes cases of oppressed groups develop-
ing their own writing conventions to distinguish their writing from that
of an oppressing group, as well as of graffiti artists using intentional
“misspellings” to invoke humor or cause their work to stand out. And
QDJY is an alternative orthography for Bahasa Indonesia which was de-
liberately created by an online community (Putra and Triyono, 2018).
QDJY uses the same script as the language’s official writing system, but
its highly innovative spelling conventions serve to identify QDJY users
as part of that community.

Meletis (2018) identifies four factors which may affect which script
and orthographic conventions eventually become widespread for a par-
ticular language. The first of these is linguistic fit, or how well a writing
system reflects the language. Generally, this is determined by how close
to one-to-one the correspondence between sounds and their representa-
tions is. The second factor is psychological or cognitive fit, or the relationship
between a writing system and our psychological, physical, and cogni-
tive faculties. Previous studies such as Rao, Vaid, Srinivasan, and Chen
(2011) have shown that some writing systems are more easily processed
cognitively than others. Higher linguistic fit will often lead to higher
psychological fit, but psychological fit can be measured independently
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through empirical experiments of reading and writing ability. The third
factor is sociocultural fit, or what attitudes users have about a script and
how well it fits their identities. The fourth possible factor is technological
fit, or how easily the script can be used on computers andmobile devices.
Meletis posits that these factors shape how likely a script is to be used
for a particular language.

The Devanagari script has the highest linguistic fit of thewriting sys-
tems used for Hindi-Urdu. That script has close to a one-to-one corre-
spondence between sounds and their representations, whereas the Urdu
script has sounds which are represented by multiple symbols, symbols
which represent multiple sounds, and at least one silent letter; and vow-
els are generally omitted.TheHindiwriting system has a higher psycho-
logical and cognitive fit, as well: Rao, Vaid, Srinivasan, and Chen (2011)
found that Hindi-Urdu biliterate readers were consistently able to read
more quickly in Devanagari than in Perso-Arabic.

With regard to sociocultural fit, Unseth (2005) identifies three socio-
cultural aims that script choice can achieve: identification with a partic-
ular group; distanciation from a particular group; and ease of interac-
tion with outside communities. Indeed, the Perso-Arabic script has his-
torically been so closely identified with South Asian Muslims that it has
made them resistant to using both the Devanagari and Roman scripts, to
the point where Urdu speakers sometimes use Perso-Arabicwriting con-
ventions even when writing in the Devanagari script, where such con-
ventions are of no linguistic use (Ahmad, 2011). Additionally, the Roman
script was historically associated with colonization, from which South
Asians may have wished to distance themselves (ibid.). Recently, how-
ever, the Roman script has become associated with economic prosperity
in South Asia (Nema and Chawla, 2018), which may have increased the
sociocultural fit of the Roman script in both Hindi and Urdu. And finally,
the Roman script may have the highest technological fit, because it was
among the first scripts used on computers and mobile devices; but per-
haps not overwhelmingly so, given that Urdu and Hindi keyboards are
also available, particularly on mobile devices.

2. Methods

2.1. Dataset

I obtained my dataset by taking a random sampling of posts using the
X streaming API1, which returns a random sample of posts which are
created while the stream is running. I collected posts between May 1

1. https://developer.x.com/en/docs/tutorials/stream-tweets-in-real-time
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and May 9, 2023, resulting in a total of 56.5 GB of posts being collected.
I filtered the posts to include only those in ASCII characters which were
classified by X as either Hindi or Urdu. Web addresses and mentions
were removed from posts, and duplicate reposts and quote posts were
removed from the dataset. The resulting dataset consists of 8909 posts,
only a small fraction of the posts collected.

More posts could not be collected because X removed access to its
APIs for academic research as of June 8, 2023. X and other online fora
are key sources of emerging linguistic data and unfortunately, none of
these are currently available for reasonable pricing. X, for instance, now
charges $5000 per month to perform the data collection carried out in
this study. However, the 8909 posts provide a sample large enough to
perform a linguistic analysis of what spelling conventions are used, and
which I supplement with more fine-grained qualitative analysis.

2.2. Methods

From the 8909 posts I retained from X, I extracted the 2000 most fre-
quent orthographic “words”, where a word is a group of characters sep-
arated bywhitespace. No effort was made at this stage to group together
alternate orthographic representationswhich correspond to the same se-
mantic word. I did, however, remove words which I judged to be proper
names or loanwords from English, since proper names may have more
standardized spellings and the spellings of English loanwords could be
influenced by their English orthography.

In order to analyze each phoneme, I first used my own knowledge
as well as manual examination of posts to identify the possible ortho-
graphic representations of each phoneme. I then filtered the set of or-
thographic words to include only words with these representations, and
then manually inspected the resulting data and removed words which
appeared not to include the target phoneme. I did this using my own
knowledge as an Urdu speaker to determine the most likely phonetic
form for each word, with assistance from Wiktionary (2023), where
needed.Wiktionary has been previously used as a source of community-
built transcriptions for a given community’s language variety (seeMeyer
and Gurevych, 2012; Noruzi, 2023), and appeared to be the most reliable
source available. I then counted the occurrences of each orthographic
representation for the given phoneme.

A few phonemes were too rare to exhibit meaningful patterns within
the top 2000words. In these cases, as noted in Section 3, I expanded the
dataset by searching directly for possible representations ofwordswhich
contain the target phoneme. I identified these words by using wordfreq
(Speer, 2022) to list the most frequent Hindi words containing a given
Devanagari character.
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In Section 3, I present my findings for each phoneme in the Hindi-
Urdu phonemic inventory. I discuss patterns in how various natural
classes of phonemes are written and explore what these tell us about
Roman Hindi-Urdu writing conventions. I then explore the possible ef-
fects of phonological variation, sociocultural variation, and perception
of the various sounds by Hindi-Urdu speakers.

3. Analysis

In this section, I beginwith a discussion of theHindi-Urdu phonemic in-
ventory and of which phonemes are likely to be too rare to draw conclu-
sions on. I then discuss the orthographic representations of the various
classes of phonemes, starting with the consonants. For each phoneme
for which I have sufficient data, I determine the possible orthographic
representations and discuss what these tell us about linguistic, psycho-
logical, sociocultural, and technological fit in Roman Hindi-Urdu.

3.1. Phonemic Inventory

Table 1 displays the generally accepted phonemic consonant inven-
tory of Hindi-Urdu (Ohala, 1994; Schmidt, 2003; Shapiro, 2003). Perso-
Arabic and Sanskrit loans are noted.

Hindi-Urdu has a four way stop contrast for the four main places of
articulation, and some speakers additionally have a voiceless uvular stop.
Palatal affricates also exhibit a four way voicing contrast, and most na-
tive consonants also exhibit a phonemic length contrast word-medially
before lax vowels. The geminate nasals, fricatives, and approximants do
not occur frequently enough in my data to analyze in detail, but I do
analyze the geminate stops as a possible model for how other geminates
could potentially be written. /ã/ and /ó/ are in complementary distri-
bution in native words, but /ã/ can occur in additional environments
in English loanwords and thus is generally considered its own phoneme
(Schmidt, 2003). Among nasal stops, only /m m: n n:/ are widespread
across speakers and across phonemic environments; /ï ñ N/ occur con-
trastively only in formal Hindi registers, and only in homorganic nasal-
stop clusters (Ohala, 1983, p. 5). /f z ù S x G h/ also occur only among a
subset of speakers. Several authors consider /v/ to be an approximant be-
cause it is often realized as [w] (Kachru, 2006; Schmidt, 2003; Shapiro,
2003); and some authors transcribe /v/ with /V/, as well (Ohala, 1994).
But Pierrehumbert and Nair (1996) find clear frication in [v], and iden-
tify a pattern of complementary variation with [w]. Additionally, /v:/
is never pronounced as an approximant (Ohala, 1983, pp. 6-7). Thus, I
analyze /v/ with the fricatives in my analysis.
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A few different analyses of the Hindi-Urdu vowel system have been
proposed. The first of two main points of contention is whether Hindi-
Urdu has phonemic vowel length or a phonemic tenseness contrast. Ac-
cording to Schmidt (2003), /i: e: u: o:/ and /I E U O/ do differ in quality,
but have nonetheless generally been analyzed as differing in length. The
second point of contention is whether Hindi-Urdu has any diphthongs,
and if so, how many. Most phonological grammars of Hindi Urdu posit
that there are no diphthongs (Kachru, 2006; Ohala, 1983; 1994; Schmidt,
2003; Shapiro, 2003); by contrast, several recent studies have found
between two and eighteen diphthongs in Hindi-Urdu, but these seem
to differ significantly by dialect (Khurshid, Usman, and Javaid, 2003;
Mishra and Bali, 2011; B. D. Sharma, 2018).

Assuming a tenseness contrast and no diphthongs results in the
phonemic inventory shown in Figure 1. All but /æ/ occur in nativewords
and exhibit a phonemic nasalization contrast. /æ/ is generally consid-
ered to be an additional phoneme, but it mainly occurs in loans from
English, so I will not discuss it explicitly except where relevant to the
orthographic representations of other vowels.

æ

U U ̃I I ̃

@ ̃•@•

ũ•u•

õ•o•

O ̃•O•

6 ̃•6•

Ẽ•E•

ẽ•e•

ĩ•i•

Fig. 1. An eleven vowel phonemic inventory of Hindi-Urdu (Ohala, 1983)

3.2. Oral Stops, Velar Fricatives, and Affricates

I begin by discussing the orthographic representations of the oral stops.
Because most speakers have at least 30 oral stop phonemes in Hindi-
Urdu, and the Roman script only has six standard letters for writing
stops without diacritics, the stops are a good case for assessing the im-
portance of linguistic fit. Yet, RomanHindi-Urdu has developed remark-
ably consistentways ofmarking aspirated, breathyvoiced, and geminate
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consonants. Place of articulation is represented with 〈b d g p t k〉, sim-
ilarly to English: 〈p b〉 are bilabial stops; 〈t d〉 are dental stops; and 〈k
g〉 are velar stops. 〈c〉 is in general not used: the only word in which it
appears outside of 〈ch〉 is 〈crore〉 ‘ten million’, a spelling which dates
back to 19th century British India (Oxford Dictionary Press, 1893). To
represent gemination and voice quality contrasts, a second character is
used. To represent an aspirated stop, 〈h〉 follows a voiceless stop sym-
bol, and to represent a breathy voiced stop, 〈h〉 follows a voiced stop
symbol. To represent a geminate stop, the stop symbol is repeated. The
graphemic representations resulting from this system are shown in Ta-
ble 2. Retroflex stops do not use unique symbols, and are instead repre-
sented using the same symbols as dental stops. I did not identify any as-
pirated retroflex stops, geminate retroflex stops, or aspirated geminate
stops in the top 2000 words, although these are possible according to
Ohala (1983, p. 2). If these follow the same pattern as the other stops, as-
pirated and geminate retroflex stops would be represented in the same
way as their dental counterparts, and aspirated geminate stops could
be represented using three-character graphemes with the stop character
appearing twice, followed by 〈h〉. Further studywill be required in order
to determine whether this is the case.

Table 2. Representations of the various stop contrasts for voiced dental and
retroflex stops

Place of Articulation Bilabial Dental Velar Retroflex

Singleton Unaspirated 〈p〉 〈b〉 〈t〉 〈d〉 〈k〉 〈g〉 〈t〉 〈d〉
Singleton Aspirated/Breathy 〈ph〉 〈bh〉 〈th〉 〈dh〉 〈kh〉 〈gh〉 No data

Geminate Unaspirated 〈pp〉 〈bb〉 〈tt〉 〈dd〉 〈kk〉 〈gg〉 No data

Although retroflex Hindi-Urdu stops occur in the same phonetic en-
vironments as dental stops, they are much rarer in native words. At the
same time, retroflex stops occur almost exclusively in loanwords from
English (Center for Language Engineering, n.d.). In the top 2000words
in my dataset, which excludes English loanwords, /ú/ occurs 5 times and
/ã/occurs twice, in all cases represented by 〈t〉 and 〈d〉. Some of these
occurrences are listed in Table 3.

English loanwords often feature different phonotactic constraints
from native words and they may also borrow English orthographic con-
ventions. Thus, the distribution of retroflex stops in Hindi-Urdu may
itself lead to relatively few cases of complete ambiguity. Additionally, 〈t〉
and 〈d〉 are convenient to type and may already be associated with the
retroflex stops as a result of English orthography. If ambiguity between
the retroflex and dental stops is indeed low, I hypothesize that using 〈t
d〉 for both sets could maximize technological fit at low cost of psycho-



372 Saiya Karamali

Table 3. Miscellaneous examples of 〈t〉 and 〈d〉

Roman spelling 〈ghanta〉 〈theek〉 〈dal〉 〈tha〉 〈tum〉 〈desh〉

Phonemic
representation [gH@nú@] [úhi:k] [ãA:l] [t”hA] [t”Um] [de:S]

Meaning ‘hour’ ‘fine’ ‘put’ ‘was’ ‘you’ ‘country’
Occurrences 10 28 6 301 288 166

logical fit. The velar fricatives /x G/ also reuse the stop representations
in some cases. These sounds have no clear analogue in English orthog-
raphy, and in Hindi-Urdu pedagogical literature and early colonial liter-
ature, these are typically represented by 〈kh gh〉 and differentiated from
/kh gH/ only by diacritics. Complicating the situation is phonological
variation: /x/ is frequently pronounced as /kh/ by some speakers, but
/G/ is often pronounced as [g] (Fatima, 2011). If phonological variation
is represented in writing, then, one might expect /gH/ to be represented
by 〈g〉, but /kh/ not to be represented by 〈k〉. Indeed, /G/ is represented
by 〈g〉 more frequently than by 〈gh〉, but /kh/ is exclusively represented
by 〈kh〉. Full frequency counts for each orthographic representation are
listed in Tables 4 and 5. Thus, I conclude that the representations of /x/
and /G/ do reflect phonological variation.

Table 4. Frequency counts by
phoneme represented by 〈k〉 and
〈kh〉

〈k〉 〈kh〉

/kh/ 0 1011
/x/ 0 366
/k/ 15558 0

Table 5. Frequency counts by
phoneme represented by 〈g〉 and
〈gh〉

〈g〉 〈gh〉

/gH/ 0 178
/G/ 100 27
/g/ 3326 0

Finally, I consider the voiceless uvular stop /q/. /q/ also has no ob-
vious analogue in English orthography, and has historically been repre-
sented by 〈q〉 in early literature (Gilchrist, 1803; A. Rahman, 1923; R. N.
Sharma, 1937). In similar fashion to /x G/, /q/ surfaces as [k] for many
speakers (Fatima, 2011; Shapiro, 2003). Like the retroflex stops, /q/ is
relatively rare underlyingly, and I only identified 7 instances of it in the
top 2000 most common words in the dataset. Table 6 shows the fre-
quency counts of the letters used to represent /q/ in these words. On
the one hand, the usage of 〈k〉 could reflect phonological variation, as
was the case for /x G/. But 〈k〉 could simply be another representation
of /q/, which also seems plausible because of the rarity of /q/. Like the
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retroflex stops, this would then be another possible case of orthographic
representations being reused for rare phonemes.

Table 6. Orthographic representations of /q/ in the data

〈q〉 〈k〉

/q/ 129 66

Finally, the affricates />
tS/ and />

dZ/ also exhibit an aspiration contrast
as well as a length contrast, and in their singleton unaspirated forms are
represented by 〈ch〉 and 〈j〉 respectively, which seem to be straightfor-
wardly derived from English orthography. />

dZ/ shows the same tenden-
cies as the stops, with 〈jh〉 and 〈jj〉 representing the breathy voiced and
geminated forms, respectively. The fact that 〈ch〉 is two characters long
complicates things, however. If />

tS/ matched the behavior of the stops,
〈chh〉 would represent />

tSh/ and 〈cch〉 or 〈chch〉 would likely represent
/>

tS:/. Instead, this pattern seems to break down, with />
tS/ and />

tSh/ both
being predominantly represented by 〈ch〉, and the rarer forms />

tS:/ and
/>

tSh:/ having all four possible representations. Table 7 shows the full fre-
quency counts. The instability of />

tS:/ and />
tSh:/ indicates that three- and

four-character representations may be harder to distinguish from each
other; future work can test this hypothesis. If this is true, the rarity of
longer orthographic representations could represent the maximization
of psychological fit at the cost of linguistic fit.

Table 7. Orthographic representations of />
tS

>
tSh

>
tS:

>
tSh:/

〈cch〉 〈chh〉 〈ch〉 〈chch〉

/>
tS/ 0 0 600 0

/>
tSh/ 0 78 559 0
/>

tS:/ 18 9 35 11
/>

tSh:/ 32 52 11 24

3.3. Nasal Stops

As with the oral stops, the orthographic representations of nasal stops
are relatively straightforward, with possible ambiguities occurring only
in particular phonetic environments among a relatively rare set of
words. /n/ and /m/—the only nasal stops to occur in a wide range of
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phonetic environments—are exclusively represented by 〈n〉 and 〈m〉, re-
spectively. /ï N ñ/ are all rare in my data, and I selected words from the
entire dataset in order to study these. /ï/ and /N/ are represented by
〈n〉 in all of the examples in my data, and /ñ/, which occurs rarely in
my data, is written using 〈y〉 or 〈n〉. All three of these occur only before
homorganic stops and affricates, and many speakers exhibit no contrast
even in those cases. So 〈n〉 is ambiguous only in particular consonant
clusters and only for certain speakers. Thus, as with retroflex stops, ex-
isting orthographic representations are again re-used to represent rare
phonemes.

3.4. Sibilants and Fricatives

Next, I consider the sibilants. The main point of note here is that al-
though the core Hindi-Urdu alveolar sibilants are /s >

dZ/, /S/ is present in
Sanskrit and Perso-Arabic loans and /z/ is present in Perso-Arabic loans
only. According to Ohala (1983, p. 4), most Hindi speakers pronounce
/S/ as [s] and /z/ as [>

dZ]. In written form, I found several examples of /z/
being written with 〈j〉, but none of /S/ being written with 〈s〉. The fre-
quency counts for each grapheme used to represent /s z S

>
dZ/ are shown

in Tables 8 and 9. And finally, the Sanskrit loan /ù/ is rare in my data
but appears to be represented by 〈sh〉 when it does appear. Again, rare
phonemes seem more likely to re-use orthographic representations.

Table 8. Orthographic representa-
tions of /z/ and />

dZ/

〈z〉 〈j〉

/z/ 465 192
/>

dZ/ 0 3846

Table 9. Orthographic representa-
tions of /s/ and /S/

〈s〉 〈sh〉

/s/ 5885 0
/S/ 0 1256

Shapiro (2003) indeed considers /S/ to be a standard pronunciation,
whereas /z/ almost certainly is not, so the use of 〈sh〉 to represent /S/
may be a result of more speakers contrasting /s/ and /S/ in speech. Ad-
ditionally, perhaps the fact that /S/ exists in both Sanskrit and Arabic
loans neutralizes sociocultural factors which might make some Hindi
speakers less likely to contrast /z/ and />

dZ/ in writing even if they are
aware of the contrast.

/f/ is another Perso-Arabic loan which is often pronounced as /p/ in
speech. However, Shapiro (ibid.) and Mangrio and Ali (2014) also note
the existence of hypercorrection in bothUrdu andHindi speakers,where
/p/ may be pronounced as [f] even in native words. In the data, the only
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such word I found was /phIR/ ‘then’, which was spelled as 〈fir〉 and 〈phir〉
at nearly equal frequency. This word is the most cited example of this
phenomenon and perhaps the most common one in speech, so this may
well reflect actual pronunciation. Otherwise, 〈p〉 consistently represents
/p/ and 〈f〉 consistently represents /f/.

The final fricative to consider is /v/, where a case of allophonic varia-
tion may give evidence for how a phonememay be representedwhen the
correspondence to the Roman script is not easily perceived. According
to Pierrehumbert and Nair (1996), /v/ is realized as [w] in the onglide
position of a syllable; that is, between a syllable-initial consonant and a
vowel, or between an obstruent and a word boundary. They found [v]
and [w] to be in free variation between a word-medial singleton con-
sonant and a vowel; apparently because the singleton consonant can be
analyzed either as a syllable onset or as the coda of the previous syllable.
Furthermore, Grover’s (2016) perceptual study found that native Hindi
speakers could not reliably distinguish hearing [v] and [w]. If this is true,
we might expect 〈v〉 and 〈w〉 both to be used to represent 〈w〉 regardless
of phonetic environment.

Inmydata, 〈w〉 in fact occursmore frequently than 〈v〉 in all positions,
including those that are realized as [v] in speech. The first two rows of
Table 10 show the frequency counts of 〈v〉 and 〈w〉 for phonetic environ-
ments where [v] is the expected surface form, and the third row shows
the scenario where [v] and [w] are in free variation. I have insufficient
data for words where [w] is the expected surface form, but given that
〈w〉 is already the more likely orthographic representation, 〈w〉 appears
to be the more likely representation across the board. I conclude, then,
that the orthographic representation of /v/ does not reflect its phonetic
realization, but given a perceived ambiguity in sounds represented by
〈v〉 and 〈w〉, 〈w〉 may be organically developing to be a standard form,
possibly reflecting a tendency toward higher linguistic fit.

Table 10. Orthographic representations of /v/ by word position

Phonetic Environment Expected Surface Form 〈v〉 〈w〉

Word-initial [v] 200 984
Word-medial, following
a vowel [v] 76 233

Word-medial, following
a singleton consonant [v] or [w] 46 107
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3.5. Approximants

Hindi-Urdu has the lateral approximant /l/ and four rhotic approxi-
mants/ó óH R R:/. Previous work generally analyzes all of these as taps or
flaps, (Kachru, 2006; Ohala, 1994; Schmidt, 2003; Shapiro, 2003), but
Ohala (1994) notes that /R/ is often realized as a trill, and /R:/ is always
realized as a trill. The lateral approximant takes the straightforward rep-
resentation 〈l〉 with little ambiguity, but the rhotic approximants are
more complicated. I have already noted that retroflex stops are not dis-
tinguished orthographically from other apical stops. It is notable, then,
that /ó/ is often written as 〈d〉. This distinguishes the retroflex and alve-
olar flaps from each other, but it means /d”/, /ã/, and /ó/ are predomi-
nantly written the same way. Since /ã/ and /ó/ occur in complementary
distribution except in English loanwords, there would be no ambigu-
ity between these two phonemes for any of the words in my dataset.
There could potentially be confusion in English loanwords, but since
these often follow different phonotactic constraints, it is possible that
they would be recognizable using other features.

The frequencies of all of the orthographic representations which rep-
resent rhotic approximants are shown in Table 11. A future perceptual
study may shed light on whether distinguishing /ó/ from /r/ turns out
to be more meaningful with regard to reducing ambiguity.

Table 11. Orthographic representations of rhotic approximants

〈r〉 〈rr〉 〈d〉 〈dd〉 〈rh〉 〈dh〉

/R/ or /R:/ 6223 33 0 0 0 0
/ó/ 63 0 129 0 0 0
/óH/ 0 0 0 0 0 33

/d”/ or /ã/ 0 0 3470 0 0 0
/d”:/ 0 0 0 95 0 0
/d”H/ 0 0 0 0 0 462

It appears that /R/ and /R:/ are both represented by 〈r〉. However, /R/
in the interjection /@Re:/ and the word /ã@R/ ‘fear’ seems to be sometimes
represented by 〈rr〉 (seeTable 12), and /R:/ seems to never be represented
by 〈rr〉. The reason for this is unclear, but it is possible that a larger
dataset could show more uses of 〈rr〉. Overall, possible correspondences
between the different taps and Roman script representations are much
less obvious, and this seems to lessen the likelihood of achieving high
linguistic fit for these phonemes.
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Table 12. Orthographic representations of /@Re:/ ‘hey!’ and /ã@R/ ‘fear’

/@Re:/ /ã@R/

〈rr〉 23 10
〈r〉 32 16

3.6. /j/ and /H/

The consonants that remain to be examined are /j/ and /H/. Both of these
are notable inmydata because they allowme to considerwhetherRoman
Hindi-Urdu inherits certain features from the historical Hindi and Urdu
scripts.

/j/ often appears before or after a high or mid front vowel, as in [d”IjA]
‘give’ and [g@ji] ‘go’-3pst (ibid.). These are generally not transcribed as
vowel hiatus—and the glide is written in both the Hindi and Urdu or-
thographies—but vowel hiatus would presumably be a possible way to
analyze these sequences. Table 13 shows the representations of various
sequences that could potentially be perceived either as vowel hiatus or
as an approximant between two vowels. In all of these sequences, it is
more common to include the 〈y〉 than to omit it. I conclude that these
sequences are typically not viewed as vowel hiatus, and this could be ei-
ther because of how they are perceived in speech or because of how they
have historically been written.

Table 13. Representations of high vowel-glide-vowel clusters

Representation 〈iya〉 〈ia〉 〈iye〉 〈ie〉 〈iyo〉

Phonetic Form /IjA/ /IjA/ /Ije/ /Ije/ /Ijo/
Occurrences 378 64 88 51 13

A notable feature of /H/ is that both the Hindi and Urdu orthogra-
phies sometimes mark a historical word-final /H/ which is now deleted
(Oberlies, 2005). Of course, a word-final orthographic 〈h〉 is also com-
mon in English in words such as ah and oh. So, I consider whether an
orthographic word-final 〈h〉 exists in Roman Hindi-Urdu and whether it
is more likely in words where this mirrors the Hindi and Urdu represen-
tations. The vast majority of vowel-final words in the data are written
with no final 〈h〉. Of the words that are indeed written with word-final
〈h〉, the majority end in low vowels, and the majority have a word-final
〈h〉 in Hindi orthography, as shown in Table 14. The representations in
Urdu orthography often overlap but may not match exactly. Still, this is
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potentially another case of features of historical writing systems being
carried over to the Roman script.

Table 14. 〈h〉-final Roman Hindi-Urdu words by their Hindi representation

Word-final /H/ represented
in Hindi Orthography

No word-final /H/
represented in Hindi

566 352

3.7. Oral Vowels

Of the eleven vowels in the Hindi-Urdu phonemic inventory, all of them
are present in several dialects of English. Yet, English orthography does
not represent these uniquely, which makes the vowels an interesting
study of how the Roman script maps onto Hindi-Urdu phonemes. De-
vanagari does represent these uniquely (Shapiro, 2003), whereas Perso-
Arabic represents the vowels with a total of only three graphemes. In his
Roman-script translations of Aesop’s Fables, Gilchrist (1803) devises his
own system for representing the vowels: He adds 〈uo〉, 〈ee〉, 〈oo〉, and 〈y〉,
but still appears to use 〈oo〉 to represent both /u/ and /U/. Pedagogical
materials published since have used a wide variety of systems: A. Rah-
man (1923) and R. N. Sharma (1937) use 〈̄i ē ū〉 to represent /i e u/ and
〈au〉 to represent /O/; and Khan (2000) uses capital letters to represent
the lax vowels.

I now analyze the orthographic representations of vowels in my data.
I generally will focus on monophthongs in this analysis, but /ai oi au
@u/—which may be diphthongs in some dialects, and cases of hiatus
in others—appeared prominently in my data and their representations
sometimes overlapped with the representations of monophthongs, so I
include these as well in order to provide a fuller picture of the monoph-
thongs.

First, I consider the front vowels as well as /Ai/ and /oi/. Frequency
counts of the graphemes and grapheme combinations used to represent
these are shown in Table 15. 〈i〉 almost always represents both /i/ and
/I/. Using 〈ee〉 for /i/ is a possible way to draw that distinction, but is
relatively uncommon. Interestingly, this is a departure from historical
Roman-Urdu conventions at the expense of lower linguistic fit, and the
reason for this is not entirely clear, given that 〈ee〉 is commonly used in
English orthography to make exactly this distinction. A larger distinc-
tion is drawn between /e/ and /E/, with 〈e〉 typically used to represent
/e/, and 〈ai〉 typically used to represent /E/. This, in turn, blurs the dis-
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tinction between /Ai/ and /E/, but since /Ai/ is not necessarily mono-
syllabic, it is possible that that distinction is clearer from context. /oi/
occurs in only one of the 2000 most common words, /koi/ ‘somebody’,
and it is generally represented by 〈oi〉.

Table 15. Orthographic representations of front vowels and potential diphthongs
involving front vowels

〈i〉 〈ai〉 〈oi〉 〈ii〉 〈e〉 〈ee〉 〈oyi〉

/I/ 1246 0 0 0 2 0 0
/i/ 2244 9 0 6 44 342 0
/E/ 0 806 0 0 163 0 0
/Ai/ 0 3986 0 0 0 0 0
/oi/ 0 0 378 0 0 0 11
/e/ 14 1320 0 0 13570 6 0
/@/ 0 0 0 0 137 0 0

I now turn my attention to sequences involving back vowels. The fre-
quency counts of their representations are shown in Table 16. Analo-
gous to my findings for front vowels, 〈oo〉 seems to have been largely
abandoned in favor of using 〈u〉 to represent both /U/ and /u/. However,
〈o〉 is used to represent /o/ and 〈au〉 generally represents /O/. Thus, for
both front and back vowels, high vowels are more ambiguous in Roman
Hindi-Urdu than mid-vowels, and this may be evidence that tenseness
distinctions between the mid vowels are more salient to speakers. /A/
is represented by both 〈a〉 and 〈aa〉, but neither of these represents any
other phonemes.

I observe considerable variation in the representation of /@/. Shapiro
(2003) considers this sound to be mid-central as in [@] or [2], whereas
Ohala (1994) considers it to be lower, closer to [5]. That would make 〈a〉,
which represents other low vowels, a possible candidate. Orthographi-
cally, both the Perso-Arabic and Devanagari writing systems mark /@/
only at the beginning of a word. Interestingly, Gilchrist (1803) uses 〈u〉

Table 16. Orthographic representations of back vowels

〈o〉 〈u〉 〈au〉 〈ou〉 〈oo〉 〈a〉 〈aa〉

/U/ 0 3026 0 0 0 0 0
/u/ 52 1368 0 0 225 0 0
/o/ 6560 0 0 48 31 0 0
/O/ 239 0 927 0 0 0 0
/Au/ 0 0 14 0 0 0 0
/@u/ 0 0 13 0 0 0 0
/A/ 0 0 0 0 0 3787 2961
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to represent /@/. Additionally, /@/ is often fronted to [E] before /H/, where
the sound following /H/ is not /@/ (Pandey, 1991). /@/, then, has several
contenders for possible orthographic representations. And as with /v/,
/@/ gives us another opportunity to see whether an allophonic process
is reflected in Roman orthography. The orthographic representations of
/@/ in my data are shown in Table 17.

Table 17. Orthographic representations of /@/

Representation Ø 〈a〉 〈e〉 〈i〉 〈u〉

Occurrences 1140 12327 126 12 276

/@/ is most commonly represented by 〈a〉, while using no vowel is
the second most common strategy, and the use of 〈e〉 and 〈i〉 is rare. 〈u〉
seems to appear in words involving the first-person pronoun morpheme
/H@m/, but in no other words. Since /H@m/ is a common morpheme, this
may be a convention that was carried over from early publications. That
there is so much variation may indicate that phonemic /@/ is not con-
sistently perceived as any particular vowel. It is possible that perception
of /@/ depends on its phonological environment; this would resemble
English, where /@/ typically takes on acoustic properties of neighboring
vowels (Cole, Linebaugh, Munson, and McMurray, 2010). Since /A/ is
the most common representation, it may be the most common way that
/@/ is perceived, or this may be an example of linguistic fit being arbi-
trarily maximized over time. Future work can further examine whether
the representations of /@/ differ based on their phonetic environment.

Another observation from Table 18 is that the omission of /@/ in the
orthography is more common than the use of 〈e〉, 〈i〉, and 〈u〉, but is not
close to being the preferred strategy. It is possible that doing this more
often would introduce ambiguity; in the data, the majority of omissions
of /@/ indeed do not create ambiguity. The most frequent examples are
shown in Table 18.

Table 18. The four most commonwords where /@/ is represented by the absence
of a vowel

Orthographic representation 〈nhi〉 〈kr〉 〈rha〉 〈pr〉

Phonemic form [n@h̃i] [k@r] [r@HA] [p@r]
Meaning ‘no’ ‘do’ ‘stay’ ‘on’

Occurrences 348 154 93 76
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3.8. Nasal Vowels

Nasal vowels are used in Hindi-Urdu morphology for inflecting both
nouns and verbs. In both cases, nasalization of the final vowel, or the ad-
dition of a nasalized vowel to the end of the word, serves to mark plural-
ization of a noun or of a verb conjugation. Harbour (2021) points out that
many languages do notmark suchmorphological processes phonetically,
and even those that do often don’t mark them orthographically. Both the
Hindi and Urdu orthographies do mark nasalization however, and both
do so by adding a separate character in addition to the vowel. In Perso-
Arabic, this character is derived from the representation of 〈n〉, whereas
Devanagari has a separate character specifically to indicate nasalization.

Outside of morphological processes, Ohala (1983) and Masica (1991)
agree that Hindi-Urdu has phonemic nasal vowelsword-finally andword
medially before voiceless consonants. However, even when expanding
my dataset to all words, I identified only four examples of word-medial
nasal vowels. These are listed in Table 19 along with their frequencies.
Although it is difficult to draw conclusions on such a small sample size,
〈n〉 is indeed used to distinguish word-medial nasal vowels from oral
vowels. Note that use of the 〈n〉 matches the convention used in the Urdu
writing system.

Table 19. Occurrences of underlying word-medial nasal vowels in the fully ex-
panded dataset

Orthography 〈saanp〉 〈ansu〉/〈aansu〉 〈hanso〉

Meaning ‘snake’ ‘tears’ ‘laugh’
Phonetic form [sÃ:p] [Ã:su] [HÃso]
Occurrences 2 6 1

Because phonemic nasal vowels are relatively rare other than in mor-
phological inflections, I expand the dataset to the top 4000 most fre-
quent words in my data. These include eight words with phonemic
nasal vowels: /n@H̃i/ ‘no’, /HÃ:/ ‘yes’, /kjũ/ ‘why’, /j@è̃i/ ‘here’, /jAHÃ:/ ‘here’,
/kAHÃ:/ ‘where’, />

dZAHÃ:/ ‘where’, and /vAHÃ:/ ‘there’. Again, nasalization
can be indicated by inserting 〈n〉 after the vowel; but the nasal vow-
els in these words are much more frequently written without marking
nasalization. Table 20 shows the frequency counts of each of the possi-
ble forms.

Finally, I examine word-final nasal vowels that do result from inflec-
tional processes. The most frequent of these processes is pluralization of
both noun and verb forms, where a word-final oral vowel is nasalized, or
a nasal vowel is added to aword-final consonant. In both cases, the plural
form often forms a minimal pair with the singular form, which makes it
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Table 20. Frequencies of the different representations of nasal vowels in the top
4000 words in the dataset, excluding nasal vowels resulting from inflectional
processes. V represents a vowel grapheme.

Orthographic Form V〈n〉 V

Frequency 289 1476

difficult to quantify cases where the nasalized form is not marked. Chief
among these is [Hẽ:], the third person plural form of ‘to be’, which often
cannot be disambiguated from the singular form [He:] without examin-
ing each post containing them.Table 21 lists the representations of these
words in the datawith their frequencies—the forms ending in 〈n〉 are un-
ambiguously plural.

Table 21. Representations of the third person ‘to be’ forms

Representation 〈hai〉 〈hain〉 〈h〉 〈hen〉 〈hein〉 〈hn〉

Phonetic forms [He:] or [Hẽ:] [Hẽ:] [He:] or [Hẽ:] [Hẽ:] [Hẽ:] [Hẽ:]
Occurrences 3285 411 349 20 17 14

I now turn my attention to the remainder of the inflected forms.
Once again expanding to the 4000most frequentwords, theword [betIjÃ]
‘daughters’ is written with a word-final 〈n〉 7 times, and without a word-
final 〈n〉 8 times. For this word, there is no ambiguity between the singu-
lar and plural forms. However, I identified 295 other inflected formswith
word-final nasal vowels, and all of them were written with nasalization
marked. The most frequent of these are shown with their frequencies in
Table 22.

Table 22. Common morphological inflections with word-final nasal vowels

Representation 〈logon〉 〈doston〉 〈walon〉

Phonetic form [lo:gõ] [do:stõ] [vA:lõ]
Meaning ‘people’ ‘friends’ ‘ones’

Occurrences 75 28 21

I conclude, then, that nasalization is marked when it is a result of
grammatical inflection, but is not marked otherwise. This contradicts
Harbour’s (2021) finding which indicates that inflection is less likely to
be marked orthographically. One possible reason is that nasalization is
marked in both the Devanagari and Perso-Arabicwriting systems, which
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itself may have originated because of the existence of phonemic nasal
vowels outside of grammatical inflection. When it comes to explaining
why nasalization is often not marked, the most common instances of
this are in very common words. Such words would be easier to recog-
nize, and may also be more likely to have nonstandard forms develop for
them which are easier to type. For instance, words which lack a nasal-
ization marker are also more likely to lack some vowel representations,
and some of these are presented with their frequency counts in Table 23.

Table 23. Miscellaneous abbreviated forms among words with nasal vowels

Representation 〈nhi〉 〈nh〉 〈nhe〉 〈h〉 〈hn〉

Phonetic forms /n@H̃i:/ /n@H̃i:/ /n@H̃i:/ /Hẽ/ or /Hẽ:/ /Hẽ:/
Meaning ‘no’ ‘no’ ‘no’ ‘be’-3 ‘be’-3pl

Occurrences 348 11 7 349 14

I have analyzed each of the phonemes in Hindi-Urdu which were
available in my data. I have identified the degree of linguistic fit in each
phoneme’s representations and have attempted to identify the origin of
each representation.

4. Discussion

In this section, I begin with a summary of each phoneme’s possible or-
thographic representations inmydataset. I then discuss the broader pat-
terns that seem to occur throughout my data, and summarize the factors
that appear to affect orthographic representation as well as to what de-
gree linguistic fit, psychological fit, and technological fit appear to be
maximized.

Table 24 lists the orthographic representations I have identified for
each phoneme which I analyzed. The phonemes are listed in the or-
der in which they appear in Section 3, and the representations for each
phoneme are listed in decreasing order of frequency. Representations
that are markedly rare are marked as “(marginal)”.

Table 24. Correspondences between orthographic representations and
phonemes

IPA Roman IPA Roman

/p/ 〈p〉 /n/ 〈n〉
/b/ 〈b〉 /ï/ 〈n〉

Continued on next page
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Table 24 – continued from previous page

IPA Roman IPA Roman

/t”/ 〈t〉 /N/ 〈n〉
/d”/ 〈d〉 /ñ/ 〈n〉 or 〈y〉
/k/ 〈k〉 /s/ 〈s〉

/g/ 〈g〉 /z/ (/>
dZ/ for

some speakers) 〈z〉 or 〈j〉

/ú/ 〈t〉 /S/ (/s/ for
some speakers) 〈sh〉

/ã/ 〈d〉 /ù/ 〈sh〉
/ph/ 〈ph〉 or 〈f〉 /f/ 〈f〉
/bH/ 〈bh〉 /v/ 〈w〉 or 〈v〉
/t”h/ 〈th〉 /l/ 〈l〉
/d”H/ 〈dh〉 /R/ 〈r〉 or 〈rr〉
/kh/ 〈kh〉 /ó/ 〈r〉 or 〈d〉
/gH/ 〈gh〉 /óH/ 〈rh〉
/p:/ 〈pp〉 /H/ 〈h〉
/b:/ 〈bb〉 /j/ 〈y〉
/t”:/ 〈tt〉 /I/ 〈i〉 or 〈e〉 (marginal)

/d”:/ 〈dd〉 /i/
〈i〉, 〈ee〉, 〈e〉 (marginal),
〈ai〉 (marginal),
or 〈ii〉 (marginal)

/k:/ 〈kk〉 /E/ 〈ai〉 or 〈e〉
/g:/ 〈gg〉 /Ai/ 〈ai〉
/x/ ([kh] for
some speakers) 〈kh〉 /oi/ 〈oi〉 or 〈oyi〉

(marginal)
/G/ ([g] for
some speakers) 〈g〉 or 〈gh〉 /e/ 〈e〉, 〈ai〉, 〈i〉, or 〈ee〉

(marginal)
/q/ 〈q〉 or 〈k〉 /U/ 〈u〉
/>

dZ/ 〈j〉 /u/ 〈u〉, 〈oo〉, or 〈o〉
(marginal)

/>
dZH/ 〈jh〉 /o/ 〈o〉, 〈ou〉 (marginal),

or 〈oo〉 (marginal)
/>

dZ:/ 〈jj〉 /O/ 〈au〉 or 〈o〉
/>

tS/ 〈ch〉 /Au/ 〈au〉
/>

tSh/ 〈ch〉 or 〈chh〉 /@u/ 〈au〉
/>

tS:/ 〈ch〉, 〈cch〉,
〈chch〉, or 〈chh〉

/A/ 〈a〉 or 〈aa〉

/>
tSh:/ 〈chh〉, 〈cch〉,

〈chch〉, or 〈ch〉
/@/ 〈a〉, , 〈u〉, 〈e〉, or 〈i〉

(marginal)
/m/ 〈m〉 Ṽ V or V〈n〉
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In Table 25, I categorize each phonemic consonant’s representations
as having likely originated from either English orthography, historical
Hindi-Urdu writing systems, colonial and early pedagogical literature,
or the closest Roman script analogue according to users’ auditory per-
ception. Where applicable, typical orthographic conventions of English
and other Roman scripts are generally followed. Orthographic represen-
tations are most consistent for sounds with analogues in English; these
are /b d” g p t”k>

tS
>
dZ mn f s S/.Thewritten forms of /H/ and /j/ also fall into

this category, but word-final 〈h〉 and intervocalic 〈y〉 reflect similar De-
vanagari and Perso-Arabic conventions. The use of 〈h〉 as an aspiration
marker also reflects the way aspiration is represented in Perso-Arabic.
The use of 〈kh gh q〉 to represent /x G q/ can be traced back to early
transliterations and pedagogical literature. The representations of /r ó v/
have no such history, so their use may reflect users’ auditory perception,
reduction of ambiguity with other phonemes, or simply an arbitrary de-
velopment among comparably plausible phonemes. Neither Hindi and
Urdu keyboard layouts nor the visual shape of the letters appear to have
an influence on the orthographic conventions I observe.

Table 25. Hypothesized origins of the orthographic representations for each
phonemic consonant

English orthography
Devanagari and
Perso-Arabic

writing systems

Early
literature

Perception
of sounds

without clear
equivalents

/b d” g p t” k ã ú
>
dZ

>
tS m n ï N f s ù z l/

/H j/ /x G q/ /r ó v ñ/

Linguistic fit, technological fit, and psychological fit all appear to play
a role in predicting preferred representations of phonemes. Technolog-
ical fit is maximized by avoiding any diacritics, and the dispreference
for three-character and longer representations may reflect such repre-
sentations being harder to process. As for the linguistic fit of the var-
ious orthographic representations, Table 26 summarizes these for the
consonants. Geminate consonants and aspirated stops are omitted for
clarity, but the mechanisms to represent aspiration and gemination also
lead to one-to-one correspondences. In general, higher linguistic fit is
preferred. There is no starker example of this than the Roman represen-
tations of /k/ and />

tS/: in English, /k/ is represented by both 〈c〉 and
〈k〉; and in both historical and modern Roman Hindi-Urdu publications,
/>

tS/ is represented by both 〈ch〉 and 〈c〉. In my data, however, 〈c〉 virtu-
ally never appears outside of 〈ch〉. /v/ provides another example of the
possible tendency towards a one-to-one correspondence, where 〈w〉 is
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more commonly used than 〈v〉 even though speakers perceive /v/ as [w]
and [v] at approximately equal rates. The representations of /O/ and /E/
display this tendency as well.

Table 26. Linguistic fit of the Roman orthographic representations of Hindi-
Urdu consonants

One-to-one
correspondence

Phonemes
represented

in multiple ways

Orthographic
representations

used for
multiple phonemes

/b d” g p t” k >
dZ

>
tS m ï N f s S l/ /v z >

tSh q x G / 〈d dd g kh r d t n y sh〉

A few factors do appear to result in lower linguistic fit. These are sum-
marized in Table 27. The first of these is the absence of a phoneme in
English, or the lack of an obvious choice in Roman script. Hindi-Urdu
/x G q/ do not have phonemic analogues in English, and /v/ has two
equally likely phonemic analogues according to auditory perception.
This helps to explain the instability of the representations of each. The
second possible factor is dialectal variation in how various phonemes
are pronounced in speech. That /G q z/ all have multiple orthographic
representationswhich represent known phonological variation—and /x/
does not have multiple representations, because it is coincidentally rep-
resented identically to its alternative surface form /kh/—is evidence for
this. Third, the lack of overlap in the phonetic environments of two
graphemes seems to lessen the cost with regard to linguistic and psy-
chological fit of using single graphemes to represent multiple phonemes.
The retroflex consonants, which are generally written the same way as
their non-retroflex counterparts, are an example of this, where the con-
venience of a more intuitive representation may override the disrup-
tion of linguistic and psychological fit. /N/ and /ñ/ exhibit the same
pattern. Fifth, linguistic fit seems to be harder to maintain for longer
orthographic representations. />

tS:/, />
tSh/, and />

tSh:/, all of which are of-
ten represented by three and four character combinations, display more
variation in orthographic form than those geminates and aspirated stops
which are written with one- and two-character Roman representations.

The high degree of variation in phonetic realization of vowels makes
it difficult to determine whether differences in representation signify
dialectal differences or differences in orthographic convention. Addi-
tionally, several Hindi-Urdu vowels may have phonetic realizations that
resemble other vowels (Schmidt, 2003), which further complicates the
analysis. The biggest difference I observe in vowels is that in multiple
cases, the orthography does not take advantage of every potential or-
thographic representation to maximize linguistic fit. The lax/tense dis-
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Table 27. Considerations that lead linguistic fit to decrease

Consideration Example phonemes

Lack of an obvious choice in Roman script /x G q v r ó/
Dialectal variation /p x G q z/
Rarity of phonemes /ú ã ù ñ q/

Perceptual similarity to other phonemes /ú ã R ó/
Length of the orthographic

representation />
tS:

>
tSh/

tinction is generally not reflected in the orthography for high vowels, de-
spite the availability of 〈ee〉 and 〈oo〉; yet, 〈au〉 and 〈ai〉 are used in order
to make the lax/tense distinction visible formid vowels. This may reflect
differences in the salience of that contrast for different vowel heights. Fi-
nally, the multitude of possible orthographic representations of /@/ may
reflect differences in the perception of that vowel in different phonetic
environments, as well as the apparent tendency not to omit vowels in
Roman orthography.

I have shown that Roman Hindi-Urdu reflects phonological varia-
tion between speakers, and some of these cases of variation are simi-
lar to cases of sociocultural variation found in spoken language, such
as the use of phonemes loaned from Perso-Arabic (ibid.). I do not have
the demographic data to determine whether any variation is the result
of sociocultural factors, but it is plausible that users could intentionally
choose from among these forms to identify themselves with or distance
themselves from regional or religious groups associated with particular
forms. The representations of /q/, /x/, /G/, /z/, and /p/ all could reflect
this phenomenon. Another potentialway of signaling sociocultural iden-
tity in the Roman script is to carry over written conventions from the
Urdu and Hindi orthographies, since these are already associated with
speakers’ sociocultural identity. Orthographic representations of vow-
els are one arena in which this could appear. Further work which takes
users’ demographic information into account can test these hypotheses
directly and also may shed light on other sources of sociocultural varia-
tion.

5. Future Directions

Many future studies could expand upon this work. With regard to de-
termining the orthographic representations of each phoneme, the rarer
phonemes could be studied much more thoroughly given more data. Ad-
ditionally, more data could allow for more detailed study of how pho-
netic and orthographic environments might affect the representation of
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phonemes; for instance, how particular consonant clusters are written,
or whether the representations of vowels such as /@/ depend on their
phonetic environments.

Several findings in this study indicate that psychological fit affects the
representations of some phonemes, and psycholinguistic studies could
testwhether graphemeswhich representmultiple phonemes or long rep-
resentations take longer to read and write, and whether the rarity of a
phoneme affects processing speed. Similarly, much work remains to be
done on sociocultural fit: future work could compare the orthographic
conventions used by self-identified Urdu andHindi speakers, or of inter-
net users in India and Pakistan. Finally, surveys could be conducted to
determine whether users have a conscious philosophy for how to write
Hindi-Urdu in the Roman script, as well as to learn about users’ intu-
itions as to which representations look ‘correct’ to them.

6. Conclusion

This study uses data from X to document the orthographic conventions
of Hindi-Urdu and discusses the possible factors which have shaped
these conventions in the absence of prescriptive standardization. The
Roman script has become one of the main ways of using Hindi-Urdu
in written form, and this study can help us understand how it is used.
Linguistic fit, historical orthographic conventions, and users’ auditory
perception of phonemes all appear to help shape the orthographic con-
ventions of Roman Hindi-Urdu, and they all might be expected to play
a role in other organically developing writing systems. Finally, I have
discussed some of the questions which remain to be answered and how
future work may address them.
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