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Overview

* Glyphs (basic graphetic shapes) are formally systematic, but how?
* No single explanatory tool seems to be enough on its own

* So we need a multilevel framework
e Overall structure vs. stroke inventories vs. stroke properties
* Analogous to spoken/signed phonology: Prosody vs. segments vs. features

* This is an old idea but it deserves more systematic exploration
 How should each of these levels be motivated and formalized?
* Does the framework really make sense for all writing systems?



Glyphs

* Glyphs are written basic shapes (Meletis & Diirscheid 2022)
e Latin letters: C, H (cf. CH)

* Chinese character components: Z ni ‘woman’, - zi ‘child’ (cf. #F hdo ‘good’)
e Simple Devanagari akshara: sh ka, of la (cf. &I kla) (Gnanadesikan 2022)

* Yi syllabograms: & bit, € pit, K bi, '© pi, ¥ bot, ¥ pot

* 99.99% of writing research is on glyph combinations & their mapping
to spoken language (graphematics)

* But glyphs themselves are formally systematic, with inventories
showing clear coherence (AKA combinatoriality: Kim et al. 2025)

* Incoherent glyph inventory: C, &, &, (X

e Cf. non-glyph inventories: & @ 4



Global glyph features? (1)

* Objective quantification of overall glyph complexity
e Altmann (2004), Peust (2006), Nag et al. (2014), Miton & Morin (2021), ...
e But quantification fails to capture the discrete nature of glyph contrasts
Pvs. Bvs. R (cf. -vs.—vs. —)

e Subjective features for overall glyph form contrasts

* Gibson (1969): perception task on blurry uppercase Latin letters - confusion
matrix (R misread as B etc) - glyph-level binary features

* Fiset et al. (2008): similar task though different in detail -
a totally different set of glyph-level binary features

e Kim et al. (2025): participants view glyphs in unfamiliar writing systems -
asked to propose glyph-level binary features - separate feature sets for
every writing system



Global glyph features? (2)

* Gibson features for Latin letters e Kim features for Tagbanwa
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But glyphs are too complex for global features

* Watt’s (1980) criticism of Gibson’s features (like HORIZONTAL):
exactly which part or parts is/are horizontal, and where are they?

 Similar criticisms apply to Fiset and Kim features
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Glyphs as combinations of basic elements?

* Glyphs are composed of strokes, which are what contrast in features
e Latin letters: Eden (1961), Althaus (1973), Watt (1980), Primus (2004)
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e Chinese character components: Wang (1983), Peng (2017), Myers (2019)
e (Next slide please)



Chinese character strokes
and their contrastive features
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Decomposing complex strokes

 Complex strokes are composed of substrokes (basic strokes):
* Already the conventional view in Chinese: j=— | — |

* Features only make sense for substrokes

e Chinese: Curving only in final substrokein 2 =— | —~

e Tagbanwa: Wiggling® only in final substroke in 7% sa (vs. v° ya)
(*A substroke feature, not a complex stroke: cf. trills in spoken & signed phonology)

* Within complex strokes, substrokes interact like separate strokes

 E (four strokes) vs. L (one stroke), but same | _interaction at bottom
 Caveat: Juncture type must be specifiable: Chinese L (sharp) vs. L (curved)
* And local constraints can apply: Chinese £ = — L (also no basic stroke —)

 Decomposition of circles: an implicational universal?
* If arcs, thencircles:C =0, T ta =73 tha, Bl pa = 0 lip, hiragana: 2 tsu = D no
* Chinese has neither; Korean hangul only has circles



But combinatoriality isn’t enough

* Undergeneration: Can’t explain stroke allography (Rezec 2009)

 IfE=|---,then why is each - different? E:E[ EH

e Overgeneration: Can’t effectively rule out unattested glyphs

* Global glyph features are far less .
economical and informative than 5 I . .
features that distinguish between
phonemes (Kim et al. 2025) -
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Generative algorithms
» Sablé-Meyer et al. (2022)

* For human-produced geometric shapes

Repeat (next (next (one) ) ) {

Subprogram {Trace (acceleration=-one/next (next (one) ),
turningSpeed=one)

}i

Turn (angle=next (next (next (one) ) ) /next (next (one) ) )

}

* But not only don’t these look like glyphs...
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... but such algorithms always overgenerate

e “‘Excessive power’ arguments are arguments that a notational
system is wrong because it allows one to express impossible rules.
[...] [This] is of course unheard of outside of linguistics — no
mathematician criticizes a notation on the ground that it allows one
to write the sentence 2 + 2 =59.”

McCawley (1973 [1979])
 The standard solution: Constraints!
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Constraining combinatoriality

* Reducing undergeneration

* Global position constrains stroke form E =

— san ‘three’ Greek: = xi
* Bottom stroke most enlarged,
top stroke secondarily so (Myers 2019) B B duf ‘pile’ Devanagari: S ¢-

* Local position also constrains stroke form

» Stroke combinations avoid oblique angles | X ‘I‘ shi ‘ten” X, yl ‘regulate’
(Morin 2018)

* Strokes tend to start, not end, at others  —! , , e _
(van Sommers 1984; Primus & Wagner 2013) E 'F xia ‘under’ Arabic: ~/m/ (final)

* Reducing overgeneration
* Unlike features, positional constraints are systematic rather than contrastive
e Contrasts like = (td ‘earth’) vs. == (shi ‘scholar’) are rare (Yang & Wang 2018)



So positions also matter

e Latin letters
e Althaus (1973)

Elements Positions

fa e R L
1/\"0COU) 55 0l

* Primus (2004) (b
| | | in head position, 2 in coda position
[vertical] [vertical]
[free] [curved]
[free up] [leftwards] Features
[

([rightwards])

* Chinese character components
 Wang (1983): Curve leftmost stroke only in relatively “tall” components

[@ téng ‘same’ -1 F_—; =

J& zhéu ‘circle’ E]:i 01 |=s

P 1]
1234 1234
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A multilevel approach

B E Glyphs
0

O Global positional constraints

X I—) Local constraints

I J - Strokes

hor, vert, curved, ... stroke features
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A multilevel approach ... that’s oddly familiar

B E Glyphs Morphemes* StO ry
9, "y . z
O Global positional constraints Stress feet STO ry

X I_) Local constraints Syllables & segmental S[t]O. ri

constraints™*

I o R Strokes Segments S tori

hor, vert, curved, ... stroke features Segmental features Vvoiceless, coronal, ...

*(Eden 1961, Watt 1980, Myers 2019, Gnanadesikan 2022, ...) **(Thanks, anonymous reviewer!) Y



Why the familiarity is useful

* While multi-module models are harder to test empirically...

* ... we know all these modules already, including the caveats
* Global morpheme features would be absurd: story as [+disyllabic, +s, ...]
* Prosody is generally not contrastive (Cutler 2015)
* No minimal stress pairs in English morphemes (insight vs. incite)
* Segments can be hard to segment
* Does James have four phonemes /dz et m z/ or six /d 3e1m z/?
* Features aren’t as universal as once thought (Mielke 2008)
* /I/ may be a stop or a continuant, depending on the language
* Spoken vs. signed features are totally different
* So it’s not fatal that stroke inventories differ so much across scripts



“Prosodic” constraints

e Global constraints share formal similarities with metrical prosody
 Asymmetry (story)
* Glyphs tend to “face” one way: BCDEFGKLPQR (cf.J) ~/m/ € dhad na
* And to be bottom-heavy: =B €& ABGIJLMAQR (cf. FPTVWY)
* Abstract (not featural): bottom-heaviness in modern A& mu ‘tree’ vs. ancient
 Binarity (sto.ry)
* BEKMSWXZ (cf.E) B(cf. =) X 88 lop ¥ jot(cf. 3 tap) ¥©gha

* Some local constraints share formal similarities with syllables
 Syllables favor onsets over codas
 Easier to coordinate gestural starts than ends (Browman & Goldstein 1988)
 Similar to the principle of starting strokes at others (Myers 2021)
e — er‘two’ & I gong ‘work’ are both “disyllabic” (—— & T —)



Tricky cases

* Egyptian hieroglyphs
* Emoji-like detail and iconicity:@ ‘eat’ O ‘embrace’ m}m ‘40,000’
* Yet it still has global constraints (e.g. facing left): b ‘frog’ ‘% ‘bee’

* And a (very) few formal (?) near-minimal pairs: & ‘great” &= ‘bad’™
* But phonology has to evolve, as in natural sign languages (Sandler et al. 2011)

* And iconicity can complement formal phonology, again as in natural sign
languages (Eccarius & Brentari 2010)

* Chinese Bopomofo (Zhuyin fuhao)
e Arcs but nocircle: © /fo/ € /¥/
* Because this script didn’t evolve naturally...?

*(Thanks again, anonymous reviewer!)



Conclusions

* A prosodic/segmental/featural framework for glyph structure,
analogous to well-established frameworks for speech and signing,
may help combine the strengths and escape the limitations of other
glyph frameworks

* As a richly detailed framework, it can also help guide future empirical
work in typology and psycholinguistics

* Why does this analogy seem to work?
* Did the biological evolution of language result in a relatively amodal system?
* |s the cultural evolution of language restricted by an intrinsic solution space?
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The rest of the story...



Global glyph features? (3)

* Fiset features for Latin letters

Relative Importance of Each Feature

for Letter Identification
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Segmental constraints

 Stroke combinations avoid oblique angles: T X _Et shang ‘over’ TT n-
* But not always: AR ZF cdi ‘talent’ ™ ph-
* Non-contacting strokes seem to have more restricted axes...?

* Usually they are parallel: = san ]Il chuan ‘river’ Russian: bl i
(cf. hiragana: [Z ni  /\ ba ‘eight’ ¥ mi ‘rice’ - but cf. >K)
e Or else no axis (dots): ij
e Or system-specific default axis: O theta
 “Falling” dots in Sinoform: =~ cun ‘inch’ katakana: 3~ shi
 Diacritics don’t count, since they’re “affixes” (cf. Gnanadesikan 2022)

°* jVvS.1VS.1Vs.1

e So... non-parallel strokes “want” to make contact
e Orit’s cross-“syllable” axis assimilation...? (Myers 2019, 2021)



Other open empirical questions

* Typology

 What needs to be universal: specific elements or just general principles?
 How should diachronic changes in glyph inventories be modeled?

* Processing
 How does the coherence of a glyph inventory affect its learnability?
* Are complex strokes really treated by readers and writers as sequences of

simple strokes, even in scripts with extremely wiggly strokes?
* Representations (especially “prosody”)
* |s there good justification for the syllable analog for stroke interactions?
 What counts as “binary”? Is it just a special case of minimal contrast?
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