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The Grapholinguistic Model of TEX /
“All Questions Answered” Session

Donald E. Knuth, interviewed by Yannis Haralambous

Abstract. This is the transcription of the interview and “All Questions Answered”
session of Donald E. Knuth at the 2024 Grapholinguistics in the 21st Century confer-
ence, on October 24th, 2024. The text has been (slightly) edited and annotated
with footnotes by the interviewer. In June 2026, Knuth read through the text
and provided several remarks of his own, which have been incorporated into the
footnotes and typeset in Xerox PARC's Cream font to set them apart from the
interviewer's text.

1. The Grapholinguistic Model of TEX

DEK (Donald E. Knuth): Okay. So you introduce me and so on, and then
I just talk.

YH (Yannis Haralambous): Well, I'm not sure you need an introduction,
but since you asked for it, Donald Ervin Knuth is one of the greatest
computer scientists of the 20th century, and the beginning of the 21st,
obviously.

Donald E. Knuth 0009-0000-8366-9524

Computer Science Department, Stanford University, USA

Y. Haralambous (Ed.), Grapholinguistics in the 21st Century 2024. Proceedings
Grapholinguistics and Its Applications (ISSN: 2681-8566, e-ISSN: 2534-5192), Vol. 12.
Fluxus Editions, Brest, 2026, pp. 393—415. https://doi.org/10.36824/2024-graf-knut
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394 Donald E. Knuth

He wrote the A7t of Computer Programming (TAOCP),! which is somehow
the Bible of computer science. He is also the creator of the TEX typeset-
ting language, which is a programming language for producing beautiful
documents of any kind, whether mathematics, dictionaries, or whatever
you can think of. When he created TgX, he noticed that the fonts were not
optimal. So he created another programming language called METAFONT
to describe fonts, going back to the parametric descriptions of typefaces
in the Renaissance.? He used TgX to typeset the code of METAFONT and
METAFONT to create fonts for using with TgX. So you have all of these
tools and technologies combined, always with the goal of producing ef-
ficient and beautiful documents.

And they are used by millions of people today.

DEK: Okay. Gosh, I couldn’t have improved on that. So are people watch-
ing me now? Can they see you?

YH: Yes. People are watching you.

DEK: Okay. Hello, everyone! The hardest thing when you’re Zooming is
that I don’t have feedback as to what the audience is thinking, but I'm

1. This series of books (Knuth, 1968-) is DEK’s magnum opus. He began working
on it in 1962; the first volume was published in 1968, the second in 1969, and the third
in 1973. In 1974, he received the Turing Award, whose citation honored the series as
a whole, along with his foundational work on the analysis of algorithms. The most re-
cent installment of TAOCP at the time of writing is Volume 4, Fascicle 7 (“Constraint
Satisfaction”), published in February 2025, which will eventually be folded into the
bound Volume 4C; Volume 4 has been appearing in parts (4A in 2011, 4B in 2022),
and Volumes 5—7 are still planned to complete the series. Around 1977, he realized
that if he wanted these books to be typeset properly, he would have to create his own
typesetting tools. This marked the birth of TEX and METAFONT, as well as Knuth’s
other legendary series of works: the series Computers & Typesetting (C&T), whose
five volumes are, respectively, A a TgX manual, B the TEX source code, C a META-
FONT manual, D the METAFONT source code, and E the source code for the Computer
Modern typefaces, written in the METAFONT language. Here we witness the differ-
ent scales of a single universe: the characters in TAOCP and C&T are generated by
programs (in METAFONT); the works themselves are generated by a program (TgX);
and TAOCP explains how to write programs. Producing even a single comma in these
works took a METAFONT program to draw it and a TEX program to insert it into the
text; C&T reveals these programs to us in their finest detail, and TAOCP teaches us
how to understand these, and other programs, how to write them, and how to become
a creator of universes just as DEK is. We live in an era where we see only the tip of
the iceberg: most technologies are hidden from ordinary people, and soon, with the
rise of LLMs in programming, the technology may even be hidden from the program-
mers themselves. TAOCP and C&T, on the other hand, are worlds where everything
is open, explainable, and accessible—worlds in/on which humans have total control.

2. One of DEK’s seminal texts, “Mathematical Typography,” a JW. Gibbs Lecture
given on January 4th, 1978, and reprinted in his collection Digital Typography (Knuth,
2016), contains ruler-and-compass constructions for the letters B and S by Feliciano,
Pacioli, Torniello, Palatino, Tory, and Jaugeon.
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glad if you could wave and so on. I mean, if nobody laughs at my jokes,
then I don’t know if anybody’s hearing me.

YH: Maybe we can start with the interview.

DEK: I only want to say one thing first, which is that Yannis did not tell
me any of these questions in advance. Because I always think it’s better
to have somebody stumble and give a bad answer, you get more infor-
mation that way than if I had a canned presentation and was following
a script. The mistakes I make might be more important than the correct
answers I give.

YH: Okay. I wanted to call this part of the interview “the graphematic
model of TEX”. I sent you some definitions of what we could call a
grapheme. 1t’s a distinctive unit for a given language system. A graph—I'm
so sorry, this term has been used a lot, and is very polysemic—in this con-
text, a graph is just a representation, the material support of a grapheme.
We have people in the audience who are specialists in that. Function-
ally, the notions and concepts of grapheme and graph can be compared
to Unicode characters and glyphs, even though the definitions are com-
pletely different.3 Graphemes and graphs are specific to a given language
system, whereas Unicode nourishes the illusion of being universal.
Now, in TgX, the TEX source document uses characters. ASCII char-
acters at the time evolved into Unicode characters today. These charac-
ters, when read by TgX, become tokens and then nodes in a list. They
end up being set char commands in a DVI file. These sef char commands,
as well as the nodes, are font-dependent. So they are just positions in
a font and the font information. Then, to make this visible, you create
bitmaps using METAFONT. You load them as bitmap files when printing

3. See Haralambous and Diirst (2019, pp. 139-145) for more details.

4. The distinction between “tokens” and “nodes” is reminiscent of Unicode’s di-
chotomy between “characters” and “glyphs” (Haralambous, 2007, pp. 54—58) in the
sense that the former are abstract, more-or-less linguistic, entities while the latter are
references to slots in a font, and therefore to images. DVI (“Device-independent”) is a
static document format that is both minimalistic and very powerful. It is minimalistic
since it contains only seven kinds of commands: (1) page initialization, (2) horizontal
and vertical relative positioning, (3) nesting, (4) glyph setting (among which also the
set_char command mentioned in the text), (5) black box drawing, (6) font definition
and activation, (7) “special” commands that have no semantics and the arguments of
which are directly transmitted to the printer driver. The entire list of commands is
explained in two and a half (!) pages of Volume B of C&T (Knuth, 1982a, §585). By
way of comparison, the PostScript manual is a 912-page-long book (PostScript Lan-
guage Reference 1999) and the PDF manual a 1310-page-long PDF file (PDF Reference
2006). Another feature of DVI is the fact that it is very precise since all calculations
are done in the microscopical unit sp (a unit equal to 5.363 nm). Besides its extreme
precision, DVI is powerful because it supports arbitrary nesting, enabling any kind of
alignment between visual elements.
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the DVI document. The only place where we still have some information
on the identity of the glyph, in this case, is in the METAFONT code, where
you have the name of the character.

My question is: What was the original idea behind an “electronic TgX
document”? Would it be just the source code that needs to be compiled?
Would it be the source code plus DVI plus METAFONT? Or would it be
these, plus the process of building the document, using also the format
and all other resources?

DEK: Of course, I didn’t start out with the idea that I was making some-
thing extremely general. But I was faced with the problem of typesetting
one book. My original idea was that I had just learned that there was
good technology to print books that used pixels, you know, bits, instead
of chemistry and metallurgy and photography and all that scary stuff.
But the task of making beautiful books had turned out to be a computer
science problem, which was just zeros and ones. I was faced with a sit-
uation where mathematicians and computer scientists were left behind
because the printing technology had switched over, but we didn’t have
anybody to figure out what the theory of it should be. So I needed some-
thing that would keep my own books from looking terrible. The drafts
that I got from the proofs of volume two of TAOCP, well, you can find
them in the Stanford archives,’ but I don’t recommend that anybody re-
ally look at them because it’s so painful to the eyes.

The shift from the quality typesetting of the 1960s to the unspeakable
quality of the middle 1970s made me wonder whether I should ever write
another book. So I had this problem: how to make my books look good
again for the second edition. I found salvation when I learned that there
were actually new machines that could print something that looked like
real books using just zeros and ones.

Okay, I started out, and I didn’t have any idea about DVI or any of
this stuff. All I know is I have a book, and I want to get it done. Well, I
found out at that time what the state of the art was and what the best
publishers of mathematics texts were doing. One of the main centers
was in Belfast,® and so they would compose onto paper tape, and they
had skilled compositors who spent a lifetime composing mathematics.
These people prepared things that went to paper tape, and then to an-
other machine, and eventually a book would come out.

5. See https://archives.stanford.edu/catalog/sc0097_aspace_ref128_jpj, as well
as footnote 8

6. The Universities Press in Belfast was a groundbreaking printing house using
Monotype equipment, founded in 1959. It was dissolved in 2013.
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So I learned what their system was,” just so I could see what kind of
basic functions need to be included. But I also knew about the system
that Bell Labs had, and it’s one of the systems people used to access doc-
uments in electronic form. Those were only imitations. But this one in
Belfast was state-of-the-art for real printers, and not toy experiments. I
wanted something state-of-the-art, and I also investigated different ma-
chines being made for printing at the time, so that eventually I'd be able
to send the zeros and ones to a good device.

Okay, so how did I start creating this model that you described? Well,
it was simple. I looked at my book and found about eight pages’ worth
of stuff, including all the different kinds of things that had to happen. I
mean, I certainly needed ordinary text. I had to have equations. I had
to have tables. I had to have computer programs. And line art for illus-
trations. In my book, I really didn’t need any photographs. But anyway,
I made myself a mini-book consisting of eight pages, and I said, “Okay,
now suppose this was my whole book. What language would I use? How
would I enter this into a computer? What would I like to do?”

Then it remained to write a compiler that would compile for this little
language into instructions for a machine. My test program is reproduced
in full in my book, Digital Typography.® So you can see the very first trial

7. The Universities Press in Belfast was using the Monophoto system (Boag,
2000), a transitional adaptation of the Monotype hot-metal composition caster. Read-
ing the same punched paper tape from the keyboard as regular Monotype hot-metal
machines, the Monophoto produced a high-quality film negative with the charac-
ters exposed on it instead of casting metal. See the beautiful documentary video
https://www.youtube.com/watch?v=DXfZjkOMu9s.

8. We can’t help but share the beginning of this test program—so different from
the IATEX code we’re used to—with the reader, both for the nostalgia it evokes and for
the fabulous von Neumann quote it contains (Knuth, 2016, pp. 508—-509):

\require ACPhdr

%Example TEX input related to Seminumerical Algorithms
\ACPpages starting at page 1:

\titlepage %This tells the page format routine not to put a page number on top
\runninglefthead{RANDOM NUMBERS}

\ljustline{\hexpand 11 pt {\:p CHAPTER \hskip 10 pt THREE}}
\vskip 1 cm plus 30 pt minus 10 pt

\rjustline{\:q RANDOM NUMBERS}

\vskip .5 cm plus 1 pc minus 5 pt

\quoteformat{Anyone who considers arithmetical \cr

methods of producing random digits \cr is, of course,

in a state of sin. \cr} author{JOHN VON NEUMANN (1951)}

The attentive reader will have noticed the missing backslash before “author” on the
last line. This is not an error. In fact, DEK writes in (ibid., p. 512): “The word ‘author’
which appears in this definition is not preceded by the escape character \ since it is
scanned as part of the \quoteformat macro. Please don’t expect to understand this mess
now, TgX is really very simple; trust me.”
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that I made as an input language that I thought I'd be able to handle.
Then there was a second version a couple of months later. So anyway,
that was where it started.

But there was this chicken-egg problem because we didn’t have fonts,
as you mentioned. First, I had to write something that would make fonts.
But then, to have fonts, you needed something that would use them. So
I had to do both things at once. There was a period of six months where
I didn’t have anything working. I just had ideas on paper.

Finally, I guess it was April of 78, when I spent every night from mid-
night to 10 o’clock, when the computer wasn’t crowded, putting these
systems together.

So anyway, it started with something I was designing for myself and
my secretary, and it was supposed to solve problems I could foresee and
that I'd be interested in. Well, but I was working at Stanford’s AI lab, and
there were about 100 people there, and it’s very open, and everybody’s
watching, say, “What are you doing, Don?” So people said, hey, maybe
we’d be interested to do it, too. Guy Steele® was there, and he decided to
port my system so that people at MIT could take a look at it. Eventually,
I got to a point where 100 people were using it, and I had to write a
manual.

Then there was a time when it reached 1,000 people, and every group
had suggestions I hadn’t included.

So it evolved over time: the idea of making things more and more
universal at every stage, and a better understanding of which kinds of
abstractions are going to be useful.

So I probably answered less than what you wanted or more than what
you wanted, but I'll let you ask another question, and then I'll know.

YH: So you never had the dream of Project Gutenberg full of TEX docu-
ments, all books ever written in TEX on a server?

DEK: I didn’t have this as a dream. That came later. I mean, that was too
much to hope. I mean, I'm not that good at predicting the future. I'm not
any good at predicting the future.

But I mean, my only dream at first was quality for at least one book.

YH: My next question is about spaces. Can I remind the public that in
the DVI format, you have the right command,'® which is used both for

9. Guy Steele is the co-inventor of the Scheme programming language and one of
the great language designers. He is the co-author of the 1983 edition of the Hacker’s
Dictionary (Steele et al., 1983), which is especially interesting to linguists since it de-
scribes language mechanisms that are specific to hackerese English (see also foot-
note 16), such as verb doubling, sound-alike slang, the -P convention, overgeneraliza-
tion, spoken inarticulation, <anthropomorphization> and implicit comparatives.

10. See footnote 4 and (Knuth, 1982a, §585). The right command belongs to the
category of DVI horizontal and vertical relative positioning commands.
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spaces between words and for kerning. It’s the same command. There
is no distinction between kerning between letters and spaces between
words.

I’'m asking because the role and function of spaces are hot topics in
grapholinguistics. We had a very nice talk about that today.!! I wanted
to ask, was it a deliberate choice to match the two concepts, the concept
of kerning and the concept of interword space, even though in the input
file you have the space character between words and nothing between
letters?

So was it a deliberate choice to merge these two concepts?

DEK: I think it’s independent. In the DVI, for all the same reasons as
in PostScript, you just have this question of having to have coordinates
where everything is being placed. So whatever commands you need to
tell you how to go to a new x,y position, you could give full coordinates
every time, or you could give relative coordinates, relative to where you
are.

So there’s no difference among positioning commands. There’s no se-
mantics in there. That’s specifically just to identify where to plant the
next bit.

But in the input, I started out naively only knowing what normal
Americans know about spaces. The main thing I thought about spaces
was that I had seen a word processor where people used two spaces in-
stead of one. By mistake, they wouldn’t know that they were inserting
different amounts of space.

I was careful to say that if you have to type two spaces, it doesn’t get
into your document unless you somehow say, “I meant this to be an extra
space”. There’s also a question, you know, when you get to the end of a
line, does that imply a space or not? I was careful to look at that. I didn’t
know about kerning in those days. I picked that up a little bit later in my
reading. I spent a lot of time in Stanford’s typography collection, looking
at all the books I could find about how to do it well. That kind of spacing
was not part of my original thoughts.

The spacing in mathematics was very, very strongly a part of my orig-
inal quest because I studied and found what I call the standards of ex-
cellence in mathematical typesetting. I took a lot of measurements of
how they did it. I also saw how the people in Belfast had manually said
“Oh, here I'm inserting a thick space or a thin space in a mathematical
formula”.

I knew what kind of primitives for that kind of space were going to
be needed. But what actually goes into a DVI file has nothing to do with

11. Amalia E. Gnanadesikan, “Mind the Gap: Spaces and Boundaries in Spoken and
Written Language,” https://wuw.youtube.com/watch?v=s1dNkvkyQlY.
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the meaning of space. The meaning of space in DVI is only about getting
me from here to there.

YH: My third and last question is about the sentence ending full-stop.
You are clearly distinguishing in the TgXbook,'? the sentence ending full
stop and the abbreviation point, which is, a point followed by a backslash
and a space. We talked about this today, and it’s a syntactic distinction
between the end of a sentence and an abbreviation point for staying in
the same noun phrase. This distinction between the full stop and the
abbreviation point exists only in TgX. Unicode doesn’t know about this.
Even in TEL® you only have an XML element for abbreviations, but
nothing specifically for the difference between the full stop, which in the
typewriter will be followed by two spaces, and the abbreviation point,
while the abbreviation point is followed by one space.

So my question is, do you believe that a typesetting system like TEX
should go beyond legacy encodings like Unicode or should it remain
within the boundaries of universal standards?

In other words, if Unicode had existed in the early seventies, would
you have based TgX strictly on it, or would you have left some room for
users and developers?

DEK: I'm thinking that standards grow. So, I mean, the Unicode standard
wasn’t there, but I certainly learned later about all kinds of standards
that were enforced in different countries at different times.

I know that, for example, in France, putting an accent on a capital
letter gets in and out of fashion every 20 years, and in Germany, they
had strict rules for how you typeset the Roman numerals. They were
extremely pedantic and awful. Just because something is a DIN stan-
dard meant nothing to me. I'm saying, what should the world really be

12. In Chapter 12 (“Glue”) of the TgXbook (Knuth, 1982c), DEK explains that the pe-
riod after an abbreviation “doesn’t count as a sentence-ending full stop.” TEX’s method
to mark this property is either by using a non-breakable space ~ or a \, command af-
ter the abbreviation period. The example Proc.\ Amer.\ Math.\ Soc. is commented
as follows: “Granted that this input looks a bit ugly, it makes the output look right.
It’s one of the things we occasionally must do when dealing with a computer that
tries to be smart.” This text is followed by Exercise 12.4: Explain how to type the fol-
lowing sentence: “Mr. & Mrs. User were married by Rev. Drofnats, who preached on
Matt. 19:3-9.” The answer is Mr.~\& Mrs.~User were married by Rev.~Drofnats, who
preached on Matt.~19\thinspace:\thinspace3--9. Using the ASCII tilde character for
nonbreakable spaces is still part of a TEX ist’s most basic instincts.

13. The Text Encoding Initiative defines element <abbr> to contain abbreviations
of any sort (Sperberg-McQueen, Burnard, et al., 2025, §3.6.5) but does not mention
the change of behavior of the period included in the abbreviation. Here is an exam-
ple given in the documentation: <abbr>Dr. M.</abbr> Deegan is the Director of the
<abbr>CTI</abbr> Centre for Textual Studies. Nothing in this example serves to dis-
tinguish the role of the period character in the abbreviation from that of a regular
full-stop.
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like? Now, as far as full stops are concerned, the sentence also ends with
question marks and exclamation marks. Then there are quite different
conventions in France and America that I didn’t realize. We have some-
thing in America we call French spacing, which, I think, means that you
don’t put extra space after a full stop, while in America we’re more ac-
customed to having more space at the end of a sentence, whether it’s a
full stop or a question mark or whatever.

My original design was to make it look like American books, but later
on, I learned that, for example, some books were banned in America be-
cause they were, you know, too sexually explicit.'* So they were type-
set in France, and I found in the library that they used French spacing
there.’s

I learned later that in France they have this peculiar idea of putting
a little space before a colon, which never occurred to me when I was
designing things. The original thing was that I had read a lot of books,
and I wanted my book to look like the ones I liked best. But it would
make sense that, after the number of users went past 1,000, then 10,000,
then 100,000, and spread to other countries, I learned about these other
things and tried to adapt them.

In my original design, I had no idea I would do anything that would
be used all over the world. I wouldn’t have dreamed of that. And actually,
I had to decide, really, what I do best, and I decided that, like, what I do
best is write TAOCP.! So I had to go through a period when I had to

14. DEK is referring to books published by the Obelisk Press in the 1930s and
the Olympia Press in the 1950s, both based in Paris. Obelisk was founded by the
Manchester-born Jack Kahane; Olympia was founded by his son Maurice Girodias,
who took his French mother’s maiden name and continued in his father’s line of work
after the war. Books such as Nabokov’s Lolita and Beckett’s Molloy, both Olympia titles,
were bought by American and British travelers and smuggled back into the US and the
UK. [DEK: Actually | was thinking primarily of Lady Chatterley's Lover, which indeed
was published by Obelisk.]

15. French spacing is in fact a loss of linguistic information, since sentence endings
are left unmarked. Preserving that information, however, comes at a cost: English
spacing requires the typesetter to examine each period to decide whether it ends a
sentence or marks an abbreviation point. This can amount to a great deal of effort
when one considers that a book may contain thousands of periods (Moby Dick, for
example, contains 7,385).

16. The importance of TAOCP is such that, as indicated in The New Hacker’s Dic-
tionary (Raymond, 1991), in hackerese language, the term “Knuth” is used as a refer-
ence to TAOCP. Here is the entry for ‘Knuth’ in this dictionary: “Knuth [Donald E.
Knuth’s The Art of Computer Programming] n. Mythically, the reference that answers all
questions about data structures or algorithms. A safe answer when you do not know:
“I think you can find that in Knuth.” Contrast literature, the.” And here is the entry
for ‘literature’: “literature, the n. Computer-science journals and other publications,
vaguely gestured at to answer a question that the speaker believes is trivial. Thus, one
might answer an annoying question by saying, “It’s in the literature.” Oppose Knuth,
which has no connotation of triviality.”
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find an endgame. How can I leave the work on further refinements of
typography to other people?

So I would wake up in the morning and not say, “What great new
model should I have to improve, to get better and better ligatures in
Tamil or something?” But I wake up in the morning and say, “How can
I finish this project and get it over with?”

YH: OK, and one last question, very short. You know that in grapho-
linguistics, we are very much interested in phenomena that are purely
in the written modality of language. One of these phenomena is hyphen-
ation. So you have worked a lot on hyphenation. You even had a PhD
student!” to create a generator of hyphenation patterns.

My question is: In the Stanford Linguistics Department, was there
ever a linguist interested in your work on hyphenation?

DEK: That’s a great question. I don’t think any of the people here, any
of my colleagues, expressed special interest in that. So all these things
are really important. I'm so delighted whenever I read your papers, in
particular, to see how beautifully you’ve taken care of these details. The
interesting thing is that they’ve evolved in so many different cultures
and by so many different kinds of influences. So it’s a marvelous tableau
to see people striving for beauty in different ways. It’s an endless quest.
But it’s also that, that’s the point of life, to be engaged in these wonderful
journeys.

YH: Thank you very much. So I will stop monopolizing you. We can start
with the “All Questions Answered” session.

2. An “All Questions Answered” Session

GG (Giulio Galli): Good evening. Thanks for being here. So my question
is, it seems to me, coming from typeface design education, that other
than the content and the implications of both METAFONT and TgX them-
selves, what also stuck very much in literature and mostly in people’s
mind today is the debate between you and Professor Hofstadter,!® back

17. Frank Liang, “Word Hy-phen-a-tion by Comp-put-er,” 1983 (Liang, 1983), in
which he considers hyphenation as a data compression problem and invents a new
data structure, the packed trie, to efficiently store and search hyphenation patterns.

18. This “debate” may rest on a misreading of DEK’s original claims. In No. 1 of
the 1982 volume of the Visible Language journal, DEK presented the parametric pos-
sibilities offered by the METAFONT programming language (Knuth, 1982d). In No. 4
of the same volume, Hofstadter characterized Knuth’s position as “falsely optimistic,”
attributing to it two claims: “(1) that underneath all ‘A’s there is just one grand, ul-
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in the 80s, about parametrizing typefaces. It is more often than not pre-
sented as a contrast. I even had a full module back in my master’s year
titled “Knuth vs. Hofstadter”. But now, my personal takeaway, after read-
ing both your and his articles, is that the overlap between your views may
be greater than is sometimes communicated.

So I guess my question is: how do you reflect on that debate that
seems to have struck a chord for you, and on the many more debates
on the topic in the typographic community?

DEK: Let me introduce my colleague here, Luis Trabb Pardo. He was my
right-hand man on TgX in the early days.!” Can you see? No, you can’t
see it, but they want to see you now, yes.

Okay, so anyway, Luis, did you understand his question?

LTP (Luis Trabb Pardo): I didn’t follow that particular question.

DEK: Okay, you mentioned Hofstadter? My favorite story is that Doug
said at one point, “The most important question in artificial intelligence
is, ‘What is the letter A?” And I said, ‘Yes. And the second most important
question about AI is: What is the letter I?’ 720 You don’t get it, but anyway,

timate abstraction that can be captured in a finitely parametrizable computational
structure—a ‘software machine’ with a finite number of ‘tunable knobs’; and (2) that
every conceivable particular ‘A’ is just a product of this machine with its knobs set
at specific values” Hofstadter (1982, pp. 309-310). Hofstadter further argued that “to
fill out the full ‘space’ defined by a category such as ‘chair’ or ‘A’ or ‘waltz’ is an act
of infinite creativity, and that no finite entity (inanimate mechanism or animate or-
ganism) will ever be capable of producing all possible ‘A’s and nothing but ‘A’s” Hof-
stadter (ibid., p. 310). However, a close reading of DEK’s article does not straight-
forwardly support this attribution. DEK argued that any given typeface can be de-
scribed by some METAFONT program, and that a single program can, with appropri-
ate design, parametrize several typefaces simultaneously and generate interpolations
among them. He did not claim that a single, universal program could generate every
conceivable font solely by varying parameter values. Hofstadter’s critique, while philo-
sophically substantial in its own right, appears to engage with a stronger claim than
DEK actually advanced, which calls into question whether a genuine disagreement
over DEK’s position ever existed.

19. Luis Trabb Pardo, originally DEK’s PhD student (Trabb Pardo, 1978) and then
working on the TgX project (with the title “Associate Director, TgX Project”), is
known for the TPK (Trabb-Pardo-Knuth) Algorithm (Knuth and Trabb Pardo, 1980),
which allows programming languages to be compared. See also https://wuw.tug.org/
interviews/trabb-pardo.html.

20. In fact, this exchange between Douglas Hofstadter and DEK is documented in
the former’s essay “Waking Up from the Boolean Dream, or, Subcognition as Compu-
tation”: “I hereby make the following claim: The central problem of Al is the question:
What is the letter ‘a’? Donald Knuth, on hearing me make this claim once, appended,
“And what is the letter ‘i’?”—an amendment that I gladly accept. In fact, perhaps the
best version would be this: The central problem of AI is: What are ‘a’ and ‘i’?” (Hof-
stadter, 1985, p. 633)
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there are definitely, in all, I mean, the older I get, I see more different art
forms, and font design is one of them, it covers more than one art form,
and it involves so many different things about, you know, not only the
optical illusions, but also a great deal more. I had fun reading Yannis’
description from some years ago about emojis, and all these, okay, so,
but your specific question is what?

GG: I just wanted to ask you, how do you see 40 years later, how do
you reflect on that debate around the possible or not parametrization of
typefaces, that debate you had with Professor Hofstadter back in those
days?

DEK: Okay, well, I still believe that it’s wise to think of parameters in
every project you do, some projects are one-off, but other ones, you know
that you have certain things that you can vary, and it’s very important to
focus on how you would vary the design, if your boss came in the next
day and told you that he wanted it to be different.

If you understand this notion of parameter, that’s great, but I don’t
think you’re going to get to a point where we’ve universally decided what
all the parameters are, that’s like saying we’ve all decided what kind of
novels can be written and what kind of statues can be made, or what kind
of puzzles can be formed, or what kind of jokes can be told? Apparently,
a best-selling book is coming out that says all literature falls into one of
these seven plots or something.

DB (Doris Behrendt): Hello, my name is Doris. I have greetings from the
German-speaking TgX user group, by the way, and I wanted to ask for
your opinion on the Comic Sans font.

It has a reason. The reason is that this year I saw a lot of famous people
giving talks, and their slides were with Comic Sans. I just wanted to get
your opinion on it, since it’s going viral a bit.

DEK: Yeah, that could be a danger. But also, I was at a conference at MIT
where several of the best talks were illustrated with Comic Sans. I first
saw it, I think, probably in Christos Papadimitriou’s graphic novel,?!

21. This graphic novel is called Logicomix. It appeared first in Greek (Ao€L&dng,
IManadnpntpiov, Ianaddtog, and Di Donna, 2008) and then in English (Doxiadis and
Papadimitriou, 2009). It is the story of the lives and works of Georg Cantor, Ludwig
Wittgenstein, G. E. Moore, Alfred North Whitehead, David Hilbert, Gottlob Frege,
Henri Poincaré, Kurt Godel, and Alan Turing, narrated by Bertrand Russell. Typo-
graphically, it is quite interesting, since the texts by characters from the present are
typeset in all uppercase, while Russell’s narration is always in mixed case. On page 54
(of both editions), Goethe’s Mailied is even set in (badly kerned but otherwise correct)
Schwabacher script.

Besides its other qualities, Logicomix is also interesting from a grapholinguistic
perspective, for the following reason: On page 69, the young Russell uses Greek script
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which talks about famous logicians. But in that work, it was only all-
caps. I probably went through five or ten years seeing only the capital
letters of Comic Sans.

But now, okay, we’re engaged in a project where a wonderful friend,
Siobhan Roberts,?? is compiling a strange biography of me, where we’ve
gone through all of my memorabilia, and we’ve photographed all kinds of
ephemera from every period of my life, and letters written, and so on. But
also,Ikeptadiary,adailydiaryoftechnical thingsthatIwasdoing. So, this
book that she’s planning, we’re working on it, probably, hoping maybeina
year it'll be done, but she’s going to be quoting a lot from my diary.

The question was, what font to use for the diary entries? I said im-
mediately, “Comic Sans.” But now, if you say it’s going viral, it’s going
to be too much a part of the furniture.?? But certainly, I'm going to see
the proofs of it next month. I don’t know the history of that font, or who
created it. When I was working on TgX in the 70s, we had a font that ev-

to transcribe the entries in his diary so that his tyrannic grandmother is unable to
read them (the title on the diary’s cover being “Greek Exercises” for camouflage). The
graphic novel shows a page of this diary, written in English transcribed phonetically
into Greek. What is interesting is that the phonetic transcription of English differs be-
tween the Greek and English versions of Logicomix. In the former version, it adopts
the modern pronunciation of Greek and the monotonic system (the monotonic sys-
tem is an abomination that was introduced in Greece in 1982, many decades after Rus-
sell supposedly wrote those lines), and in the latter version, it adopts a more-or-less
Erasmian pronunciation of Greek. So, for example, the words “humans behave” are
transcribed “Opavg pnyainB” (no breathings, a mu-pi digraph for the /b/ and a beta
for the /v/) in the former, and “Opavg Buyaing” (rough breathing on the upsilon to ex-
press the /h/, a beta for /b/ and a phi for /v/—even though a digamma would be more
appropriate than a phi here) in the latter. This variation in the transcription scheme
clearly demonstrates that transcriptions are not only linguistic but also cultural adap-
tations. But the comparison between the two transcriptions is even more interesting
since it reveals failures, quasi-Freudian slips: on the one hand, in the English and sup-
posedly polytonic version, many monosyllabic words (such as “Moot, pop, o, kopg”
for “Most, more, to, course”) are unaccented, something that would never happen in
polytonic Greek; on the other hand, in the Greek version of Logicomix, an upsilon is
used for the word “humans,” as a trace of the /h/, and an omega is used for the words
“all” and “also,” as indicator of the length of the syllables. These linguistically sound
practices were common before the 1982 monotonic reform (Haralambous, 2019), but
quite seldom in as late as 2010. It would be interesting to determine the extent to
which these phenomena are accidental versus intentional.

22. Siobhan Roberts is a Canadian author and science journalist, and a regular con-
tributor to the New York Times. She authored “The Yoda of Silicon Valley,” a beautiful
text on DEK in the Profiles in Science series (Roberts, 2018), which ends with a trou-
bling quote about AI: “I am worried that algorithms are getting too prominent in the
world. It started out that computer scientists were worried nobody was listening to us.
Now I'm worried that too many people are listening.”

23. Quoting Siobhan Roberts (personal communication, June 5th, 2026): “the book
isin the works. There is no publication date yet. I am still writing. I'd say it is uncertain
as to whether Comic Sans will be used, but perhaps in some shape or form.”
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erybody loved on our Xerox graphics printer. I can’t remember its name
now.?¢ But it was rather similar to Souvenir. A lot of people know the
font called Souvenir, and it was used so much.?’ Everybody loved it for
10 years, but all of a sudden, everybody started hating it. So, I don’t know
when the last book printed in Souvenir was, but there was a time when
more than half of the publications used Souvenir.

LML (Lothar Meyer-Lerbs): Hi, my name is Lothar. The big question is,
as you said, you have not planned TgX and METAFONT to do all these
things, but in hindsight, what would you add to these programs? What
features are missing? What would you like to see in a version that’s no
longer yours? What should people put into these programs to make them
better?

DEK: Now, let me first give a joke answer, you can look online for a talk
that I gave called “An Earthshaking Announcement”.2¢ This was, in fact,
I view that as my last technical paper of my life. I mean, there’s going
to have to be a last one. I decided that that was going to be the last one.
Everything else will be a blog or something. It was a talk I gave at a TgX
user group meeting in San Francisco. It was in the same place where
Steve Jobs used to announce the newest features for Apple products. I
described the future (*?7 project, the successor to TgX, which is called
iTgX. But you had to pronounce it with tones. You also, if you did it cor-
rectly, should ring a bell as well. It had a special logo that included the

24. The interviewer searched in Stanford Artificial Intelligence Laboratory Oper-
ating Note 74 “Find a FONT” (Earnest, 1976), and it appears that the font that is vi-
sually closer to Souvenir was probably called Meteor. DEK: By chance, | was look—
ing ar Find a Font a few days ago, and | did NOT find the font that | was talking
about. [With Gemini's help, | also found what is no doubt the most comprenen—
sive list of font samples from that era, namely Christman (1980).] So | decided
that the font in my mind must have been on the Dover printer, NOT the XGP. Sure
enough, Gemini was able to help me identify it—the name was “Cream”—and to
show me its actual bitmaps. Cream, designed by Bob Flegal, was wildly popular,
adopted by Smalltalk for example, and is now available via KreariveKorp as “Parc
Place.ttf” and “Parc Place Legacy.ttf”. The thing that marries Cream to Souvenir is
mainly the lowercase letters like e, v, W, Y. (The fonts can be downloaded from
https://www.kreativekorp.com/software/fonts/index.shtml.)

25. People think of Souvenir as a paradigmatic 70s font, but it was originally de-
signed by Morris Fuller Benton for ATF in 1914. In 1971, Ed Benguiat redrew and
expanded it for ITC, and it became ubiquitous. Quoting Jeremiah Shoaf, in his Type-
wolf Web site, “Due to its rampant overuse in the 1970s, ITC Souvenir is notable as
one of the most hated typefaces by designers active in that time period—I like to think
of it as the Comic Sans of the 70s.”

26. The talk can be viewed here: https://www.youtube.com/watch?v=eKaI78K_rgA and
the transcription can be found in Knuth (2010) and in Knuth (2011, pp. 707-715).

27. Here and in Knuth (2010), the asterisk signifies that any phonetic (or synes-
thetic, see footnote 28) realization of this logo should include the ring of a bell.
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bell. Anyway, you can see a video of this talk. It lasts half an hour. It was
a satirical thing that essentially said I learned I have no talent for writ-
ing programs, so I should instead hire somebody to do the programming
properly. They were going to use all of the techniques of software devel-
opment that satisfy all the buzzwords. Not only did it include improve-
ments to fonts and kerning and so on, but it also did three-dimensional
things. It would include 3D printing. It would include music. It would
also include, well, search features. It did mathematical computations.
Essentially, it was a combination of Google, Facebook, and Mathe-
matica. I didn’t have ChatGPT as part of it at the time, but I would have
included it if it existed at the time. Anyway, the idea was that this suc-
cessor to TEX was going to be everything to all people, and it was only
going to cost—of course, it had to be charged for, because that was one
of my big mistakes, my biggest mistake was putting TgX in the pub-
lic domain—it was only to cost $100 a month, but if you could get 10
other people to sign up, you could get it for nothing. So there was this
Ponzi scheme associated with it as well. And so, you know, the other big
mistake I made was using literate programming, etc. Actually, I sort of—
this would be my final paper, because my first paper was a satire that was
published in MAD Magazine when I was in high school.?® Okay, now, we're

28. Here, DEK puts his two seminal texts into perspective: his incipit, the MAD
Magazine article in which he presents his own system of measurement (one potrzebie
corresponds to the thickness of issue 26 of MAD Magazine (1957), one blintz corre-
sponds to the mass of a halavah cake with a volume of 1 cubic dekapotrzebie, etc.)
and his own calendar (long before January 1st, 1970, which is the origin of the Unix
calendar, DEK introduced October 1st, 1952, as the origin of the MAD calendar); and
its excipit, the text of his presentation “An Earthshaking Announcement” published
in TUGboat in 2010, in which he presents his supposedly new version of TgX. Aside
from his ability to satirize the spirit of the times, we notice a very strong common-
ality between the two texts: their human depth. The meter was, in the past, defined
as one forty-millionth of the Earth’s meridian—but how do you really calculate such
a length? The potrzebie is a measure accessible to ordinary people, and fundamen-
tally honest: its lack of precision is right there, before our eyes; there’s no need to
hide it behind pseudo-scientific rhetoric. The potrzebie is just as fragile as we are in
the face of technological advances: how will we measure it on the day the last copy of
MAD #26 is reduced to dust? DEK’s (™ project reminds us that communication has
always been multimodal (we can hear the rustling of a book’s pages, we can smell it,
we can even eat it like Gérard Philipe, cf. Cloux, 2007; Haddad, 1984) and that the
simplification of transmitting only text (as defined by Unicode) is a historical aber-
ration. His idea of ringing a bell every time the {* logo is spoken, aside from the
reference to Catholic liturgy or to the ASCII BEL character (0x07), creates a synes-
thetic experience, not to mention the symbolic aspect of this bell: “to ring a bell”
means both “to physically ring a bell” and “to spark a previously forgotten memory.”
He thus adds a psychoanalytic dimension to the sensory and synesthetic dimensions.
To conclude this 1957/2010 comparison, the first article reveals a young mind who
had already grasped that all formal systems rest on informal choices—his final article
shows us that so-called progress increasingly consists of forgetting things: stability,
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probably talking about more. The things that have come out in XgqTgX
and so on are probably the things that are—who is it, Jonathan Kew?2?°
He knows a lot about many languages, and I think his insights were es-
pecially valuable for preparing for the future. I think it’s important to
have something that can change, but it has to be archival. It should be
that, for an important document somebody writes, you should be able to
see it again 50 years later. If your conventions are changing all the time,
because it depends on somebody’s rendering engine or something like
that, that’s impossible. One of the most important things was to keep it
small, well enough defined that you can say this is a permanent docu-
ment, and not a trendy, ephemeral document. I mean, the World Wide
Web has a subset of HTML that I can use, which they say they’re going
to keep going forever.30 I think that’s very important.

YH: Okay. There are many font designers in this room, so I cannot help
but ask: When you started collaborating with Hermann Zapf, were you
speaking the same language? I don’t mean German and English. I mean,
between a computer scientist and a font designer, were there any termi-
nological or perceptual hurdles?

DEK: I think Hermann and I hit it off rather well. I mean, he was thinking
about using brushes and pens. And he, you know, he taught me what he

literate programming, the “do-it-yourself-to-better-understand” approach—all of this
is disappearing in the era of LLMs, and DEK traces, with gentle precision, the out-
line of what is being left behind. Furthermore, both papers share a structural joke:
they present absurdity in the form of rigorous technical specification. The Potrzebie
System has conversion tables; (* has pricing tiers and certification levels. The com-
edy in both cases comes from the mismatch between the seriousness of the form and
the playfulness of the content—which is, of course, exactly what all of DEK’s serious
work does in reverse: serious content in a form made as accessible and even playful
as possible. The two satirical papers are his serious work seen in a mirror.

29. Jonathan Kew (SIL International) is the developer of XgTgX, an extension of
TgX that communicates with the surrounding operating system in order to render
“complex” scripts such as Arabic, Hebrew, CJK, etc. (Robertson, Hosny, and Berry,
2025). Unfortunately, ever since 2020, XgTEX is considered unmaintained and has
not seen any evolution. As of the writing of this text (June 2026), the most promising
extension of TgX is LuaTgX, which uses an internal programming language (Lua) to
access the various data structures inside TEX in real time (Hagen, Henkel, Hoekwater,
and Scarso, 2025).

30. In 2004, the W3C founded the Web Hypertext Application Technology Work-
ing Group (WHATWG) to manage the evolution of W3C standards and tests. In their
FAQ_(https://whatwg.org/faq), they claim that their foundational principle is back-
ward compatibility—parts of the standard that have matured and been implemented
generally cannot be changed in ways that are backward-incompatible without extreme
care. But they also say, more candidly, that “if the web is replaced by something better
and dies, the HTML Standard will die with it,” which is a bit less optimistic.
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meant by this. And our early discussions about the Euler typeface3! went
through, you know, we had dreams that couldn’t be fulfilled because they
were probably trying to do too much. So I dedicated METAFONT to Her-
mann, and I said, you know, “To Hermann Zapf: Whose strokes are the
best.”32 T meant that in two senses. Not only the marvelously beautiful
strokes that he would draw, but in English, there’s another meaning of
strokes, which means “compliments”. Whenever I did something that he
didn’t approve of, he would tell me right away. So I knew that when he
did occasionally give me a compliment, it
was real. I really appreciated the strokes that
were slaps in the face, as well as the strokes
that were saying, “Okay, Don. You're start-
ing to get it.”

YH: Any other questions?

GG: I have a very quick question. What is the
poster behind you? Is that an ambigram?33

DEK: That is by Scott Kim, one of my stu-
dents,3* yes. I'm glad it shows up. Let’s see
that.

31. The Euler font family was commissioned by the AMS to Hermann Zapf. The
first book entirely typeset in Euler was “Concrete Mathematics” (Graham, Knuth,
and Patashnik, 1989), and, in a way, the font’s originality matches the originality of
the contents, where “Concrete Mathematics” is used both as an antidote to “Abstract
Mathematics” and as the contraction of “CONtinuous and disCRETE Mathematics.”
As the authors explain in the Preface, “The underlying philosophy of Zapf’s design is
to capture the flavor of mathematics as it might be written by a mathematician with
excellent handwriting. A handwritten rather than mechanical style is appropriate be-
cause people generally create mathematics with pen, pencil, or chalk. [...] This new
type family has been named AMS Euler, after the great Swiss mathematician Leonhard
Euler, who discovered so much of mathematics as we know it today. We are especially
pleased to be able to inaugurate the Euler family of typefaces in this book, because
Leonhard Euler’s spirit truly lives on every page: Concrete mathematics is Eulerian
mathematics.”

32. Dedicatory sentence on page ii of the METAFONTbook (Knuth, 1982b).

33. The concept of ambigram has been coined by Hofstadter. He defines it as “a
visual pun of a special kind: a calligraphic design having two or more (clear) interpre-
tations as written words. One can voluntarily jump back and forth between the rival
readings, usually by shifting one’s physical point of view (moving the design in some
way) but sometimes by simply altering one’s perceptual bias towards a design (click-
ing an internal mental switch, so to speak). Sometimes the readings will say identical
things, sometimes they will say different things” (Hofstadter, 1987).

34. Scott Kim is a computer scientist, DEK’s PhD student (Kim, 1987, with Charles
Bigelow in his thesis committee), puzzle and video game designer, artist, author, and
recreational mathematician. He wrote one of the first books on ambigrams, called
Inversions (Kim, 1981), with a foreword by Hofstadter and a backword by Jef Raskin.
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By the way, I saw Scott last Sunday, and so he now has kids getting
out of college, and he’s having fun making some YouTube videos with
one of his sons.

Were any of you at Stanford last year at the event that Tom Mul-
laney organized?35 I mean, look, there were many shared interests. Like,
I talked to the people who did the cuneiform fonts, for example, and
Chuck Bigelow was one of the keynotes. Well, we had quite a few great
speakers.

MD (Martin Diirst): Hello, Don, this is Martin Dirst. I have a question,
a little bit less technical. You were extremely healthy and active and so
on. I wanted to ask if there’s anything that, well, that keeps you healthy
and going?

DEK: Well, I’'ve been lucky, although, okay, so a week ago, I had a cataract
removed in my left eye. Next week, they’re going to take the cataract off
my right eye. At the moment, I don’t see, I mean, I see differently with
different eyes. I'm trying to learn how to stay healthy. So I swim typi-
cally four days a week and ride a bicycle. But while I'm recovering from
this eye surgery, I'm supposed to go a whole month without swimming,
biking, or gardening.

But generally, I do think it’s, you know, the human body was designed
to do certain things. So I look for opportunities to walk rather than to
ride. Let’s sort of put it that way. My balance is getting worse. I’ll have
to do some more exercises to improve my balance. Who knows what’s
ahead? But if some illness hits me, I'm not going to be angry about it. I'll
be thankful for all of the good health I have had.

While I stay healthy, I'm going to do my best to continue producing,
producing more of TAOCP that’s sitting in my files, waiting to be writ-
ten.

The book is printed in a square format so it can be turned at a right angle without
compromising symmetry. The ambigram on DEK’s wall is called Infinity and appears
in Kim (1981, p. 35). In the comments, we discover that using a circle avoids loose ends
and that stacking the lines solves the problem of extra dots: the dots hanging below
one layer now become part of the next layer. On his blog (https://uww.scottkim.com/
post/infinity-circle-1981), Kim gives further technical details on a circular one-layer
version of Infinity: “I programmed this design originally in JaM, the predecessor to
PostScript. The mathematical transformation from straight to circular lettering was
programmed by John Warnock, the co-creator with Martin Newell of JaM, and co-
founder with Charles Geschke of Adobe Systems.”

35. Thomas S. Mullaney (author of the very interesting The Chinese Typewriter: A
History, Mullaney, 2018), is the director of SILICON (Stanford Initiative on Lan-
guage Inclusion and Conservation in Old and New Media) and organizer of the
Face/Interface 2023 conference at Stanford (https://digitalhumanities.stanford.edu/
face-interface-2023/), which is the event DEK is referring to (see also Veytsman,
2024).
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Some of you might know this novel by Laurence Sterne from the
1700s called Tristram Shandy.3¢ 1t’s a story of the life of Tristram Shandy.
The first ten chapters cover the first week of Tristram Shandy’s life. So
then he starts to realize he’s not going to get through the whole story.
But the next year, the second volume or something of Tristram Shandy
came out, and Laurence Sterne said, “You know, I plan to just come to
my publishers and deliver more copy as long as I can.”

Somebody asked me, “What do you do, Don?” And I said, “Well, I eat,
sleep, and write content”.

YH: Since we are asking less technical questions, in the TEXbook, you say
to the reader, GO FORTH and create masterpieces of the publishing art.3” Nowa-
days, ChatGPT is also doing TgX. And so theoretically, it can also do
masterpieces of typesetting art, and even inspect TEX’s code.

So my question is, what will you do if you receive a bug report coming
from an artificial intelligence?

36. Besides its diary-like process of content production, Tristram Shandy is ex-
tremely interesting to (typo)grapholinguists due to the very innovative use of the
typographic medium (see, e.g., Voogd, 2018 and Barchas, 2003). A precursor in ty-
pographetic methods (see Haralambous, Landragin, and Handa, 2020) Sterne used
an entirely black page to express mourning of Yorick, and even a pair of contiguous
black and marbled pages he commented as “you will no more be able to penetrate the
moral of the next marbled page [...] than the world with all its [agacity has been able to
unraval the many opinions, tranfactions and truths which [till lie my[tically hid under
the dark veil of the black one”. A ubiquitous feature of his work is the use of variable-
width dashes (ranging from a few points to a complete line of text), sometimes 4—5 of
them on the same line. I would like to compare his use of dashes with the way emphasis
was given on the harpsichord (see, e.g., Couperin, 1716). Indeed, Sterne’s page and the
harpsichord meet the same constraint and resolve it the same way: denied any control
over intensity, each manufactures emphasis out of time. The harpsichord’s plucked
action fixes a note’s loudness, whatever the force of the touch, so the player privileges
a note not by striking it harder but by isolating it temporally—the agogic accent, to
borrow Riemann’s later term, produced through articulation and the slight silence
that, falling before an onset, makes the ear register it as stressed. Sterne’s typogra-
phy works under an analogous poverty. The mid-eighteenth-century page possessed
no instrument of graded emphatic weight—nothing answering to boldface—and ital-
ics signaled only difference of kind, a name or a foreign word or an altered voice,
rather than difference of degree; emphasis proper had therefore to be constructed,
as in music, from duration and silence. This is the work of the Shandean dash, and
of the calibrated lengths Sterne assigns it: not a louder word but a suspended one, a
withholding that loads the phrase to come exactly as the micropause loads the note
to come. The parallel is finally historical as much as structural, since both temporal
expedients are dissolved by the same order of invention—the fortepiano restoring in-
tensity to the fingers and so retiring the agogic detour, the latter economy of boldface
lending the page a direct typographic stress that the dash had until then been obliged
to counterfeit in time.

37. This is the “final exhortation,” at the end of “Chapter 27: Recovery from Errors”
in Knuth (1982c, p. 303).
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Will you pay the hexadecimal dollar?3® And to whom?

DEK: Oh, whoever sent it, if it’s a valid correction, the reward is justi-
fied.’?

A month ago, the publisher said, “We’re going to reprint volumes 1,
2, 3, and 4A”. Every time a new printing comes out, I go through all of
the error reports that have come in. So, since February, it turned out that
there were more than 150 separate issues that people had raised. I would
say only about 30 of them were really, really bad or not worthwhile. Even
when someone thought there was an error, but the text was okay, I could
still improve it so that a person wouldn’t think there was an error. So I
went through these 150 things, and each one is independent of the oth-
ers, so it took me more than two weeks. That was only for four of the
books that I have in print. So I've got a big stack of mail to answer after
I finish the next thing.

But my current project is: I'm hoping to finish volume four, fascicle
seven, which, if all goes well, will be printed in December.2° I'm writing
the last 10 pages now, and next week I'll start on the index to it.

But certainly, these Large Language Models are tremendous fakers,
and so they’re so good at saying plausible things, and if I get something
like a distributed denial of service attack with reports, then I'll have to
figure out how to cope with that. But right now, I would check whether
the comment is plausible. Boy, I hope nobody tries it, though. Long ago,
in the 60s, Joshua Lederberg made a model of what constitutes a viable
protein, and so then there was a question of whether you could write a
computer program that would come up with a million viable proteins,
and the question is, well what if he sends them all to the US patent office
to get a patent on it?4! To me, all connections with money are the least
important in my life, but I know that it’s not true for everybody.

38. DEK awards checks for finding technical, typographical, or historical errors,
or making substantial suggestions for his publications (the interviewer is the proud
recipient of two such checks). Since 2008, these checks have been issued by the Bank
of San Serriffe (https://hoaxes.org/archive/permalink/san_serriffe) in the country’s
national currency, namely the bexadecimal dollar.

39. DEK: Incidentally, when | issue the next round of checks in a week or so (e.g.,
in mid-June 2026), one of them will be to Claude... at the request of the man who
was the go-between.

40. And indeed, TAOCP, Volume 4, Fascicle 7, Constraint Satisfaction has been re-
leased on February 5th, 2025.

41. Joshua Lederberg was a molecular biologist, winner of the 1958 Nobel Prize in
Physiology or Medicine, professor at Stanford, and founder of Stanford’s Department
of Genetics. This appears to refer to ideas circulating around Lederberg’s DENDRAL
project (1964-), a program capable of systematically enumerating all possible molec-
ular structures satisfying given constraints. The patent thought experiment DEK de-
scribes does not appear to correspond to a published text; it may derive from personal
conversations at Stanford, where both men were colleagues.
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YH: I think we’re finished.

DEK: I appreciate you guys staying up late to watch this.

ALL: Thank you very much,42 Don, and bye! (Applause.)
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Tamil Orthography Reforms

Jan Kucera

Abstract. In this paper, we look into two Tamil orthography reforms, one at-
tributed to Constanzo Beschi, who wrote a Tamil grammar in 1728, and one at-
tributed to E.V. Ramasamy, which was implemented by a government order in
1978. We evaluate their contributions to the reforms and introduce them in the
contemporary historical and political context. This includes topics of pz//i, dis-
tinguishing short and long vowels, and alternative forms of letters.

1. Introduction

The Tamil script is used to record the Tamil language in India, Sri
Lanka, Malaysia, Singapore, and Mauritius, but also other countries with
Tamil diaspora. Apart from the Tamil language, it has also been used to
write other languages, such as Arabic or various minority languages in
the area (e.g., badagu, irula, kotta).

Two successful orthography reforms have taken place during the de-
velopment of the modern Tamil script. The first one is associated with
the Italian Jesuit priest Constanzo Beschi (1680-1747), a missionary in
South India. He is typically credited with introducing grapheme G ¢ for
long vowels ¢ and ¢, typographically differentiating 5 ra from m -4, and
marking the lack of implicit vowels in this abugida by using what is
known as ¢ pulli.

The second orthography reform was enacted by a government or-
der in 1978. It is generally credited to a popular Indian activist E.V. Ra-
masamy, also known as Periyar, and it was introduced for the centenary
of his birthday. The reform involved unifying the orthography of sylla-
bles with long = d and em: ai (i.e., @ 7d became 6wt 1724, Zevor ai became
GGHT nai etc.).
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These two reforms could not be more different. While the former was
practically single-handedly introduced owing to the small number of
printers established by missionaries at the time, the latter spanned over
50 years of public discussion, conflicting interests and philosophies. In
this paper, we look into the background and aftermath of these two re-
forms and recount the contributions of the people attributed as their
creators.

11. Overview of the Tamil Script

The Tamil script has a long history developing from two branches of
brabmi. Some letters were taken from the vaffeluttu script, which emerged
from the Tamil-Brahmi variant, and some letters were taken from the
grantha script, which developed from the Southern Brahmi variant. The
modern letterforms started to take shape in the 14th century; see Fig-
ure 1.

Southern brahmi -

Tamil brahmi - )
o
Tamil Nadu north Tamil script
south
middle T » aryaeluttu - Malayalam script
vatteluttu
Kerala north late o koleluttu
south vatteluttu~ > malayanma
century AD 5. 7. 9. 11. 13. 15. 17. 19. 21.

F1G. 1. Variants of vatteluttu!

Like other scripts developed from brabmi, the Tamil script is a typi-
cal Indic abugida, where unmarked consonants represent syllables with
an inherent vowel, and syllables with different vowels are marked using
mostly consistent vowel marks, for example: u pa uT pa 0\ pi S pi | pu
L, pu Qu pe Gu pé Qur po Gur po ewu pai QueT pau. Pure consonants, i.e.,
consonant without any vowel, are marked by a dot above (puili): 11 p.

However, Tamil does not have aspirated or voiced consonants like
pha, ba, bha etc., so the number of letters is significantly lower than in

1. Dating after Mahadevan (2021), Vielle (2008), 85, Sam (2006). The ratio
of inscriptions written in vafteluttu, grantha and the Tamil scripts within the area of
Tamil Nadu between 6th and 10th century AD after Govindaraj (1994, p. 14).



Tamil Orthography Reforms 419

other Indic scripts.?2 Unlike other Indic scripts, the Tamil script also does
not form conjuncts—pure consonants are always fully represented (e.g.,
&& kka). The only exception is the conjunct &g ksa from the grantha script
used in words of foreign origin.3

1.2. Printing Until 18th Century

Tamil is at the very beginning of the history of printing press in In-
dia. The first book printed in any Indic script, Doctrina Christam en Lin-
gua Malauar Tamul, was printed in 1578 in Goa by the Portuguese Jesuit
missionaries.* This printer was moved to Cochin (koccin) shortly there-
after and ceased printing in a few years. In the 17th century, the Jesuits
founded a Syrian press that eventually ended up in Ambalakad (am-
palakkatu) as the only printer printing in Tamil at the time (Kalapura,
2007, pp. 445-7, sukhsesr [Campantan], 1980, p. 48). Finally, a Danish
missionary established a printer in Tranquebar (nowadays taraznkampadti)
at the beginning of the 18th century. Its first publication in Tamil was a
part of the New Testament printed in 1714, see Figure 2.

Figure 2 is a good example of the Tamil orthography in prac-
tice shortly before the changes introduced by Constanzo Beschi. Even
though the letters have been slightly updated from the first prints in the
16th century, the orthography remained the same as in the early prints.
The first row of green rectangles in Figure 2 is pointing out the lack
of pullis to mark the pure consonants. In modern orthography, the line
would read agasfifcysg écukkiristtu. The blue rectangle in the follow-
ing row is marking two different letters that look identical, the first one
being ra and the second one being the vowel mark -4. In modern orthog-
raphy, the line would read mprsrmesTeun nataranavar. Finally, the two red
rectangles at the bottom denote vowels of different length. The first one
is short, and remains @ in modern texts, while the second one is long
and is now written as G. These ambiguities alone mean that reading the
text requires non-trivial language knowledge. According to Burnell, the
orthography in this publication is identical to the one used in Tamil in-
scriptions of the 15th and 16th centuries (Burnell, 1968, p. 45).

2. On the other side, Tamil adds 4 letters of its own:  /a &7 /a v 7a and & n#a. For
imported words, additional 4-5 grantha letters are usually listed as part of the modern
Tamil alphabet.

3. There is also a fixed syllable wrf §77. Note that Tamil used to join letters in the
past, not only in handwritten manuscripts, but also in printed publications. Burnell
(1968, p. 46) suggests mostly in the 16th century, rarely in the 17th century, but we
can also see them later, e.g., on Figure 4 from 1809.

4. Available at https://iiif.lib.harvard.edu/manifests/view/drs:53909112. For
the fascinating story of the early years of printing press in India see Priolkar (1958)
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F1G. 2. The title page of New Testament, the first book of Protestant mission in
Tranquebar (1714). From Tai (2021, p. 20) (cropped and annotated)

2. The Reform of Constanzo Beschi

Constanzo Beschi (Tamil name viramdmunivar) was an Italian Jesuit who
arrived in India in 1710 and eventually settled not far from Tranquebar
(Blackburn, 2003, p. 45). In 1728, he composed a Latin-Tamil grammar,
which also includes an introductory chapter on the number and form of
Tamil letters. It was published in print in 1738:

1. To express a short, they add nothing to the consonant, and the same fig-
ure, viz., &, expresses both the simple consonant %, and the syllable 4a; and so
of the rest; which certainly cannot be approved, and will give no light trouble
to beginners.

2. To express 4 long, they add the figure m. [...] Yet since the said figure m,
may also be the letter 74 it is liable to become equivocal [...]; wherefore some
to distinguish them, write m, when the figure expresses 4 long; but when it is
to be taken for 7a, they after [Sanskrit] fashion, slightly bend up the anterior
stroke and write f.

But in their Grammar called peTenmev [nannil], as well to distinguish 4
long from the letter 7q, as the simple consonant form the consonant joined
with a short, they teach certain marks to be written over them, which they
call yeref [pulli]; [...]. As regards the second squivocation, if this figure m is
to signify @ long, nothing will be superscribed; but if it is to express the short
syllable 7a, the mark is to be superscribed; e. g. the word gmw without any
mark you may read fdsm; with this mark g 1 you may read taram. [...]
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In the same way when the figure expressing e short and élong, o short and
o0 long, is the same, for the sake of distinction they direct that mark ~ to be
superscribed over the short letters, the long being left unmarked. Thus Guw?®
is read méy long, [...] @ ww" is read mey short [...].5 Nevertheless, excepting in
some few expressions, I have no where seen these marks superscribed; which
certainly would be very useful, especially to beginners, an omission arising
perhaps from the laziness of transcribers. I also state that I have devised an-
other and easier way of distinguishing ¢ and ¢ long from ¢ and o short: viz.,
when the letter G called kombu serves for both, if this is written in its simple
form it will be ¢ short and o short: but if it be turned in into the upper part,
as I shall mention below of 7 long, in this way G, it will be ¢ and ¢ long. Thus
Quw, mey short; but Gww long. [...] Which plan has been approved by many
persons who have not disdained to follow it. (Beschi, 1738, pp. 5-8), English
translation by Mahon (Beschi, 1848, pp. 6—7), modern transliteration)

It should be noted that matters of non-standard orthography are very
unreliably preserved in printed editions. Figure 3 shows several editions
of this work, all using different type and different marks, in some of the
cases making the text completely incomprehensible. Even more inter-
estingly, important parts of the quoted text are not present in the hand-
written manuscript of 1728 and appear only in print in 1738, as pointed
out below.

LY

gmie  HTlo | Siin ST
Curw® Glrw. Quird

F1G. 3. Different editions of Beschi’s introductory chapter. The first row shows the
word faram in the text quoted above. The second row shows poy from the part
explaining pu/li. Note the different positions of the marks, the lack or addition
thereof, and the modern form of g at the top right. Right to left: English trans-
lation (Beschi, 1848), Latin reprint (Beschi, 1813), first edition (Beschi, 1738),
original manuscript from 17286

2.1. (Re)introducing pulli

Depending on the background of authors, Beschi is often said to have
introduced or reintroduced the pu//i into the Tamil script. There are sev-
eral Tamil inscriptions already in both brabmi and vatteluttu that use pulli
for marking pure consonants, so there is no question about this practice

5. In the Latin edition of 1738, the marks are indeed printed right to the letters,
with the only exception of i (Beschi, 1738, p. 8).
6. Available at https://gallica.bnf.fr/ark:/12148/btvib10029450z/.
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predating Beschi by many centuries.” The pu//i is usually not present on
palm-leaf manuscripts, likely to avoid damaging the palm leaves with
holes, and this concern is not applicable to printed publications.

A more interesting observation is what pu#//i means to Beschi. The
word pujli can be translated not only as a dot, but also as a mark in gen-
eral. Beschi is referring to a system of marks described in zannul, a Tamil
grammar from around the 13th century. As can be seen from the exam-
ples in the quoted text (which are present in the first printed edition
but not in the hand-written manuscript), it not only includes the dot for
marking pure consonants, but it also includes the line above to mark syl-
lables with short a. Moreover, these marks are to be written if and only
if there is a possibility of ambiguity, so even the dot is not used as often
as in modern texts. We can see this system in practice, for example, in
the Fabricius’ Tamil-English dictionary published in 1809; see Figure 4.

GrLigssmE), to save. QUL Fg 37, the
Savicur, QoL Faaen B & 20 5, torddiver, to
rid , to rescue, D

QT W, (fim ., G T w0 & & ) e certain tribeef
people | e

@ 8 601 T aGT(3 I G5OT , a young ‘woman: growsm
marriageable ,

F1G. 4. Examples from the second edition of Fabricius’ Tamil-English dictionary
published in 1809 (Fabricius and Breithaupt, 1809, p. 169)

Note that the double consonants such as &d) kki or &g #fu do not carry
dots, but L& fci, as well as the final § 7 in the first row and the final esor #
in the bottom entry are marked.® The bottom entry also shows the line
above et za explicitly marking the short a: rutuvinapen, not rutuvanpen.

Hence, Beschi’s mention of this system does not seem to account for
the modern usage of pu//i as a dot on every consonant without an implicit
vowel. Beschi himself notes that he has not seen this system used apart
from a few exceptions, and while recognizing its potential for learners
of the language, he rarely utilizes it in his grammar himself.

7. For a good reference on early Tamil inscriptions, see Mahadevan (2003).

8. Interestingly, only the letter o 7@ uses the ring form of the mark rather than a
simple dot. We see a similar difference in treatment of g already in the 1738 edition
of Beschi’s grammar. As a sidenote, the second entry shows an example of a Tamil
ligature of L1q ##7 in print as late as 19th century.
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2.2. Distinguishing 7@ and -

It is true that Beschi in his grammar systematically distinguishes 7z and
-4 by using 7 and m, respectively. He also clearly states that some to dis-
tinguish them, write [...], suggesting this had already been the practice
of others before, and he should not be considered the inventor of the
altered shape.

Some fonts include the bent anterior stroke only when the identity
of the letter is unclear. When the pu//i or some vowel marks are attached
(such as in the case of ifl 7 if r7), it is clear the letter cannot be a vowel.
Beschi does not seem to be consistent in this regard and the printed edi-
tion does not always match the handwritten manuscript; see Figure 5 for
an example.

.75 05 R

F1G. 5. Syllables 1 ra, ow 74, il 74, if 77 from a list of syllables. Left: Beschi’s hand-
written manuscript from 1728. Right: First printed edition in 1738 (Beschi, 1738,
p- 10)

The ra vs. -4 pair was not the only ambiguity in the script. There is
also e, which can be either /a or the right part of the vowel mark for -qu:
Qa6 kela (especially with the pure consonants unmarked, k¢/) but also
Q&6 kau. Beschi comments on this:

For the diphthong ax they place @ before each letter, and e after: thus
Qe kau, Qg6 tan, &c. But it might be read aslo kél, hear; and zél, a scorpion;
wherefore this way of writing is seldom used; but in the place of the diphthong
they write a short and add the consonant v. Thus the noun kauvai they sel-
dom or never write Q&erTenal, but seuenal [kavovai]. (Beschi, 1848, p. 7, modern
transliteration)

Consequently, no system was proposed to disambiguate this case by
Beschi, but as we will see later, it became a point of discussion, a spelling
reform and its retraction in the 20th century.

2.3. Distinguishing Short and Long Vowels ¢/o

The change clearly attributable to Beschi is the introduction of the
grapheme @ to denote long vowels ¢ and ¢ (the o vowel consists of the
vowel mark for e to the left and the vowel mark for 4 to the right of the
consonant). As quoted above, Beschi states he invented this distinction.
More interestingly, there is no word to that effect or any usage of it in
his 1728 handwritten manuscript; it appears only in 1738 in print.
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Special attention should be paid to his explanation: if it be turned in
into the upper part, asIshall mention below of 1long [...]. In the Tamil script,
the long 7 is usually distinguished by a curl at the end of the stroke: & £,
& ki, 1B ni, 1h ni, 19 1, 1o t7 etc., but also «p ru em 74, ® tu, G ti etc. It is therefore
quite natural to use the same idea of prolongation on the vowel mark for
G -e.

The modern form of G has masked this origin with both loops be-
ing identical,® but with the above note, it is clear that while the lower
loop constitutes the core identity of the vowel, the upper loop is just the
prolongation curl. And indeed, the original shape of the long G reflects
this imbalance visually, except that not all printed editions managed to
preserve it; cf. Figure 6.

turned in into the upper part,as I shall mention below of Z long, in this
way G, it will be ¢ and 6 long. Thus @Quwd, meéy short ; butCwd may
long. So @uds, poy short: but Curd, poy long. Which plan has

longo, fic ;¢ et o crunt longa. Sic (Quow, ey, bre-
ve: at Quows, m’y, longum. Sic (LT, poy, breve,
at T, ply, longum. Qui modus pluribus fatis

F1G. 6. Excerpt from the quoted text introducing G in three different editions.
Notice the different relative sizes of the upper and lower loops. Top: Beschi (1848,
p- 7). Middle: Beschi (1813), Bottom: Beschi (1738, p. 8)

A similar topic re-emerges during the 20th century reform with re-
gards to the initial vowel for 7. Tamil currently uses quite an unexpected
@ i form coming from the grantha script, but an alternative form exists
that applies the same principle of a prolongation curl: § 7, @ i. This form,
sometimes claimed to be the native Tamil form, was occasionally used
in publications in the 19th century. For an example, see Figure 7.

9. Such shape is shown in a type specimen as early as 1854 from the Vepery mission
(Marr, 1969, p. lviii).
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7 Long Vowels.

-3, as in ah. &-5, as in eye.
@-e¢, as inreel. -0, as in sole,
2.o7.1, as in rule.  gar-0d,asin foul,
@.8y, as in they.

F1G. 7. An example of a publication using an alternative form of long 7 (Rhenius,
1838, p. 2)

3. The Reform of EV. Ramasamy

3.1. Political Background

The 20th century was a fairly busy period for what is now Tamil Nadu,
with many social and nationalist movements taking place. At the end
of the 19th century, the classical Tamil works known as Sangam litera-
ture were rediscovered (Zvelebil, 1992, p- 46). That elevated the Tamil
language to historical significance and resulted in Tamil becoming the
second Indian language declared a classical language (after Sanskrit).
That way the Tamils gained a sense of belonging to a literary, linguistic
and religious past, which separates them from other Indians—especially
Brahmins, who represent the northern Aryan culture, and who put San-
skrit and its importance above Tamil (Kailasapathy, 1979, p. 24).

In 1915, Vedachalam Pillai (vétdcalam) founded a pure-Tamil move-
ment with the goal of getting rid of any foreign words from Tamil, es-
pecially the Sanskrit ones. In the same year, a political party called Jus-
tice Party (nitik katci)10 was created with the goal to protect and promote
the political interests of non-Brahmin Hindus. The movement and the
party complemented each other in trying to become free from Sanskrit
influences (ibid., p. 29). The concept of clean Tamil applied to the script
too: the Tamil letters are completely adequate to express all the required
phonemes; therefore, there is no need for the grantha letters or any re-
forms introducing new letters.

In 1925, E.V. Ramasamy (i. ve. irdmacami), also known as Periyar
(periyar),"t launched the Self-Respect Movement (cuyamariyitai iyakkam),
fighting for equality of all castes. This was later merged with the Jus-

10. South Indian Liberal Federation at the time (fennintiya nala urimaic carkam).
11. Literally Great Man, a title given to him by a conference of Tamil Women while
he was in prison (Kandasamy, Smarandache, and Kandasamy, 2005, pp. 108-109).
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tice Party and renamed to Dravidar Kazhagam (tirdvitar kalakam). The
Indian National Congress came to power in 1937, establishing Hindi as
a mandatory language in schools, resulting in wide protests in Tamil
Nadu'? led by Periyar until the decision was retracted (i.e., 3 years). A
similar situation repeated in the 1960s after India gained independence
and Hindi was again to become the only official language of India. Peri-
yar proclaimed that the only way to stop the attempts of Hindi domina-
tion was a separate country—originally Tamil Nadu, later Dravidistan,
a country for all Dravidians—which became the main purpose of this
movement (Hardgrave, 1965, p. 27).13

3.2. Early Attempts

Between around 1930 and 1980, discussions about Tamil script reform
were taking place in Tamil Nadu as well as other countries with Tamil
population, most notably Malaysia and Singapore. Eventually, the gov-
ernment enforced the reform on the 19th October 1978 by a governmen-
tal order No. 1875.

Even before proposals to change individual letters and syllables, some
called for adjusting the script for functional reasons. In his 1914 book
The System of Writing and Pronunciation in Tamil (tamilil elutumuraiyum uccarippu
muraiyum) M. Rangasarya proposed to add three vowels to the Tamil
script to record phonemes of the northern languages (umevabhsrib [Pala-
cuntaram], 1982, pp. 2—3). Even Subramania Bharati, a prominent Tamil
writer, wrote in 1915 that as the communication with the world increases,
many new letters will be needed to write foreign names (gFesorpasid [Can-
mukam], 1978, p- 3). Since then, the society was split into those asking
for new letters, mostly from the grantha script, and those like in the pure-
Tamil movement, arguing that the current set is more than enough and
preferring to remove letters.

The Tamil script reform as we know it today started in the 1930s.
While it is usually connected to the name of Periyar who was trying to
enact it and at whose centenary the government issued the order, we can
find calls for these changes even before Periyar became involved.

The editor of the Kumaran weekly newspaper published an article Re-
Jform in Tamil Letters (tamil eluttil tiruttam), in which he points out several
difficulties involved in learning the Tamil script: the differences between
short and long initial vowels, the irregularity of forming syllables using
-ai and -4, and also the irregular form of the syllable & k4. He proposed

12. The state of Madras at the time.

13. The separatist tendencies diminished after the reorganization of India based
on languages in 1956 and were eventually outlawed by the 16th amendment to the
constitution in 1963 (Kothari, [1970?], p. 331).
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a regular formation of syllables according to Table 1, and encouraged
scholars, writers and editors to consider his proposal and publish their
thoughts (w@aLium [Murukappal], 1930). The title page of that newspa-
per issue was published using the newly proposed orthography.

TaBLE 1. Changes to the Tamil script proposed in the Kumaran weekly (1930)

before after before after

zg <@ @nfrrrrr no Q@  Qeworm
nai 2awuT GGOT o ) G
lai 260 GG no C@m Gevor
lai 2eiT GG 1o oy Gom
nai st GOGT bo ¢ Goorm

Half a year later in 1931, almost a full-page article was published in the
same newspaper, titled Letters and Their History (eluttukkalum avarrin carit-
tiramum) on writing scripts throughout history, supporting reforms as
a natural part of their developments (réesrib [Ratnam], 1931). The his-
tory of the Tamil script itself was the subject of essays of A.C. Suppaiya
(cuppaiya) published at the beginning of 1933 in a Singaporean weekly
Progress (munnérram) (umeodimgrd [Palacuntaram], 1982, p. 8, aliemuwiT
[Cuppaiya], [1935], p. i).14 Apart from the irregular syllables with -2/ and
-d, complete abolition of the 4/ and ax vowels was proposed, replacing
them with ay and av respectively, effectively proposing a spelling reform
as well. Finally, the author pointed out a still contemporary practice of
using the old form of initial 7 (i.e., @ instead of =), not coincidentally, in
textbooks for children (umevan& [Palacuntaram], 1982, Kandiah, 1986,
p- 20). Even though the proposed changes were not motivated by techno-
logical reasons at this point, the author assured readers that on typewrit-
ers, space for any new letters can always be created by similar changes
towards regularities in the script (slenuwrr [Cuppaiya), [1935], p. 36).15

The first discussions about a possible reform of the Tamil script took
place at a conference of Tamil scholars at the Pachaiyappa’s College in

14. Periyar published them later in a book called The Study of Tamil Letters (tamil
varivativa drdyccz’), which became the first book on this reform of the Tamil script
(sviemuwr [Cuppaiyal, [1935]).

15. This recommendation came from Kuthoosi Gurusamy (kustici kurucami) who
had already tried to suggest it on the previous conference in Trichy in 1932 and had
been rejected (@wamfl [Kurucami], 1935b in Geugy [VElu] and Qeeveunmed [Celvarajil,
1989, p. 85). Some sources suggest a report from this committee was published in the
weekly Rationality (pakuttarivu) on 12th of December 1934. However, the issue number
16 was published on 9th of December and number 17 was published a week later, on
16th of December.
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Madras on the 23rd and 24th of December 1933 under the auspices of
the Ministry of Education (Kandiah, 1986; Geougy [Vélu] and Gacveurmg)
[Celvaraji], 1989).16 One of the outcomes of the conference was the estab-
lishment of a committee to consider and report on the superfluous and
missing letters (Gaugy [Vélu] and Gecveupme) [Celvaraji], 1989, p. 52). A
year later, an article called The Reform of Letters (eluttil cirtiruttam) appeared
in the weekly of the Self-Respect Movement Rationality (pakuttariou)'’, in
which the author describes how the languages and scripts around the
world are developing, while in his country a religion of scholars turned
letters into gods, so the nation is proud of pronouncing Vishnu as Vittnu
or Vindu. He also reminded readers of an older form of 7 from about 70-
80 years ago and mentioned that syllables with -ai and -¢ formed regu-
larly would save 7 printing blocks and the need for children to remember
the irregular forms.

Despite the need for many changes in the Tamil script, for now it is possi-
ble to make use of these small changes. This way of letters can be used in the
next issue of The Republic.’® (gwwams [Kurucami], 1934, p. 12)

A relatively noticeable announcement was published in the same
weekly on the 6th of January 1935: not only would the upcoming, de-
layed issue of The Republic be using the regular -ai and -4 vowels, but sev-
eral books would be published that way too (@@memb [Kurucami], 1935a).
Indeed, one week later on the 13th of January 1935 the publication of
The Republic was resumed using regularly formed syllables. Kuthoosi Gu-
rusamy, who authored the previous articles in Rationality, praised the edi-
tors, pleased that someone was finally adopting his ideas and considered
it a complete success (@uamh [Kurucami], 1935b in Geugy [Vélu] and
Qgeveurmed [Celvaraji], 1989, p. 86).

The first time Periyar himself commented on the Tamil script reforms
was in the following issue of The Republic on 20th January 1935:

A long time ago, many have come to the conclusion that many changes are
needed in the matters of Tamil script.

Like comrade Gurusamy wrote, many amongst great scholars have been
speaking about the matters of script reform for a long time.

We have no doubts that, in the matters of Tamil letters, several changes
need to be done, however the worthless scholars!® philosophize about it. The
older and more sacred the language, shapes [of letters] and other matters are,
the more necessary changes they need. That is a true philosophy.

16. These conferences were not always peaceful; see reports from the meetings ibi-
dem.

17. The editor of this newspaper was E.V. Krishnasami, brother of Periyar.

18. The publication of Periyar’s weekly The Republic (kuti aracu) was planned to re-
sume on the 6th January 1935 after an involuntary interruption.

19. WSS PLEDLLI LIGHTLYSTSHGT
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[...] (@umwemb [Iramacami], 1935 in Geugy [VElu] and Ge&cveugmed [Cel-
varaji], 1989, p. 87)

The article then continues on how the religion and some fanatics im-
pede progress. The script needs to be adapted to the modern ways of
writing (i.e., paper and print as opposed to engraving into stones and
palm leaves). The argument to make it easier for children to learn to
read and write falls into background as just another advantage of the re-
form. Periyar also proposes to unify the way syllables with # and # are
formed, e.g., & ku and &® ki (instead of & ku and & ki, after &g° ju and
o3® ji and other similar syllables involving grantha consonants). Apart
from making syllables with -ai and -4 regular, he also mentions replac-
ing ai and au with ay and av (Qumwsmi [Iramacami], 1935 in Geaugy [VElu]
and G&ovaurmed [Celvaraji], 1989, p. 93).20

Since then Periyar started publishing books and newspapers with
regular syllables as per Table 1. The Justice party’s biweekly Freedom
(vitutalai) which started in 1935 was printed using the new syllables,
hence the new regular forms of letters are sometimes called the letters
of freedom (vitutalai eluttukkal) (Kandiah, 1986, p. 6).2!

3.3. Governmental Committees

Between the mid-1930s and the independence of India, the public dis-
cussions about script reforms subsided.?? A Tamil literary conference
was held in Madurai on the 18th and 19th January 1941, where it was
agreed that a committee for the Tamil script reform will be formed
(®whens [Kulantai], 1968, p. 6). There do not seem to be any records
of such a committee. On 14th and 15th of February 1948, the World
Tamil Conference took place in Madras, which also adopted resolutions
to lower the number of Tamil letters and to establish a committee for
the Tamil script reform. Based on the decisions of this conference, the

20. In this article Periyar points out that kax and kav, and kai and kay are pro-
nounced the same and this change could lead to lower the number of necessary Tamil
letters even more. When he returned back from prison in 1934 where he was contem-
plating the script changes, he told the publisher of Suppaiya’s essays that while the
changes are necessary, it will be difficult to adapt to them—in contrast to the unifica-
tion of syllables with -a7 and -4 which are easily understandable for readers, and which
can be immediately put to use both in books and newspapers (glignuwm [Cuppaiya],

21. Periyar himself took over Freedom in July 1937 and started publishing it daily.

22. There were more important problems to deal with during this period. In 1937
Hindi was made mandatory in schools, against which protests have been held until
the decision was retracted in 1940. Periyar was imprisoned again and the calls for a
separate Tamil country and later Dravidistan emerged. There is also the World War
II and the events leading to the independence of India.
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largest Tamil newspaper Swadesamitran (cutécamittiran) started printing
the vowel marks for 7, 7, #» and % separately, without connection to the
consonant (@yieng [Kulantai], 1968, p. 6).23

Meanwhile, the government in Madras appointed its own Committee
on Tamil in 1947, which prepared a preliminary report in February 1948
(Norman Brown, 1953, p. 4). The task of this committee was to prepare a
reform of the Tamil script so that Tamil could be typeset on a new type
of hot-metal press which could cast whole lines of text at once (until
then, the typesetters had to manually place one character after another)
(“Adapting Tamil Script for Lino Printing” 1948). The issue with these
machines by Linotype Company (see Figure 8) was that they could only
take 96 characters for fast typesetting (Ross, 1989, p. 129).24

On the 8th October 1949, the Minister of Information and Publicity
presiding over the 17th annual day celebrations of Swadesamitran, Press
Worker’s Union, said that the disadvantage of Tamil press when com-
pared to the English one was that it was not possible to create a Linotype
machine for the current cumbersome alphabet and it is therefore neces-
sary to make changes to the script in the interest of the development of
the Tamil journalism as well as the language itself (“Evolution of Tamil
Linotype Machines: Minister emphasises need” 1949). The government,
having the report of the 1948 committee, asked the Society for the Devel-
opment of Tamil (¢amil valarccik kalakam) to review the proposed changes
(“Reform of the Tamil Script: Changes Recommended” 1949). The soci-
ety organized a conference for this purpose on the 21st December 1949
in Madras, in which many changes to the script were proposed, some of
which were unanimously agreed upon.?> The board of the society dis-
cussed the resolutions on the 11th January 1950 and decided to recom-
mend to the government to implement a reform that would consist of
switching to regular syllables with -4/ and -4, as well as detached vowel
marks for -7 and -7, which would not interact with the consonants, as can
be seen in Figure 9 (“Tamil Script Reform” 1950).

Based on the recommendations, the government expanded its com-
mittee, which eventually prepared its second and final report dated 16th
August 1950.26 The report states it is necessary to reform the Tamil
script, both in the interests of mechanical efficiency and in the light
of educational psychology. The proposed changes all pertained to the

23. This newspaper was often testing readers with various changes in the script.

24. In exchange for lower speeds and increased costs, this limit could be raised to
200. All these characters must also be available on the keyboard.

25. Including the letter f is one of the suggestions that were postponed. This con-
ference also resolved to adapt the international (Arabic) numerals (“Reform of the
Tamil Script: Changes Recommended” 1949).

26. Neither the preliminary report from 1948 nor the final report from 1950 were
published. However, a summary of the second one was published in The Hindu on
13th July 1951 (Norman Brown, 1953, p. 4).
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F1G. 8. The first Linotype machine for Tamil in the Linotype Company Madras
office, 1936. From the private collection of Vaibhav Singh (L&M News, December
1936 in: Contextual Alternate, 2022)

vowels: the regular formation of syllables with -/ and -4@ as in Table 1,
detached -7 and -7 as in Figure 9 and then two changes in initial vowels—
the older form of initial 7 and distinguishing the grapheme used for /a
and au; see Table 2 (Norman Brown, 1953, p. 5).

The committee was aware of the irregularities with -z and -#, but it
was also aware of potential controversy caused by any suspicion of trying
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To separate the symbols 7)® for all
consonants like &1 al g1 #"’

F1G. 9. Proposed separate 7 and 7 vowel marks (“Tamil Script Reform” 1950)

TABLE 2. Changes to the initial vowels recommended by the governmental com-
mittee in 1950

before after before after
i o 6] kela  QzeT  Q&H6T
au GG GG kau Q\&HGT Q&6

to sanskritize the script, even if unfounded.?” Since the above changes
were technically enough to run the Linotype machine in fast mode, there
was no reason to risk the reform failing due to unnecessary controver-
sies (Minakshi Sundaran, 1953, p- 34). Similarly, amongst the considered
barriers for children was the fact that some of the vowel marks are writ-
ten to the left of or on both sides of the consonants. The committee also
decided to avoid changing this practice, for the same reason that pre-
vents them from switching to the Latin script:

any remedy will be only worse than the disease; because there is the great dan-
ger of making the handful of our literates in Tamil, illiterates, by introducing
revolutionary changes. (ibid., p. 35)

3.4. Worldwide Adoption

The government accepted the recommendations of this committee in
1951 (Norman Brown, 1953, p. 5; Kandiah, 1986, p. 21).28 Swadesami-
tran started to print part of its content according to these recom-
mendations. On 28th October 1951 the Singaporean daily Tamil Drum
(tamil muracu) published an article in full support of the reform and
noted that apart from the Lady Tamil (centamilc celvi) newspaper and
another monthly magazine there were no articles against the reform
(Swpmrayssra [Tirunavukkaracu], 1951).29

In May 1952, a new government came into power that was not in
favour of the reform. This could have been due to a large stock of al-
ready printed textbooks in the current orthography (Norman Brown,

27. The marks for ™ -» and «® - come from the grantha script used for Sanskrit.

28. It is worth pointing out that the proposed changes do not include replacing the
diphthongs a7 and au.

29. However, it does point out a disagreement in Malaysia. This newspaper printed
the full recommendations of the committee (Kandiah, 1986, p. 21).
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1953, p. 5). In any case, in July 1952, the government announced that due
to a strong opposition to the reform it was leaving it up to the public to
implement the changes that it considers necessary (Minakshi Sundaran,
1953, p. 28) and did not pursue the matter further.

Once again the script reform receded into the background, until the
end of the 1960s.3° In 1969, Singapore celebrated 150th anniversary of its
foundation. For this occasion, the Tamil schools created a commemora-
tive publication with an article about the Tamil script reform, in which
they stated that even if Tamil Nadu did not unanimously accept the
changes, it would not be a problem—once a student becomes versed in
Tamil, they can learn the old letters and then study books in the old or-
thography too (Kandiah, 1986, p. 22). At both the 2nd world conference
of Tamil studies in Madras 1969 and the 4th one in Sri Lanka 1974 the re-
form of the Tamil script was studied (umevangrb [Palacuntaram], 1982,
p- 23). Again the need for reform was put forward (@ermhHenrwesr [Ilan-
tiraiyar_l], 1979, p. 16), and resolutions of support came from the Sym-
posium of Tamil teachers of Indian universities (intiyap palkalaik kalakat
tamildciriyar manra karuttaranku) in Puducherry on 3rd June 1974 and a
group of Tamil scholars (tamilakap pulavar kulu) on 2nd February 1975,
including the reform of syllables with -» and -#. In 1977, The Annamalai
University organized a symposium on the script reform (UTeuahSID
[Palacuntaram], 1982, p. 23). June 1977 also holds elections in Tamil
Nadu, and the DMK promises to introduce the reform in a way that ev-
eryone would accept it (tam10).3!

In August 1977, the Prime Minister of Tamil Nadu and the Min-
ister of Education received a letter calling for implementing the re-
form. It stayed unanswered, so the author tried again in January 1978
(@emiHemrwesr [Ilantiraiyan], 1979, pp. 9, 15). In July that year, an ar-
ticle The Tamil Government Seriously Considers Tamil Script Reform was pub-
lished. Furthermore, the government was preparing for celebrations of
Periyar’s centenary and the reform of the script is one of the reforms
Periyar was pushing for (ibid., p. 18).

Finally, on the 19th of October 1978, the government issued an order
number 1875, in which it implements Periyar’s script and spelling re-
form (on request of the committee for Periayr’s anniversary).32 The new
orthography was supposed to be used in the government, governmental
organizations and schools with immediate effect. The government also

30. Meanwhile, the states of India were reorganized according to the language in
1956, resulting in the creation of the Madras state with Tamil as its official language.
During 1963-1965, another wave of protests against Hindi were taking place as it was
supposed to become the official language of India. Consequently, a faction of Dravidar
Kazhagam, the DMK party, won 1967 elections in Madras.

31. The DMK was defeated in these elections.

32. For full text of the order, see e.g., @embHenrwesr [Ilantiraiyan] (1979, pp. 118-
120), for commentary see esorwab [Canmukam] (1978, pp. 218-234).
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recommended that publishers follow the system in this order in Tamil
newspapers, other periodicals and books. The substance of the reform is
summarized in Table 3.

TABLE 3. Changes to the Tamil script and spelling as per the government order
from 1978

before after before after before after
ai o] U nai 2asuT GGIOT 70 Al @mm
au &RGIT 3G lai 26V MGV no Al QeorT
na (@) GOoTIT lai 26T GG no  Gem Geworm
ra W mm nai 2wt GOGST 70 G Gmrr
na @ GoTIT no Qe  Qevorm no (@) Georm

It is apparent that the government decided to ignore the conclusions
of both the expert committee and the government of the 1950s and went
for a populist acceptance of a Periyar’s reform.3® The government re-
ceived due criticism, also caused by the fact that it justified the reform by
the request for Periyar’s anniversary, not mentioning anything about the
long history of the reform and discussions with the public, profession-
als and scholars. The dissenting voices were mostly regarding abolishing
the ai and ay diphthongs and replacing them with ay and av without af-
fecting pronunciation. Eventually the government ceded and issued an-
other order on 15th of January 1979 in which it allowed the old spelling
using diphthongs (umev&mharib [Palacuntaram], 1982, p. 23).

The government was in no rush to implement or promote the pro-
posed changes either. In a survey of almost 2,000 adults at the end of
January 1979, almost 55% respondents said they had not heard anything
about the government-proposed changes (see Figure 10). Governmen-
tal magazines, calls and signs in public spaces remained in the original
orthography even a year after the changes were announced.

no changes needed 22 %

<) diff tch ded 7%
never heard of any changes 55% " ifferent changes needed 7%

agreed with changes 16%

FI1G. 10. Public poll of opinions on the Tamil script reform in 1979 (data after
Siromoney and Bala, 1979)

33. One of the readers noted that we should be thankful for at least one Periyar’s
reform being accepted (@emhdHenywesr [Ilantiraiyan], 1979, pp. 76-77).
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In October 1979 the Association of Tamil teachers in Singapore
(cirkappart tamildciriyar cankam) expressed their support in the Voice of Tamil
Teachers magazine (famildciriyar kural) for the Tamil Nadu government
accepting the Periyar’s suggestions. The Singaporean government an-
nounced in a circular from 26th September 1983 that starting with Jan-
uary 1984, the changes should be implemented for all educational pur-
poses. The changes were to be implemented gradually up to 1987 when
the new orthography would be expected of students during exams (Kan-
diah, 1986, pp. 25-26).

In Malaysia, a committee for consideration of the proposed changes
was established in the 1980s, but it was not possible to come to a con-
sensus (ibid., p. 22). The government officially adopted the new orthog-
raphy (as amended, i.e., keeping the 4/ and ax in 1994 (Nedumaran, per-
sonal correspondence)).

Even though the situation improved in Tamil Nadu during 1980s (the
government, universities and various associations started using the new
orthography), the private sector, despite being the one who initiated the
changes, lagged behind (Shanmugam, 1983, p. 99; Kandiah, 1986, p. 24).
Many concrete proposals for changes in orthography were published
during this 50-year history (see the supplementary material). Paradoxi-
cally, a considerable number of them only after the reform was accepted.
As Periyar himself stated, this was just the beginning. At the start of the
1980s, the government established a new committee that would propose
further changes to the script (Shanmugam, 1983, p. 99).

4. Conclusion

We have seen two different reforms of the Tamil script. One devised by
a single person whose main interest was to make Tamil easier to learn,
where there was no authority to regulate the script usage, no way for
the public to express their opinions, and all that was needed was the one
printer to adopt the changes. Yet still, no changes deemed unnecessary
were made. On the other hand, we have decades of discussions, ideo-
logical arguments and politics playing a role. Expert committees were
established that prepared carefully balanced recommendations, only for
everything to be thrown away, and replaced by a 40-year-old suggestion
for political points, to honor a person whose all other reforms were too
radical to implement.

During the course of history summarized in this paper, we can see
four arguments being put forward for a script reform:

1. educational, trying to make it easier to learn to read and write;
2. technological, trying to make it simpler, faster or cheaper to typeset and
print;
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3. social, where the script does not meet the society needs, either for busi-
ness or cultural reasons;
4. functional, where the script does not meet the language needs.

These types of arguments closely correspond to the criteria for opti-
mal writing systems discussed in Meletis (2018): the psychological/cog-
nitive fit, the technological fit, the sociocultural/ideological fit, and the
linguistic fit.

As for contributions of C. Beschi and E.V. Ramasamy, both had the
means to realize their ideas in print and get their publications to readers.
The one change we can attribute to Beschi is the distinction between
long and short ¢ and 0 vowels, which he must have devised between 1728
and 1738. We learned that rather than inventing a new glyph, he used the
traditional Tamil means of prolongation, i.e., ending the existing short
glyph with a loop, and this difference was still visible in early prints.

The situation with Periyar is slightly more complicated. He was an
activist, he fought for the changes and promoted them. However, he did
not invent any of the particular changes, and he was no longer alive when
the government issued the order. Furthermore, the first governmental
order contained changes that even Periyar later in his life argued should
not be done.

It should be pointed out that some of the other countries were willing
to progress without waiting for India. This is even more prominent af-
ter digitalization, where Tamil Nadu was very reluctant to move to Uni-
code, while countries like Sri Lanka and Singapore had practically no
other choice if they wanted to support all their scripts simultaneously,
and adopted Unicode first.

With the onset of digital technologies and modern printing methods,
the technological needs for changes in script and orthographical reforms
diminish.34
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Overview of proposed changes to the Tamil script

Authors:
L | rankacérya also proposed T, %7 62/ |9 |cirampanparamanantam
2. | periyar, porko, ira kirusnamartti, vé. kalaimani | 10. | kulantaicami
kotumuti canmukam, .
3. . . 1. | nallatampi
kotumuti canmukappirakatam

4. | namaccivaya mutaliyar 12. | mu. varataracan

5. | te. po. mi. 13. | pulavar kulantai

6. | tirumalai muttu cuvami 14. | vé. tillainayakam

7. | porko 15. | i. jé. cuntar

8. | péna otti 16. | iracakopalan
Initial vowels:

a a [ [ u u e é ai 0 0 au

1 c_ﬂ)i 2 | B £ o | e | et | a7 | B P2 | @ goer
o | @ |<@r | 8) ar o |@.T | 6T |6rr Qi | @ |er b1
s | S| | @ | @ | |er| o |ar | m | @ @ g
4 @ | &

5. @, | & €3 Yy
6. |9 (3| 8 &2 |e |20 | T > 2| e | o
7 B |8 | @ | 2| T | T |Hl @ | B | s
8. |9 |or| 8 (Lg|e (295 G |ogu| @ Cpr| s
o | o || > o 20| T ? | ®

o. | @ ||| @i |y @ | P | P o (90 (0| e
m | <2 | B ép g'ra é'b I |0y |Gy |y |G 1| BT Omyer
12, | < w 1 Pl |0 | @ |logu| e |2 9|63
13. DT | 9D r o. |72.| 6 |G |@i] @ | & =Ry
9 | = | [0 9 ~ |9 |6 |e|» |69 @
15. bl a| 3 | = | ~|) B (6 | e
6|9 | r D] D | = |9 |6 |6 o] 3|9 |
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Authors:
1. | periyar 7. | porko 13. | cu. makatévan
2. | mu. va. 8. | kulantaicami 14. | atittar
3. | nallatampi 9. | cirampan paramanantam | 15. | te. po. mi.
4. | pona otti 10. | vé. tillainayakam 16. | ianatéma
5. | tirumalai muttu cuvami | 1. | i. jé. cuntar 17. | kotumuti canmukam
6. | pulvar kulantai 12. | iracakopalan 18. | vi. ké. tillainayakam
Vowel marks:
ka | ka | ki ki | ku ku ke | ke | kai | ko | ko kau
.| & | &r 8; ’. 953 3> | &9 | Gn | Bs | S | Gar [ Gar &6
s | ar (556 a9 | s~ | 29 | 05 | Gz | swl | Gar| Gar Beul
o | & | e 5'{) Erc &S )5 @ 1| 338 | @1 | 56 | Bg 631
3. | & | &r 53'7‘ & &_) 50) Os | Bs | w5 |oar | Gar Gles s
4. | @& | ar |22 |BE| @) | 59 | Os | Cs | st | Car | Gar el
6. | ® | ar |BKD o o | H2|&H 6 &3 | ol | 30 | s & s
7| & | ar 5” &ra HP &I 05 | Cs s | Qar | Gar sar
8. | & |ar | ol |5 |67 s~ |65 | Gs | wa | Osr| Car Glser
s | ar | @ | 51| 80 | ac | sP| &P | wu 50 | a0 Bt
9| 3 |or | & |50 | B YFE B o ap | op
10. | ®=1| @r g;') 5)'? s~ | 50 | 360 | ac | s> | &G | BY B0
n | & | &l 8’5‘0) 5; | F=| s~ | &) |59 P ‘5,( &0 Bal
12| & |ar |BSles |HD 59 | a6 | 56 | s &I 59 A
13. | 99| | B | BE) | s | B2 | ST | H6T | BT |Sgyui| 5P | B BN
14.| & | sr &.'\ 5'3 ﬁ) Fv | 0s | G | ews Sy | Fre FBey
5. | & | @r 5 i g)& & | 59 |05 | Gs | s |Gar Gar O H 637
16. | & | &7 5’) &'Q 51| od | Os | Bs | s | Oer | Car Olsar
17.| & | ar g)']' gs') v | &9 |0 | Bs | wa | Oar | Gasr Glaser
18. Bp | B

After: Palacuntaram 1982, p. 120-123, without typography edits.
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Visual Complexity of Aksaras
and Orthographic Neighbors

Observations Based
on the Telugu Writing System

Vasanta Duggirala, Surampudi Bapi Raju & Soham Korade

Abstract. The present study was designed (1) to examine aspects of graph and
grapheme complexity associated with Telugu aksaras in the script that is cur-
rently in use, and (2) to estimate quantitatively, the impact of grapheme com-
plexity on the Orthographic Neighborhood (ON) size in 200 two-syllabic words
that were part of the 1000 most frequently occurring printed words listed in
a Telugu-text corpus. For all the graphs and graphemes in the Telugu script,
four aspects of their visual complexity, viz., Perimetric Complexity (PC), Dis-
connected Components (DC), Connected Points (CP), and Simple Features (SF)
were measured. With the help of an algorithm, ONs for the 200 bi-syllabic words
were generated by substituting entire aksara or by altering its sub-components
without changing the position of the aksara in the target word. The lexical sta-
tus of each ON was verified using an online dictionary. Statistical analysis of the
results revealed that the complexity values for the PC and DC components were
strongly negatively correlated with ON, suggesting that greater visual complex-
ity of graphemes is associated with fewer ONs in Telugu. The implications of
these results are discussed briefly, and some topics for future research are men-
tioned in this paper.

1. Introduction

Considerable research on writing systems reported to date has been
driven by the idea that learning to read in any script depends primar-
ily on how the minimal units of writing (graphemes) map onto linguis-
tic units such as phonemes, syllables, and morphemes. This idea about
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representational mapping informed existing major typologies of writ-
ing systems, viz., alphabets (representing both vowel and consonant
phonemes as in English), abjads (consonants only as in Hebrew), alpha-
syllabaries/abugidas (aksaras as in Hindi), syllabaries (syllables /mords
as in Japanese), and morphosyllabaries (morphemes as in Chinese).
The terms for the typologies of writing systems were directly applied
to all scripts in each type. Thus, scripts associated with all Brahmi-
derived Indic languages, including Telugu, were referred to as alphasyl-
labaries or abugidas since the minimal orthographic unit across all these
scripts is aksara, an orthographic CV syllable with an inherent vowel that
is assumed to have similar functional value. Details about the origin
of Brahmi-derived writing systems and the cultural contexts in which
scripts associated with an abugida and an abjad can come into contact
in India are provided by Ramanujan and Weeks (2019).

The dominant discourse around the principles of representational
mapping also animated much published psycholinguistic research on
how reading takes place in aksara-based writing systems (see, e.g., Nag
(2014; 2017); Padakannaya, Pande, Saligram, and Shruthi (2016) for
Kannada; Bhuvaneshwari and Padakannaya (2014) for Tamil; Duggirala
(2019) for Telugu; Chatterjee-Singh and Sumathi (2019) for Hindi; Nam-
biar, Kishore, and Bhargava (2023) for Malayalam).

In recent years, there has been a realization that the multilingual,
multiscriptal ethos of India poses many challenges to existing discus-
sions of representational mapping. Some of these challenges include:
(1) the arrangement of aksara and its components in writing (most In-
dic scripts have a non-linear, hierarchical arrangement of aksara’s com-
ponents around its base unlike letters in an alphabet) with the degree
of non-linearity varying across different Indic scripts (2) differences in
the extent of mapping between phonological features and orthographic
units, and (3) level of graphic complexity of aksaras and (4) the need
to represent more than one language using the same script. Highlight-
ing these challenges, some grapholinguistic researchers have pointed
out that gksara-based writing systems must be viewed as “fully vow-
elled aksarik segmentaries” and that the syllable-aksara mapping breaks
down in the case of complex aksaras (Gnanadesikan, 2017; 2021)). Oth-
ers opined that writing-system typologies should consider factors such
as linear/non-linear, integral/decomposed, complete/reduced, levels of
graphic complexity, and semiotic heterogeneity arising from the use
of graphemes from other languages (Fedorova, 2021). Iyengar (2023)
pointed out that there is a need to examine the post-consonantal envi-
ronments in categorizing vowelled segmentaries as abugidas or alpha-
syllabaries or abugidic-alphasyllabaries. Since the graphematic bound-
aries of an aksara may not always align with the phonological syllable,
one should use graphematic criteria in determining its functional value.
In other words, while aksara is associated with phonology, it should not
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be decided by it (see Iyengar (2024) for a detailed discussion of this
point).

In the past two decades of the 21st century, some grapholinguistic
researchers have also argued that there is a need to go beyond represen-
tational mapping, which is assumed to be static across all scripts within a
given writing-system typology. This should be done by conducting sys-
tematic research into the structural properties of graph/grapheme in-
ventories, especially with reference to non-alphabetic writing systems,
to specify graphetic and graphematic allography and graphotactic rules.
This requires examination of visual complexity to identify which seg-
mentable orthographic units have functional value within a given script,
as argued by Meletis (2020a,b). Meletis and Durscheid (2022) com-
mented further that future grapholinguistic research should uncover
spatially based systematicity in graph inventories besides giving up
on alphabet-specific definition of the construct ‘grapheme’ because in
some writing systems, not all readily differentiated segments function
as graphemes. Adopting a multi-modular writing system comprising a
graphetic, graphematic (with connections to the language module), and
orthographic modules, these researchers proposed the term ‘basic shape’
to denote a template corresponding to a given graph. Since Abugidas
raised a number of questions for defining a grapheme, these researchers
offered three distinct criteria for arriving at a universal definition of
grapheme:

(1) Lexical distinctiveness (that contributes to meaning differentia-
tion),

(2) Linguistic value (basic shape corresponds to a specific linguistic
unit), and

(3) Minimality (basic shape occupies exactly one segmental space).

Chang, Chen, and Perfetti (2018) proposed a multidimensional mea-
sure of visual complexity referred to as the ‘GraphCom’ that measures
four different dimensions of visual complexity: (1) Perimetric Complex-
ity (PC), (2) Disconnected Components (DC), Connected Points (CP),
and Simple Features (SF). They have empirically demonstrated that a
combined measure of graphic complexity enables comparison across
writing systems, even those within the same typology. Their database
consisted of 131 writing systems and the associated scripts (including the
Telugu script). Measures such as the Graphcom will enable researchers
to study the interaction between structural features and cognitive pro-
cesses involved in reading and writing by allowing assessment of the or-
thographic processing abilities of beginning (bilingual) readers and/or
those experiencing reading difficulties. Keeping these applications in
mind, we have used the same four dimensions of graphic complex-
ity as Chang, Chen, and Perfetti (ibid.) did to quantify the graph and
grapheme complexity of Telugu aksaras reported in this article.
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One of the psycholinguistic variables affecting spoken and/or visual
word recognition in alphabetic and non-alphabetic writing systems is
the size and density of Orthographic Neighborhood (ON). Marian (2017)
reported orthographic and Phonological Neighborhood (PN) databases
for many European languages. It was also observed that lexical deci-
sion tasks are completed quickly and accurately for words with large
neighborhoods (see Davis, 2005; Grainger, 2005; Peereman and Con-
tent, 1997). Other researchers reported that large ON will lead to rel-
atively fast eye movements during reading (Yates, Locker, and Simp-
son, 2004). ON size reportedly affects reading recognition of words even
in non-alphabetic scripts associated with languages such as Chinese
(Chang, Welbourne, and Lee, 2016; Xiong, Zhang, and Ju, 2021; Zhao,
Li, and Bi, 2012). We are not aware of any published research on the ON
in relation to any aksara-based Indic scripts, which motivated our study.

Drawing inspiration from some of the grapholinguistic and psy-
cholinguistic research cited in this section, we have undertaken the
present study to seek answers to two specific questions relating to the
current-day Telugu script:

(1) How does visual complexity distinguish Telugu graphs and
graphemes?
(2) What is the relationship between graphemic complexity and ON?

Meletis (2020a) offered definitions of a number of terms relating to
both theoretical and applied grapholinguistics. We have used the terms
‘graph’, ‘basic shape’, and ‘grapheme’ in the sense he defined them. The
aksara is also referred to as ‘orthographic syllable’ and enclosed in <-> to
distinguish it from the phonological syllable. While we acknowledge the
fact that the term ‘writing system’ encompasses graphetic, graphematic,
and sociolinguistic (orthographic) components, our discussion in rela-
tion to the Telugu writing system in this paper is restricted for the most
part to the graphetic and graphematic components and not to the ortho-
graphic module specifying rules of spelling Telugu words correctly. We
have adhered to ISO 15919 standards when providing transliteration of
the Telugu data included in this paper. The rest of the contents of this
paper are organized under the following main headings: Telugu Writ-
ing System §2; Graph and Grapheme Complexity §3; Grapheme Com-
plexity and Orthographic Neighborhood size §4, and Implications and
Directions for Future Research (§5).

2. The Telugu Writing System
Telugu is one of the four major literary languages belonging to the

Dravidian family included in the 8th schedule. It is the official lan-
guage in two southern states of India, viz., Andhra Pradesh and Telan-
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gana. Many tribal languages, such as Gondi, Koya, Konda, and Ko-
lami, use the Telugu script (see https://scriptsource.org for more de-
tails). The current-day Telugu writing system may be considered an
abugida-alphasyllabary because, first, the main graphic unit ‘aksara’
(CVy) is an orthographic syllable with an inherent vowel <a>. Secondly,
a series of vowel-modifying diacritics (mdtras) is attached to the basic
aksara (CVg), generating hundreds of orthographic syllables that func-
tion as graphemes (see Iyengar (2023) for a detailed discussion of this
newly proposed hyphenated typological term). The commonly occur-
ring graphic syllables in native Telugu words are V, Vm, CV, CCV, CCVm,
CCCVm. In other words, while all native Telugu words end in open syl-
lables or with a coda-nasal, words borrowed from other languages can
have consonant sequences word initially or medially, and a pure conso-
nant without a vowel word finally. Not all aksaras in Telugu script corre-
spond with phonological syllables.

2.1. Inventory of Graphs (Basic Shapes)

The direction of the Telugu writing system is left to right. Words are
separated by spaces. All graphic syllables in Telugu are round, each con-
structed by circles, loops, hooks, and check marks.

In the Telugu script that is currently in use, there are 16 indepen-
dent vowels, including short and long ones. Vowel length is phonemic
in Telugu. Separate graphs are used to represent nasalization and aspi-
ration features. The vowel muting symbol (virdma when applied to any
consonant, Kkills the inherent vowel, resulting in a pure consonant that
typically occurs in word-final positions in words borrowed from English
or Sanskrit. The anuswara <am> and aspiration marker <aha> appear
linearly on the horizontal axis. The vowels are represented explicitly
in their primary form in word-initial positions. In word-final position,
and in borrowed words, they are subordinated to consonants since they
are represented by vowel-modifying diacritics. The secondary symbols
or diacritics corresponding to all the vowels are referred to as matras.
Each one has a specific name that is used during literacy instruction of-
fered during primary school years. When these symbols are applied to
basic shapes of <CV,> aksaras, the inherent vowel is suppressed, and the
aksara’s shape gets altered slightly.

There are 36 graphic symbols to represent basic shapes of CV- aksaras
(unaspirated and aspirated) in the Telugu script. In all these aksaras, the
inherent vowel /a/ is represented by a check mark, [v] referred to in
Telugu as talakattu ‘head-stroke’. In the case of the graph <& ta> it is in-
dicated by a small vertical bar written on top of the left loop; The aksaras
corresponding to <23 ja>, <gy gna>, <€d na>, <ed ba>and <@ la> are devoid
of overt symbol for the inherent vowel <a>. That is, the talakattu or check
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A. BASIC SHAPES

® @9 ¥ & @ @ 22N NP
a a i 1 u u r T
N W B 2 & BT o e
€ € ai o 0 au am ah
E @ o 0O @
ka kha ga gha na
VIR B e SO =~
ca cha ja jha fia
& & & e
ta tha da dha na
& & AJIEEN
ta tha da dha na
N 0 F N
pa pha ba  bha ma
N 8 o S ¢
ya ra la va la
RN > e
$a sa sa ha ra

B. VOWEL MODIFIERS

o 8§ - 8 => oo of -o

BRI B -:::-@ R S A A R T © TR+
Q.

a i 1 u a r e € ai o O au am ah

EEHEESSTTFE T L &

ka ki ki ku ki kr ke ké kai ko ko kau kam kah

C. EXAMPLES OF 4KSARAS WITH LIGATURES FOR GEMINATES AND CLUSTERS

kka ng’ cca '(é), tta é, lla %)), wwu é)‘s, rre g
dru Cﬁa, kti %, tsa é{} tru ;é;), vy ég, tri @

F1G. 1. Inventory of graphic elements in the Telugu script
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mark is absent in them. In these and all other graphs, the inherent vowel
/a/ can be deleted completely, turning them into pure consonants <&
i> <e5Sn>, <8 b> <S> required for representing words from other lan-
guages especially English. The aspirated consonants and fricatives have
entered modern-day Telugu through borrowings from Sanskrit, Persian-
Arabic, and English. All these aksaras serve as articulatory units during
the acquisition of beginning reading.

The graphic forms associated with consonant sequences are referred
to as ottulu in Telugu. These ligatures apply to dvirvdksardlu (geminates)
or samyuktaksaralu (clusters). They typically lie below the basic aksara and
are almost never attached to it, unlike the diacritics associated with the
vowels. It should be noted that accurate representation in writing re-
quires writing the primary graphs (basic shapes) first and then placing
the secondary forms (ligatures) below them. Aksaras made up of gemi-
nates tend to occur word medially or word finally, never at the begin-
ning of words. Most words borrowed from Sanskrit have complex onsets
with two or even three consonants at the beginning of the word (CCCV).
When a vowel is pronounced after a conjunct consonant (as in geminates
and clusters), its diacritic is attached to the first and not the second con-
sonant, resulting in some degree of nonlinearity between spoken and
written syllables.

2.2. Visuospatial Logic Governing Telugu Aksaras
In the example aksaras shown below, there is a non-linear relationship

between spatial and temporal order conditioned by the placement of the
vowel diacritic (shown in red color).

) Yw’o)

<spi->—as in <sphu->—asin
0& “spirit” &8 “inspiration”

F1G. 2. Telugu aksaras <spi> and <sphi>

The two orthographic syllables with clusters shown above corre-
spond with two CV-phonological syllables, spi- and sphii- respectively.
However, in the right aksara <sphii> the orthographic syllable is visually
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more complex because the vowel diacritic corresponding to <ii> and the
ligature of <sph> occupy larger segmental space compared to the aksara
<spi> on the left. The visuo-spatial logic behind vowel modifiers and
ligatures involved in representing geminates and clusters in Telugu was
specified by Krishnamurti and Gwynn (1985) as under:

X
Cz

y

where the primary consonant is represented as C, which has three dis-
tinct positions (%, y, and z) around it:

— Position X’ is exclusively fixed for vowel diacritics attached to the C.

- Position ‘y’ is fixed for ligatures corresponding to geminates and clus-
ters

— Position ‘2’ for some secondary symbols of vowels and consonants.

Krishnamurti and Gwynn (1985, p. 34) stated that the positions x,
y, Z, as well as the degree of contiguity (fused vs. non-fused to the C),
distinguish consonant and vowel aksaras besides imposing a strict or-
der in reading them in slow speech in Telugu. They added further that
while hundreds of CV syllables and an equal number of Consonant +
Consonant combinations are theoretically possible, about 400 different
orthographic syllables are sufficient to represent most sounds and sound
combinations in Telugu. Referring to the two complex aksaras discussed
earlier, viz., <spi> and <sphii>, the spatial location of diacritics for <spi>
involves two positions x and y. Whereas, that for <spha> involves, x (the
inherent vowel <a>), y (secondary symbol for <ph>) and z (vowel dia-
critic for long <u>) attached to the basic aksara <s> on the horizontal
axis, contributing to higher level of visual complexity of aksara <sphii>
compared to that of <spi>. It should be noted that this logic works for
a vast majority of aksaras although there are some exceptions relating
to fusion or non-fusion of aksara’s components with the base as in these
two words as well as words such as }%&KS"O snéham ‘friendship’ in which
the vowel modifiers in both the aksaras are not attached to the base con-
sonants, <& sa> and <3 ha> respectively in this case. Whether graph
complexity varies depending on whether the vowel-modifying diacrit-
ics are fused with the base (CV() is one of the points we wish to probe
in this study.

2.3. Graphemes in Telugu Script

This section provides information on how the basic shapes of individual
graphs in the script inventory combine to form graphemes that make up
meaningful Telugu words.



Visual Complexity of 4ksaras and Orthographic Neighbors 451

Monosyllabic meaningful words are extremely limited in Telugu:
Some examples include:

ra O° ‘come’ a s ‘that’
po B ‘go i &3 ‘this
ni & ‘mine’ | é(m) No ‘why’

mi N ‘yours’ | stri é ‘woman’

It should be noted that in the first five words, the diacritic associated
with long vowels is attached to the base CV-aksara, whereas in the bottom
two words, it is not. Since they do satisfy the criteria of mapping onto
one phonological syllable, they are lexically distinctive and occupy one
segmental space; we can treat them as ‘graphemes.’

Most aksara-based writing systems, including Devanagari associated
with Hindi, have independent vowels appearing in word-initial position,
and dependent vowels (diacritics) elsewhere. The independent vowels
and their post-consonantal diacritics are to be treated as allographs since
they are in complementary distribution and correspond with the same
linguistic unit. The initial phase of literacy instruction in Telugu is al-
ways aimed at teaching children to practice pronouncing and writing
the basic shapes of CV aksaras listed in the varnamala by applying vari-
ous vowel-modifying diacritics or gunintilu as well as ligatures or offulu
even if they lack meaning. In fact, specially designed copyright book-
lets are given to children to fill in the basic shapes appearing with vowel
diacritics and ligatures.

The basic shapes of aksaras combine with each other to serve graphe-
matic function in two-syllable meaningful words, as the examples listed
below illustrate:

- <¥ka> combines with <8 ki> to become a meaningful word, S°§ kdki
‘crow’.

- <¥okam> combines with <¢§ da> to become the word, 8ol kanda ‘yam’.

- <&® ku> combines with <& kka> to become &%), kukka ‘dog’.

- <¥ ku> combines with <@ fra> to become §3@ kutra ‘conspiracy’.

- <&)kru> cobines with <3y si> to become %33_ krusi ‘effort’.

These examples illustrate that all basic shapes with vowel diacritics
and those with ligatures can serve as graphemes in meaningful words,
fulfilling the criterion of lexical distinctiveness. Each aksara also corre-
sponds to one phonological segment, and most of the aksaras occupy one
segmental space, with one exception, that of homorganic nasals indi-
cated by a zero which lie next to the consonant on the horizontal plane
(never attached to it) as in the word, 8o& kanda ‘yam’ which aligns with
the phonological syllables /kan/and /da/ or @ol3o andam ‘beauty’ with
phonological syllables /@o am/ /o dam/. It should be noted that in
words with consonants appearing in coda position, a timing unit called
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mora plays a role in processing and segmentation tasks. Mora is larger
than a phoneme but smaller than a syllable. Patel (2007, p. 173) pointed
out that the distinction between open and closed syllables and the con-
cept of syllable quantity is implicit in the design of written aksaras.

We reproduce below an excerpt from a Telugu newspaper to show
different types of aksaras that serve as graphematic syllables/words in
the current-day Telugu script (each aksara is separated by a period mark
and each word by a hashtag #):

1) X H B oo ™IS SHS o b #E oD KN Do o
na. va. te. lam. ga. na. 16 # sa. rkad. ri. # ko. lu. vu. nu. cé. ji. kkin.
m.%s.é.é.ﬁa#e.%o. ™ o#E R D & B KD K.

cu. ko. va. da. mé # la. ksyam. ga # ka. sta. pa. di ca. du. vu. tu.
Q. &9.253. ga. D H# D QY B R @
nna. a. bhya. rdhu. lu # e. ppu. de. ppu. da

DIBomRS” $07,0 Feosdid DeedohESed ofgom SHNG Sy
&9253&@53@3 QY BYE

The aspirants studying hard with the primary goal of getting a government
job in the newly formed state of Telangana are waiting

Among the three words in red, viz., sarkdri ‘government’ in the first line
is a Hindi word, whereas lakshyam ‘goal’, in the first line, and abbyard-
bulu ‘aspirants’ in the second line respectively are words borrowed from
Sanskrit. These words have been assimilated into Telugu with certain
modifications to the graphs to accommodate morphological-level infor-
mation, such as plurality and case. When they are written in Devanagari
script associated with Hindi, they appear as shown: &R, @& and 37eeff
in direct correspondence with their phonological forms. The arrange-
ment of graphemes in these two Indic scripts differs, suggesting differ-
ences in representational mapping. To elaborate, using the Hindi word
sarkari, while the Devanagari script represents <K> in its primary form,
the Telugu script uses the secondary form of <k> in the second syllable.
The Sanskrit word laksyam is also modified from the original version in
Sanskrit by replacing <a> with <am> and adding the adverbial suffix -gaa
in Telugu. The Sanskrit word, 3efi, when written in Telugu, also gets
modified by the addition of a plural marker -/# required in the context of
this sentence. Thus, the arrangements of graphs belonging to languages
other than Telugu appear to follow Telugu graphematic rules, sometimes
even by violating phonotactic rules. The graphematic rules in the case
of complex graphemes in Telugu are driven by spatial logic more than
phonological information, a fact offering support to the suggestion that
aksara should be treated as a graphematic unit by Iyengar (2024).
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In the sample of Telugu writing printed above, there are 43 different
orthographic syllables (aksaras) altogether. Of these, 30 have the proto-
typical V, CV(V), CVm structures, while the others containing ligatures
representing geminates / clusters have C;C;V or C;C,V(m)-type struc-
tures. Looking at the example, ©. §§o laksyam ‘goal’, it has the struc-
ture CV. C;C,C3 m. The first aksara <® la> having a CV structure aligns
with one phonological syllable. When it is replaced by <25 bha> another
meaningful word, bbaksyam ‘a sweetmeat’ obtains, and thus it is involved
in lexical distinctiveness. It occupies one segmental space. Since it sat-
isfies all three criteria specified for ‘grapheme’ by Meletis (2020a), it can
be treated as a simple CV grapheme.

The second aksara, <ksyam>, on the other hand, demands a closer ex-
amination of the arrangement of basic shapes. The complex aksara <ksa>
has a graphematic function by itself in that it appears in many meaning-
ful words such as: laksa ‘hundred thousand’, paksi ‘bird’, Siksa ‘punishment’,
moksam ‘liberation’, raksana ‘protection’ ksaya ‘Tuberculosis’ and so on.
The primary form of <k> and the secondary form of <s> are stacked ver-
tically, and yet they occupy one segmental space, qualifying all the crite-
ria to be considered as a complex grapheme. When it combines with the
next aksara, <yam>, it becomes a bound grapheme. The word laksyam
can also be written as: ©§gs0 laksyamu or ®§§53 with three syllables.

It is instructive to cite here the comments of Iyengar (2024, p. 431): “If
aksara is conceived as a written unit centered around one free graph, it
follows that one can add or remove as many bound elements as graphe-
matically permissible without impacting the aksara count. More research
is needed into the aksara’s compositional transparency in Telugu script.”

2.4. Graphematic Features in Telugu Script

With a view to examining some graphematic relations governing the
aksaras in the Telugu script, we have selected 200 two-syllabic words
from a text corpus. This corpus of over 3 million words of running text,
covering modern fiction, short stories, novels, science writing, children’s
stories, and journalese, was developed by the Central Institute of Indian
Languages, Mysore, India (CIIL corpus, henceforth). A detailed analysis
of the 1000 most frequently appearing printed words, orthographic syl-
lables, and character sequences, along with their frequency counts in re-
lation to the CIIL corpus, was reported in Uma Maheshwar Rao (2006).
We have chosen 200 out of this list of 1000 words for our analysis of the
visual complexity of aksaras. In conducting this analysis, we drew on the
spatial logic governing Telugu aksaras, as discussed earlier in this paper,
as articulated by Krishnamurti and Gwynn (1985). Specifically, the ba-
sic aksara, <CVy> has most of the vowel modifiers attached to it on top
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(position X). Most ligatures representing consonant sequences (gemi-
nates and clusters) lie below the basic aksara and are rarely attached
to it (position Y). Homorganic nasals, aspiration marker (visarga) and
vowel modifier corresponding to the grapheme <¢s u / €3 0> lie on the
horizontal plane next to <CV> at position Z. If we disregard the check-
mark corresponding to the inherent vowel that is present in most aksaras
and classify them based on the position of other vowel modifiers and lig-
atures, ten different orthographic syllable types cover most of the 200
target words. The number of words belonging to a given aksara type is
indicated under N= in the first column in Table 1 below:
The following facts are evident from Table 1:

1. There are 25 words of the type V. CV / V. CVV such as 2.8 oka ‘one’
and Q&P eld ‘how’. Such aksaras are fully aligned with the phonological
syllables and may be treated as simple aksaras.

2. Words with homorganic nasal containing vowel modifier belonging
to /u/ as in the word, 8200 mandu ‘medicine’ (3rd word from top of
the Table 1) corresponds directly to the phonological syllable man.du.

3. In contrast to types (1) and (2), the last row of Table 1 has only 9
words with aksaras of the type, C{C,V. C;C,V (m) (e.g., ég_% <vya.kti>
‘person’). This word is phonologically syllabified as /vyak/. /ti/ in
compliance with the phonotactic rules of Telugu. However, it does
not correspond with the orthographic syllable division.

One other fact that emerges from this analysis is that when the sec-
ondary graphs representing geminates or clusters that appear in position
Y (bottom of the basic aksara), the alignment between orthographic and
phonological syllables breaks down as in words, 6:9&/33& amma ‘mother’, 336@5
pedda 'big <0 cutta ‘cigar’and and those with clusters: 8o raktam ‘blood’,
CSQ‘EB- drusti ‘vision’ and «‘So)lgo spastam ‘clarity’ (listed in rows 5-10 of Table 1)
suggesting that presence of ligatures seems to contribute to increase in
visual complexity of Telugu aksaras. This analysis, based on 200 two-
syllable words, suggests that at least three major types of graphemes op-
erate in Telugu script:

(1) Simple (V(V), Vm, CV, CVm, CVCV, CVm.CV)
(2) Complex (V.CCV, CV.CCV) and
(3) Compound (CV. C;C,V; C{C,Vm. C;C,V; and C{C,V. C{C,Vm)

The third type has many bound graphemes. The graphotactic rules
for the two-syllabic native Telugu words permit the following types of
aksaras:

(1) Simple syllable alone as in for example, O° 7aa ‘come’
(2) simple syllable + ligature corresponding to a geminate as in @263&

amma ‘mother’ or @Cgo addam ‘mirror’
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TABLE 1. Arrangement of graphematic units within aksaras

Orthographic Position of Telugu Word Enclish Status of
syllable the V-diacritic with Gigoss Spatiotemporal
structure and ligatures  Transliteration alignment
V.CV(V) X in second 1 s ,
N=25 syllable idi 'a@ This one Present
Vm.CV Z in the second o s
N=14 syllable andu 9:90633 In it Present
CVr_n.CV Z in both mandu éDOCSD ‘Medicine’ Present
N=25 syllables
cv(Vv).cv X in the | . ,
N=50 2nd syllable pani OD((D Work Present
V.CICIV Y in the ‘ ,
N=08 second syllable amma @?:53& Mother Absent
X first
CV.C1C1V syllable, = P
N=15 Y in second pedda chcé Big Absent
syllable
Z in first
CV.C1C1V syllable, P
N=10 Y in second cutta ?:63%33 Cigar Absent
syllable
Z and Y in
CV'CI_CZVm the second raktam 6§O ‘Blood’ Absent
N=25 o
syllable
Y in first
CICZV(m).
: syllable, . . et
C1C,V X and Y second drusti Cﬁ@&l Vision Absent
N=16
syllable
Y in first
syllable, “. w2
Clg%ggfm Yand Z spastam (\?DOQO ‘Clarity’ Absent’
N in second «®

syllable
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(3) simple syllable + complex / compound syllables as in ©§ laksa
‘hundred thousand’ or @ﬁgo laksyam ‘goal’.

Fedorova (2013) also made a distinction among simple, complex, and
compound aksaras and stated that the degree of complexity within these
three types of structures varies across different abugida scripts, a point
that needs to be probed in future research on Indic scripts. In a more
recently published paper, Fedorova (2021) commented that vowels in
an abugida act like different “garments” for consonants, sometimes they
form the “soul” of a consonant “body” in an aksara. We feel that this ob-
servation aptly captures the aksara, ksyam in Telugu script because the
heavy vowel <am> applies simultaneously to the three consonants: <k>,
<s>, and <y>.

Words borrowed from Sanskrit such as: CS@‘ZQ drusti ‘vision’ and «‘6&@0
spastam ‘clarity’ with syllable structure C{C,V. C{C,V in both aksaras are
also to be treated as compound graphematic words with the greatest
amount of graph/grapheme complexity compared to words with rela-
tively simple orthographic syllable structure involving individual basic
shapes, such as for example, 200 rusi ‘sage’ or patam &o ‘frame’ or
@300 $apam ‘curse’ without ligatures. The visuospatial analysis of Tel-
ugu aksaras discussed in this section suggests that modifications to the
base form <CV> due to the presence of ligatures enhance the visual
complexity of graphemes. This observation is substantiated by the quan-
titative analysis discussed in the next section. Characteristic features of
the current day Telugu Script are listed in Appendix A.

3. Graph and Grapheme Complexity

This section provides quantitative information regarding graph and
grapheme complexity (GC) as measured in our study.

3.1. Graph Complexity

As the programming code for estimating GC measures reported by
Chang, Chen, and Perfetti (2018) is not available, nor are the actual esti-
mated values for Telugu aksaras reported by them, we reimplemented
both in Python (available at the GitHub repository: https://tinyurl.
com/37y9ae2a). We have used the same four graphic complexity measures
proposed by Chang, Chen, and Perfetti (ibid.), namely, the number of
Connected Points (CP), the number of Simple features (SF), the num-
ber of Disconnected Components (DC), and Perimetric Complexity. CP
is defined as the number of intersection points between SFs. SF refers to
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the number of loops, lines, dots, and curves. DC is taken as the num-
ber of disconnected points. Finally, PC is defined as the ratio of the
squared perimeter of a graph (number of pixels) to the number of back-

ground pixels in the graph. Specifically, PC is %, where P is the sum

of the inside and outside perimeters of the foreground (informally, it is
the sum of the perimeters of the inked sub-regions of the aksaras), A is
the foreground area (Pelli, Burns, Farel, and Moore-Page, 2006; Wat-
son, 2012). We illustrate how these measurements are performed using
a single graph, <a%> ‘gha’, shown below in Figure 3.

Connecting Points Disconnected Components Contours
Connected Points: 2 Number of disconnected components: 3 Area: 15065.80 sq. px
Simple Features: 5 Perimeter: 1655.98 px

Perimetric Complexity: 14.4855

F1G. 3. Graphic complexity measures applied to the graph <gha>

The actual values for all basic shapes in the Telugu script are included
in Appendix B. These four graphs show that for all the basic shapes of
Telugu aksaras,

- Simple Features (SF) range from 2-8;

— Connected Points (CP) range from 0-7;

- Disconnected Components (DC) from 1-3; and

- Perimetric Complexity (PC) ranges from 7.66 to 22.32.

Looking closely, one can discern a pattern according to which:

1. the visual complexity is the highest among vowels <ru>, <z4>, <am>,
<aha>, <G> and diphthong <au> followed by

2. aspirated consonants and then unaspirated consonants. It may be rea-
sonable to argue that words containing aspirated consonants are visu-
ally more complex than those with unaspirated components because
they contain more disconnected components due to the presence of
the aspiration marker indicated below the base.

3. Graphs in which vowel modifiers are not attached to the top of the
base CV(, appear to possess greater graph complexity over those in
which the vowel modifiers are attached.
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We have validated our result for one graph with those reported by
Chang, Chen, and Perfetti (2018) for the aksara, <aha>, see Table 2.

TABLE 2. Graphic complexity values for <aha>

aha @3 aha @3
GC Present Chang et al.
dimension | study  (2018) study
PC 16.70* 18.06*
DC 3 3
CP 2 2
SF 5 5

The perimetric complexity is the greatest for aksara <aha> compared
to all the other vowels, a finding in agreement with that reported by
Chang, Chen, and Perfetti (ibid.) as shown in Table 2. It should be noted
that the slight difference in PC values between the two studies is due to
differences in the font types used. We have used the Noto Sans Telugu
Regular font, whereas Chang, Chen, and Perfetti (ibid.) used the NATS
font.

The aksaras that do not have a checkmark on top have fewer connected
points as well as fewer disconnected components (for example: <® la>
and @ ba>). On the other hand, those that have a connected checkmark
have fewer DCs but more CPs (for example, <(j ga, & ka, § ra>) and vice
versa for aksaras with disconnected checkmarks (for example N ee>,
<& sa>, < pa>).

The next table (Table 3) shows the changes in graphic complexity as
the grapheme <& ka> gets modified when vowel modifiers and ligatures
are added. As can be seen, all the GC measures tend to increase when a
basic shape is transformed by modifiers.

TABLE 3. Graphic complexity values for <ka> with vowel diacritics and ligatures

Complexity g g §2r §

Dimension <ka> <k6> <kka> <Kkla>
PC 8.74 14.19 16.69 14.18
DC 1 1 2 2
CP 1 3 2 2
SF 2 5 4 4

Notice that the PC value increases to a greater extent when <8 ka> ap-
pears as a double consonant <§2r kka> compared to the cluster, <§ kla>.
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It could be related to the fact that the secondary form of <k> when it
is doubled takes up more space, occupying position ‘y’ below the base
consonant, and position ‘z’ on the horizontal axis. The secondary form
(ligature) of <® la>, however, remains below, but quite close to the base
consonant graph. It is also relatively small, compared to that associated
with the graph representing <§&_ kka>. In actual writing, the exact po-
sition of the ligatures varies considerably. For example, the word, drusti
‘vision’ can be written either as: Cﬁaczaq or as @?&Q

3.2. Grapheme Complexity

When the basic aksaras join to form meaningful 2-syllable words, we have
Grapheme Complexity. Grapheme Complexity is estimated by consid-
ering the image of two orthographic syllables written together and then
estimating various GCs as defined in the previous section. As shown in
Table 4. As grapheme complexity increases, GC values (particularly PC)
also increase, as evidenced by three of the 200 target words listed in Ta-
ble 4. However, it should be noted that DC, CP, and SF do not strictly
follow this linear trend in several cases.

TABLE 4. Grapheme complexity values for three Telugu words with different syl-
lable structure

GC adi V.CV  miadu CV.CV  vyakti C;C,V.CV
Dimension (DIA) 0T¢E 258_%
‘that’ ‘three’ ‘person’
PC 20.66 33.97 35.12
DC 2 2 4
CP 5 12 5
SF 6 14 11

It should be noted that Telugu words with simple aksaras (V.CV)
have the least PC values compared to those with graphematic syllables
<mii> and <du> (CVV.CV) and those with even more complexity (C;C,V.
C1C,V). It appears that the position of the vowel modifier also affects
graph complexity. The next step is to examine the relationship between
grapheme complexity and the size of orthographic neighbors for each
target word.
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4. Grapheme Complexity and Orthographic Neighborhood Size

A Telugu word’s neighbors are those which differ from the target word
in one entire aksara or any of the sub-components of the aksara, as the
examples below illustrate:

— Substitution of an entire aksara in the initial position of the word, he
gula ‘itch,” results in a new meaningful word, J® vela ‘price. This is
an example of a phonological neighbor (PN).

— Deletion of the homorganic nasal from the word, &0C6 tonda ‘chameleon’
results in &¢ foda ‘thigh’ is an example of ON.

- Addition of a segment (ligature corresponding to <(j ga> to the word,
8o varam ‘boon’ can result in &6%50 vargam ‘group,” another example
of ON.

This task was done using a specially designed algorithm applied to
an online corpus. There were four main steps in the algorithm: (1) An-
alyze the input word’s orthographic syllables, (2) Process each syllable,
(3) Find matching words, and (4) Remove duplicate words and return
the results. The lexical status of all the neighbors generated through
these operations is verified using an online dictionary (https://dsal.
uchicago.edu/dictionaries.brown). It should be noted that some dictio-
nary entries belong to both old Telugu and Sanskrit.

With the help of this algorithm, all the 200 two-syllable words were
subjected to substitution, deletion, and addition operations such that
the result is yet another meaningful word that exists in the dictionary. It
should be noted that if we had included words longer than two syllables,
we could have obtained more information on orthographic neighbors,
since deletion works better with three- or four-syllable words. Based on
the data we have analyzed, we cannot specify the relationship among
frequency, word length, and ON size, a topic that warrants further re-
search.

A systematic comparison was made of all 200 words and their corre-
sponding ONs. We have generated word clouds for words with simple,
complex, and compound graphemes.

— Words such as @& aata ‘play’ had 154 neighbors.
— Words such as aé&. rekka ‘wing’ with a ligature had 93 ONs.
— Words such as XQ}"’CﬁSo puurvam ‘past’ had only 31 neighbors.

These results clearly show that as the visual complexity of aksara in-
creases, involving vowel-modifying diacritics or ligatures correspond-
ing to consonant sequences, the grapheme’s complexity increases. Some
limitations of our study should be noted. We have used only 200 high-
frequency two-syllable words and conducted all the analysis using only
the CIIL corpus. However, the results need to be verified for the other
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two-syllable words and extended for multi-syllable words. The code in
the repository is useful for accurately estimating DC and PC, but needs
further refinement to estimate SF and CP. The syllable structure extrac-
tion and generating ONs are scalable to multi-syllable settings. We faced
considerable difficulty in finding a comprehensive, free-access text cor-
pus and a contemporary online Telugu Dictionary with a lookup facility
for the algorithm to verify whether the generated ON is a valid word.

Statistical analysis of our data revealed a negative relationship be-
tween grapheme complexity and ON size, as evidenced by the numbers,
especially those corresponding to DC and PC, with the strongest nega-
tive correlation with the ON shown below. The scatter plot in Figure 4
below exhibits this relationship between PC and ONs:

Correlation between PC and ON for 200 words
250

200

o
=}

Orthographic Neighbors
2
o

50

20 25 30 35
Perimetric Complexity

F1G. 4. Negative correlation between Perimetric Complexity and ON

The regression plot in Figure 4 shows a negative correlation be-
tween perimetric complexity and orthographic neighborhood size, such
that the greater the graphemic complexity of orthographic syllables
(aksaras), the smaller the size of ON for Telugu.

Researchers have argued that grapheme complexity is strongly and
positively associated with learning difficulties, and that the extent of
this difficulty varies depending on whether the writing system is asso-
ciated with the native language or a later-learned second language. Per-
fetti and Verhoeven (2022) argued that the visual complexity of graphs /
graphemes is a prime candidate for a non-mapping factor that could
make a difference to reading ability.
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5. Implications and Directions for Future Research

We conducted this study to address two main questions: (1) How
does visual complexity distinguish Telugu graphs and graphemes?
And (2) What is the relationship between graphemic complexity and
ON? Two of the four dimensions of graphic complexity we mea-
sured, viz., Perimetric Complexity (PC) and Disconnected Components
(DC), demonstrated variation in both graphic and grapheme complexity
across the entire inventory of aksaras in the Telugu script. We have also
shown that, for two-syllable words in Telugu, the higher the grapheme
complexity, the smaller the size of the orthographic neighbors contain-
ing those aksaras. Both these findings have many implications, both the-
oretical and clinical.

As mentioned earlier, the literacy learning environment in multilin-
gual India is vastly different from most other countries in the Northern
hemisphere. Depending on their socioeconomic status and parental ed-
ucation, children have varying degrees of exposure to oral languages and
access to print materials at home. Yet, when they enter school, they are
required to learn almost simultaneously one or two aksara-based Indic
scripts, along with English, which is associated with an alphabet. While
there is a consensus among second language writing system researchers
that specific combination of writing systems (and their scripts) has dif-
ferential effect on literacy acquisition in general, and development of
metalinguistic knowledge in particular (see Cook and Bassetti (2010),
there is scant published works on how exactly children develop knowl-
edge about the relationship between spoken units of a language and the
graphic symbols especially with reference to Indic scripts. Empirical
evidence regarding children’s orthographic processing abilities across
multiple scripts is virtually nonexistent. Most assessment tools are either
adapted versions of English-based tests or rely on researchers’ insights
into the graphic complexity of aksaras. In this context, there is a danger
of misdiagnosing developmental dyslexia among Indian children. The
results of our study, when bolstered with further studies involving larger
text corpora and longer target words for estimating phonological and
orthographic neighbors (density and frequency), will have tremendous
implications for gaining better insights about language-script learning,
language education practices, and language disorders.

Recent research on writing system diversity involving groups with
different cognitive abilities (see, for e.g., Harris and Hirshorn (2022)
revealed considerable individual differences in reading abilities at both
behavioral and neural levels. The earlier finding that the Visual Word
Form Area (VWFA) in the left hemisphere plays a crucial role in skilled
word reading is now reported to be restricted to readers of alphabetic
writing systems. Readers of non-alphabetic writing systems tend to ex-
hibit bilateral engagement of VWFAs in both hemispheres, perhaps due
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to the system’s demand for more complex orthographic units character-
ized by greater visual complexity and stronger connections to semantics
rather than only phonology. Since the development of reading strate-
gies depends on specific writing systems, instructional material must be
language-specific. There is an urgent need to determine the precise na-
ture of the internal complexity of orthographic representations stored
in the lexicon and the orthographic processing abilities of different pop-
ulations to enhance our understanding of how bi-literacy acquisition
works. The graph and grapheme complexity values we report for Tel-
ugu can provide much-needed guidance for designing graded reading
tests for children with developmental dyslexia and adults with acquired
dysgraphia. Some topics awaiting future research aimed at understand-
ing the cognitive consequences of literacy in multiple languages/scripts
in the Indian context include:

— Development of tests such as aksara discrimination, word recogni-
tion, lexical decision that will allow researchers to manipulate sub-
components of Telugu aksaras, such as vowel modifiers, homorganic
nasals, ligatures, etc., that will facilitate measurement of aksara pro-
cessing abilities.

— Designing behavioral and eye-tracking studies of word recognition
when target words are presented in sparse vs. dense neighborhoods
for words that appear in school textbooks.

— Future grapholinguistic research in relation to abugidic alphasyl-
labaries will also benefit from data relating to graphemic frequencies
and graphotactic patterns in various Indic scripts.

— Systematic studies that permit comparison among scripts associated
with languages that have similar graph/grapheme inventories, such
as Telugu vs. Kannada or Tamil vs. Malayalam.

— Development of computational models of aksara naming / discrimi-
nation

— Analysis of word reading speeds/accuracies among children with
congenital hearing loss, developmental dyslexia, acquired dyslexia,
and dysgraphia following brain damage

— Application of graph/grapheme complexity measures to analyze
writing impairments in individuals diagnosed with Parkinson’s Dis-
ease.
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Appendix A

Characteristic Features of Current-Day Telugu Script
(as per the Codes Specified in ScriptSource.org)

Language
Script
Id.
Direction
Type
Basic aksaras
Inherent vowel
Independent vowels
Dependent vowels
10. # of vowel aksaras
11.Vowel modifiers
12.Dominantgraph
In conjunct aksaras
13. Ligature for geminates
14.Ligature for clusters
15.0bligatory virama
(vowel killing sign)
16.Nasality
17.Visarga
18.Non-sanskrit aksaras
19. Aspiration sign
20.Word spacing
21.Syllable marking
22.Geminate sign
23.Top mark on aksaras
24. Complex and compound
Graphemes
25.Grapheme-phonology
Mapping

N rLNR

©

: Telugu [tel], Family: Dravidian

: Telugu [Telu]

: te-Telu-IN (Telugu script used in India)
: Left to Right

: Fully vowelled aksarik segmentary

: <CVy>#35

i <a>

: Yes, in word initial position

: In post consonantal position after <CV,>
: 16

: Mostly fused with <CVo>on top

: C1 to which vowel modifier is attached
: non-fused with <CV, > at the bottom / stacked
: non-fused with <CV, > at the bottom / stacked

: Yes, mostly used with borrowed words

: Full form for <m>, <n>, zero post consonantal
: Yes, mostly with Sanskrit words

: Yes <fa> written as <pha> and <za> as <Ja>

: Vertical line below <CVo>

:Yes

:No

:No

: yes, check mark on some, absent in others

: Yes

: Syllable and mora
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Appendix B

Distribution of Graphic Complexity Values for All the Basic
Aksaras in the Telugu Script

Distribution of Simple Features (SF)

SF values aksaras
2 o, 2, & 8,8, 2,8,0,0
3 ©, ™, 0,5, 85,8, 8, H, 8
4 , B, W, Vo, B, B, &, &, &, &, D, &, &, AN, €9, ¥, ¥,
5 &e, 6, T, 0, &, ®, 0, W, A, &, S, &, &
6 2000°,
8 &8

Distribution of Connected Points (CP)

CP values aksaras
0 )
1 @, 2, 8, & 5, 8,8,9,90,80,8,0
2 ®, e, 3, D, &, @o, @3, B, W, 23, &, &, &, &, S, 4, Q
3 200, &, &, W9, W, B, &, &, &, 8, D, %, &9, ¢,
4 &, T, x, &
5 &, 200°
7 &8

Distribution of Number of Disconnected Components (DC)

DC values aksaras
©, @, @, &, 6, &, 20, W, o), B, &, &, T, §, 05, &, 35, 8, o, &, &, &,
! &, 8, S, 0, &, I, 8, 0, 0, %, &, §
2 ®, 90, &, B, S, B, 8, &, &, D, 85, 2, D, &
3 @3, 0, &, D

Distribution of Perimetric complexity (PC) values

PC range aksaras
7-9 0, %, &, ©
9-11 ©,2,0,0,86,80,060,5,3,2,0,0608063,0,033%0

11-13

0,6, W, R}, &, 66, ,D, 8, e,¥Q
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13-15 T, S,
15-17 &, &, D
17-19 €&, 200, €9, G, 0
19-21 o

21-23 2
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Characters, Romanization,
and Anti-Colonialism:
Historical Development
of Taigi and Vietnamese

Paul Ueda

Abstract. When one considers the necessary ingredients for a social revolution,
the written language would not always be at the top of the list. Yet, this situation
can change in the circumstances where the written language itself carries a colo-
nial legacy. Examples of this in history have been numerous as the world tran-
sitions to a post-colonial era and grapples with its aftereffects. However, these
struggles do not occur in a vacuum—especially in the modern age of informa-
tion. To this extent, the present paper conducts a comparative analysis of the his-
torical and modern Romanized Taigi movement (Cockrum, 2023; Heylen, 2014;
Kléter, 2005) and historically similar movements, such as the Qudc ngi roman-
ization movement of Vietnamese (Lo Bianco, 2001; Phan, 2013). This exploration
reveals that the similar trajectories of colonialization experience by Vietnam and
Taiwan present implications on how language activists should proceed—partic-
ularly with regards to the issue of acceptance in the language standardization
process as described by Haugen (1966).

1. Introduction

Writing has always held a powerful position in society in both the defini-
tions of the physical manifestation of words as well as referring the one’s
ability to record language that uses graphs. In Chinese history, an entire
class of intelligentsia that held prominent status throughout history are
commonly referred to by the term ‘literati’ (Tsien, 1962, p. 7). This term
‘literati’ make explicit that the most salient trait of these individuals is
their ability to read the written word, as well as their ability to write,
albeit to a lesser extent, as it comes from the Latin literatus meaning ‘one
acquainted with letters.” History, law, philosophy, and even art, in the
form of poetry, are all recorded with the vehicle of writing. Given the
ubiquitous and powerful nature of these topics, it is not unreasonable to
say the mere act of writing is powerful. Indeed, as the adage goes, “The
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pen is mightier than the sword.” However, he controls what forms the
pen writes can be said to be more powerful than either pen or sword,
as their influence is cemented in such a way that most do not even no-
tice their adherence. It is precisely this power—the control of what the
written word looks like—that is the central focus of the present essay. Fo-
cusing on just the Localist Camp of Taigi, one of the three orthographic
camps described by Cockrum (2022), we shall discuss the role of writing
in both social revolution and sociopolitical identity construction.

For some societies, the transition to a post-colonial entity is coupled
with the creation of a new nationalist identity, coupled with the con-
struction of an imagined community (Anderson, 1983) that reflects the new
identity that the country wishes to project. For example, Sebba (2007,
p. 81) describes how Moldova, a member of the soviet bloc in the 20th
century, transitioned the Moldovan writing system from Cyrillic to the
Latin alphabet after gaining its independence. This transition was in-
tended as a symbolic move of rejecting its previous soviet membership.
Similarly, Schieffelin and Doucet (1994, p. 186) describe the sociolin-
guistic struggle between independent and colonial identities that oc-
curred in Haiti during the standardization of Haitian Creole (Kreydl).

In East Asia, this transition has played out differently for some soci-
eties. Due to its historical prominence, several East Asian countries—in-
cluding Korea, Japan, Taiwan, and Vietnam—at one point employed
Chinese characters as the primary orthography of their respective lan-
guages. Yet this relationship was not necessarily one of admiration, as
in the case of Vietnam, which was colonized for a millennium by China
and then for a century by France (Chiung, 2007; DeFrancis, 1977). After
gaining independence in 1945, the government led by Ho Chinh Minh
and his contemporaries struggled with how to reform the Vietnamese
language as to “cultivate national pride” and to “re-affirm confidence in
the great possibilities of the mother tongue,” as described by contempo-
rary political figure Le Kha Ke, (cited in DeFrancis (1977, p. 246)). To
this end, the Vietnamese government implemented ch# Quic ngit —a ro-
manization system with its roots in colonial Vietnam but, to that point,
had failed to gain widespread acceptance. After a period of intensive
promotion, c¢h# Quéc ngii was used widely by the population, and its pro-
moters celebrated its ability to instill national pride, promote the na-
tional language, and to create a post-colonial Vietnamese identity (ibid.,
p. 259).

Turning to Taiwan, the situation for Taigi is not so clear cut. Kloter
(2005) describes the situation of Taigi in the 20th century succinctly
as being in a state of “polyorthographia”—a language with multiple and
mixed orthographies being used to represent the language. For Taigi,
this is primarily defined by the usage of the Latin alphabet, Chinese
characters, and even Japanese Katakana. This state is a result of the pe-
riod of colonialization by the Japanese from 1845-1945, then followed by
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intensive “re-China-ization” (Shih, 2021) by the Kuomintang national-
ist government of the Republic of China. Repressive language policies
were continuous until the end of martial law in 1987, after which Taigi
served as a contested symbol of anti-colonial and anti-nationalist gov-
ernment policies (Khoo, 2021, p. 59). However, as Chiung (2007, p. 112)
notes, this process of decolonialization is still ongoing on multiple lev-
els in Taiwan. Today, several different groups employ Taigi as a tool for
creating a local identity, including the modern democratic government.
Cockrum (2023) described the sociolinguistic situation as being cap-
tured by a Three Camp Framework, in which the orthography employed
by these various groups reflected their sociopolitical outlooks of Taiwan.
One of these camps, the Localist Camp, is defined by its preference to
use Péh-oe-ji, a romanization system originating from the missionaries
working in Fujian Province in southern China, and in Taiwan (Kloter,
2005, p. 90). Despite its missionary origins, this Romanized Taigi devel-
oped into a broader tool for the promotion of the Taiwanese people and
society, particularly during the Japanese Colonial Period, spearheaded
by activists such as Chhoa Poe-hoe (Cai Peihuo £55XK; Heylen (2014,
p- 53)). Even today, some language activists such a YouTuber Ayo (T4ai-
lam mué-4a kau li kong taigi [Tainan Little Sister Teaches You to Speak
Taigi]) promote the adoption of Péh-de-ji, claiming that it serves as a gate-
way to learn other—namely western—languages (T4i-14m mué-4 kau li
kong taigi [ B FKFBIRGEAEE], 2020).

Given this parity between Vietnamese and Taigi, why did Vietnamese
shift to a Latin alphabet while Taigi remained in an unstable state of
polyorthographia (Kléter, 2005, p. 249)? For the case of Vietnamese,
there was a wide social upheaval that allowed for radical departures in
policy and for revolutionary concepts. Meanwhile, in Taiwan, one round
of colonialism was followed by a second. The second round was not a
radical upheaval, but instead a changing of policy while maintaining
the same government structures that enforced colonial policies in the
first place. For that reason, one could argue that Taiwan has never left
the state of being colonized at all—and indeed local language activists
do take such a position. While Vietnam was able to usher in a radical
revolution for the vastly monolingual population, Taiwan was grappling
with the identity politics and power struggle between the benshengren A8
N and waishengren 5M8 N, a fundamentally fragmented understanding of
the national identity.! While Vietnamese may be able to serve as a model
for the Localist Camp language activists wishing to switch to Péb-oei,
activists are forced to reckon with the effects of a contested identity due

1. This bensheng and waisheng distinction arose based upon the familial status dur-
ing the wave of migration from China during the Chinese Civil War, which ended in
1949 with the retreat of the Nationalist Party (KMT) led by Chiang Kai-shek to the
island of Taiwan.
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to the perceived kinship with China. This identity conflict is navigated,
in part, through these respective societies’ relationship with the written
language—underscoring the utility of writing for the social and histori-
cal analysis of societies.

The present paper will be organized into three primary sections.
First, we will briefly discuss the linguistic and political history of China
and Taiwan that has given rise to the Localist Camp and some of the so-
ciopolitical ideological underpinnings that dictate its views. Afterwards,
we will shift considerably to briefly recount the over two millennia of
Vietnamese linguistic history, with particular emphasis placed on the
colonial and post-colonial period. Finally, with the case of Vietnamese
to serve as a point of comparison, we shall analyze some of the actors of
the Localist Camp to understand how these ideologies are not novel or
unique to Taiwan but are just one of the manifestations of post-colonial
identity building that can be seen across East Asia.

2. From Oracle Bones to Pé-oe-ji

The modern situation of written Taigi cannot be discussed without first
discussing the role of Sinitic writing broadly within Chinese history.
Broadly, there are four time periods that are of particular interest to the
present discussion. The first is imperial China, which is from antiquity
until the end of the Qing Dynasty in 1912. The second is the Republic
of China (or Republican China) from 1912 until 1949. The third is the
National Party Rule of Taiwan from 1949 to the end of martial law in
1987. Finally, the final time period is the ongoing democratic Taiwan.
Dating back to at least as early as the middle of the second millennium
B.C.E (Boltz, 1994, p. 11), the ancestor of the present Chinese script was
utilized in several official purposes, with one major being divination,
such as the writing found inscribed on the Oracle Bones, from which the
orthography of this period derives its name (Tsien, 1962, p. 32). Later
passing on to media such as clay, stone, bronze, bamboo, silk, and paper,
for most of its history, writing has been a treasured part of Chinese her-
itage. Indeed, the form of characters still used today, known as kaiti izt
was introduced prior to the 4th Century (ibid., p. 203). Arguments over
orthography date back to even the Han Dynasty, in which conflicting
versions of the Confucian classics, written in different scripts known as
guwen 13 ‘old text’ and jinwen %X ‘current text’, were discovered that
led to an ideological debate that still was raging as late as the Qing Dy-
nasty (1644-1912) with the advent of the kaozbeng #iF school (Nylan,
1994, p. 84). While this paper does not make any claims about the appli-
cability of the term “guwen” which has still faced some debate, at heart
is the idea that arguments over orthography, authenticity, and author-
ity have a long-standing tradition in the Sinosphere. It was not only the
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ideas contained within the writing that were esteemed culturally. The
manifestation of the writing itself, a piece of paper with written charac-
ters, were items which were to be treated with respect, as told to chil-
dren with the phrase jing xi zi zbi WIF4X ‘pay respect to your characters
and paper’ (Zhao and Baldauf, 2008, p. 34). Fishman (2002) (cited in
Zhao & Baldauf) even argued that written classical Chinese had been
“sanctified” and given the status of a holy vessel, as reflected by the fact
that writing was considered to be given to Chinese by mythological fig-
ures, typically attributed to either Cang Jie B#H or Fu Xi {R3& (Boltz, 1994,
p- 130). Indeed, Sullivan (1999) argued for the “three perfections” that a
well-trained scholar would be expected to master: painting, poetry, and
calligraphy. These complementary arts were often practiced in tandem:
a classical Chinese painting was not truly completed until also inscribed
upon a poem with a beautiful script. Given such a mythos around writ-
ing as an artifact of culture itself, it is not hard to see how political de-
bates surrounding national identity and language necessarily included
writing as one of the primary markers.

The important of writing to successive dynastic structures has not
gone understated. Confucius argued that one essential function of the
rule was to perform the “rectification of names” zhengming \E4 (Cao Feng
[#l&], 2016, p. 148). Later, in the Han Dynasty (206 BCE — 222 CE), Xu
Shen #H{H presented the Shuowen Jiezi il 3 f#7 ‘Explaining Graphs and Ex-
plicating Characters’ to the imperial throne in 121 (Boltz, 1994, p. 150).
With this manuscript, the Han Dynasty aimed to ‘rectify’ the names and
unify the language and its people. By doing so, Xu Shen provided a piece
of scholarship that is still studied to this day.

However, one does not even need to turn to antiquity to see how
closely the ideas of language and national identity have been interre-
lated in the case of Chinese. In many regards, the May Fourth Move-
ment of Republican China (Republic of China; 1912-1949 (China), on-
going in Taiwan) was a protest of all things old and expression of dis-
satisfaction with the perceived weakness of China in international re-
lations (Weng, 2018, p. 616; Tam, 2020, p. 111). As part of this protest,
there was a desire to “modernize” the writing system. Instead of using
the historical Classical Chinese that was unreadable to modern speak-
ers without training, writers and linguists during this time turned to the
creation of a more representative writing—what was known as baibuawen
H#i X ‘plain speech text’ (Zhang, 2013, p. 565). The baibua in baibuawen is
meant to convey the message of “clear [obvious] speech,” meaning that
the writing was intended to represent the way people speak. But given
the diversity of China’s linguistic make-up, which speech exactly does
this choice represent? Such a choice was not so clear to contemporary
scholars (Tam, 2020, p. 31). Eventually, this baibuawen came to resemble
more closely the Mandarin style of speaking, even being established in
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the 1930s as the written corollary to the widespread national language
guoyu that was being promoted at the time (Zhang, 2013, p. 565).

Although baibuawen eventually won out and was established as the of-
ficial writing system of Chinese in Republican China and continues to
be the official writing system in the People’s Republic of China (PRC)
and Taiwan, the fate of Chinese characters was not so ensured at the
time. During the May Fourth movement, there were prominent reform-
ers, such as Chen Duxiu Bif75 (1879-1942), who argued for the replace-
ment of Chinese characters with the Latin alphabet (DeFrancis, 1984,
p. 243). Given the intensely political milieu, it is little surprise that some-
thing that writing, being so important in the culture, became the focus
of such intense heated criticism. Indeed, such an outlook on language
would continue throughout the rest of the twentieth century in China
with the efforts to simplify characters (Chen, 1999, p. 152) and develop
a romanization system, Hanyu Pinyin, the latter of which was seen by
some such as Su (2001) to be an intermediary step towards replacing the
Chinese character script altogether. Indeed, there are still some scholars
such as William C. Hannas who see characters as a hindrance to East Asia
and believe that to progress further, they must abandon characters (for
the severity of such claims, see Hannas (1997, p. 285)). In Taiwan, so-
ciopolitical motivations for controlling script have extended to the ban-
ning of simplified Chinese script jiantizi ffif4¥ as a method of “protect-
ing authentic Chinese heritage” (Sui, 2011). This simplified script takes
some basis in historical calligraphic forms, but the usage of these simpli-
fied characters in printed was first enforced by the People’s Republic of
China after the 1950’s. Taiwan temporarily banned these simplified char-
acters in order to combat the perceived communist threat. Today, China
and Singapore use simplified characters. Only Taiwan and Hong Kong
continue to use traditional characters, although there is some threat to
this in Hong Kong due to increasing political pressure from the PRC
government.

As evidenced above, writing has continued to be a sensitive topic for
much of Chinese history even for the standard, or socially-dominant,
written language. How, then, was it to be expected that the so-called
‘dialects’ of Chinese were to develop and maintain a thriving written
culture? Many scholars (Liu, 2011, p- 59; Heylen, 2014, p. 187; Taylor
and Taylor, 2014, p. 42) assert that these varieties either are not written
at all, or if they are, are not a different writing system from standard
written Chinese, but instead just include some potentially “locally fla-
vored” graphs. In doing so, the underlying argument is that these vari-
eties—or “dialects”—are not independent entities. They all exist under a
subsumed structure of “written Chinese.” If distinctly varietal Chinese
is used, it used to promote a distinctly local, youthful, or counter-culture
identity, such as in the case of some Shanghainese websites explored by
Liu (2011, p. 65).
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With some of the history behind Chinese writing explored, we can
now turn more specifically to the case of Taigi. Sebba (2007, p. 32) as-
serts that variation in spelling/writing, from a sociolinguistics perspec-
tive, can be used to convey social meaning. However, important in this
process is the comparison—what is subject to variation and what is it
varying from. In the case of Taigi, it is important to understand that, in-
variably, any novel or distinct motivation to represent Taigi would be
seen a variation away from Standard Written Chinese. This is why any
discussion of Taigi orthographic reform must first begin from a place
of understanding the process of orthographic reform that took place for
the Chinese script generally.

The earliest extant example of written Southern Min, the language
variety from which Taigi is derived historically, is the Lijing ji 7%t
“The Story of the Lychee and the Mirror” dating back to 1566 (Kloter,
2005, p. 59). However, this text is not uniformly representative of South-
ern Min, as there were both vernacular and literary layers that would
have served different communicative functions (ibid., p- 60). Addition-
ally, such performance aids were not “unmediated” recordings of the way
that people spoke, as they were written and rewritten for stage plays and
to be a venue for scholars to show off their literary talent (Huang et al,,
n.d., p. 242). Not only were these not necessarily faithful adaptations, but
these sources of writing were also disparaged by public officials as be-
ing crude or harmful to public morality (Kléter, 2005, p. 59). Similarly,
the Taigi songbooks kua-d-tsheh HifFit are not even positively identified
in which variant of Southern Min they represent, despite most modern
lyrics and scholarship presuming readings based on contemporary Taigi
(ibid., p. 74).

The previous cases of the opera script and songbooks present an in-
terest challenge to this socially meaningful variation, as proposed by
Sebba (2007). Given that socially meaningful variation exists only in
relation from that which it is varying from, we must first determine
to what degree the authors even saw their work as variation. Unfor-
tunately, such a task is near impossible for the modern researcher, as
many of these manuscripts are anonymous, removing any insight into
the social motivations of their authors. However, given the domain of
these manuscripts—specifically made for oral performance—it can be
concluded that there was less interest in the written representation of
Southern Min for the sake of writing it by itself. Instead, these texts are
motivated to represent Southern Min due to the inherent performance-
based aspect of their creation.

It is not until the period of Japanese occupation of Taiwan, 1895-
1945, that we see perhaps the first efforts to write Taigi for the sake of
writing Taigi. Ignored by scholars for a long time, the Romanized Taigi
Movement has recently received more attention as debates have contin-
ued about the status of Taigi as an independent language (Heylen, 2014,
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p- 54). While ultimately unsuccessful, the Romanized Taigi Movement
was the first time that there had been even semi-widespread formal ac-
tivism to establish Taigi as an independent language, and therefore with
its own orthography. The lead individual behind this activism was Cai
Peihuo (Chhoa Pde-hée ZEH5K, 1889-1983), who has been deemed the
“protagonist” of this movement (Heylen, 2014, p. 53). During this time,
Chhoa promoted the usage of Péh-de-ji Hiti¥- (hereafter, POJ), a latinized
orthography based on the system of “Church Romanization” that was de-
veloped by the missionaries who were proselytizing the Southern Min
speaking areas of Fujian and Taiwan (Kloter, 2005, p. 130). While not
overtly religious in the promotion, Chhoa himself has been converted to
Christianity, where he first learned POJ (Heylen, 2014, p. 70). In 1925,
Chhoa published his manuscript Tsdap hang kudn kidn +IEE R [My hum-
ble opinion in ten points] that expanded upon his critiques of Chinese
and Japanese culture, as well as his arguments for learning Taigi and
its important in Taiwanese society (ibid., p. 75). In this manuscript, he
expressed views that would become staples of Taiwanese language ac-
tivists later, such that romanized Taigi was not limited to religious con-
texts and can represent the language in a wide variety of contexts. For
Chhoa, the linguistic romanization movement was directly a part of the
political movement, even insinuating that the language was part of the
underlying reason that the Taiwanese people were not motivated to push
for their own advancement (ibid., p. 85).

Perhaps the best way to characterize the Romanized Taigi Movement
would be to see it as the Taiwanese manifestation of the May Fourth
Movement that was occurring nearly simultaneously in China. Heylen
(ibid., p. 53) argues that the Romanized Taigi Movement was not only in-
fluenced by the May Fourth Movement in China but was brought about
by the present political situation of colonial Taiwan. As such, the ideas of
progress, modernization, and reform are central themes of the Roman-
ized Taigi Movement. In many ways, the Romanized Taigi Movement
was an attempt to establish a uniquely Taiwanese identity when Taiwan
was facing a cultural identity crisis (ibid., p. 93).

It is precisely due to the grassroots nature of the Romanized Taigi
Movement that its solution—POJ—would end up being central to the
attitudes espoused by the Localist Camp nearly a century later. Cock-
rum (2022) analyzed published sources of Taigi and found that there
were broadly three camps in which modern written Taigi could be clas-
sified: the Modernist Camp, Localist Camp, or the Etymologist Camp.
Membership in these camps was primarily determined by the manifes-
tation of how an individual wrote Taigi. However, through the process
of classification, it was discovered that it was not only the character, but
the rationale behind selecting characters as well as general language at-
titudes that could motivate camp membership (ibid., p. 111). Of these
camps, the Localist Camp are those who are most interested in the lo-
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cal history and tradition of Taiwan (ibid., p. 64). One mark of this camp
membership is the intense political rebuke of the period of Nationalist
Party (or Kuomintang; KMT) colonization that occurred after the retro-
cession of Taiwan back to (then Republican) China. This second period
of colonization can be given the tentative dates of 1945 to the end of
martial law in 1987, however, it is important to note that the process of
de-colonization is something that is continually occurring in Taiwan to
this day, a fact which complicates the matter of linguistic reform (Chi-
ung, 2007, p. 112). This rejection of the colonial identity is something
that is unique to the Localist Camp. Why is it the case that these politi-
cal ideologies figure so prominently within the Localist Camp’s linguis-
tic assertions? Why do they not figure prominently in the Modernist or
Etymologist Camps? In order to better understand the Localist Camp, it
is essential to fully explore how the anti-colonial and post-colonial men-
talities affect their rationale behind language usage and how it impacts
their language attitudes. However, in order to do so effectively, we much
first consider another post-colonial society in the Sino-sphere—Vietnam.
As to be explored in the following section, understanding Vietnam’s his-
tory and progression from a Chinese vassal during the dynastic times,
to French colony, to independent nation will be an important point of
comparison for Taiwanese studies.

3. The Case of Vietnamese and Chu Nom

Located to the south of China, Vietnam has had a complicated history
with China and the Chinese language. Having a marginal, if any, posi-
tion within the Sinosphere, Vietnam has often been ignored by scholars
of Chinese, with only a select few, such as Chiung (ibid.) and DeFrancis
(1977) discussing its linguistic situation in depth. For the purposes of the
present discussion, John DeFrancis’ (1977) investigation into the history
of Vietnamese will serve as the base. DeFrancis’ investigation is consid-
ered one of the seminal works on Vietnamese orthography, and is cited
widely in other scholar’s works, even in recent times (Lo Bianco, 2001;
Chiung, 2007 amongst others). With this a base, we will now briefly ex-
plore Vietnamese linguistic history as divided into four eras: the millen-
nium of Chinese colonialism (111 BCE — 939 CE), Monarchial Indepen-
dence (939-1861), French Colonialism (1861-1945), and National Inde-
pendence (1945-present).

3.1. Millennium of Chinese Colonialism (111 BCE — 939 CE)

Vietnamese is originally part of the Mon-Khmer language family, which
is reflected in the fact that approximately 94% of the population is of
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Mon-Khmer ethnicity (Chiung, 2003, p. 123). While a Mon-Khmer lan-
guage, which is also an isolating language, Vietnamese has received sig-
nificant influence from Chinese. Nguyen (1944, p. 250), cited in De-
Francis (1977, p. 8), estimates that a third of all Vietnamese vocabulary
has Sinitic origin, a number which increased to over 60% in the formal
writtencontext. Hence, the extent of Chinese influence on Vietnamese
has been sizable. This is likely due to Vietnamese coming under Chi-
nese control during the Han Dynasty in 111 BCE (ibid., p. 10). During
this period, the Chinese government imported its bureaucratic struc-
ture, including the usage of classical Chinese as the official language of
governance. During this time, there was reportedly little to no literary
productions that could be said to be more representative of Vietnamese
than that of Chinese. However, once Chinese control ended in 939, this
situation would change, although not as rapidly as one might have ex-
pected.

3.2. Monarchial Independence (939-1651)

The era of monarchial independence saw the introduction of more truly
Vietnamese writing. Due to the social power and influence of Buddhism,
Chinese retained a strong presence in Vietnamese society. Furthermore,
with the ruling dynasty being backed by Buddhist support, Chinese
remained the language of officialdom (ibid., p. 14). However, by this
point, scholars believe that the Chinese, when read aloud, would have
been more of a “Sino-Vietnamese” reading, as it diverged from what
may have been read in China (ibid., p. 15). While this was occurring,
in more marginal domains there was the rise of so-called “demotic writ-
ing” (ibid., p. 24) which would eventually give rise to the writing sys-
tem known as Ch# Nom 74Wi [lit. characters for southern ‘babble’] (for
graphic simplicity, we will omit the tone markings in the term Ch# Nom
rendering it as Chu Nom, or even more simply as Nom) which employed
modified Chinese characters, as phono-semantic compounds JEEF, to
represent Vietnamese (ibid., p. 28). The usage of Chu Nom was rele-
gated to marginal activities, used by people such as ordinary people, rel-
egated mandarins, and some “ultra-anti-Chinese nationalist elites” (Chi-
ung, 2003, p. 29). Nom was used for “popular literature” that was aimed
at the masses, such as Buddhist scripture (ibid., p- 29).

However, even though Nom was a more locally coded language that
was considered vulgar, Chiung (ibid., p. 32) points out that writing in
Nom was actually more difficult than writing in Chinese characters. Chi-
ung argues that since Nom was comprised of Han Chinese characters,
one must first know Chinese characters before one could read the Nom
script. Knowledge of Chinese characters was restricted by the bureau-
crats who wished to retain their power and status. Indeed, although more
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aimed at the masses, that does not mean that Nom was entirely acces-
sible in its representation of speech, nor consistent in its manner of do-
ing so. Phan (2013, p. 21) notes that Nom can rightfully be considered a
regional alternative to “literary Sinitic,” implying that it was still com-
posed in such a manner that would have favored its usage by the erudite
class. However, DeFrancis (1977, p. 46) asserts that literature composed
in Nom, when read aloud, would have still been understandable by illit-
erate members of society, although laden heavily with classical Chinese
allusions.

Nearing the end of this period, Vietnam saw an increased presence
of Christian missionaries in the region. The missionaries brough with
them several aspects of Western society, one of these items being the
Latin alphabet (ibid., p. 60). While there is some debate, creation of a
romanized writing system for Vietnamese is typically attributed to the
French Jesuit Alexandre de Rhodes (ibid., p. 58). The usage of this new
romanized system was very limited during this time, as it was primarily
seen as a tool to aid other European missionaries in their efforts to speak
the language of the people they were attempting to convert.

3.3. French Colonialism (1861-1945)

It was during the period of French Colonialism that there was the most
diversity of languages, both spoken and written, in Vietnam. The present
section will only touch on some of the broad themes of the period, and
the reader is heavily urged to seek out additional information as inter-
est provides, as the story will necessarily be simplified to a great extent
here. The first topic that we shall discuss during the period of French
Colonization is the continued presence of Chinese. During this period,
Vietnam was divided into three different regions: Tonkin in the north,
Annam in the central area, and Cochinchina in the south. Of these re-
gions, the northern area of Tonkin was considered the stronghold of
Chinese, as it still was the language used at the puppet court as well as
the language used by serious scholars (ibid., p. 128). However, with the
promotion and rise of both French and Qudc ngit (hereafter Quoc Ngu,
literally translated as ‘National language’), Chinese was on a steep de-
cline by the early twentieth century. Indeed, such an end was welcomed
by some, such as the lecturer Phan Chu Thinh, who delivered a lecture
at the Tonkin Free School where he berated the Chinese orthography,
stating that “Vietnam cannot be saved without getting rid of Chinese
characters” (ibid., p. 167). Nom, due to its close association with the Chi-
nese script, declined similarly alongside Chinese. Thus, after over two
millennia of intense Chinese influence on the language of Vietnam, Chi-
nese finally was cast aside as a relic of antiquity, viewed as a Vietnamese
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analogue to how western civilizations view Ancient Greek or Latin (De-
Francis, 1977, p. 205).

With the decline of characters, it is natural to ask what would rise to
serve as its replacement. During the French colonial period, the answer
to this question was not clear. As mentioned in the previous paragraph,
there were individuals from both sides of the conflict, both colonizer and
colonized, that wished to rid Vietnam of the influence of Chinese charac-
ters. However, there was significant disagreement as to what should in-
stead take its place. From their role of a colonizer, the French desired the
French language established as not only the language of education and
government, but that all Vietnamese would eventually give up their own
native language and instead speak the “civilized” language of French
(ibid., p. 118). However, as our privileged place in history allows us to
observe, such a drastic change would not come to pass, as Vietnamese
remains spoken and written by the Vietnamese population today.

The real protagonist that saw a dramatic rise in popularity during
this era was that of romanized Vietnamese. Introduced prior to the colo-
nial era, romanized Vietnamese was spread alternatively by Vietnamese
nationalist reformists and the French at different points in different ar-
eas, as it suited their goals (ibid., p. 79). Over time, the phrase “Quoc
Ngu,” literally meaning national language, would come to be used to
describe the writing system. The Gia Dinb Bao, a government newspa-
per published in the southern region of Cochinchina, provides the earli-
est extant record of such appellation from the 15th of April, 1865 (ibid.,
p. 81). Quoc Ngu was promoted as being the vehicle in which Vietnam
could read modernity, knowledge, and success. As the reformist Truong
Vinh Ky noted, “thanks to this writing, our poor disinherited country
will be able to enter into the community of peoples and the great issues
which the West has brought before the world” (ibid., p. 94). To a country,
such as Vietnam, that was grappling with the questions of power, iden-
tity, and colonial structures, Quoc Ngu was seen as a tool that would
allow the repressed people to finally enter the age of modernity. By the
end of the colonial period, Quoc Ngu had indeed won out over its com-
petitors, but it still had a long way to go before reaching wide usage, as
only about 20% of the population was literate in Quoc Ngu by the end
of the colonial era (ibid., p. 219).

3.4. National Independence (1945-Present)

By the end of the colonial period, it was becoming clear that Quoc Ngu
was the forerunner to replace Chinese for widespread adoption. How-
ever, before Quoc Ngu could see widespread adoption, there were sev-
eral significant barriers. One of the more fundamental issues was the
perception of linguistic inferiority. After decades of French colonialism,
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and millennia of Chinese influence and primacy, many were worried that
the Vietnamese would have an “inferiority complex” and a “sense of root-
lessness” in regards to their own language and national identity (ibid.,
p. 231). The reformer and political figure Le Kha Ke noted that one of the
main struggles facing the Vietnamese people was to “struggle indefatiga-
bly” in opposition to this perception of inferiority and that it was essen-
tial to “cultivate national pride” and to “re-affirm confidence in the great
possibilities of the mother tongue” (cited in DeFrancis (ibid., p. 246)).
From Le’s statements, it is clear that there was a conflation between lan-
guage and national identity. The usage of Vietnamese, in both its written
and spoken modes, were seen as essential to crafting a national identity
that freed Vietnam from the shackles of colonialism.

Part of the issue of this assumed linguistic inferiority was the ques-
tion of how to deal with new terms in science and technology that had
not yet been represented in Vietnamese. Historically, such borrowings
would have come from Chinese, but there was a growing need for the
ability to import names and concepts from western civilization (ibid.,
p- 243). While loanwords and calqueing were a possibility, Le Kha Ke,
in his role on the Section on Scientific Terminology in the Social Science Commit-
tee of Viet Nam, argued for the creation of new terms using Vietnamese
language elements such that they retain the highest degree of “national
character” (ibid., p. 244).

Finally, the other main barrier facing Vietnamese and Quoc Ngu was
the question of education. Such a question would be swiftly answered
by Ho Chi Minh, the leader of Vietnam post-colonial period, launched
an extensive literacy campaign that would see much of the population
gain literacy with Quoc Ngu (ibid., p. 239). Importantly, the promotion
of Quoc Ngu for many was the first writing system that they acquired—it
was not so much a language shift, but instead a fight against illiteracy
that allowed such rapid expansion of Quoc Ngu during this time. Dur-
ing one year of intensive promotion, the newly established Vietnamese
government was able to achieve more than what the French colonial gov-
ernment had in sixty years (Buttinger, 1967, p. 349, cited in DeFrancis,
1977, p. 240).

In all, Vietnamese, and especially Quoc Ngu, was a significant tool for
the reformers both in the late colonial period and in the early nation-
building era of Vietnam. Ho Chin Minh and other activists saw the
value of Quoc Ngu as a tool to instill national pride, promote the na-
tional language, and to create a post-colonial Vietnamese identity (ibid.,
p- 259). With this abbreviated background, our attention will now re-
turn to Taigi, as we compare the situations that have led to different
outcomes.
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4. Taigi Revisited—Positioning the Localist Camp

The case of Taiwan surprisingly has a lot of common ground with the
history of Quoc Ngu and Vietnamese. Like Quoc Ngu, Pé-oe-ji was
adapted from a missionary script. In both cases, the usage of this mis-
sionary script extended past the domain of the Christian church as it
was adapted and promoted by revolutionaries, such as the Tonkin Free
School in Vietnam and Chhoa Pde-hoée in Taiwan, who were struggling
for a distinct national identity against their respective colonial govern-
ments.

In fact, upon closer examination, many of the arguments made by
both the Vietnamese revolutionaries and those promoting Pé-0e-ji in
Taiwan would use similar arguments. We shall briefly address three of
such arguments here. One such argument is that the romanized system
would allow the population to interact with more of the, presumably
western, world. During the colonial era, French government officials
wrote how the promotion of Quoc Ngu would offer “great convenience”
in switching the population from Vietnamese to French (DeFrancis,
1977, p. 129). Similarly, Taigi language activist Aiong Taigi (2020) ar-
gues that Pé-6e-ji is the more intuitive choice for representing Taigi
as the majority of the world’s languages are phonographic, so such a
choice is more rational for representing Taigi. Similarly, the YouTube
channel T4i-1am mué-a kau li kéng taigi B MK BIRHE G [Tainan Lit-
tle Sister Teaches You To Speak Taigi] host Ayo also states that learn-
ing POJ would be helpful for learning other languages, such as English,
stating that “6b [0-md-ji tui ob ki-thann phing-im bé thong é gi-gidn kob u tsiok tua é
pang-tsoo” 25 TR HAMPHE 2 AHEE S A R AKRYE D) [Studying roman-
ization has a lot of benefits when it comes to studying other languages
that make use of a phonetic character system] (Tai-lAm mué-4 kau li
kong taigi [BMIKIFEWR#EGEE], 2020).

Similarly, both languages are having to face issues of perceived lin-
guistic inferiority. Ayo, in the same video, talks about how when the Na-
tionalist Kuomintang (KMT) came to Taiwan, their main purposes was
to “brainwash” everyone into believing that they were also part of this
Chinese identity. As such, part of the brainwashing effort was to make
everyone believe that Taigi was inferior and did not possess prestige
(ibid.). Below is the original Taigi as well as a Mandarin translation, both
provided by the video creator, and English translation by this author fol-
lows:

B P A 5 T NEL T IR AR R AR I 20 5 R IR R UERS » — LR P IE R IR
ME~TAZRZBRTBEIN ) W TR 5080 $40e o IEARH S 5 LTS
I BEA 75 BORAT BEMA R BERE P I IRREE TR~~~ ~ AR CB)aE /2 Sk

B R 5 TR R G IR I8 2 1 BERGR R - —HE R KRG
ME~FTRK AR PEIA ) B TRIF %8 ) Ehk o B EE PR 2 1L
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HaG o B EEER S IR TRR M BER > SRS TIR~~
~~HfM5E E CRIRERERIRKEE ) (5:52)2

For both situations, promotion of the language in all contexts, in-
cluded academic, was seen as important aspect of promoting a national
identity. For Taigi, its exclusion in these realms contributed to its de-
cline in social status.

Finally, in both contexts, there was an attempt to escape the influ-
ence of the colonizer. As addressed in the section detailing Vietnamese
history, the promotion of Quoc Ngu was seen as a tool to create a na-
tional identity that was entirely focused on the Vietnamese identity. It
was seen to throw off the legacy of French colonialism. When discussing
the Taigi case, Localist Camp activist A-hoa f# make a very similar ar-
gument, as seen in the quote below (Tsiok ing tai sann siann td pong bi
phang [B9iH =K 5], 2021; translation and emphasis mine):

A TTai-gi2 B RS chitftioREhofiA M TAI-gi NFIERULE
nall} il Tai-gi E APHA 2 MchitBestiis

In A-hoa’s statement, we can see that there is a distinct desire that Tai-
wanese themselves have the first say in the identity labels that are used
to discuss them. More importantly, as also described by Ayo in her video,
there is a rejection of the Southern Min label. Both videos claim that this
label of Southern Min was an invention of the Kuomintang brought over
in the 1950s in their efforts to subdue the Taiwanese and bring them into
a pan-Chinese identity. As such, their rejection of this term is not only
a rejection of the label, but also a rejection of the colonial identity. For
these speakers, the colonial structure suppressing Taiwanese never ac-
tually changed with the end of martial law, it just took a new form in the
current government. As pointed out by Kléter (2005, p. 195), this link
between ideology and orthography has not gone entirely unnoticed.
Given this comparison between Vietnamese and Taigi, what can we
conclude about why Vietnamese shifted to a Latin alphabet while Taigi
remained in an unstable state of polyorthographia (ibid., p. 249)? While
the colonial periods showed many similarities in situation between
the two languages and their speakers, it is what has happened post-
colonialization that perhaps has had the biggest impact in the different

2. When the Nationalist Party (KMT) came to Taiwan to colonize us, in order to
brainwash everyone, they would continually force everyone to think “oh, we are all
Chinese,” we are “two straits, one family” and stuff like that. If we want to be Chinese
people, we must speak the speech of Beijing. They also used fines and penalties to
suppress our mother tongue, and make us think “oh, we are really unrefined when we
speak our mother tongue.”

3. We know the question of “is Taigi actually Southern Min?” is only for those who
speak Taiwanese to decide together. Those who don’t speak Taigi do not have the place
to join in the conversation about this question. (7:57)
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outcomes. For the case of Vietnamese, there was a wide social upheaval
that allowed for radical departures in policy and for revolutionary con-
cepts. Meanwhile, in Taiwan, one round of colonialism was followed by
a second. The second round was not a radical upheaval, but instead a
changing of policy while maintaining the same government structures
that enforced colonial policies in the first place. For that reason, one
could argue that Taiwan has never left the state of being colonized at
all—and indeed local language activists do take such a position as il-
lustrated above. The fact that Taiwan has continued to become more
dominant in Mandarin has made it more difficult for the political ideals
espoused by the Localist Camp to materialize.

In summary, while there are many points of comparison to be made
between the Vietnamese and the Taigi situations, the period after col-
onization changed the trajectory of promotion of the indigenous lan-
guage. While Vietnam was able to usher in a radical revolution for the
vastly monolingual population, Taiwan was grappling with the identity
politics and power struggle between the benshengren & N and waishen-
gren 5ME N, fundamentally unable to agree on if they were Chinese or Tai-
wanese to begin with. While Vietnamese may be able to serve as a model
for the Localist Camp language activists wishing to switch entirely to
Pé-oe-ji, they are forced to reckon with the aftereffects of a fragmented
identity due to their perceived kinship with China.

5. Conclusion

The story of Taigi is not yet fully written. The past two decades have
shown important milestones in a shift towards the revitalization of Taigi
in modern society. However, there remain many questions about what
that Taiwanese society looks like and how should Taigi be written to be-
gin with. From the perspective of Chinese history, the issues surround-
ing Taigi at present are not new. There has been a fundamental connec-
tion between the written language and identity. Indeed, such a connec-
tion, amongst other factors, has allowed for the existence of such diverse
varieties of Chinese that, due to the perception that they share a written
form, are only dialects of a larger language Chinese. The issue that Taigi
should identify its status so strongly as it relates to its written form is
merely the modern continuation of what could be seen as an over 2000-
year-old tradition.

It is precisely this association with Chinese tradition that the Local-
ist camp wishes to sever. One of the original questions posed at the out-
set of this essay is why does the colonial mentality seemingly serve as a
fundamental concern for the Localist Camp, while it is hardly, if at all,
addressed in the other camps? Even more specifically, why does there
seem to be so much more resentment towards specifically the colonial ef-
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fects of the Kuomintang rather than the Japanese? The comparison with
Vietnamese should offer some insights. While colonized by France and
Japan, both Vietnam and Taiwan respectively were in the throes of an
identity crisis—attempting to determine what it meant to hold their na-
tional identity. Vietnam exited this period of colonization with a com-
plete overhaul of society that instilled pride in their national identity.
On the other hand, Taiwan went directly into a second period of colo-
nization, one that can be argued to still be ongoing today. In this round,
the effects of colonization were much more intense and reached broader
success than that of either the French or Japanese governments. As the
vast majority of Taiwan is dominant in Mandarin, the question of what
it means to be Taiwanese and to speak Taigi has, to some degree, slipped
away. Those remaining and fighting for the local identity have to fight
against this assimilationist ideology. For them, Taigi refers only to what
it was prior to this colonization. The Mandarin influence of the KMT has
only rendered the language “impure” or “weak.”

In summary, the Localist Camp focus on fighting against the con-
cepts of colonization so strongly because it is precisely the issue that
they see as most important facing the vitality of Taigi. They do not wish
to identify with their colonizer, and they do not believe that coloniza-
tion ever really ended. For the Modernist Camp, there is a degree of
acceptance of this colonial identity, although they believe such an era
to be in the past. They can safely accept the modern situation as simply
the most pragmatic option and aim to create a language that reflects all
shared experiences. On the other hand, the Etymologist Camp deepens
this colonial association, as they wish to use classical Chinese etymol-
ogy to determine what modern Taigi should look like. For the Local-
ist Camp, Vietnam can serve as an exemplar of what it truly means to
reach a post-colonial state. For the Localist Camp, if Vietnam was able
to shed Chinese characters, and therefore their association with China,
why should Taiwan not be able to do the same?

The case of the Localist Camp highlights the importance of view-
ing the history and present situation of Taigi through the lens of post-
colonialism. The arguments for the linguistic movement, just as Chhoa
Pbée-hée argued back in the 1930s, are inexorably intertwined with the
political. An analysis that does not understand the political views of each
camp would fail to understand their rationale for their proposals.

More broadly speaking, the case of Taigi provides a detailed example
for the world on the intricate issues of language, society, and national-
ism. While Anderson’s (1983) “imagined communities” may have existed
in the imagination, writing is encountered daily in a very real way. Given
such a political nature in the mundane, it is no surprise that the ques-
tion of how to write Taigi becomes such a heated issue. In Einar Hau-
gen’s original formulation on the process for standardization language,
he placed equal emphasis on the acceptance of the selected and codified
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variety by the community. When the very nature of the community is
cause for debate—as well as grappling with a post-colonial identity, the
contemporary contested status of Taigi becomes less surprising. Indi-
viduals are not just arguing for orthography, but they are also arguing
for identity.
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Towards Reading in Four Dimensions

Helen Magowan

Abstract. Writing is implicitly four-dimensional, the outcome of an act that
takes place in time and space. However, in East Asian brush writing, time and
space are not only explicit but meaning-bearing. The clear expression of four-
dimensionality made brush writing a medium which communicated not only lan-
guage, but also the embodied writer. This paper proposes that in the premodern
Japanese context, writing was a powerful mode for communicating social mean-
ings associated with the body, meanings which contemporary reading practices
overlook.

1. Introduction

As Amalia Gnanadesikan (2008, p. 3) has pointed out, speech unfolds in
time, while writing arranges language in space, “each word following the
previous one in a line. Writing is therefore a process of translating time
into space”. We may of think this spatial transformation as rendering a
2-dimensional artifact: there is ink, or there is not. At the same time, in
(non-automated) writing production, the writing instrument moves in
three dimensions: the pen nib or pencil tip rises upwards at the end of
a line or graphic element, and moves down into contact with the paper
at the beginning of the next. The spatial arrangement of (hand)writing,
with its beginnings and ends, thus notionally indicates the third dimen-
sion of space and the fourth dimension of time.

In East Asia, however, the traditional instrument of writing is the
brush, and control in all four dimensions is needed to achieve compe-
tence (Ishikawa, 1994, p. 36; Kaya, 2002, p. 45). The four-dimensionality
of writing production is therefore not only explicit, but meaning-
bearing in the resulting text. Indeed, this paper proposes that four-
dimensionality was an integral aspect of the signifying power of brush
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writing. This paper focuses on the writing culture of 18th century Japan
to show premodern Japanese brush writing to have been a powerful
medium for communicating not only language, but embodiment and as-
sociated social meanings, and asks whether such meanings can be ac-
cessed by contemporary readers, unaccustomed to the tactics of reading
in four dimensions.

2. Writing in Print

As the 19th century turned into the 20th, Japan saw huge socio-cultural
and technological changes, which had implications for the writing sys-
tem. One of these was the introduction of pencils and pens; the more cul-
turally visible change was the transition to moveable type for commer-
cial publishing. Japan’s well-established publishing industry had been
thriving for some three hundred years, using woodblock print technol-
ogy.
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F1G. 1. Woodblock print and typography compared. Left, top, Rankeishi, Shin
Usuyuki monogatari (‘New Tale of Usuyuki’), Osaka, Japan: Kawachiya Tébei, 1716.
Right, bottom, Kikuchi Shin’ichi, ed., Usuyuki monogatari. Shin Usuyuki monogatari,
Osaka, Japan: Izumi Shoin, 1983

Japanese printers had in fact briefly explored moveable type at the
end of the 16th century, and the experiment itself is telling. Figure 2
shows one of the most celebrated of the early moveable type books
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known as Saga editions.! It is not immediately apparent, perhaps, that
this book was typographically produced, as it maintains all the charac-
teristics of handwriting.2 Indeed it was the product of collaboration with
one of the most extraordinary calligraphers of the day.3

F1G. 2. Saga Edition of The Tales of Ise, c. 1608, The Metropolitan Museum of Art,
New York

Each piece of type is irregularly sized, accommodating vertically ex-
tended, encroaching, and connecting graphemes, with ligatures of up to
four graphemes.

1. Also Sagabon IEIfA, lit. Saga books, a generic term for a series of books pub-
lished 1599-c. 1610 by Suminokura Soan fi/8#/& (1571-1632) in Saga, near Kyoto.

2. The size and page design of these books was also in imitation of manuscripts
(Sasaki, 2023, p. 195). Movable type in the West also initally used fonts cast imitating
cursive handwriting (Sasaki and Burtscher, 2022, p- 61).

3. Hon’ami Koetsu AFFREHE (1558-1637).



492 Helen Magowan

This flies in the face of the modular efficiency that moveable type
should enable, but in contrast to the regularity and consistency preferred
by western scribal and calligraphic practices, premodern Japanese priv-
ileged variation.* It was a highly flexible writing system that avoided vi-
sual repetition through orthographic choices including allographs and
varied cursivity. Typography was evidently a poor fit for Japanese writ-
ing. This incompatibility was not merely a matter of aesthetics, but as we
shall see, the brush was a conduit for the expressivity of writing, which
could not be recapitulated through modular type. A high-fidelity rela-
tionship to the manuscript original was required.®

al

F1G. 3. Detail from Hasegawa Myotei, Sazareishi, vol. 1 f. 9r, 1713

Woodblock print produces a facsimile of a full original page by carv-
ing a negative relief. This offers total flexibility in terms of layout, il-
lustrations and textual forms, including degrees of cursivity; crucially,
the marks of the brush were remediated with an extraordinary degree of
detail (Figure 3). The choice of woodblock technology maintained the
brush as integral to the written word.

This paper will first discuss the mechanics of brush writing, and then
consider the contribution of the brush to the construction of meaning in
writing.

4. Sagabon even show intentional differentiation between printed copies, with
several types changed after each sheet was printed so that no two sheets were identi-
cal. (Sasaki, 2023, p. 204)

5. While in English there is an ontological difference between ‘manuscript’ and
‘print’, this does not obtain in a premodern Japanese context. See Chance and Davis
(2016, pp. 92-94, 106).
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3. Brush Writing in Four Dimensions

3.1. The Third Dimension
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FIG. 4. Numeral ‘one’. By kind permission of Yuasa Keisuke ¥+ 4 of Matsu-
moto Shoeido MARKHAE calligraphy school.

The beginner calligrapher’s first word is likely to be the simplest of
Sinitic graphemes, the numeral one, produced by inscribing a horizontal
line. However, not all single horizontal lines are this numeral; although
apparently simple, the stroke is somewhat involved, and difficult to ex-
ecute well, as Figure 4, from a modern calligrapher, shows.

There are three highly specific instructions towards correctly form-
ing the character. What is unstated, perhaps because it is aimed at those
who are already brush users, is that the beginnings and ends of the
grapheme are formed by pressing into the paper, while during the move-
ment from left to right the brush is lifted slightly.® Figure 5 shows the
extreme flexibility of the calligraphy brush, and since it is highly sensi-
tive to pressure, the ‘depth’ of the brush at different points is fundamen-
tal to the formation of the strokes and graphemes of Sinitic and Japanese
scripts (here the stroke being formed is ‘barai’).

The third dimension also extends into space perpendicularly above
the paper. In Japanese calligraphy the term kyokaku (5% ‘empty’ stroke)
is used for the line travelled by the brush through the air (Figure 6). This
is not a ritual formalism: although the page only holds 2-dimensional
marks, the connecting ‘empty’ stroke is visible to those trained in the
brush.

6. In pen writing, width has traditionally been controlled through the angle of
a flat-ended nib, not vertical pressure. Certain calligraphy styles today control line
width through the application of pressure using a flexible nib, the result of a mid-19th
century innovation to achieve results that had previously been produced by the flat
nib. (Gilderdale, 1999)
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F1G. 5. The qualities of the calligraphy brush are integral to the shape of strokes.
Here the stroke called barai is being formed.
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F1G. 6. ’Eternity’, showing kyokaku, the ‘empty’ line. Image by kind permission of

the Bimoji Blog X717

3.2. The Fourth Dimension
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F1G. 7. ‘Autumn’, Image by kind permission of Yuasa Keisuke, Matsumoto
Shoeid6 Calligraphy School

While time is implicit in handwriting, it is explicit in brush callig-
raphy. Figure 7 shows the grapheme for ‘autumn’, and the calligraphy
teacher’s instructions include not only the verb of motion barau (45 ‘to
sweep’, ‘to brush’) but a further instruction on pausing before the sweep-
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ing motion. The line of ink indicates the speed of the brush’s motion
as it passes, a factor which is even more prominent in cursive styles.”
The variable rhythmicity of brush calligraphy no doubt contributes to
its modern status as a performance art.

An intrinsic four-dimensionality of script is particularly clear in me-
dia other than paper and ink. Highly valued ancient calligraphy has
been preserved through stone carvings, and words carved into stone or
wood express the four dimensions of the notional brush: where the brush
would press into the paper, the letterform is carved deeper, and where
the brush would skim quickly, the carved line is shallower. Whatever
the medium, the brush was implicit in the written form (Ishikawa 1994,
p- 37).8

4. Writing in Four Dimensions

Figure 8 shows a writing lesson in the 18th century, giving us a rounded
picture of the practice of (cursive) writing.® The image shows two girl
students. The writing girl holds her brush very near the top of the handle,
a position which is not common today, but predominates in early mod-
ern imagery, particularly when depicting women. The modern lower
brush hold may be partly influenced by modern writing tools such as
pens and pencils.

The second girl is actively participating in the lesson through obser-
vation. As Japanese writing is explicit in that its production takes place
in time and space, real-time observation is extremely valuable for learn-
ing.

There is a calligraphy model book on the desk, but the girl’s copy
paper is covered with black scribbles, a sign of repeated overwriting.
While there is an economy of paper involved in this practice, what this
also indicates is that the intention is not, as we might assume, to make
the correct shape on the page. The 2-dimensional line on paper is not the
object of the lesson: rather, she is learning to make the correct movement
with her body, and the correct movement will produce good lines. Unlike
manipulation of the pencil, dominated by the fingers, brushed Japanese

7. Figures shown thus far are of the non-cursive style called kaisho &5 (kdishi in
Chinese). This is typically called ‘standard’ or ‘regular’ script, a somewhat misleading
term since in Japan this was used in limited contexts. Today kaisho is taught before
cursive, and the images here are beginner-oriented materials.

8. Ishikawa considers there to be a distinct difference between carved and brushed
character forms in early Chinese contexts, but I set this aside for the present paper.

9. In early modern Japan, cursive styles were preferred for most contexts. While
there are two named cursive styles, gydsho 175 (xingshii) and sosbo¥2 (cdoshii), in
Japanese practice they were not strictly differentiated.
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F1G. 8. Wisdom (Chi), Suzuki Harunobu, 1767, The Museum of Fine Arts, Boston

graphemes are gestures of the body, including the hand, wrist, arm, in-
deed the whole body—note that the only part of the girl’s body in contact
with the desk is her non-writing hand. Writing on the page will show if
the brush is gripped tightly, or the elbow is held too close to the torso.
Controlled but free movement is made possible by an upright posture,
appropriately supported from the core. Execution of good writing even
depends on the writer’s breath.

That writing is a skill of the body is reemphasised by the teacher’s
holding the student’s writing hand (and perhaps her waist). The teacher,
like her modern counterparts, does this in order to transmit all four
dimensions of writing through the embodied experience of writing,
teacher to student, body to body.
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5. Writing and Reading and the Body

While the early modern period saw literacy forcefully advocated for all
classes of people, the discourse is on writing, not reading. While in En-
glish, we speak of children learning to read and write, visitors to early
modern Japan observed the reverse: in Japan, writing preceded reading.\° A
17th century book concerning women’s education says,

From a tender age, girls must be forced to write. First, if they are not able to
write letters, they will miss out on all sorts of things. Moreover, the inability
to write means that one is stupid and unable to distinguish the west from
the east. For a woman who cannot write, turning to books is like a blind person
turning to a wall [my emphasis].1!

Being unable to write renders one unable to read. Similarly a 17th
century male diarist wrote,

Writing should be the first accomplishment for a man. Even good-looking
men will be looked down upon if they have no writing [mubitsu ‘without the
brush’] or bad writing [a@kubitsu ‘bad brush’] skills. Those who cannot write
are not able to send and receive letters and are barred from keeping diaries or
account books [my emphasis].12

The term for illiteracy here refers to the very instrument of writing;
furthermore writing skill was necessary to be able to merely receive let-
ters. This was a culture in which reading literacy originated in writing.
Reading was not disconnected from brush competence, but on the con-
trary, was intimately entangled.’?

Learning to write involved copying graphemes, and then longer texts,
and it was widely recommended that even very young children should

10. In 1585 the Portuguese Jesuit Luis Frois (1532-1597) “observed a pattern of
instruction that set Japanese education apart from practices in the West—that is,
Japanese children learned to write before reading, whereas Western children prac-
ticed the reverse.” (Moretti, 2020, 307 n. 14)

11. Onna kagami hidensho (Secret book on ideals for women, 1650), quoted in Moretti
(ibid., pp. 29-30).

12. Kawachiya Yoshimasa kyiki (Old records of Kawachiya Yoshimasa, ¢ 1693-1706),
quoted in Moretti (ibid., p. 32).

13. It is instructive also that copying—which is, in effect, writing—was an accepted
method of consuming text in the early modern period, and remains in some contexts
even today The early modern publishing genre draimono narabi ni tehon (textbooks and
copybooks) signals the widespread duality of reading and copying. Kaibara Ekiken’s
Wazoku dgjikun (1710), a guide for parents on the education of children, was given to
unmarried women as a copybook, and copying was the route by which children were
educated in moral and practical matters. (Koizumi, 2007, p. 42; Dore, 1965, p. 275)
Today, publishing series such as Enpitsu de tanoshimu koten (Enjoying the Classics via
Pencil) offer the opportunity to consume classical texts in an act which is both reading
and copying, whilst improving one’s handwriting. See for example Osako (2012).
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be taught from good models from the very beginning. In copying a cal-
ligraphic model, one is learning to write words well through tracing the
four-dimensional gestures of writing. Much like dance, or martial arts,
one must learn to move one’s body in the appropriate manner.

Indeed, educators explicitly recommended the simultaneous devel-
opment of literacy and bodily deportment. Kaibara Ekiken, perhaps the
most well-known educationalist of the period, itinerises children’s train-
ing by age, with calligraphic training outlined contiguously with move-
ment of the body and morality.!4 Starting at the age of six or seven
they should learn kana, respect and differences of social status, and they
should copy kana texts. From eight, [male] children should learn both
‘standard’ (kaisho) and cursive (sdsho) scripts, starting with large letter-
forms so that the hand learns to move easily. This is also the moment to
introduce the practice of reading words [moji wo yomu keiko], and memo-
risation of easier passages of Chinese classical texts, alongside etiquette,
deportment (37 B JEHR % $8 DAL tachi-i furumai no rei, ‘manners of standing,
sitting and actions’), and ‘manners of tea’ (L. sarei). At the age of ten
they should read the classical Chinese texts, and learn the literary and
military arts CCRDFLZ bunbu no gigei), and their minds (kokoro) and de-
portment (fachi-i furumai) should be quiet and restrained. At fifteen, they
should be fully learning their duty and self-management (i wo osameru,
a phrase which uses the word ‘body’ for the self).15

Writing is presented as one aspect of a holistic process of enculturing
the body, a process discussed by sociologist Pierre Bourdieu in terms of
hexis. He says,

The child imitates not “models” but other people’s actions. Body hexis
speaks directly to the motor function, in the form of a pattern of postures
that is both individual and systematic, because linked to a whole system of
techniques involving the body and tools, and charged with a host of social
meanings and values: in all societies, children are particularly attentive to
the gestures and postures which, in their eyes, express everything that goes
to make an accomplished adult—a way of walking, a tilt of the head, facial
expressions, ways of sitting and of using implements, always associated with
a tone of voice, a style of speech, and (how could it be otherwise?) a certain
subjective experience. (Bourdieu, 1977, p. 87)

The development of writing skills can be seen to contribute to the en-
culturation of appropriate hexis, and furthermore, writing may in itself
express hexis.

English has a relative paucity of words for ‘writing’, and although the
range of terms used in Japanese is illuminating, here I draw attention

14. In Wazoku dgjikun (Teaching on Children’s Education Traditions in Japan,
1710).

15. Ekiken (1979, pp. 244-247). For comparisons between Ekiken and other edu-
cationalists of the period, see Koizumi (2007).
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to one in particular: bisseki ZE5. This is usually adequately translated as
‘handwriting’ or ‘calligraphy specimen’: the word is a compound of bitsu
‘brush’, and seki, which refers to that which is left behind, like footprints,
a path, a remnant or residue. A given piece of writing is understood to
be the ‘trace of the brush’, the mark left behind by the hand of a writer,
the vestige of something that occurred before.'® While pen writing may
be suggestive of the person who held the writing instrument, Japanese
calligraphy is a record of a performance of a text by a writer, made pos-
sible by the brush acting as an extremely sensitive seismograph of the
body."”

6. Reading in Four Dimensions

Since all readers were also writers, readers were literate not only in writ-
ten language, but in the embodied idiom of the brush. The brush-literate
reader recognises the movement of the brush through an understanding
constituted by their experience of the brush. In cognitive science, the-
ories of embodiment fuse “action production” and “action understand-
ing” into a single system, wherein sensory input induces “simulation of
the observed actions in the motor system of the observer” (Caramazza,
Anzellotti, Strnad, and Lingnau, 2014, p. 7); in observing an action, “the
relevant action is effectively reenacted within the observer’s premotor
cortex” (Rizzolatti and Sinigaglia, 2010, p. 7).

It has been mentioned that the brushed line can indicate whether a
writer’s brush hold is tight or their gestures are awkward, their brush fast
or slow. These are qualities that can signify more than mere movement.
The brushed line may index physical sickness or old age, hesitation or
uncertainty, and even affective states. One calligraphy manual advises
beginners to “take up your brush straight of body and upright of mind”.18
Discourses of affect being transmitted by the brush can be traced as far
back as the 11th century classic, The Tale of Genji, which situates (kana)
brush writing as communicating emotion through the somatic mani-
festation of the writer’s emotional state. An example is in the charac-
ter Kashiwagi’s increasing distress of mind being legible to his friends,
when his writing began to appear “like the tracks of strange birds”.1?

16. It has been pointed out that “the literate Heian elite [8th-12th centuries] con-
ceptualized the process of writing as an exercise in leaving physical traces”. (Blair,
2017, p. 284)

17. Calligraphy “becomes a record of a performance of a text by the skilful move-
ment of the hand”. (Carpenter, 2019, p. 157)

18. Hitsudo hidensho (ZLERMEY) Excerpted Secret Teachings of the Way of the Brush,
Oshio Yasho /NMEHIFE 1692; Oshio, 1914, p. 168).

19. Kashiwagi was writing a letter, “but his hand was trembling badly, and he gave
up trying to say all he wished”, and shortly thereafter, “he wrote his reply lying down,
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The somatic and even emotional expressiveness of brush writing re-
mains available to readers with expertise in the brush. Modern calligra-
phy teachers continue to speak of perceiving a student’s emotional state
at the moment of inscription in their output, but this is a type of reading
that is not easily accessible to others.2 However, the embodied expres-
siveness of brush writing can in some cases be recognised even by 21st
century viewers of writing. The early 12th century scroll of The Tale of
Genji uses tangled and disordered writing for the death scene of the pro-
tagonist’s deeply beloved wife, a depiction of anguish in writing that
remains powerful, even while the text itself is as good as illegible even
to highly competent palaeographers.?! This is a trope which survived at
least into the 18th century, as shown in Figure 9. Here, a distraught fic-
tional heroine writes to her beloved from her deathbed, and the page
expresses her disordered mind and body in a way which contrasts to her
earlier letters, one of which you can see on the right.

F1G. 9. Rankeishi, Shin Usuyuki monogatari, 1716. Left, vol. 5 f. 9v-10r. Right, vol. 1
f. 20r

between bouts of weeping. The words made no sense and resembled the tracks of
strange birds” (Tyler, 2003, pp. 676, 677). Further examples include Oborozukiyo’s
grief-stricken poem to Genji as he departs for Suma, and Genji’s melancholy poem to
Utsusemi, both “written in a disarrayed manner” (midare kaki fiLN# &) reflective of
their emotions. Genji monogatari chapters Suma and Y#gao. (Carpenter, 2019, p. 33)

20. Among the calligraphers who have affirmed this to me I thank Mami Matsuzawa
and Yukiko Ayres (Eazu Shokaku EHAZFEER).

21. As a National Treasure, images are not widely available, but the section in ques-
tion can be seen at Carpenter et al. (2019, p. 26).
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F1G. 10. Usuyuki’s writing vs everything else. Rankeishi, Shin Usuyuki monogatari,
1716, vol. 2 f. 2v-3r

An attentive reading of brush writing can thus be highly informative,
even in the absence of brush skills of premodern readers are absent. The
brush is remarkable in its power to communicate all kinds of indexical
meanings which relate to, draw on, or are clarified when considered in
four dimensions and with attention to the encultured body. The 18th
century book shown above is an epistolary romance, in which the hero-
ine Usuyuki’s letters are presented differently from the rest of the text:
they use the fictional character’s fictional handwriting to construct her
character and affective state for readers. Her script, and only her script,
(Figure 10) is vertically extended in a manner which indexes a particu-
lar kind of social relationship, and thus already carries para-linguistic
meanings. More vertical extension means longer lines, which are not
only more technically challenging, but seismographically expose more
of the writing body, making the writing body more legible, both in its
physical and social aspects. The circuit of understanding of this text is
both constructed and interpreted in four dimensions.

Figure 11 shows a selection of letters from Usuyuki to her love inter-
est, and each has a very different texture. They construct her affective
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cool and reserved warm and open effusive distressed

F1G. 11. Usuyuki’s affective variation in script. Rankeishi, Shin Usuyuki monogatari,
1716. L-R: vol. 2 f. 7r; vol. 3 f. 3r; vol. 1 f. 20r; vol. 5 f. 9v-10r

stance in the moment of correspondence, arranged here from left to right
in terms of intensity of affect. These meanings are partly constructed
in the way we normally understand text to operate, through language
in all its complex aspects. However, meaning is also partly constructed
through her writing production in time and space. The seismograph of
the brush and the extended line exposes Usuyuki’s writing body to her
lover in a way that also increases from left to right.

The more vertically extended writing of the second letter is more in-
timate than the first, because it allows him to ‘read’ her writing body
through her brush. We see her affective stance changing, gradually un-
cloaking herself in her writing from a kind of self-concealing reserve on
the far left. The exposure of the body here is an exposure of affects and
other meanings associated with the body. If we look at the right-hand
side, letterforms are positioned in spatial relations with each other in a
way that does not correspond to the linguistic structure of the text. This
is a codified mise-en-page which indexes sincerity, but it also performs
sincerity with exposed and extended brushstrokes which give the writer
nowhere to hide.

7. Conclusion

Premodern Japanese writing is challenging to read; for contemporary
Japanese readers without palaeographic training, it is impenetrable. For
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these kinds of texts to be accessible to modern readers, they have to be
transformed into the kind of writing in which we are literate (Figure 12).
While the four dimensions of the brush are integral to the historical de-
velopment of the Japanese writing system, technological changes accom-
panying dramatic modernisation since the turn of the 19th century have
separated the brush from the written word.
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F1G. 12. Usuyuki transcribed—the same letters as Figure 11. Kikuchi Shin’ichi,
ed., Usuyuki monogatari. Shin Usuyuki monogatari, Osaka, Japan: Izumi Shoin, 1983.
L-R: Pp. 63, 74, 57,108

We have come to depend on writing that has been regularised and
abstracted away from the human originator. For us, the human hand is
at best an inconvenience, a materiality that hampers access to the appar-
ent principal matter: the semantic, immaterial content of text. We live
in a world structured by a typographic paradigm, where even in a post-
typographic, digital age, typography regulates the regime of knowledge.
The text you are reading here could not have been submitted in hand-
writing, however beautiful and legible that handwriting might be. Early
modern Japanese books exist to a modern readership only once they have
been transcribed—a process which extracts textual ‘content’ to fit the au-
tomated text of the typographic paradigm, based on a 2-dimensional un-
derstanding of what writing does.

Premodern writing, organised by embodied experiences of four-
dimensional worlds, was far richer than 2 dimensions allow, and the tran-
scribed page in isolation engages only with the aspects of writing that
we are comfortable with; the rest is discarded. Indeed, a 2-dimensional
transcription effectively conceals a crucial layer of social meaning, and
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thereby solidifies a particular understanding of the meaning of writing,
which is then applied ahistorically.

The TEI East Asian/Japanese SIG has, in less than ten years, made
enormous progress in advancing models appropriate to East Asian writ-
ing systems in historical context, from the initial implicitly Eurocentric
approach of the TEI project.?? It remains to be seen whether the features
of brush-written writing highlighted here could be marked up, particu-
larly in the case of affective and uncodified dimensions of meaning.

Scriptural materiality is an inconvenience for the typographic regime:
it is a materiality which insists on the unique case over the general, and
it disrupts our systems of knowledge. The typographic paradigm has
transformed animate ‘writing’—a verbal noun—into disembodied and
inanimate ‘text’. This is, I argue, a profound loss which not only dimin-
ishes the object of enquiry, but diminishes our own capacity to engage
with that enquiry. Nevertheless, the four-dimensionality of the brush-
written remains available for as long as the ink persists on the paper.
While we may lack the capacity to read such writing fully, the four-
dimensional world of the embodied human in which it was produced is
the same world that we inhabit, and still structures our perception and
experience. The brush’s resistance to the typographic regime can be un-
derstood, I suggest, as an invitation to reclaim our embodied experience
in an increasingly digital world.
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Synchronic and Diachronic Ordering
in Chinese Character Form Patterns

James Myers

Abstract. This study demonstrates that interactions among patterns in modern
Chinese character form cannot be ascribed to the diachronic order in which the
patterns arose. In particular, lexically idiosyncratic patterns and articulatorily
or perceptually motivated patterns interact in the modern system as if ordered
early and late, respectively, regardless of when they arose historically. The results
help confirm that, just as with spoken and signed languages, historical change in
writing systems involves a sequence of synchronic grammars, each restructured
from the previous one in accordance with universal synchronic principles.

1. Introduction

Aswe all know, ontogeny recapitulates phylogeny. Ernst Haeckel’s apho-
rism makes biological sense because evolutionary changes that target
earlier stages in embryonic development risk mucking up the whole de-
velopmental process; tacking something on at the end is much safer. Hu-
mans don’t need gills, but trying to grow lungs without starting with
gills is likely to leave you without working lungs at all. Similarly, his-
torical sound change tends to leave sequential traces in synchronic sys-
tems, with older changes preserved as “earlier” phonological rules (King,
1973). Again this makes sense: adding a new phonetic flourish to your
accent is likely to leave your speech more intelligible than distorting it
morphophonologically.

Do writing systems conform to the same principle? Before attempt-
ing to answer this, we must first confront the fact that Haekel’s principle
leaks, even in biology; evolution can tweak embryonic development in a
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wide variety of ways unattested in the fossil record, as long as it all works
out in the end, an insight that is part of what has become known as evo-
devo (Love, 2024). Phonological rules need not exactly match the course
of sound change either, as we’ll see shortly. Thus we should not be sur-
prised if writing systems also show misalignments between diachronic
and synchronic order. After all, diachrony also has to make synchronic
sense, whether in embryos, speech, or writing, and ultimately we would
like to develop phonological and orthographic versions of evo-devo that
explain why and where history and grammar do and do not match. Push-
ing linguistic theory in this direction, however, would require us to be
relatively concrete in our examples and a bit more sophisticated in our
analyses.

To this end, this paper focuses on the history and modern form of
Chinese characters, a system that I have been exploring for several years
now from a grammar-oriented perspective (Myers, 2016, 2019, 2021a,
2021b, 2022, 2024a, 2024b, 2025). In the rest of this paper, I first review
the nature of ordering in phonology and its relation to sound change
(Section 2), then discuss a selection of form patterns in Chinese charac-
ters and argue for their synchronic ordering (Section 3), and finally ex-
plore the relationship between this ordering and the historical evolution
of these patterns (Section 4). Section 5 offers some brief conclusions.

2. Ordering in Phonology and Sound Change

Sound changes happen in real time, the same sort of time that histo-
rians and biologists and physicists talk about, whereas synchronic rule
ordering is an abstract and controversial concept that only a subset of
linguists has ever believed in. This might lead one to think that we, as
putative scientists, should aim at explaining apparent synchronic order-
ing (the mysterious) in terms of diachronically ordered sound changes
(the well-understood). However, as I hope to make seem plausible in this
section, not only is historical sound change intrinsically insufficient to
explain interactions within phonological systems, but phonological his-
tory itself is better understood in phonological terms, that is, in terms of
grammar. These are not new ideas, but they underlie what we’ll do when
we come back to Chinese characters later in the paper.

We can start with King (1973), who argued for what remains the con-
ventional view: synchronic rule ordering, by and large, follows the order
of historical sound change. However, a lot depends on what we mean by
“rule ordering,” not to mention “by and large.” King himself made the
conventional caveat that phonology is universally ordered before pho-
netics, which allows new rules to be inserted between the two modules,
including before old phonetics. Since then, of course, phonological the-
ory (at least one of its major dialects) has abandoned the notions of rules
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and rule ordering in favor of the simultaneously applied constraints of
Optimality Theory (OT; Prince & Smolensky, 2004). The inability of OT
to handle certain types of constraint interactions, however, eventually
forced its adherents to admit a certain amount of ordering back into the
theory (see review in Pruitt, 2023). In this paper I will adopt the order-
ing approach known as Stratal OT (Kiparsky, 2015), rather than its major
rival, harmonic serialism (McCarthy, 2007; Hauser & Hughto, 2020), for
two reasons. First, Stratal OT was developed with both diachronic and
synchronic phonology in mind, and second, its notion of universally or-
dered strata explicitly implements King’s conventional caveat: phonol-
ogy (what Stratal OT calls stem and word phonology) applies before
phonetics (phrasal phonology).

To explain why the caveat is necessary, I will unpack a notorious case
originally based on observations by Joos (1942) and first analyzed in terms
of rule ordering by Halle (1962): diphthong raising and flapping in Cana-
dian English. Similar phenomena exist in other English varieties, includ-
ing my own Midwest American accent, so I can personally vouch for the
examples below. Diphthong raising applies before voiceless consonants,
as shown in (1a), and flapping, which applies before unstressed sylla-
bles, voices coronal consonants, as shown in (1b). This means that flap-
ping could potentially “bleed” raising (in the terminology pioneered by
Kiparsky, 1968), that is, remove its conditioning environment, by voicing
the voiceless coronal that would otherwise trigger it. What actually hap-
pens, however, is that raising “counterbleeds” flapping, thereby “overap-
plying” (in the terminology of McCarthy, 1999), as in (1c): the diphthong
is raised before what would otherwise be voiceless if it weren’t for the ef-
fects of flapping. In other words, the interaction here is “opaque”: the ef-
fects of raising are obscured by the effects of flapping.

(1) a. write [1ait] ride [raid]
b. late [leit] later [leiro+]
c. writer [1airo<] rider [1airo]

As Halle (1962) pointed out, this interaction is just what we would
expect if raising applies synchronically before flapping, as demonstrated
in (2).

(2) writer rider
Underlying 1aite- 1aidoe
Raising IAites —
Flapping  1airoc 1airo
Surface IAifoe Jairoe

If this rule ordering simply fossilizes the effects of diachronic sound
change, raising must have emerged at an earlier date than flapping. This
seems plausible at first, since Scottish English has a phonological pattern
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quite similar to Canadian raising (Aitken, 1981) but does not flap coronal
obstruents, and immigrants from Scotland played an outsized role in
Canadian history (the first prime minister was named Macdonald after
all). The history of Canadian English would then be similar to what is
happening now in New Zealand, another former outpost of the British
Empire with a heavy Scottish influence, where flapping has only recently
begun to emerge (Silby, 2008).

Unfortunately for this simple story, we are not justified in ascrib-
ing Canadian raising to Scottish English, since diphthong raising has
emerged independently across a variety of geographically dispersed En-
glish dialects (Moreton, 2021). Even worse, in some areas flapping is
demonstrably older than raising, despite the fact that synchronically it
is still ordered later (Fruehwald, 2016). More generally, it seems unwise
to lay the burden of explaining the present on the past when only the
present is directly observable (explaining the mysterious through the
even more mysterious). Even something as apparently well-established
as the diachronic ordering of Grimm’s law before Verner’s law actually
remains somewhat controversial (Noske, 2012). Such epistemological
confusions should not be surprising, given that the reconstruction of
dead languages depends on theoretical assumptions about what makes
a plausible human language, assumptions that are derived from the
study of living languages. The idea that historical linguistics should be
grounded in theoretical linguistics rather than the other way around is
an old one that continues to be rediscovered (e.g., Kiparsky, 2014), but
it is essential to understanding the relationship between diachronic and
synchronic ordering. If the latter is more fundamental, regardless of how
it should be formalized or understood in psychological terms, we must
recognize that every historical stage of the language has something like
it, and this means that what we must actually explain is how each syn-
chronic order morphs into the diachronically next one.

In the case of Canadian English, as with the patterns in Chinese char-
acter form that we will look at later, explaining the synchronic ordering
is relatively simple: the later pattern is of a type that is universally ex-
pected to apply later. In the terms of King (1973), we might say that
diphthong raising is (morpho)phonology while flapping is phonetics; in
Stratal OT we would say that raising applies in the word-level stratum
while flapping is phrasal. The non-phonetic status of raising is shown
by lexical anomalies like those in (3), where it “overapplies” in certain
cases when the diphthong is not followed by an underlyingly voiceless
consonant.

(8) a. tiger [thaigo] (Vance, 1987, p. 201)
b. didactically [daidaktikli] (Hall, 2005, p. 194)

The phrasal status of flapping is mostly uncontroversial, since it
clearly applies across words, as in (4).
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(4) get it [gec it]

The tinge of controversy comes from the observations in (5), which
show the “underapplication” of flapping before an unstressed syllable in
the word in (5b), presumably because this syllable is stressed in the word
in (5a) that it is morphologically derived from (Withgott, 1982; Steriade,
2000). Flapping thus seems to undergo morphophonological cyclicity in
a shockingly unphonetic way, or, less dramatically, perhaps there is sim-
ply enough residual stress on the relevant syllable in the derived word to
block flapping as usual. An intermediate position is also possible, namely
that flapping is indeed phonetic but that phonetics is sensitive to the ab-
stract prosodic structure built on morphological structure, even when
the phonetic correlates of stress are not realized. That is, we might be
able to maintain a strict division between phonology and phonetics if
we explode one or both into smaller parts that interact in different ways.
I will apply this sort of divide-and-conquer approach a few more times
before the end of this paper.

(5) a. mili[th]ary
b. mili[th]arism

In any case, the synchronic ordering of raising before flapping seems
to be the inevitable consequence of the different natures of these two
processes, the earlier more phonological and the latter more phonetic,
making irrelevant the order with which the processes emerged histori-
cally. It also does not seem arbitrary that one process behaves in a more
phoneticky way than the other in all English varieties in which both ap-
pear. Flapping is a straightforward effect of underarticulating stop clo-
sure in intervocalic position. By contrast, it is still not entirely clear what
motivates diphthong raising. It had long been thought (e.g., Chambers,
1973) that the ultimate cause was the shortening of vowels before voice-
less codas, which presumably compensates for the greater duration of
voiceless consonants relative to voiced ones (voicing requires airflow
and thus somewhere for the air to flow to, and space is limited in the
restricted or even closed oral cavity created by an obstruent), and the
less time there is to articulate a diphthong, the more the nucleus will be
raised to shorten the articulatory distance from it to the high offglide.
However, Moreton and Thomas (2007) argue for a totally different and
even more complex explanation, involving not vowel shortening but in-
stead the distinct effects of voicing and devoicing on the nucleus and off-
glide of diphthongs. Arguably, then, the productivity of flapping is con-
tinually renewed by its transparent articulatory support in the mouths
of contemporary speakers, whereas raising took such a convoluted route
from phonetics to phonology that its mental reality today is essentially
cut off from its phonetic origins.
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It turns out to be convenient that raising and flapping differ in their
natures, since otherwise OT would not be able to handle their interac-
tion. As OT experts can easily see, (6) confirms that there is no way to
rank constraints associated with each relative to constraints that pre-
serve features of the input form (faithfulness constraints, in OT par-
lance) and still yield an output that conforms to the facts. For all other
readers, let me explain that the input form is in the upper left, and the
forms below it represent alternative output candidates. Constraints are
ranked from left to right, with the stars representing constraint viola-
tions. The winning candidate is determined by eliminating all but the
most obedient candidates relative to the top-ranked constraint, then
continuing to winnow the candidates down through all the other con-
straints, until we end up with the single winner. With the constraint
ranking shown here, the winner is the candidate indicated with an ar-
row, but this is not the output that we want. Regardless of how the four
constraint columns are scrambled, the correct form [1airo<] in the last
row can never win, because the raised diphthong before the voiced flap
violates the raising constraint and both faithfulness constraints.

(6) writer (standard OT)

Iaitoe FLAPPING | RAISING | FaiTH(Low) | FAITH(VOICE)
Jaitoe * *
IAito * *

- Iairo *
IAiCO* * * *

Stratal OT deals with opacity via the same sort of ordering proposed
by Halle (1962), except that it is restricted to the ordering of those uni-
versal strata of stems, words, and phrases. Each stratum itself is a mini-
grammar with simultaneously evaluated OT constraints, perhaps with
different rankings, where the winning output of each becomes the input
to the next. As applied to raising and flapping, this theory gives us an
analysis like that in (7), where raising is ranked high in the word stra-
tum but low in the phrasal stratum (note that the pattern of stars differs
between strata for the faithfulness constraint for vowel lowness due to
the different inputs).

(7) writer (Stratal OT)

Word stratum
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Iaitor

RAISING

FAITH(VOICE)

FarTH(LOW)

FLAPPING

Iaitor

*

*

—Jaitoe

*

Jairo

IAiC
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Phrasal stratum

JIAitoe FLAPPING | FAITH(LOW) | FAITH(VOICE) | RAISING
Jaito * * *
IAito *

Jairoe * *
- IAiCo* * *

3. Synchronic Ordering in Chinese Character Form Patterns

Stratal OT formalism turns out to work for Chinese characters as well.
I demonstrate this in excruciating detail in Myers (2024a), so here I will
restrict myself to the interaction among just three formal patterns that
I call (following Myers, 2019) reduplicative identity, idiosyncratic allo-
morphy, and regular reduction.

As in spoken and signed languages, the reduplication of components
within Chinese characters expresses iconic meanings like abundance, as
illustrated in (8) (throughout this paper I focus on the traditional char-
acters used in Taiwan, though I will briefly allude to simplified charac-
ters in the next section). It is thus analogous to morphology, not phonol-
ogy (as usual when I write about character phonology, I'm thinking of
the silent visual sort like that in sign language). Nevertheless redupli-
cation also reflects purely form-based generalizations, which I have ar-
gued are indeed analogous to phonology. One is the restriction of redu-
plication to a very small number of arrangements, again as illustrated
in (8): horizontal doubling, vertical doubling, and doubling along both
axes (the triangular grouping being far more common than the square
one). This is reminiscent of prosodic constraints on the typically binary
shape of reduplicative templates in spoken and signed languages, tem-
plates that encode the structure of reduplicants but not their content.
(8) a. K ma ‘tree’ K lin ‘forest’

. K buo ‘fire’ K yin ‘blazing’
H »i ‘sun’ & jing ‘glittering’
. X you ‘again’ 3 zbud ‘connect’

oo o

The other phonology-like aspect of character reduplication is what
fills in the content, namely the copying itself. In OT this sort of thing is
not handled by a copying rule, but rather by a species of faithfulness con-
straint that requires one part of a form to be identical to another (Mc-
Carthy & Prince, 1995), which here I call reduplicative identity. Thus
each of the reduplicated forms in (8) is the morphological combination
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of a base morpheme (a simple component) with a prosodic template (a
morpheme meaning ‘abundance’), which then triggers the application of
reduplicative identity constraints to yield the full phonological form.

So much for reduplication. The second of the three phonological pat-
terns that I want to discuss is idiosyncratic allomorphy. This pattern is
illustrated by the alternations in component form shown at the start of
each row in (9), followed by full characters exemplifying these alterna-
tions. Myers (2019) calls such alternations idiosyncratic because they
involve changes unique to a relatively small subset of character compo-
nents (around thirty out of several hundred); for example, the deletion
of the top stroke in (9b) and the dot in (9d) only happen in these specific
components. The idiosyncratic nature of this allomorphy is reflected in
Unicode, which has distinct code points for each variant.

(9) a. K-> 7 shui ‘water ¥ bai ‘sea’ (cf. R gong ‘mercury’, IK bing ‘ice’)
b. F > ¥ sbou ‘hand’ 14 shi ‘pick up’ (cf. % zhdng ‘palm of hand’)
c. R4 mi silk  fngéi ‘give’  (cf. B jin ‘taut)
d. £ > £ ya <Gade’ IK gii ‘ball (cf. & ying ‘lustrous’)
e. > ™ cdo ‘grass’ ft hua flower  (cf. ## bui ‘plants’)
f. K> . buo ‘fire’ W zhdo ‘view'  (cf. B deng ‘lamp’)
g. J1 > W diao ‘knife’ E| dio ‘to’ (cf. 3§ jidn ‘scissors’)

Being idiosyncratic, the allomorphs must be lexically stored. Never-
theless, as with reduplication, the character analog of prosody is also
relevant. Not only is the idiosyncratic allomorph always “lighter” rela-
tive to its full-character counterpart, with fewer and/or simpler strokes,
but it is also restricted in its position. Namely, the reduced allomorph
virtually always appears at the left or top, where even non-idiosyncratic
components are usually shrunk in size, while the unreduced allomorph
appears at the bottom or right, where components are usually enlarged.
Since Myers (2019) argues that shrinking and enlargement are analo-
gous to unstressed and stressed positions respectively, these observa-
tions mean that idiosyncratically reduced allomorphs can only appear
in unstressed positions, just as one would expect of prosodically light el-
ements, by analogy with spoken phonology. This general pattern can be
see in (9a-e), with (9f-g) showing unusual cases of reduction in stressed
positions.

Integrating the idiosyncratic and the regular requires yet another act
of divide-and-conquer: the lexicon supplies the allomorphs, while gram-
mar supplies the regularity. Phonologically conditioned allomorph se-
lection is pretty common across the world’s languages (Nevins, 2011),
and in OT it can be captured as illustrated in (10), where both heavy
and light lexical allomorphs are offered as input, and the chosen one
is whichever suits the prosodic constraints (*HEAVY/UNSTRESSED pe-
nalizes unstressing a component with relatively more or more complex
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strokes, and *LIGHT/STRESSED penalizes the complementary situation;
the dashed lines indicate that constraint ranking doesn’t matter here).

(10) a. i
K71+ *HEAVY/UNSTRESSED | *LIGHT/STRESSED
kg * |
>7 i
b. ¥k
v + K7} | *HEAVY/UNSTRESSED ‘ *LIGHT/STRESSED
-7 K |
71 | :

The third and final phonological pattern that I want to discuss is reg-
ular reduction, which, as its name is intended to suggest, is not restricted
to a small subset of components. Two major types are what I call diago-
nalization, which, as shown in (11), converts the lowest horizontal stroke
to a rising diagonal stroke, and dotting, which, as shown in (12), converts
a falling diagonal stroke into a dot (i.e., very short falling diagonal); the
examples shown here could be supplemented with many more. Unlike
the case with idiosyncratic allomorphy, Unicode does not have distinct
code points for the default and reduced allomorphs associated with reg-
ular reduction.

11) —- -
a. I m ‘earth’ M @i  ‘earth’ (cf. B! xing ‘model’)
b. & jin ‘gold’ #i gian ‘lead’ (cf. B jidn ‘mirror’)
c. 3. I ‘stand’ ¥ zban ‘stand’ (cf. E tdng ‘child’)

(12) (o>~
a. K ma ‘tree’ R gen  ‘root’ (cf. R song ‘Song’ [dynasty])
b. K fi ‘husband’ i gui ‘rule’ (cf. ¥k f% ‘help’)
c. K buo “fire’ K& deng ‘lamp’ (cf. & tang ‘scald’)

The influence of prosody is similar to that seen in idiosyncratic re-
duction, with regular reduction restricted to the unstressed left position,
but its regularity points to another motivational factor at play: phonet-
ics. This is because writers prefer to pull the writing instrument towards
the writing hand, which means that they prefer to move the writing in-
strument downward, while right-handers also prefer to move the writing
instrument rightward. This is why handwriting typically orders charac-
ter components from left to right and top to bottom when composing
a full character, and within each component, strokes conform to these
directions as well, as do the individual strokes themselves. The result
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is that changing stroke type in the specific ways seen in both diagonal-
ization and dotting shortens the distance between the end of the last
stroke in the first-written component to the start of the first stroke in the
next-written component. As with flapping, then, every time a writer ap-
plies regular reduction, its articulatory naturalness is reinforced in their
mind, something that cannot be the case with idiosyncratic allomorphy.

There are potentially six ways these three patterns could be ordered
synchronically, but it turns out that only one ordering correctly captures
the facts: first idiosyncratic allomorphy, then reduplicative identity, and
finally regular reduction. The ordering of idiosyncratic allomorphy be-
fore reduplicative identity is demonstrated by two related observations.
Most of the time, for components that have idiosyncratically reduced al-
lomorphs, what is reduplicated is the full allomorph, as shown in (13).
That is, idiosyncratic allomorphy is generally not allowed to apply in
this context.

(13) a. K A 7 shui ‘water’ Bk zhui ‘merged sandbars’
b. K A . bud ‘fire’ 3¢ ydn ‘blazing’
c. F A % shou ‘hand’ & nuo ‘restrain’

This makes sense if idiosyoncratic allomorphy has already had its
chance to apply before reduplicative identity comes into effect, and ei-
ther failed or was undone by the later process. In an OT framework,
both scenarios would be formalized the same way. As illustrated in (14),
reduplication as a morphological operation is already indicated in the
input (by the empty morpheme RED), but in the competition between
idiosyncratic allomorphy (a side-effect of *HEAVY/UNSTRESSED) and
reduplicative identity, the latter constraint wins out through its higher
ranking (REDUPIDENT only applies to the morpheme RED). As shown
by the fact that ordinary OT can handle this interaction, it is transpar-
ent: reduplicative identity “bleeds” idiosyncratic allomorphy, and noth-
ing over- or underapplies. By the way, this analysis also avoids an appar-
ent ordering paradox highlighted in a classic paper by Anderson (1971),
which noted many cases across the world’s languages where phonology
appears to apply before reduplication, which, as morphology, should be
universally ordered earlier. By exploding reduplication into its morpho-
logical and phonological aspects, we can say that its morphological as-
pect does indeed apply first (in the input), and it is only its phonological
aspect, reduplicative identity, that applies later (in the constraint evalu-
ation).

(14) a. 1k
{/K;7 } + RED | REDUPIDENT | *HEAVY/UNSTRESSED
—>7KK i *
7K * |
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b. i
DK G+ REDUPIDENT | *HEAVY/UNSTRESSED
KA .
>7 :

However, there is a very small number of components that redupli-
cate the idiosyncratically reduced allomorph rather than the full one,
as shown in (15) and (16). It is presumably not coincidental that one
of these components also supplies the only exception, in (15b), to the
blocking of idiosyncractic allomorphy in reduplication. The reduced al-
lomorph in (16a) also happens to be identical to the otherwise distinct
component in (16b).

(15) a. £>% #% bian ‘change’
b. % % si‘silk’

(16) a. E-F ¥E jué joined jade’
b. ¥ wdng ‘king’

Together the examples in (15) and (16) provide another argument for
the ordering of idiosyncratic allomorphy before reduplicative identity.
The exception to reduplicative identity in (15b) not only reconfirms that
the reduced allomorph is stored in the lexicon, but also that it can com-
bine independently, rather than having to be derived; Myers (2019) sug-
gests that this example may actually reflect compounding rather than
true reduplication. The neutralization of the reduced allomorph with
another component, as seen in (16), may similarly give this allomorph
an additional puff of life. Thus even though all idiosyncratic allomorphs
must be stored in the lexicon, these two may be particularly predisposed
to act like ordinary underived forms that can themselves obey reduplica-
tive identity.

The technical name for reduplication that copies reduplicant form
onto base form instead of the other way around is backcopy, which is yet
another phenomenon in Chinese characters that is also found across the
world’s languages (Inkelas and Zoll 2005). A possible OT analysis of the
particular situation here is shown in (17), where the choice of reduced
allomorph is stipulated in the input by leaving out the full allomorph en-
tirely. This analysis is again transparent, since idiosyncratic allomorphy
per se doesn’t come into play at all.

17) #

%4 + RED + ... | REDUPIDENT | *HEAVY/UNSTRESSED

i *LIGHT/STRESSED

‘
-f & ! *

|

‘

R *
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Establishing the order of regular reduction is more straightforward.
Evidence that it is ordered after idiosyncratic allomorphy comes from
examples like those in (18). The key observation is that the idiosyncrati-
cally reduced forms also undergo regular diagonalization in (18a-b) and
regular dotting in (18c).

(18) a. F-% shou ‘hand’ 4 shi ‘pick up’
b. B> z4 ‘foot’ ¥ Ia ‘road’
c. K=>% yi  ‘clothing’ # béi ‘quilt’

Since idiosyncratic allomorphy involves the selection of an entire al-
lomorph, with all of its strokes, it must apply before regular reduction,
or else there would be no strokes to diagonalize or turn into dots. This is
particularly clear in (18b), which entirely lacks a horizontal stroke target
for diagonalization in the full form, but gains one in the reduced form
that incorporates the cognate character in (19).

(19) 1k =zbi ‘stop’

The example in (18c) makes the same point in a subtler way, since
the stroke configuration at the bottom of this component can also show
the totally different idiosyncratic allomorphy shown in (20), with the
full form in (20a) reduced as in (20b), but the falling diagonal stroke is
replaced by a dot.

(20) a. B gen (one of the Eight Trigrams)
b. BE ji ‘since’

In short, idiosyncratic allomorphy “feeds” regular reduction, that is,
it creates the conditions for it to apply, putting the two patterns into a
transparent relation. This means that their interaction can be handled
by ordinary OT, as shown in (21). Note that only the first and last candi-
date outputs use the standard Unicode symbols for this component. The
monstrosities shown in the middle two rows are intended to represent
variants of F that either lack the topmost stroke (idiosyncratic reduction
only) or diagonalize the bottommost stroke (regular reduction only).

(21)
{F, F1+& | REGREDUCT | *HEAVY/UNSTRESSED
Fa . -
i
34 *

- &
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Finally, evidence that regular reduction also follows reduplicative
identity comes from examples like those in (22), which show that nei-
ther diagonalization (22a) nor dotting (22b-c), nor size reduction for
that matter, counts as violating identity. That is, the copies are consid-
ered “the same” despite their superficial differences.

(22) a. % shéng ‘broom’
b. ¥k lin  ‘forest’
c. ¥ zbui ‘merged sandbars’

This is the reverse of what we saw with idiosyncratic reduction, where
reduplication either disallows reduction or else, in rare cases, backcopies
the reduced form. Since that was a feeding order, here reduplicative
identity “counterfeeds” regular reduction, as illustrated in the deriva-
tional analysis in (23).

23) woH
Underlying “£+RED K+RED
Reduplicative identity 442 ARAR
Regular reduction i3 Pk
Surface R 7

Counterfeeding is an opaque interaction, so if we want to do this in
OT, we need to go beyond its usual formalism. If we use Stratal OT,
we must accept that reduplicative identity applies in an earlier stratum
than regular reduction. Myers (2024a) gives a number of arguments that
the strata associated with reduplicative identity and regular reduction
must be the stem-level and word-level strata, respectively. The simplest
argument is that the only other universal stratum available in the the-
ory is the phrasal stratum, but this is inapplicable to Chinese characters
because characters are stored in the lexicon and so their grammar has
analogs to morphology and phonology, but not to syntax. The analysis
would thus be as in (24), where reduplicative identity is maximally gen-
eral and thus strict, so it does not allow any deviation from identity, no
matter how small. This prevents the surface form from being chosen in
the first stratum where identity is high-ranked, but instead the winner
waits until the next stratum for regular reduction to enforce the tiny
tweaks in stroke form that we see on the surface.

(24) #&

Stem stratum

AR+RED | REDUPIDENT | REGREDUCT
SRR *
M *
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Word stratum

AR | REGREDUCT | REDUPIDENT
\W/N *
kK *

Putting all of this together, a derivational analysis of all three patterns
would be as in (25). A Stratal OT analysis would work basically the same
way, except that both idiosyncratic allomorphy and reduplicative iden-
tity apply within single OT mini-grammar in the stem stratum, while
regular reduction applies in the word stratum.

(25) R S S
Underlying T+t R+RB F/F+& KR+RED K/ +RED % +RED+---
Idiosyncratic - - Fa — 7K —
allomorphy
Reduplicative — — — W/ N KK % 4
identity
Regular reduction # R & 2N 1k —

Surface L/ - S | #h ik s

As with the ordering of Canadian raising and flapping, the ordering
here makes sense. Regular reduction comes last because it is the most
clearly motivated in terms of manual phonetics. Idiosyncratic allomor-
phy comes first because it is anything but clearly motivated; readers
and writers must simply memorize the alternating forms, even if they
can predict in which prosodic context they can appear. The status of
reduplicative identity lies somewhere in the middle, since despite be-
ing tied to a synchronically quite unproductive morphological process,
it remains visually highly salient, and Myers (2016) showed that read-
ers have clear intuitions on what well-formed reduplication should look
like even in made-up characters. The synchronic ordering of these three
processes thus follows from their relative productivity.

4. The history of Chinese character form patterns

The history of Chinese characters has attracted attention from curi-
ous linguists since ancient times (see Qiu, 2000, for a comprehensive
overview). This is thanks in part to the fact that unlike speech or signing,
writing leaves physical traces that go back thousands of years. This fact
raises the possibility that the synchronic ordering in Chinese character
form that we have just examined might indeed reflect nothing more than
the order with which these three processes arose; perhaps here the past
really is less mysterious than the present. This proves to be only partially
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correct, and arguably entirely wrong, in the sense that it is relative pro-
ductivity that actually drives synchronic ordering, even diachronically.
Given the great length and geographical diversity of Chinese char-
acter history, I will restrict myself here to an incomplete and mislead-
ingly linearized timeline based on the historical character images avail-
able in the online database of Juang (2017). We can get some sense of
what this timeline looks like from the examples in (26) (the gaps here
reflect gaps in this database). All of these examples have already been
discussed except for the one in the first column (f& y# ‘fish’). This set of
characters does not illustrate any of the processes discussed in this paper,
but I include it to highlight what is by far the most common approach
to “explaining” Chinese character development, namely increasing ab-
straction (for a recent criticism of this approach, see Han, Kelly, Winters,
& Kemp, 2022). We can even see how abstraction has continued beyond
the traditional characters shown in the previous section, into the mod-
ern system of simplified characters (I phrase it this way because many
of these simplified forms are ancient, but were not incorporated into a

standardized system until the twentieth century).
(26) Oracle bone script g
(ca. 1200 BCE) I ,S )

Bronze inscriptions
(ca. 1050 BCE)

Small seal script

(ca. 200 BCE) PINS

Early clerical script %
(ca. 50 BCE) A

Late clerical script
(ca. 100 CE) i\

Traditional regular %
script (ca. 1200 CE) IS\

Simplified regular @
script (ca. 1950 CE) —_—

The dates here are very approximate, and are merely meant to in-
dicate the temporal ordering. Oracle bone script is the oldest known,
and as the name suggests, it was carved into flat animal bones, includ-
ing oxen shoulder blades and turtle shells, as part of divination rituals.
Incompletely written exemplars demonstrate that carvers sometimes
scraped a bunch of lines in the same direction across multiple charac-
ters before rotating the bone to add lines in a different direction (Ven-

S S PEser
_;:\_
o
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ture, 2001). Bronze inscriptions were also carved, this time with a stylus
in the clay mold used for casting. Small seal script was the first to be
officially standardized, since it was used to distribute official business
across long distances, which meant that bones and bronze were out and
bamboo strips were in, with the writing now done with ink brush pens.
This change in physical medium may help explain the predilection in
this script for curved strokes, which are difficult to carve. However, the
physical medium cannot explain why clerical script, which was also writ-
ten with a brush pen, nevertheless returned to the straighter strokes of
earlier scripts. This peculiarity makes sense once one remembers that
the temporal linearization here is misleading; the earlier straight-stroke
styles had not disappeared during the small seal script era, and remained
a source of influence on later styles. In fact, what I label here as early and
late clerical script refer to the Western and Eastern Han dynasties, re-
spectively, and thus reflect differences in space as well as time. It is an
interesting coincidence that the gradual change from clerical script to
traditional regular script, the modern version of which remains standard
in Taiwan and Hong Kong, only began after paper came into widespread
use in the first century CE, though it took another millennium before
regular script became standard, starting in the Song dynasty, and in any
case it is not obvious why a writing surface of greater versatility than
bamboo strips would encourage strokes to become even straighter than
they had already been in clerical script. Finally, the cobbling together
of modern simplified script from bits of traditional regular script and
alternate character forms, sometimes from stroke-deprived calligraphic
styles, led to no change whatsoever in any of the patterns discussed in
this paper (see Myers, 2019, for evidence that the grammars of tradi-
tional and simplified characters are virtually identical), and so it will
not be discussed further. Note that neither this simplification, nor the
many other small changes that occurred in Chinese script between the
Song and Mao, and which for some reason elicit virtually no attention
in the scholarly literature, involved any change in the physical medium.

Yes, increasing abstraction and changes in the tools of writing have
both affected the evolution of Chinese characters, but that is hardly
all there is to say about it. In particular, the above array of historical
forms should not merely be scanned vertically, but also horizontally:
each script has its own internally consistent synchronic system, or in
other words, its own grammar. A complete analysis of all these syn-
chronic grammars and all of their diachronic changes would go far be-
yond what I am capable of doing in this paper (though see Myers, 2019,
for some first attempts at analyzing the synchronic grammars of the
small seal script and the modern simplified system), but I can at least
say something meaningful just about our three modern character form
regularities: idiosyncratic allomorphy, reduplicative identity, and regu-
lar reduction. Namely, when did each of these patterns first emerge, and
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was their real-world temporal ordering consistent with what we deduced
in the previous section about their apparent ordering in the synchronic
grammar of modern characters?

The answers are clear: like the synchronic ordering, regular reduction
appears late in the historical record, but unlike the synchronic ordering,
reduplicative identity arose long before idiosyncratic allomorphy. Redu-
plication as a morphological process is already attested in oracle bone
script, and by definition the phonological phenomenon of reduplicative
identity is attested then too; see (27), which shows oracle bone exam-
ples above the modern characters with which the corresponding Chi-
nese morphemes are written today. However, as can be seen in (27b), the
prosodic restriction on the arrangements of the copied elements did not
yet exist in oracle bone script; the modern arrangements only emerged
as many others were gradually lost over the course of the bronze and
small seal script eras (see Behr, 2006, and Liu, 2008, for details).

(27) a. X i L [3)
3 o8

#k lin ‘forest’ ¥ yan ‘blazing’ gu jing ‘glittering’

S:: | P
s ! &

§% jiang ‘border’ b shdo ‘few’ ¥8 shan ‘rank odor’

Idiosyncratic allomorphy only appeared much later, during the de-
velopment of clerical script, though the precise timing depends on the
specific component, as shown in (28), where the horizontal lines indicate
the division between scripts before and after the change. This apparent
variation in timing may partially reflect incomplete records (note the
gaps, including a lack of evidence for these specific characters in oracle
bone script), but perhaps also lexical diffusion, where patterns spread
from one word (or word class) to another by analogy, a diachronic course
the is typical for lexicalized phonological patterns (Chen & Wang, 1975;
Labov, 1981).

Regular reduction also emerged late, but dotting first appeared
around the same time as the earliest idiosyncratic allomorphs, in early
clerical script, whereas diagonalization did not appear until regular
script. As shown in (29), dotting also showed apparent variation across
characters containing the same component, as can be seen by comparing
the first and second columns of characters.



Synchronic and Diachronic Ordering in Chinese Character Form Patterns

525

(28) Allomorphy

Bronze inscriptions

Small seal

Early clerical

Late clerical

Traditional regular

(29) Component

Oracle bones

Bronze inscriptions

Small seal

Early clerical *g

il

Late clerical

Traditional regular

Traditional regular

+ o4

hdi ‘sea’

i

FE

i

gen ‘root’

ti “lift’

i
Xy
kg

*8
#8

xiang ‘view’

AR
25 BB
LR 4 TR
g¢éi ‘give’ zhao ‘shine’
EX

H,

di ‘earth’

Variation in the development of regular reduction may again indicate
lexical diffusion, but given that it is difficult to tell precisely when a stroke
becomes short enough to consider a dot, or whether the deviation of a
stroke from the strict horizontal is intentional, these variations could in-
stead reflect phonetics. Infavorofthelexical diffusioninterpretationisthe
factthatdottingfirstappearsaround the sametime thatidiosyncratic allo-
morphy is also replacing full strokes with dots, as seen in the previous set
of examples. It may also matter that the example of early dotting in the first
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column above happens to be in a phono-semantic character, which is ofa
much more productive morphological type than the semantic compound
showing late dotting in the second column. These subtleties make a dif-
ference to the analysis because, as we saw in the previous section, regular
reduction has stronger phonetic motivations than idiosyncratic allomor-
phy, which would lead us to expect it to appear in the historical record in
the classic all-at-once Neogrammarian fashion, rather than word by word
as with more lexicalized patterns. I will need to take a closer look at the
datainfuture research, butatleast we can be sure that the final position of
regularreductioninthe modernsynchronicorderingisonly partially con-
sistent with the historical chronology, given that it and idiosyncratic allo-
morphy began to emerge around the same time.

Setting all the inconvenient complexities aside, we can summarize
the historical development of our three patterns with the misleadingly
clean timeline in (30), where the examples are ordered chronologically
from top to bottom but the rows do not necessarily represent historical
simultaneity. Not only does this diachronic order deviate a bit from the
synchronic ordering argued for in the previous section, but it also re-
veals that grammar played an active role in history, rather than merely
being a fossilized remnant of it. In particular, note the interaction be-
tween reduplicative identity and idiosyncratic allomorphy in the right-
most two columns, in one of which these processes appeared simultane-
ously (with backcopy) and in the other of which reduplicative identity
applied first, then was undone by idiosyncratic allomorphy, and finally
reduplicative identity prevailed after all. The persistence of reduplica-
tive identity across multiple scripts shows that it retained some degree of
synchronic productivity even many centuries after its first appearance,
whereas idiosyncratic allomorphy essentially lost whatever psychologi-
cal backing it had had soon after its first appearance. The distinct ways
in which these processes behave is more consistent with general psycho-
logical (or grammatical) principles choosing which pattern lives or dies,
rather than the fickle vagaries of history.

Among the many ways in which this timeline is misleading is that
itignores the synchronic coherence within each of the historical scripts.
Indeed, if something like traditional rule-ordering theories or Stratal OT
have any psychological reality, each of these scripts itself had its own
grammar with its own synchronic ordering. In particular, it would be
interesting to see if the interaction between reduplicative identity and
regular reduction has always been as opaque as it is in the modern gram-
mar, which in Stratal OT terms would mean that they apply in univer-
sally distinct strata. That is what we expect to see if regular reduction
has always been a phonetically motivated process (argued in the previ-
ous section to apply in the word stratum), in contrast to morphologically
driven reduplication (in the stem stratum). As noted earlier, however,
figuring this out would take more careful analysis of a richer database,
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not to mention establishing grammars for each of the individual scribes
in this database, in order to distinguish random phonetic variation from
systematic character-by-character lexical diffusion. Readers who have
glanced down to the end of this paper already know that I am not going
to do any of this here.

(30) AR A e
Earliest forms {3 *? % '3'5!

(bronze) (seal) (seal) (bronze)  (oracle)
Reduplicative identity: ’%—% )
pre-seal ( (( (
(seal) (seal)
Idiosyncratic -gg o K
allomorphy: ;%' X b )

clerical

Regular reduction: i& *g #/?-\

(post)clerical
(modern)  (clerical) (modern)

w3 AR 45 8 MK

5. Conclusions

Just as in biology, the synchrony of Chinese character structure does not
recapitulate its diachrony, but instead, at least as far as we can tell given
the limited data discussed here, each synchronic stage has its own inter-
nal and apparently natural (rather than ad hoc) ordering of processes.
This makes the evolution of this writing system similar to what has been
observed for human language more generally, and presumably also for
other writing systems. Concepts like phonological rules and prosodic
OT constraints have been shown to be applicable to a wide variety of
writing system patterns (see, e.g., Evertz, 2018, for German and English
scripts, and Gnanadesikan, 2023, for Korean and Maldivian scripts), but
I would be curious to know about synchronic patterns in other writing
systems that only make sense if analyzed in terms of synchronic ordering
mechanisms, whether or not the ordering matches history. A crude ex-
ample would be the historical evolution of lowercase Roman letters from
the much older uppercase, even though in the modern system the lower-
case acts as the default, with capitalization restricted to special contexts
(Primus, 2004).
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Bausman and Weber (2025) argue that the biologist’s evo-devo frame-
work finds genuine analogs in the cultural evolution of human language,
with the evo part relating to change over historical time and the devo
part reflecting the cognitive constraints that shape the learning and use
of the individual languages at specific historical stages. Based on the re-
sults in this paper, it seems that the same analogs can be extended to
writing systems as well.
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Beyond the Alphabet,
Beyond the Binary,
Maybe Beyond ‘Chinese’?

Digital Input Constraints
on Gender-Inclusive Chinese Pronouns

Janet Ganon-Davey

Abstract. The emergence of gender-inclusive pronouns in Chinese reveals how
globalised technological infrastructure for writing can create institutional bar-
riers to orthographic innovation. Written Chinese has only distinguished gen-
der in third-person pronouns for about a century, with fiil ‘he’, #fl ‘she’ and ‘&
‘it’ all pronounced as #Z in Mandarin. Recently, several new Chinese gender-
inclusive pronouns have emerged. The emerging pronouns include a romanised
form based on pinyin (“TA’), as well as Chinese character forms (Sinographs) en-
large Chinese-language corpora to investigate the frequency and use of these
emerging gender-inclusive pronouns alongside binary pronouns fth ‘he’ and it
‘she’. Results of the corpus analysis highlight how institutional technical require-
ments—particularly Unicode encoding standards and input method compatibil-
ity—shape which linguistic innovations can succeed. Proposed Sinograph pro-
nouns remain virtually absent from mainstream discourse, as they cannot be
typed using standard input systems. Meanwhile, “TA’ is increasingly accepted in
mainstream discourse, with its utility as a gender-neutral pronoun facilitating its
emergence as a gender-inclusive form. These findings reveal how the parameters
of digital writing can constrain language change through requirements for global
standardisation that neither local solutions nor social acceptance alone can over-
come. While the introduction of the feminine pronoun #ifl ‘she’ in the 1920s re-
quired navigation of social and practical linguistic constraints in China, con-
temporary Chinese pronoun innovation must also work within the parameters
of global technological infrastructure governing Sinograph creation. This study
thus illuminates broader questions about how globalised contemporary writing
technologies shape the possibilities for script reform and innovation.

1. Introduction

In recent years, growing recognition of gender diversity has prompted
greater attention to using gender-inclusive language, and in particular,
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gender-neutral or gender-inclusive pronouns (Bradley, 2020; Robert-
son and Thompson, 2022; Troncoso, Schudson, and Gelman, 2023).1
While much attention has focused on English singular ‘they’ and novel
pronouns (‘neopronouns’) like ‘ze/zir’ (Arnold, Mayo, and Dong, 2021;
Bjorkman, 2017; Sheydaei, 2021), the development of gender-inclusive
pronouns in Chinese illuminates a distinct challenge: the relationship
between linguistic innovation and digital writing infrastructure. In Chi-
nese, the creation of new Sinographs now requires multiple layers of
centralised institutional approval and technical implementation before
widespread use becomes possible. This globally standardised constraint
has major implications for how gender-inclusive language evolves in
Chinese.

The Chinese third-person pronoun system has only distinguished
gender in writing for about a century, with fifl ‘he’, #fl ‘she’, and & ‘it’
all pronounced ¢ in Mandarin (Ling, 1989).2 In the past decade, sev-
eral new gender-inclusive pronouns have emerged to cater to nonbinary
and other gender-diverse Chinese language users. These innovative pro-
nouns take various forms: some are standalone Sinographs (e.g.,
Jitl) ), some combine Sinographic components with letters (e.g., M),
while others like “TA’ draw on the existing 74 pronunciation (Lu, 2021).
However, the practical constraints of digital Chinese writing signifi-
cantly impact which of these new pronouns can achieve widespread use.

In this paper, I analyse how emerging gender-inclusive pronouns
are used in contemporary Chinese texts compared to established bi-
nary pronouns ft ‘he’ and # ‘she’. Through corpus analysis of pro-
noun frequency and usage patterns, I demonstrate that practical
considerations—particularly those driven by technological constraints—
are shaping which emerging gender-inclusive pronouns can succeed.
While Sinograph neopronouns remain virtually absent, the pinyin-
inspired pronoun ‘TA’ is becoming established in mainstream discourse.
The technical requirements of typing and displaying new Sinographs
thus appear to be creating significant barriers to Chinese pronoun in-
novation. These findings, reinforced by a recent survey of pronoun use
among queer Chinese speakers (Davey, 2024), suggest that technological

i

1. Throughout the paper, I use ‘gender-neutral’ to refer to pronouns or other words
that do not differentiate binary gender and/or are used for both men and women;
‘gender-inclusive’ to refer to words that either explicitly denote or implicitly encom-
pass nonbinary genders; and ‘ungendered’ for words that do not contain or imply gen-
der information. In some cases, the same pronoun can be gender-neutral or gender-
inclusive. For example, English singular zbey can be used to refer to someone who is
nonbinary, or someone whose gender is unknown (but is assumed to be a man or a
woman).

2. Two additional third-person pronouns are used in Taiwan, 74 {l for animals and
ta #t for gods and deities (Cheng, 2016).
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constraints may be steering Chinese gender-inclusive pronoun develop-
ment toward solutions that work within existing digital parameters.

2. Background

Chinese characters, or Sinographs, are composed of distinct components
that combine in rule-governed ways to convey both semantic and pho-
netic information (Myers, 2019; Wu, 2022). These semantic components
play a crucial role in encoding meaning distinctions in writing that may
not be reflected in speech. For instance, in modern Chinese pronouns,
while all third-person singular forms are pronounced as /¢ in Mandarin,
their written forms use different semantic components to distinguish
gender. The masculine pronoun fifl ‘he’ features the component 1 ‘hu-
man’ on the left side, reflecting its historical use as an ungendered pro-
noun. The feminine pronoun #fl ‘she’ instead uses % ‘woman’ on the left
side to explicitly mark feminine gender (Liu, 1995). Both pronouns have
1 on the right side, which indicates the #4 pronunciation in Mandarin.

This gender-distinguished pronoun system is relatively new—written
Chinese has only marked gender in pronouns for a hundred years (Hong,
2020). However, the introduction of &l ‘she’ in the 1920s has created an
asymmetric system where the ‘human’ component of ff2 permits its con-
tinued use as a default or generic pronoun, while i is exclusively used
for women. Many scholars (e.g., Cheng, 2016; Farris, 1988; Hodge and
Louie, 1998; Jung-Palandri, 1991; Moser, 1997) argue the specificity of
it perpetuates default male subjectivity in written Chinese. This argu-
ment is supported by psycholinguistic research showing that the seman-
tic components of Sinographs play a crucial role in gender processing
during pronoun resolution, with fifl functioning as a default form that
can apply to all genders while i is processed as specifically feminine
(Su et al., 2012). This asymmetric gender marking in written but not
spoken Chinese pronouns has sparked efforts to develop more inclusive
alternatives for contemporary language users (Koon, 2022).

Several solutions have emerged to create more inclusive pronouns in
contemporary Chinese. One approach advocates returning to the his-
torical usage of il as a truly ungendered pronoun, arguing that its ‘hu-
man’ component better reflects this purpose (Cheng, 2016). Others sug-
gest adopting pronouns from Chinese languages that lack written gen-
der distinction, such as {E from Cantonese or / from Wu, Southern Min
and Taiwanese (Lu, 2021). More recently, two innovative proposed Sino-
graphs have emerged specifically to represent nonbinary gender iden-
tity. The Sinograph neopronoun X, created in 2015 by intersex commu-
nity group ‘1 AThe Missing Gender 0.972’, preserves the fZ pronun-
ciation through 1 and uses X as its left semantic component to reflect
growing use of ‘X’ as a gender or sex maker (Quinan and Hunt, 2023;
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Tang, Yi, and Bedin, 2022).3 X was formally encoded in Unicode 17.0 in
September 2025 at codepoint U+323BF in the CJK Unified Ideographs
Extension ] block. Likewise preserving the # pronunciation, another

Sinograph neopronoun [{{Jith| , which was proposed by Ziping Zhu in
2021, features wz JC ‘none’ as its left-side semantic component, explicitly
rejecting binary gender categorisation (Papadopoulos and Zhu, 2022).
Alongside these Sinograph neopronouns, the pinyin-inspired form ‘TA’
has gained traction in digital spaces (Ferrari, 2022). “TA’ follows a prece-
dent of romanised loanwords being adopted in modern Chinese (e.g., PK
‘player kill—to take on, go head to head, showdown’; APP ‘smartphone
app’; COS ‘cosplay’; Q_‘cute; pleasantly chewy’) while avoiding gender
specification entirely.

However, these proposals face major technological hurdles. While the
introduction of {fl ‘she’ in the early twentieth century met significant
social resistance and required technical effort to implement through
printed works, these challenges could at least be addressed through local
solutions in individual print shops and publishing houses (Brokaw and
Reed, 2010; Huang, 2009). The shift to digital writing has fundamen-
tally altered how new Sinographs can be introduced. Unlike many alpha-
betic writing systems where pressing a sequence of keys on a keyboard
immediately produces those exact symbols on screen—what Mullaney
(2017, p. 317) calls a ‘what-you-type-is-what-you-get’ system—Chinese
input requires converting user actions to encoded graphs in computer
memory. This process relies on Input Method Editors (IMEs), “mid-
dleware” programs that mediate between user input and graph output
(Mullaney, 2024, p. 5). To type in Chinese, users either enter phonetic
‘spelling’ using systems like Sogou pinyin, or build Sinographs by se-
lecting character components or drawing strokes on a screen. The IME
intercepts these inputs and continuously searches its database, present-
ing users with candidate graphs that match their keystrokes or gestures
in a manner akin to predictive text (for a detailed discussion, see Mul-
laney, 2024). However, this means users can only type graphs that are
already encoded in the system’s database—a constraint that has trans-
formed localised technical barriers into requirements for global institu-
tional approval.

Chinese input databases operate within the encoding frameworks of
Unicode and ISO/IEC 10646. The Ideographic Research Group (IRG)
reviews and coordinates the inclusion of proposed new graphs into the
CJK (Chinese, Japanese, Korean) Unified Ideographs set and the Uni-

3. In Chinese, the term xingbié Pt} encompasses both ‘sex’ and ‘gender’ as un-
derstood in English. While the United Nations gender-inclusive language guidelines
promote shébui xingbié 1LV ‘social gender’ and shéngli xingbié IR ‘sex’ to dis-
tinguish these concepts (United Nations, 2012), these terms are not widely used in
everyday discourse.
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versal Multiple-Octet Coded Character Set (USC, ISO/IEC 10646; Tsu,
2022). These centralised technological requirements create fundamen-

right arrangement. By contrast, X! has now completed this stage. Fol-
lowing an IRG submission from the UK in 2021 (UK-20538; UK, 2021),
X was formally encoded in Unicode 17.0 in September 2025 as U+323BF.
As Figure 1 shows, Al is now able to be rendered as a single graph with
the same visual unity as established Sinographs like 4.

Xt

F1G. 1. The Sinograph X neopronoun, encoded as U+323BF in Unicode 17.0

Yet Unicode encoding alone does not guarantee adoption. Before a
newly encoded Sinograph can be typed or displayed, it must be incor-
porated into IMEs, predictive input algorithms, and handwriting recog-
nition systems, each of which requires independent institutional action
at a global scale (Mullaney, 2024). As of mid-2026, X remains absent
from mainstream IMEs and the font sets bundled with major operating
systems, meaning it still cannot be typed or reliably displayed by most
users. These technological hurdles fundamentally shape how gender-
inclusive language can develop in contemporary Chinese.

3. Methodology

To examine how emerging gender-inclusive pronouns are used in con-
temporary Chinese, I analysed data from two large-scale Chinese lan-
guage corpora: Sketch Engine’s Chinese Web Corpus 2017 (zhTenTen17;
Sketch Engine, 2020) and WuDaoCorpora (Yuan et al., 2021). zhTen-
Tenl7 provided the primary dataset, containing 16.6 billion tokens (13.5
billion words) of internet texts collected in 2016. To verify these find-
ings against more recent language use, I also examined a 15 GB subset
(91+ million tokens) of WuDaoCorpora, which consists of internet texts
collected in 2022 by the Beijing Academy of Artificial Intelligence for Al
model training.

My analysis proceeded in two stages. First, I examined Key Word In
Context (KWIC) results to determine how frequently each pronoun ap-
peared in the corpora. KWIC analysis displays the target word with its
surrounding context, allowing examination of how words are used in
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natural language data. Using Sketch Engine’s online interface, I con-
ducted case-insensitive searches for each pronoun (including variants
like ‘ta’ and ‘Ta’ for “TA’). For comparative analysis of each pronoun, I
extracted randomly-sampled datasets of 10,000 concordance lines each
for fi ‘he’ and i ‘she’, and all 9,366 concordance lines for “TA’. Since the
pronouns, I excluded these from further analysis.

Second, I conducted collocation analysis to understand how ‘TA’
is being used in online discourse relative to binary pronouns fl ‘he’
and {f ‘she’. Collocation analysis reveals which words (‘collocates’) fre-
quently appear near a target word (the ‘node’). However, simple fre-
quency counts can be misleading since some words are inherently more
common in a language. I therefore used two complementary statistical
measures to identify meaningful collocates within three words of each
pronoun:

— Log-likelihood scores: identify typical collocates by measuring how
significant the co-occurrence is, accounting for overall word frequen-
cies in the corpus

— Mutual information (MI) scores: measure strength of association by
calculating how much more likely words are to appear together than
separately

Using both measures allowed me to consider not just which words
typically appear near pronouns, but also which word combinations were
distinctive (Desagulier, 2017). Since both statistical measures are af-
fected by corpus size, using equivalent-sized concordance datasets was
crucial for valid comparison (Pojanapunya and Todd, 2016). For this
analysis, I used AntConc (Anthony, 2022a) and RStudio (Posit Team,
2023) with R v.4.2.1 (R Core Team, 2022). Because Chinese text lacks
marked word boundaries, all data was first processed using TagAnt (An-
thony, 2022b) for word segmentation, allowing me to identify meaning-
ful word collocates rather than just adjacent Sinographs or punctuation
marks. The processed data was then analysed in two complementary
stages: I first examined overall frequency patterns to identify which pro-
nouns appear in contemporary online discourse, then conducted a de-
tailed collocation analysis to understand how technological constraints
can influence Chinese language users’ pronoun choices.

4. Corpus Results

The corpus analysis revealed three key patterns that illuminate how
digital writing infrastructure shapes contemporary Chinese pronoun
use. First, stark frequency differences between established and emerg-
ing pronouns highlight immediate barriers to adopting Chinese gender-
inclusive pronouns. Second, collocation patterns reveal both similarities
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and differences between ‘TA’ and binary pronouns—while shared pat-
terns demonstrate “TA’ functioning as a standard pronoun, distinct pat-
terns show its broader utility beyond binary alternatives. Third, specific
discourse contexts favouring “TA’ over binary pronouns suggest practi-
cal considerations can outweigh concerns about maintaining traditional
orthographic standards—a tension that echoes centuries of debate about
Chinese language reforms (Tsu, 2022; Zhou, 2003).

4.1. Pronoun Frequency

The KWIC analysis revealed pronounced differences in the frequency of
third-person pronouns in zhTenTenl7. As shown in Table 1, fi ‘he’ oc-
curred over 34 million times (0.21% of corpus), more than twice as fre-
quently as il ‘she’ (15+ million hits, 0.093%). The disparity between the
corpus frequency of fth compared to ! reflects several factors: fiil appears
in compound words (e.g., gita HAth ‘other’), transliterations (e.g., jitd &
fil ‘guitar’), and crucially, in the default plural pronoun tamen fifi] ‘they’.
The higher frequency of fil in news content, particularly in coverage of
political figures, also contributes to this disparity.

TABLE 1. KWIC results for Chinese pronouns in Chinese Web Corpus 2017 (zh-
TenTenl7)

Pronoun Total hits Clean hits . I_.Ilts per Percentage
million tokens of corpus

1t 34,456,382 - 2,076.54 0.21%
b 15,355,986 - 925.44 0.093%
TA 17,071 15,969 1.03 0.000093%
v 9,558,920 - 576.08 0.058%
b 16,918 - 1.02  0.00010%
b 4,832 - 0.29 -
Xt 35 0 - -

I A 54 0 - -

The romanised form “TA’ appeared much less frequently than fiil ‘he’
and i ‘she’, with 17,071 total occurrences in zhTenTen17. After removing
false hits (such as abbreviations for ‘teaching assistant’ or airline flight
numbers), 15,969 instances remained where ‘TA’ functioned as a pro-
noun. Most notably for this investigation of technological constraints,
the Sinograph neopronouns and X were entirely absent as
pronouns; while these graphs appeared 54 and 35 times respectively,
manual examination revealed these were all false hits in mathematical
or programming contexts. The WuDaoCorpora dataset showed similar
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patterns, suggesting these frequency differences persist in more recent
online Chinese discourse. More broadly, these frequency patterns pro-
vide initial evidence of how technological constraints—namely the abil-
ity to type and display characters—shape which pronouns can achieve
widespread use in contemporary Chinese discourse.

4.2. Collocation Patterns

Having established pronounced differences in pronoun frequency, I next
examined how the pronouns function in context through collocation
analysis. Analysing the collocation patterns revealed that the use of “TA’
shows both similarities and differences with binary pronouns ftt ‘he’ and
4 ‘she’. The possessive marker de [{] appeared as the most frequent im-
mediate right collocate for all pronouns (“TA’: 28%, i: 27%, fill: 25%; i.e.,
TA “TA’S’, {f ‘her’, i) ‘his’). This suggests that ‘TA’ serves a standard
pronominal function in contemporary Chinese discourse. However, the
three pronouns showed distinct patterns in their other common collo-
cates. While ftll ‘he’ was associated strongly with verbs of speech and au-
thority (e.g., shud Bi ‘speak’, bidoshi R ‘express’, zbichi il ‘point out’),
and fifl ‘she’ frequently appeared in passive constructions with rdng ik
and géi %43, ‘TA’ demonstrated more versatile positioning. As shown in
Figure 2, the top collocates of “TA’ by log-likelihood included both ac-
tive and passive markers (géi %5 #3, rang ik #4, dui X #8, gaosu 5 #9),
suggesting “T'A’ functions flexibly in various syntactic positions and dis-
course roles.

Two collocation patterns proved particularly revealing about how
“TA’ functions in contemporary Chinese discourse, patterns that par-
tially explain why this pinyin form has achieved greater success than
Sinograph alternatives. First, the plural marker men {[] ranked notably
higher for “TA’ (#2 in both log-likelihood and MI rankings) compared
to binary pronouns (tdmen i1 #19, ramen 4[] #124 for fh and i respec-
tively). This suggests ‘“TA’ frequently serves to de-gender plural refer-
ences, offering an alternative to tdmen ] ‘they’ for referring to mixed-
gender groups. Second, a cluster of ‘love’ and ‘relationship’ related col-
locates appeared among the top MI-ranked collocates for “TA’. As shown
in Figure 3, this cluster includes xindi )% ‘beloved’ (#4), xinyi LMY ‘ad-
mire’ (#6), and 4i %Z ‘love’ (#17), along with xidngmao %1 ‘appearance’
(#1), yudnli % ‘be far away from’ (#3) and dnwéi &L ‘comfort’ (#5).

To investigate whether this apparent clustering of ‘love’ and ‘relation-
ship’ collocates was distinctive to “TA’, I conducted a keyword analysis
comparing the “TA’ concordance data against reference corpora of
‘he’ and i ‘she’. A keyword is a word that appears with a statistically
significant higher frequency in the target corpus compared to the ref-
erence corpus (Anthony, 2023; Pojanapunya and Todd, 2016). The key-
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word analysis returned similar results regardless of which binary pro-
noun served as the reference for “TA’. As shown in Table 2, relationship-
related words were much more likely to appear with “TA’ than either fil
‘he’ or ttl ‘she’.

TABLE 2. Keyword analysis of Chinese pronouns in Chinese Web Corpus 2017

(zhTenTenl7)
Rank TA vs. fil TA vs. il
1 ta ‘they’ ta ‘they’
2 R ‘you’ R ‘you’
3 £ ‘can/will’ £ ‘can/will’
4 % ‘love’ % ‘love’
5 A ‘not’ EE ‘baby’
6 A ‘person’ 77 ‘other party; significant
other’
7 FF ‘baby’ A[LA ‘can/may’
8 %% ‘love/romance’ WE «f
9 B ‘like’ A ‘person’
10 77 ‘other party; significant  &Z1# ‘love/romance’
other’
11 iR it P “user’
12 AL ‘can/may’ {2 ‘romantic’
13 e (particle) app ‘app’
14 #t ‘then’ A\ ‘Valentine’s Day’
15 I ‘time/moment’ B ‘or’
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TABLE 2 (continued)

Rank TA vs. ftl TA vs. il

16 ik let/make’ A[RE ‘possible’
17 IR¥8 ‘romantic’ B ‘most’

18 MK “friend’ X ‘sum; section’
19 # ‘think/want’ f ‘have’

20 i ‘is/are’ {i1 (plural suffix)
21 I, ‘so/then’ 5+ ‘break up’
22 f ‘have’ =K ‘like’

23 %7 “child’ W ‘software’
24 )1 ‘you (plural)’ i “of’

25 5+F ‘break up’ I8 ‘partner’

Relationship-related words with high keyness scores for “TA’ included
biobdo EFE ‘baby’ (#5/7), duifing Xf7j ‘other party; significant other’
(#8/10), diging % ‘romantic love’ (#11/10) and lingman IRi& ‘romance’
(#13/17). These words all had a normed frequency in the “TA’ corpus that
was significantly greater than their normed frequency in the binary pro-
noun reference corpora, providing evidence to suggest that this cluster
of ‘love’/‘relationship’ collocates distinctly appear with “TA’.

4.3. Discourse Contexts For ‘TA’

To better understand the contexts in which ‘“TA’ appears in contempo-
rary Chinese discourse, I conducted detailed analysis of the concordance
data. This examination revealed two main contexts where ‘TA’ is fre-
quently chosen over binary pronouns . ‘he’, &l ‘she’ or the construction
ftl /4 ‘he/she’ in contemporary online discourse. First, “T<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>