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Overview

1. Background
• Chinese character structure
• Inconsistencies across databases
• “Prosody” in Chinese characters and its handwritten correlates

2. Study design
3. Step 1: Confirm final prominence in Chinese characters
4. Step 2: Apply the predictive model to ambiguous cases
5. Implications
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Chinese character structure
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Inconsistencies across databases

So how do Chinese writers actually decompose characters?
Our approach: Test for handwriting correlates of character decomposition.

Character
ISO
(Lu et al., 2002)

ASC
(Chuang & Teng, 2009)

Wiki
(Wikimedia 
Commons, 2026)

CDL
(Bishop & Cook, 
2007)

子 了一 子 子 子

生 丿	 生 牛一 𠂉一丨一

4



“Prosody” in Chinese characters
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土
Single component

Prominent 圭 Most prominentCharacter boundary

Component boundary

Boundary = Final stroke à Prominent
Non-boundary = Nonfinal stroke à Non-prominent

Prominent

Multiple components

•Myers (2019)



Handwriting correlates of character “prosody”
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• Inter-stroke interval: time between the end of one 
stroke and the start of the next
• Between components > within components (Lau, 2020) 

• Speed: length/duration of a stroke
• Final stroke may be slowest or fastest depending on other 

factors (Zhang & Feng, 2017) 
• Pressure: force against the writing surface
• Final stroke shows greatest pressure (Kao et. al., 1986)
• This measure is less well studied and requires further 

validation



Study design:
Modeling handwriting data in two steps
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• Step 1-1
• Validate handwriting correlates

• Step 1-2
• Build predictive model with 

unambiguous characters

• Step 2:
• Test model on ambiguous 

characters



Step 1: Characters with unambiguous 
structure

8

Status Character ISO ASC Wiki CDL

Unambiguous
月 月 月 月 月

冬 夂⺀ 夂⺀ 夂⺀ 夂⺀

Ambiguous
子 了一 子 子 子

生 ㇒	 生 牛一 𠂉一丨一

• Participants: 
38 native traditional Chinese writers

• Stimuli: 
150 unambiguous characters



Step 2: Characters with ambiguous structure
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Status Character ISO ASC Wiki CDL

Unambiguous
月 月 月 月 月

冬 夂⺀ 夂⺀ 夂⺀ 夂⺀

Ambiguous
子 了一 子 子 子

生 ㇒	 生 牛一 𠂉一丨一

• Participants: 
33 native traditional Chinese writers

• Stimuli: 
159 ambiguous characters



Procedure

• Wacom One® Tablet and PsychoPy (Peirce et al., 2022) 
recorded coordinate, time and pressure
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Fixation
1 sec

Stimulus
1 sec

併
Write stimulus
(no time limit)

Hit spacebar 
to end trial



Step 1 - 1 Validate pressure as correlate:
Character-final prominence
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linear mixed-
effects model, 
random intercepts 
and slopes

p < .001

Stroke position      
11(pressure scale generated by Wacom driver)

土

Final Nonfinal



Step 1 - 1 Validate pressure as correlate:
Component-final prominence
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Step 1 - 2 Build predictive model for 
unambiguous characters
•Generalized additive mixed modeling (GAMM) 
• Predict position: final vs. nonfinal
• Independent fixed variables (with relevant interactions):

◦ Inter-stroke interval, pressure and speed
◦ Previous stroke pressure
◦ Length, width, and stroke type
◦ Normalized stroke order (0-1) and total stroke count

• The best-performing model:
• 77% sensitivity
• 77% specificity
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Normalized Stroke Speed Lognormed Normalized Inter-stroke Interval

Final-Fast: Contrary to “final lengthening” in 
speech, writing accelerates at boundaries.

Non-linear: A pause only needs to be “long enough” to 
signal a boundary. The probability curve flattens at longer 
intervals.
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Step 1 - 2 Other correlates



Step 2 - Apply model to ambiguous characters
• The results revealed three distinct categories of characters

1. No internal boundary 2. Single internal boundary 3. Variation

(black = overall model prediction; coloured = individual participants)
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Category 1: No obvious internal boundary 
à one-component character
•心、日、曰、止、水、為
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Category 2: Single internal boundary 
à two-component character
•斗、木、牙、兆、屯、父

17



Category 2: Single internal boundary 
à two-component character
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•非、金、雨、求、准、甫

Category 3: Variation
à different writers parsed differently
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Category 3: Variation
à different writers parsed differently



Recap

• Step 1: unambiguous characters
• Predicting pressure by position

• Predicting position by handwriting data

Step 2: ambiguous characters
• Three categories: no internal boundary, single internal boundary and 

variation
• The third category needs more research:

- Variation may involve factors other than component parsing?
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Boundary = Final stroke à Strong Pressure
Non-boundary = Nonfinal stroke à Weak Pressure 

The best-performing model
77% sensitivity and 77% specificity 



Implications

• Handwriting reflects character-internal structure
• This is analogous to the prosodic traces left by morphological 

structure in spoken words
• Our methods may be extended to other writing systems

• Roman letters are composed of “bodies” and “codas”
• e.g. <b> = | + ↄ (Primus, 2004)

• They may also have implications for spoken words with 
ambiguous morphological structure
• helicopter =  helico + pter (historical etymology)
•                     heli + copter (folk etymology)
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Thanks

• Taiwan’s National Science and Technology Council (112-2410-
H-194-030-MY3)
•林采諺 
• Code
• Simpson, S., Nottbusch, G., & Torrance, M. (2024). OpenHandWrite 

[Computer software]. https://github.com/isolver/OpenHandWrite 
(Original work published 2015)
• Myers, J. (2023). Nonstatistical things that linguists can do with R: A 

review with a case study on Chinese handwriting. In C.-J. C. Lin, A. 
Cherici, & B. Chen (Eds.), Proceedings of the 34th North American 
Conference on Chinese Linguistics (NACCL- 34). Department of East 
Asian Languages and Cultures, Indiana University Bloomington.
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