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Signed languages

- Fully-fledged natural languages
- Independent of spoken languages



Signed languages

- 200 signed languages
- ~70m deaf people



American Sign Language

- Predominant in the US and 

anglophone Canada

- Often used as a lingua 

franca



American Sign Language

Emerged in early 19th century in the 
American School for the Deaf 

Gallaudet memorial



American Sign Language

1880 Milan Conference

- Only 30-40% of English speech can be 

understood with lipreading

- Cochlear implants doesn’t always work

- Integral to Deaf culture



Phonology



Spatial organization

- Referencing (pointing, eye gaze, 
head tilt)

- Directional verbs
- Shoulder shift
- Role shift



Fingerspelling

- Proper nouns
- Technical terms / missing signs
- Loan words
- Grammatical/stylistic choice (e.g. 

emphasis)

- ~8.7% of casual ASL
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Current progress in AI for signed languages

- 101 papers between 2021-2023 (Desai et al., 2024)

○ Most focus solely on sign language recognition / translation

- Misinformed representations

○ “Tyranny of glossing” (Hochgesang, 2022)

- ~ 40 public datasets
○ Gap between training data and target users

BOBSL dataset 

(Albanie et al., 2021)

https://arxiv.org/pdf/2403.02563
https://direct.mit.edu/books/oa-edited-volume/5244/chapter/3537398/Managing-Sign-Language-Acquisition-Video-Data-A
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2 projects:

- AI tools to support deaf education

- NLP to test linguistic theories 

My research
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Barriers to STEM education for DHH students

- Lack of early exposure to sign language -> delays in literacy and education

- STEM resources in ASL are scarce

- Lack of standardized ASL signs for technical words



- 254 Wikipedia articles

- Science, technology, 

mathematics, medicine, 

geography

- 300+ hours

- 37 ASL interpreters

ASL Wikipedia
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Interpreting STEM articles is hard

- Fingerspelling in place of ASL sign

- Inconsistent technical signs

- Translationese

- Expanded context / added meanings

- …

“relativistic electromagnetism”



Interpreting STEM articles is hard

- Fingerspelling in place of ASL sign

“relativistic electromagnetism”

“[Deaf] students prefer that terms 

either be signed in ASL, or signed and 

fingerspelled, as opposed to just 

fingerspelled.”

Development of American Sign Language Guidelines for K-12 Academic Assessments



Automatic sign suggestion

User



Automatic sign suggestion

User

Here are other ways 
people sign 
“relativistic 

electromagnetism”



Automatic sign suggestion

Relativistic electromagnetism is a 
physical phenomenon explained 
in…
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Automatic sign suggestion

1) Fingerspelling 
detection

Relativistic electromagnetism is a 
physical phenomenon explained 
in…

2) Fingerspelling 
alignmentRelativistic electromagnetism

3) Sign retrieval
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Representation learning

Fingerspelling detection + alignment: multitask model

Relativistic electromagnetism is a 
physical phenomenon explained 
in…

MediaPipe

GCN 
+ 

Transformer

Temporal 
contrastive 

learning

Sentential 
contrastive 

learning



Fine-tuningRepresentation learning

Fingerspelling detection + alignment: multitask model

Relativistic electromagnetism is a 
physical phenomenon explained 
in…

MediaPipe

GCN 
+ 

Transformer

Temporal 
contrastive 

learning

Sentential 
contrastive 

learning

Fingerspelling 
detection

Fingerspelling 
alignment



Sign retrieval

Dictionary lookup Video search

“Relativistic 
electromagnetism”

“The use of retarded potentials to describe electromagnetic fields from 
source-charges is an expression of relativistic electromagnetism.”



Sign retrieval

Dictionary lookup Video search

“Relativistic 
electromagnetism”

“The use of retarded potentials to describe electromagnetic fields from 
source-charges is an expression of relativistic electromagnetism.”
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Efficiency shapes human language

Efficiency: successful communication with minimal effort by sender + receiver

Frequent/informative words are shorter 
(Zipf, 1935; Piantadosi et al., 2011)

Vowel space maximizes 
perceptual contrast 

(Liljencrants & Lindblom, 1972)

Infrequent ASL signs are 
produced closer to face 

(Caselli et al., 2022)
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Language contact in ASL

ASL TIKI 1 Safety Starting Signs Good for mask wearers or Tiki Car 
Parade  to understand easier... Flashcards | Quizlet

Fingerspelling Loan signs
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Language contact in ASL

ASL TIKI 1 Safety Starting Signs Good for mask wearers or Tiki Car 
Parade  to understand easier... Flashcards | Quizlet

Fingerspelling Loan signs Initialized signs

Class
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Efficiency shapes ASL handshapes?

19 out of 22 handshapes in ASL 
fingerspelling appear in native ASL signs

-> Compare pressures from English and ASL on handshape efficiency
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Predictions

P1. FS handshapes that appear frequently in ASL signs are easier to produce

P2. Frequent letters in English are easier to sign in ASL fingerspelling 

P3. Pairs of letters that appear in similar contexts look more different

P1: Handshape freq. ↑, art. effort ↓ 

P2: Letter freq. ↑, art. effort ↓ 

P3: Confusable ↑, perceptual ease. ↑ 



Usage metrics

- Handshape frequency in ASL

- Letter frequency in English

- Letter confusability in English

P1: Handshape freq. ↑, art. effort ↓ 

P2: Letter freq. ↑, art. effort ↓ 

P3: Confusable ↑, perceptual ease. ↑ 



Usage metrics: handshape frequency

- Handshape frequency

- ASL-LEX (Caselli et al., 2017)

P1: Handshape freq. ↑, art. effort ↓ 

P2: Letter freq. ↑, art. effort ↓ 

P3: Confusable ↑, perceptual ease. ↑ 



Usage metrics: handshape frequency

- Handshape frequency

- ASL-LEX (Caselli et al., 2017)

- 1204 signs with FS handshapes

P1: Handshape freq. ↑, art. effort ↓ 

P2: Letter freq. ↑, art. effort ↓ 

P3: Confusable ↑, perceptual ease. ↑ 



Usage metrics: handshape frequency

- Handshape frequency

- ASL-LEX (Caselli et al., 2017)

- 1204 signs with FS handshapes

■ 903 native, 271 initialized, 30 loan

ASL TIKI 1 Safety Starting Signs Good 
for mask wearers or Tiki Car Parade  to
understand easier... Flashcards | 
Quizlet

Loan signsInitialized signs

Class

P1: Handshape freq. ↑, art. effort ↓ 

P2: Letter freq. ↑, art. effort ↓ 

P3: Confusable ↑, perceptual ease. ↑ 
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Usage metrics

- Letter frequency

- 10,000 Wikipedia articles in English

- Discard 20,000 most frequent words

- Letter distribution in remaining 71,785 words

P1: Handshape freq. ↑, art. effort ↓ 

P2: Letter freq. ↑, art. effort ↓ 

P3: Confusable ↑, perceptual cont. ↓ 

macaroni, …, phytic, piedmontese
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Usage metrics

- Letter confusability

- Conditional entropy (CE)

- Letter pairs with high CE = more confusable

Two letters x1, x2 Four preceding characters 
in a word

P1: Handshape freq. ↑, art. effort ↓ 

P2: Letter freq. ↑, art. effort ↓ 

P3: Confusable ↑, perceptual ease. ↑ 



Handshape effort

- Articulatory effort

- Perceptual effort

P1: Handshape freq. ↑, art. effort ↓ 
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Handshape effort

- Articulatory effort

- Perceptual effort

Data for FS handshapes?

P1: Handshape freq. ↑, art. effort ↓ 

P2: Letter freq. ↑, art. effort ↓ 

P3: Confusable ↑, perceptual ease. ↑ 
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Google ASL Fingerspelling Dataset

- 100k+ fingerspelled phrases

- No character-level labels

- Heuristic algorithm + manual post-correction

- 1062 letters extracted

did you have a good time
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- Finger independence
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Handshape effort: metrics

Articulatory effort

- Finger independence 

Perceptual effort

- Handshape distance

“N” and “T”: low HD “N” and “B”: high HD

Distance between two joint angles

P1: Handshape freq. ↑, art. effort ↓ 

P2: Letter freq. ↑, art. effort ↓ 

P3: Confusable ↑, perceptual ease. ↑ 



Results: pressure from ASL

P1: Handshape freq. ↑, art. effort ↓ 

P2: Letter freq. ↑, art. effort ↓ 

P3: Confusable ↑, perceptual ease. ↑ 



Results: pressure from ASL

P1: Handshape freq. ↑, art. effort ↓ 

P2: Letter freq. ↑, art. effort ↓ 

P3: Confusable ↑, perceptual ease. ↑ 



Results: pressure from ASL

P1: Handshape freq. ↑, art. effort ↓ 

P2: Letter freq. ↑, art. effort ↓ 

P3: Confusable ↑, perceptual ease. ↑ 
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Results: pressure from English

Confusability and letter frequency 

are highly correlated

P1: Handshape freq. ↑, art. effort ↓ 

P2: Letter freq. ↑, art. effort ↓ 

P3: Confusable ↑, perceptual ease. ↑ 
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Takeaways

RQ3. Alternatively, pressure for efficiency mostly or all from ASL usage?

Why?

- ASL fingerspelling is invented by hearing educators (Padden and Gunsauls, 2003)

- Frequent words undergo faster language change (Bybee, 2015; Caselli et al., 2022)

- Foreign components obey fewer phonological rules (Brentari and Padden, 2001)

P1: Handshape freq. ↑, art. effort ↓ 

P2: Letter freq. ↑, art. effort ↓ 

P3: Confusable ↑, perceptual ease. ↑ 



Conclusion
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Motion Light Lab @ Gallaudet University
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Motion Light Lab @ Gallaudet University

Lots of cool ways to extend NLP to 

signed languages yet to be explored

Really important to work with Deaf 

people for AI products



Thoughts? Reactions? Questions?
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