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Which two of these are similar?

videos/book-look-side.mp4
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Are these more or less similar?

videos/side-book-road.mp4
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This talk

▸ Metrics for handshape similarity
▸ �e Articulatory Model of Handshape
▸ Extension to fingerspelling similarity
▸ Psycholinguistic Experiments
▸ Results



Metrics for handshape similarity
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How do we compare these words?

In the early days of sign language research there were a number of
studies that used similarity or confusability to derive handshape
classes. Locke (); Weyer (); Lane et al. (); Stungis ();
Richards and Hanson ().

“�e present study, then, undertakes to see what sort of featural
analysis for  results when, using certain specific statistical
techniques, we proceed from psychological data to a linguistic model,
rather than the reverse” Lane et al. ()



The Articulatory Model of Handshape
() (Keane, 2014)
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Phonological specification for --

group feature value

psf members index, middle, ring, pinky, thumb
base () joint ext
nonbase ( and ) joints mid
abduction adducted

ssf members none
base () 
nonbase ( and ) 

thumb opposition opposed

nsf members none
joints 

wrist orientation -default

Broadly compatible with phonological models Sandler (); Brentari () among others;
as well as phonetic models like Johnson and Liddell (a,b); Liddell and Johnson (a,b).
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Phonetic target (joint angles) for --

flexion abduction

   

index ° ° ° °
middle ° ° ° °
ring ° ° ° °
pinky ° ° ° °

  

thumb ° ° (-°,-°,°)

flexion rotation pronation

wrist -° ° °
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Phonetic target (joint angles) for --

flexion abduction

   

index ° ° ° °
middle ° ° ° °
ring ° ° ° °
pinky ° ° ° °

  

thumb ° ° (°,°,°)

flexion rotation pronation

wrist -° ° °
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Difference in joint angles for -- and --  δ(-- ; --)

flexion abduction

   

index ° ° ° °
middle ° ° ° °
ring ° ° ° °
pinky ° ° ° °

  

thumb ° ° (°,°,°)

flexion rotation pronation

wrist ° ° °



Fingerspelling



Introduction Metrics for handshape similarity  Fingerspelling Psycholinguistic experiments Results

Comparing -- and -- — Contour Difference Method

-- -- --

∆ + ∆ = contour score for --

-- -- --

∆ + ∆ = contour score for --

∣ c.s. -- − c.s. -- ∣ = contour diff. score

For this pair, the contour difference score is:

∣( (--; --) + (--; --) ) − ( (--; --) + (--; --) )∣ =
∣( ∆ + ∆ ) − ( ∆ + ∆ )∣ =
∣(  +  ) − (  +  )∣ = 
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Comparing -- and -- — Contour Difference Method
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-- -- --

∆ + ∆ = contour score for --

∣ c.s. -- − c.s. -- ∣ = contour diff. score

For this pair, the contour difference score is:

∣(

(--; --)

+ (--; --) ) − ( (--; --) + (--; --) )∣ =
∣(

∆

+ ∆ ) − ( ∆ + ∆ )∣ =
∣(



+  ) − (  +  )∣ = 



Introduction Metrics for handshape similarity  Fingerspelling Psycholinguistic experiments Results

Comparing -- and -- — Contour Difference Method

-- -- --

∆

+

∆

= contour score for --

-- -- --

∆ + ∆ = contour score for --

∣ c.s. -- − c.s. -- ∣ = contour diff. score

For this pair, the contour difference score is:

∣(

(--; --)

+

(--; --)

) − ( (--; --) + (--; --) )∣ =
∣(

∆

+

∆

) − ( ∆ + ∆ )∣ =
∣(



+



) − (  +  )∣ = 



Introduction Metrics for handshape similarity  Fingerspelling Psycholinguistic experiments Results

Comparing -- and -- — Contour Difference Method

-- -- --

∆ + ∆ = contour score for --

-- -- --

∆ + ∆ = contour score for --

∣ c.s. -- − c.s. -- ∣ = contour diff. score

For this pair, the contour difference score is:

∣(

(--; --)

+

(--; --)

) − ( (--; --) + (--; --) )∣ =
∣(

∆

+

∆

) − ( ∆ + ∆ )∣ =
∣(



+



) − (  +  )∣ = 



Introduction Metrics for handshape similarity  Fingerspelling Psycholinguistic experiments Results

Comparing -- and -- — Contour Difference Method

-- -- --

∆ + ∆ = contour score for --

-- -- --

∆

+ ∆ = contour score for --

∣ c.s. -- − c.s. -- ∣ = contour diff. score

For this pair, the contour difference score is:

∣(

(--; --)

+

(--; --)

) − (

(--; --)

+ (--; --) )∣ =
∣(

∆

+

∆

) − (

∆

+ ∆ )∣ =
∣(



+



) − (



+  )∣ = 



Introduction Metrics for handshape similarity  Fingerspelling Psycholinguistic experiments Results

Comparing -- and -- — Contour Difference Method

-- -- --

∆ + ∆ = contour score for --

-- -- --

∆

+

∆

= contour score for --

∣ c.s. -- − c.s. -- ∣ = contour diff. score

For this pair, the contour difference score is:

∣(

(--; --)

+

(--; --)

) − (

(--; --)

+

(--; --)

)∣ =
∣(

∆

+

∆

) − (

∆

+

∆

)∣ =
∣(



+



) − (



+



)∣ = 



Introduction Metrics for handshape similarity  Fingerspelling Psycholinguistic experiments Results

Comparing -- and -- — Contour Difference Method

-- -- --

∆ + ∆ = contour score for --

-- -- --

∆ + ∆ = contour score for --

∣ c.s. -- − c.s. -- ∣ = contour diff. score

For this pair, the contour difference score is:

∣(

(--; --)

+

(--; --)

) − (

(--; --)

+

(--; --)

)∣ =
∣(

∆

+

∆

) − (

∆

+

∆

)∣ =
∣(



+



) − (



+



)∣ = 



Introduction Metrics for handshape similarity  Fingerspelling Psycholinguistic experiments Results

Comparing -- and -- — Contour Difference Method

-- -- --

∆ + ∆ = contour score for --

-- -- --

∆ + ∆ = contour score for --

∣ c.s. -- − c.s. -- ∣ = contour diff. score

For this pair, the contour difference score is:

∣(

(--; --)

+

(--; --)

) − (

(--; --)

+

(--; --)

)∣ =
∣(

∆

+

∆

) − (

∆

+

∆

)∣ =
∣(



+



) − (



+



)∣ = 



Introduction Metrics for handshape similarity  Fingerspelling Psycholinguistic experiments Results

Comparing -- and -- — Contour Difference Method

-- -- --

∆ + ∆ = contour score for --

-- -- --

∆ + ∆ = contour score for --

∣ c.s. -- − c.s. -- ∣ = contour diff. score

For this pair, the contour difference score is:

∣( (--; --) + (--; --) ) − ( (--; --) + (--; --) )∣ =
∣( ∆ + ∆ ) − ( ∆ + ∆ )∣ =
∣(  +  ) − (  +  )∣ = 



Introduction Metrics for handshape similarity  Fingerspelling Psycholinguistic experiments Results

Comparing -- and -- — Positional Similarity Method

-- -- --

∆ + ∆ + ∆ = positional similarity score

-- -- --

For this pair, the positional similarity score is:

(--; --) + (--; --) + (--; --) =
∆ + ∆ + ∆ =
 +  +  = 
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-- -- --

∆

+ ∆ + ∆ = positional similarity score

-- -- --

For this pair, the positional similarity score is:

(--; --)

+ (--; --) + (--; --) =

∆
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Psycholinguistic experiments
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Methods

 separate rating experiments:

 Deaf  signers
( in study ,  in study )

rated pairs of words
( pairs in study ,  in study )

presented in two different ways
(video of a native signer fingerspelling, written text)

We used the  to make contour difference and positional
similarity scores for each pair.

�e first study was designed as a norming experiment for a separate
study before either of our metrics were developed.
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Models

We fit a number of hierarchical ( mixed effects) linear regression
models.

For all models the outcome was the signers’ similarity rating.

Null model

predictors
▸ none

varying intercepts
▸ experiment
▸ subject
▸ first word of the pair
▸ second word of the pair
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Model comparison

model   R

null . . .
contour difference . . .
positional similarity . . .

Burnham and Anderson (); Anderson and Burnham (); Nakagawa
and Schielzeth (); Johnson ()
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positional similarity . . .

Burnham and Anderson (); Anderson and Burnham (); Nakagawa
and Schielzeth (); Johnson ()
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Significant results

model

predictor contour difference positional similarity

contour diff. 7 

positional sim.  3

length 7()/3() 3

score × length 3()/7() 7
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Conclusions

�e Articulatory Model of Handshape provides a way to gradiently
measure the similarity between handshapes.

�e positional similarity score method is the only method for
comparing two fingerspelled words that is supported by signers’
similarity ratings of fingerspelled words.
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