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Research Question� �

Can we detect the word frequency effect in ultrasound recordings of co-articulation? →YES.
� �

Aims
Theoretical� �

Frequency effect in coarticulation patterns
� �

[3, 6, 5]

Methodological� �

Whole-image analysis with GAM
� �

[2, 4, 1]

Methods
• Recording

– Ultrasound imaging

– Quantification with Generalized
Additive Mixed Effects Models
(GAMs)[7]

• Participants

– 20 native speakers of German

• Target words

– 138 German inflected verbs with their
corresponding pronouns

– Monosyllabic when a suffix is [-t]

– Disyllabic when a suffix is [-@n]

– Stem vowel = [a:]

– 4 surroundings conditions

Suffix
Pronoun [-t] [-n]

[-i:] sie malt sie malen
[-i5] ihr malt wir malen

• Predictors

– x and y coordinates

– Time (0.00, 0.25, 0.50, 0.75, 1.00)

– Surroundings condition

– Frequency (log)

Interpretation of fitted ULT images

Results
Freq T=0.00 T=0.25 T=0.50 T=0.75 T=1.00

High

Low

⇓
Qualitative difference in coarticulation is the most visible in T=0.75

Freq Cond: [-i:-a:-t] Cond: [-i:-a:-n] (Fronting)

High

Low

Diff
(H-L)

• Brighter in Diff →Brighter in High freq.

• Darker in Diff. →Darker in High freq.

• Low frequency (compared to high freq.)

– Lower tongue body (Regions A & B)

– Higher tongue tip (Region A)

– More fronted tongue root (Region B)

[-i:] [-n]

[-i5] [-t]

[-i:]-[-i5] [-n]-[-t]

• Pronoun effect

– Greater variance in tongue
body/root for ihr/wir (Region C)

↑ Force to open the mouth
(in [-i5] vs [-i:])

• Suffix effect

– Larger tongue root fat in [-t] (D)

– Larger hyoid shadow in [-t] (E)

↑ Fronting of the whole tongue
(in [-t] vs [-n])

Conclusion� �
1. Qualitative difference in articulation as a function of frequency.
2. Coarticulation with pronouns as well as suffixes.
3. GAM is a useful tool for the analysis of ultrasound images.� �
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