GLOW 33: Positional Phenomena in Phonology and Phonetics Workshop

Child-Specific Patterns of Positional Neutralization: Articulatory vs. Perceptual Influences

Tara McAllister
Montclair State University, Montclair, New Jersey
mcallistert@mail.montclair.edu

I. The problem of child-specific patterns of positional neutralization

1. This talk will discuss child phonological patterns that preferentially neutralize phonemic
contrast in prosodically strong contexts (“neutralization in strong position”).

Table 1. Positional velar fronting: neutralization in initial/pretonic but not final/posttonic position

Word-Initial Word-Final Medial Pretonic Medial Posttonic
[dabus]  “caboose” | [dajek] “kayak” | [bidas] “because” | [duki] “cookie”
[dstau] “guitar” | [bag] “bug” | [oden] “again” | [dagou] “tiger”

Other examples: Fricative/affricate stopping (Dinnsen, 1996, 1998; Edwards, 1996; Marshall &
Chiat, 2003); liquid gliding (Smit, 1993; Inkelas & Rose, 2008); cluster reduction (Lléo and Prinz,
1996; Levelt, Schiller & Levelt, 2000).

2. Overall prevalence of child processes of strong neutralization is not known.

However, sufficiently widespread that preference to preserve contrast in weak contexts
has been described as a general property of child phonology (Dinnsen & Farris-Trimble, 2008).

3. Comparable patterns are not attested in adult phonological typology.

a. Adult grammars show preferential neutralization in prosodically weak contexts.
b. Proposed phonetic basis: Neutralization occurs in a context of lower perceptual
salience (Steriade, 1997, 1999, 2001).

4. Child processes are difficult to model without incorrect predictions for adult typology
(Table 2). A satisfactory model must explain how they are suppressed over maturation.

Table 2. Alternatives for modeling neutralization in strong position

Phonological framework Child processes call for: Attested in adults?
Positional faithfulness Constraints enhancing faithfulness to No

(Beckman, 1998) weak positions (IDENT-weak)

Positional markedness Constraints limiting featural contrasts in No

(Smith, 2000, 2002) strong positions (e.g. *LAB/c')

Licensing by cue Constraints enforcing enhanced No

(Steriade, 1997, 1999, 2001) faithfulness to perceptually weak contexts

5. Proposal: Both child and adult patterns of positional neutralization have a phonetic basis.

a. However, child and adult speakers face different low-level phonetic pressures.

b. Differences across child and adult phonologies are then predicted by a phonetically-
based model of phonology (Hayes, Kirchner, & Steriade, 2004).

c. Child-specific constraints become inactive as child-specific phonetic pressures are
eliminated over the course of normal maturation.

McAllister, 1



GLOW 33: Positional Phenomena in Phonology and Phonetics Workshop

6. Two possible directions of analysis:

a. Child-specific perceptual sensitivities cause different positions to be marked as
prominent in child phonology (Dinnsen & Farris-Trimble, 2008).

b. Child-specific articulatory factors can cause neutralization. These factors are sensitive
to differences in articulatory force in strong versus weak prosodic contexts (Inkelas &
Rose, 2003, 2008).

7. Here, evidence from a single case study will support an articulatory account.
a. Part I: Nonword discrimination task shows perceptual advantage for strong position.
b. Part Il: Longitudinal study of velar fronting shows articulatory conditioning factors.

8. Case study data drawn from B, a 4-year-old boy acquiring American English.
a. Severe speech delay and hallmarks of speech-motor planning difficulty.
b. Recorded longitudinally in biweekly sessions between 3;7 and 4;4.
c. Processes of neutralization in strong position: velar fronting, fricative gliding.

I1. Do child-specific perceptual sensitivities drive neutralization in strong position?

9. Adults perceive contrast more accurately in initial/prevocalic position than in
final/postvocalic position (Fujimura, Macchi, & Streeter, 1978; Ohala, 1990; Redford & Diehl, 1999).

10. Dinnsen & Farris-Trimble (2008): Young children exhibit the opposite perceptual bias.

b. They posit that children perceive contrast more accurately in non-initial position.
c. Related to hypothesis that infants pay special attention to ends of words to support
word segmentation (Slobin, 1973; Echols & Newport, 1992; Aslin et al., 1996).

11. D&F-T propose prominence-assigning constraints FINALPROM, INITIALPROM:

a. FINALPRoOM: “The final constituent of a syllable, foot, or prosodic word must be
prominent.”

b. In child grammar, FINALPROM >> INITIALPROM.

c. Over maturation, sensitivity to initial position increases and ranking is reversed.

12. 1 will focus on an empirical test of Dinnsen & Farris-Trimble’s analysis.

13. B was engaged in a nonword discrimination task featuring pairs of phonetically
controlled nonwords in a carrier phrase context (“I can say ).

a. 23 identical nonword pairs

b. 24 pairs differing by a single phoneme in word-initial position (e.g. tuv—kuv) or
word-final position (e.g. vud—vug).

c. Digitized stimuli were played in random order; B responded same or different.

d. Complete stimulus set presented twice over three sessions.

14. Accuracy results were fitted to a 5-factor logistic model.
a. Dependent variable: Accuracy in detecting contrast when present.
b. Independent variables: Session number, initial vs. final position, identity of target
contrast, voicing of target contrast, presence of potential harmonizing contrast.
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15.

16.

17.

e. Contrast: B detected a contrast he 5

Results of logistic regression using likelihood ratio test on residual deviance statistic:

b.  Significant predictors of Fig. 1. Initial vs final discrimination accuracy
discrimination accuracy:

Session (p < .000), position in
syllable (p = .002), phonemic
contrast (p < .000).

c. Session: B’s accuracy was
significantly greater in the third
testing session.

d. Position (Fig. 1): Accuracy was
significantly greater for initial
relative to final contrasts. —
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B’s positional bias in perception was consistent with a typical adult pattern (Fujimura,
Macchi, & Streeter, 1978; Redford & Diehl, 1999), contra Dinnsen & Farris-Trimble.

For this child, neutralization in strong position cannot be attributed to a perceptual cause.
An articulatory account will instead be pursued.

I11. Do properties of child articulation drive neutralization in strong position?

18.

19.

20.

21.

It is well-documented that child articulation differs from adult articulation.

a. Tongue has more anterior position and larger size relative to vocal tract (Crelin, 1987).
b. Speech gestures are slower, more variable, less precise. More detail to follow.

Inkelas & Rose (2003, 2008) invoked child-specific articulatory properties to account for
positional velar fronting (PVF), an example of strong neutralization.

Velar fronting to coronal place is common in typically developing children up to 3 years
old (Grunwell, 1981), as well as in disorders.
o Preferential application in word-initial and pretonic contexts is well-documented

(Ingram, 1974; Chiat, 1983; Stoel-Gammon, 1996; Bills & Golston, 2002; Morisette, Dinnsen, &
Gierut, 2003; Inkelas & Rose, 2003, 2008).

Inkelas & Rose: PVF occurs when child's articulatory limitations interact with
articulatory strengthening in prosodically strong contexts.

a. Child perceives that adults use enhanced gestures in strong contexts; tries to imitate.
b. Influenced by articulatory limitations:

e Large, anteriorly positioned tongue

e Diminished motor control
c. Linguopalatal contact for the enhanced gesture tends to extend into coronal region.
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22. 1&R maintain that the phonetically-motivated process is then phonologized. Evidence:

a. Not all children exhibit PVF.
b. PVF was eliminated abruptly/categorically from speech of their case study subject.

23. | endorse Inkelas & Rose’s hypothesis that neutralization in strong position is driven by
prosodically conditioned asymmetries in gestural force.

However, case study will show the need for more than a simple strong/weak dichotomy.

e Greater accuracy word-finally than in medial posttonic position.
o Earlier emergence of velar place in medial pretonic relative to word-initial position.
e Segmental conditioning effects.

IV. Velar fronting case study data

24. Velar fronting case study:

a. Words containing prevocalic velar targets were collected from the transcribed record
of B’s biweekly therapy sessions between 3;9 and 4;4. Total N = 2,408.
b. Four major categories were represented in B’s productions

Table 3. Output categories in velar production

Category Example Percent of Tokens | Correct?
Faithful velar place [dagou] “tiger” 41% 1
Fronted place [dat] “cut” 34% 0
o e Preglottalized | [ma?kij] “monkey”
pf (%Eirt]l (? 1 Postglottalized [duk?an] “chicken” 9% 0
[k?ap] “cup"
Glottal replacement [mA?i] “making” 6% 0

*Segmented production had a specific association with velar place. It was not observed in
connection with coronal targets.

25. Targets were coded for a range of potential conditioning factors:

a. Developmental stage (four approximate stages based on shifts in production)

b. Prosodic context (strong = initial/medial pretonic, weak = final/medial posttonic)

c. Voicing (voiced target, voiceless target)
e Strong process of context-sensitive voicing entailed that transcribed voicing would

be almost entirely redundant with prosodic context.

e Possibility of a covert voicing contrast (Macken & Barton, 1976).

d. Vowel context (back, nonback)

e. Harmony context (other velar present vs absent in surface form)

28. Results were fitted to a five-predictor logistic model (DV = velar production accuracy).

a. Partial significance of each factor was determined using the chi-square statistic.
b. All five main terms were significant predictors of variance (p <.001).
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29. Two findings will be bypassed for the moment.

a. Main effect of vowel context (Back > Nonback): Consistent with previous research
(Nicolaidis et al., 2003). Measuring of formants to confirm vowel quality is still ongoing.

b. Main effect of harmony context (Other velar present > absent): Consistent with
previous research (Chiat, 1983). Requires articulatory model of consonant harmony.

30. Main effect of prosodic context: Weak > Strong (Fig. 2).

Figure 2. Accuracy: Strong vs weak context
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31. Main effect of voicing: Voiced > Voiceless (Fig. 4).

a. Consistent with previous literature.
b. Post-hoc pairwise comparisons (Fig. 3): Final > all others. Medial posttonic > initial,
medial pretonic. Initial vs medial pretonic not significant after Bonferroni correction.
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Figure 3. Accuracy: Subdivided by position
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a. Starting at age 4,2, accurate voiced targets contrasted systematically with segmented

voiceless targets in B’s output (Table 4).
Runs counter to cross-linguistic

adult preference for voiceless over
voiced velars (Ohala, 2010).

Table 4. Voiced-voiceless contrast

Age | Voiced Target Voiceless Target

47 [bagou] “bagel” | [mak?i] “monkey”
" | [dagou]  “tiger” | [ha?ki]  “hockey”

44 [gam] “gum” | [k?ip] “keep”

[gabaf] “garbage”

[k?andou] “candle”

Figure 4. Velar accuracy by target voicing
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32. Case study results pose three challenges:

a. How does the phonology represent a distinction within a category (strong or weak)?
b. Why are voiced velars more accurate than voiceless velars?
c. Why does “segmented production” precede fully faithful velar production?

33. Unifying analysis: Fronting is driven by a directly phonetic constraint (cf. Flemming, 2001,
2008) encoding gradient differences in the height of the articulatory target.

34. Strong versus weak context

a. Consonant strengthening at the edge of the prosodic word domain is well-documented
(Fougeron & Keating, 1997)

b. Foot-initial strengthening is less well-studied but fully plausible.

35. Voiced versus voiceless target:

a. Voiceless plosives have greater airflow (Isshiki & Ringel, 1964) due to lack of impedance
from vocal folds (McGlone & Shipp, 1972).

b. To offset greater intraoral pressure, voiceless plosives have higher target/greater
gestural force than voiced plosives (Wakumoto et al., 1998; Mooshammer et al., 2007).

36. Segmented forms (accompanying glottal closure)

a. Closed glottis valves pressure below the level of the oral constriction.
b. Belong to the class of “non-explosive” consonants (Clements & Osu, 2002).
c. Low intraoral pressure enables lighter articulatory contact.

V. A constraint encoding gradient differences in articulatory force

37. Proposed constraint is termed MOVE-AS-UNIT: “Lingual targets are produced by
movements of the tongue-jaw complex.”

38. Three parts to the analysis:

a. Child speakers’ reliance on jaw-controlled movements.
b. How jaw-controlled movement drives fronting.
c. Sensitivity of MOVE-AS-UNIT to gradient differences in articulatory force.

39. Early in development, anatomically coupled tongue and jaw tend to move as a single unit.

a. Tongue is motorically complex; imposes simultaneous "skeletal, movement, and
shaping requirements” (Kent, 1992).

b. Moving the jaw, a bilaterally hinged joint, is motorically simple.

c. Inearly stages, tongue movement may be parasitic on jaw movement (MacNeilage &
Davis, 1990).
e Discrete functional regions of tongue do not function separately.
e Tongue is stiffened and raises and lowers as a single unit with the jaw.
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40. Jaw-controlled movement is linked to an undifferentiated pattern of linguopalatal contact.

a.

b.

Undifferentiated lingual gestures: Midsagittal linguopalatal contact extends from
alveolar to palatal/velar regions (Gibbon, 1999).
Attributed to inability to control discrete functional regions of the tongue.

41. Proposal: Fronted velars are not true coronals but undifferentiated lingual gestures.

a.
b.

Discrete coronal place is not simpler than discrete velar place in any obvious way.
But jaw-controlled movement resulting in undifferentiated contact is simpler than
discrete movement of either functional region of the tongue.

42. Height of articulatory target (gestural force) in a given context influences whether
discrete lingual or jaw-dominated gesture will be used.

a.
b.

C.
d.
e.

Recall that tongue has “skeletal, movement, and shaping requirements™ (Kent, 1992).
When low and close to the mandible, some of the tongue’s shaping needs are met
passively by contact with the lower teeth.

For a higher target, shaping requirements must be filled by the lingual musculature.
This multiplies the complexity of the motor-control task.

Higher target increases the predisposition to use a jaw-controlled, ballistic gesture.

43. Phonologically encoded: Magnitude of MOVE-AS-UNIT violation is proportional to height
of articulatory target.

Higher target > larger violation - greater likelihood of undifferentiated (fronted) place.

44. 1s a phonological constraint really necessary?

a.
b.
C.

d.

Could B’s pattern be explained as an extragrammatical phonetic phenomenon?

Note that articulatory force interacts with phonological factor of voicing faithfulness.

When faithful voiced velars were in contrast with segmented voiceless velars, B
rarely changed the underlying voicing, although this would obviate glottal epenthesis.
Interaction with IDENT-Voice strongly suggests a phonological process rather than
low-level phonetic conditioning.

V1. Implementing the formal analysis

45. Full scale of MOVE-AS-UNIT violations:

o0 o

No violation is incurred by an undifferentiated gesture.

Lowest violation is for word-final or segmented velars.

A voiceless target receives +1 violation more than a voiceless target.

A target in strong position receives +1 violation more than a target in weak position.
Initial position as a conditioning factor separate from pretonicity: questionable. +.5

Table 5. Scale of MOVE-AS-UNIT violations

Undiff | o) IE(r)est/ Posttonic | Posttonic Pretonic Initial Pretonic Initial
Gest " Glottal Voiced Voiceless : Voiced Voiced Voiceless | Voiceless
0 1 1 2 3 i 3 3.5 4 4.5
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46. Implementation of constraints

Harmonic Grammar framework
Constraint weights are from B’s Stage 3 (4;2-4;4).
Undifferentiated gestures are represented with conjoined place [tk] or [dg].
Other constraints: IDENT-PLACE, IDENT-VOICE, DEP-[?]-ONS, DEP-[?], *GLOT-VOICE
Three tableaux below depict conditioning by prosodic context and voicing

Table 6. An initial voiceless velar is fronted

L . *GLOT | IDENT- | MOVE- IDENT- DEP-

- ws] - ._,-" _ < T K

M/, “key VOICE | PLACE | aAs-UnNiT | VoIcE | [?]- ONs Dep-[?] | SUM
3 3 2 2 2 1

a. ki 4.5 9

b. o 3.5 1 9

C. k?i | 1 1 5

d. = tKi 1.5 4.5

Table 7. A medial posttonic voiceless velar is realized with glottal epenthesis.

o ) *GLOT | IDENT- MoVE- IDENT- DEpP-

Ak, “yucky VOICE | PLACE | As-UNIT | VOICE | [?2]-ONS Dep-[2] | STM
3 3 2 2 2 1

a. jaki 3 6

b. jagi 2 1 6

C = jarki 1 1 3

d jatRi 1.5 4.5

Table 8. A medial posttonic voiced velar is realized faithfully.

. .~ | *GLoT | IDENT- | MOVE- | IDENT- | DEP-[?]- - ~

/beigal/,“bagel VoICE | PLACE | As-UNIT | VOICE ONS Dep-[7] SUM
3 3 2 2 2 1

a. = bagou 2 4

b. badgas 1.5 4.5

C ba?g00 1 1 5

d bazkou 1 1 5

VII. Conclusions and future directions

47. Phonetically-sensitive constraint MOVE-AS-UNIT makes it possible to model B’s output

patterns for all prosodic and voicing contexts across all four stages of development.

48. Goal: Analyze other patterns of neutralization in strong position as the consequence of

child-specific articulatory limitations that are most prominent in contexts of greatest
gestural force.

McAllister, 8



GLOW 33: Positional Phenomena in Phonology and Phonetics Workshop

References
Aslin, R., Woodward, J., LaMendola, N., & Bever, T. (1996). Models of word segmentation in fluent maternal
speech to infants. In J. L. Morgan & K. Demuth, Signal to syntax: Bootstrapping from speech to grammar in early
acquisition (pp. 117-134). Mahwah, NJ: Lawrence Erlbaum Associates.
Beckman, J. (1997). Positional Faithfulness, Positional Neutralisation, and Shona VVowel Harmony. Phonology, 14,
1-46.
Bills, S., & Golston, C. (2002). Prosodic and linear licensing in English acquisition. In Carmichael, L., Huang, C.-
H., & Samiian, V. (eds.), Proceedings of the Western Conference on Linguistics (2001), 13-26. Fresno: California
State University, Fresno.
Browman, C. P. & Goldstein, L. (1995) Gestural syllable position effects in American English. In F. Bell-Berti & L.
J. Raphael (Eds.), Producing Speech: Contemporary Issues (for Kathering Safford Harris) (pp. 19-33). Woodbury,
NY: AIP Press.
Buckley, E. L. (2003). Children’s unnatural phonology. Berkeley Linguistics Society 29.523-34.
Chiat, S. (1983) Why Mikey's right and My key's wrong: the significance of stress and word boundaries in a child's
output system. Cognition, 14, 275-300.
Clements, G. N., & Osu, S. (2002). Explosives, implosives, and nonexplosives: the linguistic function of air pressure
differences in stops. In C. Gussenhoven & N. Warner (Eds.), Laboratory Phonology 7 (pp. 299-350). Berlin:
Mouton de Gruyter.
Crelin, E. S. (1987). The human vocal tract: Anatomy, function, development, and evolution. New York: Vantage
Press.
Dinnsen, D. A. (1996). Context effects in the acquisition of fricatives. In B. Bernhardt, J. Gilbert, & D. Ingram
(Eds.), Proceedings of the UBC International Conference on Phonological Acquisition. Somerville: Cascadilla
Press.
Dinnsen, D. A. (1998). On the organization and specification of manner features. Journal of Linguistics, 34, 1-25.
Dinnsen, D. A., & Farris-Trimble, A. W. (2008). The prominence paradox. In Dinnsen, D. A., & Gierut, J. A.
Optimality Theory, Phonological Acquisition and Disorders, pp. 277-308. London, Equinox Publishing Ltd.
Echols, C., & Newport, E. (1992). The role of stress and position in determining first words. Language Acquisition,
2, 189-220.
Edwards, M. L. (1996). Word position and the production of fricatives. In Bernhardt, B., Gilbert, J., & Ingram, D.
(Eds.), Proceedings of the UBC International Conference on Phonological Acquisition (pp. 149-58). Somerville:
Cascadilla Press.
Flemming, E. (2001). Scalar and categorical phenomena in a unified model of phonetics and phonology. Phonology,
7-44.
Fletcher, S. G. (1992). Articulation: A physiological approach. San Diego, CA: Singular.
Fougeron, C., & Keating, P. (1996). Articulatory strengthening in prosodic domain-initial position. UCLA Working
Papers in Phonetics, 92, 61-87.
Fujimura, O., Macchi, M. J., & Streeter, L. (1978). Perception of stop consonants with conflicting transitional cues:
A cross-linguistic study. Language and Speech, 21, 337-346

Gibbon, F. (1999). Undifferentiated Lingual Gestures in Children with Articulation/Phonological Disorders. Journal
of Speech, Language, and Hearing Research, 42, 382—-397.
Grunwell, P. (1981). The Development of Phonology: A Descriptive Profile. First Language, 3, 161-191.

Hayes, B., Kirchner R., & Steriade, D. (Eds). (2004). Phonetically-Based Phonology. Cambridge: Cambridge
University Press.

Inkelas, S., & Rose, Y. (2003) Velar Fronting Revisited. In B. Beachley, A. Brown, & F. Conlin (Eds.),
Proceedings of the 26th Annual Boston University Conference on Language Development (pp. 334-345).
Somerville, MA: Cascadilla Press.

Inkelas, S., & Rose, Y. (2008). Positional Neutralization: A Case Study from Child Language. Language, 83, 707-
736.

Ingram, D. (1974). Fronting in child phonology. Journal of Child Language, 1, 233-241.

Kent, R. D. (1992). The biology of phonological maturation. In Ferguson, C. A., Menn, L., & Stoel-Gammon, C.
(eds.), Phonological Development: Models, Research, Implications, 65-90. Timonium, MD: York Press.

McAllister, 9



GLOW 33: Positional Phenomena in Phonology and Phonetics Workshop

Lleod, C. & Prinz, M. (1996). Consonant clusters in child phonology and the directionality of syllable structure
assignment. Journal of Child Language, 23, 31-56.

Levelt, C., Schiller, N., & Levelt, W. (2000). The acquisition of syllable types. Language Acquisition, 8, 237-264.
Macken & Barton, 1976

Macken, M.,, & Barton, D. (1979). A longitudinal study of the acquisition of the voicing contrast in American-
English word-initial stops, as measured by voice onset time. Journal of Child Language 7, 41-74.

MacNeilage, P. F., & Davis, B. L. (1990). Acquisition of speech production: Frames, then content. In M. Jeannerod
(Ed.), Attention and performance: Vol. 13, Motor representation and control (pp. 453-475). Hillsdale, N.J.:
Erlbaum.

Marshall, C., & Chiat, S. (2003). A foot domain account of prosodically-conditioned substitutions. Clinical
Linguistics and Phonetics, 17, 645-57.

McGlone, R. E., & Shipp, T. (1972). Comparison of subglottal air pressures associated with /p/ and /b/. Journal of
the Acoustical Society of America, 51, 664.

Morisette, M. L., Dinnsen, D. A., & Gierut, J. A. (2003). Markedness and Context Effects in the Acquisition of
Place Features. Canadian Journal of Linguistics, 48, 329-355.

Mooshammer, C., Hoole, P. & Geumann, A. (2007). Jaw and order. Language & Speech, 50, 145-176.

Ohala, J. J. (1990). The phonetics and phonology of aspects of assimilation. In J. Kingston & M. Beckman (Eds.),
Papers in Laboratory Phonology I: Between the grammar and the physics of speech (pp. 258-275). Cambridge:
Cambridge University Press.

Redford, M. A., & Diehl , R. L. (1999). The relative distinctiveness of initial and final consonants in CVC syllables.
Journal of the Acoustic Society of America, 106, 1555-1565.

Slobin, D. (1973). Cognitive prerequisites for the development of grammar. In C. Ferguson & D. Slobin (Eds.),
Studies of child language development. New York: Holt.

Smit, A. B. (1993). Phonologic error distributions in the lowa-Nebraska articulation norms project: Consonant
singletons. Journal of Speech and Hearing Research, 36, 533-547.

Smith, J. (2000). Prominence, augmentation, and neutralization in phonology. In L. Conathan, J. Good, D.
Kavitskaya, A. Wulf, & A. Yu (Eds.), Proceedings of BLS 26 (pp. 247-257). Berkeley, CA: Berkeley Linguistics
Society. [Published version has formatting errors; corrected version available as Rutgers Optimality Archive #727
(2005).]

Smith, J. (2002). Phonological augmentation in prominent positions. Doctoral dissertation, University of
Massachusetts, Amherst.

Steriade, D. (1999). Phonetics in phonology: The case of laryngeal neutralization. UCLA Working Papers in
Linguistics, 2, 25-146.

Steriade, D. (2001) Directional asymmetries in place assimilation: A perceptual account. In E. Hume & K. Johnson
(Eds.), The Role of Speech Perception in Phonology (pp. 219-50). New York: Academic Press.

Stoel-Gammon, C. (1996). On the acquisition of velars in English. Proceedings of the UBC International
Conference on Phonological Acquisition, 201-214. Somerville, MA: Cascadilla Press.

Wakumoto, M., Masaki, S., Honda, K. & Ohue, T. (1998). A pressure sensitive palatography: application of new
pressure sensitive sheet for measuring tongue-palatal contact pressure. In Proceedings of the 5rd International
Conference on Spoken Language Processing (pp. 3151-3154). Sydney.

McAllister, 10



