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Rhotic Substitution

0 Three stages in acquisition of [K] (Ben-David 2001; Cohen
2015)

Deletion — Substitution — Faithful

0 Substitution is a transitional phase between

deletion and faithful production (e.g. Freitas 1994, Cohen
2015, Cohen & Ben-David 201 6)

0 Quantity-wise, substitution is a small minority of the
cases

o Nevertheless, this small minority is systematic
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Hebrew [E] in Adults
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0 Adult Realization of [H]

o0 Uvular Approximant (Bolozky & Kreitman 2007, Cohen et al. 2015)

o Prosodic positions differ in Phoneme Consistency, the
degree of allophonic variation (Cohen et al. 2015):
m Word-final (_#): little variation
® Intervocalic (V_V): slightly more variation

m Word-initial (#_): substantial variation



Acquisition of [K]
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0 Among the last consonants to be acquired (Lavie
1978, Ben-David 2001; 2014)

0 Acquired first in word-final position, then

intervocalic, then word-initial (Cohen 2015; Cohen & Ben-
David 2016)

0 Phoneme Consistency facilitates acquisition



Acquisition of [K]
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0 Among the only cases of non-prosodically
motivated deletion (Ben-David 2001; Ben-David & Bat-El 2016)

0 Substantial inter-child variation in quality of

Substitute Category (henceforth: SC) (Ben-David 2001;
Ben-David & Bat-El 2016)



Selection of SC
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0 Our question: which factors determine the selection
of Substitute Category?

0 Today we look at:
0 Percepts (Phoneme Consistency)
0 Prosody

0 Segmental Environment



Hebrew SCs
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0 Longitudinal study: Ben-David (2001)
o 10 Hebrew acquiring children

0 Qualitative data only

0 Prosody plays a role in substitution
0 Substitution: ends in codas before onsets

0 SCs: Sonorants [l, j, n] in onsets, fricative [x] in coda



Data
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0 Corpus: Child Language Project (directed by Outi Bat-El
and Galit Adam)

o Two typically-developing monolingual children
acquiring Hebrew: SR (a boy) and RM (a girl)
0 Recording started before the first recognisable word

0 Weekly sessions

0 Developmental periods are determined by

vocabulary size, not chronological age (Adam and Bat-
El 2008; 2009)



Data Analysis
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0 Productions of /B/ classified into three categories
(Cohen 2015):
1. Deletion

2.  Substitution
3.  Faithful

0 Other strategies (e.g. metathesis) were negligible
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Data Analysis
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0 SCs classified by:

1. Segmental Properties (place, manner)

2. Prosodic Position
® Word initial (#_)
® Intervocalic (V_V)
m Word final (_#)

5.  Adjacent Vowels (height, backness, roundness)

4. Nearby Consonants (place, manner)



Choice of SC
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0 19 SCs - any consonant in Hebrew!

Substitute SR RM Overall Example
X 3 5% 127 55% 130 45% /par par/—[bax bax] butterfly' (SR, 1:08.24)
] 17 29% 22 9% 39 13% /'Bofl—[ 'jof] head' (RM.1:09.27)
g 18  31% 6 3% 24 8% /' kengusu/—[gu gum] 'kangaroo' (SR. 1:04.10)
W 9 15% 13 6% 22 8% /2ax ' je/—[2aw je] 'lion' (SR, 1:05.04)
1 6 10% 15 6% 21 7% /bak 'vaz/—[bal vad] 'duck' (SR, 1:11.02)
d 0 0% 10 4% 10 3% /'¥aaf/ — [ daf] 'noise' (RM, 1:10.13)
k 2 3% 6 3% g 3% /¥0 " a/—[ko a] 'see 1.sg fm pres' (RM, 2:08.02)
t 0 0% 7 3% 7 20, /¥a kevet/—[ta kevet] 'train' (RM, 2:01.06)
n 1 2% 5 2% 6 2% /a'xer/—[ xen] 'other' (RM, 1:10.28)
v 0 0% 6 3% 6 2% /"sewet/—[ sevet] 'movie' (RM. 2:01.06)
m 0 0% 6 3% 6 2% /max 'zi¥/—[nax zim] 'return 1.pl.fut' (RM. 2:04.05)
b 2 3% 1 04% 3 1% /si'pur/—[sis pub] 'story' (RM, 2:05.15)
I 0 0% 3 1% 3 1% /¥a kevet/—[faa kevet] 'train' (RM, 2:01.19)
p 0 0% 2 1% 2 1% /' pewax/—[ pepa] 'flower' (RM, 2:01.19)
3 1 2% 0 0% 1 0.3% /d3i ¥afa/—[ 3iza] 'giraffe' (SR, 1:05.04)
f 0 0% 1 0.4% 1 03% /ga'zagti/—[ga zafti] 'cut 1.sg.past' (RM, 2:11.14)
S 0 0% 1 04% 1 0.3% /¥0 'a/—[so a] 'see 1.sg.fm.pres' (RM, 2:09.13)
z 0 0% 1 0.4% 1 0.3% Nif bor/—[lif poz] 'break inf' (RM, 2:01.19)
q 0 0% 1 04% 1 0.3% /letsa’'jex/—[lesa jeSa] 'draw inf' (RM., 2:03.29)

Total 59 233 202




Quantity of Substitution
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0 292 B-substitutions out of 7367 targets (3.96%)
0 SR: 59 out of 2642 targets (2.23%)
0 RM: 233 out of 4725 targets (4.93%)




Quantity of Substitution
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0 Substitution across developmental periods
00 SR — peak at period 2 (n=17)
00 RM — peak at period 13 (n=34)

SR and RM substitutions
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Quantity of Substitution
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0 Differences among the two children (Bat-El 2012; Cohen
2012; Gafni 2012)

o0 SR: segments fast, prosody slow

00 RM: segments slow, prosody fast



Quantity of Substitution
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0 Substitution as a transitional phase in word-initial
productions of /B/ (from Cohen 2015)
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[ ]
Prosodic Factors

0 Larger variability in onsets, relative stability in coda

0 Phoneme Consistency (Cohen 2015)

Word-initial Intervocalic Word-final

SCs Substitutions  SCs  Substitutions  SCs  Substitutions
RM [x] 48% 24 [x] 32% 17 [x]1 1% 72

[1] 12% 6 1] 17% 9 ] 6% 6

[d] 10% 5 [d] 9% 5 [w] 6% 6

[i] 6% 3 (W] 9% 5 [1] 4% 4

[e] 4% 2 [t] 7% 4 [m] 3% 3

(k] 4% 2 [v] 6% 3 (k] 2% 2

[n] 4% 2 [k] 4% 2 [n] 2% 2

[w] 4% 2 [1] 4% 2 [b] 1% 1

[m] 2% 1 [m] 4% 2 [2] 1% 1

[s] 2% | [p] 4% 2 [t] 1% 1

[f] 2% 1 [g] 2% 1 [v] 1% 1

[t] 2% | [n] 2% | [z] 1% 1

[f] 2% 1 [¢] 1% 1



Prosodic Factors
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0 Less data, but same tendencies

Word-initial Intervocalic Word-final
SCs Substitutions SCs  Substitutions  SCs  Substitutions
SR [W] 100% 1 [e] 39% 16 [w] 350% 6
I 37% 15 [x]1 17% 2
] 10% 4 [g] 8% 1
[b] 5% 2 [i] 8% 1
k] 5% 2 [ 8% 1
[w] 2% 1 [n] 8% 1
5] 2% 1



Cross-Sectional Data
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0 Cross-sectional study: Cohen & Ben-David (201 6)
0 581 children

0 9748 B-targets

m 985 (10.1%) B-substitutions: Initial (302), medial (307) and
final (376)

0 Tokens classified by SC type and prosodic position



Cross-Sectional Data
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0 Variability in onsets, stability in coda

o Consistent with longitudinal data

Word-initial Intervocalic Word-final

SCs Substitutions SCs  Substitutions SCs  Substitutions
[i] 55% [i] 57% [x] 87%
1] 22.7% [1] 23% D] 9%
[w] 8.9% [w] 9% [1] 3.8%
[X] 4.6% [X] 5% [Kk] 0.2%
9] 2.5% 1] 2.8%

[n] 2.4% [n] 1.9%

[Kk] 1.9% [g] 1.3%

(2] 0.9%

[d] 0.7%

[h] 0.4%



Segmental Factors
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0 Reminder — we look at nearby vowels and consonants

0 Why Vowels?

o Consonant-Vowel assimilation (e.g. Hyman 1973, Hume 1990; 1994;

1996, Pulleyblank 1989, Broselow & Niyondagara 1989, Mester & lto 1989, Lahiri &
Evers 1991, Padgett 2011)

m Front vowels (i, e) with front (coronal) consonants
® Back vowels (q, o, u) with back (dorsal) consonants

0 Why Consonants?

0 Consonant harmony (e.g. Lewis 1936/1951, Cruttenden 1978, Levelt 1994,

Berg 1992, Rose 2000, Goad 1997, Pater 1997, Pater and Werle 2001, for a review
see Gafni 2012)



Preceding Vowel
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o SR:

0 SCs harmonic with Vs
m Coronals after front vowel (86%)

m Dorsals after back vowel (65%)

0 Labials are negligible throughout

Preceding Vowel LAB COR DOR Total
SR Front 0 0% 12 | 86% 2 14% 14
Back 2 5% 13 30% 28 = 65% 43

# 0 0% 0 0% 1 100% L



Preceding Vowel
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1 RM:

o Dorsals > Coronals in all environments
o Dorsals after back (74%) > Dorsals after front (54%)

Preceding Vowel LAB COR DOR Total
RM Front 8 15% 16 | 31% 28 | 54% 52
Back 7 6% 25 H20%W 91 WI4% 123
= 1 2% 19 38% 30 60% 50
& 0 0% 4 50% 4 50% 8



Preceding Vowel
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0 RM compared to SR:
o1 Period 1-10 — Identical, SCs harmonic with Vs

o Later — Dorsals > Coronals

Preceding Vowel LAB COR DOR Total

RM  P.1-10 Front 1 7% 10 = 71% 3 21% 14
Back 4 10% 11  27% 26 | 63% 41
# 1 8% 9 75% 2 17% 12

C 0 0% 1 100% 0O 0% 1

P.11-20 Front 3 13% 4 17% 16 = 70% 23
Back | 2% 8 13% 51 @ 85% 60

# 0 0% 9 43% 12 57% 21

C 0 0% 3 60% 2 40% 5

P.21-44 Front 4  27% 2 13% 9 60% 15
Back 2 9% 5 23% 15 @ 68% 22
# 0 0% 1 6% 16  94% 17

C 0 0% 0 0% 2 100% 2



Preceding Consonant

“ Background Method Quantity Prosody Segmental Conclusions

0 We also look at nearby consonants

o0 Examples of full and partial (place) harmony

Surface Form Target Gloss Child Period Age
Full harmony  "pepa 'peBax 'flower' RM 16 2:01.19
va'vod va'sod 'pink’ RM 9 1;11.18
gu'gum 'kengusu  'kangaroo' SR 2 1;04.10
Partial harmony  "tuul ka'dus 'ball' RM 2 1:05.14
‘sijaa s1'Ba 'boat’ SR 4 1:05.15
‘kakal ‘tyaktom ‘tractor’ SR 3 1:05.08



Preceding Consonant
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0 RM: Dorsals are equally preferred across all

environments
Preceding Consonant LAB COR DOR Total
RM LAB 16% 8 16% = 35 69% 51

8

COR 6 8% 21 27% | 51  65% 78

DOR 0 0% IT 31% = 25 69% 36
2

No Preceding Consonant 3% 23 34% 43 63% 68



Preceding Consonant

0 SR: Consonants matter!
m Coronals after Coronals (81%)

m Dorsals after Dorsals (89%)

Preceding Consonant LAB COR DOR Total
SR LAB 2 18% 4 36°% 5 45% 11
COR 0 0% 13 81% 3 19% 16
DOR 0 0% 2 11% = 16 89% 18
No Preceding Consonant 0 0% 6 43% 8  57% 14



Interim Summary
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0 So far: Preceding Vowel & Consonant
0 RM: Vowels are triggers, consonants are not

0 SR: Vowels and consonants are triggers



Segmental Cumulative Effect

m Background Method Quantity Prosody Segmental Conclusions

0 SR: Cumulative effect
0 Substitution mostly when V and C are harmonic

0 Consistent with typology: Consonant harmony across

homorganic vowels is less marked than non-homorganic
(Levelt 1994, Stoel-Gammon 1996, Pater & Werle 2001)

LAB COR DOR Total
SR Front LAB 0 0% 1 100% 0 0% 1
COR 0 0% 10 83% 2 17% 12
DOR 0 0% 0 0% 0 0% 0
Back LAB 2 20% 3 30% 5 50% 10
COR 0 0% 3 75% | 25% 1
DOR 0 0% 2 11% 16 89% 18



Segmental Cumulative Effect
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1 RM (periods 1-10): No cumulative effect

LAB COR DOR Total
RM Front LAB 0 0% 2 67% | 33% 3
COR 0 0% 2 50% 2 50% 4
DOR 0 0% 5 100% 0 0% 5
Back LAB 2 13# 0 0% 14 88% 16
COR 0 0% 1 20% 4 80% 5
DOR 0 0% 3 43% 4 57% 7



Conclusions
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1 Our question was:

Which factors determine the selection of Substitute
Category?

01 Percepts (i.e. Phoneme Consistency)
0 Prosody

0 Segmental Environment



Conclusions
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0 Prosody and Percepts determine variability
O Less variability in coda compared to onset

0 Predicted by Phoneme Consistency (Cohen 2015)

0 Segmental factors play a role as well

o Contribute to selection of place of articulation in early
substitution

o Two stages, similarly to Quebec French (Rose 2000; 2003):
m Stage |: Assimilatory (C-V assimilation / Consonant harmony)

m Stage ll: Non-assimilatory (Dorsal [x]), skipped by SR



Next Steps
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0 Substitution in other segments

o [I] = acquired in onset before coda
o[x] - ¢

0 Effect of phoneme frequency across prosodic
positions?

0 Acoustic cues for /B/ in SCs?2 (see Knight et al. 2007)



Thank you vewy much!



References
B

Adam, G & O. Bat-El. 2008. Segmental effects on syllable selection: Evidence from Hebrew, In A. Gavarro and M.J. Freitas (Eds.),
Language Acquisition and Development: Proceedings of GALA 2007 (pp. 1-11). Newscastle: Cambridge Scholars Publishing.

Adam, G & O. Bat-El. 2009. When do universal preferences emerge in language development? The acquisition of Hebrew stress,
Brill's Annual of Afroasiaic Languages and Linguistics 1, 1-28.

Bat-El, O. 201 2. Phonological constraints on morphological development: The acquisition of Hebrew verb inflectional suffixes. BAALL
4:189-212.

Ben-David, A. 2014. Norms in Hebrew phonological acquisition. Paper presented at the 50th Annual Meeting of the Israeli
Association for Speech, Hearing, and Language (ISHLA), Tel-Aviy, Israel.

Ben-David, A. 2001. Language acquisition and phonological theory: Universal and variable process across children and across
languages. Ph.D. dissertation. Tel-Aviv University.

Ben-David A. & O. Bat-El. 201 6. Developing phonology. In A. Bar-On & D. Ravid (eds) Handbook of Communication Disorders:
Theoretical, Empirical, and Applied Linguistic Perspectives.

Berg, T. 1992. Phonological harmony as a processing problem. Journal of Child Language 19:225-257.

Bolozky, S. & R. Kreitman. 2007. Uvulars in Israeli Hebrew — their phonetic and phonological status. The National Association of
Professors of Hebrew's International Conference on Hebrew Language, Literature and Culture. Sydney, Australia July 2-4.

Bosma Smit, A. 1993. Phonologic error distributions in the lowa-Nebraska Articulation Norms Project: word-initial consonant
clusters. Journal of Speech and Hearing Research, 36, 931-947.

Broselow, E. & A. Niyondagara. 1989. Feature geometry of Kirundi palatalization. Studies in the Linguistic Sciences 20(1). 71-88.
Clements, G. N. 1989. A unified set of features for consonants and vowels. Ms. Ithaca, NY: Cornell University.

Cohen, E. G. 2012. Vowel harmony and universality in Hebrew acquisition. Brill's Journal of Afroasiatic Languages and Linguistics,

4(1), 7-29.



References
e

Cohen, E. G. 2015. Phoneme complexity and frequency in the acquisition of Hebrew rhotics. Journal of child language acquisition
development, Vol 3.

Cohen, E. G., & A. Ben-David. 2016. The role of allophony and frequency in the acquisition of the Hebrew rhotic. Clinical
linguistics & phonetics, 30(2), 101-118.

Cohen, E., Savu, C., & L. Laks. 2015. Onset fortition in Hebrew rhotics: The effects of prosody and gender. Manuscript submitted
for publication.

Cruttenden, A. 1978. Assimilation in child language and elsewhere. Journal of Child Language 5:373-378.

Dinnsen, D. A. 1996. Context effects in the acquisition of fricatives. In Proceedings of the UBC international conference on
phonological acquisition (Vol. 136, p. 148). Cascadilla Press.

Edwards, M. L. 1973. The acquisition of liquids. Working Papers in Linguistics 15, 1-54.

Ferguson, C. A. 1978. Fricatives in child language acquisition. In V. Honsa & M. J. Hardman-de-Bautista (eds.) Papers on linguistics
and child language.

Fikkert, P. 1994. On the acquisition of prosodic structure. The Hague: Holland Academic Graphics.

Freitas, M. J. 1994. Alveolar trill(ions of problems): Evidence from children acquiring European Portuguese syllables. Paper
presented in the First Lisbon Meeting on Child Language. University of Lisbon, Lisbon.

Gafni, C. 2012. Consonant Harmony in the Scope of Language Development. Doctoral dissertation, Tel Aviv University.

Goad, H. 1997. Consonant harmony in child language: An Optimality-Theoretic account. In S. Hannahs and M. Young-Scholten (eds),
Focus on Phonological Acquisition, 113-142. Amsterdam: John Benjamins.

Hume, E. 1990. Front vowels, palatal consonants and the rule of umlaut in Korean. In J. Carter, R.-M. Déchaine, B. Philip & T. Sherer
(eds.), Proceedings of the NorthEastern Linguistic Society 20, 230-243. Amherst: GLSA.

Hume, E. 1994. Front Vowels, Coronal Consonants, and their Interaction in Nonlinear Phonology. London: Garland.



References
A

Hume, E. 1996. Coronal consonant, front vowel parallels in Maltese. Natural Language & Linguistic Theory, 14(1), 163-203.

Hyman, L. 1973. The feature [grave] in phonological theory. Journal of Phonetics, 1(4), 329-337.

Knight, R. A., Dalcher, C. V., & M. J. Jones. 2007. A real-time case study of rhotic acquisition in Southern British English. In 16th
International Congress of Phonetic Sciences (pp. 1581-4)..

Lahiri, A & V. Evers. 1991. Palatalization and coronality. In C. Paradis & J.-F. Prunet (eds.), The Special Status of Coronals, 79-
100. San Diego: Academic Press.

Lavie, S. 1978. Norms of acquiring the consonants in Hebrew in children aged 3 to 5 years (Unpublished MA thesis). Tel-Aviv
University, Tel-Aviv, Israel [in Hebrew].

Levelt, C. 1994. On the Acquisition of Place. PhD Dissertation, Holland Institute of General Linguistics

Lewis, Morris. 1936/1951. Infant Speech. London: Routledge & Kegan Paul.

McCallister-Byun, T. 201 1. A gestural account of a child-specific neutralisation in strong position. Phonology 28, 371-412.
Menn, L. 1971. Phonotactic rules in beginning speech. Lingua 26, 225-251.

Mester, A. & J. It6. 1989. Feature predictability and underspecification: Palatal prosody in Japanese mimetics. Language 65. 258-
293.

Padgett, J. 201 1. Consonant-vowel place feature interactions. In Van Oostendorp, M., C. Ewen, E. Hume & K. Rice (eds.) The
Blackwell companion to phonology, volume 3. Malden, MA: Wiley-Blackwell, 1761-1786.

Pater, J. 1997. Minimal Violation and Phonological Development. Language Acquisition 6201-253.
Pater, J. & A. Werle. 2001. Typology and variation in child consonant harmony. In Proceedings of HILP Vol. 5, 119-139.

Pulleyblank, E. G. 1989. The role of coronal in articulator based features. In CLS. Papers from the General Session at the Regional
Meeting Vol. 25, No. 1, pp. 379-393.



References
T

Rose, Y. 2000. Headedness and Prosodic Licensing in the L1 Acquisition of Phonology. PhD dissertation, McGill University.

Rose, Y. 2003. Place specification and segmental distribution in the acquisition of word-final consonant syllabification. The
Canadian Journal of Linguistics/La revue canadienne de linguistique 48(2), 409-435.

Smith, N.V. 1973. The Acquisition of Phonology: A Case Study. Cambridge University Press.

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



