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Resyllabification in English: A phonetic study of word-medial /s/
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Abstract

This study aimed to show that Selkirk’s concept of resyllabification offers a better analysis than Kahn’s ambisyllabification
to account for phonetic resyllabification. We conducted two production experiments to investigate the acoustic
characteristics of the English /s/ in real words and nonce words. Ten English native speakers and six English native
speakers participated in experiment 1 and experiment 2, respectively. Three acoustic cues - frication duration, center of
gravity and aspiration duration of word-medial /s/ - were measured. We found that these three cues of the word-medial /s/
were realized significantly differently depending on the stresshood and openness of the preceding syllable. We preferred
Selkirk’s resyllabification to Kahn’s ambisyllabification to explain this result because the word-medial and intervocalic /s/
behaved as the coda (as opposed to the onset) when the preceding syllable was stressed and open. The result thus
suggested that two conditions must be met for the resyllabification rule to apply in English: a word-medial consonant is
resyllabified only when its preceding syllable is stressed and open.
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Table 4. Mixed-effects of s-dur in experiment 1

s-dur (real words-2)

Random effects:

Groups Name Variance | Std. Dev.
Speaker (Intercept) 46.46 6.816
Residual 89.10 9.439
Fixed effects:
Std. error df t-value Pr(>l)
(Intercept) 3.5166 63036 | 24.054 |1.93e-07"
Syllable/open 2.2686 152.012 0.275 0.7837
Stress/stressed | 2.2484 152.0155 1.809 0.0725
Svllablelopen = | 5 0335 | 152011 | 6527 | 9.46e-10"
stress/stressed
s-dur (real words-%{)
Random effects:
Groups Name Variance | Std. Dev.
Speaker (Intercept) 233.5 15.28
Residual 287.3 16.95
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Std. error df t-value Pr(>l)
(Intercept) 7.502 5.391 14791 | 1.43e-05""
Syllable/open 4.033 156.003 0.834 0.4054
Stress/stressed 4.014 156.002 2.144 0.0336"
Syllablefopen s | 5 300 | 156034 | 4437 | 172005
stress/stressed
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6. 23 19 5-COG BA A7
Table 6. Mixed-effects of s-COG in experiment 1

s-COG (real words-2)

Random effects:

Groups Name Variance | Std. Dev.
Speaker (Intercept)| 124,942 353.5
Residual 408,894 639.4
Fixed effects:
Std. error df t-value Pr(>[))
(Intercept) 197.734 7.949 28.251 | 2.93¢-09""
Syllable/open | 158.038 149.116 -1.903 0.05898
Stress/stressed | 152.306 148.993 0.253 0.80056
Syllablefopen : | 7 614 | 149.008 3.04 0.00279"
stress/stressed
s-COG (real words-7)
Random effects:
Groups Name Variance | Std. Dev.
Speaker (Intercept)| 124,008 352.1
Residual 449,816 670.7
Fixed effects:
Std. error df t-value Pr(>[t))
(Intercept) 199.488 8.021 20.5 3.25¢-08""
Syllable/open | 164.866 136.009 -1.413 0.16
Stress/stressed | 169.302 136.019 0.11 0.913
Syllable/open = |5 079 | 136,013 4014 | 9.82¢-05""
stress/stressed

FFF

p<001, ” p<01, p<05
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Table 7. Results of s-asp in experiment 1 (real words)
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(ms) | © 13.65 11.90 11.43 10.59
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Figure 4. Box plot of s-asp in experiment 1
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Table 8. Mixed-effects of s-asp in experiment 1

s-asp (real words-'2)

Random effects:

Groups Name Variance | Std. Dev.
Speaker (Intercept) 0.1823 0.427
Residual 9.7261 3.119
Fixed effects:
Std. error df t-value Pr(>Jt)
(Intercept) 0.6099 498514 13.95 <2e-16""
Syllable/open 0.7427 156.1298 2211 0.0285"
Stress/stressed | 0.7427 156.1298 -0.997 0.3201
Svllablelopen =\~ o919 | 1560865 | -1.973 | 0.0500°
stress/stressed
s-asp (real words-©1)
Random effects:
Groups Name Variance | Std. Dev.
Speaker (Intercept) 0.2156 0.4643
Residual 10.4675 3.2353
Fixed effects:
Std. error df t-value Pr(>Jt)
(Intercept) 0.6261 452149 18.25 <e-16""
Syllable/open | 0.7735 | 154.2278 2.887 0.00445"
Stress/stressed | 0.7626 154.0474 -1.103 0.27189
Syllablefopen : |y 0315 | 1541404 | —0887 | 0.03626"
stress/stressed
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vrielolth A9 Aks & o5l 918 /s/7F A3 5] e
CEAIMPZEAL, M= 2l wet s-dur, s-COGH! s-aspell A o] ®
zto] & Hol =4 ZAFsl7] $13) BT (nonce words)= 73 3F
Atk

o2 3 HA 573 AR e A 2 s A 2] 7 | e
Aol A et om, 98 A} ol g FEs] oo, 7 whol
o A9 YA S eute & Q] B F 558 A 2ks}

A}, =83k 84 HAle &4 BA Z2 19 Praat5 378
ol -3kl 245151},

H9.34 4200 55

Table 9. Data for experiment 2
/s/ 1A =+ 34 A 2o

Aa & AN
_ [A% S A0 AA)
AT aa sa@aEA)

A9 &A1 AA)

PAsap, Plsip, PUsup8
paSAP, piSIP, puSUP
PANsap, PINsip, PUNsup
panSAP, pinSIP, punSUP

3 90 U2 A3 o] 1270 Kalvin T2 1382 AF-g-31o] =

Sk oH, SAE AR e sk, w4 § ‘say
again' = AH&-8to] Al WA slstA sl & EFS]

T 216700 tH(127] ©ol <3l HHEx6™d 31A}). B2 240
+ R-Linear mixed model 57 X2 735 A2}t

102 549 A9 2 4942 v sdur, s-COG “12] 3L
HEahs HojFu)

s-asp2]

F10. Hldo] S AP SFHA AT
Table 10. Results of acoustic cues in experiment 2 (nonce words)

E 11 vlgo] S AF 29 s-dur 23

Table 11. Results of s-dur in experiment 2(nonce words)

/87 AR EE | d¥eE | A¥eE | AP EE
=X ONZA) (02D @A) | @sm17EA)
s-dur | & 112.76 159.63 129.64 135.88
(ms) | ¢} 103.52 141.06 119.69 124.35
s-dur{nonce words-male) sdur(nonce words-female)
817 T I

2%@;?

120

110

100

120

T
stiessedopen

I 5. AE 200 A s-dur

usER

Figure 5. Box plot of s-dur in experiment 2

3 12 1]do] ol A s-durel] th3F R-mixed effects
IE Ho Fot

F12. 49 29 s-dur TA A}
Table 12. Mixed-effects of s-dur in experiment 2

stiessedclosed  wistiessed closed  sressedopen  unstressed open

Rk

s-dur (nonce words-'2)

Random effects:

S A s-dur (ms) s-COG (Hz) s-asp (ms)
/s/ 373 o & = o] g |9
A8 54
N7 A 112.76 | 103.52 | 4,464.86 | 3,656.08 | 10.08 | 11.09
s 54
/e 7 159.63 | 141.06 | 5,253.71 | 4,396.67 | 6.47 | 6.19
a5 29.64 | 119.69 | 4,925.46 | 4,152.16 80
129. 119. . 152.1 . .
1 4740) 6 925 15 77| 7
A5 135.88 | 124.35 | 5,134.50 | 4,263.06 | 6.42 | 5.84
GEEIRAZD ) ’ T e ' '

2.2.1. /s/&] A0 (s-dur)
3% 119 19 5004 Bwko] s-dur B 3ES A HH o 3}
2F B g S| A7 e A o1 s-duro] A3 =
1 lﬂ*ﬂ A1 7% s-durl vk Zgheh 1Eluk s SRl
F5 wWol 25 fov8kA ZFol 7t BA 9 112.76 ms vs.
159.63 ms, ©3: 103.52 ms vs. 141.06 ms) 4138 o] |4 22
A5 Fou ek Aol & BolA] ¥ lES & T AT

15»]-« o= = T
129.64 ms vs. 135.88 ms, ©3: 119.69 ms vs. 124.35 ms).

= g =

18449 19 AAYATAE 2% 02 UG ol
S A= [, Vi [i] 2, Uus [u] 2 231 319k

106 Lim, Jina -

Groups Name Variance | Std. Dev.
Speaker (Intercept) | 8.05E-13 | 8.97E-07
Residual 6.07E+02 | 2.46E+01
Fixed effects:
Std. error df t-value Pr(>Jt)
(Intercept) 9311 25 11.823 | 9.87¢-12""
Syllable/open 13.705 25 —0.448 0.658
Stress/stressed | 12.749 25 0.318 0.753
Syllablelopen | =g 1g 25 2176 | 0.0392"
stress/stressed
s-dur (nonce words-©7)
Random effects:
Groups Name Variance | Std. Dev.
Speaker (Intercept) 0 0
Residual 40.38 6.355
Fixed effects:
Std. error df t-value Pr(>Jt)
(Intercept) 3.669 8 31.4 1.15¢-09""
Syllable/open 5.189 8 —2.389 0.043909"
Stress/stressed 5.189 8 —0.358 0.729261
Syllablefopen : |5 130 8 5047 | 0.000992™
stress/stressed
T p<001, T p<01, p<05
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¥ 129] B]ES] s-durel] thdt R-mixed effects 54 #2] 237}
A3y S A FElEEAmIAAN S 52 GRS/ )<
AABAS B o ofF 5y 24 AF 19 AA oo 9 mhzk
7HA = ﬁ & o] /MW Sdo] 1 Al S A Aol 2o
St Bl A vJ W Zol7} Q55 o ATH(e: Pr=0.0392",
gt 54 243 191 4

ﬁ}ﬂ 7L°] A3 Eéo] 7o ] 4ol MY S8 Tt s-dur©]
O Frotxl A Q18 J
AT AN FEA Aol 534 A

ek,

“'—'L’-

[e)
A=
A

2.2.2. /s/.J FA 54 (s-COG)

% 1337 719 69 BlTo] s-COGY H kS A /o
A B s S| 7‘*117} A= 75 015 s-COGREe] A8
S40] HFA 54 A §- s-COGR KT ottt 181 /)

= a3/ +$ Freu|akA o)zt WA R
,253.71 Hz, ©3: 3,656.08 Hz vs. 4,396.67 Hz) A1 &
A= Y] sh xfol & HolA] & Sl

)
= =
ok 4= QUK 4,925.46 vs. 5,134.50 Hz, ©1: 4,152.16 Hz vs.

13, 8ol 343 43 29 s-COGE %
Table 13. Results of s-COG in experiment 2 (nonce words)

/B AP SHE | AFSE | HAFeE | Ay A

S X ONS73AD (N 734D @2 73A) [ @20/ 73A)
s-COG| & | 4464.86 5,253.71 4,925.46 5,134.50
(Hz) | 3,656.08 4,396.67 4,152.16 4,263.06

s-COG(nonce words-male) $-COG(nonce words-female)

4200
L
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a9 6. 43 2004 5-COG W= EF
Figure 6. Box plot of s-COG in experiment 2

¥ 14+ Hto] ol A s-COG®l| th3t R-mixed effects &7 29
AE Kol ok 3E149] A A Aol A A8 S 2] Al
FEHEFAMZEAN S 54 Fuod/A )] AaaAE & o
A=y gdo] A Sdola A Sl A f-ollwk Wo st
SO A frefml§k 2pol 7 Qe & S ATk
o3: Pr=0.0424").

ol gt FA Aik= AAo] o5 /s/9k P72 1] Ehe] o]

= % 38 ASE3}E H2 F s-COGHKo A TS s-dure]]

Lim, Jina -

9} vk 2 5o 8k Ao] & WolFErhe 212wt

F 14. 29 29 5-COG FA A7
Table 14. mixed-effects of s-COG in experiment 2

s-COG (nonce words-'#)

Random effects:

Groups Name Variance | Std. Dev.
Speaker (Intercept)| 1.04E-09 | 3.22E-05
Residual 3.30E+05 | 5.75E+02
Fixed effects:
Std. error df t-value Pr(>lt))
(Intercept) 2172 25 24379 | <2e-16""
Syllable/open | 319.6 25 -3.703 | 0.00106™
Stress/stressed 297.4 25 -0.461 0.6487
Syllable/open - | g o 25 3.003 | 0.00600
stress/stressed
s-COG (nonce words-%)
Random effects:
Groups Name Variance | Std. Dev.
Speaker (Intercept) 0 0
Residual 64707 254.4
Fixed effects:
Std. error df t-value Pr(>lt)
(Intercept) 146.86 8 25.545 | 5.91e-09""
Syllable/open 207.7 8 -2.431 0.0412"
Stress/stressed 207.7 8 0.068 0.9478
Syllablefopen : |5 4 8 2411 | 0.0424°
stress/stressed
T p<001, T p<01, p<.05

.
%4 29

o] Ao} Arbsl vhAA = £ 4 20 ek
of A 4 ;

1
@ So] A wdea A 5

A = = E] Lq1 S'dUIO] Eﬂ
Frob7 53 2ol w.coGato] o SobalA | 28 shalg

% olek.

2.2.3. /5/2] 712 AlZ}(s-asp)

¥ 159 13 79] Bldo] o F /5/2] s-asp HH kS AR
ol st BF A8 Sl AA7E s B ol F saspatol
A3 Sdo] B2 S8R A% saspatETHH AT

el s o] A SR A= Wel BT el m)st
Al ZFo] 7t WA THCE: 10.08 ms vs. 6.47 ms, ©1: 11.09 ms vs. 6.19
ms) A3 o] #H4 34 A= FAF b= frelul s A}
o] & KolA At A2} SRz Frolv] §h Aol & Btk

7.77 ms vs. 6.42 ms, ©3: 7.80 vs. 5.84 ms).

E 15 0] 4 AF 29 s-asp A
Table 15. Results of s-asp in experiment 2 (nonce words)

/3 AW S | AR SE | A8 SE | A8 54
o R A ONEZ3AD | N8I 734D | @A 734 [ @2m173A)
s-asp | & 10.08 6.47 7.77 6.42
(ms) | <] 11.09 6.19 7.80 5.84
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s-asp(nonce words-male)

1 =3
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s-asp(nonce words-female)

T
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stressed open

O% 7. A3 2004 s-asp W FF
Figure 7. Box plot of s-asp in experiment 2

¥ 162 1] s-aspell Ul S R-mixed effects 57 -4 A2}H&

RHojFEo)

F16. 2F 29] s-asp A 23}

Table 16. mixed-effects of s-asp in experiment 2

s-asp (nonce words-'2)

Random effects:

Groups Name Variance | Std. Dev.
Speaker (Intercept) | 1.29E-16 | 1.14E-08
Residual 1.77E+00 | 1.33E+00
Fixed effects:
Std. error df t-value Pr(>|f)
(Intercept) 0.5438 21 14298 | 2.7¢-12""
Syllable/open | 0.8066 21 2.86 0.00937"
Stress/stressed 0.769 21 -1.114 0.27788
Syllablefopen = | g7 21 -2.894 | 0.00868"
stress/stressed
s-asp (nonce words-©7)
Random effects:
Groups Name Variance | Std. Dev.
Speaker (Intercept) | 5.52E-16 | 2.35E-08
Residual 1.19E+00 | 1.09E+00
Fixed effects:
Std. error df t-value Pr(>l)
(Intercept) 0.6307 8 12363 | 1.71e-06""
Syllable/open | 0.8919 8 3.696 0.00607"
Stress/stressed | 0.8919 8 -2.194 0.05956
Syllable/open : | )5 8 2336 | 0.04770°
stress/stressed
T p<001, T p<01, p<05
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