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RELATIVE TIMING OF THE CONSONANT AND VOWEL ARTICULATIONS
IN SELECTED VCV UTTERANCES IN AMERICAN ENGLISH

Shigeru Kiritani and Hajime Hirose

It is generally believed that, in the production of a V1CV2
sequence, the consonantal gesture and the diphthongal gesture
from the preconsonantal vowel to the postconsonantal vowel occur
simultaneously and the consonantal movement is temporally super-
imposed on to the diphthongal movement. It is also believed that
the relative timing between the consonantal movement and the
diphthongal movement may vary according tb the presence or absence
of the word boundary or other kinds of boundaries. In order to
investigate such an effect of the word boundary, the articulatory
movement for the production of VIC (or consonént cluster:)v2 se-
quences in American English was observed by means of the X-ray
microbeam system using test utterances having the word boundary
located at Qarious positions in the same sets of VCV sequences.

In the present paper, preliminary data for the following
test utterances will be presented as a part of a larger set of
VCV sequences.

Miss Pa pede it. Miss Pop eats it. Miss pop pede 1it,

Miss Pee pots it. Miss Reep‘bfts it. ‘Miss peep pots it.

Miss Pa pooed it. Miss Pop ooed it. Miss Pop pooed it.

Miss Pee pooed it. Miss Pop ooed it. Miss Pop poéed it.

Miss Pa sots it. Miss Poss otts it.

Miss pa seeds it. Miss Poss eats it.

Miss Pee sots it. Miss Piece otts it.

Miss pa lots it. Miss pa plots it. Miss pop plots it.

Data Assessment

The subject was a native speaker
of American English who was born and
raised in the city of New York. As
shown in Fig. 1, three pellets were

attached to the surface of the tongue X

~

and one pellet each was attached to Fig. 1 Schematic illustration of the

the lower 1lip and the lower incisor. locations of the pellets
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Movements of the five pellets were recorded by means of the X-ray
microbeam system at a rate of 130 frames per second.

Results
Vi#pV, vs. Vip#V,

Figure 2 illustrates superposed displays of the time func-
tions of the pellet coordinate and the speech envelope for the
pairs of utterances of the Vl#pV2 and the Vip#v2 type, in which
the X-coordinate of pellet 1 roughly representing the front-back
movement of the toﬁgue is shown. Time curves for the pair of ut-
terances are temporally aligned with reference to the moment of
implosion of /p/. It can be seen that, except for the utterance
pair /Pa pede/ - /Pop eats/, the temporal pattern of the pellet
movement is quite similar for each pair of the uuterances. Namely,
there is no apparent difference in the timing of the start of the
front-back movement of the tongue with reference to the implosion
of /p/ and in the speed of its movement between each pair of the
uuterances. In these utterance pzairs, the temporal pattern of the
pellet movement is quite similar regardless of whether the word
boundary precedes or follows the consonant /p/.

Vl#pV2 Vs, le#pv2

Figure 3rcompares the pairs of utterances containing a single
consonant /p/ and a geminate consonant /pp/. Naturally, the clo-
sure pariod of the consonant is longer for the geminate consonant.
It is noted that for the utterances containing the geminate con-
sonant the speed of the transitional movement during the closure
period is slower than for the utterances with the single consonant.
This tendency can be seen for three pairs of utterances shown in
Figure 3. There is no difference in the speed of transitional
movement between the utterance pair /Pee pooed/ - /Peep pooed/.

Vl#sv2 vs. Vls#V2

In Figure 4, time curves for the pairs of utterances aré
aligned with reference to the moment of the voice onset of V2. In
this case there is a clear difference in the temporal pattern of
the pellet movement between each pair of the utterances. The re-
sult is apparently different from that for the Vl#pV2 and the
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le#V2 pairs presented above. In the case of the utterance Vls#Vz,
movement from /s/ to the following vowel starts during the period
of frication of /s/, while for the utterances Vl#svz, the timing
of the start of the transitional movement is closer to the moment
of voice onset of the following vowel.

Vl#spv2 VS. Vls#pV2

The timing and speed of the transitional movement from /s/
to the following vowel during the closure period of /p/ is almost
the same in these two utterance types. It appears that the dif-
ference in the position of the word boundary has little éffect on
the temporal pattern of the transitional movement.

Vi#1V,,V #p1V,, VPV, |

In the production of Vl#plvg, the speed of the pellet move-
ment toward the target position of /1/ is slower than that in
Vl#lvz. However, in le#lve, the speed is faster than that in
Vl#plv2 and almost the same as that in V1#1V2. The closure period
of /p/ is almost the same in Vl#plv2 and le#lv2 and the target
position for /1/ is reached during the closure period of /p/ in
the latter type, while it is reached after explosion of /p/ in the
former. Thus, there is an apparent effect of the position of the
word boundary in these cases.

Concluding remarks

In the preliminary data presented above, it is observed that
there is a difference in the temporal pattern of the pellet move-
ment between the utterance types Vl#sV2 and Vls#V2 in that the
transitional movement from /s/ to the following vowel with refer-
ence to the onset of the voicing starts earlier in Vls#Va. It can
be assumed that, at the word final (and/or syllable final) position,
articulatory effort to maintain the target gesture is weaker than
at the word initial position and the coarticulation with the fol-
lowing vowel takes place more easily. In contrast, there is little
difference in the pellet movement during the closure period of /p/
between the utterance types Vl#pV2 and le#vz. In the production
of /p/, there is no specific target position of the tongue and the
transitional movement toward the following vowel always takes
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place almost at the same time as the beginning of the /p/ gésture.
Thus, the difference in the position of the word boundary has
little effect on the temporal pattern of the pellet mévement dur-
ing the closure period of /p/.

Another effect observed in the present study is that the
speed of the transitional movement is slower during the geminate
consonant /pp/ than during the single consonant /p/. Presumably,
the speed of movement varies depending on the duration of the
closure period of /p/, during which the transition to the follow-
ing vowel has to occur.

From the present data, there appears to be a word boundary
effect on the speed of transitional movement in /pl/ sequences,
whereas the effect is not apparent in /sp/ sequences. The dif-
ference between the two types of the consonant sequences may be
due to the difference in the types of the consonants or to the
different order of the /p/ and the lingual consonants examined.
Further study is needed for the clarification of this problem.



pellet 1-x , pellet 1-x

speech ...()o— speech
5 \ D\.J\/

Pa sots DE—
Peep otts—-——--- Poss otts ——-—---

pellet 1-x pellet 2

speech / / 4 ‘M N ol /

FTTTTTTTTIITTITITTTI CTTTTTTITLASTITOIITY, FEETTYTYVITYTTTITTI FTTTISITTICITITITIN

Pee pooed Pa pooed —_—
Peep oo0ed ————- Pop ooed @ =--—-—---
Fig. 2 Sueprposed display of the pellet movement for the mNmsmwn\aw<v

pairs of utterances <H&U<m and Vip#Vo



pellet 1-x ‘ pellet 1-x

speech m m -, speech S ‘\J"\‘
e \ o J Eh‘; ! 4 b \

FTT T TT T I TY T TT T FTTTTTTYTT (ST TTY YUY IV AT [TTTTTTTT{ [TTTTITITI [TYTTIVIT) ITTPIIITI)

Pee pots -_ Pee pooéd

Peep pots -—---—--- Peep pooed ------

pellet 1-x pellet

, o el ——
speech ﬂ m* \\ speech m m‘
W) \ \J/ X

TTIITIITIYITIITTTSTITTt [TTITITITI IATTITOIT] FYTTTIT I ITITLITIISITTIRTANIITINIINeY

Pa pede -_— Pa pooed
Pop pede -—----- Pop  pooed TT=T77
Fig. 3 Superposed display of the pellet movement for the (25msec/diy)

pairs of utterances Vv, #pV, and V,p#pVy



pellet 3-y b pellet 3

speech \ “\ speech

Pee sots _— ) Pa seeds ———
(a) Piece.‘ott‘sr ------ c Poss eats e — -

pellet 2-y

speech

Pa seeds _— Pa spots — (25ms/div)

(b) Poss eats T Poss pOt%. }_¥B_—-ellet ovement
; e m
Fig. 4 Superposed display of the pellet movement Fig. 5 Superposed display © P #pV
for the pairs of utterances V,#sV, and v, s#V, for the utterances V;#spV, and V,s#pV,



pellet 3

R s WSV W/ WV A Wi

FTTTYITTTTITITI ITTTIITITI [TTTTITITRERI I TLITTTUTTTISTISCInITI IVVTIIIINe

Pa 1lots 7 - Pa plots Pop 1lots
(25msec/diy)

Fig. 6 Pellet movement for the utterances
Vi#plV, and V;p#1V,

=}



