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ABSTRACT
As part of an effort to examine the transmission 
mechanism of paralinguistic information as well as 
phonation variation due to paralinguistic information, 
laryngeal observation was conducted using high-speed 
digital video image. The results showed that ‘breathy’ and 
‘creaky’ phonation was observed for ‘disappointment’ and 
‘suspicion’ utterances, respectively, while ‘modal’ 
phonation was observed for ‘neutral’ utterances. The 
phonation types characterizing each paralinguistic 
meaning were maintained throughout the vowel and 
consonant portions of the utterance. This fact suggests that 
the domain of phonation control due to paralinguistic 
information is the whole utterance.  This parallels our 
previous findings about articulatory control, suggesting 
that paralinguistic information involves control of 
voice-quality rather than of individual segments. Acoustic 
comparison of more extended data is also discussed. 

1. INTRODUCTION 
Although paralinguistic information (like ‘suspicion’ and 
‘disappointment’) occurs frequently in everyday speech, 
the mechanism for producing paralinguistic information is 
not well understood. Paralinguistic information is defined 
as the information controlled by the speaker but not 
distinguished by written text [1]. In recent years, the 
authors have tried to clarify what is involved in producing 
paralinguistic information. The results showed that 
intonation and rhythm are crucial [2,3,4]. Moreover, the 
influence on articulation affected the whole utterance, not 
just the vowels and consonants. This suggests that changes 
in phonation type, including voice quality changes, may be 
involved [5,6].  

To examine how paralinguistic information affects 
phonation type, which is strongly related to the voice 
source, the present paper examines glottal parameters 
using high-speed digital video recordings [7]. Also, 
acoustic analysis of speech recorded simultaneously with 
high-speed video imaging was done. 

2.METHODS 
2.1 Data 
An adult male speaker of standard (Tokyo) Japanese 
served as a subject. He produced a one-word utterance 
/e’ki/ ("station") with three types of paralinguistic 
renditions, ‘neutral’, ‘suspicion’, and ‘disappointment’, 
and the isolated vowel /e/ uttered with different phonation 
types including ‘modal’, ‘breathy’, and ‘creaky’. The 
glottal image via fiberscope or tele-endoscope was 
recorded by a high-speed digital video imaging system at 
the rate of 4500 frames per second [7,8]. Actual recording 
time for each utterance was 0.68second (3072frames). 
Table 1 shows the utterance list.  

Table 1 Utterance list 
/e/ (sustained vowel) modal, breathy, very breathy, creaky 
/e’ki/ “station” ‘neutral’, ‘disappointment’, ‘suspicion’ 
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ethod of analysis 
rements of the glottal opening area and distance 

en the two vocal folds were done. Figure 1 shows an 
le of how the measurements were made. The 
ure for the measurement of the glottal area is shown 

 left two panels: (1) rotate the images so that the 
of the glottis is in the upright position (2) set the 
old value of the brightness pixel intensity to match 
ttal shape, and (3) measure the subliminal darker

The rectangle in the figure shows the area in which 
rements were done. Method of the distance 
rement is shown in the right panel of the figure. 
 lines (L1 L3) which are orthogonal to the length 
 vocal folds were drawn and the distance between 
o vocal folds at each line were measured. Three 
re located according to the following criteria: L1-- 

diately posterior to the vocal processes (on the side 
 arytenoid cartilages); L2-- immediately anterior to 
cal processes (on the side of the thyroid cartilage); 
he point that is more anterior than L2 and has large 
l movement. In those cases in which the 
ginous glottis was hidden by the arytenoid cartilage, 
ere drawn on the arytenoid cartilage corresponding 

 above-mentioned part. Measurements of multiple 
ere employed since a previous study suggested that 

haracteristics of the glottal movement differ 
ding on the glottal position the ligamental glottis 
e cartilaginous glottis [9]

 1. Example of the area measurement (left two 
) and distance measurement (right).  

3. RESULTS AND DISCUSSION 
stained vowel /e/ 
 2 shows the characteristics of the vocal fold 

ion for different phonation types. Each panel shows 
sed phase of the glottis. Figure 3 shows the result of 
tance measurement In modal phonation, periodical 

l vibrations were observed in the ligamental glottis. 
cartilaginous glottis was covered by the vocal 
ses, but it was assumed to be closed all the time. 
 observations are in agreement with previous studies 
As a result, the time course of the glottal distance in 

 3 shows regular opening and closing movements for 
d L3 and not for L1 at the cartilaginous glottis. In 
y phonation, glottal vibration was observed in both 
gamental and cartilaginous glottis. However, the 
ginous glottis was not fully closed at the closed 

L1 
L2 
L3 



phase. The vocal processes remain separated throughout 
the utterance As a result, the time course of the glottal 
distance at L1 does not show full closure. Although 
opening and closing movements were observed at L2 and 
L3, the closed phases at L2 and L3 was relatively short.  
This results in larger OQ compared to modal phonation. 
Such a tendency was more prominent in L2 which is 
closer to the vocal processes In very breathy phonation, a 
gap in the closed phase was at the ligamental glottis as 
well as the cartilaginous glottis. The vocal processes 
remained separated throughout the utterance, as in the 
breathy phonation. As a result, during the time course of 
the glottal distance, there were cases without full closure 
at L2 as well as at L1. As for creaky phonation, both 
adduction of the false vocal folds and constriction of the 
pharyngeal cavity were observed throughout the utterance. 
Consequently, the cartilaginous glottis was unable to be 
observed, but we conjecture it is closed all the time. The 
time course of the glottal distance was irregular in L2 and 
L3. L1 was supposed to be closed all the time. 

Figure 2. Comparison of the vocal fold vibration patterns 
of the sustained vowel /e/. Closed phases are shown. 
(Images via fiberscope for breathy and creaky phonation 
and via tele-endoscpoe for the others.)  

Figure 3 Variation of glottal vibration due to the phonation 
type. See text.

Figure 4 shows the variation of opening area due to 
different phonation types  The scale of the y-axis of each 
panel cannot be compared, since the distance between the 
fiberscope and the glottis differs from utterance to 
utterance. While the change of glottal area during modal 
phonation showed a regular repetition of increasing/ 
decreasing distance, the change of glottal area during 
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y phonation did not reach 0 at any time. This is 
se the cartilaginous glottis did not show full closure. 
a tendency is more apparent in very breathy 

tion. This is because both the ligamental and the 
ginous glottis did not show full closure. In creaky 
tion, the closing phase takes a notably longer time 
or the opening phase, and the decrease of the area is 
lar. 

4. Variation of glottal area due to the different 
tion types

e word /e’ki/ 
 5 shows the closed phase of the vocal fold vibration 
 /e/ in /e’ki/ under three different paralinguistic 

ions. For the ‘neutral’ utterance, the cartilaginous 
 remains closed throughout the utterance and the 
g/closing movements were limited to the ligamental 
, similar to what was seen for modal phonation. In 
isappointment’ utterance, the cartilaginous glottis 
ot fully closed at the closed phase, while there was 
osure at the ligamental glottis. The vocal processes 
ed apart throughout the utterance, similar to breathy 

tion. In ‘suspicion,’ adduction of the false vocal 
and constriction of pharyngeal cavity were observed, 
r to creaky phonation.  

 5. Comparison of the vocal fold vibration pattern 
 /e/ of /e’ki/. Closed phases are shown. (Images are 
erscope)  

ure 6 shows the glottal image during /k/ in /e’ki/ For 
eutral’ utterance, the arytenoid cartilages and vocal 
ses were both abducted. This is the usual setting of 

ottis for voiceless consonants [10]  In contrast, for 
uragement,’ the arytenoid cartilages were 
ximated, while the vocal processes were abducted 
r to that for the neutral utterance. For ‘suspicion,’ 
gh adduction of the false vocal folds and 
iction of the pharyngeal cavity disappeared during 
e vocal processes were still approximated and the 
oid cartilages seemed to be approximated as well.  

eutral Disappointment Suspicion

340ms

Modal Breathy

Creaky Very breathy 



Figure 6. Comparison of vocal fold posture in /k/ of /e’ki/. 
(Images are via fiber scope) 

Table 2. Summary of glottal characteristics of /e/ and /k/ in 
/e’ki/ with different paralinguistic information. 

/e/ Neutral Disappointment Suspicion 
Arytenoid 
cartilages Approximated Approximated Approximated 

Vocal 
processes Approximated Separated Approximated 

Resemble
to

Modal
phonation

Breathy 
phonation

Creaky 
phonation

/k/ Neutral Disappointment Suspicion 
Arytenoid 
cartilagees Separated Approximated Approximated 

Vocal 
processes Separated Separated Approximated 

Table 2 summarizes the characteristics of vocal folds due 
to the paralinguistic information. It is natural that the 
arytenoid cartilages and vocal processes approximate for 
the voiced sound /e/ and separate for the voiceless sound 
/k/, as is seen for the ‘neutral’ utterance in table 2 [9] For 
‘discouragement,’ however, the arytenoid cartilages 
approximated and the vocal processes separated for both 
/e/ and /k/. And in ‘suspicion,’ the arytenoid cartilages 
separated and the vocal processes approximated for both 
/e/ and /k/. These facts suggest influence of paralinguistic 
information on glottal adjustment. They also suggest that 
the domain of the influence covers both vowel and 
consonant

Figure 7 shows the time course of the glottal area for 
/e’ki/. For convenience of comparison, the areas are 
normalized to the value of the mid point of /e/. The scale 
of the y-axis of each panel cannot be compared. The time 
course of the glottal area differed considerably depending 
on paralinguistic information. For the ‘neutral’ utterance, 
the maximum glottal area during /k/ was larger than that 
during the vowels /e/ and /i/. This corresponds to the 
observation that the cartilaginous glottis is closed during 
/e/, opened during /k/ and closed again during /i/. This 
agrees with the previous study on the glottal area change 
during /VCV/ [11] In contrast, the glottal area during /k/ 
in ‘disappointment’ is rather smaller than that of the 
maximum area during /e/. This is because the cartilaginous 
glottis opened during the vowel but the extent of glottal 
opening did not increase during /k/. Consequently, the 
maximum opening of the ligamental glottis during the 
vowel was larger than its opening for /k/  As for 
‘suspicion,’ the glottal opening for /k/ was smaller than the 
maximum opening for the vowels This is because the 
cartilaginous glottis remained closed at /k/, and the 
maximum opening of the ligamental glottis during the 
vowel was larger than that of /k/

It is possible that the measurement of glottal area during 
the vowel may be somewhat underestimated for 
‘suspicion’ due to the constriction of the pharyngeal cavity. 
Also, the larynx moved upward from /e/ to /k/ and 

downw
measu
our co
was s
inform

Figure
Uttera

4.1 Da
The sp
the tri
2048 
maxim
to H2
experi
the nu
inform
video-
for ‘di

4.2 Re
Figure
study 
param
is stee
for cre

Fig
H1-H
confid
‘suspi
corres
‘Susp
Figure
separa

The
relativ
charac
In c
‘suspi
This 
phona

Neutral Disappointment Suspicion 
ard from k/ to /i/, which may have affected the 
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imilar across utterances and type of paralinguistic 
ation.  

 7. Variation of time course of the glottal area. 
nce duration of each utterance is 680ms. 

4. ACOUSTIC ANALYSIS 
ta and method. 
eech sound was recorded during the experiment and 

al sessions by DAT with a sampling rate of 48kHz. 
point FFT analysis was carried out at the point of 
um amplitude in /e/ of /e’ki/. Spectral tilt of H1 (f0) 
 was examined. Since the main purpose of this 
ment was to get data of high-speed video images, 
mber of utterances for each type of paralinguistic 
ation varied depending on the difficulty of 
imaging. Number of samples was 33 for ‘neutral’, 7 
sappointment’ and 57 for ‘suspicion.’ 

sults and discussion 
 8 shows an example of FFT analysis. A previous 
showed that spectral tilt is one of the major acoustic 
eters that characterize phonation types. Spectral tilt 
ply negative for breathy vowels and steeply positive 
aky vowels [9].  

ure 9 shows the distribution of samples on the 
2 plane. Ellipses in the figure show the 95% 
ence area of each utterance group. As for 
cion,’ samples were separated into two sub-groups 
ponding to different recording sessions.  
icion2’ was recorded earlier than ‘suspicion1’. 
 9 shows that each utterance group was well 
ted.  
 distribution of ‘disappointment’ utterances clusters 
ely below that of ‘neutral.’ This is similar to the 
teristic pattern for breathy phonation reported in [9]. 

ontrast, the distribution for ‘suspicion1’ and 
cion2’ clusters relatively above that of ‘neutral.’ 
is similar to the characteristic pattern for creaky 
tion [9]. Note that ‘suspicion1’ and ‘suspicion2’ run 

/e/     /k/     /i/ G
lottal opening 

Open 

Close Neutral 

Disappointment 

Suspicion 

3.00
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parallel in terms of H1-H2 ratio except that both H1 and 
H2 were smaller in intensity in ‘suspicion2’.  

The averaged ratio of H2 to H1 was calculated in order 
to examine the characteristic variation due to the 
paralinguistic information. Results were 0.96(s.d.0.03) for 
‘neutral’, 0.85(s.d.0.05) for ‘disappointment,’ 1.06 
(s.d.0.05) for ‘suspicion1,’ and, 1.10(s.d.0.05) for 
‘suspicion2.’ In figure 10, distribution of the ratio is 
shown according to the utterance groups. Distribution is 
well separated among paralinguistic types. A significant 
difference was found by ANOVA (p<0.0001) and for all 
the pairs (p<0.05) by Fisher’s PLSD test.  

To sum up, acoustic analysis supports the results 
obtained from video-imaging. 

Figure 8. Example of FFT analysis. Speech sample is 
‘disappointment.’ 

Figure 9. Distribution of H1 and H2 of utterances on /e/ in 
/e’ki/ under three different situations of paralinguistic 
information. N, D, S1 and S2 stand for ‘neutral,’ 
‘disappointment,’ ‘suspicion1’ and ‘suspicion2,’ 
respectively. Ellipses show the 95% confidence area. 

5. CONCLUSION 
This study showed the influence of paralinguistic 
information upon phonation. ‘Disappointment’ and 
‘suspicion’ utterances were characterized by breathy and 
creaky phonation respectively. It was also shown that the 
influence was not limited to a single segment; it stretches 
over several segments including both vowel and consonant. 
This finding accords with the finding of [5] that examined 
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