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Production and Perception of the Paralinguistic Information in Speech
' — A Multidimensional Scaling Analysis —
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Abstract We have been engaged in the acoustic analyses of the paralinguistic information conveyed by
speech. The results of the preceding studies were recapitulated in the first half of this paper. In the rest of
the paper, results of a newly conducted perception experiment were presented.

In the perception experiment, subjects were required to identify the six paralinguistic information (i.e.
suspicion, admiration, disappointment, indifference, neutral, and focussed) of the 486 utterances uttered by
3 speakers. Then, the identification data was converted into a similarity matrix and analyzed by using
Kruskal's multidimensional scaling method. Three dimensions were extracted with the stress of 0.04. These
dimensions could be interpreted as “the salience of paralinguistic information (DIM1)”, “initiation in terms
of information requirement (DIMZ2)”, and “the magnitude of overall utterance (DIM3).”

Finally, a multiple regression analysis was conducted between the result of MDS and the 13 acoustic
correlates that we have found in the previous analyses, whose results showed high correlation. DIM1 (R2 =
0.87) was correlated mainly with the duration of utterances, DIM2 (R2 = 0.64) with the pitch range of the
final syllable, and DIM3 (R? = 0.53) with both the averaged pitch and RMS amplitude of the whole
utterances.

Key words Paralinguistic information, Identification experiment, Similarity, Multidimensional scaling,
Multiple regression analysis
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Figure 1. Example of the effect of paralinguistic

information -on pitch. contour.. Japanese text /nani jaQten
no/ (what are you doing?) uttered as “scolding’ (top panel)
and ‘banter’ (bottom).
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Figure 2: Mean duration of ST s utterances Average of ten
repetitions. Abscissa in [sec].
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of paralinguistic information types. Ratio of each ‘mora’s
averaged duration'to that'of N:
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Figure 4: Typical duration and pitch patterns of sentence
/so’H desu ka/ under six paralinguistic information
conditions. Utterances are aligned at the beginning of the
consonant /s/. Vertical lines stand for the syllable
boundaries. Arrows denote the timing of accentual fall.
Speaker ST.

03 T T T T T

0.2

0.1

0.0

0.1

T
!

Peak Timing [Sec]

021

03 1 1 1 ) I
A D F | N S

Paralinguistic Information Type

Figure 5: Timing [sec] of accentual peak relative to the end
of the phonologically accented vowel. The data was pooled
over all speakers and all sentences.
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Figure 6: Typical duration and RMS amplitude patterns

of sentence /so’H desu ka/ under six paralinguistic.

information conditions. Utterances are aligned at the
beginning of the consonant /s/. Vertical lines stand for the
syllable boundaries. Speaker ST.
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Figure 7: Separate plots of the four /a/ vowels in sentence
fyamada san de’su ka/ uttered by ST. Letters S and A stand
respectively for vowels uttered as ‘suspicion’ and

- ‘admiration’. Acoustic distance between A and S differs
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Figure 8: Euclidean distance between the centroids of
type A and type S vowels on the F1-F2 plane as a
function of vowel location. Distances are greater on
both edges of the utterance, i.e. /ya/ and /ka/.
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Figure 9: Waveform of normal (top) and ‘pressed’
(bottom) vowel. Speaker was ST. Each panel corresponds
to about 30 ms.
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Table 1: Confusion matrix of the paralinguistic information.
The rows and columns stand respectively for the ‘intended’
and ‘perceived’ information types. The diagonal elements are
the rates of correct perception.

A|D]JF | N|R]|S
0.8910.01 |0.09 {0.00 |0.01 |0.00
0.010.98 {0.00 {0.00 0.00 |0.00
0.01 10.00 [0.59 |0.34 {0.05 {0.00
0.00 10.02 |0.05 {0.86 0.07 0.01
0.01 {0.03 |0.01 {0.14 {0.81 |0.00
0.00 0.01 ]0.01 {0.00 |0.00 10.98
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Table 2: Correct perception rates -classified by the

speakers.

ST | JH | YS
0.9710.76 | 0.91
0.98 10.99 1 0.98
0.77{0.70 | 0.23
0.8810.78 | 0.91
0.82(0.73 | 0.88
0.9910.99 1 0.98
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Table 3: Independent variables used in the multiple
regression analysis.

1]F0 FEEEERDOFONY

2IF0 I |BETHOFOEY

3F0 F | REEHOFOEH

4]PR BIEEROTYFLLY
5|PR_I SEEMOYyFLIY
8|PR F |REEHOLyFL Y
TIRMS | RZZEFEDORMSEEORKIE
8IRMS | |BESZHORMSRIEO &K AIE
9|RMS F |REEZEORMSIRIED &K
10[DUR | ROFRch
11|DUR I |BHESHi0 R

12|DUR_F |FKBEHiD Ktk
13|PT FrEVMIIBE Y TF TROFAI T

Table 4: Results of multiple regression analysis. Each
cell shows the value of the standard partial-regression
coefficient. Values in bold face are significant at the 0.05
level. The last row shows the multiple coefficients of
determination.

Independent Dependent Variable

Variable DIM1 DIM2 DIM3
FoO 0.290 0.181 0.611
FO_I -0.307 -0.066 -0.159
FO F 0.023 -0.160 -0.359
PR -0.008 0.394 0.199
PR I 0.058 0.042 0.168
PR_F -0.060 -1.036 0.067
RMS -0.075 0.036 0.592
RMS_I 0.056 0.057 -0.213
RMS F 0.059 0.106 0.174
DUR 0.583 0.019 0.174
DUR_I 0.088 -0.094 0.087
DUR_F 0.425 0.368 -0.149
PT 0.259 0.155 -0.216
R’ 0.877 0641 0.532
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Appendix 2
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5T, / so’Hdesuka /

SN TTh / arede’suka /
BHTTH / zo’Hdesuka /
Hipi=TTh / ana’tadesuka /
HHBTTTH / na'goyadedesuka /
LB ESATTH / ya'manosaNdesuka /
WHEATT, / yamadasaNde'suka /
W EATTH / yama'urasaNdesuka /
Wz EXATTh / yamano’uesaNdesuka /
WS AR / yama'urasaNga /
Bhro / e'nano /

ARD . / e'Hnano /

BRo / uma’nano /

I E AN o720  /yama'urasaNga| yaQtano /



