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An analysis of emotional English utterances using
the prosodic distance between emotional and neutral utterances
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Abstract

An analysis of emotional English utterances with 7 emotions (calm, happy, sad, angry, fearful, disgust, surprised) was
conducted using the measurement of prosodic distance between 672 emotional and 48 neutral utterances. Applying the
technique proposed in the automatic evaluation model of English pronunciation to the present study on emotional
utterances, Euclidean distance measurement of 3 prosodic elements such as F0, intensity and duration extracted from
emotional and neutral utterances was utilized. This paper, furthermore, extended the analytical methods to include
Euclidean distance normalization, z-score and z-score normalization resulting in 4 groups of measurement schemes (sqrFo,
sqrINT, sqrDUR; norsqrFO0, norsqrINT, norsqrDUR; sqrzF0, sqrzINT, sqrzDUR; norsqrzF0, norsqrzINT, norsqrzDUR).
All of the results from perceptual analysis and acoustical analysis of emotional utteances consistently indicated the greater
effectiveness of norsqrF0, norsqrINT and norsqrDUR, among 4 groups of measurement schemes, which normalized the
Euclidean measurement. The greatest acoustical change of prosodic information influenced by emotion was shown in the
values of FO followed by duration and intensity in descending order according to the effect size based on the estimation of
distance between emotional utterances and neutral counterparts. Tukey Post Hoc test revealed 4 homogeneous subsets
(calm<disgust, sad<happy, surprised<surprised, angry, fearful) statistically determined from the measurement of norsqrFO
and 3 homogeneous subsets (surprised, happy, fearful, sad, calm<calm, angry<angry, disgust) from norsqrDUR.
Furthermore, the analysis of each of the 7 emotions showed that the present research outcome is in the same vein as the

results of the previous study.
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Kids are talking by the door.
Dogs are sitting by the door.
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Figure 1. Labeled utterances (from top to bottom: neutral, fearful, and
fearful utterance cloned with durations of words from the neutral utterance)
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Table 1. Multiple Linear Regression of goodness scores and prosodic distance

+& A B B t-value | p-value | VIF
(D) 3.056 16.255 | 0.000
norsqrF0™ | 0.013 0.341 8.989 | 0.000 1.097
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“p<0.001.
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Table 2. MANOVA of prosody distance measures
8= >S5 df | F-value | p-value ne’
sqrF0™ 6 43.057 | 0.000 | 0.286
sqrINT 6 1275 | 0267 | 0.012
sqrDUR™ 6 17.123 | 0.000 | 0.138
sqrzFo™" 6 13.212 | 0.000 | 0.110
sqrzINT 6 0.923 | 0478 | 0.009
i | 89rzDUR’ 6 2546 | 0.019 | 0.023
2 N norsqrF0™ 6 | 42.835 | 0.000 | 0.285
norsqrINT 6 1.928 | 0.074 | 0.018
norsqrDUR™ | 6 17.590 | 0.000 | 0.141
norsqrzF0™"” 6 16.008 | 0.000 | 0.130
norsqrzINT 6 1.817 0.093 0.017
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sqrF0*™™" 1 | 284.976 | 0.000 | 0.307
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§ o | sarzDUR 1 0.252 | 0.616 | 0.000
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Table 3. Mean and standard deviation of prosody distance per each emotion

*&A8 A AR Mean SD
Happy 1 26.395 27279
2 114.559 60.288
Sad 1 0.828 25.858
& 2 65.503 69.937
1 27.731 37.719
o Angry 2 137.356 67.586
Feartul 1 40.887 37.892
2 137.582 64.479
Disust 1 1263 27.800
2 42593 54.009
o 1 52294 35.580
Surprise 2 90.115 41.059
1 9.261 8229
JNT Angry 2 22.565 12.636
Fearful 1 3213 9.740
2 16.302 10.579
Calm 1 0.022 0.032
2 0.055 0.044
1 0.000 0.025
Happy 2 0.034 0.038
1 0.007 0.028
dDUR Sad 2 0.031 0.038
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Angry 2 0.054 0.049
Disgust 1 0.034 0.037
2 0.073 0.042
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Figure 2. Prosody distance measure per each emotion
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Figure 3. Emotion groups in homogeneous subsets by prosodic distance
(Alpha=0.05)
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Figure 4. Mapping of emotional categories to arousal, valence, and stance
dimensions (Breazeal, 2003)
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