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Abstract

This study aimed to propose an appropriate evaluation method for the perceived level of speech disfluency based on sound
prolongation (i.e., increased duration of segments). To this end, 34 Korean-speaking adults (9 males, 25 females, average age:
32.9 yrs.) participated as raters in this study. The participants listened to sentences containing a total of 25 stimuli with the

Korean voiceless fricative /s/ extended by 80-ms increments up to 2,000 ms (i.e., 285 ms, 365 ms., ..

. 2,125 ms, 2,205 ms),

and evaluated them using an equal-appearing interval scale (EAI, 1—7 points, where 1 represents “normal” and 7 represents
“severe”). Subsequently, based on the interval-scale results, the sentence stimuli with the prolonged voiceless fricative
corresponding to the mild-to-moderate level (rated as 4 points) were selected as the reference modulus for direct magnitude
estimation (DME). After scatter plots were created for the two evaluation results, the relationship between the two measured
mean values was analyzed using a curve estimation method for the observed data with the highest R*-value to determine
whether a linear or curvilinear approximation fit the data better. A curvilinear relationship between the two evaluation results
was indicated, suggesting that DME is a more appropriate evaluation method than the EAI scale for assessing the perceived

level of disfluency based on sound prolongation.

Keywords: sound prolongation, equal appearing interval scale, direct magnitude estimation, auditory perceptual evaluation,

stuttering (disfluency)
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Figure 2. A sample of EAI scale used for the auditory perceptual
experiment
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Figure 3. A sample of DME scale used for the auditory perceptual
experiment
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Table 1. Results of reliability test
Intrarater ICC 95% CI p-value
EAI 0.947 (0.915, 0970) <0.001
DME 0.801 (0.668, 0.899) <0.001
Interrater ICC 95% CI p-value
EAI 0.891 (0.817, 0.944) <0.001
DME 0.916 (0.859, 0.958) <0.001

ICC, intra-class correlation coefficient; CI, confidence interval; EAI,
equal-appearing interval scale; DME, direct magnitude estimation.
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3.1. 57+ ==} (Equal-Appearing Interval Scale, EAI)¥}
2174 21713 74} (Direct Magnitude Estimation,
DME)°] €] &t g+t 2 3}

A5 dojoll whE vl A7F ol gk F A2
# 7kel A EAIS} DMEE &3 H7F A5 A8
v, Zt2 EALS] 87} A b Abe e 2 DMES 371 4
H= 7)ok 02 AEE I A Holol mE P Az
A 37t Avp= 3 20 AAEA T

2. A% Aol k& A2 7 A3
Table 2. Results of the auditory perceptual experiment

Stimulus . . .
T Arithmetic mean Geometric mean
. . for EAI for DME
in a unit of ms)
285 (80) 1.47 22.25
365 (160) 1.62 29.51
445 (240) 2.00 40.12
525 (320) 2.09 38.19
605 (400) 1.97 71.03
685 (480) 2.29 69.10
765 (560) 2.26 72.75
845 (640) 2.29 82.92
925 (720) 2.29 79.41
1,085 (800) 2.79 85.48
1,165 (960) 2.94 92.59
1,245 (1,040) 3.32 95.60
1,325 (1,120) 3.38 112.52
1,405 (1,200) 3.15 110.76
1,485 (1,280) 3.59 115.17
1,565 (1,360) 3.44 121.17
1,645 (1,440) 3.65 136.5
1,725 (1,520) 2.62 146.06
1,805 (1,600) 3.74 159.72
1,885 (1,680) 3.35 144.65
1,965 (1,760) 3.85 176.74
2,045 (1,840) 3.82 173.42
2,125 (1,920) 4.15 169.79
2,205 (2,000) 4.21 201.05

1,005 ms®] 7 -$- 7} 7] 5= X (modulus) Z AF-&-5] 1 7] o Al 2],
EAL, equal-appearing interval scale; DME, direct magnitude estimation.

3.2. 57+ =¥ (Equal-Appearing Interval Scale, EAI) ¥}
2174 21713 74 ¥ (Direct Magnitude Estimation,
DME)®] 7} A 14)2) 4471 4] 213}

T 7 ARX Y Aol e 23 F4 A, A3 B
& (linear model)°ll 2] 3t A & % = R?=0.844(p-value<0.001), ©]
2} B ¥ (quadratic model)oll &3+ H T T = R=0.855(p-value<
0.001), 7E5AF 2% (power model)oll 2] &+ AT = R*=0.862
(p-value<0.00)E 7+ = A VeERRith A= EAISF DMES]
T B SAA Y BATE vAEH o2 e A%
= Adojol whE H|F-44 A7 F el thst A 7H2 e
EAIS} DME Z 3] of] t) 8 AP X =4 T17) 40 A A8kl ot

70 ¢
6.0
50 |
*

40 | :
30 |

y = 0323247
20 t o

R%=0.862
10 |
0.0

0.0 50.0 100.0 150.0 200.0 2500

EAI, equal-appearing interval scale; DME, direct magnitude estimation.

1% 4. EAI®} DME 37} A 3] o] o ¢k 4F 2 =(X%: DME2]
71818 ¢, Y3 EAIS] A+&3 )
Figure 4. Scatter-plot of EAI and DME ratings for a perceived degree of
disfluency based on prolonged length (X-axis: DME geometric means,
Y-axis: EAI arithmetic means)
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