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Details of the listening test and entire tables of the corresponding results (confusion
matrices).

Vowel recognition was investigated by means of a listening test: five phonetic expert
listeners assigned the synthesised sounds to Standard German vowel qualities or to “no
vowel” (ns = not specified). Subtests corresponding to the single tables shown below were
performed, separated with a pause of 10 min. at a minimum. The results are presented
below in terms of confusion matrices.

Experiment 1: Increasing the number of harmonics stepwise from H1 to H1-H20.

Harmonics Results of the listening test (5 listeners) Frequency range
Numbers Confusion matrix Majority kHz
H(i) ulo|loJale|o|le]y]i|ns| 45and5/5
1-20 4 1 € 0.2-4
1-19 3 2 € 0.2-3.8
1-18 4 1 € 0.2-3.6
1-17 4 1 £ 0.2-34
1-16 4 1 € 0.2-3.2
8 1-15 4 1 € 0.2-3
E 1-14 311]1 £ 0.2-2.8
) 1-13 5 £ B 0.2-2.6
5§ [ 12 3]2 € S [ 0224
£ [ K € > 0222
< 1-10 1]12]2 § 0.2-2
% 1-9 12 1 1 g 0218
[ 1-8 5 a - 0.2-1.6
i} 1-7 5 a 0.2-1.4
i 1-6 114 a 0212
1-5 4|1 2 0.2-1
1-4 213 ) 0.2-0.8
1- 1{3]1 [ 0.2-0.6
1-2 213 o) 0.2-04
1(only) | 5 u 0.2 only

Experiment 2: Decreasing the number of harmonics stepwise from H1-H20 to H20 only.

Harmonics Results of the listening test (5 listeners) Freguency range
Numbers Confusion matrix Majority kHz
H(i) ulofloJale|o|le]ly]i]|ns
20 (only) 411 i 4 only
19-20 5 i 3.84
18-20 114 i 3.6-4
17-20 5 i 3.44
16-20 2 3 i 3.2-4
8 15-20 2 3 i 34
g 14-20 21112 2.84
o [ 1320 3[1]1 e 8 264
S [[1220 3 1 1 e 8 244
E 1120 AKEE > 204
= 10-20 112 111 § 24
g 9-20 1 AEK 1 g 184
3 8-20 211 2 w 1.64
2 7-20 4 1 a 1.4-4
i 6-20 4 1 a 1.2-4
5-20 213 € 14
4-20 2 3 € 0.84
3-30 2 2 0.6-4
2-20 1 1{1]2 0.4-4
1-20 1{1]2 1 0.2-4




Experiment 3: Increasing the number of harmonics stepwise from a middle harmonic to a
band of higher harmonics.

Harmonics Results of the listening test (5 listeners) Frequency
Numbers Confusion matrix Majority kHz
H(i) uloflolale|oale]y ns
1-11 0.2-2.2
1-10 1122 0.2-2
1-9 112 1 1 0.2-1.8
1-8 5 a § 0.2-1.6
1-7 5 a 8 [0.2-1.4
1-6 114 a 2 [0.2-1.2
1-5 4|1 ) § 0.2—1
1-4 213 2 g [0.2-0.8
1-3 1{3]1 o iC [0.2-0.6
1-2 213 o 0.2-0.4
1(only) | 5 u 0.2 only
H(i) ulo|olale|o|ely ns
2-12 2 3 e 04-24
2-11 211]2 04-22
2-10 114 € 0.4-2
2-0 2]2 1 bl 0.4-1.8
2-8 113 1 a 8 0.4-1.6
2-7 5 a & 0414
2-6 3[2 2 5 04-1.2
2-5 114 0 g 0.4-1
2-4 5 o o 0.4-0.8
2-3 114 ) 0.4-0.6
2(only) | 4 u 0.4 only
H(i) ujojojaleloalely ns
3-13 4 1 € 0.6-2.6
312 5 £ 0.6-24
311 5 £ 0.6-2.2
3-10 114 £ § 0.6-2
3-9 113 1 € 8 0.6-1.8
3-8 113 1 a & 0.6-1.6
37 5 a 5 0.6-14
36 213 a g 0.6-1.2
35 5 2 o 0.6-1
3-4 5 ) 0.6-0.8
3(only) |15 u 0.6 only
H(i) ulo|lolale|oale]y ns
4-14 5 € 0.8-2.8
4-13 4 1 € 0.8-2.6
4-12 4 1 € 0.8-2.4
4-11 5 € § 0.8-2.2
4-10 213 € 8 0.8-2
4-9 311 1 a 2 0.8-1.8
4-8 5 a § 0.8-1.6
4-7 5 a g 0.8-1.4
4-6 5 a I 0.8-1.2
4-5 5 o 0.8-1
4(only) | 5 u 0.8 only




Harmonics Results of the listening test (5 listeners) Frequency
Numbers Confusion matrix Majority kHz
H(i) ololale|lo]le]|y]i]|ns
515 4 1 £ 1-3
5-14 5 £ 1-2.8
5-13 5 € 1-2.6
5-12 5 € ﬁ 1-2.4
5-11 5 € s 122
510 3|2 a & 1-2
5-9 4 1 a 5 1-1.8
5-8 5 a g 1-1.6
5-7 5 a C 114
5-6 213 a 1-1.2
5 (only) 1 u 1only
H(i) ololale|lo]le]ly]i]|ns
6-16 2 3 e 1.2-3.2
6-15 4 1 € 1.2-3
6-14 311f1 £ o [1.2-2.8
6-13 112] ]2 e [12226
6-12 4 1 £ '; 1.2-24
6-11 311 1 a e [1222
6-10 12111 S 1o
6-9 113 1 a g 1.2-1.8
6-8 1 3 1 a “ 1256
6-7 1{1]3 a 1.2-1.4
6 (only) 2 1 u 1.2 only
H(i) o|lolale]|o|le]|y]i]ns
7-17 3 2 € 1.4-34
7-16 4 1 € 1.4-32
7-15 3 2 £ 1.4-3
7-14 1]3 1 £ ﬁ 1428
7-13 4 1 £ 8 1426
7-12 113 1 € 3 1424
7-11 212 1 § 1.4-22
7-10 113 1 a g 1.4-2
7-9 1 3 1 a o 1.4-1.8
7-8 111]2 1 1.4-16
7 (only) 3 1.4 only
H(i) o|lolale]|o|le]|y]i]|ns
8-18 4 1 € 1.6-3.6
8-17 4 1 € 1.6-34
8-16 4 1 € 1.6-3.2
8-15 112 2 bl 1.6-3
8-14 3 2 € s 1.6-2.8
8-13 3 2 € > 1.6-2.6
8-12 111]11]1 1 § 1.6-24
8-11 4 1 a g 1.6-2.2
8-10 4 1 a C 1.6-2
8-9 11111 2 1.6-1.8
8 (only) 1 2 1 1.6 only
Harmonics Results of the listening test (5 listeners) Frequency
Numbers Confusion matrix Majority kHz
H(i) ololale|lole]y]i]|ns
9-19 3 2 € 1.8-3.8
9-18 3 2 € 1.8-3.6
9-17 2 3 e 1.8-34
9-16 2 211 § 1.8-3.2
9-15 211]2 8 1.8-3
9-13 3]11[1 € 2 1828
9-13 21 1]1 1 § 1826
9-12 112]1 1 g 1824
9-11 1 2 2 i 1822
9-10 1 1 3 y 1.8-2
9 (only) 5 y 1.8 only




Harmonics Results of the listening test (5 listeners) Frequency
Numbers Confusion matrix Majority kHz
H(i) olalelofle]ly]i]|ns
10-20 3 2 € 2-4
10-19 3 2 € 2-3.8
10-18 3 2 € 2-3.6
10-17 1 4 e ﬁ 234
10-16 2 3 e g 2-32
10-15 2 3 e 2 23
10-14 111]1]1 1 § 208
10-13 112 1 1 g 2-2.6
10-12 5 y e 2-24
10-11 1 1 3 y 2-22
10 (only) 3 2 y 2only
H(i) olale|ole|ly]i]ns
11-20 2 3 e 22-4
11-19 3 2 € 22-3.8
11-18 2 3 e ﬁ 2236
11-17 5 e 8 22-34
11-16 1 4 e 2 2232
11-15 1 3 1 e § 223
11-14 211 111 g 22-28
11-13 3 111 [ w 2.2-2.6
11-12 1 3 1 y 2224
11 (only) 3[1]1 y 2.2 only
H(i) olalelole|ly]i]ns
12-20 2 3 e 244
12-19 1 3 1 e » 24-3.8
12-18 3 111 e e 2436
12-17 4 1 e 2 [ 2434
12-16 2111111 IS 24-32
12-15 1]3 1 e 3 243
12-14 1131 y 0 2428
12-13 41 y . 2426
12 (only) 3 2 y 24 only
H(i) olalelofle]ly]i]|ns
13-20 4 1 e 264
13-19 4 1 e 8 26-3.8
13-18 4 1 e 8 26-3.6
13-17 3 2 e 2 2634
13-16 1 4 i 5 2632
13-15 2121 g 2.6-3
13-14 3|2 y o 26-2.8
13 (only) 2211 26 only
H(i) olale]lole|ly]i]ns
14-20 1 3 1 e » 2.84
14-19 4 1 e e 2838
14-18 3 2 e < 2.8-3.6
14-17 2 3 i 1 2834
14-16 5 i 3 2.83.2
14-15 114 i 2 2.8-3
14 (only) 13 [1 i . 2.8 only
H(i) olale|ole|ly]i]ns
15-20 4 1 e g 34
15-19 2 3 i 8 3-3.8
15-18 3 2 e § 336
15-17 5 i g 334
15-15 1 4 i g 332
15 (only) 113]1 i e 3 only




Experiment 3: Stepwise increasing harmonics from H(i) (only) to H(i)-H

=

i+10): Summary.

Red = 5/5 labelling majority; rose = 4/5 labelling majority.
20 4 a e e e
19 3.8 a a a e i
18 3.6 a a a e e e e
17 34 a a e e e i i
16 3.2 e a e i
2 |15 3 a e e e i
5 14 2.8 a a a a a 1] 1] i
S13] L 26 3 a| a ) -
s 12 | < |24 e | & 3 3 u|lala
T % [22 - [ala]a]a i
=110 |5 (2 - al|l a a i | d
o > = T
s 9 g 1.8 = - a a a a 1]
3 8 T |1.6 a a a a a a -
g 7 1.4 a a a a a a -
w16 1.2 a | o1 a a a —
5 1 o1 | o1
4 09| o1]| o | o1 | u*
3 0.6 o u*
2 0.4 o
1 02 | u*
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Experiment 3: Stepwise increasing harmonics from H(i) (only) to H(i)-H(i+10): Summary (reduced)
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18 36
17 34 e i
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