
*

 18 
6 3  14 

 PRAAT 

1.

(input) 

1  (Chomsky 1965, 1981) 

*  (NSC 
102-2410-H-239-003)

1 

 (verbal interaction) 
 (2004) 
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(nativism) 
 (Language Acquisition Device)

(the poverty of stimuli) 
 (degenerate)

 (performance errors)
 

 (trigger)
Saxton 2009  2004

Newport et al. (1977)  1500 
Owens (2005) 

 (Bruner 1983)
 (2004:53) 

 (non-interactive input) 
 (Saxton 2009:69–71)

 (Soderstrom 2007) (infant-directed speech, IDS) 

 2 
 3 

 4 
 5 

2.

 1 

Snow (1972) 
 (register)

adult-directed speech, ADS

2  Guasti (2003) 



625

Language and Linguistics 17(5)

 (simplifying)  (expressive-identifying)  
(clarifying)  (Ferguson 1977)  (preference) 

 (sensitivity)  (Cooper et al. 1997; Fernald 
1985, 1993; Pegg et al. 1992; Werker & McLeod 1989; Werker et al. 1994)

 (extra-linguistic)  (linguistic) 
 (happy speech)

 (Cruttenden 1994; Falk 2004; Fernald 1989, 1992; Garnica 
1977; Kitamura & Burnham 2003; Sachs 1977)

 (Cristiá 2009; Fernald & Mazzie 1991; Snow 1972)
 (simplified speech)

 (Ferguson 1977; Phillips 1973; Snow 1972)

 
(Bernstein Ratner 1986; Fisher & Tokura 1996; Kemler Nelson et al. 1989) 3

(clear speech) 
(hyper-articulated speech) 4  
(categories)  (learnability)  (Kuhl et al. 2008)

 (phonetic enhancement)  (Andruski 
& Kuhl 1996; Andruski et al. 1999; Cristià & Seidl 2014; Englund & Behne 2005; Kuhl et al. 1997; 
Liu et al. 2003; Uther et al. 2007) Cheng & Chang 2014 Grieser & Kuhl 1998
Kitamura et al. 2001 Liu et al. 2007 Xu 2008  2013a Cheng 2014 Cristiá 
2009 Englund 2005 Englund & Behne 2005 Malsheen 1980 Sundberg 2001 Sundberg & 
Lacerda 1999  2013

5

3  (Gleitman et al. 1984; Newport et al. 1977; Pinker 1994; 
Scarborough & Wyckoff 1986; Trainor & Desjardins 2002)

4 

 (Biersack et al. 2005; Bradlow & Bent 2002; Bradlow et al. 2003; Krause & Braida 2002; 
Payton et al. 1994; Picheny et al. 1985; Zeng & Liu 2006)

5 

 Chomsky 
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Kuhl et al. (1997)  [i, a, u] 

Liu et al. (2003)  [i, a, u] 

Kitamura et al. (2001) 
Liu et al. (2007) 

 (tonal distortion) Xu (2008) 
6

 (laryngeal cavity)  (supralaryngeal cavity) 
7 

Honda 1983, 1995 Ladefoged 1964
Lehiste 1970 Ohala & Eukel 1987 Rossi & Autesserre 1981 Sapir 1989 Torng 2000 Vilkman 
et al. 1989 8 

 (lingual configuration) 
 (intrinsic pitch) 

Fischer-Jørgensen 1990 Lehiste 1970 Peterson & Barney 1952 Torng et al. 2001
 2005  (Whalen & Levitt 1995)

 4  25Hz  (Ohala 1973)
 (Erickson et al. 2004; Han 1966; Hoole 

& Hu 2004; Hu 2004; Torng 2000; Zee 1980) Hu (2004) 
 (retraction) Erickson et al. (2004) 

 (tone height) 

6  [55]  [21]  [35]  [13]  [33]  
[22]  [55]  [33]  [22]  2002 Xu (2008) 

7  (formant)  (F1)  (F2) 
F1  F1  F1 F2 

 F2  F2 
Ladefoged (1993:196)  F3  F2 

8  (pitch)  F0 
Zee (1980) 
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9 
 (pitch height)  (pitch contour)  

(Trainor & Desjardins 2002)
10 

Liang (2005) 

 [i, a, u] 
 (level 

tone)  (contour tone)  (non-checked tone)  (checked tone) 

3.

9 Erickson et al. (2004)  [a] 
10 Trainor & Desjardins (2002)  (harmonics) 

 (fundamental frequency, F0)  (H1~Hn)
 F0  F0  F0 

 F0 
 F0 

 F0 
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3.1

 6–26  1  6–14  7  
20–26  7 11 

3.2

 = X C1V1(C2)C3(M)V2(V/C) C
V M C2  [p, t, k] 

 6  [35]  [31]
 [51]  [55]  [53]  [55]  3  ([i, a, u]) 

 (1) 12

11  6–26  (prelinguistic)  
(toddlers)

 14 
 6–14  20–26 

 (p  .05)
 (p  .05)

12  (1995) 
 (2007)  [24]  [11]

 [31]  [55]  [2]  [5]

 [t, k] 
 2013a

 (phonotactic constraints)
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(1)

[i]
[pi35 t o 31] [p i31 hai31] [ i51 ham31] [t i55 t eu31] [ it53 t eu31] [p it55 p o31]

[a]
[ts a35 p ai31] [ts a31 fu31] [ka51 ien31] [fa55 t u31] [tsak53 ts a31] [sak55 t eu31]

[u]
[tsu35 ts o 31] [p u31 t o31] [pu51 t eu31] [su55 k ieu31] [kut53 t eu31] [tuk55 sa31]

C1  C3 

 V1  (nucleus) 
 PRAAT  V1  3.3.2 

 [31]

3.3

3.3.1

 SONY (PCM-M10) 
 96KHz/24bit  (pulse-code modulation, PCM) 

Audio-Technica AT9901  100–17KHz  
–40dB

 15–20 
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 2  1,008 18  × 2  × 2  × 14 

3.3.2

 PRAAT  (script) 
 Microsoft Access PRAAT 

 75~500Hz  0~5.5KHz  
(bandwidth)  25 PRAAT 

PRAAT 
 (onset)  (offset)

 10  11 
 PRAAT  11  (2) 

 11 
 PRAAT 

(2)
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3.3.3

 (normalization) 
 (3) 

 PH PL Pi Ti 
 

2008

(3)  1990

10 i 10 L
i

10 H 10 L

log P log P
T 5

log P log P

−
= ×

−

 Pi  
(3)

 (4)  F1  F2 
 (Bark)  Fi Bi  (Bark-converted 

value)

(4)  (Traunmüller 1990, 1997)
 Bi = 26.81/(1+1960/Fi) – 0.53 (Bi = B1 or B2; Fi = F1 or F2)

 (F0 contour)  (F0 mean) 13  (F0 range) 14 
 (F0 slope)  (vowel duration)  (vowel acoustic 

13  11  (F0 mean)
14  11  (F0 range)
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distance)  (vowel space area)
 B1 F1  B2 F2  (5)  (6) 

(5)  (Liu et al. 2003)15

| ((B1i*(B2a – B2u)) + (B1a*(B2u – B2i)) + (B1u*(B2i – B2a))) / 2) |

(6)
2 2( ) + ( )B1x B1y B2x B2y− −  x, y  [i, a, u]

4.

4.1

 2
(7)  (tone space)

15 Liu et al. (2003)  F1  F2  B1  B2 
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(7) 16

 

 (8)  (9) 

 (separate One-way ANOVAs) 

p  .001  p  .05

(8)
SD SD SD SD SD SD

2.98/0.56 0.44/0.22 1.92/0.34 4.24/0.23 2.82/0.23 4.28/0.24

7.87/1.74 3.66/1.28 6.43/1.33 10.71/1.82 8.07/1.52 12.35/2.23

2.64 8.36 3.36 2.53 2.86 2.88

16  T1 T2 T3
T4 T5 T6



634

(9)
SD SD SD SD SD SD

1.15/0.50 1.27/0.70 2.28/0.70 0.90/0.25 1.81/0.53 1.01/0.30

5.30/1.13 4.14/1.05 5.02/0.77 1.14/0.30 3.99/0.90 1.93/0.51

4.61 3.26 2.21 1.27 2.21 1.90

 (linear 
regression) (Zar 1984)  (10) 17  (10) 

18 

 (p  .05)

(10)
SD SD SD SD SD SD

0.087/0.06 –0.096/0.07 –0.241/0.07 –0.063/0.02 –0.167/0.06 –0.082/0.03

0.594/0.13 –0.399/0.09 –0.506/0.09 0.085/0.04 –0.414/0.01 0.171/0.09

 (Cheng & Chang 2014)

17  11  T 

 3
18  (declination)  (Yip 2002:9)

Morton 1977 Ohala 1983, 1984, 1994 Scherer 1986 Trainor et al. 2000  2004

 Kitamura et al. (2001)  Liu et al. (2007)
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4.2

 4
19 

 (vowel space)  (11)  4.4 

(11)

 (11)  [i, a, u] [a] 

 4.4 Dodane & Al-
Tamimi (2007) 

20 

Peterson & Barney 
1952  2002, 2008

 (tongue height and advancement)

19  (2008)
20  (syllable-timed)  (stress-timed)  (mora-timed) 

Dodane & Al-Tamimi (2007) 
 Kuhl et al. (1997) 
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 t 
 [i]  (p  .05)

 (p  .05) [a]  (p  .05)  (p  .05)  [u]  (p  .05) 
 [i] [a] 

[u] 

[i] 
[a] [a] 

 [a] 21 [u] 
 [i]  [a] 

22 
 ([a]  [i]  [u])  4.5 

 (2006, 2008) 
 Peterson & Barney (1952) 

 B1  
B2  p  .05

 (12)  (13) 
 (12) 

(13)  [i-a]  [i-u] 
 [u-a] 

(12)  ms 23

[i] SD [a] SD [u] SD

85.5/23.5 106.5/27.8 91.9/20.5

161.3/34 183/33.2 166/37.5

1.89 1.72 1.81

21 [a] (phonotactic constraints) [a]  [-i, -u, -m, -n, - , -p, -t, 
-k]  [i, e, o, u, ]  [i, e, ]  
[k, ] [a] 

 (2005)  (2004) 
22  Cheng (2012)
23  5
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(13)
[i-a] SD [i-u] SD [u-a] SD

3.05/0.38 2.02/0.59 2.76/0.59

2.95/0.49 1.82/0.43 2.97/0.63

0.97 0.90 1.08

 (5) 

 2.658  2.814  Bark2  0.9446

 (p  .05)

 4.4 

Englund (2005)  (temporal cue)  (spectral cue) 

 F1  F2

 F1  F2 

 (phonetic enhancement)

 4.5 

4.3

(14) 
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(14)
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(14) 
 2  

(Lehiste 1970; Peterson & Barney 1952)
 (14) 

 
(p  .05)

 [i, a, u] 
 [a] 

 [a]  [i, u] 
 (p  .05)

4.4

 (15) 

(15)
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 (15) 

 (16) 
 1

 1

 (16) 
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(16)
SD SD SD SD SD SD

3.31/1.1 3.19/1.31 3.10/1.19 3.03/1.32 1.26/0.49 2.06/0.74

3.24/0.98 2.76/0.82 2.44/0.77 3.71/1.31 1.63/0.57 3.11/0.82

1.021 1.158 1.270 0.818 0.768 0.664

p  .05 p  .05 p  .05 p  .05 p  .05 p  .05

 (15)  (16) 

 (17)
 (17)  (15)  (16)

(17)

 (16) 
[ ] [ ] [ ] [ ] [ ] [ ] [ ]

 (16) 

 (Cheng 2012; Hsieh 2010; 
Liang 2005) 

 (articulatory undershooting)  (centralization) 
 (vowel reduction) (Kent & Netsell 

1971; Ladefoged 2006; Lass 1996:215)



643

Language and Linguistics 17(5)

Trainor & Desjardins (2002) 

 (16) 

Trainor & Desjardins (2002) 

 (15) 
[ ] [ ] [ ] [ ] [ ]

[ ] 24 

 (18) 

24 
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(18)

 vs.  vs. 

4.5

 
4.2  4.4 

Li & Thompson 1978 Liu 2011  
2000  2004  2002  2008



645

Language and Linguistics 17(5)

25 
 (saliency)  (contras-

tivity)

 [i]  [u]
 ([a]) 

 ([i, u])  ([a-i], [a-u])  ([i-u])  (Jakobson 1968) 
26  (2008)  

([a]  [i]  [u])  [a] 
 [i]  [u] 

 [ ] 
Cheng (2013b) 

 [a]  [i]  [u]  [a, i, u] 

27 
 (happy speech)

 (Fernald 1989, 1992; Fernald & Simon 1984; Stern et al. 1982; Uther et al. 
2007)  (clear speech)

 (Englund 2005; Englund & Behne 2005; Kitamura et al. 2001; Liu 
et al. 2003; Liu et al. 2007; Sundberg 2001)

 (Morton 1977; Ohala 1983; 
Scherer 1986; Trainor et al. 1997)

 Scherer (2003)

25  (1997) 

26  
Cheng (2013b)  (2008)

27  Cristià (2009) 
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 (Grieser & Kuhl 1988; Stern et al. 
1983)  (pitch excursion) (Golinkoff & Ames 1979; Shute & Wheldall 1999)

 (Leibold & Werner 2007; Schneider 
& Trehub 1992)

28 

 (Singh et al. 2002)
 (Papoušek & Hwang 1991; Schaeffler 

2006)

29

5.

28 Fernald & Kuhl (1987) 
 vs. 

 (Werker et al. 1994)
29 

 Kuhl et al. (1997) Liu et al. (2003) 

 Dodane & Al-Tamimi (2007) Englund & Behne (2005) 
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 1

01 14 08 20

02 13 09 22

03 9 10 24

04 6 11 26

05 15 12 22

06 6 13 25

07 10 14 24

 2 T 

0 10 20 30 40 50 60 70 80 90 100 Mn

2.77 2.45 2.29 2.26 2.35 2.55 2.82 3.07 3.20 3.18 3.15 2.74

1.24 0.90 0.59 0.40 0.27 0.20 0.19 0.19 0.19 0.23 0.18 0.42

3.25 2.91 2.62 2.31 2.00 1.73 1.50 1.33 1.21 1.10 1.08 1.91

4.82 4.47 4.29 4.19 4.11 4.07 4.07 4.09 4.09 4.06 3.98 4.20

3.86 3.59 3.34 3.09 2.89 2.71 2.55 2.41 2.38 2.30 2.22 2.85

4.92 4.65 4.46 4.32 4.24 4.17 4.13 4.09 4.07 4.03 4.02 4.28

0 10 20 30 40 50 60 70 80 90 100 Mn

 5.63  5.47  5.45  5.62  5.99  6.58  7.43  8.37  9.37 10.07 10.16  7.29

 6.46  5.54  4.74  4.10  3.59  3.17  2.84  2.59  2.52  2.49  2.52  3.69

 8.91  8.28  7.90  7.44  6.88  6.28  5.71  5.18  4.74  4.37  4.04  6.34

10.46 10.17 10.18 10.27 10.41 10.59 10.83 11.05 11.06 10.95 10.75 10.61

 9.79  9.50  9.17  8.81  8.41  8.02  7.64  7.16  6.64  6.17  5.91  7.93

11.51 11.56 11.75 12.01 12.31 12.60 12.85 13.02 13.02 12.91 12.68 12.38
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 3

 (contour tone)
 (T1)  (T2)  (T3)  (T5)

1 0.01 0.23 –0.10 –0.31 –0.21 –0.40 –0.17 –0.27

2 0.14 0.51 –0.15 –0.30 –0.24 –0.40 –0.15 –0.36

3 0.09 0.67 –0.10 –0.36 –0.18 –0.60 –0.21 –0.47

4 0.09 0.73 –0.17 –0.44 –0.20 –0.40 –0.13 –0.28

5 0.12 0.87 –0.11 –0.45 –0.35 –0.54 –0.33 –0.55

6 0.17 0.87 –0.01 –0.65 –0.33 –0.48 –0.13 –0.52

7 0.13 0.39 –0.02 –0.37 –0.18 –0.50 –0.15 –0.43

8 0.12 0.77 –0.22 –0.36 –0.25 –0.48 –0.18 –0.35

9 0.14 0.70 0.03 –0.39 –0.34 –0.50 –0.16 –0.36

10 –0.07 0.79 –0.09 –0.41 –0.25 –0.57 –0.19 –0.58

11 0.03 0.11 –0.02 –0.39 –0.11 –0.42 –0.15 –0.33

12 0.06 0.71 –0.13 –0.49 –0.17 –0.48 –0.04 –0.47

13 0.10 0.50 –0.07 –0.34 –0.28 –0.70 –0.16 –0.35

14 0.09 0.46 –0.18 –0.33 –0.29 –0.62 –0.19 –0.48

 (level tone)
 (T4)  (T6)

1 –0.05 0.07 –0.09 0.10

2 –0.09 0.09 –0.06 0.09

3 –0.09 0.03 –0.06 0.12

4 –0.07 0.09 –0.05 0.20

5 –0.05 0.08 –0.13 0.35

6 –0.09 0.08 –0.06 0.15

7 –0.06 0.14 –0.10 0.07

8 –0.04 0.00 –0.12 0.05

9 –0.08 0.10 –0.05 0.25
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 (T4)  (T6)

10 –0.07 0.08 –0.11 0.23

11 –0.06 0.04 –0.09 0.10

12 –0.07 0.15 –0.08 0.31

13 –0.02 0.14 –0.05 0.13

14 –0.04 0.10 –0.10 0.24

 4

[i]-F2 [i]-F1 [a]-F2 [a]-F1 [u]-F2 [u]-F1

 (T1) 12.16 4.91 11.07 8.00  9.90 5.01

 (T2) 11.80 4.87 11.06 7.95  9.99 5.46

 (T3) 11.41 4.91 11.68 8.00  9.95 5.44

 (T4) 11.92 4.66 10.99 8.00  9.75 4.81

 (T5) 11.98 5.06 11.21 7.31 10.73 5.29

 (T6) 12.40 4.72 11.23 7.39  9.73 5.99

 (T1) 11.80 5.21 11.16 8.54  9.63 5.30

 (T2) 11.13 4.85 11.04 8.15  9.21 5.23

 (T3) 11.47 5.15 11.63 8.40  9.57 5.39

 (T4) 11.80 5.37 11.22 8.40 10.05 5.68

 (T5) 11.64 5.39 11.21 7.60 10.74 5.80

 (T6) 11.50 5.48 11.63 7.89  9.71 6.55

 5  ms

[i] [a] [u]

 (T1) 116 126 119

 (T2)  72 104  73

 (T3) 103 109 106

 (T4) 101 160 114

 (T5)  45  66  64

 (T6)  76  74  76
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[i] [a] [u]

 (T1) 217 232 248

 (T2) 206 209 196

 (T3) 184 212 171

 (T4) 176 223 193

 (T5)  74 108  81

 (T6) 111 114 107
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Interaction between Tones and Vowels in 
Hakka Infant-Directed Speech

Ming-chung Cheng
National United University

Infant-directed speech (IDS) is the most significant speech input in early child language 
acquisition. A body of literature has explored the phonetic characteristics of tones and vowels in 
IDS, but little attention is paid to the interaction between tone and vowel in IDS. Thus, based on 
Hakka, this study attempts to investigate the interaction between tone and vowel, with an exami-
nation of phonetic manifestations of tones and vowels in Hakka IDS. Fourteen mother-infant 
dyads joined this study. They interacted with their infants and the researcher naturally at homes. 
These speeches were recorded as IDS and adult-directed speech (ADS). Speech stimuli used in 
this study contained 18 disyllabic phrases, in which the first syllables were the targets. For each 
ADS/IDS, the first two clear tokens of each target syllable were segmented for acoustic analysis 
of the values of fundamental frequency (F0) and the first two formants (F1 and F2) by PRAAT. After 
that, these F0, F1 and F2 values were normalized for further analysis. Research results pointed out 
the following findings. First, compared with ADS, IDS displayed phonetically expanded tones in 
terms of F0 mean, F0 range, F0 contour and F0 slope. Second, compared with ADS, IDS displayed 
significant vowel lengthening. However, different from related literature, the study showed 
downward-moving vowel triangles, reduced vowel space areas and shortened cross-vowel acous-
tic distances. Third, the intrinsic pitch difference of vowels did not affect the tones in IDS. Fourth, 
tones displayed definite effects upon vowel triangles and vowel space areas. The tonal features 
constituted an affecting hierarchy: [non-checked/checked] > [high/non-high] > [level/contour]. 
Finally, the findings from this study were extended further to some related issues in IDS, such as 
how IDS is linked to child tone/vowel acquisition, what is the relation between intimacy and high 
tone, and which dimension, paralinguistic or linguistic, is of primary significance in IDS.

Key words: Hakka, infant-directed speech, tone, vowel, fundamental frequency, formant


