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ABSTRACT 
 

This study examined how typically developing (TD) 

children and children with autism spectrum disorders 

(ASD) identified Japanese pitch-accent minimal-pair 

words in three stimulus conditions: natural recordings 

(NatRec), sine-wave speech (SWS), and noise-

vocoded sine-wave speech (NzVocSWS). It was 

hypothesized that TD children would show a 

significant decrease in identification accuracy from 

the NatRec condition to degraded speech (SWS and 

NzVocSWS) conditions, and a significant increase 

from the SWS to NzVocSWS condition, consistent 

with the results in a previous study testing Japanese-

speaking adults. On the contrary, children with ASD 

were expected to show a different identification 

pattern because of their difficulty in phonological 

processing and detecting subtle differences in 

duration and intensity cues. The results demonstrated 

that both groups showed a similar pattern, although 

the identification accuracy of children with ASD was 

significantly lower than that of TD children across the 

three stimulus conditions. 
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1. INTRODUCTION 

Speech sounds carry multiple acoustic cues signaling 

phonological contrasts [1–4], and degraded speech is 

often used to manipulate audible acoustic cues. Sine-

wave speech (SWS) is a type of synthetic speech, 

consisting of multiple time-varying sinusoids that 

replicate the first three or four formants of natural 

speech with its amplitude pattern [5]. People 

understand words and sentences from SWS [5–7], but 

since there is no fundamental frequency (F0) 

information in SWS, Japanese speakers cannot 

identify pitch-accent minimal-pair words correctly 

[8]. Instead of F0, they rely on the first formant 

frequency (F1) to identify pitch accents, resulting in 

poor identification [9]. However, when SWS is noise-

vocoded, individual formants become less audible, 

and Japanese speakers use other acoustic cues (e.g., 

duration and intensity), leading to better identification 

[9]. In the present study, pitch-accent perception of 

children with autism spectrum disorders (ASD) was 

examined with the hypothesis that their pitch-accent 

perception would be different than typically 

developing (TD) children.  

ASD is often described as a neurodevelopmental 

disorder affecting social interaction and speech 

communication [10]. People with ASD often have 

enhanced pitch perception, but their outperformance 

is observed on a low-level perception (e.g., auditory 

discrimination), and not on a higher-level (e.g., 

categorical) perception [11–13]. This means that 

people with ASD are auditorily sensitive, but 

experience difficulty in phonological processing. 

This claim has been supported by both behavioral and 

neurophysiological experiments [12]. 

The Japanese language has lexical contrasts based 

on a high (H) vs. low (L) bitonal pitch accent. For 

example, [niʑi] (HL) with a relatively high-pitched 

first mora [ni] and a relatively low-pitched second 

mora [ʑi] means two o’clock, whereas [niʑi] (LH) 

with a low-pitched first mora and a high-pitched 

second mora means rainbow. The primary acoustic 

cue for pitch-accent contrast is F0, and Japanese 

speakers use the location of the F0 peak to identify 

accented morae [1]. Although there are many debates 

about whether duration and intensity are the 

secondary acoustic cues for pitch-accent perception 

[2–4], a previous study showed that Japanese 

speakers tend to rely on the duration and intensity of 

vowels to identify pitch-accent minimal-pair words 

when F0 is not available [9]. 

This study examined the identification accuracy of 

Japanese pitch-accent minimal-pair words in three 

testing conditions: natural recordings (NatRec), SWS, 

and noise-vocoded sine-wave speech (NzVocSWS). 

In NatRec, where all relevant acoustic cues, such as 

F0, duration, and intensity, are available, it was 

hypothesized that the identification accuracy would 

be at ceiling for TD children. However, in SWS, 

where F0 is not available, TD children may rely on 

F1 for pitch-accent perception, as Japanese-speaking 

adults do [9]. Consequently, TD children would not 
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be able to identify pitch accents correctly. In 

NzVocSWS, where the effect of quasi-periodicity 

(i.e., F1) is reduced, TD children were expected to 

increase their identification accuracy compared to the 

SWS condition. Since each formant is less audible 

due to the noise-vocoding effect, they may rely on 

other acoustic cues (e.g., duration and intensity), 

resulting in higher identification accuracy [9]. 

Conversely, it was hypothesized that children with 

ASD would not increase their identification accuracy 

from SWS to NzVocSWS due to their difficulty in 

phonological processing and detecting subtle 

differences in both duration and intensity cues [12], 

[14–19]. For children with ASD, identification 

accuracy was expected to be at a chance level in both 

the SWS and NzVocSWS conditions, and not as high 

as that of TD children in the NatRec condition. Based 

on these hypotheses, we predicted a significant 

interaction between the group and condition factors. 

2. METHOD 

2.1. Participants 

Table 1 displays the participants’ information. 

Sixteen children participated in the experiment. They 

were all Tokyo Japanese speakers who had lived most 

of their lives in Tokyo [20]. Eight of the 16 

participants were TD children, and the remaining 

eight were diagnosed by pediatricians as having ASD. 

The two groups (TD and ASD) were matched in 

chronological age, but significantly differed in the 

scores of the Parent-Interview ASD Rating Scales – 

Text Revision (PARS-TR) [21]. The PARS-TR is an 

interview-based rating scale widely used in Japan to 

assess ASD symptoms. The symptoms were assessed 

during the preschool period and at the time of the 

study. 
 

 
TD (n = 8) 

Mean (SD) 

ASD (n = 8) 

Mean (SD) 

Group 

differences 

Sex 
6 girls, 

2 boys 

2 girls, 

6 boys 
 

Age 

(years) 

9.64 

(1.74) 

9.48 

(1.74) 

n.s. 

(p > .05) 

PARS-TR 

(present) 

4.00 

(6.76) 

20.88 

(9.72) 
p < .01 

PARS-TR 

(preschool) 

7.00 

(10.62) 

30.88 

(10.87) 
p < .01 

PVT-R 

score 

63.38 

(15.58) 

46.50 

(23.81) 

n.s. 

(p > .05) 

PVT-R 

(SS) 

13.63 

(3.93) 

8.88 

(6.22) 
p = .089 

Note: Independent sample t-test and Wilcoxon rank sum 

test were used for the group difference analyses. 
 

Table 1: Participants’ information of typically developing 

(TD) children and children with autism spectrum disorders 

(ASD). 

There was no significant difference in the Peabody 

Picture Vocabulary Test of receptive vocabulary 

(Japanese version; PVT-R score) between the two 

groups, but the difference in the PVT-R evaluation 

score (SS) was marginally significant. The PVT-R 

score is often used to assess verbal intelligence 

quotient (IQ) [22], and the PVT-R (SS) is often used 

to assess language delay [23]. 

2.2. Stimuli 

Three types of stimuli were used in our experiment: 

NatRec, SWS, and NzVocSWS. Figure 1 displays 

waveforms and narrowband spectrograms of the word 

[ame] with the HL and LH pitch accents in each 

stimulus type. 

2.1.1. Natural recordings (NatRec) 

Two Japanese pitch-accent minimal pairs ([ame] with 

HL meaning rain vs. LH meaning candy and [niʑi] 

with HL two o’clock vs. LH rainbow) were recorded 

by six Tokyo Japanese speakers (three women and 

three men), using a Rode NT2-A microphone with 

44,100 16-bit samples per second. The intensity was 

normalized across all tokens based on the root-mean-

square method. Tokens from two speakers (two 

women) were used only for practice sessions, and the 

tokens from the remaining four speakers were used 

for the identification test. Sixteen tokens (4 minimal-

pair words × 4 speakers) were used in the 

identification test of the NatRec condition. 

2.1.2. Sine-wave speech (SWS) 

The duration of the NatRec stimuli was averaged 

between minimal-pair words produced by each 

speaker. All tokens were then transformed to SWS 

with a Praat script written by Darwin [24]. The first 

three formants (F1, F2, and F3) and their amplitude 

were tracked every 10 ms with the respective gender 

setting. Other parameters were set as the default (e.g., 

amplitude tracks were low-pass filtered at 50 Hz). 

The three individual sinusoids were combined to 

construct the SWS version of the 16 tokens (4 

minimal-pair words × 4 speakers). 

2.1.3. Noise-vocoded sine-wave speech (NzVocSWS) 

Finally, the SWS stimuli went through a peak-picking 

noise vocoder using a Praat script written by Winn 

[25]. The frequency range was set from 70 Hz to 10 

kHz. Spectral analysis and synthesis were conducted 

using 33 filters, with the width of the synthesis filter 

being 6 dB per mm. As each formant was less audible, 

it was expected that TD Japanese speakers would not 

rely on F1 but would instead use duration and 
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intensity for pitch-accent perception in the 

NzVocSWS condition. 

It should be noted that when a noise vocoder with 

square-shaped synthesis filters was used, Japanese 

speakers did not show a significant difference in their 

pitch-accent identification accuracy between the 

SWS and NzVocSWS conditions [8]. 

2.3. Procedure 

Participants took a Japanese pitch-accent 

identification test under three conditions (NatRec, 

SWS, NzVocSWS). They heard a word and saw a 

minimal pair displayed on the screen with both kanji 

(a Japanese writing system with Chinese characters) 

and hiragana (Japanese moraic orthography) (e.g., 雨

(あめ), 飴(あめ)), then clicked on the word they 

thought they had heard. Half of the participants took 

the test in the NatRec, SWS, and NzVocSWS order, 

and the other half took it in the NatRec, NzVocSWS, 

and SWS order. Before each condition, participants 

had a practice session with two tokens. They received 

no feedback during the test and heard eight tokens for 

each minimal pair of [ame] and [niʑi]. Each 

participant completed 48 trials (8 tokens × 2 minimal 

pairs × 3 conditions). 

3. RESULTS 

Figure 2 displays the identification accuracy of pitch-

accent contrast under three stimulus conditions 

(NatRec, SWS, NzVocSWS) by TD children and 

children with ASD. A logistic mixed effects model 

based on correct and incorrect binomial responses 

was used for the statistical analysis. The fixed factors 

were group (TD, ASD), condition (NatRec, SWS, 

NzVocSWS), and their interaction. Orthogonal 

contrasts were set for these categorical variables. By-

participant random intercepts were also included in 

the model. 

The logistic mixed effects model demonstrated a 

significant effect of group (TD vs. ASD), β = 0.32, SE 

= 0.15, z = 2.11, p = .035, suggesting that the TD 

children had higher identification accuracy across all 

three conditions than the children with ASD. 

Significant effects were also found for condition. The 

identification accuracy was significantly higher in 

NatRec than in degraded speech (i.e., SWS and 

NzVocSWS) conditions, β = 0.70, SE = 0.08, z = 8.82, 

p < .001, and accuracy in the NzVocSWS condition 

was significantly higher than that in SWS, β = -0.28, 

SE = 0.09, z = -3.05, p < .01. However, the interaction 

 
Figure 1: Waveforms and narrowband spectrograms of the word [ame] with the HL (high-low) and LH (low-high) 

pitch accents in three stimulus types: natural recordings (NatRec), sine-wave speech (SWS), and noise-vocoded sine-

wave speech (NzVocSWS). 
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between group and condition was not significant in 

any contrast (p > .05). 

4. DISCUSSION 

This study examined identification accuracy of 

Japanese pitch-accent minimal-pair words by TD 

children and children with ASD under three stimulus 

conditions (NatRec, SWS, NzVocSWS). For TD 

children, it was hypothesized that pitch-accent 

identification accuracy would decrease from the 

NatRec to degraded speech (SWS and NzVocSWS) 

conditions, but significantly increase from the SWS 

to NzVocSWS condition. As Japanese-speaking 

adults did in a previous study [9], TD children may 

rely on F1 for pitch accent perception in SWS where 

F0 information is not available, resulting in poor 

identification accuracy. However, because the effect 

of misleading voice pitch contour (i.e., F1) may be 

reduced due to less audible formants in NzVocSWS, 

we predicted that their pitch accent identification 

accuracy would increase, with more reliance on other 

acoustic cues (e.g., duration and intensity). In contrast 

to TD children, children with ASD were not expected 

to significantly increase their identification accuracy 

even after the SWS was noise-vocoded, due to their 

difficulty in phonological processing and detecting 

subtle differences in duration and intensity cues [14–

19]. Because of these difficulties, identification 

accuracy in the NatRec condition may also not be as 

high for children with ASD, predicting a significant 

interaction between the group and condition factors. 

The results demonstrated that, although 

identification accuracy was lower for the ASD group 

than the TD group across all three conditions, no 

significant interaction was found—both groups 

showed similar pitch-accent perception patterns. 

Their identification accuracy in the degraded speech 

(SWS and NzVocSWS) conditions was lower than 

that in the NatRec condition, and accuracy in the 

NzVocSWS condition was higher than in the SWS 

condition. These results do not fully support our 

hypotheses, but are consistent with the results of tests 

with Japanese-speaking adults. Since this study did 

not examine how each acoustic cue is used by each 

group, further research is necessary. 

There are multiple limitations that need to be 

addressed in a future study. First, language ability 

was not controlled between the TD and ASD groups. 

There were no significant differences in the PVT-R 

(SS) or PVT-R score between the TD and ASD 

groups, which suggests that the ASD group had 

neither significant language delay nor significantly 

lower verbal IQ compared to the TD group. Since 

autism spectrum disorder is an umbrella term 

including a wide range of disorders, more-detailed 

language-ability backgrounds should be analyzed. 

Second, since these are preliminary results from only 

eight participants in each group, there may have been 

a lack of statistical power to show a significant 

interaction between group and condition—it is 

necessary to increase the number of participants. 

Finally, this study only examined pitch-accent 

identification, not auditory discrimination. It is also 

important to test auditory sensitivity differences 

between the two groups. Identifying difficulties in 

pitch-accent perception in further studies would help 

clinical diagnoses and education practices for these 

populations. 
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Figure 2: Identification accuracy of two Japanese pitch-accent minimal pairs ([ame] HL rain vs. LH candy, [niʑi] HL 

two o’clock vs. LH rainbow) under three stimulus conditions (NatRec, SWS, NzVocSWS) by typically developing 

(TD) children and children with autism spectrum disorders (ASD). The horizontal dashed line represents the chance 

level of correct proportion. 
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