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Abstract: 24 

Purpose: This study aimed to investigate the age by which Cantonese-speaking 25 

children reach adult level in using contextual cues to adjust for speech variability in 26 

identifying level tones. Another aim of this study was to explore the external and 27 

internal factors on the level tone normalization, that is the influence of context type and 28 

individual attributes including linguistic skill and musical pitch sensitivity. 29 

Methods: The study involved 62 Cantonese-speaking children aged seven to 10 (31 30 

boys, 31 girls) and 24 young adults (12 men, 12 women). Participants were asked to 31 

identify Cantonese level tones in different conditions: condition without context and 32 

condition with contexts: speech, music, or pure tone. Child participants’ linguistic skill 33 

was assessed using a subtest of the standardized language test, and their sensitivity to 34 

musical pitch changes was assessing using three subtests related to pitch perception of 35 

Montreal Battery of Evaluation of Musical Abilities. 36 

Results: Children aged eight and above showed comparable performance with adults 37 

in the condition with speech context, and performed significantly better than younger 38 

children. Non-speech contexts (music and pure tone) did not elicit contrastive context 39 

effect in participants across all age groups. The children with better linguistic skill or 40 

higher musical pitch sensitivity performed better in using speech contextual cues to 41 

identify level tones. 42 

Conclusions: Cantonese-speaking children matured in their ability to normalize level 43 

tones at age of eight. This ability was positively associated with linguistic skill and 44 

musical pitch sensitivity. In addition, Cantonese level tone normalization is a speech-45 



specific perceptual process. 46 

Keywords: Development; Extrinsic normalization; Lexical tones 47 

 48 

1. Introduction 49 

A pivotal inquiry in speech perception revolves around understanding how listeners, 50 

confronted with the inherent variability of human speech, achieve constancy in 51 

mapping speech signals to linguistic categories. The variability, seen both between and 52 

within speakers, intensifies diversity within the same linguistic category and generates 53 

overlap across different categories, thus complicating the distinction between similar 54 

phonemes. This phenomenon is evident in Cantonese tone system, where the pitch 55 

heights of the high-level tones produced by male speakers are comparable to those of 56 

the Cantonese mid-level tones produced by female speakers (Peng et al., 2012). 57 

Research has shown that adults are able to achieve perceptual constancy despite 58 

variability in the acoustics of level tones (e.g., Wong & Diehl, 2003; Zhang et al., 2015). 59 

While perceptual constancy is well-documented in adults, the developmental trajectory 60 

of this skill in children remains unexplored. 61 

 62 

1.1 Normalizing acoustic variability with context cues 63 

Despite the extensive variability in human speech, interlocutors are able to 64 

understand one another. One potential reason for this is that, in actual communication 65 

situations, words frequently appear with context, which furnishes insights for 66 

mitigating speech variability and achieving perceptual constancy. Ladefoged and 67 



Broadbent’s seminal work in 1957 revealed that the ambiguous “bVt” syllable tends to 68 

be perceived as “bit” in sentences characterized by a high first formant (F1) and as “bet” 69 

in those with a low F1. This research underscores how contextual acoustic information 70 

influences the perception of speech sounds, thereby reducing ambiguity stemming from 71 

both inter- and intra-talker variability through a process termed extrinsic normalization 72 

(Nearey, 1989). Typically, context influences the perception of target sounds in a 73 

contrastive manner as demonstrated in Ladefoged and Broadbent (1957), where the 74 

speech sound with a vowel midway between /ɛ/ and /ɪ/ is more likely to be perceived 75 

as /ɪ/, which has a lower F1 compared to /ɛ/, when the preceding sentence has a 76 

relatively high F1. Conversely, it is more likely to be perceived as /ɛ/ in the context of 77 

a preceding sentence with a relatively low F1. This phenomenon has also been observed 78 

in the perception of consonants. For instance, previous studies have revealed that the 79 

speaking rate of a context sentence will affect the perception of stop consonants 80 

regarding their voice onset time (VOT). Typically, voiced stop consonants (like /b/, /d/, 81 

/g/) have shorter VOTs than their voiceless counterparts (like /p/, /t/, /k/) in English. In 82 

faster speech, listeners might perceive these consonants with larger VOTs, categorizing 83 

them closer to the voiceless end of the spectrum. Conversely, in slower speech, the same 84 

consonants might be perceived with shorter VOTs, leading to a voiced interpretation 85 

(Miller & Volaitis, 1989; Summerfield, 1981). 86 

In addition to segments (like consonants and vowels), the perception of 87 

suprasegmental features (such as lexical tones) is also contrastively affected by 88 

contextual cues. The fundamental frequency (F0) is a critical acoustic component in 89 



realizing lexical tones, with its height or slope being essential for differentiating 90 

between lexical tones (Gandour, 1983). For instance, Cantonese features three level 91 

tones—high-level, mid-level, and low-level—which are solely distinguished by pitch 92 

height (Peng, 2006). A Cantonese speech sound with an ambiguous level tone is more 93 

frequently perceived as a word with high-level tone when following a context of low 94 

F0, and as one with low-level tone after a context of high F0, demonstrating a 95 

contrastive context effect (Tao et al., 2021; Wong & Diehl, 2003; Zhang et al., 2015; 96 

Zhang et al., 2012; Zhang et al., 2018; Zhang et al., 2017). However, since these studies 97 

have focused on adults, there is a dearth of understanding regarding how children who 98 

are native speakers of Cantonese develop the capacity to use contextual cues to 99 

normalize the acoustic variability of level tones. Therefore, the current study aimed to 100 

explore the developmental trajectory of this ability in Cantonese-speaking children. 101 

 102 

1.2 Development of extrinsic normalization in speech perception 103 

Previous studies suggest that the development of the ability to use contextual cues 104 

for normalizing lexical tones lags behind the development of the similar ability for 105 

consonants (Campbell et al., 2018; Chen et al., 2023; Miller & Eimas, 1983). The study 106 

by Miller and Eimas (1983) demonstrated that even 3- to 4-month-old infants are 107 

capable of categorizing consonants, /d/ and /th/, based on the duration of formant 108 

transitions in relation to the overall syllable duration, indicating an early sensitivity to 109 

contextual cues in speech when processing consonants. Campbell et al. (2018) extended 110 

this research by examining the consonant normalization of school-age children, 111 



comparing them to adults. Their study revealed that both children and adults adjust their 112 

identification of voicing contrasts in VOT continua based on the speaking rate of the 113 

surrounding context. In addition, for children aged 5 to 10, the magnitude of this 114 

speaking rate effect does not significantly differ across ages, suggesting a relatively 115 

stable period in the development of this perceptual adjustment ability. Chen et al. (2023) 116 

further contributed to this line of research by focusing on Mandarin-speaking children 117 

and their ability to use contextual cues to normalize speech variability in perceiving 118 

lexical tones. Their findings showed that Mandarin-speaking children did not 119 

effectively utilize acoustic-phonemic cues in contexts to accommodate lexical tone 120 

variability until they reach the age of 6 years. It remains unclear whether these findings 121 

can be extended to Cantonese-speaking children, particularly regarding the perception 122 

of level tones in Cantonese. Furthermore, Chen et al. (2023) did not compare the 123 

performance of children and adults, leaving the age at which children reach adult-level 124 

performance in this area undetermined. In our study, we aimed to explore for the first 125 

time when children matured in their ability to normalize lexical tones. 126 

Although Mandarin and Cantonese share similarities as tone languages, they also 127 

have distinct features in their tone systems. For example, Cantonese has three level 128 

tones: high, mid, and low, which are distinguished by pitch height alone, whereas 129 

Mandarin features a single high-level tone. In Chen et al. (2023), participants were 130 

required to identify two Mandarin lexical tones: high-level and mid-rising tones. Since 131 

these two lexical tones are distinguished not only by pitch height but also by slope, they 132 

can be easily identified by young native Mandarin speakers without context. Wong et 133 



al. (2005) demonstrated that 3-year-old Mandarin-speaking children can accurately 134 

identify the high-level and mid-rising tones in isolation, even without segmental cues, 135 

as seen in minimal pairs. However, the identification of Cantonese level tones proves 136 

to be more challenging in the absence of context, with adults’ accuracy levels merely 137 

hovering around chance. Interestingly, when provided with context, Cantonese-138 

speaking adults demonstrate a significantly higher accuracy rate in perceiving level 139 

tones, exceeding 90% (Wong & Diehl, 2003). This improvement underscores the 140 

crucial role of contextual cues in the perception of Cantonese level tones. Given the 141 

distinctions between Mandarin and Cantonese, and the importance of utilizing 142 

contextual cues, this study sought to explore the developmental path of Cantonese-143 

speaking children’s ability to leverage context in perceiving level tones. This 144 

exploration was conducted in relation to the findings reported by Chen et al. (2023) on 145 

Mandarin-speaking children, offering a point of reference for understanding how 146 

children process lexical tone normalization in different tonal systems. 147 

 148 

1.3 Factors influencing extrinsic normalization of lexical tones 149 

The factors that may affect the extrinsic normalization of lexical tones can be 150 

categorized into external and internal ones. The external factors encompass the type of 151 

context, while the internal factors include linguistic skill, musical pitch sensitivity, and 152 

other individual attributes. In the exploration of external factors, previous studies have 153 

primarily concentrated on the distinction between speech and non-speech contexts. For 154 

instance, Francis et al. (2006) investigated the normalization of level tones in 155 



Cantonese-speaking adults, comparing them in speech and non-speech settings. The 156 

speech context involved comprehensible Cantonese sentences, while the non-speech 157 

context was created by using Praat to apply the pitch contour from the speech context 158 

to a hummed vocal sound /ǝ/. Despite the non-speech context including essential cues 159 

for pitch range assessment, akin to those in the speech context, Cantonese native 160 

speakers exhibited minimal normalization effects when presented with the non-speech 161 

context. Conversely, a distinctive perceptual contrast was observed in the speech 162 

context, suggesting a disparity in the impact of speech versus non-speech contexts on 163 

the process of lexical tone normalization. Zhang et al. (2015) delved deeper into the 164 

role of speech information at various levels in adults. They tasked native Cantonese 165 

speakers with recognizing ambiguous Cantonese level tones in several contexts: 166 

meaningful speech, meaningless speech (sequences of Cantonese monosyllables), 167 

reversed speech (normal speech played backward), and non-speech (triangle waves). 168 

Their findings revealed that meaningful speech had the most significant impact on 169 

normalization, followed by meaningless speech. Reversed speech also showed some 170 

benefit for the normalization process, but the effect was minimal in non-speech contexts. 171 

Tao et al. (2021) explored a specific non-speech context: music. They found that, like 172 

other non-speech contexts, the music context did not effectively elicit lexical tone 173 

normalization in Cantonese-speaking adults, regardless of their musical training or lack 174 

thereof. However, Huang and Holt (2009) has shown that non-speech contexts can 175 

influence lexical tone perception in Mandarin-speaking adults. In their research, non-176 

speech contexts were created using sine-wave harmonics or pure tones. They observed 177 



that the contrastive context effect in both non-speech contexts, though quantitatively 178 

smaller, was statistically comparable to that in speech contexts. In addition, young 179 

native Mandarin speakers, particularly 6- and 7-year-olds, have been found to possess 180 

the ability to utilize non-speech cues for normalizing lexical tone, as evidenced by a 181 

significant context effect observed in the non-speech context in the study by Chen et al. 182 

(2023). However, it is noteworthy that older children and adults in the same study did 183 

not exhibit the use of non-speech contextual cues for lexical tone perception, suggesting 184 

a gradual decline or unlearning of this ability with age. Given the limited understanding 185 

of how the ability to use various contexts for normalizing Cantonese level tones 186 

develops in Cantonese-speaking children, the current study aimed to investigate this 187 

normalization process at different ages in both speech and non-speech contexts. 188 

Regarding the internal factors that may affect the extrinsic normalization of lexical 189 

tones, previous research has suggested that musical pitch sensitivity plays a role. For 190 

example, Zhang et al. (2018) compared the normalization of Cantonese level tones 191 

between two groups of native speakers, one of which scored significantly lower in tests 192 

designed to assess musical pitch sensitivity. This group was also found to perform 193 

significantly worse in normalizing level tones within speech contexts compared to the 194 

other group, indicating a potential link between musical pitch sensitivity and the ability 195 

to normalize tones in Cantonese. However, increased music training does not appear to 196 

further enhance level tone normalization significantly, as Tao et al. (2021) found that 197 

Cantonese-speaking musicians and non-musicians performed similarly in using speech 198 

contextual cues to normalize level tones. This similarity in performance might be 199 



attributed to a ceiling effect. To address this, the current study aimed to examine the 200 

influence of musical pitch sensitivity on level tone normalization in Cantonese-201 

speaking children, whose ability in this area is still developing. 202 

Linguistic skill represents another internal factor that potentially influences the 203 

process of extrinsic normalization in speech perception. Speech perception involves 204 

understanding spoken language, which is challenging due to the variability in how 205 

something can be expressed. Insufficient exposure to a language may hinder one’s 206 

ability to effectively accommodate this variability, as evidenced in second language (L2) 207 

learners (Tamati & Pisoni, 2014). Furthermore, the presence of a meaningful speech 208 

context has been shown to enhance the normalization effect by 11%, compared to 209 

contexts consisting of meaningless word sequences (Zhang et al., 2015). This suggests 210 

that a lack of linguistic knowledge could contribute to subpar performance in the 211 

normalization process. While direct research on this factor in children remains limited, 212 

insights can be drawn from studies on L2 learners. For instance, Zhang et al. (2024) 213 

explored how linguistic skill affects Cantonese level tone normalization in adults with 214 

different levels of proficiency in Cantonese. By comparing Mandarin-speaking learners 215 

to native Cantonese speakers, they found that normalization effects were significantly 216 

weaker in the learner group, particularly among those with lower proficiency. This 217 

suggests that linguistic skill plays a role in the normalization process. However, such 218 

findings cannot be directly extended to children. Unlike adult L2 learners, who build 219 

on a fully developed first language, children are still acquiring their native language 220 

while undergoing cognitive development. By examining children at different 221 



developmental stages, the present study provides a window into how tone normalization 222 

gradually emerges and stabilizes during first language acquisition, offering a 223 

perspective on the role of language experience in early lexical tone processing. 224 

 225 

1.4 The current study 226 

Overall, the present study aimed to examine (1) the developmental trajectory of 227 

Cantonese-speaking children’s ability to utilize contextual cues—such as speech, music, 228 

or pure tones—in level tone perception, (2) in the contexts where a general context 229 

effect has been observed, the development of the ability to normalize lexical tones—230 

reflected in contrastive perceptual shifts in response to contextual F0 variation, and (3) 231 

the influence of individual attributes including linguistic skill and sensitivity to musical 232 

pitch on children’s ability to normalize level tones. Previous studies indicate that the 233 

ability to use contextual cues for normalizing lexical tones matures at a later stage. 234 

Specifically, 5-year-olds were not yet adept at using contextual cues for lexical tone 235 

normalization (Chen et al., 2023), in contrast to the normalization of consonants, which 236 

reached adult-like levels by the age of 5 (Campbell et al., 2018). It is important to note 237 

that Chen et al. (2023) focused on the perception of Mandarin lexical tones. The 238 

developmental timeline for normalizing Cantonese level tones, however, is less clear. 239 

Cantonese, with its six tones including three level tones distinguished solely by pitch 240 

height, presents a more complex tonal system than Mandarin, which has four tones—241 

one level and three contour tones. Mandarin tones can be recognized more easily 242 

without context, suggesting they might be less influenced by context than Cantonese 243 



tones. Given the challenge of differentiating Cantonese level tones by pitch alone, 244 

Cantonese-speaking children likely learn to rely on contextual cues at a young age, 245 

developing proficiency in using these cues for lexical tone perception earlier than 246 

Mandarin-speaking children. However, it is crucial not to overlook the impact of tonal 247 

complexity of Cantonese, which may complicate the mastery of each tone category. 248 

Consequently, Cantonese-speaking children may require a more extended period to 249 

fully develop their ability to utilize contextual cues effectively. 250 

 251 

2. Methods 252 

2.1 Participants 253 

Sixty-eight Hong Kong Cantonese-speaking children and 24 native adults 254 

participated in this study. The sample size was mainly determined by availability, which 255 

was further confirmed using the G*Power 3 (Faul et al., 2007). When opting for a 256 

moderate sample size (ηp2 = .06), .80 power, an alpha of .05, and .50 as correlation 257 

among repeated measure to pursue the interaction among Group (7-, 8-, 9-year-olds, 258 

adults), and Condition (isolated, music context, pure tone context, speech context), the 259 

desired total sample size turned out to be 52. Participants were recruited through 260 

multiple channels. Recruitment posters were displayed on university campuses and 261 

published on the faculty website. In addition, flyers were distributed in primary school 262 

communities, both online via group chats and in person at school entrances. A snowball 263 

sampling approach was also employed, where previously tested participants referred 264 

new participants. Inclusion criteria required that all participants be native Cantonese 265 



speakers born and raised in Hong Kong, with typical language, speech, and hearing 266 

abilities and no reported history of developmental, neurological, or psychological 267 

disorders. Six children were excluded for failing to pass the post-training test (see 268 

subsection 2.3 Procedure). These included one five-year-old, three six-year-olds, and 269 

two seven-year-olds. The final data analysis included 20 seven-year-olds, 22 eight-year-270 

olds, and 20 children aged between 9 and 10. Initially, we attempted to include younger 271 

children but found that those below age seven often failed to pass the post-training test 272 

assessing level tone identification in meaningful speech contexts. These children 273 

struggled to reliably distinguish mid- and low-level tones. This difficulty is consistent 274 

with previous findings on Cantonese tone acquisition, which show that children aged 275 

six identified T3 and T6 with less than 65% accuracy (e.g., Mok et al., 2019). 276 

Consequently, it would be futile to proceed with tasks requiring level tone identification, 277 

as the inconsistent performance in level tone identification would raise concerns about 278 

whether any observed lack of contextual effect was due to an insufficient understanding 279 

of Cantonese level tones or an inability to effectively use contextual cues. Therefore, to 280 

ensure that participants had a foundational understanding of Cantonese tones and could 281 

potentially benefit from contextual cues, we focused on children aged seven and above. 282 

In addition, 24 native adults were recruited in the current study. Both child and adult 283 

participants were recruited from Hong Kong, China, and they were native speakers of 284 

Hong Kong Cantonese. Table 1 presents the information of child and adult participants. 285 

According to self-reports or reports from their guardians, none exhibited any language, 286 

speech, or hearing impairments. Written consent was obtained from adult participants 287 



and the caregivers of child participants before the experiment commenced. They were 288 

compensated for their participation after finishing all tasks. The research was conducted 289 

with the approval of the Human Subjects Ethics Subcommittee of The Hong Kong 290 

Polytechnic University. 291 

[Table 1 about here] 292 

2.2 Stimuli 293 

Stimuli were prepared with reference to Tao et al. (2021). A trial was composed of 294 

two parts: a context and a syllable as the target. There were three types of contexts: 295 

speech, pure tone, and music. The speech contexts and all target stimuli were produced 296 

by two female native speakers of Hong Kong Cantonese, one with a high pitch range 297 

and the other with a low pitch range. Figure 1a and Figure 1b present their F0 contours 298 

across the stimuli, illustrating the pitch differences between the two speakers. Female 299 

voices were chosen for two reasons: their pitch range better matches that of children, 300 

and including male voices would have made the experiment too long for children to 301 

stay focused, aligning with prior studies on child speech perception (Chen et al., 2023). 302 

The speech context consisted of a four-syllable semantically coherent phrase, 303 

specifically /li55 kɔ33 tsi22 hai22/, which translates to “This word is”. Following the 304 

recording of the phrase’s natural delivery by the two speakers, the F0 contours of the 305 

speech were adjusted downwards and upwards by three semitones, resulting in two 306 

additional versions of the speech context: a low-pitch and a high-pitch version, 307 

alongside the original mid-pitch version. This manipulation followed the design of 308 

previous studies on adult listeners (Tao et al., 2020; Zhang et al., 2015; 2024), which 309 



allows for comparability. 310 

  311 

Figure 1. F0 contours of the three F0-manipulated versions for each context type and 312 

each speaker: (a) speech context with high-pitch speaker; (b) speech context with low-313 

pitch speaker; (c) pure tone context with high-pitch speaker; (d) pure tone context 314 

with low-pitch speaker; (e) music context with high-pitch speaker; (f) music context 315 

with low-pitch speaker. 316 

 317 

The creation of pure tone contexts involved the application of pitch contours and 318 

intensity patterns from the speech contexts to pure tones. The musical contexts were 319 

generated using piano notes that closely matched the pitch of each syllable in the speech 320 

context, produced through a Kurzweil K2000 synthesizer set to the standard A4 tuning 321 

of 440 Hz (Peng et al., 2013). This approach of selecting the nearest piano notes, rather 322 

than synthesizing a piano sound with the average pitch of each syllable, was chosen to 323 

ensure that participants would experience a more natural sound. The target stimulus in 324 



each trial was the Cantonese syllable /ji33/, produced naturally by the same speakers 325 

who provided the preceding contexts. This syllable carries a mid-level tone in 326 

Cantonese and means “meaning”. Across all trials, the targets syllable remained 327 

acoustically identical. Figure 1 shows the F0 contours of the contexts and targets across 328 

conditions. In addition, there is another condition where the targets were presented in 329 

the absence of context. 330 

The speech contexts and targets were normalized to 55 dB in intensity. Following 331 

previous studies (Tao et al., 2021; Zhang et al., 2018), the average acoustic intensity of 332 

the nonspeech contexts was set to 75 dB, as nonspeech stimuli were perceived as softer 333 

compared to speech. This adjustment was made to match the perceived loudness of the 334 

speech stimuli, as evaluated by native Cantonese speakers. The duration of the speech 335 

contexts was preserved to ensure naturalness: 1005 ms for the speaker with a high pitch 336 

range and 888 ms for the speaker with a low pitch range. Pure tone contexts matched 337 

the duration of their corresponding speech contexts, while the music contexts were 338 

standardized to 1000 ms, with each note lasting 250 ms. 339 

Filler items were introduced to maintain participant engagement and to reduce 340 

predictability effects caused by the repetitive structure of the speech contexts. Each 341 

filler item for contextual conditions, like an experimental trial, was structured into two 342 

components: a four-syllable phrase acting as the context and a target word. In the speech 343 

context condition, two fillers were used. The first one, /ŋɔ23 ji21 ka55 tuk2/, which 344 

translates to “Now I will read”, was followed by the target word /ji33/. This was 345 

recorded by the speaker with a lower pitch range. The second one, /tsʰɪŋ25 lɐu21 sɐm55 346 



tʰɛŋ55/, meaning “Please listen carefully to”, was followed by the target word /ji22/ 347 

with a low-level tone, meaning “two”. This was recorded by the speaker with a higher 348 

pitch range. The creation of filler items for pure tone and music contexts was identical 349 

to the method employed for generating the experimental trials of those two contexts. 350 

For the isolation condition, the two fillers were a different /ji33/ produced by the 351 

speaker with a lower pitch range and a /jj22/, meaning “two”, produced by the speaker 352 

with a higher pitch range. 353 

 354 

2.3 Procedure 355 

2.3.1 Level tone identification task 356 

To ensure child participants understood the concept of the three Cantonese level 357 

tones, a training session was conducted. The experimenter displayed three slides, each 358 

representing one of the level tones carried by the syllable /ji/. Each slide included a 359 

rectangular pattern with a unique background color, Jyutping with tone label displayed 360 

alongside the target character, and an image related to the character’s meaning (Jyutping, 361 

developed by the Linguistics Society of Hong Kong in 1993, see Figure 2a). Although 362 

Jyutping with tone numbers was displayed alongside the target syllables to increase the 363 

transparency of tonal contrasts, children were not instructed to read or rely on them. 364 

After showing a slide, the corresponding recording of the target syllable, preceded by 365 

the phrase /li55 kɔ33 tsi22 hai22/, meaning “This word is”, would be played three times. 366 

For example, when presenting the slide showing the syllable with the high-level tone 367 

/ji55/, the experimenter played the recording of /li55 kɔ33 tsi22 hai22 ji55/ three times. 368 



The children were then asked to mimic the targets they heard.  369 

To ensure that participants could reliably identify the level tones in clear, 370 

unambiguous contexts, we included a post-training test. Specifically, after hearing a 371 

phrase, participants were required to point to the pattern that matched the targets they 372 

heard at the end of the phrase (see Figure 2b). The post-training test included nine trials 373 

(three per level tone). Only after correctly identifying all patterns were they considered 374 

ready for the formal experiment. While this criterion may appear demanding for 375 

children, especially given that previous research has shown even adults sometimes 376 

struggle to distinguish mid- from low-level tones (Mok et al., 2019), identification 377 

accuracy for level tone pairs in that study still exceeded 90%. In our study, participants 378 

who did not pass on the first attempt received repeated training, up to five rounds if 379 

necessary. Moreover, the items used in the post-training test were identical to those used 380 

during training. Taken together, the criterion was achievable. The sound materials 381 

employed in the training session differed from those used in the formal experiment; all 382 

of them originated from a different female native speaker of Hong Kong Cantonese. 383 



 384 

Figure 2. (a) Procedure of the training session for child participants. (b) Procedure of 385 

a sample trial used to examine the ability to identify /ji55/, /ji33/, and /ji22/. 386 

 387 

In the formal experiment, participants were required to make judgments on the target 388 

syllable under four conditions: without context, speech context, pure tone context, and 389 

music context. The no-context condition involved five iterations, with each iteration 390 

consisting of one target syllable and one filler, produced by two speakers—one using 391 

a high pitch range and the other a low pitch range. These iterations were presented in 392 

random order, resulting in a total of 20 trials. Only the 5 target syllables per speaker 393 



(10 in total) were analyzed, while the filler items were not scored. For each contextual 394 

condition, a total of 40 trials were conducted, featuring three versions of contexts (F0 395 

lowered, unshifted, and raised), along with one filler, all produced by two speakers. 396 

These trials were also presented in random order, with each context type repeated five 397 

times. Among these, only the 30 trials containing target syllables were analyzed. All 398 

iterations of a given target syllable were the same recorded token to maintain acoustic 399 

consistency. Likewise, the context phrases within each F0 condition (lowered, 400 

unshifted, raised) were also repeated as the same recorded tokens. For the three 401 

contextual conditions, each trial followed a structured sequence: a fixation screen 402 

(500 ms), an auditory presentation of the audio context, a jittering silence (ranging 403 

from 300–500 ms), an auditory presentation of the target syllable, and a response 404 

screen (see Figure 2b). In the isolated condition, absent of context, the fixation screen 405 

was immediately followed by the jittering silence. These conditions were 406 

counterbalanced across participants to mitigate order effects. 407 

Adult participants responded independently, whereas child participants indicated 408 

their judgments by pointing to one of three rectangular patterns representing their 409 

choices on the response screen, with the experimenters positioned behind and to the 410 

right of the child, recording responses via keypress. To ensure neutrality, the 411 

experimenters only provided minimal interaction, such as acknowledging responses 412 

with phrases like “okay” or “got it”, without giving any feedback or cues regarding 413 

correctness. 414 

Responses were scored in two ways. First, we calculated the percentage of mid-level 415 



tone responses. Second, we assessed expectation alignment based on the expected 416 

perceptual shifts induced by the manipulated F0 of the preceding context. Specifically, 417 

when the context had a lowered F0, listeners were expected to perceive the target as a 418 

high-level tone, /ji55/; when the context had a raised F0, the target was expected to be 419 

perceived as a low-level tone, /ji22/. The F0-unshifted context served as a baseline, in 420 

which the target was expected to be identified as /ji33/. 421 

 422 

2.3.2 Linguistic skill test 423 

Test of Hong Kong Cantonese Grammar, a component of the Hong Kong 424 

Cantonese Oral Language Assessment Scale (T’Sou et al., 2006) was employed to 425 

assess the linguistic skill of child participants. This standardized assessment, with a 426 

total possible score of 83, is widely used by speech therapists in Hong Kong to evaluate 427 

both receptive and expressive grammar skills in children aged between five and 12. It 428 

comprises four distinct tasks: sentence-picture mapping, question answering, sentence 429 

judgment, and picture description. These tasks collectively assess the child’s 430 

comprehension and application of a broad spectrum of Cantonese forms and structures. 431 

Raw language ability scores were used instead of standardized scores to maintain 432 

consistency with musical pitch sensitivity measures, which do not have standardized 433 

scores (see below). In addition, age would be included as a covariate, and using age-434 

corrected scores would have resulted in redundant control for age. 435 

 436 

2.3.3 Musical pitch sensitivity task 437 



Three subtests related to pitch perception of Montreal Battery of Evaluation of 438 

Musical Abilities (MBEMA) were used to assess the child participants’ sensitivity to 439 

musical pitch: Scale test, Contour test, and Interval test (Peretz et al., 2013). These were 440 

conducted by trained experimenters who were familiar with the test procedures and 441 

requirements following instructions provided by the test developers. In each trial, after 442 

hearing two melodies separated by a short silence, children were required to judge 443 

whether the two melodies were the same or different. It has been proven to be a valid 444 

tool for evaluating children’s musical abilities across ages and cultures. There are 20 445 

trials for each subtest. One point was awarded for every correct response. Full marks 446 

for 100% correct responses totaled 60. 447 

All participants first completed the level tone identification task to ensure they 448 

understood the concept of the three Cantonese level tones. The Linguistic skill test and 449 

the musical pitch sensitivity task were then administered in a counterbalanced order. 450 

The entire session, including training, breaks, and all experimental tasks, lasted 451 

approximately 1.5 hours. 452 

2.4 Testing environment and equipment 453 

All tasks were conducted in a sound-treated booth. Auditory stimuli were presented 454 

in free-field through two loudspeakers positioned bilaterally at approximately ±45° 455 

azimuths and 50 cm distance from the participant. The volume was adjusted to a 456 

comfortable level for each child participant.  457 

The level tone identification task (including the post-training test and formal 458 

experiment) was administered using E-Prime 3. The initial training phase employed 459 



PowerPoint presentations. The linguistic skill test used Praat to present stimuli, with 460 

children responding while viewing a digital response booklet in PDF format. The 461 

musical pitch sensitivity task was delivered via PowerPoint. 462 

 463 

2.5 Data analysis 464 

To address our research questions concerning the development of lexical tone 465 

normalization, we conducted two sets of analyses. The overarching goal was to examine 466 

at what age children begin to utilize contextual cues in tone perception like adults do, 467 

and whether such context effects reflect adult-like normalization processes. First, we 468 

tested whether the presence of a preceding context (speech, music, or pure tone) 469 

influenced children’s perception of mid-level tones compared to an isolation baseline. 470 

This addressed the question of whether children of different ages show sensitivity to 471 

contextual information in lexical tone perception, and whether this sensitivity varies by 472 

context type. The dependent variable was the rate of mid-level tone responses. Because 473 

the dependent variable was a continuous proportion bounded between 0 and 1, we used 474 

a generalized linear mixed model (GLMM) with a beta distribution, implemented via 475 

the glmmTMB package (Brooks et al., 2017). A smoothing transformation was applied 476 

to ensure values fell within the (0,1) range required for beta regression. The model 477 

included two fixed effects: Condition (isolation, music, pure tone, speech) and Age 478 

Group (7-, 8-, 9-year-olds, adults), as well as their interaction. Random intercepts for 479 

participants were included to account for subject-level variability. For this analysis, we 480 

only considered the F0 unshifted version of each contextual condition. This allowed us 481 



to isolate the influence of contextual information on tone perception without 482 

introducing additional variability from F0 shifts. The second analysis focused on 483 

contrastive context effects within the contexts where a general context effect had been 484 

observed in the first analysis. Previous studies have found that when the F0 of the 485 

preceding context is artificially shifted, listeners systematically adjust their perception 486 

of the target tone in a contrastive manner (Zhang et al., 2012; Wong & Diehl, 2003; 487 

Zhang et al., 2015; Tao et al., 2021). This contrastive effect is a key indicator of 488 

normalization. To quantify this effect, we adopted the measure of expectation alignment, 489 

defined as the percentage of responses that followed the expected contrastive pattern, 490 

i.e., choosing low-level tone in F0-raised contexts, mid-level tone in F0-unshifted 491 

contexts, and high-level tone in F0-lowered contexts. GLMM with a beta distribution 492 

was carried out on expectation alignment. Fixed effects included F0 manipulation 493 

(raised, unshifted, lowered), Age Group (7-, 8-, 9-year-olds, adults), and their 494 

interaction. Random intercepts for participants were included to account for repeated 495 

measures. Context was included as an additional within-subject factor only if multiple 496 

contexts showed a general effect in the first analysis. In both sets of analyses, post-hoc 497 

pairwise comparisons were performed using the “emmeans” package with Bonferroni 498 

adjustment when necessary. 499 

Next, to examine how linguistic skill and sensitivity to musical pitch affected the 500 

ability to use contextual cues to normalize Cantonese level tones, we first conducted 501 

Pearson correlation analyses among tone normalization performance, age, language 502 

ability, and musical pitch sensitivity with Holm adjustment. If tone normalization was 503 



significantly correlated with age, we proceeded with hierarchical regression analyses to 504 

examine whether either language ability or musical pitch sensitivity accounted for 505 

additional variance beyond what could be explained by age. For each factor (language 506 

ability and musical pitch sensitivity), we only conducted hierarchical regression if that 507 

factor was significantly correlated with tone normalization. In these cases, we first 508 

entered age as a predictor in the model, followed by the variable of interest in a second 509 

step. This allowed us to determine whether the added variable improved the model 510 

significantly after accounting for age. We focused exclusively on contextual conditions 511 

where a contrastive context effect was evident, as these were the most pertinent to our 512 

study. Conditions where expectation alignment was near chance levels were not 513 

included, as analyzing contributing factors in these instances would not yield 514 

meaningful insights. 515 

 516 

3. Results 517 

3.1 Identification of Cantonese level tones in conditions with different contexts 518 

Table 2 shows the percentages of mid-level tone responses in the isolated condition 519 

and the F0 unshifted version of the three contextual conditions in different age groups. 520 

Statistical analysis revealed main effects of Age Group (χ²(3) = 10.95, p = .012) and 521 

Condition (χ²(3) = 214.85, p < .001), and a significant Age Group × Condition 522 

interaction (χ²(9) = 31.90, p < .001). The interaction was analyzed under groups to 523 

assess whether the presence of a preceding context influenced the perception of mid-524 

level tones in children of different ages, in comparison to adults. 525 



[Table 2 about here] 526 

In the adult group, only the speech context significantly influenced the proportion of 527 

mid-level tone responses. They chose the mid-level tone more often in the speech 528 

context than in the isolated (z = 8.00, p < .001), pure tone context (z = 7.90, p < .001), 529 

and music context conditions (z = 8.24, p < .001). No significant differences were found 530 

among the isolated, pure tone context, and music context conditions (ps > .05). The 531 

pattern of results for both 8- and 9-year-old groups mirrored that of the adults. In both 532 

groups, children were significantly more likely to choose the mid-level tone in the 533 

speech context compared to the isolated, pure tone context, and music context 534 

conditions (ps < .001). No significant differences were found among isolated, pure tone 535 

context, and music context conditions (ps > .05). Unlike older children and adults, 7-536 

year-olds did not show a significant difference between the isolated condition and any 537 

of the contextual conditions (ps > .05). 538 

Based on the results of the first analysis, a general context effect was observed only 539 

in the speech context, but not in the music or pure tone contexts. Moreover, expectation 540 

alignment in the music and pure tone contexts did not significantly exceed chance level 541 

(33.33%) across age groups (all ps > .45; see Table 3). Therefore, the second set of 542 

analyses focused specifically on the speech context to examine whether children 543 

showed adult-like contrastive context effects indicative of lexical tone normalization. 544 

[Table 3 about here] 545 

Table 4 presents the expectation alignment for the speech context with their F0 546 

raised, unshifted, or lowered, across different age groups. A significant main effect was 547 



found for Age Group (χ²(3) = 21.75, p < .001), but not for F0 Manipulation. Post-hoc 548 

comparisons revealed that 7-year-olds showed significantly lower alignment with 549 

expected responses than 8-year-olds, 9-year-olds, and adults (ps < .05), while no 550 

significant differences were found among the 8-year-olds, 9-year-olds, and adults 551 

(ps > .05). In addition, the interaction between Age Group and F0 Manipulation was 552 

also significant (χ²(6) = 13.09, p = .042). Post hoc comparisons revealed that the group 553 

differences (i.e., 7 < 8/9/adult) emerged only in the lowered F0 condition (ps < .05), 554 

while no significant group differences were found in the raised or unshifted F0 555 

conditions. When analyzed by group, we found that 7-year-olds showed significantly 556 

higher expectation alignment in the raised F0 condition compared to the lowered F0 557 

condition (t = -3.36, p = .003), while no significant differences were observed across 558 

the three F0-shifted conditions in any of the older age groups or adults.  559 

[Table 4 about here] 560 

3.2 Influence of linguistic skill and musical pitch sensitivity on tone identification 561 

performance  562 

Given that the expectation alignment was around chance level in conditions with 563 

non-speech contexts (see table 3), indicating the limited utility of non-speech cues for 564 

identifying ambiguous level tones, we focused our examination on the influence of 565 

linguistic skill and musical pitch sensitivity within the speech context condition, where 566 

contextual cues could more effectively aid identification. Table 5 presents expectation 567 

alignment in speech context, scores of linguistic skill test and musical pitch sensitivity 568 

task in children by age group. 569 



[Table 5 about here] 570 

Pearson correlation analyses revealed that tone normalization performance, 571 

language ability, musical pitch sensitivity, and age positively correlated with each other 572 

(see Table 6). To further examine the individual contributions of language ability and 573 

musical pitch sensitivity beyond age, we conducted two hierarchical regression 574 

analyses. In the first analysis, age was entered in Step 1 and significantly predicted tone 575 

normalization performance, accounting for 23.85% of the variance (F(1, 59) =  18.48, 576 

p < .001). When language ability was added in Step 2, the model significantly improved 577 

(F(1, 58) =  19.24, p < .001), with the total variance explained increasing to 42.82%. In 578 

this model, language ability was a significant predictor (p < .001), while age was no 579 

longer significant. In the second analysis, musical pitch sensitivity was added in Step 2 580 

instead of language ability. The addition did not significantly improve the model (p 581 

= .197), as musical pitch sensitivity was not a significant predictor, while age remained 582 

significant. 583 

[Table 6 about here] 584 

4. Discussion 585 

To explore how Cantonese-speaking children develop the ability to use context 586 

when perceiving level tones, we conducted a study involving 7- to 10-year-old children 587 

and young adults. Participants were asked to perceive ambiguous Cantonese level tones 588 

in various contexts, including speech and non-speech contexts (music and pure tones) 589 

and in isolation. Neither children nor adults showed significant influence posed by the 590 

non-speech contexts; their perception in these conditions was similar to that in the 591 



context-free condition, and expected response alignment did not significantly exceed 592 

chance level. In the speech context condition, a significant context effect was observed. 593 

Children aged eight and above demonstrated the ability to use speech context to identify 594 

level tones with accuracy similar to that of adults, whereas 7-year-olds did not perform 595 

at a comparable level. Furthermore, our findings indicate that expectation alignment is 596 

associated with both linguistic skill and musical pitch sensitivity among children. Even 597 

when age is controlled for, linguistic skill remains a significant factor influencing tone 598 

identification performance. 599 

 600 

4.1 Late development of level tone normalization 601 

This study reveals that Cantonese-speaking children attain an adult-like proficiency 602 

in utilizing speech context cues to adjust for lexical tone variability by the age of eight. 603 

This finding aligns with Chen et al. (2023), which suggests that the development of the 604 

capacity to employ contextual cues for lexical tone normalization lags behind the 605 

development of a similar ability for consonants. Specifically, extrinsic normalization of 606 

consonants reaches an adult-like level at around 5 years of age, whereas 5-year-old 607 

Mandarin-speaking children have not yet mastered the context-dependent interpretation 608 

of lexical tones. The findings on the delayed development of level tone normalization 609 

are in line with what previous research has shown about Cantonese tone acquisition. 610 

While early infant perception studies (e.g., Mattock & Burnham, 2006; Mattock et al., 611 

2008) and production studies based on transcription (e.g., To et al., 2013) suggest that 612 

tone categories emerge quite early, recent research has found that tone acquisition 613 



continues well into later childhood. In particular, studies have shown that even by age 614 

six, children are not yet fully adult-like in their perception and production of certain 615 

tones, especially the level ones (e.g., Mok et al., 2019; 2020). These findings support 616 

the view that level tone normalization follows a gradual developmental course, 617 

consistent with our results. The delayed developmental trajectory of lexical tone in 618 

speech contexts might be attributed to the multifaceted roles of pitch movements. 619 

Throughout children’s speech and language development, the various functions of pitch 620 

movement are gradually realized, including expressing emotions, signaling lexical 621 

stress, and conveying intonation patterns. Four- to 5-year-olds showed the ability to 622 

recognize words based on their lexical tones, regardless of the intonation used, whereas 623 

younger children’s ability to recognize tones is significantly affected by intonational 624 

variations (Singh & Chee, 2016). It is not until around the age of 4 that children start to 625 

use pitch to express emotions effectively (Quam & Swingley, 2012). Even at 5 years 626 

old, children still face challenges in using pitch to emphasize words correctly (Quam & 627 

Swingley, 2014). Consequently, it may require a longer period to establish a robust 628 

phonological representation of tonal categories. Without a stable, abstract mental 629 

representation of each tonal category, it becomes challenging to form a reliable 630 

perceptual reference point for recalibrating ambiguous targets. Moreover, native 631 

speakers perceived Cantonese level tones in a gradient manner instead of a categorical 632 

one, as there lacks a sharp identification boundary and obvious discrimination peaks 633 

across boundaries among the three level tones (Francis et al., 2003). As a result, native 634 

speakers may easily confuse tokens from one level tone category with another, making 635 



successful decoding level tones in isolation require high acoustic sensitivity, which is 636 

challenging even for adults. This would make level tones harder for children to perceive 637 

and normalize, leading to a later developmental trajectory. In addition, lexical tones 638 

offer less information compared to consonants in distinguishing phonological neighbors, 639 

as demonstrated by (Tong et al., 2008). Thus, it is plausible that children might not 640 

allocate as much attention to lexical tones as they do to consonants. This lack of 641 

attention would lead to a higher tolerance for lexical tone variation (Wewalaarachchi 642 

& Singh, 2020), which in turn results in less distinct category boundaries. This 643 

distinction helps to explain why the normalization process for level tones has been 644 

observed to develop at a slower rate compared to that of consonants. 645 

Despite the similarities, our findings diverge from those of Chen et al. (2023). Their 646 

study concentrated on children aged 5 to 8 and revealed that, although 5-year-old 647 

Mandarin speakers have not fully grasped the context-dependent interpretation of 648 

lexical tones, there was no significant influence of age, indicating no developmental 649 

aspect in using context for Mandarin tone perception. In contrast, we found a significant 650 

age effect in the identification of Cantonese level tones. Given that even 3-year-old 651 

speakers of Mandarin can identify lexical tones in their native language without 652 

contextual support (Wong et al., 2005), whereas Cantonese level tones are more reliant 653 

on sufficient context for accurate identification, it is not surprising that the skill to 654 

utilize contextual cues in lexical tone perception develops specifically in Cantonese but 655 

not in Mandarin.  656 

In addition, 7-year-olds’ poor performance was primarily observed in the F0 657 



lowered condition and they showed significantly lower expectation alignment in this 658 

condition compared to the raised F0 condition, whereas no significant differences were 659 

observed across the three F0-shifted conditions in the older age groups or adults. This 660 

uneven pattern in the 7-year-olds might reflect their relatively immature use of 661 

contextual cues. Instead of integrating contextual information, these younger children 662 

might have relied more heavily on the absolute pitch of the target tone itself. Given that 663 

the target tones were produced by adults, their pitch might have sounded relatively low 664 

to younger listeners. Therefore, they performed poorly when the expected response was 665 

the high-level tone (i.e., in the F0-lowered condition). While this explanation is 666 

speculative, further investigation would be needed to test this hypothesis, which is 667 

beyond the scope of the current study. 668 

 669 

4.2 No context-dependent level tone perception in non-speech contexts 670 

Unlike Chen et al. (2023), our study did not find a context effect in non-speech 671 

contexts among children, suggesting that speech-specific information is necessary for 672 

the normalization of level tones in Cantonese (Francis et al., 2006; Tao et al., 2021; 673 

Zhang et al., 2015). It has been believed that listeners will use context to create a 674 

speaker-specific link between sounds and linguistic units, resolving ambiguous speech 675 

by referencing this link (Joos, 1948). Thus, a context with cues to estimate a specific 676 

talker’s acoustic-phonological space is necessary for normalization, like the contexts 677 

carrying information of extremes of a phonological space (e.g., high and low tone of a 678 

tonal space, or /a/, /i/, /u/ of a vowel space), indicating a speech-specific process (Joos, 679 



1948; Zhang et al., 2015).  680 

The absence of context effects in non-speech conditions may reflect processing 681 

differences between speech and non-speech stimuli. Prior neuroimaging studies have 682 

shown that speech and non-speech are processed in distinct cortical pathways (Belin et 683 

al., 2000; Norman-Haignere et al., 2015), with voice-selective areas specifically 684 

responsive to human vocal signals. In addition, neurophysiological studies have 685 

demonstrated that speech stimuli elicit mismatch negativity (MMN) responses that are 686 

influenced by the type of deviant—specifically, whether it is phonologically distinct 687 

from the standard—even when acoustic distances are controlled (Xi et al., 2010). In 688 

contrast, non-speech stimuli generate MMNs that scale with raw acoustic distance 689 

(Rong et al., 2024), reflecting neural responses that are more directly tied to the absolute 690 

acoustic differences between stimuli. This indicates that speech perception operates in 691 

a more non-linear manner, whereas non-speech perception relies more heavily on 692 

absolute acoustic cues. This distinction likely underlies the lack of context-dependent 693 

normalization in our non-speech conditions. 694 

However, Chen et al. (2023) reported that 6- and 7-year-old Mandarin-speaking 695 

children demonstrated significant context effects in non-speech conditions. Chen et al. 696 

attributed the emergence and subsequent disappearance of this effect in older children 697 

to the instability of the lower-level acoustic normalization mechanism. While some 698 

sensitivity to spectrotemporal contrast may emerge around age 6, it appears to be 699 

inconsistent and susceptible to both task demands and stimulus design. Importantly, the 700 

discrepancy may also stem from differences in stimulus properties. Chen et al. used 701 



synthetic stimuli with ambiguous F0 contours between high-level and high-rising tones, 702 

which are more likely to elicit context-dependent perception based on non-speech 703 

acoustic cues. These stimuli lack strong phonemic anchors and thus may prompt 704 

listeners to rely more heavily on adjacent non-speech contexts to resolve the ambiguity. 705 

In contrast, our study used naturally produced level tones with phonetically clear F0 706 

cues and required three-way identification, reducing perceptual ambiguity and 707 

potentially diminishing the impact of non-speech context. Furthermore, previous 708 

studies with Cantonese-speaking adults have consistently failed to find robust 709 

normalization effects from non-speech contexts (e.g., Francis et al., 2006; Tao et al., 710 

2021; Zhang et al., 2012, 2017, 2018, 2024), suggesting that this mechanism may not 711 

be reliably available even in mature listeners. Together, our findings suggest that lower-712 

level acoustic normalization might be constrained by language background and task 713 

design. 714 

 715 

4.3 Relation between linguistic skill and lexical tone normalization 716 

Our study reveals a link between children’s linguistic proficiency and their ability 717 

to effectively normalize level tones within a meaningful speech context. This 718 

connection is particularly evident in the case of Mandarin speakers acquiring Cantonese 719 

as a second language (Zhang et al., 2024). The enhancement of this skill over time has 720 

been attributed to the increased perceptual practice that comes with prolonged exposure 721 

to the Cantonese language. This linguistic experience not only facilitates the learners’ 722 

ability to discern and interpret these variations accurately but also enhances their skill 723 



in utilizing contextual cues to mitigate the effects of such variability. While the research 724 

on adult L2 learners highlights the role of language experience in shaping lexical tone 725 

normalization, the relationship between linguistic ability and normalization in children 726 

likely reflects a different set of underlying mechanisms. Unlike L2 learners, who 727 

possess a fully developed first language system and established cognitive-linguistic 728 

infrastructure, children are still acquiring their first language, with ongoing 729 

development in auditory perception and general cognitive functions. Thus, 730 

improvements in tone normalization ability during childhood likely stem not merely 731 

from increased exposure to language. Thus, findings from L2 studies are used here to 732 

illustrate the role of language experience, not to conflate the two populations. 733 

Furthermore, research indicates that to effectively establish an acoustic-phonemic 734 

mapping for the normalization of lexical tones, listeners must cultivate a robust 735 

phonological representation for each tonal category. A substantial body of research has 736 

demonstrated that the development of such phonological representations is closely 737 

associated with linguistic skill, both in children and adults (Chen & Peng, 2021; Rong 738 

et al., 2024; Stewart et al., 2018). Consequently, it stands to reason that inadequate 739 

linguistic skill could hinder the formation of a stable, abstract mental representation for 740 

each tonal category. Without these mental representations, individuals may struggle to 741 

establish a reliable perceptual reference point, which is crucial for recalibrating 742 

ambiguous targets during speech perception. This suggests a pivotal role for linguistic 743 

skill in the development of effective lexical tone normalization abilities. 744 

 745 



4.4 Relation between musical pitch sensitivity and lexical tone normalization 746 

This study also examined whether the ability to use contextual cues for lexical tone 747 

normalization was influenced by musical pitch sensitivity. Our findings revealed that 748 

children with diminished sensitivity to musical pitch changes exhibited less expected 749 

responses in identifying lexical tones when presented with speech context. This reduced 750 

performance could be attributed to a poor ability to discern the pitch distance between 751 

the target word and the context. Specifically, in the current study, the F0 of the context 752 

was shifted upwards or downwards by three semitones, which was sufficient to change 753 

the perception of the target tone significantly for children with adequate sensitivity to 754 

musical pitch changes. For children with reduced sensitivity to musical pitch changes, 755 

a more pronounced contextual F0 shift might be necessary for them to perceive the F0 756 

shift to a similar extent as those with heightened sensitivity to musical pitch changes.  757 

Our observation of positive relation between musical pitch sensitivity and level 758 

tone normalization seemingly contrasts with the findings of Tao et al. (2021), who 759 

reported that musical training did not enhance the normalization of level tones among 760 

adults. One plausible explanation for this discrepancy is that the adults in their study 761 

had already reached full development in their ability to use contextual cues, leaving 762 

little room for further improvement. This hypothesis aligns with the study by Zhang et 763 

al. (2018) on amusia, which showed that individuals with poor musical abilities also 764 

performed less well in utilizing contextual cues for lexical tone normalization. This 765 

suggests a potential link between musical pitch sensitivity and the effectiveness of 766 

lexical tone normalization, particularly during developmental stages when cognitive 767 



and perceptual skills are still maturing.  768 

However, after controlling for age in the hierarchical regression analysis, musical 769 

pitch sensitivity no longer significantly predicted lexical tone normalization 770 

performance. This suggests that the observed correlation between pitch sensitivity and 771 

tone normalization may be attributable to their shared association with age. Age appears 772 

to be a common developmental factor influencing both musical pitch perception and 773 

lexical tone processing, likely due to increased exposure to language and music as 774 

children grow older. 775 

Although the pitch-related subtests of the MBEMA were well-suited to our 776 

research focus, we acknowledge the possibility of ceiling effects in this typically 777 

developing child sample, which may have reduced the sensitivity to detect meaningful 778 

individual differences. Future studies may explore alternative assessments with greater 779 

variability. Another limitation of this study is that we did not measure working memory 780 

(WM), which has been proposed as a factor influencing speech normalization 781 

(Nusbaum & Morin, 1992). In addition, participants’ language, speech, and hearing 782 

status were based on self-reports or guardian reports, without formal clinical screening. 783 

Future studies may benefit from incorporating standardized assessments to confirm 784 

participants’ auditory and linguistic profiles. 785 

Theoretically, our results suggest that lexical tone normalization in children follows 786 

a protracted developmental trajectory, shaped by linguistic acquisition and perceptual 787 

mechanisms. The emergence of context effects in speech but not non-speech contexts 788 

supports the view that speech-specific processing, beyond acoustic contrast, plays a 789 



critical role and matures over time. Practically, these findings may inform language 790 

assessment and early intervention strategies for children with atypical tone perception 791 

or delayed phonological development. In particular, our study highlights the importance 792 

of evaluating contextual processing abilities, not just isolated tone identification, in 793 

clinical or educational settings. 794 

5. Conclusion 795 

This study explored the development of level tone normalization in Cantonese-796 

speaking children aged between seven and ten, and its link to linguistic skill and musical 797 

pitch sensitivity. The results suggest that the children reached adult level in using speech 798 

contextual cues to normalize level tones at the age of eight. In addition, children across 799 

all age groups did not exhibit contrastive context effect in non-speech contexts, 800 

providing further evidence that the normalization of level tones is specific to speech. 801 

Children’s performance in level tone normalization was significantly associated with 802 

their linguistic skills, even after controlling for age, suggesting a robust role of language 803 

ability. The correlation with musical pitch sensitivity, however, was no longer 804 

significant after age was accounted for, indicating that its influence may be age-related 805 

rather than independent. 806 
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Table 1. Characteristics of participants across groups. 954 

Group N  Age in year (SD) 

7-year-olds 20 (9 girls) 7.38 (0.22) 

8-year-olds 22 (11 girls) 8.47 (0.29) 

9-year-olds 20 (11 girls) 9.72 (0.47) 

Adults 24 (12 females) 23.02 (3.07) 

 955 

  956 



Table 2. Percentages of mid-level tone responses in the isolated condition and the F0 957 

unshifted version of the three contextual conditions in different age groups. 958 
 

7-year-olds 

(SD) 

8-year-olds 

(SD) 

9-year-olds 

(SD) 

Adults (SD) 

Isolation 42.00% 

(14.36%) 

37.27% 

(14.53%) 

40.00% 

(14.87%) 

48.50% 

(15.73%) 

Pure tone 40.00% 

(19.19%) 

44.55% 

(15.35%) 

49.50% 

(20.38%) 

48.27% 

(12.06%) 

Music 39.50% 

(22.82%) 

41.36% 

(16.99%) 

50.00% 

(22.24%) 

46.52% 

(14.95%) 

Speech 55.00% 

(20.39%) 

75.45% 

(20.41%) 

71.08% 

(20.96%) 

82.24% 

(18.16%) 

 959 

  960 



Table 3. Expectation alignment for the music, pure tone and speech contexts across age 961 

group. 962 

Context 7-year-olds 

(SD) 

8-year-olds 

(SD) 

9-year-olds 

(SD) 

Adults (SD) 

Music 32.83% 

(27.00%) 

33.64% 

(21.67%) 

35.67% 

(23.60%) 

32.64% 

(20.64%) 

Pure tone 33.67% 

(24.21%) 

34.39% 

(19.31%) 

36.17% 

(23.73%) 

33.02% 

(22.00%) 

Speech 58.00% 

(27.05%) 

74.55% 

(22.75%) 

75.01% 

(25.96%) 

81.25% 

(23.67%) 

 963 

  964 



Table 4. Expectation alignment under speech context, with F0 manipulations, 965 

categorized by age group. 966 

F0 

Manipulation 

7-year-olds 

(SD) 

8-year-olds 

(SD) 

9-year-olds 

(SD) 

Adults (SD) 

Raised 71.00% 

(14.83%) 

76.82% 

(17.29%) 

72.58% 

(27.37%) 

85.42% 

(23.39%) 

Unshifted 55.00% 

(20.39%) 

75.45% 

(20.41%) 

71.46% 

(20.85%) 

84.26% 

(15.34%) 

Lowered 48.00% 

(36.65%) 

71.36% 

(29.49%) 

81.00% 

(29.18%) 

74.07% 

(29.43%) 

 967 

  968 



Table 5. Children’s performance in tone identification task in speech context, linguistic 969 

skill test, and musical pitch sensitivity task across age group. 970 

Group Age in year 

(SD) 

Expectation 

alignment (SD) 

Raw score of 

linguistic skill 

test (SD) 

Total score of 

musical ability 

task (SD) 

7-year-

olds 

7.38 (0.22) 58.00% 

(27.05%) 

63.65 (8.68) 47.3 (7.77) 

8-year-

olds 

8.47 (0.29) 74.55% 

(22.75%) 

73.77 (4.33) 53.29 (2.69)1 

9-year-

olds 

9.72 (0.47) 75.01% 

(25.96%) 

73.80 (4.80) 51.6 (3.08) 

 971 

  972 

 
1 As one 8-year-old child did not complete the tasks assessing musical abilities, the 
performance of 21 children in the 8-year-old group is shown here. 



Table 6. Correlation among coefficients among tone normalization performance, 973 

language skill, musical pitch sensitivity, and age. 974 

 Expectation 

alignment 

Linguistic skill Musical pitch 

sensitivity 

Age 

Expectation 

alignment 

- 0.63 (p < .001) 0.29 (p = .027) 0.49 (p < .001) 

Linguistic 

skill 

0.63 (p < .001) - 0.53 (p < .001) 0.55 (p < .001) 

Musical pitch 

sensitivity 

0.29 (p = .022) 0.53 (p < .001) - 0.31 (p = .027) 

Age 0.49 (p < .001) 0.55 (p < .001) 0.31 (p = .014) - 

Note. Values below the diagonal are two-tailed Pearson correlation p-values. Values 975 

above the diagonal are p-values adjusted for multiple comparisons using the Holm 976 

method. 977 
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