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Abstract 

This study investigates the mechanisms underlying the processing of second-language 

(L2) speech by native and non-native listeners. Two issues regarding Interlanguage Speech 

Intelligibility Benefit (ISIB) were explored: Whether non-native listeners have an advantage 

over native listeners in understanding accented speech (i.e., ISIB-Listener), and whether non-

native listeners find accented speech more intelligible than native speech (i.e., ISIB-Talker). 

Words where accents are realised at different linguistic levels (i.e., phonological, lexical, 

prosodic) were examined using a word transcription task. In Cantonese-accented English, 

ISIB-Listener was found when a more frequent word (e.g., thin) was mispronounced as a less 

frequent one (e.g., fin). In Cantonese-accented Mandarin, ISIB-Listener was found for 

Cantonese listeners for words that were mispronounced by Cantonese speakers due to 

negative homophonic transfer from Cantonese, while ISIB-Talker was observed for 

Mandarin tone-mispronounced words by Cantonese listeners with low Mandarin proficiency. 

The results indicate that L2 proficiency and choice of stimulus items are important factors 

mediating whether ISIB can be found. 

A three-route L2 Mandarin word production and recognition model was proposed to 

account for the ISIB observed in Mandarin. In this model, a concept route links the concept 

and the L2 Mandarin phonological representation directly, while a lexical route links the 

concept and the L2 Mandarin phonological representation through the L1 Cantonese 

phonological representation. A sublexical route activates the concept and/or the L2 Mandarin 

phonological representation through the mediation of L1 Cantonese phonological and 

sublexical representation using Cantonese-Mandarin pronunciation correspondences at all 

sublexical levels (i.e., onset, rime, and tone). Beginning learners of Cantonese mainly use the 

sublexical route in L2 Mandarin word production and recognition. Advanced learners 
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gradually shift from the sublexical to lexical/concept route in producing Mandarin words 

while both lexical/conceptual and sublexical routes are still in active use to generate possible 

word candidates in L2 Mandarin word recognition. Further support for this model was 

obtained from a character-sound matching task and a Mandarin pinyin transcription task. The 

computational processes that might occur when a Cantonese speaker starts to learn Mandarin 

words were also presented.  
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Chapter  1: Introduction 

Second-language (L2) speech is usually characterised by transfer from the 

phonological system of the first language (L1) to the second (Lado, 1957). In order to 

understand such foreign-accented speech, listeners need to be sensitive to the L1-influenced 

deviations of the non-native speaker so that a mispronounced word can be interpreted as the 

intended utterance. This raises the question of whether non-native listeners understand the L2 

speech of someone from the same L1 language background better than do native listeners. 

That is, is there an interlanguage speech intelligibility benefit (ISIB) arising from the shared 

L2 phonological system between the listener and speaker (e.g., Bent & Bradlow, 2003; 

Hayes-Harb, Smith, Bent, & Bradlow, 2008)? Different languages, tasks, acoustic and lexical 

factors, and levels of L2 proficiency have been used to examine this issue, but as will be seen, 

there is no consensus so far. Possible explanations for the existence or non-existence of ISIB 

in the different studies will be considered with reference to current models of L2 speech 

processing.  

Most of the research examining ISIB has used Indo-European languages (e.g., 

English and Dutch) as the target languages where foreign accent is realised at the 

acoustic/phonetic, phonological, or prosodic level. However, there are languages which also 

show other characteristics of foreign-accented speech. In Cantonese and Mandarin, for 

example, there are many homophones within each language and cognate pairs between the 

two languages, but homophones in Cantonese may not be homophones in Mandarin. In this 

case, foreign accent can be realised at the lexical level (involving the semantic system) when 

L2 learners mistakenly think that homophones in L1 are also homophones in L2. In addition, 

foreign-accented speech may also be influenced by the pronunciation correspondence 
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between the two languages at the sublexical level (i.e., onset, rime, and/or tone). Based on a 

series of English and Mandarin word transcription, Mandarin word production, pinyin 

transcription, and character-sound matching tasks in this thesis, ISIB will be further 

examined using English and Mandarin as target languages where foreign accent is expressed 

at the phonological and lexical levels respectively. A new three-route second language word 

production and recognition model will be proposed to account for the findings in Mandarin.  

 

1.1 Characteristics of foreign-accented speech 

The following sections provide an overview of the characteristics of the different 

levels at which foreign-accented speech can emerge. 

 

1.1.1 Acoustic/phonetic level 

Transfer from L1 at the acoustic or phonetic level occurs when two languages have 

the same phonemes that are expressed differently in terms of their acoustic properties. 

Examples of acoustic features include voice onset time (VOT), vowel lengthening before 

word-final voiced and voiceless consonants, and the tense/lax distinction in vowels. 

 VOT is defined as the timing between the release of a stop closure and the onset of 

vocal-fold vibration (Lisker & Abramson, 1964). There are three major distinctions in stop 

consonants: Voiceless aspirated, voiceless unaspirated, and voiced. These three types of stop 

consonants can all be found in English. Using the bilabial stop as an example, the voiceless 

aspirated, voiceless unaspirated, and voiced stops are phonetically realised in the words pay 

[phe�<], spell [sp�-l] and bay [be�<] respectively. However, aspiration is not a phonemic contrast 

in English. The voiceless aspirated and unaspirated stops are merely allophonic variations of 
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the same phoneme /p/, with the stop sound being aspirated only when it is in the syllable-

initial position. Cantonese does not have voiced stops and there are only two-way distinctions 

amongst stop consonants, both phonetically and phonemically: Voiceless aspirated and 

unaspirated. Therefore, beginning Cantonese learners of English may substitute English 

words which have a voiced consonant (e.g., [b]) with the voiceless unaspirated counterpart in 

Cantonese (e.g., [p]). That is, Cantonese speakers may use a non-native cue (i.e., aspiration) 

to differentiate and produce the L2 voicing contrast, leading to a non-native accent.  

 Vowels are usually lengthened before word-final voiced consonants when compared 

with voiceless consonants in English (e.g., Chen, 1970; Crowther & Mann, 1992; Denes, 

1955; Peterson & Lehiste, 1960). For example, the /�0/ of bed will be longer than the /�0/ of bet 

when produced by native English speakers. However, there are no voiced stops in Cantonese 

and vowel lengthening does not occur. Therefore, the vowel productions in an English word 

by Cantonese speakers may sound deviant to native English listeners due to the lack of vowel 

lengthening.  

 Tense/lax distinctions exist for vowels in English phonemically, as in the pair /i/-/�</ 

(e.g., sheep vs. ship). There are quantitative and qualitative differences between pairs of 

tense/lax vowels (Crystal & House, 1988; Peterson & Lehiste, 1960; Stevens, 1998). 

Quantitatively, tense vowels have a longer duration than their lax counterparts. Qualitatively, 

the first and second formants are different for the pairs of tense/lax vowels. While English 

speakers rely more on the spectral cues in differentiating the two types of vowels (Munro, 

1993; Strange, Akahane-Yamada, Kubo, Trent, Nishi, & Jenkins, 1998), Cantonese speakers 

mainly rely on the use of the duration cue in producing and perceiving tense/lax vowel 

contrasts in English (Wang, 2002). Hence, native English listeners may have trouble 
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understanding minimal pairs involving tense/lax contrasts spoken by Cantonese speakers due 

to the use of different cues in word recognition.  

 

1.1.2 Phonological level 

The number of phonemic inventories varies in different languages. When a phoneme 

exists in L2 but not in L1, beginning L2 learners tend to use an L1 phoneme to replace the L2 

phoneme in their speech production (Lado, 1957). However, the choice of the substituting 

phoneme may differ among different L1's. For example, the English phoneme /��/ does not 

exist in Cantonese, Mandarin, or Japanese and, while Cantonese speakers substitute it with 

their native phoneme /f/, Mandarin and Japanese speakers substitute it with their native /s/ 

(even though /f/ also exists as a phoneme in Mandarin). Similarly, the English phoneme /r/ 

does not exist in Cantonese or Japanese, and Cantonese speakers substitute it with /w/ or /l/ 

(Chan & Li, 2000) while Japanese substitute it with the flap sound /�K/ (Bradlow, Akahane-

Yamada, Pisoni, & Tohkura, 1999; Bradlow, Pisoni, Yamada, & Tohkura, 1997). When a 

word is mispronounced at the phonological level, the resultant pronunciation can become 

either a word or a nonword. For example, if the words /���<n/ (thin) and /���<�¾/ (thing) are 

mispronounced by a Cantonese speaker, the former will produce another word (i.e., /f�<n/, fin), 

while the latter will produce a nonword (i.e., /f�<�¾/). It may be more difficult for listeners to 

recover the intended meaning from words that are mispronounced as another word than those 

that are mispronounced as a nonword due to the competition with the activated word 

candidate in the former case. 
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1.1.3 Prosodic level 

Prosodic structure in a language is realised in terms of syllable structure, speech 

rhythm, and intonation pattern. As transfer of intonation mainly occurs at the sentential level, 

only the first two characteristics will be described here because this thesis is only concerned 

with accent that occurs at the word level. 

 Language varies with regard to the number of onsets and codas that a syllable can 

take in terms of syllable structure. English can take a maximum of three consonants in the 

onset position (e.g., as in the word string) and four consonants in the coda position (e.g., as in 

the word prompts). Cantonese and Mandarin, on the other hand, do not allow consonant 

clusters within either onsets or codas (Bauer & Benedict, 1997), but they pronounce 

consonant clusters in L2 in different ways (Eckman, 1991). Cantonese speakers typically 

conform to the structure of their L1 by deleting one of the consonants from the cluster (e.g., 

giving [pe�<] from play /ple�</), while Mandarin speakers usually insert a schwa within the 

cluster (e.g., giving [p�%.le�<] from play).   

 In terms of speech rhythm, languages are broadly classified into three different types: 

Stress-, syllable-, or mora-timed (Pike, 1945; Abercrombie, 1967). English and Dutch are 

stress-timed languages, Cantonese and French are syllable-timed, and Japanese is mora-timed 

(Ladefoged, 1975). L2 learners may employ their L1 speech rhythm in producing L2 speech 

(Chan & Li, 2000). For example, Cantonese speakers may replace the reduced vowel in the 

unstressed syllable with a full vowel (e.g., /�Ñ.ba�\t/, about, mispronounced as /a.ba�\t/). 
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1.1.4 Lexical level 

Foreign accent that is caused by transfer from L1 at the lexical level arises from the 

overlapping semantic and phonological systems of two languages that are closely related in 

terms of their origins, such as Cantonese and Mandarin. There are many monomorphemic 

cognate words as well as homophones in these two languages. However, there may not be a 

one-to-one correspondence between the homophones of Cantonese and Mandarin. That is, 

homophones in Cantonese may not be homophones in Mandarin. For example, the words P� 

‘sound’ and 5Ç ‘star’ are homophones in Cantonese (both pronounced sing1), but not in 

Mandarin (‘sound’ is pronounced sheng1 and ‘star’ is pronounced xing1). In such cases, 

Cantonese speakers may mispronounce the words as homophones when speaking in 

Mandarin (Zeng, 2009), saying xing1 for ‘sound’ or sheng1 for ‘star’. The pronunciations for 

Cantonese and Mandarin are shown in romanisations throughout this thesis where the 

numbers shown in the romanisation refer to the tone. Appendix A lists the correspondence 

between the romanisations of Cantonese and Mandarin and their corresponding IPA symbols. 

A mispronunciation (MP) of this kind can be seen as arising from transfer at the lexical level 

because there is an involvement of lexical entries from both the L1 and L2. Transfer from the 

phonological system of L1 cannot be used to account for such MP’s produced by Cantonese 

speakers. For example, the word +æ ‘tail’ is pronounced wei3 in Mandarin, but Cantonese 

speakers may sometimes mispronounce it as the word O6 ‘beauty’ mei3 since ‘tail’ and 

‘beauty’ are homophones in Cantonese (both pronounced mei5). With both the phonemes w 

and m existing in Cantonese, Cantonese speakers should have no problems in pronouncing 

the phoneme w in L2 Mandarin and, therefore, the MP pattern cannot be explained in terms 

of negative transfer from the L1 phonological system.  
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 Cantonese and Mandarin are tone languages where a change in the pitch value of the 

same syllable changes the meaning of the word. Different tones differ in their pitch height 

and contour (Gandour, 1981). There are six and four tones in Cantonese and Mandarin 

respectively, but there exists a regular pronunciation correspondence between the tones of 

Cantonese and Mandarin (Shi, 1986; Zeng, 1994; Zhang & Gao, 2000). For example, 93% of 

the words that are pronounced as tone 1 in Cantonese are pronounced as tone 1 in Mandarin 

(e.g.,  ñ  ‘light’, pronounced gwong1 in Cantonese and guang1 in Mandarin). Previous 

research has reported that Cantonese speakers may make implicit use of this pronunciation 

correspondence when pronouncing Mandarin words, since such regularity can help them 

generate the correct Mandarin tones most of the time (Zeng, 1994). However, pronunciation 

errors arise when Cantonese speakers over-generalise these rules to exceptional items. For 

example, the word Z² ‘lie’ (pronounced fong1 in Cantonese and huang3 in Mandarin) is one 

of the few exceptions to the major correspondence rules, which may lead Cantonese speakers 

mispronouncing the word as huang1 in Mandarin due to the inappropriate application of the 

dominant tone correspondence. 

 Note that the term “ foreign accent" is typically used to refer to L1-influenced 

phonological variation and, therefore, is not usually applied to lexical substitutions such as 

those described here. However, for want of a better term, it will be used in this thesis to 

include transfer from L1 at the lexical level. 

 

1.2 Interlanguage speech intelligibility benefit 

The notion of ISIB was first proposed by Bent and Bradlow (2003). They found that, 

while native listeners found native speech more intelligible than even highly proficient non-
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native speech, there was no such difference for non-native listeners. Bent and Bradlow (2003) 

observed ISIB not only for non-native listeners who shared the same language background as 

the non-native speaker, but also for non-native listeners who did not share the same language 

background (termed ‘matched ISIB’ and ‘mismatched ISIB’ respectively). 

However, Stibbard and Lee (2006) questioned the definition of ISIB used by Bent and 

Bradlow (2003), where a benefit was defined in terms of non-native speech being as 

intelligible as native speech to non-native listeners. They argued that a benefit should only be 

claimed when non-native speech is more intelligible than native speech to non-native 

listeners. By this revised definition, Bent and Bradlow (2003) did not find ISIB, and this was 

confirmed by Stibbard and Lee (2006) who additionally showed that their non-native 

listeners found the speech of low-proficiency non-native speakers from another language 

background the most difficult to understand amongst all speakers. They termed this the 

‘mismatched interlanguage speech intelligibility detriment’ or ‘mismatched ISID’. 

For Bent and Bradlow (2003) and Stibbard and Lee (2006), ISIB focuses on the 

comparison of the intelligibility of different talkers (i.e., native and non-native). However, 

comparisons can also be made regarding the intelligibility of non-native speech for different 

listeners (i.e., native and non-native). The distinction between these two kinds of ISIB was 

made by Hayes-Harb et al. (2008), with ISIB-Talker being where non-native speech is more 

intelligible than native speech to non-native listeners, and ISIB-Listener being where non-

native listeners have an advantage over native listeners in understanding non-native speech 

spoken by speakers from the same language background. 

 Different tasks have been used to examine both types of ISIB: Sentence transcription, 

word transcription, and forced-choice identification. In sentence or word transcription, 
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listeners hear a sentence or word spoken by a native or non-native speaker and then write 

down what they heard. Speech intelligibility is then calculated as the number of words or 

keywords correctly transcribed. In forced-choice identification, listeners hear a word and are 

required to identify it from two possible alternatives.  

 The sentence transcription task used in earlier studies (Bent & Bradlow, 2003; Munro, 

Derwing, & Morton, 2006; Stibbard & Lee, 2006) have simply examined whether non-native 

speech is more intelligible than native speech to non-native listeners and vice versa for native 

listeners (i.e., ISIB-Talker) from various native language backgrounds and L2 proficiencies. 

Bent and Bradlow (2003) speculated that ISIB arises from the shared L2 phonological system 

of non-native speakers and listeners. However, as the word items used in the sentences in 

these studies were selected simply based on their syntactic simplicity and their familiarity to 

non-native listeners, it was impossible to pinpoint the particular mispronunciations that might 

have led to ISIB. Subsequent studies have used the word transcription and forced-choice 

identification task to manipulate factors that may be the cause of any ISIB that is observed. 

Imai, Walley, and Flege (2004) examined word characteristics (i.e., neighborhood density 

and word frequency) in a word transcription task, while other studies have examined acoustic 

variables such as vowel lengthening before word-final voiced and voiceless consonants (Bent, 

Bradlow & Smith, 2008) and the word-final voicing contrast (Hayes-Harb et al., 2008; Smith, 

Hayes-Harb, Bruss & Harker, 2009). ISIB-Talker, using the definition of Stibbard and Lee 

(2006), was only found by Bent et al. (2008) where Chinese listeners recognised the English 

word-final voicing contrasts produced by Chinese speakers better than English speakers. 

ISIB-Listener, on the other hand, was found in Hayes-Harb et al. (2008) with low proficiency 

L2 Mandarin speakers and listeners only. However, both ISIB-Talker and ISIB-Listener were 
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not found for German-accented English with the same acoustic feature. Hence, the results for 

ISIB remain unconclusive so far. 

 

1.3 Lexical processing in a second language 

As mentioned in 1.1.2, there are some contrasts that exist in L2 but not in L1. For 

example, there is a distinction between /e/ and /�-/ in Catalan but not in Spanish. Similarly, 

English draws a contrast between /æ/ and /�-/ where Dutch and Japanese do not, and between 

/r/ and /l/ where Japanese does not. Bilinguals may have trouble differentiating contrasts that 

exist in their L2 but not in their L1. The question then arises as to whether inaccurate 

perception of L2 phonemic categories by bilingual speakers affects their word recognition in 

an L2. This has been explored using various online paradigms such as lexical decision, 

repetition priming, and eye-tracking.  

Broersma and Cutler (2011) have shown that Dutch listeners accept more near-words 

involving the /æ/-/�-/ contrast (e.g., /l�-mp/ for the word lamp) as real words than do English 

listeners in an auditory English lexical decision task. Similarly, Pallier, Colome, and 

Sebastian-Galles (2001) showed that Spanish-Catalan, but not Catalan-Spanish bilinguals 

showed a priming effect for Catalan minimal pairs involving /e/ and /�-/ (e.g., /net�Ñ/ 

‘grandmother’  vs. /n�-t�Ñ/ ‘clean’) in a cross-modal repetition priming task, indicating that 

these Catalan minimal pairs are stored as homophones for L2 speakers even though they are 

not homophonic for L1 speakers.  

Despite the fact that L2 listeners may not be able to perceive L2 phonemes accurately, 

Weber, Broersma, and Aoyagi (2011) demonstrated that such inaccurate phonemic 

processing may nonetheless facilitate the recognition of L2 speech by L2 listeners. In their 

study, a Japanese and a Dutch speaker were asked to mimic English words (e.g., /hæpi:/, 
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happy) spoken in both a Japanese accent (i.e., [hapi:]) and a Dutch accent (i.e., [h�-pi:]). In a 

cross-modal repetition priming task, Japanese and Dutch listeners were asked to listen to 

these Japanese and Dutch-accented words and then decide whether the visually presented 

English word was a real word or not. Dutch listeners showed a priming effect for Dutch but 

not Japanese-accented words, while Japanese listeners showed a priming effect for both 

Dutch and Japanese-accented words. Weber et al. (2011) argued that the Japanese listeners’  

priming effect for Dutch-accented words was due to their inability to differentiate /æ/ from 

/�-/. This may provide an explanation for the ‘mismatched ISIB’ effect mentioned in 1.2, as 

the priming effect for Japanese listeners indicated that a phonological match with minor 

acoustic deviations (i.e. characteristics of other accents such as syllable compressions and 

vowel durations) can suffice to active the intended words spoken by a speaker from a 

different language background. 

Using the visual-world paradigm with eye-tracking techniques, Cutler, Weber, and 

Otake (2006) and Weber and Cutler (2004) tested whether words involving a difficult-to-

differentiate contrast would be activated for non-native speakers. In this paradigm, the 

participants hear the target word and are asked to click on the picture amongst a group of 

four if it matches the target word they hear. For example, Dutch listeners confuse /æ/ with /�-/ 

and the English words panda and pencil were selected as target words. Weber and Cutler 

(2004) found that the first syllable of the spoken word panda induced more fixations on the 

picture of a ‘pencil’ than the first syllable of the word pencil did in relation to the picture of a 

‘panda’. Similar experiments were carried out with Japanese listeners for English /r/ with /l/ 

using word pairs such as rocket and locker and the same activation asymmetry was found. 

The the syllable of the word rocket induced more gazing at the picture of a ‘locker’, but the 
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first syllable of the word locker did not induce more gazing at the picture of a ‘rocket’. Cutler 

et al. (2006) and Weber and Cutler (2004) explained this asymmetry by concluding that L2 

speakers have distinct lexical representations involving difficult sound contrasts despite the 

fact that they cannot distinguish the pair of sounds perceptually. 

 All the above studies have indicated that perceptual confusion at the phonemic level 

may lead to the activation of more spurious word candidates by non-native than native 

listeners. It may seem that the more word candidates that are activiated, the least efficient it 

will be for non-native listeners to process the speech signal as more words need to be 

inhibited in the later stage of processing. Nonetheless, the spurious word candidates (e.g., pen 

for the intended word pan) that are activated by non-native listeners may actually give them 

an advantage over native listeners in understanding L2 speech if the resultant pronunciations 

(e.g., /pen/) contain one of these word candidates (e.g, pen and pan), thus providing support 

for the Interlanguage Speech Intelligibility Benefit. 

 

1.4 The aim of the present research 

As mentioned in 1.1, accents can be realised at different linguistic levels (i.e., 

phonological, lexical and prosodic). The goal of this thesis is to further explore the 

mechanisms underlying the processing of L2 speech at different linguistic levels. Specifically, 

ISIB-Talker and ISIB-Listener will be explored in different contexts using Cantonese-

accented English and Mandarin. Mandarin is chosen as the target language for investigation 

in this thesis because it reveals transfer from L1 at the lexical level where such transfer does 

not exist when English is the target language. Chapter 2 examines ISIB at the phonological 

level using Cantonese-accented English. Chapters 3 and 4 investigate ISIB at the lexical level 
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using Cantonese-accented Mandarin, with the former exploring mispronunciations that are 

due to negative homophonic transfer and the latter expanding on this line of research to 

include tone mispronunciations. A second-language Mandarin word production and 

recognition model is proposed to account for the ISIB observed in these studies. The use of a 

sublexical route in Mandarin word production by Cantonese speakers was further tested 

using a series of Mandarin pinyin transcription task in Chapter 5. The final chapter (Chapter 

6) summarises the findings from the research with regard to ISIB and our proposed L2 

Mandarin word production and recognition model, and presents an illustration of the 

computational processes that might occur when a Cantonese speaker starts to learn Mandarin 

words. Future experiments to further explore the proposed model are suggested and issues 

related to the adaptation to foreign accented speech are also discussed. 
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Chapter  2: Cantonese-accented English: Mispronunciations at the 

phonological level 

/pis g�<f mi d�Ñ f�<n b�\k �'n d�Ñ wa�<t/. This English utterance spoken by a native 

Cantonese speaker may sound awkward to native English listeners as well as to most non-

native listeners of English. They may understand many of the words, but are still unable to 

grasp the meaning of the whole sentence, which was meant to be “please give me the thin 

book on the right”. The difficulty in understanding arises because the non-native speaker has 

substituted L2 phonemes that do not exist in their L1 with their native counterparts (see 

section 1.1.2). This sometimes produces a nonword (e.g., /g�<f/ for the word give) and 

sometimes another existing word (e.g., fin for the word thin). However, in contrast to others, 

Cantonese listeners may have little trouble understanding the intended meaning of such 

utterances, resulting in an interlanguage speech intelligibility benefit (ISIB).  

As mentioned in Chapter 1, this type of ISIB is referred to as ‘ ISIB-Listener’  because 

native and non-native listeners are compared in terms of their ability to understand non-

native speech. ISIB-Listener indicates that non-native listeners are better than native listeners 

in understanding non-native speech spoken by people from the same language background. 

In contrast, ‘ ISIB-Talker’, compares the relative ease of understanding native and non-native 

speech by non-native listeners. ISIB-Talker indicates that non-native listeners are better at 

understanding non-native speech spoken by people from the same language background than 

native speech. However, it is unclear from previous research using the sentence transcription 

task whether ISIB actually occurs or not (Bent & Bradlow, 2003; Stibbard & Lee, 2006). It is 

possible though, that the word properties in the sentences used in those studies failed to 

include the particularly problematic L2 sounds that would have been beneficial for non-
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native listeners. Subsequent studies have suggested that this might have been the case by 

showing that ISIB-Talker can be found for words with specific acoustic features such as 

vowel lengthening before word-final voiced and voiceless consonants (Bent et al., 2008). 

This chapter serves to extend that line of research into ISIB by examining the intelligibility 

of non-native speech where the mispronunciations arise due to negative transfer from L1, and 

particularly, when a word is mispronounced as another existing real word.  

Broersma and Cutler (2011) showed that L2 speakers may treat some nonwords as 

real words in a lexical decision task (e.g., /l�-mp/ as lamp for a Dutch listener) more often 

than native English listeners due to their inability to perceive certain L2 phonemic contrasts 

(e.g., /�-/ and /æ/ for Dutch speakers). Weber et al. (2011) suggests that this may sometimes 

give L2 listeners an advantage over native listeners in understanding the intended words 

produced by L2 speakers (i.e., ISIB-Listener), as there are no other strongly activated word 

candidates which compete for recognition with these mispronounced nonwords. Therefore, 

ISIB-Listener might even be stronger when the resultant production becomes another 

existing real word, as other word candidates are also activated strongly to compete with the 

intended word for recognition. For example, Cantonese speakers may sometimes 

mispronounce the English word thin as fin due to the substitution of the L2 phoneme /��/ by 

their L1 phoneme /f/. Native English listeners may interpret this word as fin due to its high 

level of activation and inhibit all other word candidates, including the intended word thin. 

Cantonese listeners, on the other hand, may interpret it as either thin or fin due to perceptual 

confusion. Hence, when a sentence spoken by a Cantonese speaker contains that word, the 

Cantonese listener may understand the intended meaning better than native English listeners 

because they can identify the mispronounced word.  
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Within this account, the assimilation of L2 phonemes into native categories is due to 

non-native speakers’ inability to perceive L2 phonemic contrasts (Best, 1995; Best, 

McRoberts, & Goodell, 2001; Best & Tyler, 2007). For example, the English phoneme /��/ is 

assimilated to Cantonese phoneme /f/, and the words thin and fin are therefore homophones 

for Cantonese listeners. Assuming the frequency of a word influences the activation strength 

of its lexical representation (e.g., Taft & Hambly, 1986), the relatively high frequency word 

thin will be activated first when the Cantonese listener hears either /���<n/ or /f�<n/. In other 

words, there is a single phonological system for the two languages. An alternative hypothesis 

is that there are two separate phonological systems for the two languages. Non-native 

listeners can perceive the phonemic contrasts in L2 that are absent in their L1, and foreign 

accents are due to articulatory difficulty only. Experiment 2 will address this issue. 

 

2.1  Experiment 1: English word transcription 

Experiment 1 examines whether ISIB-Talker and ISIB-Listener can be found among 

Cantonese speakers and listeners when an English word is mispronounced as another existing 

real word. This is achieved through the use of a monosyllabic word transcription task. 

Multisyllabic words are excluded because stress pattern may be an additional cue apart from 

segmental information, and they usually form a nonword when mispronounced. When 

Cantonese speakers mispronounce the target word (hereafter referred to as the ‘Intended’ 

word, e.g., /���<n/, thin) as another word (hereafter referred to as the ‘Resultant’  word, e.g., 

/f�<n/, fin), they may treat both words as homophones because they may have a single 

representation for both phonemes /��/ and /f/. Therefore, when Cantonese listeners hear the 

Cantonese-accented pronunciation of the word thin (i.e. /f�<n/), both word candidates thin and 
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fin may be activated, while only the word fin is likely to be activated by native English 

listeners.  

However, Cantonese listeners’ recognition of a Cantonese-accented Intended word 

may be modulated by its frequency relative to the Resultant word. If the Intended word (e.g., 

thin) is of higher frequency than the Resultant word (fin), listeners may have a tendency to 

interpret the latter as the former and, hence, correctly identify the intended word. On the 

other hand, if the Intended word (e.g., buzz) has a lower frequency than the Resultant word 

(e.g., bus), it may never be interpreted correctly as the Intended word buzz. In contrast, native 

English listeners would be expected to have a greater tendency to simply hear the Resultant 

word as the Resultant word (e.g. fin or bus) rather than the Intended word (e.g., thin or buzz) 

irrespective of the native language of the speaker or the relative frequency of the Intended 

and Resultant word.  

In addition, to replicate the finding of Stibbard and Lee (2006) regarding 

‘mismatched interlanguage speech intelligibility detriment’ (Mismatched ISID), native 

Japanese listeners were recruited as an additional group of listeners to examine whether non-

native listeners find low-proficient non-native speakers from another language background 

(i.e., Cantonese) less intelligible than native speakers. As the L2 phoneme-substitution 

patterns of Japanese speakers are all different to those of Cantonese speakers (e.g., the 

phoneme /��/ is mispronounced as /f/ by Cantonese speakers, but as /s/ by Japanese speakers), 

it is expected that the ability of the Japanese listeners to understand the experimental items 

will be poorer than that of both native English and Cantonese listeners.  
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2.1.1 Method 

2.1.1.1 Participants 

Sixty participants living in Australia took part in this experiment, with 20 participants 

whose native language was English (aged 19–39 years, mean: 24.7 years), 20 who spoke 

Cantonese as their native language (aged 20–39 years, mean: 24.2 years), and 20 who spoke 

Japanese as their native language (aged 21–40 years, mean: 29.7 years). The Cantonese and 

Japanese listeners arrived in Australia at a mean age of 21.7 and 26.8 years respectively and 

first started learning English at a mean age of 4.7 and 13.0 years respectively. The Japanese 

listeners might therefore be expected to perform more poorly than the Cantonese listeners 

due to their later age of arrival to Australia and their later age of first learning English. 

However, it was the relativity of the listener's performance on understanding the two 

speakers that was being examined. The participants took part in the study in partial 

fulfillment of requirements for a psychology course or for a small payment. 

 

2.1.1.2 Materials and Design 

The design of the experiment is shown in Table 2.1. Forty monosyllabic words were 

chosen as experimental items. The experimental items (i.e., Intended words) were chosen 

because they would be mispronounced as another real word (i.e., the Resultant word) when 

spoken in a Cantonese accent (e.g., /���<n/, thin �:  /f�<n/, fin). The mispronunciation took the 

form of a substitution at the onset (i.e., /��/�:/f/, /r/ �:/w/, /z/ �:/s/), the vowel (i.e., /i/�:/ �</, 

/æ/�:/ �-/), or the coda (i.e., /��/�: /f/, /v/�:/f/), or it deleted the /l/ of an onset cluster (i.e., /bl/, 

/pl/,/spl/ �: /b/, /p/, /sp/, respectively). For half of the experimental items, the Intended word 

(e.g., /���<n/, thin) was of higher word frequency than the Resultant word (e.g., /f�<n/, fin), and 

will be referred to as the ‘High Frequency’ (HF) Intended condition. For the other half of the 
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items, the ‘Low Frequency’ (LF) Intended condition, the Intended word (e.g., /b�^z/, buzz) 

was of lower frequency than the Resultant word (e.g., /b�^s/, bus). The spoken word 

frequencies were taken from the CELEX database (Baayen, Piepenbrock, & van Rijn, 1993). 

The mean log frequencies of the Intended and Resultant words were 2.07 and 1.40 

respectively in the HF Intended condition, and 1.47 and 2.18 respectively in the LF Intended 

condition. The frequencies of the Resultant words differ significantly from the Resultant 

words in both conditions, HF Intended: t(19) = 6.67, p < .001; LF Intended: t(19) = 5.20, p 

< .001. The full list of experimental items is listed in Appendix B.1.  

In addition to the experimental items, another 40 monosyllabic words were chosen as 

controls. These were words that would not contain mispronunciations at the phonological 

level (e.g., /lo�\/, low) when produced by a Cantonese speaker. Another set of eight 

monosyllabic words, consisting of examples corresponding to the three conditions, were 

selected as practice items to familiarise participants with the word transcription task. 

 

Table 2.1: Experimental conditions for Experiments 1 and 2. For Cantonese speakers, the intended word 

is preceded by the Cantonese-accented pronunciation. 

 Experiment 1 Experiment 2 

 Native language of the speaker Native language of the speaker 

 English Cantonese English Cantonese 

Control items /lo�\/, low /lo�\/, low /lo�\/, low /lo�\/, low 

High frequency 
(HF) Intended /���<n/, thin /f�<n/, thin /b�^s/, bus /b�^s/, bus 

Low frequency 
(LF) Intended /b�^z/, buzz /b�^s/, buzz /f�<n/, fin  /f�<n/, fin 
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A Cantonese speaker with a strong Cantonese accent1 and an Australian English 

speaker recorded all the intended words and control items onto a laptop computer in a quiet 

room. Recordings were digitised at a 48-kHz sampling rate and 32-bit quantisation on a PC 

laptop and edited with Audacity software. Two counterbalanced lists were created using a 

Latin Square design. Half of the participants heard half of the Intended words in the HF and 

LF conditions and Control words spoken by the Cantonese speaker and the other half spoken 

by the native speaker. For the other half of the participants, the words spoken by the 

Cantonese speaker were now spoken by the native speaker and the words spoken by the 

English speaker was now spoken by the Cantonese speaker. All the participants in the same 

list heard the words in the same pseudo-randomised order.  

 

2.1.1.3 Procedure 

 Participants were asked to listen via headphones to some English words spoken by 

two different speakers in the two blocks. However, they were not told the language 

background of the speakers. Their task was to write down the word that they heard on an 

answer sheet. The 40 words spoken by the Cantonese speaker were followed by the 40 words 

spoken by the native English speaker. Participants had at most eight seconds to write down 

the answer for each item. There was a short break between the two blocks, as well as in the 

middle of each block. 

                                                
1 The Cantonese speaker was chosen by the phonetically trained author, whose first language is Cantonese, after 

trialling several possible speakers because of the high number of phonological errors she made when compared 

with other speakers. Although previous ISIB studies have used multiple talkers to represent each native 

language group, in the interest of avoiding the problem of conflating properties of accented speech with the 

properties of the individual talker, only one speaker from each language group was used due to the small 

number of items available. 
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2.1.2 Results 

Four items from the control condition were removed from analysis because the 

Cantonese speaker mispronounced the onset /n/ as /l/ in those words. A mixed ANOVA was 

carried out with Word Type (HF Intended vs. LF Intended vs. Control) and Speaker Group 

(English vs. Cantonese) as within-participant factors, and Listener Group (English vs. 

Cantonese vs. Japanese) as a between-participant factor in the participant analysis (F1). For 

the item analysis (F2), Speaker Group and Listener Group were within-item factors and Word 

Type was a between-item factor. The dependent variable was the mean percentage of correct 

responses (i.e., % of Intended words reported). The results are shown in Figure 2.1. 

 

Figure 2.1: Word recognition scores as a function of Word Type and Speaker Group for different 

Listeners in Experiment 1. 

The ANOVA yielded significant main effects of Word Type, F1 (2,108) = 338.34, p 

< .001; F2 (2,64) = 21.71, p < .001, Listener Group, F1 (2,54) = 15.46, p < .001; F2 (2,128) = 

11.58, p < .001, and Speaker Group, F1 (1,54) = 1006.25, p < .001; F2 (1,64) = 120.00, p 

< .001. More words spoken by the native speaker were correctly recognised than those by the 
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Cantonese speaker (82% vs. 46%). Native listeners performed the most accurately (69%), 

Cantonese listeners second (64%) and Japanese listeners the least (58%), all t’ s > 2.53, p's 

< .05. All two-way interactions were also significant, Listener Group x Word Type: F1 (4,108) 

= 13.01, p < .001; F2 (4,128) = 3.13, p = .017; Speaker Group x Word Type: F1 (2,108) = 

144.91, p < .001; F2 (2,64) = 21.68, p < .001; Listener Group x Speaker Group: F1 (2,54) = 

92.64, p < .001; F2 (2,128) = 48.12, p < .001, as well as the three-way interaction between 

Listener Group, Speaker Group and Word Type, F1 (4,108) = 8.54, p < .001; F2 (4,128) = 

5.43, p < .001. Further ANOVAs were carried out separately for each Word Type to 

investigate these complex interactions. 

 

2.1.2.1 Analysis by different Word Type 

Control condition 

 In addition to the main effects of Speaker Group, F1 (1,54) = 43.65, p < .001; F2 (1,34) 

= 4.85, p = .035, and Listener Group, F1 (2,54) = 27.23, p < .001; F2 (2,68) = 13.39, p < .001, 

for the Control words, there was a significant interaction between Listener and Speaker 

Group, F1 (2,54) = 10.45, p < .001; F2 (2,68) = 5.44, p = .006.   

 Planned comparisons showed significant main effects of Listener Group for both 

English stimuli, F1(2,57) = 18.78, p < .001; F2(2,68) = 13.12, p < .001, and Cantonese-

accented stimuli, F1(2,57) = 4.29, p = .018; F2(2,68) = 7.35, p = .001. For the native English 

stimuli, English listeners (96%) performed better than both Cantonese listeners (82%), t1(57) 

= 4.96, p < .001; t2(34) = 4.64, p < .001, and Japanese listeners (81%), t1(57) = 5.59, p < .001; 

t2(34) = 4.67, p < .001, who did not differ from each other, t1 and t2 < 1. For the Cantonese-

accented stimuli, the Japanese listeners (68%) performed more poorly than either the English 
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listeners (80%), t1(57) = 2.37, p = .021; t2(34) = 3.28, p = .002, or the Cantonese listeners 

(82%), t1(57) = 2.68, p = .010; t2(34) = 2.91, p = .006. However the performance of English 

and Cantonese listeners did not differ, t1 and t2 < 1. 

 Comparing the speech spoken by different speakers, English stimuli were more 

intelligible than Cantonese-accented stimuli for English listeners, F1(1,57) = 12.50, p = .001; 

F2(1,34) = 16.64, p < .001, and Japanese listeners, F1(1,57) = 7.82, p = .007; F2(1,34) = 4.29, 

p = .046. However, there was no difference in intelligibility between English stimuli and 

Cantonese-accented stimuli for Cantonese listeners, F1 and F2 < 1.  

 

HF Intended condition 

 For the HF Intended condition, there was a significant interaction between Listener 

and Speaker Group, F1 (2,54) = 44.42, p < .001; F2 (2,30) = 28.32, p < .001, in addition to 

the main effects of Speaker Group, F1 (1,54) = 372.47, p < .001; F2 (1,15) = 42.04, p < .001, 

and Listener Group in the participant analysis, F1 (2,54) = 6.49, p = .003; F2 (2,30) = 2.29, p 

= .119.  

 Planned comparisons showed that there were significant main effects of Listener 

Group for both English stimuli, F1(2,57) = 14.70, p < .001; F2(2,30) = 8.85, p = .001, and 

Cantonese-accented stimuli, F1(2,57) = 15.87, p < .001; F2(2,30) = 12.42, p < .001. For the 

English stimuli, the English listeners (93%) performed better than both the Cantonese 

listeners (72%), t1(57) = 5.36, p < .001; t2(15) = 3.85, p = .002, and the Japanese listeners 

(80%), t1(57) = 3.39, p = .001; t2(15) = 2.95, p = .010, who did not differ from each other 

though there was a tendency towards the latter to be more accurate, t1(57) = 1.97, p = .053; 

t2(15) = 1.49, p = .158. For Cantonese-accented stimuli, Cantonese listeners (57%) performed 
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better than both the English listeners (24%), t1(57) = 5.15, p < .001; t2(15) = 4.07, p = .001, 

and the Japanese listeners (28%), t1(57) = 4.56, p < .001; t2(15) = 3.48, p = .003, who did not 

differ from each other, t1 and t2 < 1.  

 The English stimuli were more intelligible than the Cantonese-accented stimuli for 

the English listeners, F1(1,57) = 142.14, p < .001; F2(1,15) = 105.28, p < .001, the Japanese 

listeners, F1(1,57) = 81.36, p < .001; F2(1,15) = 42.37, p < .001, and the Cantonese listeners 

in the participant analysis, F1(1,57) = 7.30, p = .009; F2(1,15) = 2.69, p = .122. 

 

LF Intended condition  

 The main effects for the LF Intended condition of Speaker Group and Listener Group 

were again significant, F1(1,54) = 738.66, p < .001; F2(1,15) = 88.52, p < .001, and  F1(2,54) 

= 17.45, p < .001; F2(2,30) = 7.11, p = .003, respectively, as was the interaction between 

those two factors, F1(2,54) = 41.02, p < 0.001; F2(2,30) = 14.80, p < .001. 

 The main effects of Listener Group for were significant for the English stimuli, 

F1(2,57) = 43.50, p < .001; F2(2,30) = 19.00, p < .001, and in the participant analysis for the 

Cantonese-accented stimuli, F1(2,57) = 4.96, p = .010; F2(2,30) = 2.59, p = .092. For the 

English stimuli, the English listeners (98%) performed better than both the Japanese listeners 

(77%), t1(57) = 5.41, p < .001; t2(15) = 3.56, p = .003, and the Cantonese listeners (62%), 

t1(57) = 9.29, p < .001; t2(15) = 6.00, p < .001. The Japanese listeners also performed better 

than the Cantonese listeners, t1(57) = 3.88, p < .001; t2(15) = 2.63, p = .019. For the 

Cantonese-accented stimuli, the Cantonese listeners (32%) performed better than the 

Japanese listeners (18%) though the item analysis was only a strong trend, t1(57) = 3.15, p 

= .003; t2(15) = 2.00, p = .064. The performance of the English listeners (25%) did not differ 
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from either the Cantonese listeners, t1(57) = 1.62, p = .112; t2(15) = 1.07, p = .302, or the 

Japanese listeners, t1(57) = 1.54, p = .130; t2(15) = 1.52, p = .151.  

 English stimuli are more intelligible than Cantonese-accented stimuli for all listeners, 

English listener: F1(1,57) = 368.04, p < .001; F2(1,15) = 87.04, p < .001; Cantonese listener: 

F1(1,57) = 61.54, p < .001; F2(1,15) = 12.27, p = .003; Japanese listener: F1(1,57) = 238.38, p 

< .001; F2(1,15) = 118.76, p < .001. 

 

2.1.2.2 Analysis by different Listener Groups 

Given the three-way interaction between Intended word frequency (HF vs. LF), 

Speaker and Listener Group reported earlier, separate two-way ANOVAs were also carried 

out for different listener groups. Figure 2.2 presents the data in a way that shows the mean 

accuracy rate for the HF and LF Intended conditions comparing the two different speakers 

for each listener group. 

 

Figure 2.2: Word recognition scores as a function of Speaker and Listener Group for HF and LF 

Intended words in Experiment 1. 
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English listeners 

 English listeners revealed a main effect of Speaker Group, F1(1,18) = 811.51, p 

< .001; F2(1,30) = 189.31, p < .001, with words produced by the English speaker being 

transcribed more accurately than those produced by the Cantonese speaker (95% vs. 24%). 

However, there was no main effect of Intended word frequency, F1(1,18) = 1.36, p = 0.259; 

F2 < 1, nor interaction between Intended word frequency and Speaker Group, F1(1,18) = 1.03, 

p = .323; F2 < 1.  

 

Cantonese listeners 

 There were main effects for the Cantonese listeners of Speaker Group, F1(1,18) = 

58.47, p < 0.001; F2(1,30) = 12.68, p = .001, and of Intended word frequency, at least in the 

participant analysis, F1(1,18) = 52.20, p < .001; F2(1,30) = 3.98, p = .055. In addition, the 

interaction between Intended word frequency and Speaker Group was significant in the 

participant analysis, F1(1,18) = 5.08, p = 0.037; F2(1,30) = 1.26, p = .271. The Cantonese 

listeners transcribed HF Intended words more accurately than LF Intended words when 

produced by the Cantonese speaker (57% vs. 31%), F1(1,19) = 36.03, p < .001; F2(1,30) = 

4.20, p = .049, and also by the English speaker, but only in the participant analysis (72% vs. 

62%), F1(1,19) = 7.91, p = .011; F2(1,30) = 1.22, p = .278. 

 

Japanese listeners 

 For Japanese listeners, there was a main effect of Speaker Group (78% vs. 23% for 

the English and Cantonese speakers respectively), F1(1,18) = 535.42, p < .001; F2(1,30) = 

132.19, p < .001. In addition the main effect of Intended word frequency (54% vs. 47% for 
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HF and LF Intended words respectively) was significant in the participant analysis only, 

F1(1,18) = 11.64, p = .003; F2 < 1, and there was no interaction between Intended word 

frequency and Speaker Group, F1(1,18) = 1.66, p = .214; F2 < 1.  

 

2.1.3 Discussion 

The existence (or non-existence) of ISIB-Talker for different conditions and listener 

groups in Experiment 1 is summarised in Table 2.2. The numbers shown in the brackets are 

the advantage of English stimuli over Cantonese-accented stimuli in terms of mean accuracy. 

The existence of ISIB-Talker is evidenced only when a positive number is shown in the 

bracket and when it is significant. As seen from the table, neither Matched nor Mismatched 

ISIB-Talker was found when the results for the Cantonese and Japanese listeners are 

considered, because neither group found the Cantonese-accented stimuli to be more 

intelligible than the English stimuli. This is perhaps not surprising as ISIB-Talker was only 

reported for high-proficiency L2 speakers by Bent and Bradlow (2003) whereas the 

Cantonese speaker in Experiment 1 can be considered of low L2 proficiency given her high 

number of mispronunciations as determined by a phonetically-trained native English speaker. 

If the phonological errors are too extreme, as in the case of a low L2 proficiency speaker, the 

discrepancy from the target English word may be too large to be identifiable by anyone. 

 

Table 2.2: Existence of ISIB-Talker in Experiment 1. The number in brackets refers to the degree of 

ISIB-Talker; namely, the degree to which the Cantonese speaker was better understood than the English 

speaker (in terms of percentages) 

 Control HF Intended LF Intended 

Cantonese listener �8 (0) �8 (-15) **  �8 (-30) ***  

Japanese listener       �8 (-13) **   �8 (-52) ***  �8 (-59) ***  

Remarks: *** p < .001; ** p < .01; * p < .05 
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Table 2.3: Existence of ISIB-Listener in Experiment 1 for Cantonese-accented stimuli. The number in 

brackets refers to the degree of ISIB-Listener; namely, the degree to which the Cantonese-accented 

speech was better understood by the Cantonese than English listeners (in terms of percentages) 

 Control HF Intended LF Intended 

Cantonese speaker �8 (2) �9 (33) ***  �8 (7) 

Remarks: *** p < .001; ** p < .01; * p < .05. 
 

Table 2.3 summarises the existence and non-existence of ISIB-Listener for different 

conditions for Cantonese listeners in Experiment 1 for Cantonese-accented stimuli. The 

numbers shown in the brackets represent the advantage of the Cantonese listeners over the 

English listeners in terms of mean accuracy. ISIB-Listener was found in the HF Intended 

condition, with the Cantonese listeners understanding Cantonese-accented speech better than 

the native English listeners. However, the same effect was not found in either the control or 

LF Intended items as English listeners understood Cantonese-accented speech as well as the 

Cantonese listeners did. The fact that ISIB-Listener is only found for certain types of word 

can explain the inconsistency in the literature because it may be due to the selection of items 

in those experiments. 

The pattern of results obtained here for ISIB-Listener can be explained by the fact 

that Cantonese listeners may assimilate L2 phonemes (e.g. /��/, /z/) to their L1 phonemic 

categories (e.g. /f/, /s/), such that thin becomes homophonic with fin, as does buzz with bus. 

When they hear these homophones they tend to recognise them as the more frequent word. 

Evidence to support this explanation comes from the comparison of the accuracy rates of HF 

and LF Intended words for different listener groups. As seen in Figure 2.2, HF Intended 

words were transcribed more accurately than LF Intended words by Cantonese listeners, and 

this frequency effect was larger when the words were spoken by the Cantonese than the 

English speaker. For neither the English and Japanese listeners was there a significant 
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frequency effect for either of the speakers. The lower accuracy rate observed for Cantonese 

listeners for LF relative to HF Intended words was due to the higher activation of the HF 

counterpart, which was an incorrect response for the LF Intended words. For HF Intended 

words, the HF counterpart was activated more strongly than the LF counterpart by Cantonese 

listeners and thus generated a correct response.  

 

Table 2.4: Existence of Mismatched ISID in Experiment 1 for Cantonese-accented stimuli. The number in 

brackets refers to the degree of Mismatched ISID; namely, the degree to which the Cantonese-accented 

speech was was better understood by the Cantonese than Japanese listeners (in terms of percentages) 

 Control HF Intended LF Intended 

Cantonese speaker �9 (14) * �9 (29) ***  �9 (14) **  

Remarks: *** p < .001; ** p < .01; * p < .05 
 

Table 2.4 summarises the existence of Mismatched ISID for the different conditions 

with regard to the Cantonese-accented stimuli. Japanese listeners were poorer in 

understanding Cantonese-accented stimuli than Cantonese listeners in all conditions, 

replicating the findings of Stibbard and Lee (2006). It should be noted that the recognition 

benefit for Cantonese listeners over Japanese listeners cannot be due to the latter having a 

lower proficiency in English, as the two groups did not differ in their recognition of control 

items spoken by the native English speaker (see Figure 2.1) suggesting that the two non-

native listener groups had comparable proficiency in English. 

 

2.2 Experiment 2: English word transcription 

 It is shown in Experiment 1 that Cantonese listeners can understand Cantonese-

accented English better than native listeners for HF Intended words. This result confirms that 

the choice of stimulus items may affect whether ISIB can be found depending on the 
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homophone preference for the more frequent word. In order to provide further support for 

this explanation, the HF and LF Intended words (e.g., thin and buzz respectively) were 

replaced by their Resultant word counterparts (e.g., fin and bus respectively) in Experiment 2 

to examine whether ISIB-Listener could still be found. It should be noted that the Intended 

words in all conditions in this experiment were no longer mispronunciations when produced 

by the Cantonese speaker. If Cantonese listeners treat these confusable word pairs (e.g., thin-

fin and buzz-bus) as homophones, it is expected that they will have no advantage over native 

listeners in understanding the HF and LF Intended words in this experiment. This is because 

they may misinterpret the word fin as thin (i.e., the incorrect response) in the LF Intended 

condition, which may actually lead them to have a disadvantage over native listeners in 

recovering the intended meaning of the speaker. For the HF Intended condition, as the 

intended word (e.g., bus) has a higher word frequency than the other member of the pair (i.e., 

buzz), it is expected that their disadvantage will not be as great when compared to the LF 

Intended conditions.  

 

2.2.1 Method 

2.2.1.1 Participants 

Forty participants from the same population were recruited with 20 participants 

whose native language was English (aged 18-45 years, mean: 25.5 years), and 20 participants 

who spoke Cantonese as a native language (aged 21–32 years, mean: 24.8 years). None of 

them had participated in Experiment 1. The Cantonese listeners had arrived in Australia at a 

mean age of 21.6 years and first started learning English at the age of 6.3 years. They 

received a small payment for participating in this study. No Japanese listeners were tested in 

Experiment 2.  
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2.2.1.2 Materials and Design 

In Experiment 1, the recordings presented to listeners were words that are easily 

mispronounced by Cantonese speakers (e.g., thin, which is often mispronounced as fin). In 

Experiment 2, both the recordings made by both the Cantonese and native English speaker 

were the words that corresponded to the mispronounced version of the words used in 

Experiment 1 (e.g., fin). That is, the same experimental items as in Experiment 1 were used 

except that the same 40 monosyllabic words were now recorded using the Resultant words 

instead of the Intended words by the same speakers. For example, while thin was recorded in 

Experiment 1, it was fin that was recorded in Experiment 2. It should be noted that the 

resultant pronunciation was the same as the intended pronunciation in this experiment 

because the words were not mispronounced. All the control items used in this experiment 

were identical to those in Experiment 1.  

 

2.2.1.3 Procedure 

The procedure was the same as in Experiment 1. 

 

2.2.2 Results 

The results of Experiment 2 are shown in Figure 2.3. The ANOVA yielded a 

significant main effect of Word Type, F1 (2,72) = 67.49, p < .001; F2 (1,64) = 8.16, p = .001, 

Listener Group, F1 (1,36) = 87.09, p < .001; F2 (1,64) = 70.08, p < .001, and Speaker Group, 

F1 (1,36) = 179.69, p < .001; F2 (1,64) = 27.91, p < .001. More words spoken by the English 

speaker were correctly recognised than by the Cantonese speaker (82% vs. 62%), and 

English listeners performed better than Cantonese listeners (82% vs. 62%). There were 
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interactions between Listener and Speaker Group, F1 (1,36) = 33.69, p < .001; F2 (1,64) = 

14.85, p < .001, and also between Listener Group and Word Type, F1 (2,72) = 17.64, p 

< .001; F2 (2,64) = 9.80, p < .001, but the interaction between Speaker Group and Word Type 

was significant only in the participant analysis, F1 (2,72) = 8.74, p < .001; F2 < 1. The three-

way interaction between Listener Group, Speaker Group and Word Type was not significant, 

F1 (2,72) = 2.36, p = .102; F2 < 1. 

 

Figure 2.3: Word recognition scores as a function of Word Type and Speaker Group for different 

Listeners in Experiment 2. 

Figure 2.4 shows the mean accuracy rate for different listener groups and word types 

collapsing over different speaker groups. As shown in the figure, the interaction between 

Listener Group and Word Type arises from a greater difference between English and 

Cantonese listeners in the LF Intended condition, F1(1,38) = 56.52, p < .001; F2(1,15) = 

38.58, p < .001, when compared to the Control condition, F1(1,38) = 13.78, p = .001; F2(1,34) 

= 10.54, p = .003, and the HF Intended condition, F1(1,38) = 21.70, p < .001; F2(1,15) = 

14.04, p = .002. 
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Figure 2.4: Word recognition scores as a function of Word Type and Listener Group in Experiment 2. 

 

Figure 2.5 shows the mean accuracy rate for different listener and speaker groups 

collapsing over different word types. English listeners were better than Cantonese listeners in 

understanding words produced by both the English speaker (96% vs. 68%), F1 (1,38) = 97.92, 

p < .001; F2 (1,64) = 75.26, p < .001, and the Cantonese speaker (67% vs. 56%), F1 (1,38) = 

5.69, p = .022; F2 (1,64) = 11.39, p = .001, with a greater advantage for the former than the 

latter as shown by the significant interaction between Listener and Speaker Group. 

Comparing the intelligibility of different speakers, words produced by the English speaker 

had a higher recognition rate than those produced by the Cantonese speaker for both English 

listeners (96% vs. 67%), F1 (1,38) = 53.27, p < .001; F2 (1,64) = 41.85, p < .001, and 

Cantonese listeners (68% vs. 56%), F1 (1,38) = 8.34, p = .006; F2 (1,64) = 6.66, p = .012. 
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Figure 2.5: Word recognition scores as a function of Speaker and Listener Group in Experiment 2. 

 

 

2.2.3 Discussion 

When the HF and LF Intended words in Experiment 1 were changed to their 

Resultant word counterparts in Experiment 2, Word Type no longer interacted with the native 

language of the speakers and listeners (i.e., the three-way interaction). As in Experiment 1, 

English listeners found words spoken by an English speaker more intelligible than a 

Cantonese speaker. Moreover, Cantonese listeners did not find words spoken by a Cantonese 

speaker more intelligible than an English speaker, indicating a lack of evidence for ISIB-

Talker. Although ISIB-Listener was found for HF Intended words in Experiment 1 for 

Cantonese listeners, this effect was not found in Experiment 2 as Cantonese listeners did not 

perform better than English listeners in understanding Cantonese-accented speech for any of 

the word types. On the contrary, they were actually poorer in understanding Cantonese-

accented speech than English listeners. Again, this experiment reveals that whether ISIB can 

be found depends on the word stimuli chosen in a particular study and, specifically, when a 

more frequent word is mispronounced as another less common word. 

 



 35 

2.3 Combined analysis of Experiments 1 and 2 

In Experiment 1, the frequency effect (i.e., difference in accuracy rate between HF 

and LF Intended words) for Cantonese listeners was larger when the words were produced by 

a Cantonese speaker when compared to an English speaker. The combined analysis of 

Experiments 1 and 2 examines further whether Cantonese listeners can perceive phonemic 

contrasts made by English and Cantonese speakers (e.g., being able to distinguish /��/ and /f/). 

If Cantonese listeners cannot perceive phonemic contrasts in their L2, they should show 

similar activation of the Intended word response (e.g., thin) no matter whether they hear 

either the Intended word (e.g., /���<n/, thin) in Experiment 1 or the Resultant word (e.g., /f�<n/, 

fin) in Experiment 2 spoken by Cantonese or English speakers.  

 

2.3.1 Results 

Unlike the separate analyses of Experiments 1 and 2 where accuracy was used as the 

dependent variable, a mixed ANOVA was carried out with the mean percentage of baseword 

responses as the dependent variable in this combined analysis. The ‘baseword response’ 

refers to the percentage of times the intended word of Experiment 1 (e.g., thin) was given in 

each experiment. Word Type (HF vs. LF Intended) and Speaker Group (English vs. 

Cantonese) were within participant factors, and Listener Group (English vs. Cantonese) and 

Experiment (1 vs. 2) were between participant factors in the analysis. In order to compare the 

two members of the same potentially homophonic pair, the levels of the Word Type factor 

were reversed between the two experiments, such that the HF Intended condition of 

Experiment 1 (e.g., thin) was matched with the LF Intended condition of Experiment 2 (e.g., 

fin), and vice versa. Only the effects involving the Experiment factor are reported.  
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There was a main effect of Experiment, F1 (1,72) = 543.70, p < .001; F2 (1,30) = 

95.33, p < .001, with more baseword word responses in Experiment 1 than in Experiment 2 

(58% vs. 21%). There were also significant two-way interactions between Experiment and 

Listener Group, F1 (1,72) = 45.09, p < .001; F2 (1,30) = 54.21, p < .001, and between 

Experiment and Speaker Group, F1 (1,72) = 581.80, p < .001; F2 (1,30) = 113.15, p < .001. 

The interaction between Experiment and Word Type was significant by participants only, F1 

(1,72) = 4.80, p = .032; F2 < 1. In addition, there was a three-way interaction between 

Experiment, Listener, and Speaker Group, F1 (1,72) = 104.30, p < .001; F2 (1,30) = 45.35, p 

< .001. However, the four-way interaction between Word Type, Speaker Group, Listener 

Group and Experiment was not significant, F's < 1. The results collapsing over HF and LF 

Intended conditions are shown in Figure 2.6. 

 

Figure 2.6: Percentage of Intended word response as a function of Listener and Speaker Group in 

Experiments 1 and 2. 

 
Planned comparisons showed that the interactions between Speaker Group and 

Experiment were significant for both English listeners, F1 (1,36) = 696.30, p < .001; F2 (1,30) 
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= 164.27, p < .001, and Cantonese listeners, F1 (1,36) = 83.84, p < .001; F2 (1,31) = 25.23, p 

< .001. For English listeners, not surprisingly the percentage of baseword response for words 

spoken by the English speaker is significantly higher in Experiment 1 (95%) than in 

Experiment 2 (2%), F1 (1,38) = 2689.91, p < .001; F2 (1,30) = 878.67, p < .001. However, 

there is no difference in the percentage of baseword response for words spoken by the 

Cantonese speaker in Experiments 1 and 2 (24% vs. 23%), F1 and F2 < 1. For Cantonese 

listeners, the percentage of baseword responses is higher in Experiment 1 than in Experiment 

2 for words spoken by both the English speaker (67% vs. 22%), F1 (1,38) = 155.98, p < .001; 

F2 (1,30) = 50.13, p < .001, and to a lesser extent by the Cantonese speaker, where it was 

only significant in the participant analysis (44% vs. 37%), F1 (1,38) = 4.30, p = .045; F2 

(1,30) = 1.82, p = .188. 

 

2.3.2 Discussion 

 The higher percentage of baseword responses (e.g., thin) for native English stimuli in 

Experiments 1 (e.g., thin) than in Experiment 2 (fin) for Cantonese listeners indicate that they 

can actually perceive the L2 contrasts that do not exist in their L1 (e.g., /��/-/f/ and /r/-/w/). 

Moreover, there must exist acoustic differences in the Cantonese-accented version of the 

mispronounced intended words (e.g., thin) in Experiment 1 and the correctly pronounced 

intended words (e.g., fin) in Experiment 2. Otherwise, the Cantonese listeners would not have 

been able to recognise the former as the intended word of Experiment 1 more accurately than 

the latter (as observed in the participant analysis). What is noteworthy is that, while 

Cantonese listeners can detect acoustic differences in the Cantonese-accented speech 

between the mispronounced intended words in Experiment 1 and the correctly pronounced 

intended words in Experiment 2, those acoustic cues cannot be picked up by English listeners 



 38 

as seen from the non-significant difference in their percentage of baseword response for 

Cantonese stimuli between Experiments 1 and 2.  

One possible reason for this is that non-native speakers use non-native cues, at least 

some of the time, to produce and perceive L2 contrasts. One such example is the production 

and perception of tense and lax vowels in English. Tense and lax vowels differ both in terms 

of vowel quality and vowel duration. As mentioned by Bent et al. (2008), native English 

speakers rely on vowel quality (F1 and F2) while Cantonese speakers rely more on vowel 

duration in producing and perceiving these vowels. For example, Cantonese speakers may 

pronounce the words heat and hit in Experiments 1 and 2 with a long and short version of the 

vowel /i/ respectively (i.e., /i:/ and /i/) rather than changing its quality from /i:/ to /�</. When 

they hear the word hit spoken by a Cantonese speaker in Experiment 2 (i.e., hit), their 

sensitivity to the vowel duration cue means that they are less likely to identify it as heat when 

compared with the utterance heat that they heard in Experiment 1 (i.e., /hi:t/). In contrast, 

native English speakers may fail to differentiate heat and hit, when spoken by a Cantonese 

speaker because the two utterances do not differ on vowel quality, only length. 

In Experiment 1, a frequency effect was observed when Cantonese listeners perceived 

native and Cantonese-accented speech. This suggests that there is a single phonological 

system for the two languages so that words like thin and fin are treated as homophones for 

Cantonese listeners. However, in the combined analysis, it was shown that Cantonese 

speakers could nevertheless perceive and produce L2 speech contrasts, though in a non-

native like manner. One plausible explanation for these contradictory conclusions from the 

two experiments is that non-native listeners are gradually developing two phonological 

systems from one single phonological system. This agrees with the Speech Learning Model 



 39 

of Flege (1987, 1995) in which L2 learners develop two separate categories for L2 sounds 

that are very different from L1 sounds) while those that are similar to L1 are still treated as a 

single category. The L2 listeners in the present study may have had varying proficiency in L2, 

and it is expected that a greater frequency effect will be observed for low than high 

phonological proficiency listeners because the former may tend to treat words with 

confusable sound pairs as homophones while the latter may not. Moreover, high 

phonological proficiency listeners would be expected to show a greater difference in the 

percentage of intended word responses between Experiment 1 and Experiment 2 when 

compared with low phonological proficiency listeners because the former can differentiate 

L2 phonemic contrasts more efficiently than the latter.  

To conclude, Experiments 1 and 2 together have successfully shown that whether 

ISIB can be found may depend on the choice of the stimulus items in the experiment, and 

relative word frequency may play a role in mediating the ISIB effect.
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Chapter  3: Cantonese-accented Mandarin: Homophonic transfer at the 

lexical level 

Research into the production and perception of accented speech by L2 speakers, as 

well on ISIB, has mostly focused on negative transfer from L1 at the phonetic, 

phonological, or prosodic level. However, as mentioned in 1.1, foreign accent can also be 

revealed at the lexical level where negative transfer from L1 to L2 is due to two words 

being homophonic in L1, but not in L2. For example, the words P� ‘sound’ and 5Ç ‘star’ 

are homophones in Cantonese (both pronounced sing1), but not in Mandarin (‘sound’ being 

pronounced sheng1 and ‘star’ being pronounced xing1). In such a case, Cantonese speakers 

might mispronounce these words as homophones in Mandarin (Zeng, 2009). Hence, the 

word ‘sound’ may be mispronounced as xing1 or the word ‘star’ may be mispronounced as 

sheng1. This chapter examines whether Cantonese listeners are better than Mandarin 

listeners in understanding the intended meaning from such Cantonese-influenced Mandarin 

mispronunciations (i.e., ISIB-Listener) where the Mandarin mispronunciations occur at the 

lexical level due to negative homophonic transfer from Cantonese.  

 Although these kinds of MP’s have been observed for Cantonese speakers in the 

past, most of them have been reported in the language learning literature (e.g., Zeng, 2009) 

and no theoretical accounts have been offered in the psychological domain to explain them. 

The revised hierarchical model (RHM) proposed by Kroll and Stewart (1994) is potentially 

useful in this regard to explain these L2 mispronunciations. The RHM postulates a common 

conceptual representation, but separate lexical representations, for a bilingual’s two 

languages as seen in Figure 3.1. There is a strong link between the L1 lexical representation 

which stores the phonological representation, and the concepts which represent meaning (as 
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indicated in the figure by the weight of the line). When the bilinguals are first exposed to 

L2, it is proposed that they access the appropriate conceptual representations through their 

L1 lexical representations using the lexical links. When their L2 proficiency improves, they 

gradually develop a direct link between the conceptual representation and the L2 lexical 

representation. However, this link is weaker than that between the conceptual and L1 

lexical representation as it is developed at a later stage. Evidence for the RHM comes from 

the fact that backward translation from L2 to L1 is usually faster than forward translation 

from L1 to L2 for beginning L2 learners (Kroll & Stewart, 1994). This is taken to mean that 

backward translation only employs a direct lexical link while forward translation is 

mediated through the conceptual representation as the strength between L1 lexical 

representation and the concept representation is stronger than the lexical link from L1 to L2. 

Although there is a lexical link from L1 to L2 that could potentially be employed, it is 

presumably so much weaker than that between the conceptual representation and L2 that 

the latter pathway is preferred.  

 

Figure 3.1: The revised hierarchical model (Kroll & Stewart, 1994) 

 

 

Figure 3.2 shows the Cantonese and Mandarin mental representation of the pair of 

Cantonese homophone words ‘sound’ and ‘star’ for Cantonese-Mandarin bilinguals 

adopting the RHM. Both the L2 Mandarin phonological representation sheng1 and xing1 
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have a strong lexical link to the same L1 Cantonese phonological representation sing1 and 

there are strong conceptual links between the L1 Cantonese phonological representation 

sing1 and the concepts ‘sound’ and ‘star’ respectively. For Cantonese speakers with low L2 

Mandarin proficiency, the direct conceptual link between the concepts and the L2 Mandarin 

phonological representation is not yet well-developed and their production of L2 words 

from the concepts is therefore mediated through the L1 Cantonese phonological 

representation. As the L1 Cantonese phonological representation sing1 is linked to both L2 

Mandarin phonological representations sheng1 and xing1, Cantonese speakers may 

sometimes mispronounce the word ‘sound’ as xing1 and the word ‘star’ as sheng1 since 

both L2 Mandarin phonological representations sheng1 and xing1 are activated for the 

concepts ‘sound’ and ‘star’. However, with increasing L2 Mandarin proficiency, a direct 

link between the concepts and the L2 Mandarin phonological representation is gradually 

developed, hence avoiding the potentially confusing mediation through L1.  

 

Figure 3.2: The mental representation of Cantonese-Mandarin associations for Cantonese speakers of 

Mandarin 

 

 

When Cantonese speakers mispronounce disyllabic Mandarin words due to the 

homophonic influence from Cantonese, this model as adapted from RHM can also explain 
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how Cantonese listeners may understand such MP words better than native Mandarin 

listeners. For example, the Mandarin word P�g› ‘sound’ sheng1yin1 may be 

mispronounced by Cantonese speakers as xing1yin1, which is a nonword. When hearing the 

Mandarin syllable xing1, Cantonese speakers may activate the L1 phonological 

representation sing1 through the L2-L1 lexical link, which in turns activates both the word 

candidates P� ‘sound’ and g› ‘star’. When the second syllable yin1 is heard, the word 

candidate 5Ç ‘star’ is de-activated as it is not compatible with P� ‘sound’. However, P� 

‘sound’ remains active as it is compatible with the syllable yin1 to form the word P�g› 

‘sound’. For native Mandarin listeners, no word candidates remain active upon hearing the 

MP nonword xing1yin1 as there is no mediating link through the Cantonese phonological 

representation.  

 Based on the RHM for Cantonese/Mandarin bilinguals, the link between the L2 

Mandarin phonological representation and the concept is strengthened with increasing L2 

Mandarin proficiency, while the L2-L1 lexical link remains strong. Therefore, upon hearing 

the Mandarin syllable xing1 in the MP nonword xing1yin1, the candidate 5Ç ‘star’ will 

receive more activation with increasing L2 Mandarin proficiency, but the activation of P� 

‘sound’ will not be diminished. Hence, it is expected that the ability to understand 

Mandarin MP words will not deteriorate with increased Mandarin proficiency. 

 

3.1 Experiments 3A and 3B: Mandarin disyllabic word transcription 

A disyllabic word transcription task was carried out to examine ISIB-Listener for 

Cantonese-influenced Mandarin speech, with a focus on words that might be expected to be 

mispronounced by Cantonese speakers due to negative lexical transfer from L1. In previous 
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research on ISIB-Listener, non-native speakers have been recruited to produce the non-

native speech tokens. However, there is no guarantee that non-native speakers will exhibit 

all the characteristics of interest. So, instead, a native Mandarin speaker was asked to read 

Chinese characters pronounced as if they were spoken by someone who made the expected 

MP’s of a Cantonese speaker. For example, instead of trying to elicit the MP xing1yin1 for 

the word ‘sound’ from Cantonese speakers, a Mandarin speaker was asked to read out a 

pair of characters that created a nonword pronounced xing1yin1 in Mandarin. It is true that 

the acoustic features of Cantonese pronunciation will be absent in the nonword xing1yin1 

produced by a Mandarin speaker when compared to the MP xing1yin1 produced by a 

Cantonese speaker. However, this works against the hypothesis, which is that Cantonese 

listeners will be better than Mandarin listeners in understanding the intended meaning of 

Mandarin words mispronounced by a Cantonese speaker. That is, Mandarin listeners should 

perform more poorly than Cantonese listeners despite the fact that the MP’s are 

phonetically more familiar to the former than the latter. 

As there are two possible directions of lexical transfer for each pair of Cantonese 

homophones (e.g., P� ‘sound’ and 5Ç ‘star’), two sub-experiments were created with the 

“choice of homophones” as a between-group factor. For example, the Mandarin word 

‘sound’ sheng1yin1 was chosen in Experiment 3A where sheng1 is the correctly 

pronounced version (Correct Target) while xing1 is the MP version (MP Target). In 

Experiment 3B, the role of the MP and correctly pronounced version was reversed so that a 

Mandarin target ‘planet’ xing1qiu2 was chosen such that xing1 is the Correct Target while 

sheng1 is the MP Target. The prediction of ISIB-Listener is that, when an MP Target such 

as xing1yin1 or sheng1qiu2 is presented, Cantonese listeners will be able to understand the 
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intended word better than Mandarin listeners. Disyllabic instead of monosyllabic words 

were chosen as target items in this task because monosyllabic words would usually form 

another real word when there is a mispronunciation whereas disyllabic words often form a 

nonword when one of the syllables is mispronounced. 

 A Mandarin word production task took place immediately after the word 

transcription task using the same words. The purpose was to establish whether those MP 

Targets that were expected to be produced by Cantonese speakers could actually be 

observed. In addition, the Cantonese listeners were divided into high Mandarin 

phonological proficiency (HP listeners) and low Mandarin phonological proficiency (LP 

listeners) based on their production accuracy in order to examine whether L2 proficiency is 

a mediating factor for ISIB-Listener. Hayes-Harb et al. (2008) has shown that ISIB-Listener 

is only observed for LP listeners, presumably because their L2 phonological system 

overlaps with that of the non-native speakers more than for HP listeners. It should be noted, 

however, that their study used English as a target language where accent was realised at the 

phonetic level rather than the lexical level. Based on the predictions from the RHM, it is 

expected that an increase in Mandarin proficiency will not lead to a deterioration in the 

understanding of Mandarin MP Target words and, hence, ISIB-Listener effect will be 

observed for both HP and LP listeners. 

 

3.1.1 Method 

3.1.1.1 Participants 

Twenty native Mandarin speakers (mean age = 22.9) and 28 native Cantonese 

speakers from the University of New South Wales (mean age = 21.9) participated in 

Experiment 3A in partial fulfilment of requirements for a psychology course or for a small 
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payment. Eighteen native Mandarin speakers from the Beijing Normal University (mean 

age: 24.2) and 30 native Cantonese speakers from the Chinese University of Hong Kong 

(mean age: 22.1) participated in Experiment 3B for a small payment. All the Cantonese 

speakers in both experiments received formal education in Mandarin for at least three years. 

 

3.1.1.2 Materials and Design 

Forty pairs of Chinese characters were selected where the pairs were homophones in 

Cantonese, but not in Mandarin (e.g. the pair P� ‘sound’ and 5Ç ‘star’ are both pronounced 

sing1 in Cantonese, but are pronounced sheng1 and xing1 respectively in Mandarin). Each 

of the Chinese characters was paired with another character to form the target items (e.g., 

P�g› ‘sound’, sheng1yin1 in Experiment 3A and 5ÇC« ‘planet’ xing1qiu2 in Experiment 

3B). For half of the target items, the target syllable appeared in the first syllable position of 

the disyllabic word and in the second syllable position for the remaining half. Two versions 

were included for all the target items: One with the correct pronunciation (e.g., ‘sound’, 

sheng1yin1 in Experiment 3A and ‘planet’ xing1qiu2 in Experiment 3B) and one creating 

an MP (e.g., xing1yin1 in Experiment 3A and sheng1qiu2 in Experiment 3B). The MP 

Targets were all nonwords in Mandarin and were the expected mispronunciations by 

Cantonese speakers due to lexical transfer from Cantonese. The full list of target items for 

Experiments 3A and 3B are shown in Appendices B.2 and B.3 respectively.  

In addition to the target items, the same 20 Control items (shown in Appendix B.4) 

were included in both sub-experiments where Cantonese speakers were expected to give the 

correct pronunciation without any influence from Cantonese homophonic words (e.g., (ï/Ò  
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‘strange’, qi2guai4). That is, all characters pronounced qi2 or guai4 in Mandarin are also 

pronounced homophonically in Cantonese. 

A list of Target and Control items printed in both Chinese characters and alphabetic 

pinyin was given to a native female Mandarin speaker for recording. All items were 

recorded on a PC computer in a soundproof room using Audacity software. 

 For each experiment, two lists were created within a Latin-Square design so that, in 

one list, half of the participants heard half of the Target items with MP and the other half 

with correct pronunciation, and vice versa in the other list. The same 20 Control items 

appeared in both lists. The items were presented in the same pseudo-randomised order for 

all participants. Each list began with the same six practice trials consisting of items 

constructed in the same way as the items of the three experimental conditions. 

 

3.1.1.3 Procedure 

The participants were told that they would hear a list of Mandarin disyllabic words 

spoken by a speaker from a Cantonese background. They were told that some of the words 

might be mispronounced and they were to write down in Chinese characters the words that 

the speaker intended to say. Participants had at most 10 seconds to write down each word 

they heard.  

All items were presented through headphones via a PC computer using DMDX 

(Forster & Forster, 2003) and Inquisit (2010) in Experiments 3A and 3B respectively. After 

the word transcription task, the Cantonese speakers were given a list of 60 Mandarin 

disyllabic words and were asked to read them aloud in Mandarin. Their speech was 

recorded using the Audacity software. 
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 In order to gauge production performance, a native Mandarin speaker with phonetic 

training was given the same word list that was shown to the participants and was asked to 

transcribe the words spoken by all 58 Cantonese participants into Mandarin pinyin ignoring 

any phonetic deviations. He was told that the speakers were from a Cantonese background. 

The audio stimuli were presented to the transcriber in a quiet room through earphones 

attached to a Mac laptop computer using a VLC media player. All sixty words spoken by 

each speaker were presented in one block. The transcriber was allowed to repeat the stimuli 

as many times as he needed during transcription. 

 

3.1.2 Results and discussion 

 Nine MP Target words in Experiment 3A and 3B were removed (along with their 

corresponding Correct Target words) because it was discovered that they inadvertently 

formed real Mandarin words or were unintelligible due to poor sound quality. 

 

3.1.2.1 Word transcription task: Cantonese vs. Mandarin listeners 

Figure 3.3 shows the accuracy rate for the three word types for both Cantonese and 

Mandarin listeners. Accuracy is defined as the ability to identify the word that a native 

Cantonese speaker might have been trying to say when speaking Mandarin.  

 For the participant analysis, Listener Group (Cantonese vs. Mandarin), Experiment 

(3A vs. 3B), and List were between-participant factors and Word Type (Control, Correct 

Target, MP Target) was a within-participant factor. For the item analysis, Listener Group 

and Experiment were within-item factors and Word Type and List were between-item 

factors. Analyses involving the List factor both here and in later experiments that use a 

Latin-Square design will not be reported since they are not meaningful and would simply 
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reflect non-systematic differences between the items assigned to the two lists. The main 

effect of Listener Group was significant in the participant analysis, F1(1,88) = 4.07,  p 

= .047; F2(1,96) = 1.94, p = .167. In addition, there was a significant main effect of Word 

Type, F1(2,176) = 608.07, p < .001; F2(2,96) = 126.18, p < .001, and Experiment, F1(1,88) 

= 7.94, p = .006; F2(1,96) = 4.44, p = .038.  There were also significant two-way 

interactions between Listener Group and Word Type, F1(2,176) = 95.61, p < .001; F2(2,96) 

= 35.00, p < .001, and between Word Type and Experiment, F1(2,176) = 25.34, p < .001; 

F2(2,96) = 6.16, p = .003. However, there was no significant two-way interaction between 

Listener Group and Experiment, F1 and F2 < 1, and neither was there a three-way 

interaction between Listener Group, Word Type, and Experiment, F1(2,176) = 2.60, p 

= .077; F2 < 1. 

 

Figure 3.3: Accuracy rates for Cantonese and Mandarin listeners in Experiments 3A and 3B 

 Planned comparisons were carried out to explore the interaction between Listener 

Group and Word Type. Mandarin and Cantonese listeners did not differ on the Control 



 50 

items (99% vs. 97%), F1(1,94) = 3.77, p = .055; F2 < 1. On the Correct Targets, however, 

Mandarin listeners performed better than Cantonese listeners (98% vs. 76%), F1(1,94) = 

61.42, p < .001; F2(1,99) = 44.13, p < .001, while the reverse was true for the MP Targets, 

(60% vs. 45%), F1(1,94) = 16.40, p < .001; F2(1,99) = 23.08, p < .001.  

 There was a significance difference among different Word types for both Cantonese 

listeners, F1(2,188) = 233.67, p < .001; F2(2,99) = 69.13, p < .001, and Mandarin listeners, 

F1(2,188) = 133.85, p < .001; F2(2,99) = 102.93, p < .001. Planned comparisons showed 

that for Mandarin listeners there was no difference between accuracy rates on Control items 

and Correct Targets, t1, t2 < 1. However, accuracy rate on MP Targets was significantly 

lower than that of Control items, t1(37) = 19.96, p < .001; t2(69) = 10.87, p < .001, and 

Correct Targets, t1(37) = 20.51, p < .001; t2(60) = 9.49, p < .001. For Cantonese listeners, 

Control items had a higher accuracy rate than both Correct Targets, t1(57) = 10.15, p < .001; 

t2(69) = 8.13, p < .001, and MP Targets, t1(57) = 16.73, p < .001; t2(69) = 12.88, p < .001. 

Correct Targets also had a higher accuracy rate than MP Targets, t1(57) = 4.95, p < .001; 

t2(60) = 3.73, p < .001. 

 Planned comparisons showed that the interaction between Word Type and 

Experiment was due to the non-significant difference between Experiments 3A and 3B for 

both Control items (98% vs. 98%) and Correct Targets (86% vs. 88%), with both F1 and F2 

< 1, but a significant difference between experiments for MP Targets (60% vs. 45%), 

F1(1,94) = 20.82, p < .001; F2(1,99) = 16.95, p < .001. 

The word transcription task showed that the accuracy rate for MP Target words was 

higher for Cantonese than Mandarin listeners, indicating that the ability to understand what 

a non-native speaker is trying to say when an MP is heard is better for Cantonese than 

Mandarin listeners. This provides support for ISIB-Listener using Mandarin as the target 
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language where the transfer from L1 into L2 is realised at the lexical level. Even though 

they were less accurate on MP’s than Cantonese listeners, it is perhaps surprising that the 

Mandarin listeners were as accurate as they were. Their correct responses were presumably 

due to the contextual cues from the neighbouring syllables of the disyllabic word.  

The non-significant difference between the Control and Correct Target words for 

Mandarin listeners demonstrates that there is no inherent difference between these two sets 

of items for native listeners. However, Cantonese listeners, even those relatively proficient 

in Mandarin, performed significantly more poorly on Correct Target words when compared 

with the Control words, indicating that these two sets of items may be represented 

differently in their mental lexicon. This is an unexpected finding based on the prediction of 

RHM. Upon hearing a Correct Target syllable such as sheng2 (‘sound’), the RHM predicts 

that Cantonese listeners will access the meaning through the mediation of the L1 Cantonese 

phonological representation sing since the link between L2 and L1 lexical representation is 

stronger than that between the L2 lexical representation and the concept. As the intended 

concept ‘sound’ is one of the activated candidates upon the activation of the L1 Cantonese 

phonological representation sing, and this combines appropriately with the other syllable, 

there is no reason for the Correct Target words to be recognised more poorly than Control 

words by Cantonese listeners. Yet they were. A possible explanation for this finding will be 

presented in the General Discussion.  

 
3.1.2.2 Word transcription task: Impact of Mandarin proficiency 

From the Mandarin production task, accuracy was calculated for each Cantonese 

listener as the percentage of correctly produced sublexical units (onsets and rimes) among 

                                                
2 For the sake of simplicity, the Mandarin tone will be ignored for the rest of this chapter. 
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the 31 target syllables. Based on a median split of these Mandarin production scores, the 

Cantonese listeners were divided into a high L2 Mandarin phonological proficiency (HP 

listener) group and a low L2 Mandarin phonological proficiency (LP listener) group. In 

Experiment 3A, the mean accuracy score for the HP and LP listener groups was 84.0% 

(ranging from the median of 74.2% to 96.8%) and 61.4% (ranging from 41.9% to the 

median of 74.2%3) respectively. In Experiment 3B, the mean accuracy score for the HP and 

LP listener groups after the median split was 93.1% (ranging from 89.0% to 97.5%) and 

84.6% (ranging from of 73.3% to 88.8%) respectively4. Figure 3.4 shows the accuracy rates 

in Experiments 3A and 3B for Mandarin and Cantonese listeners, with the latter divided 

into the two levels of Mandarin phonological proficiency. 

Only the main effect of Listener Group and any interactions involving that factor 

are reported here. The main effect was significant, F1(2,84) = 9.92, p < .001; F2(2,192) = 

9.99, p < .001, as was the two-way interaction between Listener Group and Word Type, 

F1(4,168) = 52.23, p < .001; F2(4,192) = 30.29, p < .001. However, there was no significant 

two-way interaction between Listener Group and Experiment, F1 and F2 < 1. The three-way 

interaction between Listener Group, Experiment, and Word Type was significant in the 

participant analysis only, F1(4,168) = 2.67, p = .034; F2(4,192) = 1.53, p = .194. 

 

  

                                                
3 There were three participants whose production accuracy fell exactly on the median score (i.e., 74.2%). In 

these cases, their production accuracy in the other syllable of the word was used to determine whether they 

were put in the LP or HP group. 
4 A median split across all participants for the two experiments combined was not carried out because there 

would have been too few LP speakers in Experiment 3B (i.e., eight participants) to draw meaningful 

conclusions. 
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Figure 3.4: Accuracy rates for listeners with different Mandarin phonological proficiency in 

Experiments 3A and 3B  

Planned comparisons were carried out to explore the interaction between Listener 

Group and Word Type. There were main effects of Listener Group for all word types, 

Control: F1(2,93) = 3.24, p = .043; F2(2,198) = 43.80, p < .001; Correct Targets: F1(2,93) = 

44.44, p < .001; F2(2,198) = 21.85, p < .001; MP Targets: F1(2,93) = 9.02, p < .001; F2 < 1. 

For Control items, Cantonese LP listeners performed more poorly than Mandarin listeners, 

t1(93) = 2.53, p = .013; t2(39) = 2.31, p = .026, but there was no difference between 

Cantonese LP and HP listeners, t1(93) = 1.628, p = .107; t2(39) = 1.88, p = .068, nor 

between Cantonese HP listeners and Mandarin listeners, t1, t2 < 1. For Correct Targets, 

Mandarin listeners performed better than both Cantonese HP listeners, t1(93) = 4.98, p 

< .001; t2(30) = 6.12, p < .001, and LP listeners, t1(93) = 9.37, p < .001; t2(30) = 8.53, p 

< .001, while HP listeners also performed better than LP listeners, t1(93) = 4.12, p < .001; 

t2(30) = 4.85, p < .001. For MP Targets, Mandarin listeners performed more poorly than 

both Cantonese LP listeners, t1(93) = 2.78, p = .007; t2(30) = 2.42, p = .022, and HP 
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listeners, t1(93) = 4.10, p < .001; t2(30) = 3.53, p = .001, who did not differ from each other 

in the participant analysis5, t1(93) = 1.25, p = .216; t2(30) = 3.93, p < .001.  

There were also main effects of Word Type for both Cantonese LP listeners, 

F1(2,186) = 79.37, p < .001; F2(2,99) = 67.38, p < .001, and Cantonese HP listeners, 

F1(2,186) = 62.14, p < .001; F2(2,99) = 58.19, p < .001. For LP listeners, Control items 

were understood better than both Correct Targets, t1(28) = 8.96, p < .001; t2(69) = 8.38, p 

< .001, and MP Targets, t1(28) = 11.66, p < .001; t2(69) = 12.99, p < .001. Correct Targets 

were also understood better than MP Targets, t1(28) = 2.20, p = .036; t2(60) = 2.95, p = .005. 

Cantonese HP listeners revealed a similar pattern. Control items were understood better 

than both Correct Targets, t1(28) = 6.21, p < .001; t2(69) = 6.48, p < .001, and MP Targets, 

t1(28) = 12.02, p < .001; t2(69) = 11.73, p < .001. Correct Targets were also understood 

better than MP Targets, t1(28) = 5.75, p < .001; t2(60) = 4.22, p < .001. 

 A comparison of the performance of Cantonese HP and LP listeners in the word 

transcription task shows that the former recognised more words than the latter in all 

conditions. In particular, the improvement for the Correct Target words was higher than for 

both Control and MP Target words with increasing L2 Mandarin phonological proficiency. 

These findings fit well with the predictions of RHM. With increasing L2 proficiency, 

Cantonese listeners gradually develop a stronger direct linkage between their L2 lexical 

representation and the concept. Their non-deteriorating performance in understanding MP 

Target words can also be explained by the fact that the L2-L1 lexical link in the RHM is 

                                                
5 Note that the difference was significant in the item analysis. However, when testing between-groups, item 

analyses can potentially be significant even if only one participant shows difficulty with one of the conditions. 

If this person makes many errors in that condition, it will add an error to many items. With so few errors 

being made by everyone else, this consistently reduced accuracy across items will lead to a significant result, 

despite it being quite meaningless. 
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still in use when understanding L2 MP Target words. The re-analysis based on L2 

Mandarin phonological proficiency therefore indicates that both Cantonese LP and HP 

listeners understood MP Target words better than Mandarin listeners, supporting ISIB-

Listener for both LP as well as HP listeners. Such a result is in contrast with previous 

research using English as a target language (Hayes-Harb et al., 2008) where ISIB-Listener 

was only be found for L2 listeners with low phonological proficiency.    

 

3.1.2.3 Mandarin word production task 

A further analysis was carried out to examine the production patterns that the 

Cantonese speakers generated in the Mandarin word production task. The percentage of 

productions that were the correct pronunciation, the MP version, and other 

mispronunciations are shown for each individual test item in Appendices C.6 and C.7 

respectively. Table 3.1 gives a summary of this for the items used in each experiment 

separately. 

 

Table 3.1: Mandarin word production patterns of the Cantonese speakers in Experiments 3A and 3B 

 Experiment 3A Experiment 3B 

Correct pronunciation 56% (25-89%) 73% (23-100%) 

MP version 24% (0-71%) 13% (0-63%) 

Other pronunciations 20% (0-64%) 15% (0-74%) 

Note. The percentages in brackets show the range across items. 

 

Despite the fact that there was high variability across items in relation to whether 

the MP version was observed , an ANOVA on accuracy with Experiment as a within-item 
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factor indicated that more MP versions were observed in Experiment 3A than Experiment 

3B, F(1,36) = 9.68, p = .004.  

The production data confirms that most of the MP’s that Cantonese speakers were 

expected to produce when speaking Mandarin were actually found. This affirms the validity 

of using auditory stimuli produced by a native Mandarin speaker to act as Mandarin speech 

with the characteristics of Cantonese accent at the lexical level. However, the expected MP 

was never produced for one item in Experiment 3A and six items in Experiment 3B. 

Nevertheless, though based on very few items, a post-hoc analysis of the participant data 

showed that these MP items were recognised by Cantonese listeners significantly more 

often than by Mandarin listeners in Experiment 3A (78% vs. 23%), t(46) = 5.94, p < .001, 

as well as in Experiment 3B (39% vs. 24%), t(44) = 2.48, p = .017. 

In addition, pronunciations that were not accounted for by the MP and correct 

pronunciations were also observed. Some of these mispronunciations  may have arisen 

from the ongoing sound merge of some Cantonese phoneme pairs in Cantonese (e.g., xin 

for the word ‘sound’ sheng, which is expected to be mispronounced as xing due to lexical 

transfer, but where ng is often pronounced as n, Zee, 1999) or from other phoneme 

confusions (e.g., retroflex ch vs. non-retroflex c). However, there were some other 

pronunciations that could not be explained for any of the above reasons (e.g., mi for the 

word ‘tail’ wei). A possible explanation for this phenomenon is proposed in the General 

Discussion. 

 It was argued above that ISIB-Listener in Mandarin can be explained by the 

existence of the L2-L1 lexical link for Cantonese and not Mandarin listeners. However, an 

alternative possibility is that ISIB-Listener simply arose from the Mandarin MP Target 

words having a more similar pronunciation to the Cantonese word than to the correct 
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Mandarin word. For example, Cantonese listeners may perform better than Mandarin 

listeners in understanding the intended word weiba (‘tail’), from the mispronounced 

nonword meiba because the Cantonese syllable mei sounds more similar to the Mandarin 

MP, mei, than the correct Mandarin pronunciation, wei. Therefore, a sound similarity 

judgment task was employed using non-Chinese speakers to examine whether the degree of 

similarity between the Cantonese pronunciation (e.g., mei) and the Mandarin MP (e.g., wei) 

mediated our results. 

 

3.1.2.4 Re-analysis of Experiments 3A and 3B based on the characteristics of the 

mispronounced items 

In order to establish whether the ISIB-Listener was mediated by Cantonese-

Mandarin sound similarity, a group of 18 Non-Chinese speakers were presented with a 

triplet of spoken syllables and asked to judge which of the second two (i.e., Mandarin 

correct pronunciation and MP version, e.g., wei and mei) was more similar to the first (i.e., 

the corresponding Cantonese pronunciation, e.g., mei).  The former were recorded by the 

same speaker used in Experiments 3A and 3B, while a native female Cantonese speaker 

recorded the latter by reading out the relevant Chinese character.  

A one-sample t-test was carried out at �. = 0.05 for each item to determine which of 

the two Mandarin syllables was judged as being more similar to the Cantonese syllable. 

Among the 31 Cantonese syllables, 17 from Experiment 3A and five from Experiment 3B 

were more similar to the Mandarin syllables with MP than the correct Mandarin 

pronunciation. The MP Target words employing these syllables were then classified as 

“Cantonese sounding” while the others were classified as “Non-Cantonese sounding”. The 
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accuracy rates for the MP Target words in the Mandarin transcription task are shown in 

Figure 3.5 for the Cantonese and Non-Cantonese sounding items.  

 

Figure 3.5: Accuracy rates for MP Target words for Cantonese and non-Cantonese sounding items in 

Experiments 3A and 3B 

 
 
 For the participant analysis, Listener Group (Cantonese LP vs. Cantonese HP vs. 

Mandarin), Experiment (3A vs. 3B) and List were between-participant factors and Item 

Type (Cantonese vs. Non-Cantonese-sounding) was a within-participant factor. For the 

item analysis, Listener Group was a within-item factor and Experiment and Item Type were 

between-item factors. Only the main effect of Item Type and any interactions involving it 

are reported here. There was significant main effect of Item Type, F1(1,84) = 27.27, p 

< .001; F2(1,58) = 4.37, p = .041, as well as an interaction between Item Type and 

Experiment, F1(1,84) = 106.79, p < .001; F2(1,58) = 10.82, p = .002. The interaction 

between Item Type and Listener Group was significant in the participant analysis, F1(1,84) 

= 5.74, p = .019; F2(2,116) = 1.05, p = .355. However, the three-way interaction between 
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Item Type, Experiment, and Language Group was not significant, F1(1,84) = 2.76, p = .100; 

F2 < 1.  

 Planned comparisons were carried out separately for Cantonese sounding and Non-

Cantonese sounding items to explore the interaction between Item Type and Listener Group. 

There was a significant main effect of Listener Group for both Cantonese sounding items, 

F1(2,93) = 13.20, p < .001; F2(2,120) = 6.53, p = .002, and Non-Cantonese sounding items, 

F1(2,93) = 2.80, p = .066; F2(2,120) = 3.80, p = .025. For Cantonese-sounding items, both 

Cantonese LP listeners (77%) and Cantonese HP listeners (77%) performed significantly 

better than Mandarin listeners (51%), t1(93) = 4.41, p < .001; t2(21) = 2.47, p = .022, and 

t1(93) = 4.29, p < .001; t2(21) = 2.89, p = .009, respectively. There was no difference 

between the Cantonese LP and HP listeners, t1, t2 < 1. For Non-Cantonese sounding items, 

Cantonese HP listeners (64%), but not Cantonese LP listeners (52%), performed 

significantly better than  Mandarin listeners (49%), t1(93) = 2.30, p = .024; t2(39) = 2.30, p 

= .027, and t1 and t2 < 1, respectively. Cantonese HP listeners also performed significantly 

better than Cantonese LP listeners, or at least clearly so in the item analysis, t1(56) = 1.81, p 

= .076; t2(39) = 3.46, p = .001.  

 From this reanalysis, it is not surprising to see that that both HP and LP Cantonese 

listeners understood MP Target words better than Mandarin listeners for the Cantonese-

sounding items. For Non-Cantonese sounding items, such an advantage was still found for 

Cantonese HP listeners over Mandarin listeners even though the same could not be found 

for Cantonese LP listeners. Therefore, ISIB-Listener cannot be purely ascribed to the sound 

similarity between the Cantonese and the Mandarin MP Target words for Cantonese HP 

listeners. 
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3.2 General discussion 

In this study, a Mandarin disyllabic word transcription task showed that Cantonese 

listeners were better than Mandarin listeners in understanding the intended meaning from 

Mandarin mispronounced words that show characteristics of a Cantonese accent. The 

superior performance of Cantonese listeners cannot be purely due to the sound similarity 

between the Cantonese pronunciation and the Mandarin mispronounced versions as 

Cantonese HP listeners recognised even non-Cantonese sounding items better than 

Mandarin listeners. This provides evidence to support ISIB-Listener at the lexical level. 

When Cantonese listeners were more proficient in their L2 Mandarin pronunciation, their 

recognition ability of Correct Target words improved while that of MP Target words did 

not deteriorate. This indicates that ISIB-Listener occurs for Cantonese LP as well as HP 

listeners, though this could be explained by sound similarity between Mandarin MP and 

Cantonese syllables for Cantonese LP listeners. Production data from the Cantonese 

speakers confirmed that Cantonese speakers did not consistently produce the expected 

MP’s, hence justifying the suitability of using auditory stimuli produced by Mandarin 

speakers instead of using Mandarin speech produced by Cantonese speakers as the latter 

might not have reliably produced all the expected MP’s in our test. 

As discussed earlier, the RHM can be used to explain most of the above findings. 

However, there are some aspects of the data that cannot be accounted for using that model. 

In terms of Mandarin word production, some pronunciation errors that could not be due to 

L1 negative transfer at either the lexical level or phonological level were found. In addition, 

it was shown that Cantonese listeners recognised more Control words in the Mandarin word 

recognition than Correct Target words. According to the RHM, there should have been no 

difference in recognition accuracy between these two word types. Cantonese listeners also 
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performed better than Mandarin listeners for words in which the expected MP’s were not 

found in the Mandarin speech of Cantonese speakers. An explanation for these unexpected 

findings will be considered in the sections that follow.   

 

3.2.1 Production of Mandarin words by Cantonese speakers 

As mentioned above, the Mandarin speech produced by Cantonese speakers showed 

that there were some mispronunciations that could not be accounted for by negative 

homophonic transfer at the lexical level. For example, the production of mi was observed 

for the word ‘tail’ +æthat should be pronounced wei in Mandarin (and mei in Cantonese). 

These kinds of errors cannot be explained by the RHM as it stands, because there is only a 

linkage between the whole L1 phonological representation and the whole L2 phonological 

representation. However, it is possible to explain such errors in terms of negative transfer 

from L1 if a sublexical level is incorporated into the model.  

Research has shown that there are certain systematic pronunciation correspondences 

between onsets and rimes in Cantonese and Mandarin (Shi, 1986; Zeng, 1994; Zhang & 

Gao, 2000). Full lists of onset and rime correspondence between Cantonese and Mandarin 

are found in Appendices D.1 and D.2. An example is given in Table 3.2 and Table 3.3 

where the Cantonese-Mandarin pronunciation relationships for Cantonese onset m and rime 

ei are respectively listed. 
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Table 3.2: Cantonese-Mandarin pronunciation relationships for Cantonese onset m (Zhang & Gao, 

2000) 

Mandarin 

onset 

Number  

of words 

Percentage Example Cantonese / Mandarin 

pronunciations 

m  160  82%  �Ž‘mother’  maa1 / ma1  

w  33  17%  -� ‘ten thousand’ maan6 / wan4  

b  2  1%  �]‘to shell’  mok1 / bo1, bao1  

 

Table 3.3: Cantonese-Mandarin pronunciation relationships for Cantonese rime ei (Zhang & Gao, 2000) 

Mandarin 

rime 

Number  

of words 

Percentage Example Cantonese / Mandarin 

pronunciations 

i  99  77%  $ö‘skin’ pei4 / pi2  

ei  26  17%  �R‘sad’ bei1 / bei1  

others 3  3%    

 

From these tables, it is seen that most words that are pronounced with the Cantonese 

onset m are pronounced with the onset m in Mandarin (i.e., 82% of the time), and for words 

that are pronounced with the rime ei in Cantonese, most are pronounced with the rime i in 

Mandarin (77%). When Cantonese speakers hear the Mandarin pronunciation of the same 

Chinese words, they may extract the sublexical statistical regularities between Cantonese 

and Mandarin pronunciations. As a result, beginning Mandarin learners may employ a 

sublexical route in deriving the pronunciation in Mandarin and hence produce the word ‘tail’ 

as mi in Mandarin using the dominant pronunciation correspondences between Cantonese 

and Mandarin. (Refer to Appendices C.6 and C.7 for the lists of variant pronunciations in 

Experiments 3A and 3B which can be explained using the sublexical route).  

 Figure 3.6 presents the visualisation of an L2 Mandarin word production model 

incorporating the activation of Cantonese and Mandarin sublexical units. As in RHM, there 
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is a weak link between the concept and the L2 phonological representation (concept route) 

and strong links from L1 phonological representations to L2 phonological representations 

(L1-L2 lexical routes). Unlike RHM, the Cantonese phonological representation also 

activates its Cantonese sublexical units (i.e., onsets and rimes) in this model. Through 

pronunciation relationships between Cantonese and Mandarin, the corresponding Mandarin 

sublexical units (i.e., onsets and rimes) are activated and the strength of their activation 

(shown as percentages in the figure) is assumed to be proportional to the strength of the 

pronunciation correspondence between Cantonese and Mandarin. Finally, the activated 

Mandarin onsets and rimes combine to activate the Mandarin phonological representation 

through the sublexical route, with an activation strength that is assumed to be the 

multiplication of the activation strength of the corresponding onset and rime (shown as 

percentages in the figure).  

In this example, the production of the correct Mandarin version (i.e., wei) and the 

MP version (i.e., mei) both receive activation from the L1 Cantonese phonological 

representation mei through the lexical route, as well as through the sublexical route to some 

extent. However, the Mandarin pronunciation mi receives stronger activation through the 

sublexical route than the other pronunciations receive through the sublexical route (63% vs. 

14% or 3%) as the Mandarin onset m and rime i receive the strongest activation from the 

Cantonese onset m (82%) and rime ei (77%) respectively.  
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The model can also explain why fewer productions of the MP versions were 

observed by participants in Experiment 3B when compared with Experiment 3A (13% vs. 

24%, see Table 3.1). Using as an example the words +æ ‘tail’  in Experiment 3A and ‘beauty’ 

O6 in Experiment 3B (both pronounced mei in Cantonese), 25% of the participants in 

Experiment 3A produced ‘tail’ as the Mandarin MP mei while none of the participants in 

Experiment 3B produced ‘beauty’ as the Mandarin MP wei. This shows that the two MP’s 

are not of equal status and Cantonese speakers tend to mispronounce Mandarin wei as mei 

but not vice versa even when the Cantonese pronunciations of these words are both mei. As 

seen from Figure 3.6, the strength from L1 Cantonese onset m to L2 Mandarin onset m is 

greater than that to L2 Mandarin onset w (82% vs. 17%). As a result, the production mei 

receives a higher activation than wei (14% vs. 3%) and hence has a higher chance of being 

pronounced.6  

As the original choice of the target words among the Cantonese homophonic words 

in Experiments 3A and 3B was random in nature (e.g., the choice of ‘tail’ +æ in Experiment 

3A and ‘beauty’ O6 in Experiment 3B among all words pronounced as mei in Cantonese), a 

subsequent analysis of the L1-L2 Cantonese-Mandarin association strength for onset, rime, 

and the whole syllable of all target words in Experiments 3A and 3B was computed based 

on Zhang and Gao (2000) and is shown in Appendix D.7. It turns out that the Cantonese 

pronunciations had a stronger syllable association to the MP versions in Experiment 3A 

than did those in Experiment 3B (24.6% vs. 15.4%), t(36) = 2.42, p = .021, and this can 

                                                
6 It should be noted that Cantonese speakers may simply mispronounce the word in Mandarin using the 

Cantonese pronunciation, and such a ‘congruency effect’ is confounded with sublexical dominance in this 

example. This issue will be addressed later in Chapter 5. 
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explain why fewer MP productions were observed in the latter. Such a conclusion is again 

consistent with the idea that a sublexical route is used in the production of Mandarin words 

by Cantonese speakers.   

 Beginning Cantonese learners may rely on both the lexical and sublexical routes in 

producing L2 Mandarin words, as the link between the concept and the L2 phonological 

representation is not very strong. However, when their L2 Mandarin proficiency improves, 

they may gradually shift from the use of the lexical and sublexical route to the concept 

route in producing Mandarin words, as the concept route always activates the correct 

Mandarin phonological representation while the lexical and sublexical route may not. This 

L2 Mandarin word production model, with its incorporation of sublexical representations, 

is more powerful than the RHM as it can account for more speech data produced by 

Cantonese speakers. 

 

3.2.2 Recognition of Mandarin words by Cantonese speakers 

Turning now to word recognition, the higher accuracy of Cantonese compared to 

Mandarin listeners for MP Target words in the transcription task can be explained in the 

RHM through the use of the L2-L1 Mandarin-Cantonese lexical link that exists for 

Cantonese, but not Mandarin listeners. However, the RHM cannot explain why Cantonese 

listeners recognised more Control words than Correct Target words. These two types of 

word will both make use of the L2-L1 link in accessing the concept, so their recognition 

accuracy should not differ. Yet they did.  

 One way to explain the observed difference is to postulate that a sublexical route is 

used by Cantonese speakers not only when producing Mandarin words, but in recognising 

them as well. In the recognition domain, there are again systematic pronunciation 
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relationships at the sublexical level (i.e., onsets and rimes) between Cantonese and 

Mandarin, but in the opposite direction to production and with a different pattern. The full 

lists of onset and rime correspondence between Mandarin and Cantonese are reported in 

Appendices D.4 and D.5. For illustrative purpose, Table 3.4, Table 3.5 and Table 3.6 list 

the Mandarin-Cantonese pronunciation relationships for Cantonese onsets m, w and rime ei 

respectively.  

 

Table 3.4: Mandarin-Cantonese pronunciation relationships for Mandarin onset m (Zhang & Gao, 

2000) 

Cantonese 

onset 

Number  

of words 

Percentage Example Mandarin / Cantonese 

pronunciations 

m  160  98%  *e‘mother’  ma1 / ma1  

b  2  1%  I€‘secret’  mi4 / bei3  

n  1  1%  .ô‘fill’  mi2 / nei4  

 
Table 3.5: Mandarin-Cantonese pronunciation relationships for Mandarin onset w (Zhang & Gao, 2000) 

Cantonese 

onset 

Number  

of words 

Percentage Example Mandarin / Cantonese 

pronunciations 

w  63  49%  !r ‘black’  wu1 / wu1  

m  33  26%  -� ‘ten thousand’  wan4 / maan6  

others 32  25%    

 

Table 3.6: Mandarin-Cantonese pronunciation relationships for Mandarin rime ei (Zhang & Gao, 2000) 

Cantonese 

rime 

Number  

of words 

Percentage Example Mandarin / Cantonese 

pronunciation s 

ui 25  34%  �¼ ‘cup’  bei1 / bui1  

ei 22  30%  �R ‘sad’  bei1 / bei1 

others 26  36%    



 68 

For Mandarin words with onset m, almost all are pronounced in Cantonese with 

onset m (98%). For Mandarin words with onset w, about half are pronounced as onset w in 

Cantonese (49%) while about a quarter are pronounced as onset m (26%). Mandarin words 

with the rime ei are mainly pronounced with the Cantonese rime ui or ei. As in the 

production domain, Cantonese listeners may exploit these sublexical pronunciation 

correspondences between Mandarin and Cantonese when recognising Mandarin words.  

Figure 3.7 illustrates an L2 Mandarin word recognition model incorporating the 

activation of Mandarin and Cantonese sublexical units. Upon hearing an L2 Mandarin 

pronunciation, Cantonese listeners first activate the relevant Mandarin sublexical units (i.e., 

onset and rime). Through the pronunciation relationships between Mandarin and Cantonese, 

the corresponding Cantonese sublexical units are activated and the strength of their 

activation (shown as percentages in the figure) is again assumed to be proportional to the 

strength of the pronunciation correspondence. Finally the activated Cantonese onsets and 

rimes combine to activate a Cantonese phonological representation to a level determined by 

the multiplication of their individual activation strengths (shown as percentages in the 

figure).  
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According to this model, several possible word candidates may be activated upon 

hearing a Mandarin monosyllabic pronunciation. For example, when Cantonese listeners 

hear the Mandarin syllable mei as an MP version of the word ‘tail’, they activate its 

Mandarin onset m and rime ei. Because Mandarin onset m corresponds to Cantonese m 

most of the time, while the Mandarin rime ei usually corresponds to Cantonese rime ui or ei, 

the two most strongly activated Cantonese pronunciations are mui and mei. The Cantonese 

pronunciation mui activates the concept ‘every’ ;w and the Cantonese pronunciation mei5 

activates the concepts ‘beauty’ O6 and ‘tail’ +æ. When hearing the Mandarin disyllabic MP 

Target word meiba, only the concept ‘tail’ +æ remains highly activated as the other two 

concepts are incompatible with the Mandarin syllable ba (i.e., ;w-œ and O6-œ are 

nonwords). This model explains why Cantonese listeners are better than Mandarin listeners 

in recognising target items with MP as the sublexical Mandarin-Cantonese pronunciation 

relationships do not exist in the mental representation of Mandarin listeners.  

The fact that Control words were recognised better than Correct Targets can be 

explained in this model, because there can be competition from alternative pronunciations 

for the Correct Targets but not for Control words through the lexical routes. For example, 

the Cantonese homophones of the Control word f£  ‘electricity’  are all pronounced the same 

in Mandarin (i.e., dian), so there is no competition from alternative Mandarin 

pronunciations. However, for Cantonese homophone pairs P�’ sound’ and 5Ç ‘star’ , xing 

and sheng are the competing Mandarin pronunciations for the former and latter respectively 

through the lexical route. Therefore, some Cantonese listeners might not recognise these 

two words from their correct pronunciation because they may think the alternative 

pronunciation is the correct one.   The model also explains why the recognition rate of the 
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MP Targets was higher in Experiment 3A when compared with Experiment 3B (69% vs. 

49%) after controlling for the difference observed by the Mandarin listeners in Experiments 

3A and 3B (43% vs. 31%) in the statistical analysis. The difference between experiments 

may be due to the stronger activation of the Cantonese syllable from the Mandarin syllable 

via the sublexical route in Experiment 3A compared to Experiment 3B. Take the MP 

syllables wei (‘tail’) and mei (‘beauty’) of the target items (i.e., weiba in Experiment 3A) 

and (i.e., meirong in Experiment 3B). The activation of the Cantonese pronunciation mei is 

stronger upon hearing the Mandarin MP mei than wei, as the strength between Mandarin 

onset m and Cantonese onset m is greater than that between Mandarin onset m and 

Cantonese onset w (98% vs. 26%).  

A subsequent analysis of the L2-L1 Mandarin-Cantonese association strength for 

onset, rime, and their multiplication (i.e., the association strength for the whole syllable) 

was computed for all target words in Experiments 3A and 3B based on Zhang and Gao 

(2000) and reported in Appendix D.8. The results show that the MP version of the target 

items in Experiment 3A did indeed have a higher mean syllable association strength with 

the intended Cantonese pronunciation than did those in Experiment 3B (30% vs. 20%), t(36) 

= 2.65, p = .012. The consistency of this discrepancy with the discrepancy between 

experiments on the recognition rates of MP targets is again compatible with the existence of 

a sub-lexical route in the recognition of Mandarin words by Cantonese speakers. In the L2 

Mandarin word production model, we postulate that the link between the concept and the 

non-MP version will be strengthened when Cantonese listeners’ Mandarin phonological 

proficiency improves. HP listeners will gradually shift from the sublexical route to the 

lexical route in producing Mandarin words. If Cantonese listeners also shift from the 

sublexical route to the lexical route in recognising Mandarin words, we would expect that 
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HP listeners would be poorer in recognising target items with MP than would LP listeners. 

However, the recognition ability of target items with MP was comparable between LP and 

HP listeners. A possible explanation for this observed phenomenon is that L2 Mandarin 

word recognition by Cantonese listeners is purely a sublexical process and the recognition 

of L2 Mandarin words by Cantonese listeners is always mediated through the L1 Cantonese 

phonological representations irrespective of their L2 Mandarin phonological proficiency.   

If not always activated, it can at least be said that the sublexical route is available to 

listeners when the speaker is known to be Cantonese and the use of that route will help in 

understanding any sublexically-based errors the speaker might make. 

 Further evidence for the use of the sublexical route in recognising L2 Mandarin 

words by Cantonese listeners can be seen from the fact that some of the expected MP’s 

were not found in the speech produced by Cantonese speakers, who could nonetheless 

recognise those target items with MP better than Mandarin listeners. As those MP’s were 

not produced by the Cantonese listeners (at least among our participants), it could be 

argued that no such phonological representations are likely to have been stored for them. 

As such, the only route that could be used by Cantonese listeners in recognising such words 

is the sublexical route. 

 
3.2.3 L2 word production and recognition model 

To summarise, L2 Mandarin word production and recognition is a three-route 

process which involves the concept, lexical, and sublexical routes. It is proposed that 

beginning learners use the sublexical route more often while advanced learners gradually 

shift to the concept/lexical route in production and recognition. In L2 Mandarin word 

recognition, Cantonese listeners with high L2 Mandarin phonological proficiency may not 
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always use the sublexical route, but certainly seem to draw upon it only when they are 

trying to understand someone who they know might make sublexically-based mistakes in 

their pronunciation (i.e., a Cantonese speaker of Mandarin).  
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Chapter  4: Cantonese-accented Mandarin: Tone mispronunciations at 

the lexical level 

The previous two chapters have been largely focused on the production and 

recognition of foreign accented speech by native and non-native listeners where 

mispronunciations occur at the segmental level as a result of negative transfer from either 

the L1 phonological or lexical system. However, Cantonese and Mandarin are tone 

languages where a change in the pitch and/or contour of a syllable changes the meaning of 

a word (Gandour, 1981). For example, the Mandarin syllable ma represents different 

meanings (e.g., ‘mother’ , ‘horse’  and ‘blame’) when it is realised with different tones. In 

this chapter, the mechanisms underlying the production and recognition of Mandarin words 

will be explored in relation to Cantonese tone mispronunciations. 

Difficulties in the perception and production of Mandarin tones by other tonal and 

non-tonal speakers have been documented in the previous literature (e.g., Lee, Vakoch, & 

Wurm, 1996; So & Best, 2010; Wang, Spence, Jongman, & Sereno, 1999). Tone 1 (level) 

vs. tone 4 (falling), and tone 2 (rising) vs. tone 3 (dipping) are the two pairs of tones which 

are most often confused by Cantonese and English speakers due to universal perceptual 

similarities as well as the influence of the L1 phonological system (So & Best, 2010). 

However, mispronunciations and incorrect recognition of Mandarin words by Cantonese 

speakers due to negative transfer from the L1 lexical system at the tone level are possible 

and have not been tested empirically. Systematic pronunciation relationships exist between 

Cantonese and Mandarin tones (Zhang & Gao, 2000), just as they do for onsets and rimes 

as covered in Chapter 3. The main correspondences are shown in Table 4.1.  
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Table 4.1: Major tone correspondences between Cantonese and Mandarin words (Zhang & Gao, 2000) 

Cantonese 
tones 

Mandarin 
tones 

Correspondence 
percentage 

Examples Cantonese 
pronunciation 

Mandarin 
pronunciation 

1 (high level) 1 (level) 93% `r ‘suburb’ gaau1 jiao1 

2 (high rising) 3 (dipping) 90% 2& ‘ find’ zaau2 zhao3 

3 (mid level) 4 (falling) 91% /Ò ‘strange’ gwai3 gwai4 

4 (low falling) 2 (rising) 93% B� ‘cow’  ngau4 niu2 

5 (low rising) 3 (dipping) 76% �ñ ‘great’ wai5 wei3 

6 (mid-low level) 4 (falling) 94% #p ‘again’ jau6 you4 

 

This table shows, for example, that among all the words that are pronounced with tone 

2 in Cantonese, most are pronounced with tone 3 in Mandarin (90%). These are referred to 

as ‘regular-tone’ words (e.g., 2& ‘find’). Those that do not follow the dominant 

correspondence (e.g., -å ‘hat’, pronounced with Cantonese tone 2, but Mandarin tone 4) are 

referred to as ‘irregular-tone’ words, and mispronunciations may occur when Cantonese 

speakers mistakenly use the dominant tone correspondence with such words (e.g., tone 3 

for -å ‘hat’ ). These kinds of tone mispronunciations by Cantonese speakers cannot be 

explained by perceptual confusion at the phonological level because Mandarin tones 3 and 

4 are not confusable for Cantonese speakers at the perceptual level (So & Best, 2010). 

In Chapter 3, a three-route L2 Mandarin word production model was proposed to 

account for some of the Mandarin mispronunciations produced by Cantonese speakers 

(Figure 3.6), but only included onset and rime in the sublexical route. However, the model 

can be extended to incorporate the tone component, and this is illustrated in Figure 4.1 

using a regular- and an irregular-tone word as examples.  



 
76

 

F
ig

ur
e 

4.
1:

 M
an

da
rin

 w
or

d 
pr

od
uc

tio
n 

m
od

el
 in

co
rp

or
at

in
g 

th
e 

to
ne

 c
om

po
ne

nt
 

 



 77 

The percentages shown between the L1 Cantonese and L2 Mandarin sublexical (i.e. 

tone) representation are the tone correspondences between Cantonese and Mandarin which 

are assumed to accord with the activation level of the L2 Mandarin sublexical 

representation. The percentages shown below the L2 Mandarin phonological 

representations are assumed to correspond to the activation levels of those L2 Mandarin 

phonological representations using the sublexical route and are derived by multiplying the 

activation of the corresponding L2 Mandarin onset, rime and tone. 

For regular-tone words (e.g., 2& ‘find’), the correct tone (i.e., Mandarin tone 3) is 

strongly activated due to the dominant tone correspondence (i.e., Mandarin tone 3), along 

with the correct Mandarin phonological representation (zhao3). For irregular-tone words 

(e.g., -å ‘hat’), the L2 Mandarin phonological representations involving the subdominant 

tone correspondence (i.e., Mandarin tone 4) are only weakly activated while those 

involving the dominant tone correspondence (i.e., Mandarin tone 3) are strongly activated. 

Therefore, Cantonese speakers may mistakenly pronounce ‘irregular-tone’ words in 

Mandarin with the dominant correspondence (i.e., tone 3). A test of this hypothesis will be 

reported later in this chapter. 

In terms of recognition, if Cantonese speakers mispronounce the tone of a word in 

Mandarin due to negative transfer from Cantonese at the lexical level, questions arise as to 

whether they recognise the intended meaning better when the Mandarin word is correctly 

pronounced or when it is mispronounced. This is an analogue to the question of whether 

Cantonese listeners understand Mandarin words spoken by Cantonese speakers (with a 

foreign accent) better than those spoken by Mandarin speakers (i.e., ISIB-Talker). Such a 
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question can be examined within the framework of the L2 Mandarin word recognition 

model presented in Chapter 3 (Figure 3.7), but incorporating a tone component.  

The sublexical correspondences that are involved in recognition are different to those 

involved in production because the mapping is now from Mandarin to Cantonese. The 

major tone correspondences between Mandarin and Cantonese words are shown in Table 

4.2 and the full list is shown in Appendix D.6.  

 

Table 4.2: Major tone correspondences between Mandarin and Cantonese words (Zhang & Gao, 2000) 

Mandarin tones Cantonese tones 

1 1 (84%), 3 (9%) 

2 4 (76%), 6 (13%) 

3 2 (60%), 5 (25%) 

4 6 (47%), 3 (40%) 

 

Figure 4.2 illustrates the L2 Mandarin word recognition model where L2 Mandarin 

phonological input activates the concept directly while the lexical route indirectly activates 

the concept through the L1 Cantonese phonological representation. The sublexical route 

activates the concept through the mediation of the L2 Mandarin and L1 Cantonese 

sublexical representation. Again, the percentages shown in the figures are assumed to be 

the activation level of those L1 Cantonese sublexical and phonological representations, as it 

is in the production model as well. 
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The irregular-tone word jü  ‘devil’ is used as an illustration of an MP because, while 

the Mandarin pronunciation is mo2, Cantonese speakers may pronounce it as mo1. As with 

the L2 Mandarin word production model, beginning Cantonese learners of Mandarin are 

hypothesised to mainly use the sublexical route in recognising L2 Mandarin words while 

advanced learners may use the lexical/concept route instead. When beginning Cantonese 

learners of Mandarin hear the correct pronunciation mo2, the irrelevant concept H• ‘grind’ 

is expected to be the most highly activated word candidate while the correct concept jü  

‘devil’ is not activated at all based on the sublexical information activated through the L1 

Cantonese phonological representation. On the other hand, upon hearing the 

mispronounced version mo2, the correct concept ‘devil’ is the most strongly activated 

candidate. Therefore, it is hypothesised that Cantonese listeners, at least of lower 

proficiency, can actually recognise the intended word from the mispronounced version 

better than the correctly pronounced version. As they shift with increased proficiency to the 

lexical route in recognising L2 Mandarin words, it is expected that their ability to 

understand the intended word from the correctly pronounced version should improve. 

However, they should still have the sublexical route to fall back on if they think they are 

listening to a Cantonese person speaking Mandarin. Therefore, their ability to recognise the 

intended word from the mispronounced version should be maintained.  

Another question concerning speech intelligibility is whether Cantonese listeners are 

better than Mandarin listeners in understanding these Mandarin words with tone 

mispronunciations produced by Cantonese speakers (i.e., ISIB-Listener). Based on the L2 

Mandarin word recognition model, Cantonese listeners are expected to outperform 

Mandarin listeners in understanding these mispronounced words due to their use of the 
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sublexical route. However, some previous studies have shown that tone may be more 

vulnerable to misidentification than segmental structure in online processing among 

Cantonese and Mandarin listeners (Cutler & Chen, 1997; Taft & Chen, 1992). Cantonese 

and Mandarin speakers take longer to decide that two words which differ in tones are not 

homophonic than to make the same judgment about two words which differ in consonants 

or vowels (Taft & Chen, 1992). In addition, Cantonese speakers are more likely to classify 

a nonword as a real word in a lexical decision task if it differs from the real word in terms 

of its tone than if it differs in terms of a consonant or vowel (Cutler & Chen, 1997). An 

alternative hypothesis is, therefore, that there would be no difference between Cantonese 

and Mandarin listeners in understanding these mispronounced words because even native 

Mandarin listeners may not be sensitive to errors of tone in Mandarin nonwords. 

 

4.1 Experiment 4: Mandarin disyllabic word transcription 

This experiment tests the predictions of the L2 Mandarin word production and 

recognition model using a disyllabic word transcription task. Mandarin and Cantonese 

listeners heard words (e.g., jüjä ‘devil’)  that were either correctly pronounced (i.e., 

mo1gui3) or mispronounced (i.e., mo2gui3) by a putative Cantonese speaker and were told 

to write down the intended words. What is tested is whether Cantonese listeners can 

understand the intended meaning of the words better when they are mispronounced than 

when correctly pronounced (i.e., ISIB-Talker), and also whether Cantonese listeners are 

better than Mandarin listeners in recognising the intended meanings from the 

mispronounced words (i.e.,  ISIB-Listener).  

Disyllabic instead of monosyllabic words were chosen because monosyllabic words 

would usually form another real word when there is a mispronunciation in tone whereas 
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disyllabic words often form a nonword when the tone of one of the syllables is 

mispronounced. As in Experiment 3, nonwords spoken by Mandarin speakers were used to 

mimic Mandarin mispronunciations produced by Cantonese speakers in examining ISIB 

because whether Cantonese speakers produce such mispronunciations will depend on their 

prior lexical knowledge of those words. In order to examine whether L2 phonological 

proficiency mediates the existence of ISIB, Cantonese listeners were further divided into 

high and low proficiency groups based on the results of a Mandarin word production task. 

These word production data were also used to test predictions of the L2 Mandarin word 

production model.  

 

4.1.1 Method 

4.1.1.1 Participants 

Twenty native Mandarin speakers from Beijing Normal University (aged 18 to 42 

years, mean: 22.6 years) and 30 native Cantonese speakers from the Chinese University of 

Hong Kong (aged 18 to 28 years, mean: 21.2 years) participated in this study for a small 

payment. All the Cantonese speakers received formal education in Mandarin for at least 

three years. 

 

4.1.1.2 Materials and Design 

Twenty-eight disyllabic words were included as target items (e.g., gÕ60 ‘feel dizzy’, 

pronounced tou2yun1 in Mandarin and tau4wan4 in Cantonese), where the tone of one of 

the syllables (e.g., tone 1 in the word 60 ’faint’, yun1) was expected to be mispronounced 

by some Cantonese speakers (e.g. as tone 2 in the word fš ‘cloud’ yun2) due to the 
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incorrect application of the dominant Cantonese-Mandarin tone correspondence (e.g., tone 

4 in Cantonese corresponds to tone 2 in Mandarin). The target syllable appeared in the first 

position for half of the target items and in the second position for the other half. Two 

versions were included for all the target items: One with the correct pronunciation (e.g., 

‘feel dizzy’, tou2yun1) and one with the mispronunciation (e.g., tou2yun2). In the selection 

of items, words in which Cantonese tone 1 was mispronounced as Mandarin tone 4 were 

avoided due to the difficulty for Cantonese speakers to discriminate Mandarin tones 1 and 4 

(So & Best, 2010). Words in which Cantonese tone 2 was mispronounced as Mandarin tone 

3 were also excluded on the same grounds, as well as the fact that the pronunciation of tone 

3 corresponds to tone 2 in a tone sandhi environment. The full list of target items is shown 

in Appendix B.5.  

Fourteen disyllabic control items (shown in Appendix B.6) consisting of regular-tone 

words were also included where Cantonese speakers were expected to give the correct 

pronunciation without any negative influence from Cantonese-Mandarin tone 

correspondences (e.g., (ï/Ò  ‘strange’, qi2guai4). In addition, there were eighteen disyllabic 

filler items with a mispronunciation in the onset such that the resultant pronunciation 

became a nonword in Mandarin. The purpose of the filler items was to avoid participants 

focusing solely on the tone of the MP items to recover the intended word.  

A list of stimulus items printed in both Chinese characters and alphabetic pinyin was 

given to a native female Mandarin speaker for recording. In order to generate the 

mispronounced version, a character that represented the mispronounced syllable was 

randomly chosen (e.g., fš  ‘cloud’ for the mispronounced syllable yun2 in gÕ60 ‘feel dizzy’, 

tou2yun1). The speaker was asked to look at the Chinese characters and their pinyin several 
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times before recording so that she could produce the mispronounced version fluently. All 

items were recorded on a PC computer in a soundproof room using Audacity software. 

 Two lists were created so that in one list half of the participants heard half of the 

target items with their correct pronunciation and the other half with their mispronunciation, 

and vice versa in the other list. The same 14 control items and 18 filler items appeared in 

both lists. The items were presented in the same pseudo-randomised order for all 

participants. 

 

4.1.1.3 Procedure 

The participants were told that they would hear some Mandarin disyllabic words 

spoken by a speaker from a Cantonese background. They were also told that some of the 

words might be mispronounced, but they were to write down in characters the words that 

the speaker intended to say. All items were presented through headphones via a PC 

computer using Inquisit software (2010). Participants had at most 10 seconds to write down 

each word they heard. There were six practice trials including all different types of 

conditions. Cantonese participants were then asked to complete a Mandarin word 

production task after the word transcription task using the same procedure as in Experiment 

3, with the same native Mandarin speaker transcribing their productions in pinyin 

afterwards.  

 

4.1.2 Results 

Seven MP words (and their corresponding correctly pronounced version) were 

removed from the analysis in the word transcription task because it was discovered that 

they actually formed another real word.  
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4.1.2.1 Word transcription task: Cantonese vs. Mandarin listeners 

Figure 4.3 shows the accuracy rate for the three word types for both Cantonese and 

Mandarin listeners. Accuracy is defined as the ability to identify the word that a native 

Cantonese speaker might have been trying to say when speaking Mandarin.  

For the participant analysis, Listener Group (Cantonese vs. Mandarin) and List were 

between-participant factors and Word Type (Control, Correct Target, MP Target) was a 

within-participant factor. For the item analysis, Listener Group was a within-item factor 

and Word Type and List were between-item factors.  

There were significant main effects of Listener Group, F1(1,46) = 7.47,  p = .009; 

F2(1,64) = 5.18, p = .026, Word Type, F1(2,92) = 76.26, p < .001; F2(2,64) = 23.88, p 

< .001, and the interaction between them, F1(2,92) = 27.30, p < .001; F2(2,64) = 9.52, p 

< .001.  

 

Figure 4.3: Accuracy rates for Cantonese and Mandarin listeners in Experiment 4 
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Planned comparisons showed that, for the Control items (i.e., regular-tone words), 

Mandarin listeners performed better than Cantonese listeners in the participant analysis 

only (99% vs. 97%), F1(1,48) = 5.50, p = .023; F2 < 1, while they performed better than 

Cantonese listeners for the Correct Targets (91% vs. 67%), F1(1,48) = 27.29, p < .001; 

F2(1,67) = 21.36, p < .001. For the MP Targets, even though Cantonese listeners had a 

higher accuracy rate than Mandarin listeners (75% vs. 69%), it failed to reach statistical 

significance, F1(1,48) = 2.51, p = .120; F2(1,67) = 1.87, p = .176.  

 There was a significant difference among different Word types both for Cantonese 

listeners, F1(2,96) = 37.87, p < .001; F2(2,67) = 14.47, p < .001, and Mandarin listeners: 

F1(2,96) = 52.53, p < .001; F2(2,67) = 21.22, p < .001. For Cantonese listeners, Control 

items had a higher accuracy rate than both Correct Targets, t1(29) = 8.81, p < .001; t2(47) = 

5.77, p < .001, and MP Targets, t1(29) = 7.53, p < .001; t2(47) = 4.38, p < .001. The same 

was true for Mandarin listeners, t1(19) = 3.26, p = .004; t2(47) = 3.29, p = .002, and t1(19) = 

10.16, p < .001; t2(47) = 5.77, p < .001, respectively. Where the Cantonese and Mandarin 

listeners differed was in relation to MP Targets having a higher accuracy rate than Correct 

Targets for Cantonese listeners, at least in the participant analysis, t1(29) = 2.37, p = .024; 

t2(40) = 1.07, p = .292, with Mandarin listeners having a higher accuracy rate on Correct 

Targets than MP Targets, t1(19) = 5.94, p < .001; t2(40) = 3.52, p = .001.  

 

4.1.2.2 Word transcription task: Cantonese LP vs. HP listeners vs. Mandarin listeners 

The Mandarin production accuracy score for each Cantonese listener was calculated 

by the percentage of correctly produced tones among the target items. Because the focus 

was on tone processing, a pronunciation was considered accurate as long as the correct tone 

was given regardless of the accuracy of the onset or rime. High proficiency (HP) and low 
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proficiency (LP) groups were determined on the basis of a median split of these scores. The 

mean accuracy for the HP and LP groups was 52% (with a range of 33% to 90%) and 18% 

(with a range of 5% to 29%) respectively. Figure 4.4 shows the results of listeners with 

different Mandarin phonological proficiency. 

 

Figure 4.4: Accuracy rates for listeners with different Mandarin phonological proficiency in 

Experiment 4 

 

Only the main effect of Listener Group and any interactions involving that factor are 

reported here. The main effect was significant, F1(2,44) = 6.65, p = .003; F2(2,128) = 6.80, 

p = .002, as was the interaction between Listener Group and Word Type, F1(4,88) = 17.14 , 

p < .001; F2(4,128) = 8.44, p < .001. Planned comparisons that were carried out to explore 

the interaction showed a main effect of Listener Group for Correct Targets, F1(2,47) = 

24.46, p < .001; F2(2,134) = 20.59, p < .001, but not for either Control items, F1(2,47) = 

2.76, p = .073; F2 < 1, or MP Targets, F1(2,47) = 1.57, p = .219; F2(2,134) = 2.14, p = .121. 

For the Correct targets, Mandarin listeners had a higher accuracy rate (91%) than both 
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Cantonese LP listeners (59%), t1(47) = 6.99, p < .001; t2(20) = 5.28, p < .001, and 

Cantonese HP listeners (75%), t1(47) = 2.97, p = .005; t2(20) = 3.36, p = .003. Cantonese 

HP listeners also performed better than Cantonese LP listeners, t1(47) = 3.76, p < .001 ; 

t2(20) = 3.84, p = .001.  

 There was a significant difference among different Word types for both Cantonese 

LP listeners, F1(2,94) = 48.78, p < .001; F2(2,67) = 15.82, p < .001, and Cantonese HP 

listeners, F1(2,94) = 16.24, p < .001; F2(2,67) = 8.27, p = .001. For the former, Control 

items had a higher accuracy rate than both Correct Targets, t1(14) = 8.78, p < .001; t2(47) = 

6.44, p < .001, and MP Targets, t1(14) = 4.94, p < .001; t2(47) = 3.88, p < .001, while MP 

Targets had a higher accuracy rate than Correct Targets in the participant analysis, t1(14) = 

3.93, p = .002; t2(40) = 1.56, p = .128. For HP listeners, Control items also had a higher 

accuracy rate than both Correct Targets, t1(14) = 5.41, p < .001; t2(47) = 4.13, p < .001, and 

MP Targets, t1(14) = 5.98, p < .001; t2(47) = 3.67, p = .001, but there was no difference in 

accuracy between Correct Targets and MP Targets, t1, t2 < 1. 

 

4.1.2.3 Mandarin word production task 

In terms of tone production accuracy, control items were produced more accurately 

than target items (94% vs. 63%), t1(29) = 16.08, p < .001; t2(82) = 4.43, p < .001. An 

analysis was also carried out to examine the pronunciation pattern of the Cantonese 

speakers for each individual MP character. Cantonese speakers pronounced the target 

syllables correctly only 29% of the time (with individual items ranging from 0% to 63%). 

They pronounced the target syllables as the MP version 48% of the time (with individual 

items ranging from 14% to 77%), which was significantly higher than the remaining 24% 
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of pronunciations (with individual items ranging from 14% to 49%) where the 

mispronunciations did not reflect the dominant tone correspondence, t(27) = 6.22, p < .001 .  

 

4.1.3 Discussion 

In the word recognition task, the negligible difference between Cantonese and 

Mandarin listeners in understanding the Control items shows that the Cantonese listeners 

were quite capable of understanding Mandarin speech. Although Cantonese listeners 

performed more poorly than Mandarin listeners in understanding the Correct Targets, they 

performed as well as Mandarin listeners in understanding the MP Targets. Such a result 

fails to show support for ISIB-Listener where the MP Target words were expected to be 

more intelligible for Cantonese than Mandarin listeners. On the other hand, the accuracy 

rate for MP Targets was higher than that for Correct Targets in the case of Cantonese LP 

listeners, which shows support for ISIB-Talker. That is, mispronounced words that bore 

characteristics of Cantonese-accented Mandarin were more intelligible for beginning 

Cantonese learners of Mandarin than words that were not mispronounced. Recognition 

accuracy for the correct pronunciation was higher for the advanced Cantonese learners of 

Mandarin than for the beginning Cantonese learners of Mandarin. However, ability to 

understand the mispronounced word did not deteriorate with proficiency. As discussed in 

Chapter 3, this is due to the fact that they should be able to make use of the sublexical route 

when they are trying to understand someone who they know might make sublexically-based 

mistakes in their pronunciation (i.e., a Cantonese speaker of Mandarin). 

In the analysis of the production data, a significantly lower accuracy rate for Target 

than Control items shows that pronunciation errors are largely due to lexical transfer by 

inappropriate application of the dominant pronunciation correspondence for irregular tone 
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words. Moreover, it was confirmed that the tone mispronunciations produced by Cantonese 

speakers for irregular-tone words were due to the influence of the dominant Cantonese-

Mandarin correspondences rather than any other sources of influence.  

 

4.2 Experiment 5: Mandarin character-sound matching 

Mandarin listeners recognised the MP Targets as well as Cantonese listeners in the 

previous experiment, which means that support for the use of the sublexical route in 

Mandarin word recognition can only be partially demonstrated by comparing the 

recognition accuracy of Correct and MP Targets for Cantonese LP listeners. As Mandarin 

listeners may have made use of the neighbouring syllables in recovering the intended 

meaning of the mispronounced words, the use of disyllabic words in the previous 

experiment may have narrowed the gap between Mandarin and Cantonese listeners in their 

recognition of MP Target words. The use of monosyllabic words is simply not feasible with 

the word transcription task as there are many monosyllabic homophones in Mandarin and a 

tonal mispronunciation usually creates another real word (e.g., jü  ‘devil’  mo2 becomes 4  

‘ touch’  when mispronounced with tone 1). To get around this, then, a character-sound 

matching task with monosyllabic words was employed in Experiment 5.  

In this character-sound matching task, participants see a character representing either a 

regular- or irregular-tone word and then hear either a matched (i.e., correct) or mismatched 

(i.e., incorrect) pronunciation. The pronunciation of the mismatched condition for the 

irregular-tone word is the one that Cantonese speakers would give if they were to apply the 

major tone correspondence rule. This task is analogous to the word transcription task with 

an additional verification and decision process, except that the Mandarin words were 
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spoken by someone known to be a native Mandarin speaker as opposed to a putative 

Cantonese speaker. The matching task taps into the listener’s Mandarin knowledge where 

the transcription task taps into what the listener thinks the Mandarin knowledge of the 

speaker might be. While listeners need to write down the activated word candidates in the 

word transcription task, the character-sound matching task requires listeners to indicate 

whether the activated word candidates match with the visual characters that are shown on 

the screen. The process whereby Cantonese speakers activate a Mandarin pronunciation 

from the Chinese character can also be regarded as an indirect way to tap into their 

Mandarin production.  

A regularity effect, in terms of the accuracy of matching, would be observed for 

Cantonese speakers if they use the sublexical route in recognising and producing L2 

Mandarin words. For regular-tone words (e.g., 2& ‘find’  zhao3), the correct word candidate 

can be activated by the participants from the character and readily matched to the spoken 

syllable. However, for irregular-tone words (e.g., jü  ‘devil’  mo2), an incorrect word 

candidate (i.e., H• ‘grind’) may be activated using the dominant correspondence. Therefore, 

a higher ‘yes’  response is expected for regular- than irregular-tone words for the matched 

condition. In contrast, a higher erroneous ‘yes’  response rate is expected for irregular- than 

regular-tone words in the mismatched condition because the mismatched (i.e. incorrect) 

pronunciation for the regular-tone word is the one having a higher activation using the 

sublexical route while that for the irregular-tone is not. For Mandarin listeners, no 

difference in ‘yes’  responses between regular- and irregular-tone words is expected for 

either the matched and mismatched pronunciations because the relationship between 

Cantonese and Mandarin pronunciation should be irrelevant.  
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4.2.1 Method 

4.2.1.1 Participants 

Sixteen native Mandarin speakers (aged 18 to 24 years, mean: 19.9 years) and 34 

native Cantonese speakers (aged 19 to 23 years, mean: 20.6 years) from the Chinese 

University of Hong Kong participated in this study for a small payment. All the Cantonese 

speakers received formal education in Mandarin for at least three years. 

 

4.2.1.2 Materials and Design 

Seventy two visually presented characters were used. Half were regular and the other 

half irregular Mandarin tone words. Regularity was defined in terms of the dominance of 

the tone relationship between Cantonese and Mandarin. Items were selected from words 

with Cantonese tones 1 to 6 where the dominant and non-dominant corresponding 

relationships have an average correspondence of 89% (ranging from 76% to 94%) and 7% 

(ranging from 1% to 22%) respectively. The regular and irregular words were matched on 

number of strokes and character frequency, all t’s < 1 (Chinese Character Database: With 

Word-formations, 2003). An auditory stimulus either matched or mismatched its 

corresponding character in terms of its tone. For irregular-tone words (e.g., Z² ‘lie’ huang3), 

the tone-mismatched pronunciation (e.g., huang1) was the pronunciation that Cantonese 

speakers would give if they were to apply the major tone correspondence rule. For regular-

tone words (e.g., `r ‘suburb’ jiao1), the tone of the mismatched pronunciation was the 

same as that of the correct pronunciation of the irregular word that was matched on the 

number of strokes and character frequency (e.g., jiao3), such that the tone-contrasts 
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between matched and mismatched pairs were the same for both regular- and irregular-tone 

words. 

An additional 72 Chinese characters were chosen as distractors to avoid participants 

focusing solely on the tones when making their judgments. The auditory stimulus for half 

of the distractors had a matched Mandarin pronunciation while the other half had a 

completely different Mandarin pronunciation (i.e. mismatched in both segments and tones). 

The full list of stimulus items is shown in Appendix B.7. All of the spoken stimuli were 

recorded by a native male Mandarin speaker on a Mac laptop computer in a soundproof 

room using Audacity software. 

 Two lists were created so that each participant saw each visual character and heard 

each auditory stimulus only once, with the same character being accompanied by either the 

matched or the mismatched pronunciation in different lists. The items were presented in the 

same pseudo-randomised order for all participants. In accordance with standard usage, 

traditional Chinese characters were used for the Cantonese participants, and simplified 

characters for the Mandarin participants. 

 

4.2.1.3 Procedure 

The participants were told that they would see a Chinese character on the computer 

screen and then hear a Mandarin monosyllabic word spoken by a native Mandarin speaker. 

They were told to indicate whether the spoken monosyllables matched the Mandarin 

pronunciation of the Chinese character they saw on the screen by pressing the 

corresponding buttons. The stimulus onset asynchrony was 400ms. All items were 

presented through headphones via a laptop PC computer using DMDX software (Forster & 

Forster, 2003). There were twelve practice trials.  



 94 

4.2.2 Results 

The percentage of ‘ yes’  responses for Cantonese and Mandarin listeners are shown 

in Figure 4.5. For the participant analysis, Listener Group (Cantonese vs. Mandarin), and 

List were between-participant factors and Regularity (Regular-tone vs. Irregular-tone) and 

Auditory Type (Matched vs. Mismatched pronunciation) were within-participant factors. 

For the item analysis, Listener Group and Auditory Type were within-item factors and 

Regularity was the between-item factor. One irregular-tone word (PB), along with its 

corresponding regular-tone word (Oe), was subsequently removed since it was discovered 

that it could be pronounced in either the tone-matched or tone-mismatched versions. 

 

Figure 4.5: Percentage of ‘yes’ responses for Mandarin and Cantonese listeners in Experiment 5 

 

There were significant main effects of Regularity, F1(1,46) = 31.78, p < .001; 

F2(1,68) = 39.97, p < .001, Auditory Type, F1(1,46) = 458.40, p < .001; F2(1,68) = 1636.84, 

p < .001, and Listener Group, F1(1,46) = 29.90, p < .001; F2(1,68) = 133.50, p < .001. 

There were also significant two-way interactions between Regularity and Listener Group, 
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F1(1,46) = 19.56, p < .001; F2(1,68) = 24.43, p < .001, Auditory Type and Listener Group, 

F1(1,46) = 76.73, p < .001; F2(1,68) = 482.04, p < .001, and Regularity and Auditory Type, 

F1(1,46) = 88.56, p < .001; F2(1,68) = 133.00, p < .001. The three-way interaction between 

Regularity, Auditory Type and Listener Group was also significant, F1(1,46) = 71.70, p 

< .001; F2(1,68) = 192.20, p < .001. Planned tests were therefore computed separately for 

each listener group.  

 For Mandarin listeners, the main effect of Regularity was not significant, F1(1,14) = 

2.84, p = .114; F2 < 1. However, there was an effect of Auditory Type, F1(1,14) = 10395.49, 

p < .001; F2(1,68) = 9954.11, p < .001, while the interaction between Regularity and 

Auditory Type was significant in the participant analysis only, F1(1,14) = 7.70, p = .015, 

F2(1,68) = 1.26, p = .266. The interaction arose from a higher percentage of ‘yes’ responses 

for irregular than regular words in the mismatched condition (6% vs. 2%), F1(1,15) = 6.70, 

p = .021; F2(1,68) = 1.39, p = .243, but not in the matched condition (99% vs. 99%), F1 and 

F2 < 1. 

 For Cantonese listeners, there was a significant main effect of Regularity, F1(1,32) 

= 58.40, p < .001; F2(1,68) = 35.09, p < .001, and Auditory Type, F1(1,32) = 87.84, p 

< .001; F2(1,68) = 186.04, p < .001, as well as an interaction between them, F1(1,32) = 

175.99, p < .001; F2(1,68) = 173.38, p < .001. More ‘yes’ responses were observed for 

regular than irregular words in the matched condition (97% vs. 74%), F1(1,33) = 56.58, p 

< .001; F2(1,68) = 54.82, p < .001, while the opposite was true in the mismatched condition 

(21% vs. 70%), F1(1,33) = 203.65, p < .001; F2(1,68) = 164.11, p < .001.  

 Planned tests were also carried out separately for the matched and mismatched 

conditions. For the matched condition, there was a significant main effect of Listener 

Group, F1(1,46) = 28.00, p < .001; F2(1,68) = 87.20, p < .001, and Regularity, F1(1,46) = 
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29.00, p < .001; F2(1,68) = 43.27, p < .001, as well as an interaction between them, F1(1,46) 

= 27.24, p < .001; F2(1,68) = 62.29, p < .001. There was no significant difference in the 

percentage of ‘ yes’  responses for regular words between Mandarin and Cantonese listeners, 

at least in the participant analysis, F1(1,46) = 2.62, p = .113; F2(1,34) = 7.33, p = .011, but 

Cantonese listeners had a significantly lower percentage of ‘yes’ responses than Mandarin 

listeners for irregular words, F1(1,46) = 29.21, p < .001; F2(1,34) = 79.92, p > .001.  

For the mismatched condition, there was also a significant main effect of Listener 

Group, F1(1,46) = 64.89, p < .001; F2(1,68) = 427.46, p < .001, and Regularity, F1(1,46) = 

104.96, p < .001; F2(1,68) = 150.45, p < .001, as well as an interaction between them, 

F1(1,46) = 79.14, p < .001; F2(1,68) = 135.24, p < .001. More ‘yes’ responses were 

observed for Cantonese than Mandarin listeners for both the regular and irregular words, 

F1(1,46) = 11.18, p = .002; F2(1,34) = 54.44, p < .001; F1(1,46) = 120.11, p < .001; F2(1,34) 

= 417.95, p < .001, respectively, but the effect was larger for the latter than the former. 

 

4.2.3 Discussion 

Since regularity is defined in terms of Cantonese pronunciation, the non-significant 

difference in ‘yes’ responses for the matched pronunciations between regular and irregular 

words for Mandarin listeners confirmed that there was no inherent difference between the 

two word conditions. Although Cantonese listeners made a similar percentage of ‘yes’ 

responses to matched regular words as did Mandarin listeners7, their percentage of ‘yes’ 

responses for matched irregular words was significantly lower than that for regular words. 

This suggests that the representation of Mandarin tones in irregular words for Cantonese 

                                                
7 Note that the difference was significant in the item analysis, but see footnote 6 for an explanation.  
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listeners is different to that for Mandarin listeners. In accordance with the L2 Mandarin 

production and recognition model, this difference can be attributed to the use by Cantonese 

speakers of a sublexical route that is sensitive to Cantonese-Mandarin tone correspondences.  

Further support for this claim can be seen in the percentage of ‘yes’ responses in the 

mismatched condition among Mandarin and Cantonese listeners. In the mismatched 

conditions, more erroneous (i.e., ‘yes’) responses were observed by Cantonese than 

Mandarin speakers, which indicates that the strength between the character/concept and the 

Mandarin phonological representation is weaker for Cantonese than Mandarin speakers. Of 

more importance is the fact that Cantonese speakers showed a larger regularity effect than 

the Mandarin baseline. This suggests that Cantonese speakers were using the sublexical 

route through L1-L2 tone relationships in generating L2 pronunciations, as the mismatched 

pronunciations were those which employed the dominant pronunciation relationships. If 

they had simply been making errors through general lack of knowledge of Mandarin, this 

should have been equally true for the mismatched regular words as for the mismatched 

irregular words.   

The slightly higher ‘yes’ response for Mandarin speakers in the irregular than regular 

mismatched tone words is somewhat surprising. As only few errors were made, one or two 

aberrant items could generate a significant difference in the participant analysis, while 

being non-significant in the item analysis. For those items, perhaps the regularity difference 

arose from the previous exposure they had had to Cantonese-accented Mandarin where they 

may have heard the dominant mispronunciation of irregular words. There may even be a 

possibility that some Mandarin listeners actually think that the mismatched pronunciation 

for some of the irregular-tone words is the correct pronunciation, as in the case of 

Cantonese listeners. This may also explain why the Control items had a higher accuracy 
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rate than Correct Targets for Mandarin speakers in Experiment 4, something that is hitherto 

unexplained. 

 To summarise, the matching task shows that the Cantonese speakers actually 

believe the incorrect tone is the correct one. This is something that cannot be concluded 

from the transcription task because they are interpreting what they think the Cantonese 

speaker is trying to say in Mandarin. The latter could be showing what knowledge the 

listener has about Cantonese mispronunciations of Mandarin rather than demonstrating 

their own lexically-based confusions. The matching task shows that they do make such 

confusions themselves. Therefore, this study provides further evidence for the use of a 

sublexical route in L2 Mandarin production by Cantonese speakers. The tones of the 

mismatched pronunciation for the words chosen in this study are never confusable with 

their correct tone pronunciation based on a comparison between the L1 and L2 sound 

system. Therefore, our results cannot be explained by negative transfer from L1 at the 

phonetic or phonological level. Instead, it is the statistical relationship between L1 and L2 

words at the sublexical level that exerts an influence on the way in which the phonology of 

L2 is processed, a level of abstraction that is not usually discussed in relation to L2 

representations. 

 

4.3 General discussion 

In this study, the tone component in the sublexical route has been incorporated into 

the L2 Mandarin word production and recognition model to explore further the mutual 

intelligibility of Mandarin speech that shows the characteristics of Cantonese accent with 

tone mispronunciations among Cantonese and Mandarin listeners. In particular, a disyllabic 

word transcription task and a character-sound matching task examined whether Cantonese 
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listeners found Mandarin speech with Cantonese-accent characteristics more intelligible 

than native Mandarin speech (i.e., ISIB-Talker) and whether Cantonese listeners have an 

advantage over Mandarin listeners in understanding Mandarin speech with Cantonese-

accent characteristics (i.e., ISIB-Listener).  

The production data obtained from the word transcription component of Experiment 

4 confirms that most of the expected tonal mispronunciations that were due to the misuse of 

the dominant Cantonese-Mandarin tone pronunciation correspondence were actually found 

and were produced more often than other errors, supporting the use of the sublexical route 

in Mandarin word production by Cantonese speakers. As suggested in relation to the 

Mandarin production model presented in Chapter 3, beginning Cantonese learners of 

Mandarin might rely more on the sublexical route (including the tone component) in 

Mandarin production while advanced Cantonese learners of Mandarin gradually shift to the 

use of the concept/lexical route in producing Mandarin words.  

Comparing the intelligibility of Mandarin speech that has Cantonese-accent 

characteristics (i.e., MP Targets) and native Mandarin speech (i.e., Correct Targets), ISIB-

Talker is found in Experiment 4 for Cantonese LP, but not HP listeners. The existence of 

ISIB-Talker for Cantonese LP listeners indicates that they rely mainly on the sublexical 

route in activating possible Mandarin word candidates because their concept/lexical routes 

are not yet fully developed due to their infrequent exposure to Mandarin words. The non-

existence of ISIB-Talker for Cantonese HP listeners is due to their improved performance 

on Correct Targets when compared to Cantonese LP listeners such that their ability to 

understand MP Targets is no longer better than their understanding of Correct Targets. This 

indicates that the activation of concepts in L2 word recognition through the concept/lexical 

routes is strengthened with increasing L2 proficiency. Recognition accuracy of MP Targets 
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should have deteriorated with increasing L2 proficiency if Cantonese HP listeners 

abandoned the sublexical route in favour of the concept/lexical route. However, as was the 

case in relation to segmental information examined in Experiment 3A and 3B, no such 

deterioration occurred (with the trend being toward increased accuracy). So, it appears that 

the sublexical route is still maintained by Cantonese listeners with increasing proficiency.  

Comparing the intelligibility of Mandarin speech that had Cantonese-accent 

characteristics (i.e., MP Targets) between Cantonese and Mandarin listeners, the former 

were no more accurate than the latter, irrespective of the L2 Mandarin proficiency of the 

former. So, no ISIB-Listener was found. It might then be argued that this result from 

Experiment 4 weakens the hypothesis about the existence of the use of the sublexical route 

by Cantonese since Mandarin speakers do not have that route available. However, as 

mentioned before, this non-significant difference in accuracy rate may have arisen from 

Mandarin listeners being able to use contextual cues from the neighboring syllables of the 

disyllabic words and/or from the flexibility in processing tones in online word recognition 

(Cutler & Chen, 1997; Taft & Chen, 1992). Such an interpretation seems to be warranted 

when the results of the character-sound matching task of Experiment 5 are considered. The 

Cantonese listeners showed confusion with the mispronounced tone that was the dominant 

Cantonese-Mandarin correspondence in a task where performance could not be affected by 

contextual knowledge from neighbouring syllables. 

 To conclude, this study has allowed a tone component to be incorporated into the 

L2 Mandarin production and recognition model that was proposed in Chapter 3. In the 

revised model, the concept/lexical routes get strengthened with increasing L2 Mandarin 

proficiency in both L2 Mandarin word production and recognition as in the previous model. 

However, mechanisms regarding the use of the sublexical route are different in L2 
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production and recognition. While the sublexical route becomes less important in L2 

Mandarin production with increasing proficiency, it is still available to advanced Cantonese 

learners of Mandarin when trying to understand Cantonese-based mispronunciations. The 

revised model can therefore provide a theoretical framework to help explain the patterns 

observed in the mutual intelligibility of Mandarin speech among Cantonese and Mandarin 

listeners.  
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Chapter  5: Regularity and Congruency effect in Cantonese speakers’  

phonological knowledge of Mandarin words 

An L2 Mandarin word production model has been proposed in the previous two 

chapters in which three routes are used by Cantonese speakers in producing Mandarin 

words: Concept, lexical, and sublexical. The use of the sublexical route in L2 Mandarin 

word production was evidenced by certain Mandarin mispronunciations produced by 

Cantonese speakers (e.g., mispronunciation of the Mandarin word +æ ‘tail’ wei3 as mi3), 

with further support coming from a significant correlation between mispronunciation 

occurrence and sublexical correspondence in Experiment 3. According to the model, when 

Cantonese speakers read a Chinese character in Mandarin (e.g., +æ ‘tail’ ) the Cantonese 

phonological representation (i.e., mei5) is activated. Its sublexical units (onset, rime, and 

tone) are also activated along with their corresponding Mandarin sublexical units with a 

strength of activation based on Cantonese-Mandarin pronunciation correspondences. The 

Mandarin sublexical units then recombine to generate the Mandarin pronunciation in the 

phonological output. Without this sublexical route it is difficult to explain why some 

mispronunciations (e.g., mi3 for the word +æ ‘tail’ ) occur.  

Evidence for the use of such a sublexical route in Cantonese speakers’  Mandarin tone 

production was examined using a character-sound matching task with regular and irregular 

words in Experiment 5. Cantonese listeners were asked to indicate whether the sound they 

heard was the correct Mandarin pronunciation of the written Chinese character. A higher 

‘yes’  response for regular- than irregular-tone words in the matched condition (i.e., the 

sound was the correct Mandarin pronunciation of the written Chinese character) showed 
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that Cantonese speakers’  phonological knowledge of Mandarin words was influenced by 

Cantonese-Mandarin tone pronunciation correspondence.  

As outlined in Chapter 3, regular and irregular pronunciation relationships between 

Cantonese and Mandarin also exist for onsets and rimes. For example, according to the 

statistics, 91% of Chinese words pronounced with onset b in Cantonese are also 

pronounced with onset b in Mandarin (e.g., "­ ‘wrap’ is pronounced baau1 in Cantonese 

and bao1 in Mandarin). These are ‘regular-onset’ words for a Cantonese/Mandarin 

bilingual. However, the remaining 9% of words with a Cantonese onset b do not follow the 

dominant correspondence. For example, the Chinese word I€ ‘secret’ is pronounced bei3 in 

Cantonese, but mi4 in Mandarin. The onset m in the Mandarin pronunciation does not 

follow the dominant correspondence, and is therefore an ‘irregular-onset’ word for a 

Cantonese/Mandarin bilingual. The same situation holds for rimes. For example, the 

majority of morphemes pronounced with the rime aai in Cantonese are pronounced in 

Mandarin with the rime ai (59%). That means that 4¢ ‘put’ is a ‘regular-rime’ word because 

it is pronounced baai2 in Cantonese and bai3 in Mandarin. In contrast, (Ï ‘big’ 

(pronounced daai6 in Cantonese and da4 in Mandarin) is an ‘ irregular-rime’ word because 

only 2% of words have such a correspondence between rimes in Cantonese and Mandarin.  

 The evidence used to support the use of a sublexical route in onset and rime in the 

L2 Mandarin production model in Experiment 3 was observational and correlational in 

nature, as the original purpose of that experiment was to test the processes used by 

Cantonese speakers in recognising rather than producing Mandarin words. In the current 

study, the existence of the sublexical route in L2 Mandarin word production by Cantonese 

speakers will be tested systematically through the use of words with regular and irregular 
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pronunciation relationships. Experiment 6 investigates whether irregular (onset, rime, and 

tone) words are more frequently mispronounced than regular words by Cantonese speakers.  

The generation of the pronunciation of a word in L1 has typically been examined in 

past research using the naming task in both Chinese (e.g., Tan & Perfetti, 1997, and Shen & 

Forster, 1999) and English (e.g., Coltheart et al, 2001). However, this task is unsuitable for 

testing the regularity effect in L2 production of Mandarin by Cantonese speakers because 

Mandarin onsets cannot be matched between the regular and irregular conditions. For 

example, if the regular onset word has a Mandarin onset b, the corresponding matched 

word in the irregular onset condition must have a Mandarin onset other than b. In addition, 

the L2 learner may know the pronunciation of the word, but pronounce it inaccurately due 

to articulatory problems or lack of a corresponding L1 phoneme for that particular L2 

phoneme (e.g., Mandarin onset sh).  

Instead, then, Chinese characters are presented in this study for transcription into 

pinyin to test the regularity effect in L2 Mandarin word production. By writing down the 

pinyin transcription of the corresponding Chinese characters, the knowledge that Cantonese 

speakers have of Mandarin pronunciation can be examined and the contamination of the 

production data due to the lack of L1 phonemes can be avoided. All Cantonese speakers 

tested in this study were university students who had received formal classes in Mandarin 

for at least 9 years in elementary and middle school in Hong Kong. Because the pinyin 

transcription system is taught at the beginning of the first year of Mandarin study and 

students are repeatedly tested on it during their formal education, it can be assumed that the 

pinyin transcription given by the Cantonese participants should be a valid measure of their 

knowledge of the Mandarin pronunciations of Chinese characters. Even if their knowledge 
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of pinyin is inadequate, this should have the same impact on both regular and irregular 

words. 

 

5.1 Experiment 6A-C: Regularity effect 

This series of experiments examines the regularity effect for Cantonese speakers in 

their knowledge of Mandarin pronunciation within different sublexical units: Onsets 

(Experiment 6A), rimes (Experiment 6B), and tones (Experiment 6C). For practical reasons, 

all items in these three sub-experiments (as well as the items of Experiments 7A and 7B) 

were actually included in the same questionnaire given to the same group of participants.  

If Cantonese speakers make use of sublexical pronunciation relationships in 

producing Mandarin words, it is expected that a higher accuracy rate will be observed for 

regular than irregular L2 pronunciation words. The regularity of the sublexical relationship 

between Cantonese and Mandarin should be irrelevant if only knowledge at the 

concept/lexical level were used in generating Mandarin pronunciations. It is further 

hypothesised that the errors made in the irregular L2 pronunciation words will be 

specifically due to the misapplication of the dominant pronunciation relationships, as 

indicated by a higher percentage of responses using the major correspondence than using 

other correspondences. 

 

5.1.1 Method 

5.1.1.1 Participants 

Twenty-eight native Cantonese speakers from the Chinese University of Hong 

Kong participated in this study for a small payment. All had received formal education in 

Mandarin for at least three years. 
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5.1.1.2 Procedure 

Participants were seated in a quiet room and asked to write down in pinyin the 

Mandarin pronunciation (including tone) of a list of Chinese characters. Guessing was 

encouraged if uncertain about the correct Mandarin pronunciation. 

 

5.1.1.3 Materials and Design 

All the 152 stimulus items used in Experiments 6A, 6B and 6C were mixed together 

into the same list in a pseudo-randomised order. Some of the words were used in more than 

one sub-experiment to test the different types of sublexical unit, but were shown once only 

in the list. Two versions of the list were created, reversing the order of the words, each 

being presented to an equal number of participants. The properties of the stimulus items in 

each sub-experiment are described below. 

 

Experiment 6A: Onset regularity effect 

 Forty monosyllabic Mandarin words were selected with an equal number of words 

having a regular and irregular Mandarin onset. Onset regularity was defined in terms of the 

dominance of the relationship between the onset in Cantonese and the onset in Mandarin. 

Items were selected from words with Cantonese onsets b, p, m, d and t where the dominant 

corresponding relationships have an average correspondence of 90% between the 

Cantonese and Mandarin onsets for the same word (ranging from 83% to 96% of words). 

Irregular items had an average correspondence of 9% (ranging from 2% to 17% of words). 

The regular and irregular Mandarin onset characters were matched on their Cantonese 

onsets, number of strokes, and character frequency. Word frequency was determined from 

the Chinese character database: With word formations (2003). Properties of the stimulus 
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items in each condition are listed in Table 5.1 and the full list of items is shown in 

Appendix B.8. 

 

Experiment 6B: Rime regularity effect  

 Forty monosyllabic Mandarin words were selected with an equal number of words 

having a regular Mandarin rime and an irregular Mandarin rime, again using the dominance 

of relationships between Cantonese and Mandarin as the determinant of regularity. Items 

were selected from words with Cantonese rime aai, aau, aap, ang, ak, i, ing, ik, ung and uk 

where the dominant and non-dominant pronunciation relationships have an average 

correspondence of 71% (ranging from 54% to 93%) and 10% (ranging from 1% to 22%) 

respectively. The two conditions were matched on their Cantonese rimes, stroke number, 

and character frequency (see Table 5.1 and Appendix B.9). 

 

Experiment 6C: Tone regularity effect  

 Seventy-two monosyllabic Mandarin words were selected with an equal number of 

words having a regular Mandarin tone and an irregular Mandarin tone, again using the 

dominance of relationships between Cantonese and Mandarin as the determinant of 

regularity. Items were selected from words with Cantonese tones 1 to 6 where the dominant 

and non-dominant corresponding relationships have an average correspondence of 90% 

(ranging from 76% to 94%) and 7% (ranging from 3% to 22%) respectively. The two 

conditions were matched on their Cantonese tones, stroke number, and character frequency 

(see Table 5.1 and Appendix B.10). 
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Table 5.1: Properties of the stimulus items for Experiment 6 

 Regular Irregular 

 Correspondence Stroke Log 

Freq 

Correspondence Stroke Log 

Freq 

Expt. 6A: Onset regularity 90% 12.1 3.13 9% 11.7 3.13 

Expt. 6B: Rime regularity 71% 10.1 3.30 10% 10.3 3.27 

Expt. 6C: Tone regularity 90% 12.3 2.96 7% 12.1 2.94 

Remarks: Frequency is per million characters. 

 

5.1.2 Results 

An ANOVA on accuracy rate was conducted for each experiment with Regularity 

as the independent variable. Regularity is a within-group factor in the analysis by 

participants (F1) and a between-item factor in the analysis by items (F2). The results are 

shown in Figure 5.1. In order to examine the source of errors for irregular words, an 

ANOVA was also conducted for each experiment with Error Type (major correspondence 

vs. others) as the independent variable and percentage of responses given as the dependent 

variable. Error Type is a within-group factor in both the analyses by participants (F1) and 

by items (F2). The results are shown in Figure 5.2. 

 

5.1.2.1 Experiment 6A: Onset regularity effect 

Regular Mandarin onset words had a higher accuracy rate than irregular Mandarin 

onset words (91% vs. 55%) and this was highly significant, F1(1,27) = 141.17, p < .001; 

F2(1,36) = 44.32, p < .001. Among the irregular Mandarin onset words, there was a 

significantly higher percentage of use of the major correspondence than other erroneous 

correspondences (40% vs. 5%), F1(1,27) = 127.78, p < .001; F2(1,18) = 44.45, p < .001.  
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Figure 5.1: Accuracy rates for Experiments 6A-C 

 

 

Figure 5.2: Error analyses of irregular words for Experiments 6A-C 

 

 

5.1.2.2 Experiment 6B: Rime regularity effect 

Regular Mandarin rime words also had a higher accuracy rate than irregular 

Mandarin rime words (77% vs. 62%) and this was highly significant, F1(1,27) = 16.29, p 

< .001; F2(1,24) = 7.671, p = .011. Among the irregular Mandarin rime words, even though 
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there was a trend that the percentage of use of the major correspondence was higher than 

other erroneous correspondences (21% vs. 17%), it did not reach significance, F1(1,27) = 

1.86, p = .184; F2 < 1. 

 

5.1.2.3 Experiment 6C: Tone regularity effect 

After establishing that one of the irregular words could actually be pronounced 

using the major tone pronunciation relationship, it was removed from the analysis along 

with its corresponding regular word. Again, a higher accuracy rate was observed for regular 

than irregular Mandarin tone words (84% vs. 39%) and this was highly significant, F1(1,27) 

= 133.38, p < .001; F2(1,66) = 191.00, p < .001. Among the errors made to irregular 

Mandarin tone words, there was a significantly higher percentage of use of the major 

correspondence than other correspondences (44% vs. 18%), F1(1,27) = 32.72, p < .001; 

F2(1,33) = 40.59, p < .001.  

 

5.1.3 Discussion 

A regularity effect was found where a higher accuracy rate was observed for regular 

than irregular Mandarin words in all the sublexical units (i.e. onsets, rimes, and tones) for 

Cantonese speakers. This supports the use of the sublexical route in the L2 Mandarin word 

production by Cantonese speakers because the dominance of the Cantonese-Mandarin 

pronunciation correspondence at the sublexical level is the only difference between the 

regular and irregular words. Moreover, the errors made for the irregular words were all 

biased toward the dominant correspondence, though only that of onset and tone reached 

statistical significance.  
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The fact that this bias failed to reach significance for rime regularity may be due to 

the smaller difference in the pronunciation correspondence between regular and irregular 

rime words (61%) when compared to that of the regular and irregular onset and tone words 

(81% and 83% respectively). Moreover, the “other correspondence” category includes more 

than one possible response and there are many more response options for rimes than for 

onsets and tones. In fact, when the bias in favour of the single major correspondence is 

significant, it is all the more impressive because the “Others”  condition includes many 

possible responses which are therefore more likely to be given by chance alone.  

 

5.2 Experiment 7A-B: Congruency effect 

Experiment 6 reveals a regularity effect in onset, rime, and tone in the phonological 

knowledge of L2 Mandarin words by Cantonese speakers. It was argued that the 

mispronunciation of Mandarin words such as I€ mi4 ‘secret’ as bi4 in Mandarin by some 

Cantonese speakers is due to the inappropriate application of the dominant onset 

corresponding relationship to this irregular onset word. However, since the Cantonese 

pronunciation of this word begins with the onset b, the mispronunciation might actually be 

due to the negative phonological transfer from L1 into L2.  

In fact, the Mandarin pronunciation of a Chinese character may be the same (i.e., 

‘congruent’) or different (i.e., ‘incongruent’) from the Cantonese pronunciation in different 

sublexical units. For example, the Chinese word "­  ‘wrap’ has the same onset b in both 

Cantonese and Mandarin which means that, in addition to being regular, it is a congruent-

onset Mandarin word for Cantonese speakers. In contrast, the irregular word I€ mi4 ‘secret’ 

is an incongruent-onset Mandarin word for Cantonese speakers since its Mandarin onset m 
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is different from the Cantonese onset b. So, regularity is typically confounded with 

congruency.  

While the onsets of many Mandarin words have a regular and congruent 

pronunciation for Cantonese speakers, there do exists cases where the dominant 

pronunciation relationship in Mandarin has an incongruent pronunciation with Cantonese. 

For example, Cantonese onset k has a dominant pronunciation relationship (51% 

correspondence) with Mandarin onset q, a pronunciation that is different to the one in 

Cantonese. Therefore, words that belong to this category (e.g., 5• ‘ flag’, pronounced kei4 

in Cantonese and qi2 in Mandarin) are ‘regular-incongruent’ Mandarin onset words. The 

congruent pronunciation for Cantonese onset k in Mandarin (i.e., k) is non-dominant (15% 

correspondence) and therefore irregular. So, words like g� ‘rely’ (pronounced kaau3 in 

Cantonese and kao4 in Mandarin) are ‘irregular-congruent’ Mandarin onset words. This 

means that regularity and congruency can be teased apart by looking at such items.  

 A similar situation can be observed with the rime where the regular Mandarin 

pronunciation is typically a congruent pronunciation for Cantonese speakers. However, 

there are again cases where the dominant pronunciation relationship in Mandarin has an 

incongruent pronunciation with Cantonese. For example, Cantonese rime ei has a dominant 

pronunciation relationship (77% correspondence) with Mandarin onset i, a pronunciation 

that is different to the one in Cantonese. Therefore, words that belong to this category (e.g., 

FV ‘skin’, pronounced pei3 in Cantonese and pi2 in Mandarin) are ‘regular-incongruent’ 

Mandarin rime words. The congruent pronunciation in Mandarin has only a non-dominant 

(17% correspondence) and irregular relationship for the Cantonese rime ei. Words that 



 113 

belong to this category (e.g., 0Z ‘sad’, pronounced bei1 in Cantonese and bei1 in Mandarin) 

are therefore ‘irregular-congruent’ Mandarin rime words.  

 All the words used in Experiment 6A, some in Experiment 6B (i.e., those with 

Cantonese rimes aai, aau, ang, i, ing and ung), and some in Experiment 6C (i.e., those with 

Cantonese tone 1) were either regular-congruent or irregular-incongruent words. Therefore, 

what was seemingly a regularity effect may have actually been a congruency effect. In 

order to tease apart regularity from congruency, we can explicitly examine Cantonese 

speakers’ phonological knowledge of regular-incongruent and irregular-congruent onset 

and rime words. If errors observed in Experiment 6 were mainly due to congruency and not 

regularity, then it would be expected that Cantonese speakers will produce more errors for 

regular-incongruent than irregular-congruent words. On the other hand, if the errors were 

mainly due to regularity, more errors for irregular-congruent than regular-incongruent 

words should be observed. It is also possible that both regularity and congruency play a role 

and counterbalance each other, generating a null effect.  

Note that tones were not examined in this experiment because, although there do exist 

words with both irregular-congruent relationships (i.e., those with tone 2 in both Cantonese 

and Mandarin: 1% correspondence) and regular-incongruent relationships (i.e., those with 

tone 2 in Cantonese but tone 3 in Mandarin: 89% correspondence), there were insufficient 

items of the former type to allow a meaningful statistical analysis.   

 

5.2.1 Method 

5.2.1.1 Participants 

The same 28 native Cantonese speakers as in Experiment 1 participated in this study. 
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5.2.1.2 Procedure 

The procedure was the same as in Experiment 6. 

 

5.2.1.3 Materials and Design 

All 60 stimulus items used in Experiment 7A and 7B were mixed together in a pseudo-

randomised order with the items of Experiment 6.  

 

Experiment 7A: Onset congruency effect 

 Forty monosyllabic Mandarin words were selected with an equal number of words 

having a regular-incongruent Mandarin onset and an irregular-congruent Mandarin onset. 

As in Experiment 6, regularity was defined in terms of the dominance of the pronunciation 

relationship. Congruency was defined as words which have the same onsets in Cantonese 

and Mandarin. Items were selected from words with Cantonese onsets k and g where the 

dominant pronunciation relationships have an average correspondence of 57% (ranging 

from 51% to 59%). Irregular-congruent items had an average correspondence of 31% 

(ranging from 15% to 38%). The two conditions were matched on their Cantonese onsets, 

stroke number, and character frequency (see Table 5.2 and Appendix B.11). 

 

Experiment 7B: Rime congruency effect 

Twenty monosyllabic Mandarin words were selected with an equal number of 

words having a regular-incongruent Mandarin rime and an irregular-congruent Mandarin 

rime. Again, regularity was defined in terms of the dominance of the pronunciation 

relationship and congruency was defined as words which have the same rimes in Cantonese 

and Mandarin. Items were selected from words with Cantonese rime ei where the dominant 
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corresponding relationship has a correspondence of 77%. Irregular-congruent items had a 

correspondence of 17%. The two conditions were matched on their Cantonese rimes, stroke 

number, and character frequency (see Table 5.2 and Appendix B.12). 

 

Table 5.2: Properties of the stimulus items for Experiments 7 

 Regular-incongruent Irregular-congruent 

 Correspondence Stroke Log 

Freq 

Correspondence Stroke Log 

Freq 

Expt. 7A Onset congruency 57% 11.6 3.08 31% 11.5 3.09 

Expt. 7B Rime congruency 77% 10.5 3.09 17% 11.1 2.95 

Remarks: Frequency is per million characters. 

 

5.2.2 Results 

An ANOVA was conducted on the accuracy rate for each experiment with Word 

Type (regular-incongruent vs. irregular-congruent) as the independent variable. The results 

are shown in Figure 5.3. In order to examine the source of errors for irregular-congruent 

words, another ANOVA on mean accuracy was also conducted for each experiment with 

Error Type (major correspondence vs. others) as the independent variable. The results are 

shown in Figure 5.4.  
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Figure 5.3: Accuracy rates for Experiments 7A-B 

 
 
Figure 5.4: Error analysis of irregular-congruent words for Experiments 7A-B 

 

 

5.2.2.1 Experiment 7A: Onset congruency effect 

 There was no main effect of Word Type though a numerically higher accuracy rate 

was observed for irregular-congruent than regular-incongruent Mandarin onset words (86% 

vs. 80%), F1(1,27) = 2.67, p = .114; F2(1,36) = 1.65, p = .207. Among the irregular-

congruent Mandarin onset words, there was a significantly higher percentage of use of 
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other correspondences than the major correspondence (12% vs. 2%), F1(1,27) = 15.77, p 

< .001; F2(1,18) = 7.92, p = .011.  

 

5.2.2.2 Experiment 7B: Rime congruency effect 

One irregular-congruent Mandarin rime word (and its corresponding regular-

incongruent word) was removed from the analysis because it was inadvertently misassigned 

to that condition. The main effect of Word Type was significant, F1(1,27) = 7.58, p = .010; 

F2(1,14) = 6.73, p = .021, with regular-incongruent Mandarin rime words having a higher 

accuracy rate than irregular-congruent Mandarin rime words (93% vs. 86%). Among the 

irregular-congruent Mandarin rime words, there was no difference in the percentage of use 

of the major correspondence and other correspondences (7% in both cases).  

 
5.2.3 Discussion 

In Experiment 6A a higher accuracy rate was observed for regular-congruent than 

irregular-incongruent Mandarin onset words which indicated that either regularity or 

congruency (or both) influence Cantonese speakers’ phonological knowledge of Mandarin 

onsets. The results of Experiment 7A show no significant difference in accuracy rate 

between regular-incongruent and irregular-congruent Mandarin onset words, while a 

comparison between Experiments 6A and 7A indicates that error rate reduces substantially 

when irregular-incongruent Mandarin onset words (45%) become either regular-

incongruent (19%) or irregular-congruent (14%). The difference between irregular-

incongruent and regular-incongruent words indicates that regularity plays a role, while that 

between irregular-incongruent and irregular-congruent words indicates that congruency 

plays a role. Such a pattern of results therefore implies that both regularity and congruency 
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exert an influence on the phonological knowledge of Mandarin onset production by 

Cantonese speakers. It should be noted that there were fewer erroneous responses with the 

major correspondence than with other correspondences, which suggests that congruency 

may have a more important role than regularity in the production of onset. 

 For rimes, a comparison between Experiments 6B and 7B indicates that error rate 

reduces substantially when irregular-incongruent Mandarin rime words (38%) become 

either regular-incongruent (7%) or irregular-congruent (14%), again suggesting that both 

regularity and congruency play a role. However, the significantly higher accuracy for 

regular-incongruent than irregular-congruent rime words in Experiment 7B indicates that 

regularity exerts a stronger influence than congruency for rimes.  

Two possible explanations may account for the difference patterns observed between 

onsets and rimes in Experiments 7A and 7B. First, it might be that there was an additional 

influence of regularity for Mandarin rimes because of a larger difference in dominance 

between regular and irregular words for rimes in Experiment 7B than for onsets in 

Experiment 7A (i.e., 60% vs. 25%)..  

Alternatively, it may have been that there was a reduced influence of congruency for 

Mandarin rimes relative to onsets, which could have potentially arisen from the 

phonotactics of Mandarin. Not all onsets and rimes can combine to form a legal syllable in 

Mandarin. Take the word 5• ‘fl ag’ , for example, (pronounced kei4 in Cantonese and qi2 in 

Mandarin). The phonemes corresponding to q and ei both exist as a possible onset and rime 

in Mandarin respectively, but qei is not a legal syllable in Mandarin. Cantonese speakers 

may have knowledge about such phonotactic constraints of Mandarin syllables and, 



 119 

therefore in this case, the activation of the irregular-congruent rime ei might be lowered in 

favour of the regular-incongruent rime i. 

With regard to the source of errors made by the Cantonese participants, the errors of 

Cantonese speakers in the irregular-congruent condition did not favour the major 

correspondence in Experiment 7, despite doing so in Experiment 6. This may well be due to 

the fact that the percentage of errors observed in Experiments 7A and 7B (17% and 11% 

respectively) was far fewer relative to Experiments 6A and 6B (27% and 30% respectively), 

presumably because of the elimination of possible responses on phonotactic grounds. As a 

result, the impact of idiosyncratic items would have been greater. Moreover, there were 

greater constraints in selecting items for Experiment 7 and, therefore, some infrequent 

words had to be chosen. For example, the irregular-congruent onset word 9� (pronounced 

kaai2 in Cantonese and kai3 in Mandarin) is a low frequency character. Some Cantonese 

speakers may inappropriately use the phonetic radical (i.e., F., pronounced gaai1 in 

Cantonese) to generate the Cantonese pronunciation for this character. Therefore, the high 

number of other correspondences (i.e., incorrect Mandarin onset j responses) observed for 

this item in Experiment 7A may have been due to the application of the Cantonese-

Mandarin g-j dominant correspondence. 

 
5.3 General discussion: Incorporating onset congruency effect into the L2 word 

production model 

Cantonese speakers’ phonological knowledge of Mandarin words in relation to 

different sublexical units was examined in several Mandarin pinyin transcription tasks. The 

results of Experiment 6 showed that irregular-incongruent words produced more errors than 

regular-congruent words for all sublexical units (i.e., onset, rime and tone). By comparing 
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‘regular-incongruent’ and ‘irregular-congruent’ onset and rime words in Experiment 7, it 

appears that both regularity and congruency exert an influence on Cantonese speakers’ 

phonological knowledge of Mandarin onsets. On the other hand, more errors were observed 

for irregular-congruent than regular-incongruent Mandarin rime words, indicating a 

stronger influence of regularity than of congruency, though their strength may have been 

mediated by additional factors such as knowledge of Mandarin phonotactic constraints.  

 The findings of this study can be considered in the light of the L2 Mandarin word 

production model as is illustrated in Figure 5.5, which is similar to Figure 3.6, but with an 

additional layer of L2 Mandarin phonological output between the L2 Mandarin sublexical 

units and Mandarin phonological representations to illustrate the influence of phonotactic 

constraints and the impact of congruency. The tone component is omitted in the model for 

simplicity. In this revised model, the L2 Mandarin sublexical units that are activated from 

Cantonese will be recombined to form Mandarin syllables in the L2 Mandarin phonological 

output. However, there are some activated syllables that do not conform to the Mandarin 

phonotactic structures (e.g., ki, qei, qao, kiao) and these will not activate any L2 Mandarin 

phonological representations due to their non-existence. 
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In the figure, the phonological representations that are most strongly activated for 

irregular Mandarin words are not the correct Mandarin pronunciations. Therefore, more 

Mandarin production errors occur in irregular than regular words for Cantonese speakers. A 

comparison between Experiment 6A and 7A shows that the error rate is much lower for 

irregular-congruent than irregular-incongruent L2 Mandarin onset words, suggesting that 

the activation of an irregular L2 Mandarin onset may be strengthened by having a 

congruent pronunciation with L1. Using the irregular-congruent onset word g�  ‘ rely’  as an 

example in Figure 5.5, the activation level of Mandarin onset k is 15% using the L1-L2 

Cantonese-Mandarin pronunciation correspondence. However, the ultimate activation of 

the Mandarin onset k may actually exceed 15% due to the extra excitation from the 

Cantonese onset k because they are essentially the same representation.  

However, the cross-experiment comparison must remain speculative as different 

onsets were used in the two experiments and other factors such as number of strokes, word 

frequencies and the strength of the dominant pronunciation relationships) were not 

completely matched. Future pinyin transcription studies need to be carried out in order to 

examine whether the existence of onset congruency and the non-existence of rime 

congruency arise from a genuine difference in the processing of onsets and rimes, or 

whether it merely reflects confounding factors such as the relative strength of the 

Cantonese-Mandarin pronunciation correspondence or Mandarin phonotactic constraints.  

In the current study, regular-incongruent and irregular-congruent words were 

compared instead of a 2x2 factorial experiment using both Regularity (regular vs. irregular) 

and Congruency (congruent vs. incongruent) as factors, where the impact of congruency for 

regular and irregular words can be examined independently. However, if the Cantonese 
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pronunciations are to be matched, no pairs can be found for regular-congruent vs. regular-

incongruent conditions because a regular word can either be congruent or incongruent, but 

not both.  

Another possibility way to provide more solid evidence for the impact of congruency 

is to directly compare irregular-incongruent and irregular-congruent L2 Mandarin onset 

words which are pronounced with the same Cantonese onsets. One possible pair can be 

found for L1 Cantonese onset k where the L2 Mandarin onsets q and k are both irregular 

with comparable pronunciation correspondences (18% vs. 15%). L2 Mandarin onset q is 

incongruent while Mandarin onset k is congruent with the L1 Cantonese pronunciation. It is 

expected that more errors would be observed for Mandarin onset q than k as the former 

does not receive activation from the L1 Cantonese onset k due to congruency. However, 

such an experiment may not actually be viable as only a few such word pairs can be found. 

Congruency does not appear to contribute to the activation of L2 Mandarin onsets and 

rimes equally. The higher error rate for ‘irregular-congruent’ than ‘regular-incongruent’ L2 

Mandarin rime words in Experiment 7B suggests that the activation of an irregular L2 

Mandarin rime may not be strengthened by having a congruent pronunciation with L1. In 

addition, L2 users are sensitive to the phonotactic constraints of the L2, and that sensitivity 

might lead to modifications of the pronunciations of the rime rather than the pronunciation 

of the onset. . 

 To summarise, this chapter provides further empirical evidence to support the 

existence of the sublexical route through Cantonese-Mandarin pronunciation 

correspondence in L2 Mandarin word production by Cantonese speakers. It further 

incorporates the impact of onset congruency into the L2 Mandarin word production model. 
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The non-existence of a rime congruency effect still remains unresolved and needs be 

examined further in relation to phonotactic constraints to provide a more conclusive answer.  
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Chapter  6: Conclusions and future research 

The aim of this thesis is to understand more about the mechanisms underlying the 

processing of non-native speech by native and non-native speakers. Two issues regarding 

Interlanguage Speech Intelligibility Benefit (ISIB) were explored throughout the thesis: 

whether non-native listeners have an advantage over native listeners in understanding 

accented speech (i.e., ISIB-Listener), and whether non-native listeners find accented speech 

more intelligible than native speech (i.e., ISIB-Talker). Accents realised at different 

linguistic levels (i.e., phonological, lexical, sublexical) were examined using Cantonese-

accented English and Mandarin to explore these issues. An L2 Mandarin word production 

and recognition model was proposed to account for the findings in Mandarin. In the 

following sections, the findings of all the experiments in this thesis will be summarised. 

Theoretical issues associated with the L2 Mandarin word production and recognition model 

will then be discussed in relation to these findings. Finally, future work regarding the newly 

proposed model as well as research related to accent adaptation in relation to Cantonese-

accented Mandarin speech will be proposed.   

 

6.1 Second language speech and interlanguage speech intelligibility benefit 

6.1.1 Cantonese-accented English: Mispronunciations at the phonological level 

When an English word is mispronounced by non-native speakers due to negative 

transfer from the L1 phonetic or phonological system, the resultant pronunciation can 

become either a nonword or another real word. The intelligibility of such 

mispronunciations in the latter case was examined in Chapter 2 using Cantonese-accented 

English using a word transcription task. The results showed that Cantonese listeners are 
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better than native English listeners in understanding the intended word spoken by a 

Cantonese speaker (i.e., ISIB-Listener) when a high frequency word (e.g., thin) is 

mispronounced as a low frequency word (e.g., fin), but not vice versa (e.g., a low frequency 

word buzz mispronounced as a high frequency word bus). Moreover, an interesting 

phenomenon was observed in the combined analysis of Experiments 1 and 2 whereby 

Cantonese were able to differentiate English words (e.g., beat vs. bit) produced by 

Cantonese speakers, while English listeners were not. The suggestion therefore was that 

Cantonese speakers use non-native cues to produce and perceive certain L2 contrasts. 

Nevertheless, no ISIB-Talker was observed inasmuch as Cantonese listeners found words 

produced by the English speaker to be more intelligible than those produced by the 

Cantonese speaker in both Experiments 1 and 2. This was the case no matter whether the 

intended word had a higher frequency than the mispronounced word or not, or whether the 

intended word was mispronounced by the Cantonese speaker or not. Finally, mismatched 

ISID was observed in Experiment 1 as Japanese listeners were poorer than both Cantonese 

and English listeners in their ability to recognise words produced by the Cantonese speaker, 

indicating that the inability of non-native listeners to understand L2 speech from another 

group of non-native listeners was due to the mismatch in L2 mispronunciation patterns 

between these groups of non-native listeners.   

 

6.1.2 Cantonese-accented Mandarin: Homophonic transfer at the lexical level 

Accent can be expressed in Cantonese-accented Mandarin at the lexical level due to 

the large number of cognates in Cantonese and Mandarin (e.g., O6 ‘beauty’ , pronounced 

mei5 in Cantonese and mei3 in Mandarin, and +æ ‘ tail’ , pronounced mei5 in Cantonese and 
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wei3 in Mandarin). Based on the RHM (Kroll and Stewart, 1994), it was hypothesised in 

Chapter 3 that Cantonese speakers may mistakenly think that words that are homophones in 

Cantonese are also homophones in Mandarin, thus leading to mispronunciations such as 

mei3 for +æ and wei3 for O6. The Mandarin production data obtained from Cantonese 

speakers in Experiment 3 indeed confirmed that this was the case for most of the Cantonese 

homophone pairs that were tested. However, an asymmetry was also observed where one 

word in the homophone pair was mispronounced more often in Mandarin than the other 

word (e.g., +æ was mispronounced as mei3, but O6 was not mispronounced as wei3). 

Moreover, there were mispronunciations such as mi3 for the word +æ which could not be 

explained by negative homophonic transfer. The asymmetry in the production of Cantonese 

homophones in Mandarin and the unexpected mispronunciations mentioned above lead to 

the conclusion that the production of Mandarin words by Cantonese speakers was 

influenced by the systematic correspondence between Cantonese and Mandarin 

pronunciations at the sublexical level (i.e., onset and rime).  

Further support for this sublexical explanation came from the Mandarin pinyin 

transcription task of Experiments 6A and 6B where Cantonese speakers gave more accurate 

pronunciations for regular Mandarin onset and rime words (i.e., following the dominant 

correspondence) than irregular ones (i.e., following a subdominant correspondence). In 

addition to this effect of regularity, the mispronunciations by Cantonese speakers seem to 

have been influenced by whether the onset was pronounced the same in Cantonese and 

Mandarin (i.e., a congruency effect), as indicated by a higher accuracy rate for irregular-

congruent than regular-incongruent onset words in Experiment 7A. 
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In terms of speech intelligibility, the word transcription task of Experiment 3 showed 

that Cantonese listeners were better than Mandarin listeners in understanding the Cantonese 

mispronunciations, thus providing evidence for ISIB-Listener at the lexical level. It was 

further shown that the benefit for Cantonese listeners may partly be due to sound similarity 

between the Mandarin pronunciation and the Cantonese-accented pronunciation, but only 

for Cantonese speakers with low Mandarin phonological proficiency.    

 

6.1.3 Cantonese-accented Mandarin: Tone mispronunciations at the sublexical level 

As outlined in Chapter 4, Mandarin tone productions of Cantonese speakers were 

hypothesised to be influenced by Cantonese-Mandarin tone correspondence such that 

irregular tone words (e.g., -å ‘hat’ , pronounced with tone 2 in Cantonese and tone 4 in 

Mandarin) would be mispronounced using the dominant tone correspondence (e.g., 

Mandarin tone 3). This kind of mispronunciation cannot be explained by perceptual factors 

as only Mandarin tones 1 vs. 4 and tones 2 vs. 3 have been reported to be confused by 

Cantonese speakers phonetically (So & Best, 2010). Such sublexical mispronunciations by 

Cantonese speakers were confirmed in a Mandarin production task (Experiment 4), a 

character-sound matching task (Experiment 5), and a pinyin transcription task (Experiment 

6C).  

The recognition of these Mandarin tone-mispronounced words by Cantonese and 

Mandarin listeners was examined in Experiment 4 using a disyllabic word transcription task. 

ISIB-Talker was found for Cantonese listeners with low Mandarin phonological proficiency 

in that they understood the mispronounced version better than the correctly pronounced 

version. However, no ISIB-Listener was found as Cantonese listeners (both with high and 
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low Mandarin phonological proficiency) did not outperform the Mandarin listeners in 

understanding the Mandarin tone-mispronounced words.  

 

6.1.4 Overview 

Previous research into L2 speech processing has largely focused on accent that is 

realised at the acoustic/phonetic and phonological level. This thesis has demonstrated that 

L2 speech production can also be influenced by the L1 at the lexical and sublexical level 

where the Mandarin mispronunciations by Cantonese speakers were due to homophonic 

transfer from Cantonese (Experiment 3) as well as the dominant correspondence between 

Cantonese and Mandarin onsets, rimes, and tones (Experiments 3-6).   

Regarding the mutual intelligibility of L2 speech, many factors have been shown in 

the past which may influence whether ISIB can be found: Native language of the speakers 

and listeners (Bent & Bradlow, 2003; Stibbard & Lee, 2006), L2 phonological proficiency 

of the speakers and listeners (Hayes-Harb et al., 2008; Smith et al., 2009), acoustic features 

of the L2 speech (Bent et al., 2008; Hayes-Harb et al., 2008; Smith et al., 2009), and lexical 

properties such as neighborhood density (Imai et al., 2004). This thesis expands on this line 

of research by investigating the existence and non-existence of ISIB for L2 speech where 

accent arises at different levels of speech: Phonological, sublexical, and lexical. As in the 

previous studies, the present results show that L2 phonological proficiency is a mediating 

factor (Experiments 3 and 4). Moreover, it is also shown that whether ISIB-Talker and 

ISIB-Listener can be found is highly dependent on the characteristics of the items chosen 

(Experiments 1-4).  
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6.2 L2 word production and recognition model 

On the basis of the empirical findings of Experiments 3 to 7, a three-route L2 

Mandarin word production and recognition model was proposed to provide a theoretical 

framework to account for the ISIB effects found in this study. 

 

6.2.1 Mechanisms 

According to the model, three routes are used by Cantonese speakers in producing and 

recognising L2 Mandarin words: Concept, lexical, and sublexical. The concept route links 

the concept and the correct L2 Mandarin phonological representation directly, whereas the 

lexical route links the concept and the correct L2 Mandarin phonological representation 

through the L1 Cantonese phonological representation. The existence of a lexical route 

explains the Mandarin mispronunciations by Cantonese speakers due to negative 

homophonic transfer from Cantonese in Experiment 3. As in the RHM, the existence of 

both a concept and lexical route accounts for developmental changes where beginning L2 

learners rely on the lexical link in L2 word production because of the weak connection 

between the concept and the L2 phonological representation. Additional to the RHM 

framework is the sublexical route which activates the concept and L2 Mandarin 

phonological representation through L1-L2 onset, rime, and tone pronunciation 

correspondence (Experiments 3 to 6). Apart from the activation arising from L1-L2 

Cantonese pronunciation correspondence, the L1 Cantonese onset also sends extra 

activation to the L2 Mandarin onsets with the same pronunciation (Experiment 7A).  

Concerning Cantonese speakers with different L2 phonological proficiency, beginning 

learners mainly use the sublexical route in both L2 Mandarin word production and 

recognition. However, with increasing L2 Mandarin phonological proficiency (as 
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determined from their accuracy rates in the Mandarin word production task), the individual 

gradually shifts from the sublexical to concept route in producing Mandarin words, while 

both routes are still in active use to generate possible word candidates in L2 Mandarin word 

recognition (Experiments 3 and 4). 

In the L2 word production model, the sublexical route requires a more sophisticated 

knowledge of the relationship between Cantonese and Mandarin than does the lexical route. 

The sublexical activations require the language user to extract the statistically consistent 

similarities between Cantonese and Mandarin across a large number of examples, whereas 

the concept route only requires the learning of a single association. It may seem, then, that 

it would be more efficient for L2 learners to use the concept route instead of the sublexical 

route from the start because the concept route will always derive the correct pronunciation. 

Moreover, in learning to read an alphabetic script, children initially learn whole-word 

associations between orthography and phonology (referred to as the “ logographic stage”) 

and only later learn the letter-to-sound rules (e.g., Adams, 1990; Frith, 1985). In addition, 

the models presented in the previous chapters are based on correspondence statistics of 

advanced learners and it may be argued that such statistics are not applicable to beginning 

learners who have had a lower exposure to the Mandarin words. However, it should be 

noted that the mechanisms of learning new words in an L2 is different from that of learning 

an L1. In the following section, a hypothetical beginning Cantonese learner of Mandarin is 

used to illustrate how it is computationally possible for the sublexical route to develop 

more strongly than a whole-word pathway (concept or lexical) in the L2 Mandarin word 

production model. 
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6.2.2 Computational modelling 

Let us assume that when a Mandarin word is heard by a Cantonese speaker, the 

connection between the concept and the L2 Mandarin phonological representation is 

strengthened by one activation unit. At the same time, the connection between the L1 

Cantonese and L2 Mandarin phonological representation, and that between the L1 

Cantonese and L2 Mandarin sublexical units (i.e., onset, rime, and tone) will all be 

strengthened by one unit8,9. It should be noted that there are some phonemes in Mandarin 

that do not exist in the Cantonese inventory (e.g. onset q and x). However, Cutler, Weber, 

and Otake (2006) and Weber and Cutler (2004) argue that such L2 phonemes have distinct 

representations at the lexical level despite the potential for Cantonese speakers to 

perceptually confuse them with their L1 counterparts. Therefore, those L2 sublexical units 

that do not exist in their L1 are considered as distinct units in our model and are not 

assimilated to their L1 categories. The statistics for these sublexical units are calculated 

using the same method as other L2 sublexical units that exist in their L1.   

For example, upon hearing the regular-onset word O6 ‘beauty’  (pronounced mei5 in 

Cantonese and mei3 in Mandarin), the connection between the concept ‘beauty’  and the L2 

Mandarin phonological representation mei3 is strengthened by one activation unit. As the 

word is also linked to the L1 phonological representation and there are associations 

between the L1 and L2 phonological representations, the connections between Cantonese 

                                                
8 Although major computational models such as the Parallel Distributed Processing (PDP) Model use a set of 

phonological features to represent each unit (phonemes), the sublexical units are represented using phonemes 

in this thesis for the sake of simplicity because all the sublexical correspondences between Cantonese and 

Mandarin exist at this level rather than at the level of phonological features.  
9 The computational model presented in this section is just a preliminary proposal where we assume the 

strengthening of one unit between the L1 and L2 concept, lexical and sublexical units with each exposure. 
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phonological representation mei5 and Mandarin phonological representation mei3, 

Cantonese onset m and Mandarin onset m, Cantonese rime ei and Mandarin rime ei, and 

Cantonese tone 5 and Mandarin tone 3 will all be strengthened by one activation unit as 

well. Similarly, when another regular-onset word ‘mother’  *e (pronounced maa1 in 

Cantonese and ma1 in Mandarin) is heard, the connection between the concept ‘mother’  

and the L2 Mandarin phonological representation ma1, the connections between Cantonese 

phonological representation maa1 and Mandarin phonological representation ma1, as well 

as the connections between Cantonese onset m and Mandarin onset m, Cantonese rime aa 

and Mandarin rime a, and Cantonese tone 1 and Mandarin tone 1 will all be strengthened 

by one activation unit. After the exposure to these two regular-onset words, the resultant 

connection strength between Cantonese onset m to Mandarin onset m is two activation units. 

Using the Cantonese-Mandarin pronunciation correspondence terminology, there is a 100% 

correspondence between Cantonese onset m and Mandarin onset m.  

When an irregular-onset word +æ ‘ tail’  (pronounced mei5 in Cantonese and wei3 in 

Mandarin) is heard, the connection between the concept ‘ tail’  and the L2 Mandarin 

phonological representation wei3, the connections between Cantonese phonological 

representation mei5 and Mandarin phonological representation wei3, as well as the 

connections between Cantonese onset m and Mandarin onset w, Cantonese rime ei and 

Mandarin rime ei, Cantonese tone 5 and Mandarin tone 3 will all be strengthened by one 

unit. After the exposure to the two regular-onset words and one irregular-onset word, the 

resultant connection strength between Cantonese onset m and Mandarin onset m is two 

units while that between Cantonese onset m and Mandarin onset w is one unit. Using the 

Cantonese-Mandarin pronunciation correspondence terminology, the correspondence 
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between Cantonese onset m and Mandarin onset m is dropped to 67% while that between 

the Cantonese onset m and Mandarin onset w is increased to 33% respectively.  

The accumulated activations from the concept, lexical and sublexical routes after the 

sequential exposure to the above words are summarised in Table 6.1. Now, if the Cantonese 

speaker would like to pronounce the irregular-onset word+æ ‘tail’  in Mandarin, the 

activation of the Mandarin syllable wei3 from the concept route is one unit, while that of 

the Mandarin syllable mei3 from the lexical route is one unit. For the sublexical activation, 

however, two units of Mandarin onset m and one unit of Mandarin onset w are activated 

while two units of Mandarin rime ei and two units of Mandarin tone 3 are activated. If the 

L2 sublexical onset, rime, and tone units are re-combined to form a syllabic activation unit, 

mei3 and wei3 will have eight and four levels of activation units respectively. As a result, 

mei3 and wei3 will have a total of nine and five levels of activation units respectively from 

the concept, lexical, and sublexical routes. Therefore, the syllable mei3 will have a higher 

chance to be pronounced over wei3 by beginning Cantonese learners of Mandarin due to its 

higher activation level in this model.  

It should be noted that the introduction of the regular words before the irregular words 

for the Cantonese speaker in this example is simply an illustration of the fact that there are 

more regular than irregular words, such that there is a higher probability for the Cantonese 

speaker to be exposed to a regular word first. There may be a chance that the first word to 

be exposed to the Cantonese speaker is an irregular onset word (e.g., +æ ‘tail’ ), and hence 

the subdominant correspondence Cantonese onset m to Mandarin onset w may initially have 

a 100% correspondence. However, this will only be a temporary situation because the 
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correspondence will be lowered to become sub-dominant after more regular words are 

inevitably encountered with increasing exposure to Mandarin. 

Regarding the pronunciation correspondence, the percentages shown in this 

computational model are based on token frequency, where every encounter with a word has 

an impact on the correspondence regardless of whether it has already been encountered. In 

contrast, the percentages referred to in Chapters 3 to 5 were based on type frequency (i.e., 

the number of words bearing the particular correspondence) because these were the only 

correspondence statistics available in the literature, and there is no existing corpus for 

Mandarin spoken word frequency. Despite this, though, whether type or token frequency 

was used in generating items in the experiments should not have had a major impact on the 

findings because regular and irregular words were chosen in such a way that there was a big 

difference in terms of their pronunciation correspondence patterns. Therefore, it is unlikely 

that a regular word will become an irregular word (or vice versa) if token instead of type 

frequency were employed, as there are likely to only be a few cases where high token 

frequency words will cause an irregular correspondence to become a dominant 

correspondence (or vice versa). 
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In the computational model, the total activation levels of the incorrect L2 Mandarin 

phonological representations for irregular words from the lexical and sublexical levels will 

always be higher than the activation level of the correct L2 Mandarin phonological 

representation from the concept route. For example, as seen in Table 6.1, the Cantonese 

speaker was exposed to five words, with two instances of the regular-onset word O6 

‘beauty’, one instance of the regular-onset word *e ‘mother’  and two instances of the 

irregular-onset word +æ ‘ tail’ . The resulting correspondence is 60% and 40% for Cantonese 

m to Mandarin m and Cantonese m to Mandarin w respectively (or 67% and 33% if type 

frequency is used). When the Cantonese speaker wants to produce the irregular-onset word 

+æ ‘ tail’ , the pronunciation wei3 will have two units of activation from the concept route 

and another two units of activation from the lexical route, while the pronunciation mei3 will 

have two units of activation from the lexical route. From the sublexical route, mei3 and 

wei3 will receive 4810 and 3211 levels of activation units respectively. As a result, the 

incorrect Mandarin phonological representation mei3 has a higher level of activation than 

that of the correct Mandarin phonological representation wei3 from the concept, lexical, 

and sublexical routes (i.e., 50 units vs. 36 units). With more connections for the Cantonese 

onset m to Mandarin onset m correspondence with increasing exposure, its combination 

with the rime and tone activation unit will only widen the gap of activation between the 

regular and irregular words.  

In Chapters 3 and 4, it was proposed that Cantonese speakers will gradually shift from 

the use of the sublexical route to concept route in producing Mandarin words with 

                                                
10 3 units of Mandarin onset m x 4 units of Mandarin rime ei x 4 units of Mandarin tone 3 
11 2 units of Mandarin onset w x 4 units of Mandarin rime ei x 4 units of Mandarin tone 3 
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increasing Mandarin phonological proficiency, in order to account for the correct Mandarin 

production by advanced Cantonese learners of Mandarin. Such shifting is explained in the 

form of an inhibitory mechanism which Cantonese speakers use to suppress the activation 

of the L1 Cantonese phonological representations, as well as its Cantonese sublexical 

representations. This will help to reduce the activation of the incorrect L2 Mandarin 

phonological representation through the lexical and sublexical route for both regular and in 

particular irregular words, as only the concept route can activate the correct L2 Mandarin 

phonological representation for the latter.  

This inhibitory mechanism is analogical to the production of other Indo-European 

languages (e.g., English) by Cantonese speakers. With increasing L2 English proficiency, 

Cantonese speakers may be able to perceive and produce the English contrast /��/-/f/ that 

does not exist in their L1. However, this may require considerable attention and effort from 

the Cantonese speaker to inhibit the negative influence from the L1 phonological system, 

and the Cantonese accent characteristics may still appear in their L2 speech if a 

conversation requires too much cognitive effort. 

It was proposed in Chapters 3 and 4 that Cantonese speakers will continue to use the 

sublexical route in recognising Mandarin words with increasing L2 Mandarin phonological 

proficiency. This can be explained by the non-existence of the inhibitory mechanisms in L2 

Mandarin word recognition when compared with its existence in L2 Mandarin word 

production in this computational model. In the Mandarin word production model, the L1 

Cantonese phonological representations in Figure 3.6 can be inhibited with increasing L2 

Mandarin phonological proficiency in order to avoid the negative influence from 

Cantonese-Mandarin sublexical correspondence. However, it is possible that the activation 

of the L1 Cantonese phonological and sublexical representations in Figure 3.7 cannot be 
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suppressed without the inhibition of the L2 Mandarin sublexical representations. If they 

were inhibited and hence only the concept route could be employed, the fact that advanced 

Cantonese learners of Mandarin can still recognise the mispronounced Mandarin words 

better than Mandarin listeners in Experiment 3 could not be explained. 

 

6.3 Directions for future research 

The current L2 Mandarin word production and recognition model has been developed 

mainly on the basis of off-line tasks (i.e., word transcription, Mandarin pinyin transcription, 

and character-sound matching). The involvement of the use of the sublexical route in L2 

Mandarin word recognition can be further examined using on-line methods such as eye-

tracking and event-related potential (ERP).  

 

6.3.1 Eye-tracking paradigm 

Eye-tracking allows examination of the time course of the activation of different word 

candidates by using the “visual-world”  paradigm where participants listen to a spoken 

sentence or word and then see four different words on the screen at the same time (e.g., 

Huettig & McQueen, 2007; McQueen & Viebahn, 2007). The proportion of fixations on 

different words at different points of time is assumed to reflect the amount of activation for 

those words at that time. Applying this paradigm to test the L2 Mandarin recognition model, 

it is hypothesised that when the word for ‘ghost’ is presented in Mandarin (i.e., mo2gui3), 

its written form jüjä will initially attract fewer fixations from Cantonese L2 listeners than 

will the word H•4Ž ‘friction’ (pronounced mo4caat3 in Cantonese and mo2cai4 in 

Mandarin), particularly for those with low L2 Mandarin proficiency. This is because the 

sublexical route will generate higher activation for the concept H• ‘grind’  (pronounced mo4 
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in Cantonese) than the concept jü  ‘devil’ (pronounced mo1 in Cantonese) when the first 

syllable is processed as the dominant tone correspondence for Mandarin tone 2 is 

Cantonese tone 4 instead of tone 1. However, upon processing the second syllable, 

Cantonese listeners should be seen to shift their attention to the correct word jüjä  ‘ghost’, 

as the concept H• ‘grind’ does not combine with the second syllable gui3 ‘ghost’  to form a 

meaningful word. Without the involvement of the sublexical route, the relative activation of 

the words H• ‘friction’ and jü ‘devil’  upon hearing mo2 will purely depend on the relative 

frequency of the two words by both Cantonese and Mandarin listeners.  

 

6.3.2 Event-related potential (ERP) 

Using event-related potential (ERP), the recognition model can also be tested using the 

N400 effect which is an indicator of semantic violation (e.g., Schirmer, Tang, Penney, 

Gunter, & Chen, 2005). Semantic violation occurs when a sentence with incompatible 

meanings is processed. A larger N400 effect is observed when an incongruent sentence 

(e.g., The man is cooking with a wall.) is processed as opposed to a congruent sentence 

(e.g., The man is cooking with a pan.) Based on the proposed model, it is expected that a 

larger N400 effect (i.e., neurolinguistic evidence for ISIB-Talker) will be observed when 

beginning Cantonese learners of Mandarin hear the correctly pronounced Mandarin version 

(e.g., mo2gui3) when compared with the tone-mispronounced version (e.g., mo1gui3) of an 

irregular tone word (e.g., jüjä ‘ghost’). This is because the most highly activated word 

candidate (e.g., H• ‘grind’) , generated using the sublexical route from the correctly 

pronounced version (e.g., mo2), cannot be combined with the second syllable (e.g., gui3) to 

form a meaningful word. In contrast, the most highly activated word candidate (e.g., jü 
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‘devil’) generated from the mispronounced version (e.g., mo1) can, assuming that word-

level plausibility shows the same ERP effects as sentence-level plausibility.  

 

6.3.3 Implementation of the computational model 

The current model has the potential to be implemented computationally using a large 

corpus of monosyllabic and multisyllabic Mandarin production data collected from many 

Cantonese speakers with different levels of L2 Mandarin phonological proficiency in 

standardised Mandarin testing. The computational model proposed in 6.2.2 can then be 

used to simulate the behavioral findings reported in this thesis. It can also be used to 

examine the relative contribution of regularity and congruency in L2 Mandarin word 

production.  

 

6.3.4 Extending the L2 word production and recognition model to Japanese 

The proposed model of L2 word production and recognition is not intended for 

Mandarin only. It can be used to examine the production and recognition of words in other 

languages and dialects as well. One such example is the production of Japanese words by 

Cantonese speakers. Some Japanese words are orthographically represented by Chinese 

characters (kanji) for which the pronunciation is borrowed in ancient times from China. Lee 

(1992) did a comparative analysis between the pronunciation of these kanji in Cantonese 

and Japanese and calculated the correspondence between the two languages in terms of 

onset, rime, and coda. Table 6.2 shows the major pronunciation relationships between 

Cantonese and Japanese for Cantonese codas. For example, most words that are 

pronounced with the Cantonese coda t are pronounced with the mora tsu in Japanese, while 
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most words that are pronounced with the coda k in Cantonese are pronounced with the 

mora ku in Japanese.  

 
Table 6.2: Major Cantonese-Japanese pronunciation correspondence for Cantonese codas (Lee, 1992) 

Cantonese coda Japanese 
mora 

Percentage Example Cantonese/ Japanese 
pronunciations 

     p u  (long vowel) 75.9% 7Ÿ ‘collect’   zaap6 / shuu 

     t tsu 78.6% ':  ‘sudden’   dat6 / totsu 

     k ku 77.6% "I  ‘special’   dak6 / toku 

     m n 97.7% �ö  ‘minus’   gaam2 / gen 

     n n 99.1% )¾ ‘busy’   faan4 / han 

     ng u (long vowel) 75.0% �Q ‘increase’   zang1 / zou 

 

Chu (2009) investigated whether Cantonese speakers with different proficiency in 

Japanese make use of these Cantonese-Japanese coda pronunciation correspondences in 

generating the Japanese pronunciation using an offline multiple-choice task. All the target 

words chosen in the study were pronounced with the dominant Cantonese-Japanese 

pronunciation relationship. Participants were shown a disyllabic kanji word (e.g., J)@Þ 

‘suddenly’, pronounced dat6jin4 in Cantonese and totsuzen in Japanese) and were asked to 

choose the correct pronunciation from four alternative Japanese pronunciations. They were 

encouraged to guess which one was the correct pronunciation if they had not learnt those 

words before. The pronunciations of the target syllable of the four alternatives either ended 

with the mora tsu (e.g., totsuzen), the long vowel (e.g., touzen), the mora ku (e.g., tokuzen), 

or the mora n (e.g., tonzen). Results showed that even beginning learners performed above 

chance level in choosing the correct Japanese pronunciation, despite having no knowledge 

about the pronunciation of those particular words according to the level of the Japanese 

classes they were taking. So, the study by Chu (2009) demonstrates that the L2 production 
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model can also be applied to the case where Japanese is the target L2. Further research 

could therefore be carried out to demonstrate whether it can also be applied to other L1 and 

L2 language pairs such as Cantonese and Korean, where pronunciation correspondences 

between these two languages also exist (Chu, 2008).  

 

6.3.5 Adaptation to accented speech 

Previous studies have shown that native listeners can adapt to phonetically-deviant 

speech (e.g., words pronounced with a slightly deviant /s/) after only a brief exposure (e.g., 

Norris, McQueen, & Cutler, 2003). However, it is not clear whether such adaptation can be 

applied to phonological-deviant speech when a phoneme is mispronounced as another 

phoneme by non-native speakers (e.g., /��/ mispronounced as /f/). As seen in Chapter 2, 

phonologically deviant speech can produce real words (e.g., thin mispronounced as fin) or 

nonwords (e.g., faith mispronounced as faif). By initially exposing native listeners to latter, 

it is expected that native listeners would expand their phonemic category (e.g., /��/) to 

accommodate the deviant phonological form (e.g., /f/) to facilitate their understanding of 

accented speech. In this way, the word fin spoken by a Cantonese speaker might be more 

likely to be treated subsequently as thin by a native English listener than it would otherwise 

be (as long as the listener is expecting to hear words rather than nonwords).  

Recent research on perceptual learning in speech has shown that native listeners can 

re-tune their native phonemic category upon hearing deviant pronunciations (Maye, Aslin, 

& Tanenhaus, 2008; Norris, McQueen, & Cutler, 2003). This re-tuning is beneficial for 

listeners because they can adapt to the idiosyncrasies of different speakers and aid mutual 

communication. Moreover, it was shown that this re-tuning of native phonemic category 

affected words that had never been heard before (McQueen, Norris, & Cutler, 2006), 
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supporting the existence of abstract prelexical representations. However, whether this 

adjustment of pre-existing sound categories can be generalised to novel speakers may 

depend on the particular type of consonants, where stop sounds can be generalised, but 

fricatives cannot (Eisner & McQueen, 2005; Kraljic & Samuel, 2006, 2007). Future studies 

may explore whether native Mandarin listeners can adapt to the lexically influenced MP’s 

of Cantonese speakers with exposure to such accented speech and, if adaption takes place, 

the underlying mechanisms responsible for it.  

 

6.3.6 Word recovery mechanisms from mispronounced words 

When a mispronunciation is heard in English and the mispronounced word becomes a 

nonword, listeners tend to change the vowel instead of the consonant in recovering the 

intended meaning (van Ooijen, 1996). For example, upon hearing the mispronunciation 

/k�-bra/, English listeners tend to interpret it as cobra rather than zebra. Even though similar 

results have been found in other Indo-European languages such as Dutch and Spanish 

(Cutler, Sebastian-Galles, Soler-Vilageliu, & van Ooijen, 2000), it still remains unclear 

whether such preference for vowels over consonants can be observed in Mandarin as well. 

Mandarin has a tone component while most Indo-European languages do not, and more 

syllables in Mandarin have their own meanings than is the case for Indo-European 

languages. Upon hearing a mispronounced Mandarin disyllabic word that is a nonword 

(e.g., the potential Cantonese pronunciation of the word 'search' 3Ä7• sou1cha2 as the 

nonword sou3cha2), will native Mandarin listeners prefer to change the vowel (or rime) 

rather than the consonant in attempting to recover the meaning of the word? Or will they 

prefer to change the tone rather than the consonant or vowel/rime? Since the first syllable in 
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the mispronounced word will already activate word candidates, will they prefer to change 

the sublexical units in the second syllable rather than the first syllable? How do word 

frequency and the number of words sharing the syllable interact with the word recovery 

mechanisms? The answers to these questions may impose further constraints on current 

word recognition models. 

 

6.3.7 Individual differences in accent adaption ability 

From this thesis, it is clear that accents in an L2 may cause a problem for speakers 

of different language backgrounds who want to use that L2 to communicate with each other 

and with native speakers. Although the ultimate goal of language learning is to ask non-

native speakers to improve their pronunciation accuracy, it cannot be achieved in a short 

period of time and the improvement may vary from one person to another. In order to 

facilitate the communication between non-native and native speakers, we may alternatively 

approach this issue from the perspective of listeners. However, while having knowledge 

about the native language of the non-native speaker may enhance the perception of their 

accented speech, it is impossible for people to master the native languages of all non-native 

speakers. Instead, what can be investigated are individual differences in the ability to 

understand accented speech and whether accent adaption is related to cognitive factors 

involved in problem solving skills (e.g., IQ, attention span, short term memory, creativity, 

phonological awareness). Training could be provided in those areas which may indirectly 

improve skills on the perception of accented speech. 
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6.4 Concluding remarks 

Broersma (2012) and Broersma and Cutler (2007, 2011) showed that non-native 

listeners activate more word candidates for the same speech input in L2 speech when 

compared with native listeners, given the sound confusions that exist at the phonological 

level. For example, the word deaf /d�-f/ is activated upon hearing the first syllable of the 

word daffodil /dæf�%d�<l/ (i.e., /dæf/) by Dutch listeners owing to their confusion of /�-/-/æ/. 

However, as their L2 lexical representations are intact despite their inaccurate perception at 

the phonetic level (Cutler et al., 2006; Weber & Cutler, 2004), the spurious word candidate 

deaf is not inhibited and remains active upon hearing the whole word daffodil. This implies 

that the comprehension of L2 speech might be less efficient for non-native listeners than 

native listeners as the competition and subsequent inhibition of incompatible word 

candidates may take longer for non-native listeners. In the L2 word recognition model 

proposed here, Cantonese listeners are also expected to activate more Mandarin word 

candidates than native Mandarin listeners upon hearing native Mandarin speech, though the 

mechanism is different from that in Broersma (2012) and Broersma and Cutler (2007, 2011) 

in that the activation is due to L1-L2 sound correspondence at the lexical and sublexical 

level. However, the activation of spurious word candidates by non-native listeners may 

nonetheless give them an advantage over native listeners in recognising mispronounced 

words as shown in the current study on Mandarin as well as on English. 

Current models of L2 speech perception such as the Perceptual Assimilation Model 

(Best, 1995; Best et al., 2001; Best & Tyler, 2007) and the Speech Learning Model (Flege, 

1995) indicated that the perception of L2 speech is filtered through the L1 phonological 

system and particularly for beginning learners. These models are based on empirical 

evidence that focused at the acoustic-phonetic and phonological levels. The current study 
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indicates that L2 word production and recognition can also be influenced by the native 

language at the lexical and sublexical level. The proposed L2 Mandarin word production 

and recognition model also provides a theoretical framework to account for ISIB. However, 

as the current study makes use of offline measures, future studies may use online tasks (e.g., 

eye-tracking) to examine the computational aspects of this model.  
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Appendices 

Appendix A  : IPA symbols for Cantonese and Mandarin romanisations 

A.1 IPA symbols for Cantonese romanisations 

 

Onset 

Romanisation IPA Example 

 b [p]  nã ‘nose’  

 p [ph]  2s ‘ throw’ 

 m [m]  *e ‘mother’  

 f [f]  Iy ‘science’  

 d [t]  (Â ‘many’  

 t [th]  gÕ ‘head’  

 n [n]  �� ‘ you’  

 l [l]  O© ‘old’  

 z [ts]  G• ‘know’ 

 c [tsh]  ft ‘ female’  

 s [s]  /Å ‘ think’  

 j [j]  X� ‘clothes’  

 g [k]  +^ ‘home’  

 k [kh]  9ó ‘bridge’  

 h [h]  W� ‘shrimp’  

 ng [�¾]  B� ‘ teeth’  

 gw [kw]  &³ ‘country’  

 kw [kwh]  7î ‘ frame’  

 w [w]  V• ‘ frog’  
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Rime 

Romanisation IPA Example Romanisation IPA Example 

 aa [a] �!B��!‘ teeth’   oeng [œ�¾] �!aw�!‘measure’  

 aai [ai] �!(Ï�!‘big’  eot [øt] �!C/�!‘probability’  

 aau [au] �!�L�!‘hand in’   oek [œk] �!Q��!‘ foot’  

 aam [am] �!�±�!‘ three’   o [�'] �! c�!‘silly’  

 aan [an] �!%V�!‘single’   oi [�'i] �!0Ã�!‘ love’  

 aang [a�¾] �!Fš�!‘blind’   ou [ou] �!O©�!‘old’  

 aap [ap] �!lÐ�!‘duck’   on [�'n] �!�&�!‘dry’  

 aat [at] �!;b�!‘kill ’   ong [�'�¾] �!nk�!‘ yellow’  

 aak [ak] �!J,�!‘narrow’  ot [�'t] �!=Ü�!‘ thirsty’  

 ai [�#i] �!LØ�!‘small’   ok [�'k] �!Yz�!‘angle’  

 au [�#u] �!B•�!‘dog’   i [i] �!X��!‘clothes’  

 am [�#m] �!8–�!‘ forest’   iu [iu] �!+·�!‘small’  

 an [�#n] �!]‡�!‘ follow’   im [im] �!+¾�!‘shapr’  

 ang [�#�¾] �!F‡�!‘alliance’   in [in] �!.��! ‘ year’  

 ap [�#p] �!/Í�! ‘urgent’   ing [�<�¾] �!g��!‘quiet’  

 at [�#t] �!�«�!‘seven’   ip [ip] �!Sñ�!‘ leaf’  

 ak [�#k] �!(��!‘block’  it [it] �!AY�!‘hot’ 

 e [�-] �!Aá�!‘ father’   ik [�<k] �!̀��!‘adequate’ 

 ei [ei] �!���! ‘ you’   u [u] �!@w�!‘black’  

 eng [�-�¾] �!\·�! ‘win’   ui [ui] �!7��!‘cup’  

 ek [�-k] �!+â�!‘ ruler’   un [un] �!H?�!‘bowl’  

 oe [œ] �!g��!‘boots’   ung [�\�¾] �!�Õ�!‘central’  

 eoi [øy] �!;Ü�!‘water’   ut [ut] �!<ã�!‘ live’  

 eon [øn] �!̂Ò�!‘wheel’   uk [uk]  !� ‘six’  
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Tone 

Romanisation Pitch value Description Example 

1 55 High level 0ê ‘poem’  

2 25 High rising �• ‘history’  

3 23 Mid level 0è ‘try’  

4 21 Mid-low falling �ì ‘time’  

5 23 Mid-low rising �w ‘city’  

6 22 Mid-low level �Ý ‘yes’  

7 5 High stopped �M ‘one’  

8 3 Mid stopped 
µ ‘eight’  

9 2 Mid-low stopped �¥ ‘day’  
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A.2 IPA symbols for Mandarin romanisations 

 

Onset 

Romanisation IPA Example 

 b [p]  nã ‘nose’  

 p [ph]  2s ‘ throw’ 

 m [m]  *e ‘mother’  

 f [f] hƒ ‘ fly ’  

 d [t]  (Â ‘many’  

 t [th]  gÕ ‘head’  

 n [n]  �� ‘ you’  

 l [l]  O© ‘old’  

 g [k]  G• ‘know’ 

 k [kh]  Iy ‘science’  

 h [x]  /Å ‘ think’  

 j [t�(]  G• ‘know’ 

 q [t�(h]  ft ‘ female’  

 x [�(]  /Å ‘ think’  

 zh [t�T]  X� ‘clothes’  

 ch [t�Th]  +^ ‘home’  

 sh [�T]  9ó ‘bridge’  

 r [�b]  W� ‘shrimp’  

 z [ts]  &³ ‘country’  

 c [tsh]  7î ‘ frame’  

 s [s]  V• ‘ frog’  
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Rime 

Romanisation IPA Example Romanization IPA Example 

 a [a]  ;b ‘kill ’   in [in]  /k ‘heart’  

 o [�']  �� ‘buddist’   iang [ja�¾]  0› ‘ think’  

 e [�ö��]  $• ‘brother’   ing [i�¾]  5Ç ‘star’  

 ai [�D�ð]  �. ‘come’   iong [j���¾]  P  ‘chest’  

 ei [e�<]  O6 ‘beauty’   u [u]  @w ‘black’  

 ao [�×��]  O© ‘old’   ua [wa]  V• ‘ frog’  

 ou [�ê��]  3Ä ‘search’   uo [w�']  (Â ‘many’ 

 an [an]  Uu ‘blue’   uai [w�D�ð]  († ‘bad’  

 en [�%n]  JÐ ‘stupid’   uei [we�<]  @� ‘gray’  

 ang [�×�¾]  1ç ‘house’   uan [wan]  3ƒ ‘change’  

 eng [�%�¾]  Jñ ‘wait’   uen [w�%n]  ̂ Ò ‘wheel’  

 ong [���¾]  �Õ ‘middle’   uang [w�×�¾]  Z² ‘ lie’  

 i [i]  �¨ ‘one’   ueng [w�%�¾]  Oi ‘old man’  

 ia [ja]  "H ‘add’   ü [y]  )� ‘ female’  

 ie [j�-]  +“ ‘write’   üe [�7œ]  6° ‘moon’  

 iao [j�×��]  5� ‘ teach’   üan [n]  &º ‘garden’  

 iou [j�ê��]  1* ‘worry’   ün [yn]  60 ‘ faint’  

 ian [j�%n]  A� ‘smoke’      ‘’  
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Tone 

Romanisation Pitch value Description Example 

1 55 level �Ž ‘mother’  

2 35 rising ;Þ ‘hemp’  

3 214 dipping 9? ‘horse’  

4 51 falling *, ‘blame’  

0  neutral �. ‘adverbial particle’  
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Appendix B  : Stimulus items  

 

B.1 Stimulus items for English word transcription task in Experiments 1 and 2 

 HF    LF    

Control    Intended  Target  Intended  Target  

wife /wa�<f/ song /s�'�¾/ death /d�-��/ deaf /d�-f/ buzz /b� ẑ/ bus /b� ŝ/ 

low /lo�\/ jar /�va/ blood /bl� d̂/ bud /b� d̂/ flight /fla�<t/ fight /fa�<t/ 

fun /f� n̂/ win /w�<n/ gas /gæs/ guess /g�-s/ glow /glo�\/ go /go�\/ 

way /we�</ warm /w�'m/ place /ple�<s/ pace /pe�<s/ plot /pl�'t/ pot /p�'t/ 

luck /l� k̂/ wash /w�'�U/ thin /���<n/ fin /f�<n/ run /r� n̂/ one /w� n̂/ 

get /g�-t/ tense /tns/ rate /re�<t/ wait/weight /we�<t/ rock /r�'k/ walk /w�'k/ 

fish /f�<�U/ pick /p�<k/ right/write /ra�<t/ white /wa�<t/ rent /r�-nt/ went /w�-nt/ 

book /b�\k/ laugh /laf/ bag /bæg/ beg /b�-g/ bad /bæd/ bed /b�-d/ 

push /p�\�U/ boss /b�'s/ beach /bi�y/ bitch /b�<�y/ tan /tæn/ ten /t�-n/ 

hurt /h�.t/ ink /�<�¾k/ cheap /�yip/ chip /�y�<p/ beat /bit/ bit /b�<t/ 

work /w�.k/ dim /dm/ heat /hit/ hit /h�<t/ Eat /it/ it /�<t/ 

say /se�</ cow /ka�\/ scene/seen /sin/ sin /s�<n/ sheep /�Uip/ ship /�U�<p/ 

face /fe�<s/ wick /w�<k/ serve /s�.v/ surf /s�.f/ save /se�<v/ safe /se�<f/ 

yet /j�-t/ word /w�.d/ play /ple�</ pay /pe�</ click /kl�<k/ kick /k�<k/ 

sick /s�<k/ sum /s� m̂/ split /spl�<t/ spit /sp�<t/ plane /ple�<n/ pain /pe�<n/ 

part /pat/ web /w�-b/ blow /blo�\/ bow /bo�\/ flute /flut/ foot /f�\t/ 

touch /t�^�y/ jet /�v�-t/ ring /r�<�¾/ wing /w�<�¾/ rich /r�<�y/ which /w�<�y/ 

sing /s�<�¾/ task /task/ zoo /zu/ sue /su/ rot /r�'t/ what /w�'t/ 

king /k�<�¾/ net /n�-t/ thought /���'t/ fought/fort /f�'t/ raw /r�'/ war /w�'/ 

nice /na�<s/ knife /na�<f/ pan /pæn/ pen /p�-n/ rat /ræt/ wet /w�-t/ 

    pack /pæk/ peck /p�-k/ bat /bæt/ bet /b�-t/ 

    deep /dip/ dip /d�<p/ dad /dæd/ dead /d�-d/ 

    feet /fi t/ fit /f�<t/ seat /sit/ sit /s�<t/ 

    sleep /slip/ slip /sl�<p/ bean /bin/ bin /b�<n/ 
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B.2 Target items for Mandarin disyllabic word transcription task in Experiment 

3A 

 

Type Target 

Cantonese 

pronunciation 

Mandarin 

pronunciation 

Mandarin MP 

pronunciation 

Target  

items Gloss Correct Target MP Target 

C Is cau1 qiu1 chou1 Is(Ñ  ‘autumn' qiu1tian0 chou1tian0 

C $$ fu1 hu1 fu1 $$#à ‘breathe' hu1xi1 fu1xi1 

C +æ mei5 wei3 mei3 +æ-œ ‘tail'  wei3ba0 mei3ba0 

C P� sing1 sheng1 xing1 P�g›  ‘sound' sheng1yin0 xing1yin0 

N  í cong1 chong1 cong1  í>§  ‘full'  chong1man3 cong1man3 

C `Ø loen4 lin2 lun2 `Ø+í ‘neighbour' lin2ju0 lun2ju0 

* 'Ù bou4 bao4 bu4 'Ù#µ ‘register' bao4ming2 bu4ming2 

* 4u cou1 cao1 cu1 4u'Ü ‘playground' cao1chang3 cu1chang3 

N ^S san1 shen2 xin1 ^Sj|  ‘body' shen1ti3 xin1ti3 

C /u jan2 ren3 yin3 /uO¸ ‘endurance' ren3nai4 yin3nai4 

C Z� coeng4 xiang2 chang2 Z�LØ ‘detail' xiang2xi4 chang2xi4 

* "… sing3 sheng4 xing4 "…!Ñ ‘victory' sheng4li4 xing4li4 

C `  syn2 xuan3 sun3 ` Q± ‘election' xuan3ju3 sun3ju3 

N _û dou6 dao4 du4 _û]— ‘road' dao4lu4 du4lu4 

* 5‘ zou2 zao3 zu3 5‘�²  ‘morning' zao3shang0 zu3shang0 

N X„ bou2 bu3 bao3 X„Oz ’tutorial'  bu3xi2 bao3xi2 

* %, sin6 shan4 xian4 %,R� ‘indhearted' shan4liang2 xian4liang2 

N =0 siu1 xiao1 shao1 =0(Ù ‘disappear' xiao1shi1 shao1shi1 

* \P fo3 huo4 ke4 \PB�  ‘cargo' huo4wu4 ke4wu4 

N �Õ zong1 zhong1 zong1 �Õ5/  ‘Chinese' zhong1wen2 zong1wen2 

C 5· fan1 hun1 fen1 nk5·  ‘evening' huang2hun1 huang2fen1 

C �I mong4 wang2 mang2 ;#�I  ‘death' si3wang2 si3mang2 

N )s ci2 shi3 chi3 e3)s ‘start' kai1shi3 kai1chi3 

N  A bei6 bei4 bi4 YÕ A ‘facility'  she4bei4 she4bi4 

C @Þ jin4 ran2 yan2 E�@Þ ‘certainly' dang1ran2 dang1yan2 

C [; joeng6 rang4 yang4 IV[;  ‘comity' li3rang4 li3yang4 

C .7 zoei6 xu4 ju4 :É.7  ‘order' ci4xu0 ci4ju0 

* 34 zoeng2 zhang3 jiang3 1ó34 ‘palm' shou3zhang3 shou3jiang3 

N J• zaam6 zhan4 zan4 MåJ• ‘terminal' zong3zhan4 zong3zan4 

N "Q zo6 zhu4 zuo4 .�"Q  ‘help' bang1zhu4 bang1zuo4 

C <i fong3 kuang4 fang4 0m<i ‘situation' qing2kuang4 qing2fang4 

N +� gwai3 ji4 gui4 &ƒ+� ‘four season' si4ji4 si4gui4 

N 7� cuk1 shu4 su4 Lø7� ‘finish' jie2shu4 jie2su4 

C 0ô fong1 huang1 fang1 j�0ô  ‘frightened' jing1huang1 jing1fang1 

* Mæ zik1 ji1 zhi1 1¸Mæ ‘result' cheng2ji0 cheng2zhi0 

* &è zi2 zhi3 zi3 &Ø&è ‘address' di4zhi3 di4zi3 

C �• zuk6 su2 zu2 _Â�•  ‘understandable' tong1su2 tong1zu2 

N �ä zik6 zhi2 ji2  ¡�ä  ‘value' jia4zhi2 jia4ji2 

C +ý zin2 zhan3 jian3 F$+ý ‘develop' fa1zhan3 fa1jian3 

N <c zi6 zhi4 zi4 M�<c ‘govern' tong3zhi4 tong3zi4 

Note. C = Cantonese sounding items; N = Non-Cantonese sounding items; * = Removed items 
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B.3 Target items for Mandarin disyllabic word transcription task in Experiment 

3B 

 
 

Type Target 

Cantonese 

pronunciation 

Mandarin 

pronunciation 

Mandarin MP 

pronunciation 

Target  

items Gloss Correct Target MP Target 

N 2e cau1 chou1 qiu1 2e\	  ‘abstract’ chou1xiang4 qiu1xiang4 

N (Ó fu1 fu1 hu1 (Ó)c ‘couple’ fu1qi1 hu1qi1 

N O6 mei5 mei3 wei3 O6+a ‘beauty’ mei3rong2 wei3rong2 

N 5Ç sing1 xing1 sheng1 5ÇC« ‘planet’ xing1qiu2 sheng1qiu2 

C P� cong1 cong1 chong1 P�5¶ ‘beautiful’ cong1ming0 chong1ming0 

N ^Ò loen4 lun2 lin2 ^ÒQá ‘ship’ lun2chuan2 lin2chuan2 

* -« bou4 bu4 bao4 -«"á  ‘cloth’  bu4pi3 bao4pi3 

* L? cou1 cu1 cao1 L?k�  ‘rude’ cu1lu3 cao1lu3 

N 5X san1 xin1 shen1 5X?� ‘trendy’ xin1chao2 shen1chao2 

N fY jan2 yin3 ren3 fYGF ‘hide’ yin3man2 ren3man2 

N Q  coeng4 chang2 xiang2 Q Pk ‘stomach’ chang2wei4 xiang2wei4 

* ){ sing3 xing4 sheng4 /Ï7ä  ‘personality’ xing4ge2 sheng4ge2 

N 3µ syn2 sun3 xuan3 3µ+[ ‘damage’ sun3hai4 xuan3hai4 

C .N dou6 du4 dao4 .N�ï  ‘enjoy a holiday’ du4jia4 dao4jia4 

* Hþ zou2 zu3 zao3 HþAÞ ‘grandfather’ zu3fu4 zao3fu4 

N �… bou2 bao3 bu3 �…E� ‘preserve’ bao3liu2 bu3liu2 

* OP sin6 xian4 shan4 OP0ý ‘admire’ xian4mu0 shan4mu0 

N Az siu1 shao1 xiao1 Az@Œ ‘grill’  shao1kao3 xiao1kao3 

* ZZ fo3 ke4 huo4 ZZ6Ô ‘textbook’ ke4ben3 huo4ben3 

C +? zong1 zong1 zhong1 +?5� ‘religion’  zong1jiao4 zhong1jiao4 

N !® fan1 fen1 hun1 "é!® ‘very’ shi2fen1 shi2hun1 

N /• mong4 mang2 wang2 Mé/• ‘busy’ fan2mang2 fan2wang2 

N 0
 ci2 chi3 shi3 OF0
 ‘shame’ xiu1chi3 xiu1shi3 

C `' bei6 bi4 bei4 _«`'  ‘evade’ tao2bi4 tao2bei4 

N Y¨ jin4 yan2 ran2 ZFY  ̈ ‘language’ yu3yan2 yu3ran2 

N 9Ë joeng6 yang4 rang4 9D9Ë ‘model’ bang3yang4 bang3rang4 

N P� zoei6 ju4 xu4 &ÀP� ‘reunion’ tuan2ju4 tuan2xu4 

* Bö zoeng2 jiang3 zhang3 gÕBö ‘first prize’ tou2jiang3 tou2zhang3 

N 6S zaam6 zan4 zhan4 G•6S ‘transient’ duan3zan4 duan3zhan4 

N .O zo6 zuo4 zhu4 ��&ø  ‘ride’  cheng2zuo4 cheng2zhu4 

N 4æ fong3 fang4 kuang4 4U4æ ‘broadcast’ bo1fang4 bo1kuang4 

N \\ gwai3 gui4 ji4 5ª\\  ‘expensive’ ang2gui4 ang2ji4 

C _Ç cuk1 su4 shu4 /“_Ç  ‘quick’ kuai4su4 kuai4shu4 

N 5a fong1 fang1 huang1 7�5a ‘oriental’  dong1fang1 dong1huang1 

* Mü zik1 zhi1 ji1 M•Mü ‘weave’ bian1zhi1 bian1ji1 

* *ø zi2 zi3 zhi3 e�*ø  ‘eldest son’ zhang3zi3 zhang3zhi3 

N 5w zuk6 zu2 su2 IÖ5w ‘race’ zhong3zu2 zhong3su2 

N Kõ zik6 ji2 zhi2 &³Kõ ‘nationality’ guo2ji2 guo2zhi2 

N "� zin2 jian3 zhan3 Xi"�  ‘cut out’ cai2jian3 cai2zhan3 

N *ÿ zi6 zi4 zhi4 >Ê*ÿ ‘Chinese character’ han4zi4 han4zhi4 

Note. C = Cantonese sounding items; N = Non-Cantonese sounding items; * = Removed items 
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B.4 Control items used in Experiments 3A and 3B 

 
Target items Gloss Cantonese pronunciation Mandarin pronunciation 

f‹_ö �! ‘sad’ naan4gwo3 nan2guo4 

�‹X� �! ‘represent’ doi6biu2 dai4biao3 

.�&ï �! ‘average’ ping4gwan1 ping2jun1 

#u1q�! ‘reaction’ faan2jing3 fan3ying4 

(ï/Ò �! ‘strange’ kei4gwaai3 qi2guai4 

F³Y3�! ‘see’ hon3gin3 kan4jian4 

P¥(È�! ‘be able to’ nang4gau3 neng2gou4 

3x�C�! ‘provide’ tai4gung1 ti2gong1 

=à<›�! ‘swim’  jau4wing6 you2yong3 

PW+B�! ‘affirm’  hang2ding6 ken3ding4 

f% ñ�! ‘sunshine’ joeng4gwong1 yang2guang1 

a‹k� �! ‘fishing’ diu3jyu2 diao4yu2 

3Ô+�̂! ‘move house’ bun1gaa1 ban1jia1 

f£/� �! ‘movie’ din6jing2 dian4ying3 

g¸eÚ�! ‘prevent’ jyu6fong4 yu4fang2 

.�^½ �! ‘young’ nin4cing1 nian2qing1 

6³#s�! ‘friend’ pang4jau5 peng2you3 

`(Zs �! ‘invite’ jiu1cing2 yao1qing3 

4á_Ú�! ‘improve’ goi2zoen3 gai3jin4 

Yhn† ‘viewpoint’  gwun1dim2 guan1dian3 
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B.5 Target items for disyllabic word transcription task in Experiment 4 

 

Target 

Cantonese 

pronunciation 

Mandarin 

pronunciation 

Mandarin MP 

pronunciation 

Target  

items Gloss Correct Target MP Target 

jü * mo1 mo2 mo1 jüjä  ‘devil’  mo2gui3 mo1gui3 

Z
 soen1 xun2 xun1 Z
$÷ ‘inquire’ xun2wen4 xun1wen4 

PR fong1 fang2 fang1 PªPR ‘fat’  zhi1fang2 zhi1fang1 

:T mung1 meng2 meng1 :`:T  ‘lemon’ ning2meng2 ning2meng1 

4i jung2 yong1 yong3 4i6± ‘possess’ yong1you3 yong3you3 

J‡* ging2 jing4 jing3 J‡@Þ ‘unexpectedly’ jing4ran2 jing3ran2 

3Ä sau2 sou1 sou3 3Ä7• ‘search’ sou1cha2 sou3cha2 

"ñ wai2 hui4 hui3 RY"ñ ‘flower’  hua1hui4 hua1hui3 

�Ø gu2 gu1 gu3 Yý�Ø ‘assess’ ping2gu1 ping2gu3 

#� gyn2 juan4 juan3 Z�#�  ‘exam paper’ shi4juan4 shi4juan3 

1� koi3 kai3 kai4 1�%® ‘sigh with regret’ kai3tan4 kai4tan4 

0<* fui3 hui3 hui4 0<4á repent' hui3gai3 hui4gai3 

 @ saan3 san3 san4 f• @ ‘umbrella’ yu3san3 yu3san4 

?I cou3 zao3 zao4 <¿?I ‘bath’ xi3zao3 xi3zao4 

6Ç* kei4 qi1 qi2 6Ç/-  ‘expect’ qi1dai4 qi2dai4 

/€ mong4 wang4 wang2 /€YÀ ‘forget’ wang4ji4 wang2ji4 

>D lau4 liu1 liu2 >D!X ‘i ce-skating’ liu1bing1 liu2bing1 

Zd ji4 yi4 yi2 #sZd ‘friendship’ you3yi4 you3yi2 

;2 sy4 shu1 shu2 B!;2  ‘special’ te4shu1 te4shu2 

/V mei4 wei1 wei2 ^½/V ‘slight’  qing1wei1 qing1wei2 

?“ laam5 lan4 lan3 ?“DÐ ‘abuse’ lan4yong4 lan3yong4 

[� ji5 yi4 yi3 [�Z~  ‘discuss’ yi4lun4 yi3lun4 

#B* hau5 hou4 hou3 [ø#B ‘wealthy’ feng1hou4 feng1hou3 

*� * fu5 fu4 fu3 �ã*�  housewife' zhu3fu4 zhu3fu3 

Pø fu6 fu3 fu4 Pø4ÿ ‘corrupt’  fu3bai4 fu4bai4 

nã bei6 bi2 bi4 nã*ø ‘nose’ bi2zi0 bi4zi0 

2ý* bou6 bu3 bu4 _¥2ý ‘hunt’ zhui1bu3 zhui1bu4 

+¶ dou6 dao3 dao4 2¯+¶ ‘supervise’ zhi3dao3 zhi3dao4 

Note. Item marked with an asterisk (*) was removed from analysis. 
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B.6 Control items used in Experiment 4 

 

Target items Gloss Cantonese pronunciation Mandarin pronunciation 

f% ñ�! ‘sunshine’ joeng4gwong1 yang2guang1 

3Ô+�̂! ‘move house’ bun1gaa1 ban1jia1 

f£/� �! ‘movie’ din6jing2 dian4ying3 

g¸eÚ�! ‘prevent’ jyu6fong4 yu4fang2 

.�^½ �! ‘young’ nin4hing1 nian2qing1 

6³#s�! ‘friend’ pang4jau5 peng2you3 

`(Zs �! ‘invite’ jiu1cing2 yao1qing3 

4á_Ú�! ‘improve’ goi2zoen3 gai3jin4 

Yhn†�! ‘viewpoint’  gwun1dim2 guan1dian3 

f‹_ö �! ‘sad’ naan4gwo3 nan2guo4 

�‹X� �! ‘represent’ doi6biu2 dai4biao3 

#u1q�! ‘reaction’ faan2jing3 fan3ying4 

P¥(È�! ‘be able to’ nang4gau3 neng2gou4 

3x�C�! ‘provide’ tai4gung1 ti2gong1 
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B.7 Stimulus items for Mandarin character-sound matching task in Experiment 5 

 

Regular-tone words Irregular-tone words 

 

Word 

 

Cantonese 

Mandarin 

Matched 

Mandarin 

Mismatched 

 

Stroke 

 

Log freq 

 

Word 

 

Cantonese 

Mandarin 

Matched 

Mandarin 

Mismatched 

 

Stroke 

 

Log freq 

2: syu1 shu1 shu2 7 2.17 %Ú zaau1 chao2 chao1 15 2.14 

0� gung1 gong1 gong3 10 2.28 Z² fong1 huang3 huang1 17 2.20 

QB fu1 fu1 fu2 15 2.35 :T mung1 meng2 meng1 18 1.91 

R� cong1 cang1 cang2 16 2.39 ft ci1 ci2 ci1 14 2.44 

%± gaa1 jia1 jia2 14 2.54 )« waa1 wa2 wa1 9 2.56 

`r gaau1 jiao1 jiao2 8 2.56 PR fong1 fang2 fang1 8 2.56 

O‰ fei2 fei3 fei4 14 1.51 4  mo2 mo1 mo3 14 2.89 

)Þ coei2 qu3 qu1 11 2.05 L¦ gau2 jiu1 jiu3 8 2.85 

T� dung2 dong3 dong1 13 2.65 3Ä sau2 sou1 sou3 12 2.67 

3Æ gaau2 gao3 gao4 13 3.45 -å mou2 mao4 mao3 12 2.82 

2& zao2 zhao3 zhao4 7 3.51 L¨ gei2 ji4 ji3 9 3.51 

+“ se2 xie3 xie4 15 3.77 f
 jyun2 yuan4 yuan3 9 3.76 

/ý su3 shu4 shu3 10 1.77 ?I cou3 zao3 zao4 16 1.83 

Z= daan3 dan4 dan3 15 2.33 0< fui3 hui3 hui4 10 2.29 

Om ci3 chi4 chi3 10 2.47  @ saan3 san3 san4 12 2.47 

Oˆ coei3 cui4 cui3 14 2.48 1� koi3 kai3 kai4 12 2.48 

i} gaa3 jia4 jia3 15 2.62 7l beng3 bing3 bing4 9 2.61 

(— zong3 zhuang4 zhuang3 7 3.03 '| bou3 pu3 pu4 10 3.03 

*t jim4 xian2 xian1 13 2.37 .` jung4 yong1 yong2 11 2.37 

!t ling4 ling2 ling1 10 2.47 ?Œ tou4 tao1 tao2 17 2.48 

6� cing4 qing2 qing1 12 2.51 0H jau4 you1 you2 11 2.51 

.ž yin4 yan2 yan1 8 3.31 #� ngai4 wei1 wei2 6 3.31 

<³ joeng4 yang2 yang4 9 3.49 /€ mong4 wang4 wang2 7 3.03 

gÕ tau4 tou2 tou1 16 4.11 6Ç kei4 qi1 qi2 12 4.07 

1ž lan5 lan3 lan4 19 2.12 g£ wan5 yun4 yun3 19 2.12 

Qï teng5 ting3 ting4 13 2.57 Z@ jau5 you4 you3 14 2.54 

*Oe jyu5 yu3 yu4 6 2.68 *PB tou5 du4 du3 7 2.67 

>§ mun5 man3 man4 14 3.73 �ä ci5 si4 si3 7 3.63 

iT ma5 ma3 ma4 10 3.90 -ª si5 shi4 shi3 5 3.80 

gÀ ling5 ling3 ling4 14 4.00 [� ji5 yi4 yi3 20 3.92 

JÐ ban6 ben4 ben3 11 2.16 <› wing6 yong3 yong4 8 2.24 

�Î gyun6 juan4 juan3 10 2.17 ]ð dou6 dao3 dao4 17 2.16 

:k gwai6 gui4 gui3 18 2.31  ± gim6 jian3 jian4 15 2.28 

=• zing6 jing4 jing3 11 3.12 ^¼ fu6 fu3 fu4 14 2.81 

.Ç dai6 di4 di3 7 3.16 2ý bou6 bu3 bu4 10 3.16 

#• sau6 shou4 shou3 8 3.98 nã bei6 bi2 bi4 14 2.71 

Remarks: Items marked with an asterisk (*) were excluded from data analysis.  

Can = Cantonese pronunciation; No MP = Mandarin matched pronunciation; MP = Mandarin tone-mismatched pronunciation;  

Log freq = Log frequency. 
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B.8 Stimulus items used in Experiment 6A (Onset regularity effect) 

 

  Regular-onset words   Irregular-onset words 

Cantonese 

onset 

Mandarin 

onset 

 

Correspondence Word Stroke Log freq  

Mandarin 

onset 

 

Correspondence Word Stroke Log freq 
b b 91% `2 18 4.10  p 8% $i 9 4.12 

b b 91% !X 6 3.07  p 8% '	 8 3.08 

b b 91% 7l 9 2.61  p 8% P~ 9 2.36 

b b 91% .² 14 2.38  p 8% ?¹ 18 2.05 

d d 96% f2 11 4.02  t 2% B! 10 4.11 

d d 96% �º 10 3.51  t 2% J) 9 3.51 

d d 96% Qe 17 2.88  t 2% ]· 15 2.88 

d d 96% f} 16 2.77  zh 2% I‘ 10 2.83 

m m 83% ;¹ 5 4.49  w 17% $÷ 11 4.19 

m m 83% $% 8 4.21  w 17% B� 8 4.39 

m m 83% "‡ 13 2.10  w 17% T» 15 2.06 

m m 83% Z¶ 17 1.90  w 17% V2 10 1.95 

p p 87% /½ 8 3.35  b 12% �µ 10 3.35 

p p 87% Yý 12 3.34  b 12% M• 15 3.33 

p p 87% O‘ 15 1.82  b 12%  5 12 2.15 

p p 87% Q¾ 15 1.72  b 12% ?½ 19 1.73 

t t 93% Y¶ 10 3.39  d 6% F¦ 9 3.39 

t t 93% �U 9 2.68  d 6% PB 7 2.67 

t t 93% hY 14 1.81  d 6% QÝ 11 2.03 

t t 93% !ë 9 1.58  d 6% IY 18 1.71 
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B.9 Stimulus items used in Experiment 6B (Rime regularity effect) 

 
  Regular-rime words   Irregular-rime words 

Cantonese 

rime 

Mandarin 

rime 

 

Correspondence Word Stroke Log freq  

Mandarin 

rime 

 

Correspondence Word Stroke Log freq 
aai ai 59% -Þ 11 3.57  a 2% 2q 8 3.88 

aai ai 59% 9� 13 1.93  ie 21% 1º 7 2.43 

aap a 54% Jü 12 3.37  i 14% Oz 11 3.82 

aap a 54% e@ 13 2.49  i 14% Y� 22 2.81 

aau ao 62% 2& 7 3.51  ua 3% 2; 7 3.32 

aau ao 62% %Ú 15 2.14  ua 3% AÒ 4 2.26 

ak e 55% !ï 9 4.04  ei 14% ny 12 3.619 

ak e 55% "z 11 3.08  o 14% (P 15 2.99 

ang eng 81% F# 12 3.07  ing 10% .  8 2.99 

ang eng 81% ,Ñ 11 2.49  ong 5% +7 7 2.56 

i i 93% *ø 3 4.56  er 5% O´ 6 4.53 

i i 93% IÂ 13 2.06  e 1% .i 12 1.81 

ik i 92% .· 6 4.12  e 2% R� 6 3.25 

ik i 92% /! 7 2.84  yu 1% '‡ 11 3.25 

ing ing 70% Zs 15 3.54  eng 22% "… 12 3.50 

ing ing 70% Dž 11 2.90  eng 22% 2P 8 1.92 

uk u 72% �k 9 3.34  ou 4% AG 15 3.42 

uk u 72% Ig 7 1.91  ou 4% LM 12 2.03 

ung ong 71% J" 8 3.90  eng 15% hP 9 3.95 

ung ong 71% /ˆ 8 2.93  eng 15% Vª 13 2.49 
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B.10 Stimulus items used in Experiment 6C (Tone regularity effect) 

 

  Regular-tone words   Irregular-tone words 

Cantonese 

tone 

Mandarin 

tone 

 

Correspondence Word Stroke Log freq  

Mandarin 

tone 

 

Correspondence Word Stroke Log freq 
1 1 93% �• 5 2.56  2 3% PR 8 2.56 

1 1 93% >s 12 2.54  2 3% )« 9 2.56 

1 1 93% gU 18 2.43  2 3% ft 14 2.44 

1 1 93% QB 15 2.35  2 3% :T 18 1.91 

1 1 93% ^h 18 2.13  2 3% %Ú 15 2.14 

1 1 93% Bí 13 2.19  3 1% Z² 17 2.20 

2 3 90% +“ 15 3.77  4 5% f
 9 3.76 

2 3 90% 2& 7 3.51  4 5% L¨ 9 3.51 

2 3 90% 3Æ 13 3.45  4 5% (+ 14 3.46 

2 3 90% O‰ 14 1.51  4 5% "ñ 5 1.80 

2 3 90% )Þ 11 2.05  1 5% 1� 14 2.03 

2 3 90% T� 13 2.65  1 5% 3Ä 12 2.67 

3 4 91% (— 7 3.03  3 4% '| 10 3.03 

3 4 91% "5 15 2.61  3 4% 7l 9 2.61 

3 4 91% Oˆ 14 2.48  3 4% 1� 12 2.48 

3 4 91% /ý 10 1.77  3 4% ?I 16 1.83 

3 4 91% Z= 15 2.33  3 4% 0< 10 2.29 

3 4 91% C  19 2.47  3 4%  @ 12 2.47 

4 2 93% _Z 13 4.07  1 4% 6Ç 12 4.07 

4 2 93% R� 7 3.52  1 4% /V 13 3.53 

4 2 93% .ž 8 3.31  1 4% #� 6 3.31 

4 2 93% *t 13 2.37  1 4% .` 11 2.37 

4 2 93% !t 10 2.47  1 4% ?Œ 17 2.48 

4 2 93% 6� 12 2.51  1 4% 0H 11 2.51 

5 3 76% gÀ 14 4.00  4 22% [� 20 3.92 

5 3 76% iT 10 3.90  4 22% -ª 5 3.80 

5 3 76% >§ 14 3.73  4 22% �ä 7 3.63 

5 3 76% 1ž 19 2.12  4 22% g£ 19 2.12 

5 3 76% Qï 13 2.57  4 22% Z@ 14 2.54 

5 3 76% *Oe 6 2.68  4 22% *PB 7 2.67 

6 4 94% #• 8 3.98  3 3% +¶ 16 4.00 

6 4 94% �€ 5 3.15  3 3% 2ý 10 3.16 

6 4 94% =• 11 3.12  3 3% ^¼ 14 2.81 

6 4 94% �Î 10 2.17  3 3% ]ð 17 2.16 

6 4 94% \Œ 15 2.24  3 3% <› 8 2.24 

6 4 94% :k 18 2.31  3 3%  ± 15 2.28 

Note. Items marked with an asterisk were removed from analysis. 
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B.11 Stimulus items used in Experiment 7A (Onset congruency effect) 

 

  Regular-incongruent onset words   Irregular-congruent onset words 

Cantonese 

onset 

Mandarin 

onset 

 

Correspondence Word Stroke Log freq  

Mandarin 

onset 

 

Correspondence Word Stroke Log freq 
k q 51% C« 11 3.68  k 15% 2? 7 3.56 

k q 51% Nâ 10 3.42  k 15% g� 15 3.48 

k q 51% 5• 14 3.19  k 15% #	 5 3.23 

k q 51%  y 14 2.79  k 15% 2� 6 2.77 

k q 51% 2› 10 2.53  k 15% ?� 15 2.38 

k q 51% -/ 14 1.73  k 15% 9� 13 1.93 

g j 59% .¢ 9 4.19  g 38% !� 4 4.19 

g j 59% �L 6 3.98  g 38% 4á 7 3.96 

g j 59% �r 4 3.89  g 38% 9s 13 3.8 

g j 59% YÀ 10 3.88  g 38% Yh 25 3.87 

g j 59%  ¡ 15 3.72  g 38% Z� 13 3.72 

g j 59% ZÃ 17 3.71  g 38% #ò 7 3.68 

g j 59% Mr 14 3.65  g 38% (È 11 3.60 

g j 59% P4 6 2.73  g 38% Iç 15 2.82 

g j 59% bÎ 16 2.69  g 38% B• 8 2.78 

g j 59% 2ø 10 2.59  g 38% eK 14 2.47 

g j 59% -¦ 3 2.47  g 38% ^T 10 2.09 

g j 59% *i 13 2.39  g 38% ,¿ 11 2.73 

g j 59% iý 22 2.34  g 38% L} 16 2.30 

g j 59% h« 14 1.95  g 38% Q7 14 2.34 

 

B.12 Stimulus items used in Experiment 7B (Rime congruency effect) 
 

  Regular-incongruent rime words   Irregular-congruent rime words 

Cantonese 

rime 

Mandarin 

rime 

 

Correspondence Word Stroke Log freq  

Mandarin 

rime 

 

Correspondence Word Stroke Log freq 

ei i 77% fŠ 18 3.91  ei 17% g�  8 3.84 
ei i 77% 2( 7 3.83  ei 17%  A 12 3.82 
ei i 77% *�© 6 3.70  ei 17% *\c  12 3.65 
ei i 77% at  7 3.57  ei 17% hƒ 9 3.58 
ei i 77% <% 7 3.47  ei 17% PM 8 3.41 
ei i 77% %D 12 3.36  ei 17% "ù 8 2.41 
ei i 77% I¨  12 2.94  ei 17% 0Z 12 2.92 
ei i 77% EZ 10 2.53  ei 17% H9 13 2.45 
ei i 77% hŠ 10 1.79  ei 17% jí  15 1.91 
ei i 77% IO 16 1.73  ei 17% O‰ 14 1.51 

Note. Items marked with an asterisk were removed from analysis.  
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Appendix C  : Data  

 

C.1 Accuracy rates for items in Experiment 1 

High Frequency Intended condition 
English speaker Cantonese speaker 

No. Items 
English  
listener 

Cantonese  
listener 

Japanese  
listener 

English  
listener 

Cantonese  
listener 

Japanese  
listener 

1  death 1.00  0.70  0.90  0.20  0.90  0.20  

2  gas 0.70  0.10  0.20  0.00  0.20  0.00  

3  thin 0.30  0.30  0.40  0.10  0.70  0.00  

4  place 1.00  1.00  1.00  0.00  0.30  0.00  

5  beach 1.00  0.90  0.90  0.50  0.50  0.60  

6  cheap 1.00  0.90  0.90  0.10  0.70  0.00  

7  heat 1.00  0.70  0.60  0.00  0.20  0.10  

8  play 1.00  1.00  1.00  0.00  0.00  0.00  

9  serve 0.90  0.80  0.60  0.60  1.00  0.40  

10  ring 1.00  0.90  1.00  0.30  0.70  0.10  

11  split 1.00  0.60  0.80  0.00  0.10  0.10  

12  pan 0.90  0.20  0.90  0.50  0.20  0.50  

13  pack 1.00  0.90  0.90  0.40  1.00  0.60  

14  deep 1.00  0.80  1.00  0.10  1.00  0.40  

15  feet 1.00  0.70  0.60  0.50  0.50  0.40  

16  sleep 1.00  1.00  1.00  0.50  1.00  1.00  

 
Low Frequency Intended condition 

English speaker Cantonese speaker 

No. Items 
English  
listener 

Cantonese  
listener 

Japanese  
listener 

English  
listener 

Cantonese  
listener 

Japanese  
listener 

1  buzz 1.00  0.20  0.40  0.00  0.00  0.00  

2  flight 1.00  0.90  1.00  0.00  0.10  0.00  

3  rent 1.00  0.50  0.60  0.20  0.20  0.10  

4  rock 1.00  0.90  1.00  0.00  0.00  0.00  

5  bad 0.90  0.20  1.00  0.50  0.40  0.50  

6  beat 1.00  0.40  0.80  0.10  0.30  0.20  

7  eat 1.00  1.00  1.00  0.20  0.70  0.30  

8  sheep 1.00  0.80  0.60  0.00  0.10  0.00  

9  save 1.00  0.60  0.80  0.00  0.80  0.00  

10  click 1.00  0.80  1.00  1.00  0.90  0.60  

11  flute 0.90  0.30  0.30  0.10  0.00  0.00  

12  plot 1.00  0.60  0.80  0.20  0.20  0.20  

13  rat 1.00  0.90  1.00  0.90  0.90  0.40  

14  bat 1.00  0.50  0.40  0.20  0.30  0.00  

15  dad 0.90  0.50  0.80  0.30  0.10  0.10  

16  seat 0.90  0.70  0.70  0.20  0.00  0.40  
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Control Condition 
English speaker Cantonese speaker 

No. Items 
English 
listener 

Cantonese 
listener 

Japanese 
listener 

English 
listener 

Cantonese 
listener 

Japanese 
listener 

1  wife 1.00  1.00  1.00  0.70  0.60  0.90  

2  low 1.00  0.80  0.40  0.70  1.00  0.60  

3  fun 1.00  0.80  0.70  1.00  0.90  0.90  

4  way 1.00  0.80  0.90  1.00  0.80  1.00  

5  luck 1.00  1.00  0.30  0.90  1.00  0.90  

6  get 1.00  0.90  1.00  1.00  1.00  0.90  

7  fish 1.00  1.00  1.00  1.00  1.00  1.00  

8  book 1.00  1.00  1.00  0.90  1.00  1.00  

9  push 1.00  1.00  1.00  1.00  1.00  1.00  

10  hurt 1.00  0.90  0.50  1.00  1.00  0.30  

11  work 1.00  1.00  0.90  1.00  1.00  1.00  

12  say 0.90  0.50  0.50  1.00  1.00  1.00  

13  face 1.00  1.00  1.00  1.00  1.00  1.00  

14  yet 1.00  0.90  1.00  0.90  1.00  1.00  

15  sick 1.00  0.90  1.00  1.00  0.90  1.00  

16  part 1.00  0.90  0.90  0.50  0.90  0.30  

17  touch 1.00  0.90  0.80  1.00  1.00  1.00  

18  sing 1.00  0.60  0.40  0.70  1.00  0.60  

19  song 1.00  1.00  0.90  0.80  1.00  0.30  

20  jar 1.00  1.00  0.90  0.40  0.60  0.40  

21  win 0.50  0.10  0.50  0.80  0.90  0.80  

22  warm 1.00  1.00  0.80  0.80  0.60  0.60  

23  wash 1.00  1.00  1.00  0.60  0.00  0.30  

24  tense 1.00  0.80  0.60  0.60  0.70  0.00  

25  pick 0.90  0.30  0.70  0.70  0.80  0.30  

26  laugh 0.90  0.60  0.80  1.00  1.00  0.80  

27  boss 0.90  1.00  0.90  0.60  0.40  0.50  

28  ink 1.00  1.00  1.00  0.70  0.90  0.70  

29  dim 1.00  0.60  0.70  0.70  0.60  0.90  

30  cow 1.00  0.80  0.80  0.90  0.70  0.40  

31  wick 0.60  0.10  0.50  0.10  0.20  0.20  

32  word 1.00  1.00  1.00  1.00  0.90  0.70  

33  web 1.00  0.70  0.90  0.20  0.50  0.00  

34  jet 1.00  1.00  1.00  1.00  0.90  0.70  

35  task 1.00  1.00  0.90  1.00  1.00  1.00  
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C.2 Accuracy rates for items in Experiment 2 

 

High Frequency Intended Condition 

  English speaker Cantonese speaker 

No. Items English listener Cantonese listener English listener Cantonese listener 
1  bus 1.00  0.90  0.80  0.10  

2  fight 0.90  0.80  0.00  0.00  

3  went 1.00  0.50  0.00  0.00  

4  walk 1.00  1.00  0.00  0.00  

5  bed 1.00  0.70  0.70  0.00  

6  bit 0.90  0.80  0.60  0.20  

7  it 1.00  0.10  0.00  0.00  

8  ship 1.00  0.60  0.20  0.30  

9  safe 1.00  0.30  0.30  0.20  

10  kick 1.00  0.70  0.00  0.00  

11  foot 0.90  0.60  0.10  0.00  

12  pot 1.00  0.70  0.10  0.00  

13  wet 1.00  0.90  0.00  0.00  

14  bet 0.90  0.50  0.40  0.10  

15  dead 1.00  0.90  0.40  0.20  

16  sit 1.00  0.90  0.10  0.10  

 

Low Frequency Intended Condition 

  English speaker Cantonese speaker 

No. Items English listener Cantonese listener English listener Cantonese listener 
1  deaf 0.80  0.30  0.10  0.00  

2  guess 0.80  0.90  0.80  0.80  

3  fin 0.80  0.20  0.20  0.10  

4  pace 1.00  0.30  0.00  0.00  

5  bitch 1.00  0.60  0.10  0.10  

6  chip 1.00  0.60  0.10  0.00  

7  hit 1.00  1.00  0.20  0.10  

8  pay 1.00  0.90  0.00  0.00  

9  surf 1.00  0.20  0.20  0.20  

10  wing 1.00  0.60  0.00  0.00  

11  spit 1.00  0.20  0.10  0.00  

12  pen 0.90  1.00  0.40  0.00  

13  peck 0.60  0.00  0.00  0.00  

14  dip 1.00  0.30  0.10  0.00  

15  fit 1.00  0.60  0.00  0.00  

16  slip 1.00  0.60  0.00  0.00  
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Control Condition 

No. Items English speaker Cantonese speaker 

  English listener Cantonese listener English listener Cantonese listener 
1  wife 1.00  1.00  1.00  1.00  

2  low 1.00  1.00  0.80  0.40  

3  fun 1.00  0.70  0.80  0.70  

4  way 1.00  0.60  0.80  0.90  

5  luck 1.00  1.00  1.00  0.30  

6  get 1.00  0.90  0.90  1.00  

7  fish 1.00  1.00  1.00  1.00  

8  book 1.00  1.00  1.00  1.00  

9  push 1.00  1.00  1.00  1.00  

10  hurt 1.00  1.00  0.90  0.50  

11  work 1.00  1.00  1.00  0.90  

12  say 0.90  0.70  0.50  0.50  

13  face 1.00  1.00  1.00  1.00  

14  yet 1.00  1.00  0.90  1.00  

15  sick 1.00  1.00  0.90  1.00  

16  part 0.90  0.80  0.90  0.90  

17  touch 1.00  0.90  0.90  0.80  

18  sing 1.00  0.90  0.60  0.40  

19  song 1.00  0.90  1.00  0.90  

20  jar 1.00  0.90  1.00  0.90  

21  win 0.80  0.00  0.10  0.50  

22  warm 1.00  0.80  1.00  0.80  

23  wash 1.00  0.90  1.00  1.00  

24  tense 0.70  1.00  0.80  0.60  

25  pick 0.90  0.50  0.30  0.70  

26  laugh 1.00  0.50  0.60  0.80  

27  boss 1.00  0.90  1.00  0.90  

28  ink 1.00  1.00  1.00  1.00  

29  dim 1.00  0.60  0.60  0.70  

30  cow 1.00  1.00  0.80  0.80  

31  wick 0.80  0.30  0.10  0.50  

32  word 1.00  1.00  1.00  1.00  

33  web 1.00  0.30  0.70  0.90  

34  jet 1.00  0.90  1.00  1.00  

35  task 1.00  1.00  1.00  0.90  
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C.3 Baseword response rates for target items in Experiment 2 

 

High Frequency Intended Condition 

No. Items English speaker Cantonese speaker 

 Baseword Target English listener Cantonese listener English listener Cantonese listener 
1  buzz bus 0.00  0.00  0.00  0.00  

2  flight fight 0.00  0.00  0.00  0.00  

3  rent went 0.00  0.00  0.00  0.00  

4  rock walk 0.00  0.00  0.00  0.00  

5  bad bed 0.00  0.00  0.60  0.70  

6  beat bit 0.00  0.10  0.40  0.70  

7  eat it 0.00  0.90  0.30  1.00  

8  sheep ship 0.00  0.30  0.00  0.00  

9  save safe 0.00  0.70  0.90  0.70  

10  click kick 0.00  0.10  0.00  0.00  

11  flute foot 0.00  0.00  0.00  0.00  

12  plot pot 0.00  0.00  0.00  0.00  

13  rat wet 0.00  0.00  0.00  0.00  

14  bat bet 0.00  0.00  0.80  0.40  

15  dad dead 0.00  0.10  0.10  0.10  

16  seat sit 0.00  0.10  0.00  0.00  

 

Low Frequency Intended Condition 

No. Items English speaker Cantonese speaker 

 Baseword Target 
English listener Cantonese listener English listener Cantonese listener 

1  death deaf 0.10  0.40  0.10  0.50  

2  gas guess 0.20  0.00  0.00  0.20  

3  thin fin 0.20  0.80  0.00  0.70  

4  place pace 0.00  0.00  0.00  0.20  

5  beach bitch 0.00  0.40  0.70  0.80  

6  cheap chip 0.00  0.30  0.20  0.90  

7  heat hit 0.00  0.00  0.00  0.30  

8  play pay 0.00  0.00  0.00  0.10  

9  serve surf 0.00  0.80  0.60  0.60  

10  ring wing 0.00  0.00  0.00  0.00  

11  split spit 0.00  0.00  0.10  0.20  

12  pan pen 0.10  0.00  0.30  0.20  

13  pack peck 0.00  0.80  0.50  0.80  

14  deep dip 0.00  0.70  0.30  0.90  

15  feet fit 0.00  0.10  0.50  0.70  

16  sleep slip 0.00  0.40  0.80  0.90  
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Control Condition 

No. Items English speaker Cantonese speaker 

 Baseword Target English listener Cantonese listener English listener Cantonese listener 

1  wife wife 1.00  1.00  0.80  0.20  

2  low low 1.00  1.00  0.90  1.00  

3  fun fun 1.00  0.70  1.00  1.00  

4  way way 1.00  0.60  1.00  0.60  

5  luck luck 1.00  1.00  0.90  1.00  

6  get get 1.00  0.90  1.00  1.00  

7  fish fish 1.00  1.00  1.00  1.00  

8  book book 1.00  1.00  1.00  1.00  

9  push push 1.00  1.00  1.00  1.00  

10  hurt hurt 1.00  1.00  1.00  1.00  

11  work work 1.00  1.00  1.00  1.00  

12  say say 0.90  0.70  1.00  0.90  

13  face face 1.00  1.00  0.90  1.00  

14  yet yet 1.00  1.00  1.00  1.00  

15  sick sick 1.00  1.00  1.00  1.00  

16  part part 0.90  0.80  0.40  1.00  

17  touch touch 1.00  0.90  1.00  1.00  

18  sing sing 1.00  0.90  0.70  1.00  

19  song song 1.00  0.90  0.90  0.90  

20  jar jar 1.00  0.90  0.50  0.50  

21  win win 0.80  0.00  0.80  0.80  

22  warm warm 1.00  0.80  1.00  0.80  

23  wash wash 1.00  0.90  0.80  0.00  

24  tense tense 0.70  1.00  0.00  0.00  

25  pick pick 0.90  0.50  0.80  0.80  

26  laugh laugh 1.00  0.50  1.00  0.90  

27  boss boss 1.00  0.90  0.40  0.40  

28  ink ink 1.00  1.00  0.00  0.10  

29  dim dim 1.00  0.60  0.70  0.50  

30  cow cow 1.00  1.00  0.70  0.70  

31  wick wick 0.80  0.30  0.20  0.30  

32  word word 1.00  1.00  0.80  0.80  

33  web web 1.00  0.30  0.00  0.30  

34  jet jet 1.00  0.90  0.90  0.70  

35  task task 1.00  1.00  1.00  0.70  
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C.4 Accuracy rates for items in Experiment 3A 

 

Target items 

Correctly pronounced version Mispronounced version 

No. Item 
Cantonese  
Listeners 

Mandarin 
Listeners 

Cantonese  
LP Listeners 

Cantonese  
HP Listeners 

Cantonese  
Listeners 

Mandarin 
Listeners 

Cantonese  
LP Listeners 

Cantonese  
HP Listeners 

1 Is(Ñ �! 1.00 1.00 1.00 1.00 1.00 0.40 1.00 1.00 

2 $$#à�! 1.00 0.90 1.00 1.00 0.79 0.40 0.67 0.83 

3 +æ-œ�! 0.93 1.00 0.83 1.00 0.93 0.67 1.00 0.83 

4 P�g› �! 0.93 1.00 0.83 1.00 1.00 0.25 1.00 1.00 

5  í>§ �! 0.86 1.00 0.83 0.83 0.50 0.90 0.50 0.67 

6 `Ø+í�! 0.64 0.90 0.50 1.00 0.93 0.44 1.00 0.83 

7 ^Sj| �! 1.00 1.00 1.00 1.00 0.93 0.89 1.00 1.00 

8 /uO¸�! 1.00 1.00 1.00 1.00 0.86 1.00 0.83 0.83 

9 nk5·�! 0.93 1.00 1.00 0.83 1.00 0.38 1.00 1.00 

10 ;#�I �! 0.93 1.00 0.83 1.00 0.71 1.00 0.67 0.83 

11 e3)s�! 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

12 YÕ A�! 0.50 1.00 0.17 0.83 0.58 0.67 0.20 0.83 

13 E�@Þ�! 1.00 1.00 1.00 1.00 0.86 0.60 1.00 0.67 

14 IV[; �! 0.71 1.00 0.67 0.83 0.29 0.80 0.50 0.17 

15 :É.7 �! 0.36 0.90 0.17 0.50 0.14 0.00 0.17 0.17 

16 MåJ•�! 0.57 0.90 0.17 1.00 0.79 0.50 0.83 0.83 

17 .�"Q �! 0.93 1.00 0.83 1.00 1.00 0.70 1.00 1.00 

18 Z�LØ�! 0.07 1.00 0.00 0.17 0.21 0.00 0.33 0.17 

19 ` Q±�! 0.86 1.00 0.83 0.83 0.29 0.50 0.17 0.33 

20 _û]—�! 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 

21 X„Oz�! 0.79 1.00 0.50 1.00 0.07 0.00 0.00 0.17 

22 =0(Ù�! 0.50 1.00 0.17 0.83 0.57 0.89 0.50 0.50 

23 �Õ5/ �! 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

24 0m<i�! 0.93 1.00 0.83 1.00 0.93 0.10 0.83 1.00 

25 &ƒ+��! 0.14 1.00 0.17 0.17 0.71 0.00 0.67 0.67 

26 Lø7��! 0.79 1.00 0.50 1.00 0.86 1.00 0.67 1.00 

27 j�0ô �! 0.86 1.00 0.83 0.83 0.79 0.22 0.83 0.83 

28 _Â�• �! 0.14 0.90 0.00 0.33 0.77 0.38 0.80 0.83 

29  ¡�ä �! 0.64 1.00 0.33 0.83 0.50 0.20 0.50 0.50 

30 F$+ý�! 0.79 1.00 0.50 1.00 0.29 0.10 0.17 0.33 

31 M�<c�! 0.14 1.00 0.00 0.33 0.43 0.70 0.33 0.50 
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Control items 

List 1 List 2 

No. Item 
Cantonese  
Listeners 

Mandarin 
Listeners 

Cantonese  
LP Listeners 

Cantonese  
HP Listeners 

Cantonese  
Listeners 

Mandarin 
Listeners 

Cantonese  
LP Listeners 

Cantonese  
HP Listeners 

1 f‹_ö  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

2 �‹X�  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

3 .�&ï  0.93 1.00 1.00 0.83 0.86 1.00 0.67 1.00 

4 #u1q 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

5 (ï/Ò  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

6 F³Y3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

7 P¥(È 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

8 3x�C 1.00 1.00 1.00 1.00 0.93 1.00 0.83 1.00 

9 =à<› 0.93 1.00 0.83 1.00 1.00 1.00 1.00 1.00 

10 PW+B 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

11 f% ñ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

12 a‹k�  0.92 0.90 1.00 0.83 0.93 1.00 0.83 1.00 

13 3Ô+ ̂ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

14 f£/�  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

15 g¸eÚ 0.93 0.70 0.83 1.00 0.92 1.00 0.80 1.00 

16 .�^½  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

17 6³#s 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

18 `(Zs  1.00 0.90 1.00 1.00 1.00 1.00 1.00 1.00 

19 4á_Ú 0.86 1.00 0.67 1.00 0.86 1.00 0.83 1.00 

20 Yhn† 1.00 0.90 1.00 1.00 0.86 1.00 0.83 1.00 

 

 

  



 181 

C.5 Accuracy rates for items in Experiment 3B 

 

Target items 

Correctly pronounced version Mispronounced version 

No. Item 
Cantonese  
Listeners 

Mandarin 
Listeners 

Cantonese  
LP Listeners 

Cantonese  
HP Listeners 

Cantonese  
Listeners 

Mandarin 
Listeners 

Cantonese  
LP Listeners 

Cantonese  
HP Listeners 

1 2e\	 �! 1.00 1.00 1.00 1.00 0.50 0.00 0.50 0.50 

2 (Ó)c�! 0.87 1.00 0.83 0.83 0.07 0.44 0.17 0.00 

3 O6+a�! 0.93 1.00 1.00 0.83 0.13 0.25 0.00 0.33 

4 5ÇC«�! 0.53 1.00 0.33 0.67 0.38 0.20 0.17 0.60 

5 P�5¶�! 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

6 ^ÒQá�! 0.80 1.00 0.67 0.83 0.13 0.00 0.00 0.17 

7 5X?��! 0.43 0.78 0.50 0.20 0.13 0.00 0.17 0.17 

8 fYGF�! 0.47 1.00 0.33 0.50 0.33 0.67 0.17 0.50 

9 "é!®�! 0.50 1.00 0.20 0.60 0.21 0.33 0.00 0.40 

10 Mé/•�! 1.00 1.00 1.00 1.00 0.47 0.78 0.33 0.67 

11 OF0
�! 0.53 1.00 0.33 0.67 0.07 0.00 0.17 0.00 

12 _«`' �! 0.87 1.00 0.83 0.83 1.00 0.22 1.00 1.00 

13 ZFY�̈! 0.87 1.00 0.67 1.00 0.73 0.11 0.67 0.83 

14 9D9Ë�! 0.80 0.89 0.67 1.00 0.60 0.56 0.33 0.83 

15 &ÀP��! 0.62 1.00 0.83 0.40 0.73 0.86 0.67 0.83 

16 G•6S�! 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

17 ��&ø �! 0.60 1.00 0.67 0.75 0.00 0.00 0.00 0.00 

18 Q Pk�! 0.93 1.00 0.83 1.00 0.13 0.00 0.00 0.33 

19 3µ+[�! 0.73 1.00 0.67 0.83 0.87 0.00 0.83 1.00 

20 =É�ï �! 0.73 1.00 0.67 0.83 0.60 0.00 0.50 0.50 

21 �…E��! 1.00 1.00 1.00 1.00 0.93 0.00 0.83 1.00 

22 Az@Œ�! 0.47 1.00 0.33 0.67 0.67 0.89 0.50 0.67 

23 +?5��! 0.80 1.00 0.50 1.00 0.80 0.88 0.67 0.83 

24 4U4æ�! 0.93 1.00 0.83 1.00 0.50 0.00 0.20 0.67 

25 5ª\\ �! 0.93 1.00 0.83 1.00 0.43 0.00 0.33 0.40 

26 /“_Ç�! 0.93 1.00 1.00 1.00 0.87 1.00 0.83 0.83 

27 7�5a�! 0.93 0.89 1.00 0.83 0.73 0.56 0.67 0.83 

28 IÖ5w�! 1.00 1.00 1.00 1.00 0.13 0.56 0.17 0.17 

29 &³Kõ�! 0.53 1.00 0.50 0.67 0.20 0.00 0.00 0.33 

30 Xi"� �! 0.46 0.89 0.17 0.75 0.23 0.00 0.20 0.40 

31 >Ê*ÿ�! 0.80 0.89 0.83 0.67 0.64 0.88 1.00 0.50 
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Control items 

List 1 List 2 

No. Item 
Cantonese  
Listeners 

Mandarin 
Listeners 

Cantonese  
LP Listeners 

Cantonese  
HP Listeners 

Cantonese  
Listeners 

Mandarin 
Listeners 

Cantonese  
LP Listeners 

Cantonese  
HP Listeners 

1 f‹_ö  1.00 1.00 1.00 1.00 0.93 1.00 1.00 0.83 

2 �‹X�  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

3 .�&ï  0.87 1.00 1.00 1.00 0.93 1.00 1.00 1.00 

4 #u1q 1.00 1.00 1.00 0.83 1.00 1.00 1.00 1.00 

5 (ï/Ò  1.00 1.00 1.00 1.00 1.00 0.89 1.00 1.00 

6 F³Y3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

7 P¥(È 0.93 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

8 3x�C 0.93 1.00 1.00 0.83 0.93 1.00 1.00 1.00 

9 =à<› 1.00 1.00 1.00 0.83 0.93 1.00 1.00 1.00 

10 PW+B 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

11 f% ñ 1.00 1.00 1.00 1.00 0.93 1.00 0.83 1.00 

12 a‹k�  1.00 0.89 1.00 1.00 1.00 1.00 1.00 1.00 

13 3Ô+ ̂ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

14 f£/�  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

15 g¸eÚ 1.00 1.00 1.00 1.00 0.93 1.00 0.83 1.00 

16 .�^½  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

17 6³#s 0.87 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

18 `(Zs  0.93 0.89 0.67 1.00 0.87 1.00 0.83 0.83 

19 4á_Ú 0.93 1.00 1.00 0.83 0.87 1.00 0.67 1.00 

20 Yhn† 0.50 0.89 0.83 1.00 0.93 1.00 1.00 1.00 
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C.6 Mandarin production responses given by Cantonese speakers in Experiment 

3A 

Type Target Can Man Man MP Target MP Other production responses 

C Is cau1 qiu1 chou1 71% 21% chiu (7%) 

C $$ fu1 hu1 fu1 54% 46%  

C +æ mei5 wei3 mei3 64% 25% mi (4%), yi (7%) 

C P� sing1 sheng1 xing1 75% 0% seng (4%), xin (14%), sen (4%), sin (4%)  

N  í cong1 chong1 cong1 75% 21% chung (4%) 

C `Ø loen4 lin2 lun2 29% 57% nin (7%), nun (7%) 

* 'Ù bou4 bao4 bu4 96% 0% bou (4%) 

* 4u cou1 cao1 cu1 61% 0% chu (21%), chao (7%), qiao (7%), chou (4%) 

N ^S san1 shen2 xin1 68% 11% sen (18%), sheng (4%) 

C /u jan2 ren3 yin3 64% 29% yen (7%) 

C Z� coeng4 xiang2 chang2 25% 46% qiang (25%), quan (4%) 

* "… sing3 sheng4 xing4 71% 0% shen (14%), xin (14%) 

C `  syn2 xuan3 sun3 86% 4% suan (7%), shuan (4%) 

N _û dou6 dao4 du4 89% 7% dou (4%) 

* 5‘ zou2 zao3 zu3 64% 0% zhao (25%), jiao (11%) 

N X„ bou2 bu3 bao3 75% 21% wu (4%) 

* %, sin6 shan4 xian4 32% 43% shian (4%), shang (14%), xiang (4%), sin (4%) 

N =0 siu1 xiao1 shao1 86% 11% siao (4%) 

* \P fo3 huo4 ke4 43% 7% fo (36%), kuo (14%) 

N �Õ zung1 zhong1 zong1 75% 25%  

C 5· fan1 hun1 fen1 32% 4% fun (61%), kun (4%) 

C �I mong4 wang2 mang2 86% 14%  

N )s ci2 shi3 chi3 39% 11% ci (29%), si (18%), qi (4%) 

N  A bei6 bei4 bi4 29% 71%  

C @Þ jin4 ran2 yan2 79% 0% ren (18%), yuan (4%) 

C [; joeng6 rang4 yang4 64% 32% ren (4%) 

C .7 zoei6 xu4 ju4 25% 36% zui (29%), zhui (7%), zhi (4%) 

* 34 zoeng2 zhang3 jiang3 71% 14% zang (7%), ziang (4%), jiao (4%) 

N J• zaam6 zhan4 zan4 32% 64% zang (4%) 

N "Q zo6 zhu4 zuo4 57% 21% zu (14%), zhuo (7%) 

C <i fong3 kuang4 fang4 29% 18% huang (50%), kuan (4%) 

N +� gwai3 ji4 gui4 46% 21% ju (25%), jie (4%), jue (4%) 

N 7� cuk1 shu4 su4 57% 21% chu (11%), qu (4%), xu (4%), yu (4%) 

C 0ô fong1 huang1 fang1 61% 21% kuang (18%) 

* Mæ zik1 ji1 zhi1 68% 21% zi (11%) 

* &è zi2 zhi3 zi3 43% 54% ji (4%) 

C �• zuk6 su2 zu2 32% 25% zhu (18%), xu (7%), ju (4%), shu (7%), rong (4%), zuot (4%) 

N �ä zik6 zhi2 ji2 39% 25% zi (32%),jie (4%) 

C +ý zin2 zhan3 jian3 50% 21% zan (14%), zian (7%), zhang (7%) 

N <c zi6 zhi4 zi4 57% 43%  

Note. Can = Cantonese pronunciation. Man = Target Mandarin pronunciation. Man MP = Mandarin mispronounced version. Underlined 

Mandarin production responses can be explained by the use of the sub-lexical L1-L2 Cantonese-Mandarin pronunciation correspondences. 
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C.7 Mandarin production responses given by Cantonese speakers in Experiment 

3B 

Type Target Can Man Man MP Target MP Other production responses 

N 2e cau1 chou1 qiu1 60% 23% cou (13%), qiao (3%) 

N (Ó fu1 fu1 hu1 93% 7%  

N O6 mei5 mei3 wei3 97% 0% mi (3%) 

N 5Ç sing1 xing1 sheng1 33% 3% xin (60%), sin (3%) 

C P� cong1 cong1 chong1 37% 63%  

N ^Ò loen4 lun2 lin2 100% 0%  

* -« bou4 bu4 bao4 80% 17% pu (3%) 

* L? cou1 cu1 cao1 53% 7% chu (30%), chao (7%), chou (3%) 

N 5X san1 xin1 shen1 93% 3% xing (3%) 

N fY jan2 yin3 ren3 77% 10% yen (10%), yun (3%) 

N Q  coeng4 chang2 xiang2 80% 0% cang (20%) 

* ){ sing3 xing4 sheng4 50% 3% xin (47%) 

N 3µ syn2 sun3 xuan3 60% 3% shun (13%), suan (10%), shuan (3%), shang (3%), shuai (3%), chun (3%)  

C .N dou6 du4 dao4 90% 10%  

* Hþ zou2 zu3 zao3 57% 17% zhu (17%), zou (3%), zuo (3%), jiao (3%) 

N �… bou2 bao3 bu3 83% 10% bou (3%), biao (3%) 

* OP sin6 xian4 shan4 70% 17% san (7%), sian (3%), si (3%) 

N Az siu1 shao1 xiao1 47% 37% sao (10%), siao (3%), qiao (3%) 

* ZZ fo3 ke4 huo4 97% 0% fo (3%) 

C +? zung1 zong1 zhong1 33% 63% jiong (3%) 

N !® fan1 fen1 hun1 100% 0%  

N /• mong4 mang2 wang2 90% 3% man (3%), ma (3%) 

N 0
 ci2 chi3 shi3 23% 3% ci (53%), qi (10%), si (3%), zhi (3%), zi (3%) 

C `' bei6 bi4 bei4 77% 23%  

N Y¨ jin4 yan2 ran2 93% 7%  

N 9Ë joeng6 yang4 rang4 93% 3% xiang (3%) 

N P� zoei6 ju4 xu4 80% 0% zui (10%), zhui (7%), zhu (3%) 

* Bö zoeng2 jiang3 zhang3 73% 20% xiang (3%), jiao (3%) 

N 6S zaam6 zan4 zhan4 50% 40% zang (7%), zhi (3%) 

N .O zo6 zuo4 zhu4 63% 3% zhuo (30%), zu (3%) 

N 4æ fong3 fang4 kuang4 77% 7% huang (7%), fong (3%), fan (3%), bang (3%) 

N \\ gwai3 gui4 ji4 97% 0% ju (3%) 

C _Ç cuk1 su4 shu4 70% 10% chu (13%), cu (7%) 

N 5a fong1 fang1 huang1 100% 0%  

* Mü zik1 zhi1 ji1 33% 47% zi (17%), xi (3%) 

* *ø zi2 zi3 zhi3 83% 13% ci (3%) 

N 5w zuk6 zu2 su2 60% 7% zhu (33%) 

N Kõ zik6 ji2 zhi2 60% 13% zi (20%), xi (7%) 

N "� zin2 jian3 zhan3 83% 10% jiang (3%), zang (3%) 

N *ÿ zi6 zi4 zhi4 97% 3%  

Note. Can = Cantonese pronunciation. Man = Target Mandarin pronunciation. Man MP = Mandarin mispronounced version. Underlined 

Mandarin production responses can be explained by the use of the sub-lexical L1-L2 Cantonese-Mandarin pronunciation correspondences. 
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C.8 Accuracy rates for items in Experiment 4 

 

Target items 

Correctly pronounced version Mispronounced version 

No. Item 
Cantonese  
Listeners 

Mandarin 
Listeners 

Cantonese  
LP Listeners 

Cantonese  
HP Listeners 

Cantonese  
Listeners 

Mandarin 
Listeners 

Cantonese  
LP Listeners 

Cantonese  
HP Listeners 

1 jüjä �! 0.93 1.00 1.00 1.00 1.00 0.40 1.00 1.00 

2 4i6±�! 0.73 1.00 0.67 1.00 0.93 0.90 1.00 0.83 

3 3Ä7•�! 0.73 0.90 0.67 0.83 0.87 0.50 0.83 1.00 

4 1�%®�! 0.40 0.60 0.17 0.33 0.53 0.50 0.50 0.83 

5 6Ç/-�! 0.93 1.00 1.00 1.00 1.00 0.80 1.00 1.00 

6 ?“DÐ�! 0.33 1.00 0.33 0.00 0.33 0.10 0.50 0.50 

7 Pø4ÿ�! 0.73 0.80 0.67 1.00 1.00 0.30 0.67 1.00 

8 PªPR�! 0.33 1.00 0.17 1.00 0.93 0.40 0.50 0.83 

9 RY"ñ�! 0.13 0.90 0.00 0.83 0.47 0.40 0.17 0.17 

10 f• @�! 1.00 1.00 1.00 1.00 1.00 0.50 1.00 1.00 

11 #sZd�! 0.27 0.70 0.33 0.33 0.40 1.00 0.33 0.50 

12 ^½/V�! 0.40 1.00 0.17 0.00 0.20 0.60 0.83 0.17 

13 [ø#B�! 0.40 1.00 0.17 0.17 0.20 0.00 0.83 0.17 

14 _¥2ý�! 0.87 0.80 0.83 1.00 1.00 0.00 1.00 1.00 

15 Z
$÷�! 0.67 1.00 0.50 0.33 0.33 0.80 0.67 0.33 

16 J‡@Þ�! 0.80 0.50 0.67 0.67 0.80 0.90 1.00 0.83 

17 0<4á�! 0.80 0.10 1.00 0.33 0.60 0.90 0.67 1.00 

18 /€YÀ�! 0.87 0.90 0.83 1.00 1.00 0.90 0.83 1.00 

19 >D!X�! 0.80 0.90 0.67 0.83 0.93 1.00 1.00 1.00 

20 [�Z~ �! 0.27 0.30 0.17 0.83 0.87 1.00 0.50 0.83 

21 nã*ø�! 0.80 0.00 0.83 0.50 0.60 1.00 0.67 0.50 

22 :`:T �! 0.87 1.00 1.00 0.50 0.53 1.00 0.83 0.50 

23 Yý�Ø�! 1.00 0.30 1.00 0.67 0.80 0.90 1.00 0.83 

24 Z�#� �! 0.73 0.90 0.83 0.33 0.67 0.90 0.83 0.83 

25 <¿?I�! 0.93 0.70 0.83 1.00 1.00 1.00 1.00 1.00 

26 B!;2 �! 0.73 0.90 0.67 0.50 0.67 1.00 0.83 0.83 

27 2¯+¶�! 0.80 0.40 0.67 0.83 0.87 0.80 1.00 1.00 

 

  



 186 

Control items 

List 1 List 2 

No. Item 
Cantonese  
Listeners 

Mandarin 
Listeners 

Cantonese  
LP Listeners 

Cantonese  
HP Listeners 

Cantonese  
Listeners 

Mandarin 
Listeners 

Cantonese  
LP Listeners 

Cantonese  
HP Listeners 

1 f% ñ�! 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

2 3Ô+�̂! 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

3 f£/� �! 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

4 g¸eÚ�! 0.93 0.90 1.00 1.00 1.00 0.90 0.83 1.00 

5 .�^½ �! 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

6 6³#s�! 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

7 `(Zs �! 0.93 1.00 1.00 1.00 1.00 1.00 0.83 1.00 

8 4á_Ú�! 0.87 1.00 1.00 0.67 0.80 0.90 1.00 1.00 

9 Yhn†�! 0.73 1.00 0.83 0.83 0.87 0.90 0.67 0.83 

10 f‹_ö �! 0.93 1.00 0.83 1.00 1.00 1.00 1.00 1.00 

11 �‹X� �! 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

12 #u1q�! 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

13 P¥(È�! 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

14 3x�C�! 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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C.9 Percentage of ‘ yes’  responses for items in Experiment 5 

 

Regular-tone words 

Cantonese 

pronunciation 

Mandarin pronunciation Cantonese listener Mandarin listener 

No. Item Matched Mismatched Matched Mismatched Matched Mismatched 

1 2:  syu1 shu1 shu2 94.1  5.9  100.0  12.5  

2 0�  gung1 gong1 gong3 100.0  11.8  100.0  12.5  

3 QB fu1 fu1 fu2 100.0  29.4  100.0  0.0  

4 R� cong1 cang1 cang2 100.0  23.5  100.0  0.0  

5 %± gaa1 jia1 jia2 88.2  5.9  100.0  12.5  

6 `r  gaau1 jiao1 jiao2 94.1  23.5  100.0  0.0  

7 O‰ fei2 fei3 fei4 94.1  47.1  100.0  0.0  

8 )Þ coei2 qu3 qu1 100.0  5.9  100.0  12.5  

9 T�  dung2 dong3 dong1 100.0  5.9  100.0  0.0  

10 3Æ gaau2 gao3 gao4 94.1  41.2  100.0  0.0  

11 2& zao2 zhao3 zhao4 87.5  23.5  100.0  0.0  

12 +“ se2 xie3 xie4 100.0  11.8  100.0  0.0  

13 /ý  
su3 shu4 shu3 94.1  23.5  100.0  12.5  

14 Z= daan3 dan4 dan3 100.0  0.0  100.0  0.0  

15 Om ci3 chi4 chi3 94.1  17.6  100.0  0.0  

16 O  ̂ coei3 cui4 cui3 100.0  47.1  100.0  12.5  

17 i}  gaa3 jia4 jia3 100.0  29.4  100.0  0.0  

18 (— zong3 zhuang4 zhuang3 100.0  17.6  100.0  12.5  

19 *t  jim4 xian2 xian1 100.0  5.9  100.0  0.0  

20 !t  ling4 ling2 ling1 100.0  11.8  100.0  0.0  

21 6�  cing4 qing2 qing1 94.1  17.6  100.0  0.0  

22 .ž  yin4 yan2 yan1 100.0  11.8  100.0  0.0  

23 <³ joeng4 yang2 yang4 100.0  11.8  100.0  0.0  

24 gÕ tau4 tou2 tou1 100.0  17.6  100.0  0.0  

25 1ž lan5 lan3 lan4 94.1  29.4  100.0  0.0  

26 Qï teng5 ting3 ting4 94.1  23.5  87.5  0.0  

27 >§ mun5 man3 man4 100.0  29.4  87.5  0.0  

28 iT  ma5 ma3 ma4 88.2  11.8  87.5  0.0  

29 gÀ ling5 ling3 ling4 100.0  35.3  100.0  0.0  

30 JÐ ban6 ben4 ben3 100.0  11.8  100.0  0.0  

31 �Î  
gyun6 juan4 juan3 94.1  41.2  100.0  0.0  

32 :k  
gwai6 gui4 gui3 100.0  11.8  100.0  0.0  

33 =• 
zing6 jing4 jing3 94.1  41.2  100.0  0.0  

34 .Ç dai6 di4 di3 94.1  47.1  100.0  0.0  

35 #•  
sau6 shou4 shou3 94.1  17.6  100.0  0.0  
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Irregular-tone words 

Cantonese 

pronunciation 

Mandarin pronunciation Cantonese listener Mandarin listener 

No. Item Matched Mismatched Matched Mismatched Matched Mismatched 

1 %Ú zaau1 chao2 chao1 82.4  29.4  100.0  0.0  

2 Z² fong1 huang3 huang1 52.9  94.1  87.5  12.5  

3 :T mung1 meng2 meng1 82.4  58.8  100.0  0.0  

4 ft  ci1 ci2 ci1 23.5  100.0  100.0  12.5  

5 )« waa1 wa2 wa1 47.1  94.1  87.5  0.0  

6 PR fong1 fang2 fang1 47.1  94.1  87.5  25.0  

7 4  mo2 mo1 mo3 100.0  58.8  100.0  0.0  

8 L¦  gau2 jiu1 jiu3 64.7  64.7  100.0  0.0  

9 3Ä sau2 sou1 sou3 58.8  76.5  100.0  0.0  

10 -å mou2 mao4 mao3 100.0  47.1  100.0  0.0  

11 L¨ gei2 ji4 ji3 94.1  94.1  100.0  0.0  

12 f
  jyun2 yuan4 yuan3 70.6  52.9  100.0  0.0  

13 ?I  cou3 zao3 zao4 76.5  76.5  100.0  0.0  

14 0< fui3 hui3 hui4 70.6  94.1  100.0  12.5  

15  @ saan3 san3 san4 94.1  82.4  100.0  0.0  

16 1�  koi3 kai3 kai4 35.3  47.1  100.0  25.0  

17 7l  beng3 bing3 bing4 76.5  76.5  100.0  12.5  

18 '|  bou3 pu3 pu4 41.2  58.8  87.5  12.5  

19 .`  jung4 yong1 yong2 70.6  88.2  100.0  0.0  

20 ?Œ tou4 tao1 tao2 82.4  82.4  100.0  0.0  

21 0H jau4 you1 you2 82.4  94.1  100.0  0.0  

22 #�  ngai4 wei1 wei2 76.5  64.7  100.0  0.0  

23 /€  mong4 wang4 wang2 88.2  47.1  100.0  0.0  

24 6Ç kei4 qi1 qi2 70.6  64.7  100.0  0.0  

25 g£ wan5 yun4 yun3 87.5  76.5  100.0  0.0  

26 Z@ jau5 you4 you3 76.5  94.1  100.0  0.0  

27 �ä  ci5 si4 si3 58.8  41.2  100.0  0.0  

28 -ª  si5 shi4 shi3 88.2  52.9  100.0  0.0  

29 [�  ji5 yi4 yi3 88.2  58.8  100.0  12.5  

30 <› wing6 yong3 yong4 94.1  52.9  100.0  0.0  

31 ]ð  dou6 dao3 dao4 82.4  64.7  100.0  12.5  

32  ±  gim6 jian3 jian4 76.5  70.6  100.0  0.0  

33 ^¼ fu6 fu3 fu4 58.8  76.5  100.0  12.5  

34 2ý bou6 bu3 bu4 64.7  100.0  100.0  0.0  

35 nã bei6 bi2 bi4 88.2  76.5  100.0  0.0  
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C.10 Accuracy rates for Experiment 6A 

Regular-onset word Irregular-onset word Error analysis of irregular word 

No. 
Cantonese  

onset 
Mandarin  

onset Item Accuracy 
Mandarin  

onset Item Accuracy 
Major  

correspondence Other 
1 b b `2 0.96  p $i  0.89  1.00 0.00 

2 b b !X 0.96  p '	  0.39  1.00 0.00 

3 b b 7l  0.93  p P~ 0.79  0.83 0.17 

4 b b .²  0.93  p ?¹ 0.14  0.96 0.04 

5 d d f2  0.93  t B! 0.96  1.00 0.00 

6 d d �º  1.00  t J)  0.93  1.00 0.00 

7 d d Qe 0.93  t ]·  0.57  1.00 0.00 

8 d d f}  0.93  zh I‘  0.21  0.77 0.23 

9 m m ;¹  0.93  w $÷ 0.82  0.20 0.80 

10 m m $% 0.96  w B� 0.71  0.88 0.13 

11 m m "‡ 0.71  w T» 0.00  0.89 0.11 

12 m m Z¶ 0.96  w V2 0.64  0.70 0.30 

13 p p /½ 0.89  b �µ  0.68  1.00 0.00 

14 p p Yý 0.89  b M• 0.57  1.00 0.00 

15 p p O‘ 0.68  b  5  0.61  1.00 0.00 

16 p p Q¾ 0.93  b ?½ 0.18  0.91 0.09 

17 t t Y¶ 0.89  d F¦  0.68  0.78 0.22 

18 t t �U 0.96  d PB 0.82  1.00 0.00 

19 t t hY 0.96  d QÝ 0.11  0.96 0.04 

20 t t !ë  0.89  d IY 0.32  0.74 0.26 

 

C.11 Accuracy rates for Experiment 6B 

Regular-rime word Irregular-rime word Error analysis of irregular word 

No. 
Cantonese  

rime 
Mandarin  

rime Item Accuracy 
Mandarin  

rime Item Accuracy 
Major  

correspondence Other 
1 aai ai -Þ 0.86  a 2q 0.82  0.80 0.20 

2 aai ai 9�  0.39  ie 1º 0.71  0.13 0.88 

3 aap a Jü 0.96  i Oz 0.89  0.67 0.33 

4 aap a e@ 0.54  i Y� 0.46  0.60 0.40 

5 aau ao 2& 0.86  ua 2;  0.71  0.75 0.25 

6 aau ao %Ú 0.75  ua AÒ 0.21  0.82 0.18 

7 ak e !ï  0.75  ei ny 0.89  0.33 0.67 

8 ak e "z  0.57  o (P 0.57  0.00 1.00 

9 i i *ø 0.93  er O  ́ 0.71  0.25 0.75 

10 i i IÂ 0.89  e .i  0.46  0.93 0.07 

11 ik i .·  0.79  e R� 0.71  0.63 0.38 

12 ik i /!  0.82  yu '‡  0.57  0.17 0.83 

13 uk u �k  0.93  ou AG 0.43  0.81 0.19 

14 uk u Ig  0.75  ou LM 0.50  1.00 0.00 
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C.12 Accuracy rates for Experiment 6C 

 

Regular-rime word Irregular-rime word Error analysis of irregular word 

No. 
Cantonese  

rime 
Mandarin  

rime Item Accuracy 
Mandarin  

rime Item Accuracy 
Major  

correspondence Other 
1 1 1 �•  1.00  2 PR 0.18  0.87 0.13 

2 1 1 >s 0.86  2 )« 0.18  0.87 0.13 

3 1 1 gU 0.75  2 ft  0.14  0.83 0.17 

4 1 1 QB 0.86  2 :T 0.54  1.00 0.00 

5 1 1 ^h 0.82  2 %Ú 0.32  0.63 0.37 

6 1 1 Bí 0.89  3 Z² 0.50  0.86 0.14 

7 2 3 +“ 0.89  4 f
  0.46  0.36 0.64 

8 2 3 2& 0.89  4 L¨ 0.43  0.63 0.38 

9 2 3 3Æ 0.82  4 (+ 0.39  0.76 0.24 

10 2 3 O‰ 0.64  4 "ñ 0.21  0.68 0.32 

11 2 3 )Þ 0.82  1 1�  0.14  0.71 0.29 

12 2 3 T�  0.93  1 3Ä 0.39  0.94 0.06 

13 3 4 (— 0.79  3 '|  0.18  0.83 0.17 

14 3 4 "5 0.82  3 7l  0.36  0.78 0.22 

15 3 4 O  ̂ 0.86  3 1�  0.18  0.87 0.13 

16 3 4 /ý  0.89  3 ?I  0.61  0.91 0.09 

17 3 4 Z= 0.86  3 0< 0.39  0.87 0.13 

18 3 4 C  0.96  3  @ 0.54  0.85 0.15 

19 4 2 _Z 0.82  1 6Ç 0.46  0.60 0.40 

20 4 2 R� 0.79  1 /V 0.32  0.68 0.32 

21 4 2 .ž  0.75  1 #�  0.54  0.46 0.54 

22 4 2 *t  0.68  1 .`  0.32  0.68 0.32 

23 4 2 !t  0.79  1 ?Œ 0.36  0.67 0.33 

24 4 2 6�  0.75  1 0H 0.43  0.69 0.31 

25 5 3 gÀ 0.79  4 [�  0.54  0.62 0.38 

26 5 3 iT  0.89  4 -ª  0.64  0.20 0.80 

27 5 3 >§ 0.79  4 �ä  0.71  0.63 0.38 

28 5 3 1ž 0.79  4 g£ 0.46  0.50 0.50 

29 5 3 Qï 0.75  4 Z@ 0.29  0.65 0.35 

30 6 4 #• 0.93  3 +¶ 0.54  0.69 0.31 

31 6 4 �€  0.93  3 2ý 0.07  0.96 0.04 

32 6 4 =• 0.93  3 ^¼ 0.21  0.64 0.36 

33 6 4 �Î  0.86  3 ]ð  0.29  0.65 0.35 

34 6 4 \Œ 0.96  3 <› 0.75  0.29 0.71 

35 6 4 :k  0.79  3  ±  0.57  0.50 0.50 

  



 191 

C.13 Accuracy rates for Experiment 7A 

 

Regular-incongruent onset word Irregular-congruent onset word Error analysis of irregular word 

No. 
Cantonese  

onset 
Mandarin  

onset Item Accuracy 
Mandarin  

onset Item Accuracy 
Major  

correspondence Other 
1 k q C« 0.82 k 2? 0.86 0.00 1.00 

2 k q Nâ 0.79 k g�  0.68 0.22 0.78 

3 k q 5• 0.86 g #	  0.96 0.00 1.00 

4 k q  y  0.82 k 2�  0.82 0.00 1.00 

5 k q 2› 0.71 k ?�  0.57 0.22 0.78 

6 k q -/  0.64 g 9�  0.32 0.00 1.00 

7 g j .¢  0.75 g !�  0.93 0.00 1.00 

8 g j �L  0.89 g 4á 1.00 - - 

9 g j �r  0.93 g 9s 0.79 0.33 0.67 

10 g j YÀ 0.89 g Yh 0.93 0.00 1.00 

11 g j  ¡  0.89 g Z�  0.96 0.00 1.00 

12 g j ZÃ 0.82 g #ò 0.96 0.00 1.00 

13 g j Mr 0.86 k (È 0.93 0.00 1.00 

14 g j P4 0.93 g Iç  0.93 0.50 0.50 

15 g j bÎ  0.61 g B• 0.96 1.00 0.00 

16 g j 2ø 0.71 g eK 0.93 0.50 0.50 

17 g j -¦  0.68 g ^T 0.82 0.50 0.50 

18 g j *i  0.93 g ,¿ 0.96 0.00 1.00 

19 g j iý  0.86 g L} 0.96 0.00 1.00 

20 g j h« 0.75 i Q7 0.96 0.00 1.00 

 

C.14 Accuracy rates for Experiment 7B 

 

Regular-incongruent rime word Irregular-congruent rime word Error analysis of irregular word 

No. 
Cantonese  

rime 
Mandarin  

rime Item Accuracy 
Mandarin  

rime Item Accuracy 
Major  

correspondence Other 
1 ei i fŠ 0.89  ei g�  0.93  0.00 1.00 

2 ei i 2( 0.96  ei  A 0.75  0.86 0.14 

3 ei i at  0.93  ei hƒ 0.93  0.00 1.00 

4 ei i <% 1.00  ei PM 0.93  0.00 1.00 

5 ei i %D 0.96 ei "ù 0.79 0.67 0.33 

6 ei i I¨  0.93 ei 0Z 0.93 0.50 0.50 

7 ei i EZ 0.86 ei H9 0.79 0.50 0.50 

8 ei i hŠ 0.96 ei jí  0.82 0.60 0.40 

9 ei i IO 0.89 ei O‰ 0.82 0.20 0.80 
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Appendix D  : Pronunciation correspondence between Cantonese and Mandarin 

 

D.1 Cantonese-Mandarin onset pronunciation correspondence 

 

Cantonese 

(No. of words) 

Mandarin 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 b  (199)  b  (181) 91.0  "­  ‘wrap’ 
 p  (15) 7.5  $�  ‘ side’ 
 m  (2) 1.0  &Î ‘ secret’  
 f  (1) 0.5  )¡  ‘ tie up’  

 p  (141)  p  (122) 86.5  )î  ‘old woman’ 
 b  (17) 12.1  M• ‘weave’ 
 k  (1) 0.7  8• ‘numeral for trees’  
 f  (1) 0.7  P× ‘ flesh in the chest’  

 m (195)  m (160) 82.1  *e ‘mother’  
 w (33) 16.9  SÔ ‘ ten thousand’ 
 b  (2) 1.0  "�  ‘peel’  

 f  (186)  f  (130) 69.9  ��  ‘Buddhist’  
 h  (29) 15.6  /¥  ‘ sudden’ 
 k  (18) 9.7  Iy  ‘ science’ 
 p  (3) 1.6  !þ  ‘dissect’  
 x  (3) 1.6  Y» ‘educate’ 
 b  (2) 1.1  D‹ ‘petal’  
 j  (1) 0.5  4¾ ‘offend’  

 d  (194)  d  (186) 95.9  /_  ‘moral’  
 t  (4) 2.1  B! ‘ special’  
 zh (3) 1.5  $ì  ‘peck’ 
 l  (1) 0.5  f`  ‘ to be subordinate’  

 t  (177)  t  (165) 93.2  'ô  ‘ collapse’ 
 d  (11) 6.2  \`  ‘ loan’ 
 zh (1) 0.6  .
  ‘quantifier’  

n  (78)  n  (71) 91.0  )À ‘young woman’ 
  ø (2) 2.6  h´ ‘bait’  
  l  (1) 1.3  L:  ‘granule’  
  m  (1) 1.3  .ô  ‘ fill to complete’  
  r  (1) 1.3  DŒ ‘pulp’  
  x  (1) 1.3  6å ‘ rot’  
  zh  (1) 1.3  L@ ‘paste’  

l (387)  l  (262) 67.7 �! 2q�! ‘pull’  
  n  (2) 0.5  .¬  ‘play or trifle with’  
  j  (2) 0.5  R� ‘naval vessel’  
  k  (1) 0.3  $W ‘chuckle’  
  sh  (1) 0.3  DÑ ‘ fling’ 
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Cantonese 

(No. of words) 

Mandarin 

(No. of words) 

Correspondence 

percentage (%) 
Example 

z (444)  zh  (236) 53.2  G• ‘ know’ 
  z  (93) 20.9  \o  ‘wealth’  
  j  (78) 17.6  ?‡ ‘numerous’ 
  x  (14) 3.2  5�  ‘narrate’  
  s  (10) 2.3  +¢ ‘ temple’ 
  ch  (5) 1.1  %Ú ‘ ridicule’ 
  q  (2) 0.5  fh  ‘bird’  
  c  (2) 0.5   �  ‘ side’ 
  y  (1) 0.2  -d ‘ small island’ 
  d  (1) 0.2  3/  ‘ collect’  
  n  (1) 0.2  Hf ‘ roller’  
  sh  (1) 0.2  "¢ ‘ scoop’  

c (337)  ch  (142) 42.1  <�  ‘pool’  
  c  (77) 22.8  ft  ‘ female’  
  q  (60) 17.8  nò ‘orderly’  
  x  (15) 4.5  +³ ‘ find’ 
  sh  (14) 4.2  !ß ‘brush’ 
  zh  (12) 3.6  7™ ‘pillar’  
  z  (6) 1.8  A• ‘dry’  
  s  (6) 1.8  _Ç ‘quick’  
  j  (4) 1.2  M… ‘arrest’  
  t  (1) 0.3  C" ‘otter’  

s (407)  sh  (202) 49.6  Z�  ‘poem’ 
  x  (89) 21.9  Y'  ‘west’  
  s  (79) 19.4  Ii  ‘ selfish’  
  ch  (23) 5.7  Qá ‘ship’  
  c  (5) 1.2  La ‘pure’ 
  zh  (5) 1.2   î  ‘ sign’ 
  q  (2) 0.5  <) ‘ooze’  
  r  (1) 0.2  D� ‘auspicious’ 
  j  (1) 0.2  &æ ‘garbage’ 

j (387)  y  (269) 69.5  X� ‘ clothes’ 
  r  (58) 15.0  5• ‘ sun’ 
  x  (21) 5.4  �¹  ‘ rest’  
  ø (10) 2.6   ú  ‘ son’ 
  w  (10) 2.6  %‰ ‘buzz of insects’  
  n  (9) 2.3  4” ‘draft’  
  q  (7) 1.8  �À ‘hill ’  
  zh  (2) 0.5  2¥ ‘drag’  
  l  (1) 0.3  \k  ‘hire’  

g (305)  j  (181) 59.3  :�  ‘machine’ 
  g (116) 38.0  $• ‘brother’  
  q  (5) 1.6  O4 ‘one of the surname’ 
  k  (3) 1.0  $> ‘coffee’  
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Cantonese 

(No. of words) 

Mandarin 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 k (109)  q  (55) 50.5  !�  ‘ that’  
  j  (20) 18.3  #r ‘and’ 
  k  (16) 14.7  g�  ‘ trust’  
  g  (10) 9.2  aË ‘calsium’ 
  h  (6) 5.5  N� ‘draw’ 
  x  (2) 1.8  #à ‘suck’ 
 ng (63)  ø (24) 38.1  4þ ‘proud’ 
  y  (22) 34.9  B� ‘ tooth’  
  w  (8) 12.7  1¹ ‘ I’  
  n  (3) 4.8  f»  ‘ secondary rainbow’ 
  q  (2) 3.2  _l  ‘ so far’  
  g  (2) 3.2  b�  ‘hook’  
  x  (1) 1.6  =n ‘confused’ 
  d  (1) 1.6  #î  ‘expressionless’ 
 gw (52)  g  (37) 71.2  \\  ‘expensive’ 
  j  (10) 19.2  +�  ‘ season’ 
  k  (2) 3.8  hó ‘make a present of’  
  h  (1) 1.9  _�  ‘bombard’ 
  x  (1) 1.9  fA ‘crack’ 
  w  (1) 1.9  4f  ‘ strike’  
 kw (31)  k  (23) 74.2  '�  ‘ feminine’ 
  q  (3) 9.7  X• ‘ skirt’  
  g  (2) 6.5  Y7 ‘ regulation’ 
  j  (2) 6.5  St ‘ fungus’ 
  x  (1) 3.2  4Ä ‘carry’  
 w (167)  h  (76) 45.5  S— ‘magnificent’  

  w  (63) 37.7  @w ‘black’ 
  y  (23) 13.8  ;à  ‘ forever’  
  r  (2) 1.2  9V ‘ flourishing’  
  g  (1) 0.6  bó ‘pot’  
  q  (1) 0.6  +ð ‘bend’ 
  ø (1) 0.6  !   ‘protrude’ 

 h (250)  x  (84) 33.6  %D ‘happy’  
  h  (81) 32.4  =�  ‘ sea’ 
  k  (44) 17.6  e3 ‘open’ 
  q  (34) 13.6  :È ‘owe’ 
  j  (3) 1.2   •  ‘ luck’  
  sh  (2) 0.8  .p  ‘building’ 
  ch  (1) 0.4  #« ‘eat’  
  g  (1) 0.4  <�  ‘mercury’  
 ø (58)  ø (36) 62.1  $h ‘sad’ 

  w  (13) 22.4  +ó ‘house’ 
  y  (7) 12.1  �F  ‘ second’ 
  k  (1) 1.7  7— ‘ the handle of an ax’ 
  n  (1) 1.7  &{ ‘gnaw’ 
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D.2 Cantonese-Mandarin rime pronunciation correspondence 

 

Cantonese 

(No. of words) 

Mandarin 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 aa (127)  a (70) 55.1  `K ‘ that’  
  ia  (29) 22.8  +  ̂ ‘home’ 
  ua  (25) 19.7  RY ‘ flower’  
  ie  (1) 0.8  ��  ‘also’ 
  an  (1) 0.8  $Y ‘we’ 
  ao  (1) 0.8  !¡  ‘ concave’  
 aai (82)  ai (48) 58.5  4¢ ‘put’  
  ie  (17) 20.7  Wÿ ‘street’  
  uai  (11) 13.4  /Ò ‘strange’ 
  ia  (3) 3.7  ��  ‘good’  
  a  (2) 2.4  (Ï  ‘big’  
  ui  (1) 1.2   (  ‘puppet’  
 aau (71)  ao (44) 62.0  "­  ‘wrap’ 
  iao (21) 29.6  �L  ‘hand in’  
  ou (3) 4.2  j�  ‘ sudden’ 
  ua (2) 2.8  AÒ ‘claw’ 
  u (1) 1.4  B	 ‘male’  
 aam (58)  an (45) 77.6  \R ‘greedy’  
  ian (11) 19.0  =Ã ‘minus’ 
  ai (1) 1.7  Eô ‘cancer’  
  a (1) 1.7  FÐ ‘blink’  
 aan (126)   an (88) 69.8  �á  ‘ red’ 
  uan (20) 15.9  e„ ‘ close’ 
  ian (16) 12.7  g÷ ‘color’  
  a (1) 0.8  7• ‘ fences’ 
  ai (1) 0.8  `,  ‘ return’  
 aang (33)  eng (27) 81.8  8‚  ‘ canopy’  
  ang (3) 9.1  Fš ‘blind’ 
  uang (2) 6.1  _Ã ‘stroll’  
  ing (1) 3.0  H� ‘hard’ 
 aap (37)  a (20) 54.1  Jü ‘answer’  
  ia  (11) 29.7  (æ ‘clip’  
  i  (5) 13.5  fn  ‘ collect’  
  e  (1) 2.7  ?( ‘astringent’  
 aat (31)  a (21) 67.7  <} ‘method’ 
  ua (5) 16.1  !ß ‘brush’ 
  ia (2) 6.5  2d ‘mortgage’  
  e (1) 3.2  _÷ ‘hold back’ 
  ie (1) 3.2  &{ ‘gnaw’ 
  uo (1) 3.2  5I  ‘ rotate’  
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Cantonese 

(No. of words) 

Mandarin 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 aak (40)  e (13) 32.5  7ä ‘partitions’ 
  ai (9) 22.5  F& ‘hundred’ 
  o (6) 15.0  -Ã ‘silks’  
  a (4) 10.0  -½ ‘handkerchief’  
  uo (3) 7.5  1¾ ‘or’  
  ua (2) 5.0  "+ ‘delimit’  
  ei (1) 2.5  \r  ‘ thief’  
  ia (1) 2.5  &/ ‘ frighten’ 
  i (1) 2.5  4š ‘ throw’ 
 ai (165)  i (90) 54.5  L�  ‘ rice’  
  ui (62) 37.6  7ê ‘cassia’  
  ei (5) 3.0  Pb ‘ lung’  
  ai (3) 1.8  G– ‘short’  
  ie (2) 1.2  4Ä ‘carry’  
  u (1) 0.6  *'  ‘ son-in-law’ 
  uai (1) 0.6  2¥ ‘drag’  
  e (1) 0.6  3K ‘button’  
 au (181)  ou (103) 56.9   �  ‘ steal’  
  iu (70) 38.7  <é ‘ flow’  
  u (6) 3.3  =�  ‘ float’  
  ao (2) 1.1  Rª ‘ thick’  
 am (69)   in  (28) 40.6  7? ‘ forest’  
  en (22) 31.9  <1 ‘sink’  
  an (15) 21.7  0Ç ‘ feel’  
  eng (1) 1.4  <• ‘pump’ 
  ang (1) 1.4  �û  ‘ table tennis’  
  ün (1) 1.4  +³ ‘ find’ 
  ian (1) 1.4  ,ô  ‘embed’ 
 an (159)  en (62) 39.0  7á ‘ root’  
  in (44) 27.7  $i  ‘quality’  
  un (27) 17.0  '�  ‘ female’  
  ün (25) 15.7  ^u ‘army’  
  iong (1) 0.6  J@ ‘embarrass’ 
 ang (58)  eng (47) 81.0  6³ ‘ friend’ 
  ing (6) 10.3  Wô ‘go’ 
  ong (3) 5.2  .À ‘grand’ 
  en (2) 3.4  PW ‘be willing to’  
 ap (31)  i (18) 58.1  ;é  ‘ juice’ 
  e (6) 19.4  #° ‘ suit’  
  ia (3) 9.7  0�  ‘appropriate’  
  ao (1) 3.2  !¡  ‘ concave’  
  ei (1) 3.2  M� ‘give’  
  en (1) 3.2  �h  ‘what’  
  u (1) 3.2  !
  ‘enter’  
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Cantonese 

(No. of words) 

Mandarin 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 at (62)  i (30) 48.4  Jî  ‘pen’ 
  u (11) 17.7  J)  ‘ sudden’ 
  a (7) 11.3  �÷  ‘ lack’ 
  e (6) 9.7  D� ‘dignified’ 
  ia (2) 3.2  G6 ‘blind’ 
  üe (2) 3.2  �¼ ‘blunt’  
  ua (1) 1.6  Y� ‘ socks’ 
  o (1) 1.6  ��  ‘Buddhist’  
  ü (1) 1.6  +ð ‘bend’ 
  uai (1) 1.6  DÑ ‘ fling’ 
 ak (22)  e (12) 54.5  /?  ‘obtain’  
  o (3) 13.6  eô ‘ road’ 
  ei (3) 13.6  "¿ ‘north’  
  ai (3) 13.6  nM ‘wheat’  
  uo (1) 4.5  3‰ ‘grasp’ 
 ei (128)  i (99) 77.3  FV ‘skin’  
  ei (22) 17.2  0Z ‘sad’ 
  ui (4) 3.1  6Ò ‘not’  
  in (1) 0.8  0P ‘you’  
  ü (1) 0.8  ,
  ‘ shoes’ 
  er (1) 0.8  h´ ‘bait’  
 e (42)  ie (20) 47.6  �C ‘some’ 
  e (18) 42.9  ^r  ‘ car’  
  i (2) 4.8  %� ‘beer’  
  ei (1) 2.4  %	 ‘ coffee’  
  üe (1) 2.4  Eà ‘ lame’ 
 eng (18)  ing (17) 94.4  �=  ‘well’  
  eng (1) 5.6  `Õ ‘solemn’ 
 ek (12)  i (10) 83.3  G› ‘ stone’ 
  u (1) 8.3  "/  ‘ severe’  
  uo (1) 8.3  HQ ‘great’  
 i (146)  i (136) 93.2  I£  ‘ shift’  
  er (7) 4.8   ú  ‘ son’ 
  e (1) 0.7  .i  ‘ toilet’  
  a (1) 0.7  R÷ ‘soft’  
  ai (1) 0.7  FB ‘pure white’  
 iu (128)  iao (104) 81.3  *´  ‘pretty’  
  ao (21) 16.4  6Å ‘government’  
  iu (2) 1.6  �Ç ‘ lose’ 
  e (1) 0.8  �.  ‘end’ 
 im (61)  ian (48) 78.7  +¾ ‘sharp’ 
  an (13) 21.3  #�  ‘divine’  
 in (136)  ian (116) 85.3  Ko ‘chapter’  
  an (17) 12.5  %, ‘ kind’ 
  üan (2) 1.5  ^z ‘bright room’  
  i (1) 0.7  b9 ‘shiny metal’  
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Cantonese 

(No. of words) 

Mandarin 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 ing (188)  ing (132) 70.2  !X ‘ ice’  
  eng (41) 21.8  ?,  ‘ clear’  
  iong (6) 3.2  Dr ‘ fine jade’ 
  in (5) 2.7  P� ‘hire’  
  en (3) 1.6  Z5 ‘agree’ 
  ong (1) 0.5  9V ‘ flourishing’  
 ip (28)  ie (23) 82.1  3M ‘ receive’ 
  e (3) 10.7  4Å ‘absorb’  
  ian (2) 7.1  :ñ  ‘apology’  
 it (47)  ie (32) 68.1  ]t  ‘ fall’  
  e (12) 25.5  2@ ‘bend’ 
  i (2) 4.3  /m ‘must’  
  üe (1) 2.1  UC ‘marsh grass’ 
 ik (89)  i (82) 92.1  "C ‘ force’  
  ie (3) 3.4  Pó ‘axilla’  
  e (2) 2.2  R� ‘ colour’  
  o (1) 1.1  _“ ‘ compel’  
  ü (1) 1.1  '‡  ‘area’ 
 ou (189)  ao (93) 49.2  �… ‘protect’  
  u (89) 47.1  -« ‘ cloth’  
  uo (3) 1.6  3R ‘arrange’ 
  o (2) 1.1  9É ‘mold’  
  ou (1) 0.5  `¥ ‘ capital’  
  ü (1) 0.5  j
  ‘donkey’  
 o (118)  uo (59) 50.0  (Â ‘many’  
  e (29) 24.6  $• ‘brother’  
  o (16) 13.6  <Š ‘ball’  
  u (12) 10.2  !Å ‘ first’  
  a (2) 1.7   c  ‘ silly’  
 oi (64)  ai (62) 96.9  �‹  ‘generation’ 
  ei (1) 1.6  !�  ‘ inside’ 
  uai (1) 1.6  (¾ ‘outside’ 
 on (30)  an (30) 100.0 �! .� �! ‘ interfere in’  
 ong (157)  ang (101) 64.3 �! `N�! ‘nation’  
  uang (47) 29.9 �!  ñ �! ‘ light’  
  iang (8) 5.1 �! <� �! ‘ river’  
  uo (1) 0.6 �! 4œ�! ‘expand’ 
 ot (5)  e (5) 100.0  %E ‘drink’  
 ok (70)  uo (20) 28.6  ��  ‘make’ 
  e (14) 20.0  0‰ ‘evil’  
  o (14) 20.0  SS ‘don’t’  
  ao (8) 11.4  f¡  ‘hail’  
  üe (7) 10.0  Hb ‘ firmly’  
  u (5) 7.1  4Z ‘beat’  
  iao (1) 1.4  Yz ‘angle’  
  a (1) 1.4  $W ‘chuckle’  
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Cantonese 

(No. of words) 

Mandarin 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 oe (2)  uo (1) 50.0  $æ ‘’spit 
  üe (1) 50.0  g�  ‘boots’  
 oei (130)  ü (56) 43.1  )�  ‘ female’  
  ui (52) 40.0  %Ü ‘mouth’  
  ei (13) 10.0  L× ‘ tired’ 
  uai (3) 2.3  X� ‘bad’ 
  u (3) 2.3  f�  ‘divide’  
  i (2) 1.5  Xw ‘ inside’ 
  uo (1) 0.8  iæ ‘mule’ 
 oen (64)  un (34) 53.1  `�  ‘ follow’  
  ün (15) 23.4  ,£  ‘harsh’ 
  in (11) 17.2  <Í  ‘ saliva’  
  uan (3) 4.7  #�  ‘egg’  
  en (1) 1.6  Q£ ‘achieving better’  
 oeng (117)  iang (68) 58.1  �V ‘bright’  
  ang (44) 37.6  .Ý ‘spread’ 
  uang (3) 2.6  J? ‘window’  
  ia (1) 0.9  �® ‘pair’  
  ong (1) 0.9  &’ ‘ chimney’  
 oet (11)  u (4) 36.4  !¢  ‘exit’  
  ü (4) 36.4  C/ ‘probability’  
  i (2) 18.2  7¿ ‘chestnut’  
  uai (1) 9.1  3ü ‘stumble’ 
 oek (36)  üe (14) 38.9  E
 ‘ sketchy’  
  uo (13) 36.1  R• ‘as if’  
  iao (5) 13.9  Q� ‘ foot’  
  ao (3) 8.3  R5 ‘peony’  
  e (1) 2.8  Fè ‘manifest’  
 u (76)  u (75) 98.7  )y  ‘aunt’  
  ü (1) 1.3  R3 ‘ taros’ 
 ui (44)  ei (25) 56.8  7�  ‘ cup’ 
  ui (16) 36.4  @� ‘grey’  
  uai (2) 4.5  /2  ‘ indecisive’ 
  ai (1) 2.3  /@ ‘hesitate’  
 un (50)  uan (26) 52.0  +@ ‘governor’  
  an (15) 30.0  QÔ ‘a sort’  
  en (6) 12.0  6Ô ‘origin’  
  üan (2) 4.0  3œ ‘help’  
  ang (1) 2.0  P~ ‘ fat’  
 ung (163)  ong (115) 70.6   í  ‘ fill ’  
  eng (25) 15.3  hP ‘wind’ 
  iong (20) 12.3  JV ‘poor’  
  ueng (3) 1.8  Oi ‘old man’ 
 ut (14)  o (9) 64.3  P¾ ‘neck’ 
  uo (4) 28.6  <ã ‘ live’  
  ei (4) 28.6  <:  ‘ sink’  
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Cantonese 

(No. of words) 

Mandarin 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 uk (96)  u (69) 71.9  6Ð ‘wood’  
  ü (18) 18.8  PZ ‘educate’ 
  uo (4) 4.2  ?i  ‘ turbid’  
  ou (4) 4.2  ^   ‘axis’  
  iu (1) 1.0  !�  ‘ six’  
 y (90)  ü (48) 53.3  6Ù ‘bright red’ 
  u (42) 46.7  _j  ‘ circuitous’ 
 yn (106)  üan (45) 42.5  :²  ‘authority’  
  uan (44) 41.5  Qá ‘ship’  
  un (9) 8.5  +² ‘ respect’  
  ian (6) 5.7  MË ‘county’  
  uai (1) 0.9  3‹ ‘hide’ 
  en (1) 0.9  *‘  ‘ tender’  
 yt (27)  üe (16) 59.3  f’  ‘ snow’ 
  uo (7) 25.9  ZR ‘say’  
  ie (2) 7.4  "K ‘poor’  
  i (1) 3.7  ��  ‘ second’ 
  ui (1) 3.7  M\ ‘ stitch’  
 ng (9)  u (9) 100.0  #æ ‘our’  
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D.3 Cantonese-Mandarin tone pronunciation correspondence 

 

Cantonese 

(No. of words) 

Mandarin 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 Tone 1 (846)  Tone 1 (787) 93.0  �L  ‘hand in’  
 Tone 2 (23) 2.7  %� ‘beer’  
 Tone 4 (21) 2.5  _V ‘pigtail’  
 Tone 3 (11) 1.3  bÞ ‘watch’ 
 Neutral (4) 0.5  nd ‘phrase particle’  

 Tone 2 (468)  Tone 3 (419) 89.5  #u ‘opposite’  
 Tone 4 (23) 4.9  St ‘ fungus’ 
 Tone 1 (23) 4.9  4i  ‘embrace’ 
 Tone 2 (3) 0.6  DÕ ‘don’t’  

 Tone 3 (516)  Tone 4 (470) 91.1  /Ò ‘strange’ 
 Tone 3 (23) 4.5  %2 ‘shout’  
 Tone 1 (19) 3.7  $> ‘coffee’  
 Neutral (3) 0.6  %v ‘question particle’  
 Tone 2 (1) 0.2  Ed ‘painful’  

 Tone 4 (796)  Tone 2 (736) 92.5  B� ‘ cow’  
 Tone 1 (34) 4.3  #�  ‘danger’  
 Tone 4 (13) 1.6  /€  ‘ forget’  
 Tone 3 (8) 1.0   c  ‘ silly’  
 Neutral (5) 0.6  �¹  ‘plurality adjunct’  

 Tone 5 (233)  Tone 3 (178) 76.4  �ñ  ‘great’  
 Tone 4 (50) 21.5  2Y ‘embrace’ 
 Tone 2 (3) 1.3  0P ‘you (polite form)’  
 Tone 1 (1) 0.4  F× ‘get into one’s eye’ 
 Neutral (1) 0.4  �.  ‘end’ 

 Tone 6 (530)  Tone 4 (499) 94.2  #p ‘again’  
 Tone 3 (17) 3.2   % ‘ fake’ 
 Tone 2 (8) 1.5  nã ‘nose’ 
 Tone 1 (5) 0.9  ^�  ‘ tread on’ 
 Neutral (1) 0.2  #Ï  ‘ imperative particle’  

 Tone 7 (166)  Tone 4 (67) 40.4   ó  ‘gram’ 
 Tone 1 (58) 34.9  #à ‘suck’ 
 Tone 2 (26) 15.7  LÂ ‘ level’  
 Tone 3 (14) 8.4  Jî  ‘pen’ 
 Neutral (1) 0.6  F, ‘accurate’  

 Tone 8 (214)  Tone 4 (70) 32.7  er ‘wide’ 
 Tone 1 (69) 32.2  >ù ‘splash’ 
 Tone 2 (50) 23.4  &³ ‘ country’  
 Tone 3 (25) 11.7  F& ‘hundred’ 

 Tone 9 (276)  Tone 4 (139) 50.4  !
  ‘enter’  
 Tone 2 (115) 41.7  7à ‘nuclear’  
 Tone 1 (16) 5.8  >œ ‘drop’ 
 Tone 3 (5) 1.8  ��  ‘ second’ 
 Neutral (1) 0.4  Fè ‘manifest’  
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D.4 Mandarin-Cantonese onset pronunciation correspondence 

 

Mandarin 

(No. of words) 

Cantonese 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 b (202)  b (181) 89.6  "­  ‘wrap’ 
  p (17) 8.4  M• ‘weave’ 
  m (2) 1.0  "�  ‘peel’  
  f (2) 1.0  D‹ ‘petal’  
 p (122)  p (122) 100.0  )î  ‘old woman’ 
  b (15) 12.3  Dü ‘side’ 
  f (3) 2.5  !þ  ‘dissect’  
 m (163)  m (160) 98.2  *e ‘mother’  
  b (2) 1.2  I€  ‘ secret’  
  n (1) 0.6  .ô  ‘ complete’  
 f (132)  f (130) 98.5  ��  ‘Buddhist’  
  p (1) 0.8  P× ‘ flesh in the chest’  
  b (1) 0.8  MÃ ‘ tie up’ 
 d (198)  d (186) 93.9  /_  ‘moral’  
  t (11) 5.6  \`  ‘ loan’ 
  z (1) 0.5  3/  ‘ collect’  
  ng (1) 0.5  #î  ‘expressionless’ 
 t (170)  t (165) 97.1  'ô  ‘ collapse’ 
  d (4) 2.4  B! ‘ special’  
  ts (1) 0.6  C" ‘otter’  
 n (87)  n (71) 81.6  )À ‘young woman’ 
  j (9) 10.3  4” ‘draft’  
  ng (3) 3.4  f»  ‘ secondary rainbow’ 
  l (2) 2.3  .¬  ‘play or trifle with’  
  z (1) 1.1  Hf ‘ roller’  
  ø (1) 1.1  &{ ‘gnaw’ 
 l (262)  l (262) 100.0  2q ‘pull’  
  d (1) 0.4  f`  ‘ to be subordinate’  
  n (1) 0.4  L:  ‘granule’  
  j (1) 0.4  \k  ‘hire’  
 g (169)  g (116) 68.6  $• ‘brother’  
  gw (37) 21.9  \\  ‘expensive’ 
  k (10) 5.9  aË ‘calcium’ 
  kw (2) 1.2  Y7 ‘ regulation’ 
  ng (2) 1.2  b�  ‘hook’  
  h (1) 0.6  <�  ‘mercury’  
  w (1) 0.6  bó ‘pot’  
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Mandarin 

(No. of words) 

Cantonese 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 k (110)  h (44) 40.0  e3 ‘open’ 
  kw (23) 20.9  '�  ‘ female’  
  f (18) 16.4  Iy  ‘ science’ 
  k (16) 14.5  g�  ‘ trust’  
  g (3) 2.7  $> ‘coffee’  
  gw (2) 1.8  hó ‘make a present of’  
  p (1) 0.9  8• ‘numeral for trees’ 
  l (1) 0.9  $W ‘chuckle’  
  w (1) 0.9  %G ‘sigh heavily’  
  ø (1) 0.9  7— ‘ the handle of an ax’ 
 h (193)  h (81) 42.0  =�  ‘ sea’ 
  w (76) 39.4  S— ‘magnificent’  
  f (29) 15.0  /¥  ‘ sudden’ 
  kw (6) 3.1  N� ‘draw’ 
  gw (1) 0.5  _�  ‘bombard’ 
 zh (260)  z (236) 90.8  G• ‘ know’ 
  c (12) 4.6  7™ ‘pillar’  
  s (5) 1.9   î  ‘ sign’ 
  d (3) 1.2  $ì  ‘peck’ 
  j (2) 0.8  2¥ ‘drag’  
  t (1) 0.4  .
  ‘quantifier’  
  n (1) 0.4  L@ ‘paste’  
 ch (171)  c (142) 83.0  <�  ‘pool’  
  s (23) 13.5  Qá ‘ship’  
  z (5) 2.9  %Ú ‘ ridicule’  
  h (1) 0.6  #« ‘eat’  
 sh (220)  s (202) 91.8  Z�  ‘poem’ 
  c (14) 6.4  !ß ‘brush’ 
  h (2) 0.9  .p  ‘building’ 
  l (1) 0.5  DÑ ‘ fling’ 
  z (1) 0.5  "¢ ‘ scoop’  
  k (1) 0.5  9Æ ‘pivot’  
 r (62)  j (58) 93.5  5• ‘ sun’ 
  w (2) 3.2  9V ‘ flourishing’  
  n (1) 1.6  DŒ ‘pulp’  
  s (1) 1.6  D� ‘auspicious’ 
  ng (1) 1.6  gt  ‘ resilient’  
 z (99)  z (93) 93.9  \o  ‘wealth’  
  c (6) 6.1  A• ‘dry’  
 c (84)  c (77) 91.7  ft  ‘ female’  
  s (5) 6.0  La ‘pure’ 
  z (2) 2.4   �  ‘ side’ 
 s (95)  s (79) 83.2  Ii  ‘ selfish’  
  z (10) 10.5  +¢ ‘ temple’  
  c (6) 6.3  _Ç ‘speed’ 
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Mandarin 

(No. of words) 

Cantonese 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 j (302)  g (181) 59.9  :�  ‘machine’ 
  z (78) 25.8  ?‡ ‘numerous’ 
  k (20) 6.6  #r ‘and’ 
  gw (10) 3.3  +�  ‘ season’ 
  c (4) 1.3  M… ‘arrest’  
  h (3) 1.0   •  ‘ luck’  
  kw (2) 0.7  St ‘ fungus’ 
  l (2) 0.7  R� ‘ fleet’  
  f (1) 0.3  4Ó ‘seize’ 
  s (1) 0.3  &æ ‘garbage’ 
  d (2) 0.7  L¦  ‘entanglement’  
 q (171)  c (60) 35.1  nò ‘orderly’  
  k (55) 32.2  !�  ‘ that’  
  h (34) 19.9  :È ‘owe’ 
  j (7) 4.1  �À ‘hill ’  
  g (5) 2.9  O4 ‘one of the surname’ 
  kw (3) 1.8  X• ‘ skirt’  
  z (2) 1.2  fh  ‘bird’  
  s (2) 1.2  <) ‘ooze’  
  ng (2) 1.2  _l  ‘ so far’  
  w (1) 0.6  +ð ‘bend’ 
 x (233)  s (89) 38.2  Y'  ‘west’  
  h (84) 36.1  %D ‘glad’ 
  j (21) 9.0  �¹  ‘ rest’  
  c (15) 6.4  +³ ‘ find’ 
  z (14) 6.0  4õ ‘express’ 
  f (3) 1.3  Y» ‘educate’ 
  k (2) 0.9  #à ‘suck’ 
  n (1) 0.4  6å ‘ rot’  
  ng (1) 0.4  =n ‘confused’  
  gw (1) 0.4  fA ‘crack’ 
  kw (1) 0.4  4Ä ‘carry’  
  l (1) 0.4  Ní ‘ crack’ 
 y (322)  j (269) 83.5  X� ‘ clothes’ 
  w (23) 7.1  ;à  ‘ forever’  
  ng (22) 6.8  B� ‘ teeth’  
  ø (7) 2.2  �F  ‘ second’ 
  z (1) 0.3  -d ‘ small island’ 
 w (128)  w (63) 49.2  @w ‘black’ 
  m (33) 25.8  SÔ ‘ ten thousand’ 
  ø (13) 10.2  +æ ‘ tail’  
  j (10) 7.8  %‰ ‘buzz of insects’  
  ng (8) 6.3  1¹ ‘ I’  
  gw (1) 0.8  4f  ‘ strike’  
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Mandarin 

(No. of words) 

Cantonese 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 ø (73)  ø (36) 49.3  $h ‘sad’ 
  ng (24) 32.9  4þ ‘proud’ 
  y (10) 13.7   ú  ‘ son’ 
  n (2) 2.7  h´ ‘bait’  
  w (1) 1.4  !¡  ‘ concave’  
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D.5 Mandarin-Cantonese rime pronunciation correspondence 

 

Mandarin 

(No. of words) 

Cantonese 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 a (129)  aa (70) 54.3  `K ‘ that’  
  aat (21) 16.3  <} ‘method’ 
  aap (20) 15.5  Jü ‘answer’  
  at (7) 5.4  �÷  ‘ lack’ 
  aak (4) 3.1  -½ ‘handkerchief’  
  aai (2) 1.6  (Ï  ‘big’  
  aam (1) 0.8  FÐ ‘blink’  
  aan (1) 0.8  7• ‘ fences’ 
  i (1) 0.8  RÔ ‘harvest’   
  o (1) 0.8   c  ‘ silly’  
  ok (1) 0.8  $W ‘chuckle’  
 o (52)  o (16) 30.8  <Š ‘ball’  
  ok (14) 26.9  SS ‘don’t’  
  ut (9) 17.3  P¾ ‘neck’ 
  aak (6) 11.5  -Ã ‘silks’  
  ak (3) 5.8  eô ‘ road’ 
  ou (2) 3.8  9É ‘mold’  
  at (1) 1.9  ��  ‘Buddhist’  
  ik (1) 1.9  _“ ‘ compel’  
 e (126)  o (29) 23.0  $• ‘brother’  
  e (18) 14.3  ^r  ‘ car’  
  ok (14) 11.1  0‰ ‘evil’  
  aak (13) 10.3  7ä ‘partitions’ 
  ak (12) 9.5  /?  ‘obtain’  
  it (12) 9.5  2@ ‘break’ 
  ap (6) 4.8  #° ‘gather’  
  at (6) 4.8  D� ‘dignified’ 
  ot (5) 4.0  %E ‘drink’  
  ip (3) 2.4  4Å ‘absorb’  
  ik (2) 1.6  R� ‘ colour’  
  i (1) 0.8  .i  ‘ toilet’  
  iu (1) 0.8  �.  ‘end’ 
  ai (1) 0.8  3K ‘button’  
  aap (1) 0.8  ?( ‘astringent’  
  aat (1) 0.8  _÷ ‘hold back’ 
  oek (1) 0.8  Fè ‘manifest’  
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Mandarin 

(No. of words) 

Cantonese 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 ai (129)  oi (62) 48.1  �‹  ‘generation’  
  aai (48) 37.2  4¢ ‘put’  
  aak (9) 7.0  F& ‘hundred’ 
  ai (3) 2.3  G– ‘short’  
  ak (3) 2.3  nM ‘wheat’  
  aam (1) 0.8  Eô ‘cancer’  
  aan (1) 0.8  `,  ‘ return’  
  i (1) 0.8  FB ‘pure white’  
  ui (1) 0.8  /@ ‘hesitate’  
 ei (73)  ui (25) 34.2  7�  ‘ cup’ 
  ei (22) 30.1  0Z ‘sad’ 
  oei (13) 17.8  L× ‘ tired’ 
  ai (5) 6.8  Pb ‘ lung’  
  ak (3) 4.1  "¿ ‘north’  
  oi (1) 1.4  !�  ‘ inside’ 
  e (1) 1.4  %	 ‘brown’ 
  aak (1) 1.4  "+ ‘delimit’  
  ap (1) 1.4  M� ‘give’  
  ut (1) 1.4  <:  ‘no’ 
 ao (173)  ou (93) 53.8  �… ‘protect’  
  aau (44) 25.4  "­  ‘wrap’ 
  iu (21) 12.1  6Å ‘dynasty’  
  ok (8) 4.6  f¡  ‘hail’   
  oek (3) 1.7  R5 ‘peony’  
  au (2) 1.2  Rª ‘ luxuriant’  
  aa (1) 0.6  !¡  ‘ concave’  
  ap (1) 0.6  !¡  ‘ concave’  
 ou (111)  au (103) 92.8   �  ‘ steal’  
  uk (4) 3.6  ^   ‘axis’  
  aau (3) 2.7  j�  ‘ sudden’ 
  ou (1) 0.9  `¥ ‘ capital’  
 an (224)  aan (88) 39.3  �á  ‘ red’ 
  aam (45) 20.1  \R ‘greedy’  
  on (30) 13.4  .�  ‘ interfere in’  
  in (17) 7.6  %, ‘ kind’ 
  un (15) 6.7  QÔ ‘a sort’  
  am (15) 6.7  0Ç ‘ feel’  
  im (13) 5.8  #�  ‘divine’  
  aa (1) 0.4  $Y ‘we’ 
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Mandarin 

(No. of words) 

Cantonese 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 en (98)  an (62) 63.3  7á ‘ root’  
  am (22) 22.4  <1 ‘sink’  
  un (6) 6.1  6Ô ‘original’  
  ing (3) 3.1  Z5 ‘admit’  
  ang (2) 2.0  PW ‘be willing to’  
  ap (1) 1.0  �h  ‘what’  
  oen (1) 1.0  Q£ ‘achieving better’  
  yn (1) 1.0  *‘  ‘ young’  
 ang (150)  ong (101) 67.3  `N ‘state’  
  oeng (44) 29.3  .Ý ‘spread’ 
  aang (3) 2.0  Fš ‘blind’ 
  am (1) 0.7  �û  ‘ table tennis’  
  un (1) 0.7  P~ ‘ fat’  
 eng (142)  ang (47) 33.1  6³ ‘ friend’ 
  ing (41) 28.9  ?,  ‘ clear’  
  aang (27) 19.0  8‚  ‘ canopy’  
  ung (25) 17.6  hP ‘wind’ 
  am (1) 0.7  <• ‘bump’ 
  eng (1) 0.7  `Õ ‘solemn’ 
 ong (120)  ung (115) 95.8   í  ‘ fill ’  
  ang (3) 2.5  .À ‘grand’ 
  ing (1) 0.8  9V ‘ flourishing’  
  oeng (1) 0.8  &’ ‘ chimney’  
 i (477)  i (136) 28.5  I£  ‘move’  
  ei (99) 20.8  FV ‘skin’  
  ai (90) 18.9  L�  ‘ rice’  
  ik (82) 17.2  "C ‘ force’  
  at (30) 6.3  Jî  ‘pen’ 
  ap (18) 3.8  ;é  ‘ juice’ 
  ek (10) 2.1  G› ‘ stone’ 
  e (2) 0.4  %� ‘beer’  
  it (2) 0.4  /m ‘must’  
  oei (2) 0.4  Xw ‘ inside’ 
  oet (2) 0.4  7¿ ‘chestnut’  
  aap (1) 0.2  fn  ‘ collect’  
  aak (1) 0.2  4š ‘ throw’ 
  in (1) 0.2  b9 ‘shiny metal’  
  yt (1) 0.2  ��  ‘ second’ 
 ia (52)  aa (29) 55.8  +  ̂ ‘home’ 
  aap (11) 21.2  (æ ‘clip’  
  aai (3) 5.8  ��  ‘good’  
  ap (3) 5.8  0�  ‘appropriate’  
  aat (2) 3.8  2d ‘mortgage’  
  at (2) 3.8  G6 ‘blind’ 
  aak (1) 1.9  &/ ‘ frighten’ 
  oeng (1) 1.9  �® ‘pair’  
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Mandarin 

(No. of words) 

Cantonese 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 ie (101)  it (32) 31.7  ]t  ‘ fall’  
  ip (23) 22.8  3M ‘ receive’ 
  e (20) 19.8  �C ‘ little’  
  aai (17) 16.8  Wÿ ‘street’  
  ik (3) 3.0  Pó ‘axilla’  
  ai (2) 2.0  4Ä ‘bring’ 
  yt (2) 2.0  "K ‘poor’  
  aa (1) 1.0  ��  ‘also’ 
  aat (1) 1.0  &{ ‘gnaw’ 
 iao (162)  iu (104) 64.2  *´  ‘pretty’  
  oek (36) 22.2  Q� ‘ foot’  
  aau (21) 13.0  �L  ‘hand in’  
  ok (1) 0.6  Yz ‘angle’  
 iu (73)  au (70) 95.9  <é ‘ flow’  
  iu (2) 2.7  �Ç ‘ lose’ 
  uk (1) 1.4  !�  ‘ six’  
 ian (200)  in (116) 58.0  Ko ‘chapter’  
  im (48) 24.0  +¾ ‘sharp’ 
  aan (16) 8.0  g÷ ‘color’  
  aam (11) 5.5  =Ã ‘minus’ 
  yn (6) 3.0  MË ‘county’  
  ip (2) 1.0  :ñ  ‘apology’  
  am (1) 0.5  ,ô  ‘embed’ 
 in (89)  an (44) 49.4  $i  ‘quality’  
  am (28) 31.5  7? ‘ forest’  
  oen (11) 12.4  <Í  ‘ saliva’  
  ing (5) 5.6  P� ‘hire’  
  ei (1) 1.1  0P ‘you’  
 iang (73)  oeng (68) 93.2  iA ‘ fragrant’  
  ong (5) 6.8  <�  ‘ river’  
 ing (156)  ing (132) 84.6  !X ‘ ice’  
  eng (17) 10.9  �=  ‘well’  
  ang (6) 3.8  Wô ‘go’ 
  an (3) 1.9  YR ‘parents’  
  aang (1) 0.6  H� ‘hard’ 
 iong (27)  ung (20) 74.1  JV ‘poor’  
  ing (6) 22.2  Dr ‘ fine jade’ 
  an (1) 3.7  J@ ‘embarrass’ 
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Mandarin 

(No. of words) 

Cantonese 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 u (328)  ou (89) 27.1  -« ‘ cloth’  
  u (75) 22.9  )y  ‘aunt’  
  uk (69) 21.0  6Ð ‘wood’  
  y (42) 12.8  _j  ‘ circuitous’ 
  o (12) 3.7  !Å ‘ first’  
  at (11) 3.4  J)  ‘ sudden’ 
  ng (9) 2.7  �<  ‘ five’  
  au (6) 1.8  =�  ‘ float’  
  ok (5) 1.5  4Z ‘beat’  
  oet (4) 1.2  !¢  ‘exit’  
  oei (3) 0.9  f�  ‘divide’  
  aau (1) 0.3  B	 ‘male’  
  ap (1) 0.3  !
  ‘enter’  
  ek (1) 0.3  "/  ‘ severe’  
 ua (35)  aa (25) 71.4  RY ‘ flower’  
  aat (5) 14.3  !ß ‘brush’ 
  aau (2) 5.7  AÒ ‘claw’ 
  aak (2) 5.7  \r  ‘ thief’  
  at (1) 2.9  Y� ‘ socks’ 
 uo (119)  o (59) 49.6  (Â ‘many’  
  ok (20) 16.8  ��  ‘make’ 
  oek (13) 10.9  R• ‘as if’  
  yt (7) 5.9  ZR ‘say’  
  ut (4) 3.4  <ã ‘ live’  
  uk (4) 3.4  ?i  ‘ turbid’  
  aak (3) 2.5  1¾ ‘or’  
  ou (3) 2.5  3R ‘arrange’ 
  aat (1) 0.8  5I  ‘ rotate’  
  ak (1) 0.8  3‰ ‘hold’  
  ek (1) 0.8  HQ ‘great’  
  ong (1) 0.8  4œ ‘expand’ 
  oe (1) 0.8  $æ ‘spit’  
  oei (1) 0.8  iæ ‘mule’ 
 uai (21)  aai (11) 52.4  /Ò ‘strange’ 
  oei (3) 14.3  X� ‘bad’ 
  ui (2) 9.5  /2  ‘ indecisive’ 
  ai (1) 4.8  2¥ ‘drag’  
  at (1) 4.8  DÑ ‘ fling’ 
  oi (1) 4.8  (¾ ‘outside’ 
  oet (1) 4.8  3ü ‘stumble’ 
  yn (1) 4.8  3‹ ‘hide’ 
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Mandarin 

(No. of words) 

Cantonese 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 ui (136)  ai (62) 45.6  7ê ‘cassia’  
  oei (52) 38.2  %Ü ‘mouth’  
  ui (16) 11.8  @� ‘grey’  
  ei (4) 2.9  6Ò ‘not’  
  yt (1) 0.7  M\ ‘ stitch’  
  aai (1) 0.7   (  ‘puppet’  
 uan (93)  yn (44) 47.3  Qá ‘ship’  
  un (26) 28.0  +@ ‘governor’  
  aan (20) 21.5  e„ ‘ close’ 
  oen (3) 3.2  #�  ‘egg’  
 un (70)  oen (34) 48.6  `�  ‘ follow’  
  an (27) 38.6  '�  ‘ female’  
  yn (9) 12.9  +² ‘ respect’  
 uang (52)  ong (47) 90.4   ñ  ‘ light’  
  oeng (3) 5.8  J? ‘window’  
  aang (2) 3.8  _Ã ‘stroll’  
 ueng (3)  ung (3) 100.0  Oi ‘old man’ 
 ü (132)  oei (56) 42.4  )�  ‘ female’  
  y (48) 36.4  6Ù ‘bright red’ 
  uk (18) 13.6  PZ ‘educate’ 
  oet (4) 3.0  C/ ‘probability’  
  ai (1) 0.8  *'  ‘ son-in-law’ 
  at (1) 0.8  +ð ‘bend’ 
  ei (1) 0.8  ,
  ‘ shoes’ 
  ik (1) 0.8  '‡  ‘area’ 
  ou (1) 0.8  j
  ‘donkey’  
  u (1) 0.8  R3 ‘ taros’ 
 üe (42)  yt (16) 38.1  f’  ‘ snow’ 
  oek (14) 33.3  E
 ‘around’ 
  ok (7) 16.7  Hb ‘ firmly’  
  at (2) 4.8  �¼ ‘blunt’  
  oe (1) 2.4  g�  ‘boots’  
  it (1) 2.4  UC ‘marsh grass’ 
  e (1) 2.4  Eà ‘ lame’ 
  ai (1) 2.4  es ‘ close’ 
 üan (49)  yn (45) 91.8  :²  ‘authority’  
  un (2) 4.1  3œ ‘help’  
  in (2) 4.1  ^z ‘bright room’  
 ün (41)  an (25) 61.0  ^u ‘army’  
  oen (15) 36.6  ,£  ‘harsh’ 
  am (1) 2.4  +³ ‘ find’ 
 er (8)  i (7) 87.5   ú  ‘ son’ 
  ei (1) 12.5  h´ ‘bait’  
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D.6 Mandarin-Cantonese tone pronunciation correspondence 

 

Mandarin 

(No. of words) 

Cantonese 

(No. of words) 

Correspondence 

percentage (%) 
Example 

 Tone 1 (1012)  Tone 1 (787) 77.8  �L  ‘give’  
 Tone 8 (69) 6.8  >ù ‘splash’ 
 Tone 7 (58) 5.7  #à ‘suck’ 
 Tone 4 (34) 3.4  #�  ‘dangerous’ 
 Tone 2 (23) 2.3  4i  ‘hold’  
 Tone 3 (19) 1.9  $> ‘coffee’  
 Tone 9 (16) 1.6  >œ ‘drop’ 
 Tone 6 (5) 0.5  ^�  ‘ tread on’ 
 Tone 5 (1) 0.1  F× ‘get into one’s eye’ 

 Tone 2 (965)  Tone 4 (736) 76.3  B� ‘ cow’  
 Tone 9 (115) 11.9  7à ‘nuclear’  
 Tone 8 (50) 5.2  &³ ‘ country’  
 Tone 7 (26) 2.7  LÂ ‘ level’  
 Tone 1 (23) 2.4  %� ‘beer’  
 Tone 6 (8) 0.8  nã ‘nose’ 
 Tone 2 (3) 0.3  DÕ ‘don’t’  
 Tone 5 (3) 0.3  0P ‘you (polite form)’  
 Tone 3 (1) 0.1  Ed ‘painful’  

 Tone 3 (700)  Tone 2 (419) 59.9  #u ‘opposite’  
 Tone 5 (178) 25.4  �ñ  ‘great’  
 Tone 8 (25) 3.6  F& ‘hundred’ 
 Tone 3 (23) 3.3  %2 ‘shout’  
 Tone 6 (17) 2.4   % ‘ fake’ 
 Tone 7 (14) 2.0  Jî  ‘pen’ 
 Tone 1 (11) 1.6  bÞ ‘watch’ 
 Tone 4 (8) 1.1   c  ‘ silly’  
 Tone 9 (5) 0.7  ��  ‘ second’ 

 Tone 4 (1352)  Tone 6 (499) 36.9  #p ‘agan’ 
 Tone 3 (470) 34.8  /Ò ‘strange’ 
 Tone 9 (139) 10.3  !
  ‘enter’  
 Tone 8 (70) 5.2  er ‘wide’ 
 Tone 7 (67) 5.0   ó  ‘gram’ 
 Tone 5 (50) 3.7  2Y ‘embrace’ 
 Tone 2 (23) 1.7  St ‘ fungus’ 
 Tone 1 (21) 1.6  _V ‘pigtail’  
 Tone 4 (13) 1.0  /€  ‘ forget’  

 Neutral (16)  Tone 4 (5) 31.3  �¹  ‘plural adjunct’  
 Tone 1 (4) 25.0  nd ‘phrase particle’  
 Tone 3 (3) 18.8  %v ‘question particle’ 
 Tone 5 (1) 6.3  �.  ‘end’ 
 Tone 6 (1) 6.3  #Ï  ‘ imperative particle’  
 Tone 7 (1) 6.3  F, ‘accurate’  
 Tone 9 (1) 6.3  Fè ‘manifest’  
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D.7 L1-L2 Cantonese-Mandarin pronunciation correspondences in Experiment 3 

 Char 1 Char 2 Can MP1 MP2 Onset 1 Rime 1 Onset 2 Rime 2 Syllable 1 Syllable 2 

 Is 2e cau1 chou1 qiu1 0.42 0.56 0.18 0.39 0.24 0.07 

 $$ (Ó fu1 fu1 hu1 0.69 0.99 0.15 0.99 0.68 0.15 

 +æ O6 mei5 mei3 wei3 0.82 0.17 0.17 0.17 0.14 0.03 

 P� 5Ç sing1 xing1 sheng1 0.23 0.70 0.49 0.21 0.16 0.10 

  í P� cong1 cong1 chong1 0.23 0.24 0.42 0.18 0.06 0.08 

 `Ø ^Ò loen4 lun2 lin2 0.98 0.24 0.98 0.18 0.24 0.18 

* 'Ù �ð bou4 bu4 bao4 0.90 0.47 0.90 0.49 0.42 0.44 

* 4u L? cou1 cu1 cao1 0.23 0.47 0.23 0.49 0.11 0.11 

 ^S 5X san1 xin1 shen2 0.23 0.27 0.49 0.39 0.06 0.19 

 /u fY jan2 yin3 ren3 0.70 0.27 0.15 0.39 0.19 0.06 

 Z� Q  coeng4 chang2 xiang2 0.42 0.38 0.05 0.58 0.16 0.03 

 "… ){ sing3 xing4 sheng4 0.23 0.70 0.49 0.21 0.16 0.10 

 `  3µ syn2 sun3 xuan3 0.19 0.09 0.23 0.42 0.02 0.10 

 _û .N dou6 du4 dao4 0.96 0.47 0.96 0.49 0.45 0.47 

 5‘ Hþ zou2 zu3 zao3 0.21 0.47 0.21 0.49 0.10 0.10 

 X„ �… bou2 bao3 bu3 0.90 0.49 0.90 0.47 0.44 0.42 

 %, OP sin6 xian4 shan4 0.23 0.85 0.49 0.12 0.20 0.06 

 =0 Az siu1 shao1 xiao1 0.49 0.17 0.23 0.81 0.08 0.19 

 \P ZZ fo3 ke4 huo4 0.10 0.25 0.15 0.50 0.03 0.08 

 �Õ +? zung1 zong1 zhong1 0.21 0.70 0.53 0.70 0.15 0.37 

 5· !® fan1 fen1 hun1 0.69 0.39 0.15 0.17 0.27 0.03 

 �I /• mong4 mang2 wang2 0.82 0.70 0.17 0.70 0.57 0.12 

 )s nú ci2 chi3 shi3 0.42 0.93 0.04 0.93 0.39 0.04 

  A `' bei6 bi4 bei4 0.90 0.77 0.90 0.17 0.69 0.15 

 @Þ .ž jin4 yan2 ran2 0.70 0.12 0.15 0.12 0.08 0.02 

 [; 9Ë joeng6 yang4 rang4 0.70 0.38 0.15 0.38 0.27 0.06 

 .7 P� zoei6 ju4 xu4 0.18 0.02 0.03 0.02 0.00 0.00 

* 34 Bö zoeng2 jiang3 zhang3 0.18 0.38 0.53 0.58 0.07 0.31 

 J• 6S zaam6 zan4 zhan4 0.21 0.77 0.53 0.77 0.16 0.41 

 "Q &ø zo6 zuo4 zhu4 0.21 0.50 0.53 0.10 0.11 0.05 

 <i 4æ fong3 fang4 kuang4 0.69 0.64 0.10 0.30 0.44 0.03 

 +� \\ gwai3 gui4 ji4 0.71 0.38 0.19 0.54 0.27 0.10 

 7� _Ç cuk1 su4 shu4 0.02 0.72 0.04 0.72 0.01 0.03 

 0ô 5a fong1 fang1 huang1 0.69 0.64 0.15 0.30 0.44 0.05 

 Mæ Mü zik1 zhi1 ji1 0.53 0.92 0.18 0.92 0.49 0.17 

 &è *ø zi2 zi3 zhi3 0.21 0.93 0.53 0.93 0.20 0.49 

 �• 5w zuk6 zu2 su2 0.21 0.72 0.02 0.72 0.15 0.01 

 �ä Kõ zik6 ji2 zhi2 0.18 0.92 0.53 0.92 0.17 0.49 

 +ý "� zin2 jian3 zhan3 0.18 0.85 0.53 0.12 0.15 0.06 

 <c 2e zi6 zi4 zhi4 0.21 0.92 0.53 0.92 0.19 0.49 

Note. Items marked with an asterisk were removed from analysis. Char 1 = Target character in Experiment 1; Char 2 = Target character 

in Experiment 2; Can = Cantonese pronunciation ; MP1 = Mandarin MP in Experiment 1; MP 2 = Mandarin MP in Experiment 2; Onset 

1 = L1-L2 Cantonese-Mandarin onset corresponding relationships in Experiment 1; Onset 2 = L1-L2 Cantonese-Mandarin onset 

corresponding relationships in Experiment 2; Rime 1 = L1-L2 Cantonese-Mandarin rime corresponding relationships in Experiment 1; 

Rime 2 = L1-L2 Cantonese-Mandarin rime corresponding relationships in Experiment 2; Syllable 1 = L1-L2 Cantonese-Mandarin 

syllable corresponding relationships in Experiment 1; Syllable 2 = L1-L2 Cantonese-Mandarin syllable corresponding relationships in 

Experiment 2. 
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D.8 L2-L1 Mandarin-Cantonese pronunciation correspondences in Experiment 3 

 Char 1 Char 2 MP1 MP2 Can Onset 1 Rime 1 Onset 2 Rime 2 Syllable 1 Syllable 2 

 Is 2e chou1 qiu1 cau1 0.83 0.93 0.35 0.96 0.77 0.34 

 $$ (Ó fu1 hu1 fu1 0.99 0.23 0.15 0.23 0.23 0.03 

 +æ O6 mei3 wei3 mei5 0.98 0.30 0.26 0.30 0.29 0.08 

 P� 5Ç xing1 sheng1 sing1 0.38 0.83 0.92 0.29 0.32 0.27 

  í P� cong1 chong1 cong1 0.92 0.37 0.83 0.12 0.34 0.10 

 `Ø ^Ò lun2 lin2 loen4 0.99 0.37 0.99 0.12 0.37 0.12 

* 'Ù �ð bu4 bao4 bou4 0.90 0.27 0.90 0.54 0.24 0.49 

* 4u L? cu1 cao1 cou1 0.92 0.27 0.92 0.54 0.25 0.50 

 ^S 5X xin1 shen2 san1 0.38 0.49 0.92 0.63 0.19 0.58 

 /u fY yin3 ren3 jan2 0.84 0.49 0.94 0.63 0.41 0.59 

 Z� Q  chang2 xiang2 coeng4 0.83 0.29 0.07 0.93 0.24 0.07 

 "… ){ xing4 sheng4 sing3 0.38 0.83 0.92 0.29 0.32 0.27 

 `  3µ sun3 xuan3 syn2 0.83 0.12 0.38 0.47 0.10 0.18 

 _û .N du4 dao4 dou6 0.94 0.27 0.94 0.54 0.25 0.51 

 5‘ Hþ zu3 zao3 zou2 0.94 0.27 0.94 0.54 0.25 0.51 

 X„ �… bao3 bu3 bou2 0.90 0.54 0.90 0.27 0.49 0.24 

 %, OP xian4 shan4 sin6 0.38 0.58 0.92 0.08 0.22 0.07 

 =0 Az shao1 xiao1 siu1 0.92 0.12 0.38 0.64 0.11 0.24 

 \P ZZ ke4 huo4 fo3 0.16 0.23 0.15 0.50 0.04 0.08 

 �Õ +? zong1 zhong1 zung1 0.94 0.96 0.91 0.96 0.90 0.87 

 5· !® fen1 hun1 fan1 0.99 0.63 0.15 0.39 0.62 0.06 

 �I /• mang2 wang2 mong4 0.98 0.67 0.26 0.67 0.66 0.17 

 )s nú chi3 shi3 ci2 0.83 0.29 0.06 0.29 0.24 0.02 

  A `' bi4 bei4 bei6 0.90 0.21 0.90 0.30 0.19 0.27 

 @Þ .ž yan2 ran2 jin4 0.84 0.08 0.94 0.08 0.07 0.08 

 [; 9Ë yang4 rang4 joeng6 0.84 0.29 0.94 0.29 0.24 0.27 

 .7 P� ju4 xu4 zoei6 0.26 0.01 0.06 0.01 0.00 0.00 

* 34 Bö jiang3 zhang3 zoeng2 0.26 0.93 0.91 0.29 0.24 0.26 

 J• 6S zan4 zhan4 zaam6 0.94 0.20 0.91 0.20 0.19 0.18 

 "Q &ø zuo4 zhu4 zo6 0.94 0.50 0.91 0.04 0.47 0.04 

 <i 4æ fang4 kuang4 fong3 0.99 0.67 0.16 0.90 0.66 0.14 

 +� \\ gui4 ji4 gwai3 0.22 0.46 0.03 0.19 0.10 0.01 

 7� _Ç su4 shu4 cuk1 0.06 0.21 0.06 0.21 0.01 0.01 

 0ô 5a fang1 huang1 fong1 0.99 0.67 0.15 0.90 0.66 0.14 

 Mæ Mü zhi1 ji1 zik1 0.91 0.17 0.26 0.17 0.15 0.04 

 &è *ø zi3 zhi3 zi2 0.94 0.29 0.91 0.29 0.27 0.26 

 �• 5w zu2 su2 zuk6 0.94 0.21 0.11 0.21 0.20 0.02 

 �ä Kõ ji2 zhi2 zik6 0.26 0.17 0.91 0.17 0.04 0.15 

 +ý "� jian3 zhan3 zin2 0.26 0.58 0.91 0.08 0.15 0.07 

 <c 2e zi4 zhi4 zi6 0.94 0.17 0.91 0.17 0.16 0.15 

Note. Items marked with an asterisk were removed from analysis. Char 1 = Target character in Experiment 1; Char 2 = Target character 

in Experiment 2; Can = Cantonese pronunciation ; MP1 = Mandarin MP in Experiment 1; MP 2 = Mandarin MP in Experiment 2; Onset  

1 = L2-L1 Mandarin-Cantonese onset corresponding relationships in Experiment 1; Onset 2 = L2-L1 Mandarin-Cantonese onset 

corresponding relationships in Experiment 2; Rime 1 = L2-L1 Mandarin-Cantonese rime corresponding relationships in Experiment 1; 

Rime 2 = L2-L1 Mandarin-Cantonese rime corresponding relationships in Experiment 2; Syllable 1 = L2-L1 Mandarin-Cantonese 

syllable corresponding relationships in Experiment 1; Syllable 2 = L2-L1 Mandarin-Cantonese syllable corresponding relationships in 

Experiment 2.  
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Appendix E  : Statistical analyses 

E.1 Experiment 1 

Main overall analyses 

Speaker: English vs. Cantonese 

Listener: English vs. Cantonese vs. Japanese 

Condition: High Frequency Intended vs. Low Frequency Intended vs. Control 

List: List 1 vs. List 2 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Speaker 11.834 1 11.834 1006.248 .000 
Speaker*Listener 2.179 2 1.089 92.640 .000 
Speaker*List .066 1 .066 5.648 .021 
Speaker*Listener*List .021 2 .011 .895 .414 
Error (Speaker) .635 54 .012 ��  ��  
Condition 5.862 2 2.931 338.344 .000 
Condition*Listener .451 4 .113 13.012 .000 
Condition*Listener .839 2 .419 48.402 .000 
Condition*Listener*List .072 4 .018 2.084 .088 
Error (Condition) .936 108 .009 ��  ��  
Speaker*Condition 3.315 2 1.658 144.913 .000 
Speaker*Condition*Listener .391 4 .098 8.540 .000 
Speaker*Condition*List 1.804 2 .902 78.830 .000 
Speaker*Condition*Listener*List .089 4 .022 1.951 .107 
Error (Speaker*Condition) 1.235 108 .011 ��  ��  
Listener .701 2 .351 15.458 .000 
List .073 1 .073 3.223 .078 
Listener*List .042 2 .021 .922 .404 
Error (Listener) 1.225 54 .023   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Listener .694 2 .347 11.581 .000 
Listener*Condition .376 4 .094 3.133 .017 
Error (Listener) 3.838 128 .030 ��  ��  
Speaker 11.543 1 11.543 119.996 .000 
Speaker*Condition 4.171 2 2.085 21.680 .000 
Error (Speaker) 6.156 64 .096 ��  ��  
Listener*Speaker 2.125 2 1.062 48.124 .000 
Listener*Speaker*Condition .479 4 .120 5.429 .000 
Error (Listener*Speaker) 2.826 128 .022   
Condition 7.485 2 3.742 21.712 .000 
Error (Condition) 11.032 64 .172   
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Planned comparison I: Control condition 

 

Speaker: English vs. Cantonese 

Listener: English vs. Cantonese vs. Japanese 

List: List 1 vs. List 2 

 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Speaker .275 1 .275 43.651 .000 
Speaker*List .784 1 .784 124.656 .000 
Speaker*Listener .131 2 .066 10.452 .000 
Speaker*List*Listener .015 2 .007 1.161 .321 
Error(Speaker) .340 54 .006 ��  ��  
List .350 1 .350 49.075 .000 
Listener .388 2 .194 27.232 .000 
List*Listener .091 2 .046 6.401 .003 
Error .385 54 .007   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Speaker .457 1 .457 4.850 .035 
Error(Speaker) 3.206 34 .094 ��  ��  
Listener .676 2 .338 13.386 .000 
Error(Listener) 1.717 68 .025 ��  ��  
Speaker*Listener .227 2 .113 5.435 .006 
Error(Speaker*Listener) 1.420 68 .021 ��  ��  
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(2A) Simple main effects of Listener group at each level of Speaker type for Control 

conditions 

 

Listener: English vs. Cantonese vs. Japanese 

 

Cantonese speaker 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Listener .230 2 .115 4.294 .018 
Error 1.524 57 .027   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Listener .39 2 .20 7.35 .001 
Error 1.81 68 .03   

 

Planned contrasts for different listener groups 

Subject analysis: Accuracy rates  

Comparisons Value of Contrast SE t df p 

English vs. Cantonese .0160 .05171 .309 57 .758 
English vs. Japanese .1225 .05171 2.369 57 .021 
Cantonese vs. Japanese .1385 .05171 2.678 57 .010 

 

Item analysis: Accuracy rates 

Comparisons Value of Contrast SE t df p 

English vs. Cantonese .01714 .03162 .542 34 .591 
English vs. Japanese .12000 .03662 3.277 34 .002 
Cantonese vs. Japanese .13714 .04712 2.911 34 .006 
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English speaker 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Listener .290 2 .145 18.776 .000 
Error .440 57 .008   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Listener .51 2 .26 13.12 .000 
Error 1.33 68 .02   

 

Planned contrasts for different listener groups 

Subject analysis: Accuracy rates  

Comparisons Value of Contrast SE t df p 

English vs. Cantonese .1380 .02780 4.964 57 .000 
English vs. Japanese .1555 .02780 5.594 57 .000 
Cantonese vs. Japanese .0175 .02780 .630 57 .532 

 

Item analysis: Accuracy rates 

Comparisons Value of Contrast SE t df p 

English vs. Cantonese .13714 .02959 4.635 34 .000 
English vs. Japanese .15714 .03363 4.673 34 .000 
Cantonese vs. Japanese .02000 .03662 .546 34 .589 
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(2B) Simple main effects of Speaker type at each level of Listener group for Control 

conditions 

 

Speaker: English vs. Cantonese 

 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Speaker (English listener) .25 1 .25 12.50 .001 
Speaker (Cantonese listener) .00 1 .00 .01 .929 
Speaker (Japanese listener) .16 1 .16 7.82 .007 
Error 1.14 57 .02   

 

Item analysis: Accuracy rates 

English Listener 

Source SS df MS F p 

Speaker .43 1 .43 16.64 .000 
Error .88 34 .03   

 

Cantonese Listener 

Source SS df MS F p 

Speaker .00 1 .00 .00 .958 
Error 1.74 34 .05   

 

Japanese Listener 

Source SS df MS F p 

Speaker .25 1 .25 4.29 .046 
Error 2.00 34 .06   
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Planned comparison II: High Frequency Intended 

 

Speaker: English vs. Cantonese 

Listener: English vs. Cantonese vs. Japanese 

List: List 1 vs. List 2 

 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Speaker 6.170 1 6.170 372.470 .000 
Speaker*List .963 1 .963 58.137 .000 
Speaker*Listener 1.472 2 .736 44.417 .000 
Speaker*List*Listener .030 2 .015 .895 .414 
Error(Speaker) .894 54 .017 ��  ��  
List .274 1 .274 15.636 .000 
Listener .227 2 .114 6.490 .003 
List*Listener .006 2 .003 .163 .850 
Error .945 54 .017   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Speaker 4.950 1 4.950 42.042 .000 
Error(Speaker) 1.766 15 .118 ��  ��  
Listener .181 2 .091 2.290 .119 
Error(Listener) 1.189 30 .040 ��  ��  
Speaker*Listener 1.179 2 .589 28.323 .000 
Error(Speaker*Listener) .624 30 .021 ��  ��  
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(3A) Simple main effects of Listener group at each level of Speaker type for High 

Frequency Intended  

 

Listener: English vs. Cantonese vs. Japanese 

 

Cantonese speaker 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Listener 1.269 2 .634 15.873 .000 
Error 2.278 57    

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Listener 1.01 2 .51 12.42 .000 
Error 1.22 30 .04   

 

Planned contrasts for different listener groups 

Subject analysis: Accuracy rates 

Comparisons Value of Contrast SE t df p 

English vs. Cantonese .3255 .06322 5.149 57 .000 
English vs. Japanese .0375 .06322 .593 57 .555 
Cantonese vs. Japanese .2880 .06322 4.556 57 .000 

 

Item analysis: Accuracy rates 

Comparisons Value of Contrast SE t df p 

English vs. Cantonese .32500 .07984 4.070 15 .001 
English vs. Japanese .03750 .04553 .824 15 .423 
Cantonese vs. Japanese .28750 .08260 3.481 15 .003 
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English speaker 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Listener .430 2 .215 14.702 .000 
Error .834 57    

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Listener .35 2 .17 8.85 .001 
Error .59 30 .02   

 

Planned contrasts for different listener groups 

Subject analysis: Accuracy rates 

Comparisons Value of Contrast SE t df p 

English vs. Cantonese .2050 .03824 5.361 57 .000 
English vs. Japanese .1295 .03824 3.386 57 .001 
Cantonese vs. Japanese .0755 .03824 1.974 57 .053 

 

Item analysis: Accuracy rates 

Comparisons Value of Contrast SE t df p 

English vs. Cantonese .20625 .05359 3.848 15 .002 
English vs. Japanese .13125 .04446 2.952 15 .010 
Cantonese vs. Japanese .07500 .05041 1.488 15 .158 

 

  



 223 

(3B) Simple main effects of Speaker type at each level of Listener group for High 

Frequency Intended 

 

Speaker: English vs. Cantonese 

 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Speaker (English listener) 4.71 1 4.71 142.14 .000 
Speaker (Cantonese listener) .24 1 .24 7.30 .009 
Speaker (Japanese listener) 2.69 1 2.69 81.36 .000 
Error 1.89 57 .03   

 

Item analysis: Accuracy rates 

English Listener 

Source SS df MS F p 

Speaker 3.78 1 3.78 105.28 .000 
Error .54 15 .04   

 

Cantonese Listener 

Source SS df MS F p 

Speaker .20 1 .20 2.69 .122 
Error 1.09 15 .07   

 

Japanese Listener 

Source SS df MS F p 

Speaker 2.15 1 2.15 42.37 .000 
Error .76 15 .05   
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Planned comparison III: Low Frequency Intended 

 

Speaker: English vs. Cantonese 

Listener: English vs. Cantonese vs. Japanese 

List: List 1 vs. List 2 

 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Speaker 8.705 1 8.705 738.662 .000 
Speaker*List .123 1 .123 10.427 .002 
Speaker*Listener .967 2 .483 41.017 .000 
Speaker*List*Listener .066 2 .033 2.803 .069 
Error(Speaker) .636 54 .012 ��  ��  
List .288 1 .288 18.739 .000 
Listener .537 2 .268 17.448 .000 
List*Listener .017 2 .009 .555 .578 
Error .830 54 .015   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Speaker 6.988 1 6.988 88.521 .000 
Error(Speaker) 1.184 15 .079 ��  ��  
Listener .441 2 .221 7.106 .003 
Error(Listener) .932 30 .031 ��  ��  
Speaker*Listener .771 2 .386 14.800 .000 
Error(Speaker*Listener) .782 30 .026 ��  ��  
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(4A) Simple main effects of Listener group at each level of Speaker type for Low 

Frequency Intended 

 

Listener: English vs. Cantonese vs. Japanese 

 

Cantonese speaker 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Listener .192 2 .096 4.964 .010 
Error 1.101 57 .019   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Listener .15 2 .08 2.59 .092 
Error .88 30 .03   

 

Planned contrasts for different listener groups 

Subject analysis: Accuracy rates  

Comparisons Value of Contrast SE t df p 

English vs. Cantonese .0710 .04396 1.615 57 .112 
English vs. Japanese .0675 .04396 1.536 57 .130 
Cantonese vs. Japanese .1385 .04396 3.151 57 .003 

 

Item analysis: Accuracy rates 

Comparisons Value of Contrast SE t df p 

English vs. Cantonese .06875 .06437 1.068 15 .302 
English vs. Japanese .06875 .04539 1.515 15 .151 
Cantonese vs. Japanese .13750 .06884 1.997 15 .064 
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English speaker 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Listener 1.311 2 .656 43.495 .000 
Error .859 57 .015   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Listener 1.06 2 .53 19.00 .000 
Error .84 30 .03   

 

Planned contrasts for different listener groups 

Subject analysis: Accuracy rates  

Comparisons Value of Contrast SE t df p 

English vs. Cantonese .3605 .03883 9.285 57 .000 
English vs. Japanese .2100 .03883 5.409 57 .000 
Cantonese vs. Japanese .1505 .03883 3.876 57 .000 

 

Item analysis: Accuracy rates 

Comparisons Value of Contrast SE t df p 

English vs. Cantonese .36250 .06047 5.995 15 .000 
English vs. Japanese .21250 .05977 3.555 15 .003 
Cantonese vs. Japanese .15000 .05701 2.631 15 .019 
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(4B) Simple main effects of Speaker type at each level of Listener group for Low 

Frequency Intended 

 

Speaker: English vs. Cantonese 

 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Speaker (English listener) 5.33 1 5.33 368.04 .000 
Speaker (Cantonese listener) .89 1 .89 61.54 .000 
Speaker (Japanese listener) 3.45 1 3.45 238.38 .000 
Error .83 57    

 

Item analysis: Accuracy rates 

English Listener 

Source SS df MS F p 

Speaker 4.28 1 4.28 87.04 .000 
Error .74 15 .05   

 

Cantonese Listener 

Source SS df MS F p 

Speaker .72 1 .72 12.27 .003 
Error .88 15 .06   

 

Japanese Listener 

Source SS df MS F p 

Speaker 2.76 1 2.76 118.76 .000 
Error .35 15 .02   
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Planned comparison IV: English Listeners 

 

Speaker: English vs. Cantonese 

Word Frequency: High Frequency Intended vs. Low Frequency Intended 

List: List 1 vs. List 2 

 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Speaker 10.025 1 10.025 811.508 .000 
Speaker*List .392 1 .392 31.731 .000 
Error(Speaker) .222 18 .012 ��  ��  
Word Frequency .015 1 .015 1.361 .259 
Word Frequency*List .015 1 .015 1.361 .259 
Error(Word Frequency) .200 18 .011 ��  ��  
Speaker*Word Frequency .010 1 .010 1.033 .323 
Speaker*Word Frequency*List .023 1 .023 2.466 .134 
Error(Speaker*Word Frequency) .169 18 .009 ��  ��  
List .214 1 .214 12.576 .002 
Error(List) .307 18 .017   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Speaker 8.051 1 8.051 189.306 .000 
Speaker*Word Frequency .008 1 .008 .180 .674 
Error(Speaker) 1.276 30 .043 ��  ��  
Word Frequency .013 1 .013 .260 .614 
Error 1.461 30 .049   
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Planned comparison V: Cantonese Listeners 

 

Speaker: English vs. Cantonese 

Word Frequency: High Frequency Intended vs. Low Frequency Intended 

List: List 1 vs. List 2 

 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Speaker 1.031 1 1.031 58.470 .000 
Speaker*List .267 1 .267 15.137 .001 
Error(Speaker) .317 18 .018 ��  ��  
Word Frequency .630 1 .630 52.195 .000 
Word Frequency*List .002 1 .002 .134 .718 
Error(Word Frequency) .217 18 .012 ��  ��  
Speaker*Word Frequency .102 1 .102 5.079 .037 
Speaker*Word Frequency*List .016 1 .016 .779 .389 
Error(Speaker*Word Frequency) .362 18 .020 ��  ��  
List .186 1 .186 7.637 .013 
Error(List) .439 18 .024   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Speaker .833 1 .833 12.682 .001 
Speaker*Word Frequency .083 1 .083 1.259 .271 
Error(Speaker) 1.970 30 .066 ��  ��  
Word Frequency .508 1 .508 3.979 .055 
Error 3.827 30 .128   
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(5A) Simple main effects of Word Frequency at each level of Speaker type for Cantonese 

Listeners 

 

Word Frequency: High Frequency baseword vs. Low Frequency baseword 

 

Cantonese speaker 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Word Frequency .62 1 .62 36.03 .000 
Error .33 19 .02   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Word Frequency .50 1 .50 4.20 .049 
Error 3.58 30 .12   

 

English speaker 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Word Frequency .11 1 .11 7.91 .011 
Error .27 19 .01   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Word Frequency .09 1 .09 1.22 .278 
Error 2.22 30 .07   
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Planned comparison VI: Japanese Listeners 

 

Speaker: English vs. Cantonese 

Word Frequency: High Frequency baseword vs. Low Frequency baseword 

List: List 1 vs. List 2 

 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Speaker 6.122 1 6.122 535.420 .000 
Speaker*List .239 1 .239 20.878 .000 
Error(Speaker) .206 18 .011 ��  ��  
Word Frequency .085 1 .085 11.636 .003 
Word Frequency*List .004 1 .004 .595 .451 
Error(Word Frequency) .132 18 .007 ��  ��  
Speaker*Word Frequency .023 1 .023 1.660 .214 
Speaker*Word Frequency*List .245 1 .245 17.360 .001 
Error(Speaker*Word Frequency) .254 18 .014 ��  ��  
List .163 1 .163 6.103 .024 
Error(List) .480 18 .027   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Speaker 4.895 1 4.895 132.190 .000 
Speaker*Word Frequency .019 1 .019 .511 .480 
Error(Speaker) 1.111 30 .037 ��  ��  
Word Frequency .069 1 .069 .796 .379 
Error 2.596 30 .087   
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E.2 Experiment 2 

Main overall analyses 

Speaker: English vs. Cantonese 

Listener: English vs. Cantonese  

Condition: High Frequency Intended vs. Low Frequency Intended vs. Control 

List: List 1 vs. List 2 

 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Speaker 2.404 1 2.404 179.687 .000 
Speaker*List 1.279 1 1.279 95.596 .000 
Speaker*Listener .451 1 .451 33.685 .000 
Speaker*Listener*List .000 1 .000 .015 .903 
Error (Speaker) .482 36 .013 ��  ��  
Condition 2.232 2 1.116 67.491 .000 
Condition*List .029 2 .014 .875 .421 
Condition*Listener .583 2 .292 17.636 .000 
Condition*Listener*List .116 2 .058 3.519 .035 
Error (Condition) 1.191 72 .017 ��  ��  
Speaker*Condition .167 2 .083 8.743 .000 
Speaker*Condition*List .277 2 .139 14.539 .000 
Speaker*Condition*Listener .045 2 .023 2.362 .102 
Speaker*Condition*Listener*List .102 2 .051 5.332 .007 
Error (Speaker*Condition) .686 72 .010 ��  ��  
Listener 2.313 1 2.313 87.086 .000 
List .454 1 .454 17.100 .000 
Listener*List .170 1 .170 6.386 .016 
Error (Listener) .956 36 .027   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Listener 2.256 1 2.256 70.077 .000 
Listener*Condition .631 2 .315 9.800 .000 
Error (Listener) 2.060 64 .032 ��  ��  
Speaker 2.337 1 2.337 27.911 .000 
Speaker*Condition .183 2 .091 1.091 .342 
Error (Speaker) 5.359 64 .084 ��  ��  
Listener*Speaker .442 1 .442 14.847 .000 
Listener*Speaker*Condition .051 2 .026 .859 .429 
Error (Listener*Speaker) 1.905 64 .030   
Condition 2.534 2 1.267 8.155 .001 
Error (Condition) 9.945 64 .155   
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(1A) Simple main effects of Listener group at each level of Speaker type 

Listener: English vs. Cantonese 

 

Cantonese speaker 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Listener .36 1 .36 5.69 .022 
Error 2.41 38 .06   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Listener .35 1 .35 11.39 .001 
Error 1.97 64 .03   

 

English speaker 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Listener 2.40 1 2.40 97.92 .000 
Error .93 38 .02   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Listener 2.35 1 2.35 75.26 .000 
Error 2.00 64 .03   
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(1B) Simple main effects of Speaker type at each level of Listener group 

Speaker: English vs. Cantonese 

 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Speaker (English Listener) 2.47 1 2.47 53.27 .000 
Speaker (Cantonese Listener) .39 1 .39 8.34 .006 
Error 1.76 38 .05   

 

Item analysis: Accuracy rates 

English listener 

Source SS df MS F p 

Speaker 2.41 1 2.41 41.85 .000 
Error 3.68 64 .06   

 

Cantonese listener 

Source SS df MS F p 

Speaker .37 1 .37 6.66 .012 
Error 3.59 64 .06   
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(1C) Simple main effects of Listener Group at each level of Word Type 

Listener: English vs. Cantonese 

 

Control 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Listener .082 1 .082 13.783 .001 

Error .227 38 .006 ��  ��  

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Listener .137 1 .137 10.543 .003 

Error .443 34 .013 ��  ��  

 

 

HF Intended 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Listener 1.076 1 1.076 56.516 .000 

Error .723 38 .019 ��  ��  

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Listener .861 1 .861 38.576 .000 

Error .335 15 .022 ��  ��  

 

 

LF Intended 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Listener .290 1 .290 21.704 .000 

Error .507 38 .013 ��  ��  

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Listener .236 1 .236 14.044 .002 

Error .252 15 .017 ��  ��  
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E.3 Combined analysis of Experiments 1 and 2 

Main overall analyses 
Speaker: English vs. Cantonese 
Listener: English vs. Cantonese  
Condition: High Frequency baseword vs. Low Frequency Intended 
Experiment: Experiment 1 vs. Experiment 2 
List: List 1 vs. List 2 
Subject analysis: Baseword response rates 

Source SS df MS F p 

Speaker*Experiment 8.292 1 8.292 581.799 .000 
Speaker*Experiment*Listener 1.486 1 1.486 104.304 .000 
Speaker*Experiment*List .175 1 .175 12.301 .001 
Speaker*Experiment*Listener*List .010 1 .010 .687 .410 
Error(Speaker) 1.026 72 .014     
Condition*Experiment .064 1 .064 4.801 .032 
Condition*Experiment*Listener .010 1 .010 .716 .400 
Condition*Experiment*List .050 1 .050 3.762 .056 
Condition*Experiment*Listener*List .033 1 .033 2.441 .123 
Error(Condition) .962 72 .013     
Speaker*Condition*Experiment .002 1 .002 .154 .696 
Speaker*Condition*Experiment*Listener .000 1 .000 .000 .987 
Speaker*Condition*Experiment*List .024 1 .024 2.255 .138 
Speaker*Condition*Experiment*Listener*Lis .020 1 .020 1.825 .181 
Error(Speaker*Condition) .777 72 .011     
Experiment 10.801 1 10.801 543.701 .000 
Experiment*Listener .896 1 .896 45.089 .000 
Experiment*List .103 1 .103 5.201 .026 
Experiment*Listener*List .078 1 .078 3.917 .052 
Error 1.430 72 .020     

 
Item analysis: Baseword response rates 

Source SS df MS F p 

Experiment 8.629 1 8.629 95.331 .000 
Experiment*Condition .051 1 .051 .559 .460 
Error(Experiment) 2.715 30 .091     
Speaker*Experiment 6.631 1 6.631 113.153 .000 
Speaker*Experiment*Condition .001 1 .001 .024 .878 
Error(Speaker*Experiment) 1.758 30 .059     
Experiment*Listener .722 1 .722 54.209 .000 
Experiment*Listener*Condition .008 1 .008 .574 .454 
Error(Experiment*Listener) .400 30 .013     
Speaker*Experiment*Listener 1.183 1 1.183 45.351 .000 
Speaker*Experiment*Listener*Condition .000 1 .000 .000 1.000 
Error(Speaker*Experiment*Listener) .782 30 .026     

  



 237 

Planned comparison I: English Listeners 

Speaker: English vs. Cantonese 

Experiment: Experiment 1 vs. Experiment 2 

Word Frequency: High Frequency vs. Low Frequency Intended 

List: List 1 vs. List 2 

 

Subject analysis: Baseword response rates 

Source SS df MS F p 

Speaker 2.495 1 2.495 206.825 .000 
Speaker*Experiment 8.400 1 8.400 696.302 .000 
Speaker*List .435 1 .435 36.037 .000 
Speaker*Experiment*List .051 1 .051 4.238 .047 
Error(Speaker) .434 36 .012 ��  ��  
Word Frequency .006 1 .006 .515 .478 
Word Frequency*Experiment .062 1 .062 5.744 .022 
Word Frequency*List .013 1 .013 1.175 .286 
Word Frequency*Experiment*List .082 1 .082 7.635 .009 
Error(Word Frequency) .386 36 .011 ��  ��  
Speaker*Word Frequency .012 1 .012 1.640 .209 
Speaker*Word Frequency*Experiment .001 1 .001 .124 .726 
Speaker*Word Frequency*List .051 1 .051 7.043 .012 
Speaker*Word Frequency*Experiment*List .000 1 .000 .017 .897 
Error(Speaker*Word Frequency) .261 36 .007 ��  ��  
Experiment 8.959 1 8.959 635.413 .000 
List .390 1 .390 27.666 .000 
Experiment*List .001 1 .001 .064 .802 
Error .508 36 .014   

 

Item analysis: Baseword response rates 

Source SS df MS F p 

Speaker 2.025 1 2.025 39.760 .000 
Speaker*Word Frequency .009 1 .009 .186 .670 
Error(Speaker) 1.528 30 .051 ��  ��  
Experiment 7.173 1 7.173 208.688 .000 
Experiment*Word Frequency .049 1 .049 1.421 .243 
Error(Experiment) 1.031 30 .034 ��  ��  
Speaker*Experiment 6.707 1 6.707 164.273 .000 
Speaker*Experiment*Word Frequency .001 1 .001 .017 .896 
Error(Speaker*Experiment) 1.225 30 .041 ��  ��  
Word Frequency .004 1 .004 .068 .795 
Error 1.679 30 .056   
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(2A) Simple main effects of Experiment at each level of Speaker type 

 

Experiment: Experiment 1 vs. Experiment 2 

 

English speaker 

Subject analysis: Baseword response rates 

Source SS df MS F p 

Experiment 17.35 1 17.35 2689.91 .000 
Error .25 38 .01   

 

Item analysis: Baseword response rates 

Source SS df MS F p 

Experiment 13.88 1 13.88 878.67 .000 
Error .47 30 .02   

 

Cantonese speaker 

Subject analysis: Baseword response rates 

Source SS df MS F p 

Experiment .00 1 .00 .11 .743 
Error 1.57 38 .04   

 

Item analysis: Baseword response rates 

Source SS df MS F p 

Experiment .00 1 .00 .07 .799 
Error 1.78 30 .06   
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Planned comparison II: Cantonese Listeners 

Speaker: English vs. Cantonese 

Experiment: Experiment 1 vs. Experiment 2 

Word Frequency: High Frequency vs. Low Frequency Intended 

List: List 1 vs. List 2 

 

Subject analysis: Baseword response rates 

Source SS df MS F p 

Speaker .068 1 .068 4.165 .049 
Speaker*Experiment 1.378 1 1.378 83.838 .000 
Speaker*List .133 1 .133 8.080 .007 
Speaker*Experiment*List .134 1 .134 8.150 .007 
Error(Speaker) .592 36 .016 ��  ��  
Word Frequency 1.519 1 1.519 95.007 .000 
Word Frequency*Experiment .012 1 .012 .755 .391 
Word Frequency*List .008 1 .008 .482 .492 
Word Frequency*Experiment*List .001 1 .001 .059 .809 
Error(Word Frequency) .576 36 .016 ��  ��  
Speaker*Word Frequency .180 1 .180 12.588 .001 
Speaker*Word Frequency*Experiment .001 1 .001 .053 .818 
Speaker*Word Frequency*List .068 1 .068 4.165 .049 
Speaker*Word Frequency*Experiment*List 1.378 1 1.378 83.838 .000 
Error(Speaker*Word Frequency) .133 1 .133 8.080 .007 
Experiment 2.738 1 2.738 106.816 .000 
List .035 1 .035 1.347 .254 
Experiment*List .180 1 .180 7.032 .012 
Error .923 36 .026   

 

Item analysis: Baseword response rates 

Source SS df MS F p 

Speaker .057 1 .057 1.088 .305 
Speaker*Word Frequency .144 1 .144 2.758 .107 
Error(Speaker) 1.571 30 .052 ��  ��  
Experiment 2.179 1 2.179 31.362 .000 
Experiment*Word Frequency .009 1 .009 .136 .715 
Error(Experiment) 2.084 30 .069 ��  ��  
Speaker*Experiment 1.106 1 1.106 25.230 .000 
Speaker*Experiment*Word Frequency .001 1 .001 .016 .900 
Error(Speaker*Experiment) 1.315 30 .044 ��  ��  
Word Frequency 1.221 1 1.221 5.288 .029 
Error 6.925 30 .231   
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(3A) Simple main effects of Experiment at each level of Speaker type 

 

Experiment: Experiment 1 vs. Experiment 2 

 

English speaker 

Subject analysis: Baseword response rates 

Source SS df MS F p 

Experiment 4.00 1 4.00 155.98 .000 
Error .97 38 .03   

 

Item analysis: Baseword response rates 

Source SS df MS F p 

Experiment 3.20 1 3.20 50.13 .000 
Error 1.91 30 .06   

 

Cantonese speaker 

Subject analysis: Baseword response rates 

Source SS df MS F p 

Experiment .12 1 .12 4.30 .045 
Error 1.02 38 .03   

 

Item analysis: Baseword response rates 

Source SS df MS F p 

Experiment .09 1 .09 1.82 .188 
Error 1.49 30 .05   
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E.4 Experiment 3 

Main overall analyses (Comparing listener group) 
Listener: Mandarin vs. Cantonese 
Condition: Target items (correctly pronounced) vs. Target items (mispronounced) vs. Control items 
Experiment: Experiments 3A vs. 3B 
List: List 1 vs. List 2 
 
Subject analysis: Accuracy rates 
Source SS df MS F p 

Condition 10.327 2 5.164 608.067 .000 
Condition*Listener 1.624 2 .812 95.612 .000 
Condition*Experiment .430 2 .215 25.336 .000 
Condition*List .224 2 .112 13.189 .000 
Condition*Listener*Experiment .044 2 .022 2.600 .077 
Condition*Listener*List .021 2 .011 1.243 .291 
Condition*Experiment*List .406 2 .203 23.894 .000 
Condition*Listener*Experiment*List .096 2 .048 5.658 .004 
Error(Condition) 1.495 176 .008 ��  ��  
Listener .066 1 .066 4.071 .047 
Experiment .129 1 .129 7.944 .006 
List .027 1 .027 1.676 .199 
Listener*Experiment .000 1 .000 .010 .921 
Listener*List .108 1 .108 6.616 .012 
Experiment*List .036 1 .036 2.183 .143 
Listener*Experiment*List .027 1 .027 1.645 .203 
Error 1.433 88 .016   
 
Item analysis: Accuracy rates 
Source SS df MS F p 

Experiment .236 1 .236 4.442 .038 
Experiment*Condition .653 2 .327 6.161 .003 
Experiment*List .058 1 .058 1.098 .297 
Experiment*Condition*List .579 2 .289 5.457 .006 
Error(Experiment) 5.090 96 .053 ��  ��  
Listener .067 1 .067 1.937 .167 
Listener*Condition 2.422 2 1.211 34.997 .000 
Listener*List .160 1 .160 4.632 .034 
Listener*Condition*List .034 2 .017 .493 .612 
Error(Listener) 3.322 96 .035 ��  ��  
Experiment*Listener .001 1 .001 .035 .851 
Experiment*Listener*Condition .051 2 .025 .960 .387 
Experiment*Listener*List .038 1 .038 1.457 .230 
Experiment*Listener*Condition*List .135 2 .067 2.556 .083 
Error(Experiment*Listener) 2.531 96 .026 ��  ��  
Condition 15.975 2 7.987 126.184 .000 
Condition*List .033 1 .033 .528 .469 
List .282 2 .141 2.230 .113 
Error 6.077 96 .063   
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(2A) Simple main effects of Condition at each level of Listener group 

Condition: Target items (correctly pronounced) vs. Target items (mispronounced) vs. Control items 

 

Subject analysis: Accuracy rates 

Source SS df MS F p 

Condition (Cantonese 4.11 2 2.05 233.67 .000 
Condition (Mandarin 7.17 2 3.59 133.85 .000 
Error 2.89 188    

 

Item analysis: Accuracy rates 

Cantonese listener 

Source SS df MS F p 

Condition 5.01 2 2.51 69.13 .000 
Error 120.59 99 .04   

 

Mandarin listener 

Source SS df MS F p 

Condition 13.10 2 6.55 102.93 .000 
Error 6.30 99 .06   

 

  



 243 

Planned contrasts of different conditions for Cantonese listeners 

 

Subject analysis: Accuracy rates  

Comparisons Value of Contrast SE t df p 

Control vs. Correct .214138 .021108 10.145 57 .000 
Control vs. MP Target .375172 .022422 16.732 57 .000 
Correct vs. MP Target .161034 .032558 4.946 57 .000 

 

Item analysis: Accuracy rates 

Comparisons Value of Contrast SE t df p 

Control vs. Correct .21356 .02626 8.133 69 .000 
Control vs. MP Target .37469 .02908 12.883 69 .000 
Correct vs. MP Target .16113 .04323 3.727 60 .000 

 

Planned contrasts of different conditions for Mandarin listeners 

Subject analysis: Accuracy rates  

Comparisons Value of Contrast SE t df p 

Control vs. Correct .005263 .007153 .736 37 .467 
Control vs. MP Target .534737 .026788 19.962 37 .000 
Correct vs. MP Target .529474 .025812 20.512 37 .000 

 

Item analysis: Accuracy rates 

Comparisons Value of Contrast SE t df p 

Control vs. Correct .00571 .00803 .711 69 .479 
Control vs. MP Target .55345 .05092 10.869 69 .000 
Correct vs. MP Target .54774 .05772 9.489 60 .000 
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(2B) Simple main effects of Listener group at each level of Condition 

 

Listener: Mandarin vs. Cantonese 

 

Subject analysis: Accuracy rates 

Control items 

Source SS df MS F p 

Listener .01 1 .01 3.77 .055 
Error .16 94 .00   

 

Target items (correctly pronounced) 

Source SS df MS F p 

Listener 1.17 1 1.17 61.42 .000 
Error 1.78 94 .02   

 

Target items (mispronounced) 

Source SS df MS F p 

Listener .47 1 .47 16.40 .000 
Error 2.69 94 .03   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Listener (Control) .01 1 .01 .31 .580 
Listener (Correct Target) 1.56 1 1.56 44.13 .000 
Listener (MP Target) .82 1 .82 23.08 .000 
Error 3.50 99 .04   
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(2C) Simple main effects of Experiment at each level of Condition 

 

Experiment: Experiments 3A vs. 3B 

 

Subject analysis: Accuracy rates 

Control items 

Source SS df MS F p 

Experiment .00 1 .00 .06 .806 
Error .16 94 .00   

 

Target items (correctly pronounced) 

Source SS df MS F p 

Experiment .01 1 .01 .36 .550 
Error 2.94 94 .03   

 

Target items (mispronounced) 

Source SS df MS F p 

Experiment .57 1 .57 20.82 .000 
Error 2.59 94 .03   

 

Item analysis: Accuracy rates 

Source SS df MS F p 

Experiment (Control) .00 1 .00 .00 .984 
Experiment (Correct Target) .01 1 .01 .11 .740 
Experiment (MP Target) .98 1 .98 16.95 .000 
Error 5.72 99 .06   
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