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Abstract 

Purpose. The aim was to investigate speech-language pathology students’ ability to identify 

errors and transcribe typical and atypical speech in Cantonese, a non-native language.  

Method. Thirty three English-speaking students completed three tasks in an experimental within 

subjects design. 

Results. Task 1 (baseline) involved transcribing English words. In Task 2 participants 

transcribed 25 words spoken by a Cantonese adult. An average of 59.1% consonants was 

transcribed correctly (72.9% when Cantonese-English transfer patterns were allowed). There was 

higher accuracy on shared English and Cantonese syllable-initial consonants /m,n,f,s,h,j,w,l/ and 

syllable-final consonants. In Task 3 participants identified consonant errors and transcribed 100 

words spoken by Cantonese-speaking children under four additive conditions: 1) baseline, 2) 

+adult model, 3) +information about Cantonese phonology, 4) all variables (2 and 3 were 

counterbalanced). There was a significant improvement in identification and transcription scores 

for conditions 2, 3 and 4 with a moderate effect size. Increased skill was not based on listeners’ 

proficiency in speaking another language, perceived transcription skill, musicality, or confidence 

with multilingual clients.  

Conclusion. SLP students, with no exposure to or specific training in Cantonese, have some 

skills to identify errors and transcribe Cantonese. Provision of a Cantonese-adult model and 

information about Cantonese phonology increased accuracy. 

 

Keywords: assessment, transcription, multilingual, Cantonese 
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Introduction 

There are over 6000 languages spoken in the world (Lewis, 2009) and significant proportions 

of speech-language pathologists’ (SLPs) caseloads consist of multilingual children (Guiberson & 

Aikins, 2012; Williams & McLeod, 2012; Winter, 2001). Reliance on standardized, norm-

referenced English assessment approaches is not appropriate for assessing multilingual children 

in English-speaking countries (Caesar & Kohler, 2007). Rather, assessment of a multilingual 

child’s speech also should occur in the child’s native language(s), to determine whether the child 

has a speech sound disorder in each language, or whether their speech sound errors in English are 

a result of interference from their native language (International Expert Panel on Multilingual 

Children’s Speech, 2012; Rvachew, Mattock, Clayards, Chiang & Brosseau-Lapré, 2012). 

Consequently, alternative assessment procedures have been recommended, such as descriptive 

approaches (language sampling, interviewing, observation, and rating scales), dynamic 

approaches, assessments by bilingual SLPs in both or all languages, and use of interpreters 

(ASHA, 1999, 2004; Edwards & Munson, 2012; Grech & McLeod, 2012). However, the use of 

interpreters for conducting speech assessments raises issues regarding the limitations of the 

professional scope of an interpreter, as requests to comment on a client’s accuracy of speech 

production fall outside an accredited interpreter’s code of ethics (Roger & Code, 2011). 

Furthermore, surveys of current clinical practice indicate that few SLPs conduct assessments in 

SLPs’ non-native languages or report the use of interpreters (Caesar & Kohler, 2007; Jordaan, 

2008; Williams & McLeod, 2012).  

Caesar and Kohler (2007) argued that while training multilingual SLPs may help to address 

this labor force problem, this will not be enough to “close the gap between the linguistic 

homogeneity of the profession and the linguistic diversity of its clientele” (p. 198), because even 

bilingual SLPs are likely to have to work with children who speak a language that is unfamiliar 
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to them (Kritikos, 2003). The American Speech-Language-Hearing Association (2010) reports 

that less than 5.1% of its membership identifies themselves as bilingual. In contrast, a study of 

309 SLPs in the US reported that 48% of caseloads included non-native speakers of English 

(Skahan, Watson, & Lof, 2007). In the UK, 77% of practicing SLPs reported that between 1-25% 

of clients on their caseload were bilingual (Mennen & Stansfield, 2006), while only 5% of 

undergraduate SLP students were reported to be bilingual (Stow & Dodd, 2003) and few 

practicing SLPs received training in multilingual intervention (Winter, 2001). In Australia, of the 

30.7% of SLPs reported to speak a language other than English (Speech Pathology Australia, 

2001), there was a weak correspondence between the languages they speak (typically Australian 

Sign Language, French, German, Italian, and Afrikaans) and those spoken by the children on 

their caseloads (most commonly Arabic, Cantonese, Vietnamese, Greek, and Mandarin) 

(McLeod, 2011). As such, appropriate and accurate assessment of multilingual children is a 

major challenge for SLPs throughout the world (Caesar & Kohler, 2007; Jordaan, 2008; Kritikos, 

2003; Williams & McLeod, 2012). Consequently, monolingual SLPs need to be equipped with 

the training and the tools to conduct assessments and provide services to multilingual children 

(International Expert Panel on Multilingual Children’s Speech, 2012). 

The recent publication of sources compiling speech acquisition norms for a variety of 

languages has been a step towards providing multilingual resources for SLPs (e.g., Cruz-Ferriera, 

2010; Hambly, Wren, McLeod & Roulstone, 2013; Hua & Dodd, 2006; McLeod, 2007a; 

McLeod, 2012; McLeod & Goldstein, 2012). As Davis (2007) stated: “An important challenge to 

ethical clinical practices is the SLP’s ability to use typical speech acquisition milestones using 

normative data from each child’s ambient language […] Understanding each child’s unique 

language targets will help to avoid making clinical decisions about children from other languages 

using comparison norms for children learning English” (p. 50). However, before SLPs can use 
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these data and assess multilingual children’s speech, the question needs to be asked: can SLPs 

assess the speech of children in a language they themselves do not speak? 

Auditory-perceptual judgments for transcription  

Current SLPs’ practice for assessment of children’s speech typically involves auditory-

perceptual judgments to transcribe children’s productions of target words to identify whether 

children make speech sound errors. Consequently, decisions made during the assessment, 

intervention, and discharge of children with speech sound disorders rely on the reliability and 

validity of SLPs’ auditory-perceptual judgments and transcription (Amorosa, von Benda, 

Wagner, & Keck, 1985; Edwards & Munson, 2012; Kent, 1996). The accuracy of SLPs’ 

auditory-perceptual judgments (particularly of non-native languages), and subsequently their 

transcription skill, can be influenced by factors relating to the task, language, listener, and client 

(Lockart, 2011). Some of the issues relating to the task, language, and listener (SLP) are relevant 

to the current research. 

Task factors include the input mode and quality and the output required (e.g., type of 

transcription). Accuracy of auditory-perceptual judgments and transcription can be influenced by 

the quality of the speech input. Reliability of perceptual judgments of speech has been shown to 

improve with auditory-visual vs. auditory-only stimuli, and live vs. audio recording (e.g., Keintz, 

2011; McNutt, Wicki, & Paulsen, 1991; Stephens & Daniloff, 1977). Auditory-perceptual 

judgments can be influenced by the signal to noise ratio of the environment, including the quality 

of the audio-recording (Vogel & Morgan, 2009). The provision of reference samples promotes 

reliability of auditory-perceptual judgments (Kent, 1996), while the complexity of transcription 

(i.e., using phonetic vs. phonemic transcription) has been shown to reduce the reliability of 

transcription (Kerswill & Wright, 1990). Multiple presentations of speech stimuli may not have 

an effect on judgments of accuracy (Munson & Brinkman, 2004). 
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 The languages spoken by listeners (SLPs) and their clients also influence auditory-

perceptual judgments and transcription. The longer an individual has spent learning and using 

their native language, the harder it will be for them to perceive non-native speech sounds in 

another language (Flege, Bohn, Jang, 1997; Imai, Flege, & Wayland, 2002). Models of cross-

linguistic speech perception have attributed this to the concept of equivalence classes, i.e. that 

acoustically related native and non-native sounds tend to be treated the same (Flege, 1987). 

According to the Perceptual Assimilation Model (Best, 1991), a listener’s perception of a non-

native language is influenced not only by the acoustic equivalence of the speech sounds but by 

the phonology of their native language; that is, a listener will have difficulty perceiving phonetic 

differences between consonant sounds that are not distinct phonemes in their native language. 

Accordingly, previous linguistic experiences (i.e. exposure to and/or proficiency in more than 

one language) have an influence on second language learners’ ability to discriminate non-native 

consonants (e.g., English approximants: Tsukada, 2006). Furthermore, sounds that may appear to 

be common between languages can be perceived differently by native and non-native speakers 

(Li et al., 2011). For example, the same International Phonetic Alphabet symbol does not reliably 

represent the same sound across languages (Edwards & Beckman, 2008; Edwards & Munson, 

2012; Li et al., 2011). However, an individual can learn to produce and perceive sounds from 

another language through exposure and training (Wolfe et al., 2006). An individual’s musicality 

has also been associated with skills in both the production and perception of a second language 

(Gilleece, 2006; Milovanov, Huotilainen, Valimaki, Esquef, & Tervaniemi, 2008; Slevc & 

Miyake, 2006).  

It has been proposed that non-native contrasts that are initially difficult for a listener to 

perceive may become easier with conversational experience in the non-native language or with 

more extensive training (Mochizuki, 1981; Pisoni, Aslin, Perey, & Hennessy, 1982; Strange & 
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Dittman, 1984). In a recent study of clinical experience and speech perception, Munson, Johnson, 

and Edwards (in press) reported that experienced SLPs demonstrated better perception of 

phonetic detail in children’s speech than inexperienced listeners. SLPs’ professional preparation 

typically includes training in transcription to enable them to identify and transcribe speech that is 

different from the ambient language (e.g., children with speech sound disorders). Thus, SLPs are 

attuned to listening to differences in speech production even though transcription of languages 

other than the SLPs’ native language(s) may not be a routine part of their education. SLPs’ 

cultural competence, attitude towards languages, and experience with multilingual clients and 

interpreters will affect SLPs’ interest and ability in transcribing and assessing the speech of a 

multilingual child (Allard & Williams, 2008; Jordaan, 2008; Kritikos, 2003). Continuing 

education, exposure to and training in transcription of multilingual children’s speech has recently 

been recommended by the International Expert Panel on Multilingual Children’s Speech (2012).  

The Present Study 

This research aimed to investigate the ability of English-speaking SLP students to transcribe 

typical and atypical speech in a non-native language (Cantonese) and to determine factors that 

could influence the accuracy of SLPs’ assessment of multilingual children with speech sound 

disorders. Cantonese is spoken by an estimated 55 million people throughout the world (Lewis, 

2009) and is a common language spoken in many English-speaking countries including the US 

(Shin & Kominski, 2010), Canada (Statistics Canada, 2007), and Australia (ABS, 2006). While 

there are many overlapping consonants between Cantonese and English, there are some 

differences, including: more final consonants in English, use of tones in Cantonese, and 

phonemic use of aspiration in Cantonese versus voicing in English (see Supplemental Appendix). 

Monolingual speech acquisition of Cantonese and English show similar trends, with error 
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patterns typically including fronting and stopping (Holm & Dodd, 2006; To, Cheung, & McLeod, 

in press).  

The following three research questions were asked: 

1. How accurately can non-Cantonese-speaking SLP students 

a. transcribe typical Cantonese adults’ speech? 

b. identify speech sound errors in typical and atypical Cantonese children’s speech? 

c. transcribe typical and atypical Cantonese children’s speech? 

2. What are common mismatches in non-Cantonese-speaking SLP students’ transcription of 

Cantonese? 

3. Is their accuracy of identification and transcription of speech sound errors  

a. improved when the child’s production is compared to a recording of an adult model? 

b. improved when the listener is provided with information about the Cantonese 

phonological system? 

c. influenced by listener characteristics (i.e., proficiency in speaking another language, 

perceived transcription skill, musicality, and confidence in working with multilingual 

clients)? 

It was hypothesized that provision of a Cantonese adult model and information about Cantonese 

phonology would improve the SLP students’ accuracy of identification and transcription of 

Cantonese. Second, it was hypothesized that listener characteristics would influence the SLP 

students’ accuracy of identification and transcription. 

Method 

Participants 

Participants were 33 listeners and 6 speakers. 

Listeners. 
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Listeners were 33 students recruited from the Master of Speech and Language Pathology 

Program at Macquarie University in Sydney, Australia a two-year professional entry program for 

speech-language pathology. The listener group consisted of 32 females and 1 male. All studied 

phonetics and phonology as a requirement of entry into the Master’s program and completed 

additional tutorials in phonetic transcription of Australian English during their Master’s program. 

All listeners had undertaken a course in assessment and intervention for children with speech 

sound disorders; however, this course focused on English-speaking children. All listeners 

reported no difficulties with their hearing.  

All listeners undertook their SLP professional education in English, used English in clinical 

SLP settings, and were rated by the researcher as proficient speakers of English. None of the 

listeners reported knowledge of or competency in speaking Cantonese and none reported 

exposure to Cantonese for a period of greater than 6 months (e.g., they had not lived with 

speakers of Cantonese or lived in a Cantonese-speaking country). The majority (n=18, 54.5%) 

spoke English only. The remainder spoke one, two, or three languages. Five listeners reported 

that they were proficient speakers/users of Arabic (1), French (2), Greek (1), or the 

communication system, Makaton (1). Nine listeners had functional proficiency in Afrikaans (1), 

Arabic (1), French (3), German (1), Italian (1), Japanese (1), Walpir (1), and seven listeners had 

minimal proficiency in German (1), Hebrew (1), Italian (2), Mandarin (2), Spanish (1). Ten 

listeners reported exposure to a language other than English for a period of greater than 6 

months. 

Speakers. 

The listeners were required to listen to the speech of 6 people during this research. Speaker 1 

was a 24-year-old female who spoke with a General Australian English accent. The remaining 5 

speakers were native Cantonese speakers. Speaker 2 was a female SLP researcher and typical 
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Cantonese-speaking adult who lived in Hong Kong. She was an author of the Hong Kong 

Cantonese Articulation Test (HKCAT; Cheung, Ng, & To, 2006) who had extensive knowledge 

of International Phonetic Alphabet transcription and assessment of Cantonese-speaking children. 

Speakers 3 to 6 were Cantonese-speaking children who lived in Hong Kong. Speaker 2 assessed 

Speakers 3 to 6, transcribed their speech, and identified whether or not their speech was 

developing typically. Speaker 3, was 3 years 6 months (3;6), female, and identified by Speaker 2 

as typically developing. Speaker 4, was 2;1, female, and identified as typically developing; 

however, due to her young age not every consonant was produced in an adult-like manner. 

Speaker 5, was 5;6, male, and identified as having a mild speech sound disorder, characterized by 

a lateralized /s/. Speaker 6, was 4;2, female, and identified as having a mild-moderate speech 

sound disorder.  

Stimuli 

Target stimuli for Task 1 were created from an audio recording of 6 words spoken by 

Speaker 1. Word 1 was provided as an example. The remaining 5 English words contained 

symbols that did not align with the orthography of English; for example, ng=/ŋ/, y=/j/. 

Target stimuli for Task 2 were created from an audio recording of Speaker 2, producing 

words from the HKCAT (Cheung et al., 2006). The HKCAT is a naming test that consists of 46 

pictures to test a total of 50 words. The test assesses syllable-initial and syllable-final consonants, 

vowels, diphthongs, and tones. The 25 Cantonese words used in Task 2 were selected from the 

HKCAT in order to have at least one example of every syllable-initial and syllable-final 

consonant. Single syllable words and words with vowels and diphthongs closest to Australian 

English phonotactics were selected when possible. All Cantonese tones were represented and two 

Cantonese words that consisted of a single consonant also were chosen, /ŋ5/ (5 five) and /m4/ 
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(唔not). The audio recording was segmented into clips of single words using the software 

AudacityTM which were each placed into a PowerPointTM slide that also displayed the item 

number, Chinese character and English translation.  

Target stimuli for Task 3 were created from audio-visual recordings of Speakers 3 to 6 

who each produced 50 words from the HKCAT. The audio-visual recordings were segmented 

into clips of single words using the software iMovieTM. Each clip was placed into a 

PowerPointTM slide with the item number, Chinese character, English translation, and a phonetic 

transcription of the target word. The clips were matched with the corresponding audio recordings 

of the Cantonese-speaking adult. The stimuli were presented for the listeners on a 17” color 

computer monitor and through individual headphones (RobotelSC2500-HS2/SennheiserHD201). 

Four word lists (A, B, C, and D) were generated to be counterbalanced across conditions 

and randomized across participants to reduce effects of condition order, fatigue, and practice. The 

two syllabic consonants /ŋ5/ (5 five) and /m4/ (唔 not) were excluded, leaving a total word pool of 

48 words by 4 speakers. Words that had muffled or ambiguous recordings were also excluded 

from the word pool. The word lists were balanced for correct and incorrect productions, and 

representation of the four children. Each of the four word lists contained 25 words representing 

all 19 initial Cantonese consonants and 6 final Cantonese consonants.  

Materials 

A participant questionnaire was developed to explore factors that influenced listeners’ 

ability to make accurate auditory-perceptual judgments, such as listeners’ proficiency in speaking 

another language, perceived transcription skill, musicality, or confidence in working with 
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multilingual clients. In total the questionnaire consisted of 29 items, with a mixture of open and 

closed questions, adapted from a questionnaire by Williams and McLeod (2012). 

Listeners were provided with a standard International Phonetic Alphabet chart 

(International Phonetic Association, 2005) for all three tasks. During Task 3 listeners were 

provided with information about the Cantonese phonological system, phonetic differences 

between English and Cantonese, and common transfer patterns for English-listeners of Cantonese 

(see Supplemental Appendix). A final questionnaire was used to explore how difficult the 

listeners found each task, what factors made the tasks difficult or easier, and other comments 

regarding the transcription and identification of speech sound errors in a non-native language. 

Procedure 

Listeners were asked to complete the information and consent form and participant 

questionnaire, then complete three tasks summarized in Table 1. Listeners were randomly 

allocated to groups to counterbalance the order of presented word lists and conditions in Task 3. 

In each task listeners were allowed to listen to each word as many times as they needed and refer 

to the standard International Phonetic Alphabet chart. All listeners completed the tasks in a quiet 

listening environment or in a university computer laboratory. 

Insert Table 1 here 

Task 1. English transcription (typical adult production). 

Listeners transcribed 5 English words from an audio recording of Speaker 1. This provided a 

baseline of their transcription skills in English. They were given a score out of 10 for consonants 

and a score out of 5 for vowels/diphthongs (1 point for each correctly transcribed phoneme). 

Listeners were also given a total score out of 5 (1 point for each correctly transcribed word).  

Task 2. Cantonese transcription (typical adult production). 
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Listeners transcribed 25 words from the HKCAT from an audio recording of Speaker 2, 

providing a baseline of participants’ transcription skills when transcribing a typical Cantonese-

speaking adult. As this research was only concerned with consonants, participants were 

instructed to transcribe vowels as V, diphthongs as VV and not to transcribe tones. A scoring 

system was developed using the descriptions of common transfer patterns for Cantonese-speakers 

of English from Chan and Li (2000) and Chang (2001). They were given a score out of 2 for each 

consonant and a whole word score out of 1 for each item (Appendix). The International Phonetic 

Alphabet transcription for each word from the HKCAT was used to score the listeners’ 

transcription. 

Task 3. Identification and transcription of Cantonese speech sound errors (typical and 

atypical children’s productions). 

Listeners were presented with audio-visual recordings of Speakers 3, 4, 5, and 6 producing 

words from the HKCAT. They were provided with a phonetic transcription of each target word, 

because many speech sound articulation assessments include a transcription of the correctly 

produced target for comparison with the child’s production. Each participant was asked to 

identify any speech sound errors in the initial or final consonants of each word and to transcribe 

each word under four conditions. The children’s speech sound errors would have been 

recognizable to English-speaking SLPs as they primarily included: fronting (e.g., /k/→[t]), 

backing (e.g., /t/→[k]), final consonant deletion (e.g., /sɵn/→[sɵ]), initial consonant deletion 

(e.g., /lap/→[ap]), and assimilation (e.g., /wun/→[wum]). All participants completed all four 

conditions. They all began the task under Condition 1 and finished with Condition 4. Conditions 

2 and 3 were counterbalanced between participants. Speaker 2, an expert Cantonese SLP, 

transcribed each word produced by the 4 children providing a target production for comparison 
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when scoring the listener’s transcriptions. The researchers used the same scoring system from 

Task 2. Listeners were given a score out of two for each target consonant, a score out of one for 

accuracy of identification of error production, and a whole word score out of one for each item 

(Appendix). 

Condition 1. Listeners were presented with an audio-visual recording of the Cantonese-

speaking children and the target transcription. Listeners were required to identify any 

consonantal speech sound errors and transcribe the word with reference to the audio-visual clip 

and the provided transcription.  

Condition 2. Listeners were presented with an audio-visual recording of the Cantonese-

speaking children, the target transcription, plus an audio recording of an adult model. Participants 

were instructed to use the audio-recording of the adult model for comparison when making their 

judgment regarding the child’s production of the target word and transcribing the child’s speech.  

Condition 3. Listeners were presented with an audio-visual recording of the Cantonese-

speaking children, the target transcription, plus information about the Cantonese phonological 

system. Participants were instructed to refer to both the Cantonese-specific International Phonetic 

Alphabet chart and the information provided about Cantonese phonology when making their 

judgment regarding the child’s production of the target word and transcribing the child’s speech.  

Condition 4. Listeners were presented with all factors from Conditions 2 and 3. That is, an 

audio-visual recording of the Cantonese-speaking children, the target transcription, and both a) 

an audio recording of the adult model and b) information about Cantonese phonology. They were 

instructed to use all available materials for making their judgments. 

Reliability 

During initial development of the scoring procedure, the two authors used consensus 

techniques to score data on two randomly selected listeners. Decisions made resulted in creation 
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of the scoring protocol (see Appendix). All data were scored by the first author. The second 

author scored 10% of the data to determine inter-judge reliability. 

Intra-judge reliability. Intra-judge agreement was determined by the first author re-scoring 

10% of the data two months after initial scoring (Tasks 1 to 3 for 4 listeners). Comparisons of 

judgment on 756 data points (scoring of transcription and identification accuracy) revealed an 

intra-judge agreement of 96.1%. Of the disagreements, the second scoring attempt was typically 

found to be correct and the data analysis was updated. 

Inter-judge reliability. Inter-judge agreement was determined on Tasks 1 to 3 for 4 randomly 

selected listeners (10%). Comparisons of transcription judgment on 756 data points (consonants) 

revealed an inter-judge agreement of 92.8%, indicating a level of agreement consistent with 

previous studies of English-speaking children (e.g., Dodd, Holm, Hua, & Crosbie, 2003) and 

Cantonese-speaking children (To, Cheung, & McLeod, in press). Inter-judge agreement on whole 

word accuracy was 100%. Disagreements typically occurred on scoring of transcription on words 

that had been produced incorrectly by the speaker (i.e., one judge scored according to the target 

item transcription rather than the expert transcription of the speaker’s production), so the data 

were corrected. 

Analysis 

Listener responses for each task were entered into Microsoft ExcelTM and responses for task 3 

were entered into the statistical software package SPSSTM (version 19.0, IBM, 2010). For task 1, 

accuracy of transcription for English whole words, vowels, and consonants was calculated for 

each speaker. For task 2, the transcription data were also entered into a matrix for each listener 

based on the approach to calculating transcription agreement proposed by Cucchiarini (1996). 

Frequency analyses were used to determine which consonants had a greater accuracy in 

transcription and the common mismatches in transcription. Also for task 2, a correlation analysis 
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was used to determine whether the accuracy of transcription was related to four listener 

characteristics: proficiency in speaking another language, musicality, confidence in working with 

multilingual clients, and perceived transcription skill. For task 3, a multivariate analysis of 

variance (ANOVA) with repeated measures on the four conditions (1, 2, 3, 4) was computed 

using two dependent variables (listeners’ accuracy of identification of speech sound errors, and 

accuracy of transcription). The four listener characteristics and  scores on task 2 were entered as 

co-variates. Condition order (2 first versus 3 first) was also included in the analysis.  

 Results  

Task 1 English Transcription (Typical Adult Production) 

A total of 5 words each with 2 consonants and 1 vowel were analyzed. The listeners 

transcribed an average of 54.0% (2.7/5, range=0-5) whole English words correctly (consonants 

and vowels). They transcribed an average of 93.0% consonants correctly (9.3/10, range=6-10) 

with errors typically occurring on /z/ in cheese and /ʤ/ in cage. They correctly transcribed /j/ and 

/ŋ/, which are shared English and Cantonese consonants. The listeners transcribed an average of 

64.0% vowels correctly (3.2/5, range=0-5). Vowel transcription errors were dispersed across the 

words with no typical pattern. 

Task 2 Cantonese Transcription (Typical Adult Production) 

Accuracy of transcription of the Cantonese-speaking adult. 

A total of 825 words (33 listeners by 25 words) were transcribed. The listeners transcribed an 

average of 35.3% (8.8, range=6-12) words correctly (i.e., all consonants within the word; vowels 

and tones were not scored). Within these words a total of 1452 consonants (33 listeners by 44 

consonants) were analyzed in syllable-initial (957 consonants) and syllable-final (495 

consonants) position. The listeners transcribed an average of 59.1% consonants correctly (26/44, 
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range=23-30). The listeners achieved a score of 0, 1, or 2 for each consonant up to a score of 88 

(where 2=correct, 1=partially correct, and 0=incorrect). The average score was 72.9% (64.2/88, 

range=57-72). The accuracy of transcription for each consonant can be seen in Table 2. 

Insert Table 2 here 

The listeners had a higher average score for consonants in syllable-final position (82.7%, 

24.8/30, range=20-30) than syllable-initial position (67.9%, 39.4/58, range=34-45), possibly due 

to the smaller coda inventory. Overall, shared English and Cantonese syllable-initial consonants 

(/m, n, f, s, h, j, w, l/) and syllable-final consonants were more likely to be transcribed accurately 

than non-shared consonants (Figure 2).  

Insert Figure 2 here 

Common mismatches in transcription of Cantonese consonants. 

Common mismatches in transcription of Cantonese consonants are illustrated in Table 2. The 

common mismatches that occurred on syllable-initial consonants typically related to voicing 

(e.g., /p/ transcribed as /b/), place (e.g., the alveolar /tsh/ transcribed as the post alveolar /ʧ/), or 

transcription of diacritics (e.g., /kwh/ transcribed as /kw/ or /k/). The common mismatches that 

occurred on syllable-final consonants were not consistent in errors of manner, place, or voicing, 

but were consistent with the common interference patterns for English-listeners of Cantonese 

(e.g., syllable-final /p, t, k/ was deleted or produced as a glottal stop) (Chan & Li, 2000). These 

findings show that these English-speaking SLP students typically transcribed Cantonese specific 

consonants using an English consonant or consonant cluster, and do not use diacritics. 

Listener characteristics influencing accuracy of transcription of the Cantonese-speaking 

adult. 
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Four listener characteristics were identified as possibly contributing to their ability to 

transcribe a non-native language: listeners’ proficiency in speaking another language, perceived 

transcription skill, musicality, and confidence in working with multilingual clients. The listener 

characteristics were based on ratings gathered from the participant questionnaire and described in 

the method. 

Proficiency in speaking another language. The listeners’ proficiency in speaking another 

language was judged by the number of languages they spoke (excluding English) by the 

competency in speaking those languages. A rating scale was generated whereby the ability to 

speak each language was scored as minimal skill = 1, functional skill = 2, and proficient = 3. The 

average score was 1.3 (SD=1.8, range=0-6). 

Transcription skills. The majority of listeners (n=28, 84.8%) were trained in both broad 

(phonemic) transcription and narrow (phonetic) transcription. The remainder were trained in 

broad (n=4, 12.1%) or narrow transcription (n=1, 3.0%) only. No listeners were trained in 

transcription of languages other than English using the International Phonetic Alphabet 

(International Phonetic Association 2005). The listeners were asked how frequently they used 

broad and narrow transcription (from everyday to never) and their proficiency (on a 10-point 

scale from 1=no skill to 10=proficient). The majority rarely used broad transcription (n=21, 

63.6%) or narrow transcription (n=21, 63.6%). On a 10-point scale, they rated their broad 

transcription skills as an average of 5.7 (SD=2.0, range=2-9.5) and their narrow transcription 

skills as an average of 4.0 (range=1-8). 

Musicality. Ten listeners (30.3%) played a musical instrument at the time of the research and 

17 (51.5%) had training to play a musical instrument (range 1-13 years). The majority (n=24, 

72.3%) did not sing on a regular basis. The listeners rated their musicality on a 10-point scale 

(from 1=not musical to 10=highly musical), with an average rating of 4.0 (SD=2.7, range=0-10). 
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Confidence. The listeners were asked “How confident do you feel about working with clients 

who speak languages other than English?” and were provided with a ten point scale from 1 = not 

confident to 10 = confident. The listeners rated their confidence on a 10-point scale (from 1 = not 

confident to 10 = very confident) with an average rating of 5.4 (SD=2.1, range=1-10). 

Intercorrelations among listener characteristics. Analyses were conducted to investigate the 

intercorrelations among the four listener characteristics (listeners’ proficiency in speaking 

another language, perceived transcription skill, musicality, and confidence in working with 

multilingual clients) and the listeners’ scores on the Cantonese adult transcription task in task 2 

(see Table 3). None of the listener factors were associated with transcription accuracy of 

transcribing the adult Cantonese speaker in task 2. However, in keeping with previous research, 

there were significant and strong correlations found between listeners’ proficiency in speaking 

another language and musicality rating (r = 0.50, p < 0.001), as well as the listeners’ proficiency 

in speaking another language and their confidence rating in working with multilingual children (r 

= 0.52, p < 0.001). A significant and moderate correlation was also found between listeners’ 

proficiency in speaking another language and their broad transcription rating (r = 0.41, p < 0.01). 

There were no other significant correlations.  

Insert Table 3 here 

Task 3 Identification and Transcription of Cantonese Children’s Speech Sound Errors 

(Typical and Atypical Productions) 

There were four additive conditions in task three: baseline, + audio recording of an adult 

model, + information about the Cantonese phonological system, + audio recording and 

information. For each task, a total of 825 consonants (33 listeners by 25 consonants) were 

analyzed in syllable-initial (627 consonants) and syllable-final (198 consonants) position. Two 

measures were investigated during each of these four conditions: a) accuracy of identification of 
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speech sound errors and b) accuracy of transcription of typical and atypical Cantonese-children’s 

speech. 

Baseline (Task 3, condition 1). The listeners accurately identified an average of 63.8% 

(15.9/25, range=11-22) as correct or incorrect. The listeners had a higher rate of accuracy 

identifying words that were produced incorrectly (79.2%, n=231) than words produced correctly 

(57.7%, n=594) by the children. The listeners transcribed an average of 41.2% (10.3/25, 

range=5-17) words correctly. The listeners transcribed an average of 58.3% consonants correctly 

(14.6/25, range=10-19). The listeners achieved a score of 2, 1, or 0 for each consonant up to a 

score of 50 (where 2=exact match, 1=common transfer pattern, and 0=incorrect). The average 

score was 71.2% (35.6/50, range=28-41). The accuracy of transcription for each consonant can 

be seen in Table 4. The listeners had a higher average score for consonants in syllable-final 

position (74.2%) than syllable-initial position (70.3%). These findings were comparable with the 

listeners’ accuracy of transcription of typical adult Cantonese speech in Task 2. 

Insert Table 4 here 

Audio recording of an adult model (Task 3 Condition 2).  

The listeners accurately identified an average of 72.6% (18.2/25, range=11-24) as correct or 

incorrect. The listeners transcribed an average of 51.2% (12.8/25, range=7-20) words correctly. 

The listeners transcribed an average of 66.1% consonants correctly (16.7/25, range=11-21). 

When common transfer patterns were scored, the average score was 76.3% (38.2/50, range=28-

44). The accuracy of transcription for each of the consonants can be seen in Table 3. The 

accuracy of transcription was improved when the listeners compared the child’s production with 

a recording of an adult model. Accuracy was improved on the majority of consonants (17/25, 
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68%), with the greatest improvements (>20%) on the syllable-initial consonants /th, k, kh, kwh, ts/. 

No improvement was recorded for the syllable-initial consonants /t, kw, s, w/ or syllable-final /n/. 

The syllable-initial consonant /n/ decreased in accuracy from 48.5% to 33.3% correct (score=2). 

Information about the Cantonese phonological system (Task 3 Condition 3). The listeners 

accurately identified an average of 69.2% (17.3/25, range=12-22) as correct or incorrect. The 

listeners transcribed an average of 50.4% (12.6/25, range=7-20) words correctly. The listeners 

transcribed an average of 66.1% consonants correctly (16.5/25, range=9-21). When common 

transfer patterns were scored, the average score was 75.9% (37.9/50, range=27-45). The accuracy 

of transcription for each of the consonants can be seen in Table 3. 

Audio recording + information (Task 3 Condition 4). The listeners accurately identified an 

average of 73.0% (18.2/25, range=13-22) as correct or incorrect. The listeners transcribed an 

average of 56.8% (14.2, range=8-20) words correctly. The listeners transcribed an average of 

71.0% consonants correctly (17.8/25, range=11-22). When common transfer patterns were 

scored, the average score was 79.8% (39.9/50, range=31-45). The accuracy of transcription for 

each of the consonants can be seen in Table 3. 

Improvement effects. A multivariate ANOVA with repeated measures on the four conditions 

(1, 2, 3, 4) was used to test the effects of conditions 2 and 3, alone and in combination (condition 

4), on identification and transcription accuracy. The model included two dependent variables 

(accuracy of identification of speech sound errors and accuracy of transcription of typical and 

atypical Cantonese-children’s speech) and condition order (2 first vs. 3 first) as an independent 

variable. Listener characteristics and their score on task 2 were entered as co-variates (listeners’ 

proficiency in speaking another language, perceived transcription skill, musicality, and 
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confidence in working with multilingual clients). Results presented in Table 5 show that there 

was a significant within-groups difference between the four conditions (F(1,31)=21.415, p 

<0.001) with a moderate effect size of 0.409 (η2
partial). There was no significant between-group 

difference arising from the order in which participants undertook condition 2 or condition 3 

(F(1,31)=0.799, p =.378) (η2
partial = .025). Results illustrated in Figure 1 further demonstrate that 

the addition of an audio recording (condition 2), information about Cantonese (condition 3) and 

both (condition 4) increased  the listeners’ identification and transcription scores.  

Insert Table 5 and Figure 1 here 

Listener feedback and comments. 

Twenty-eight listeners (84.8%) completed a feedback and comments questionnaire. Listeners 

were asked to rate the difficulty of four tasks on a 10-point scale (1=extremely easy to 

10=extremely difficult). Transcribing Cantonese-speaking children was rated the most difficult 

(mean=7.3, range=3-10), followed by identifying whether Cantonese-speaking children produced 

the word correctly (mean=6.7, range=3-10), transcribing a Cantonese-speaking adult (mean=5.9, 

range=3-10), and transcribing English (mean=4.7, range=2-8). 

Listeners were asked to comment on what they thought made the tasks difficult. Five 

common themes were identified: unfamiliarity with Cantonese (75%), intonation/tones (11%), 

transcription skill of the listener (11%), context (11%), and recording quality (7%). Listeners 

were asked to comment on what they thought made the tasks easier. Four common themes were 

identified: audio recording of an adult production (68%), information about the Cantonese 

phonological system (32%), video recordings of the speaker (18%), and transcription of target 

word (14%). Listener suggestions of other factors that may improve transcription and 

identification of speech sound errors in a non-native language included: information about 
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common error patterns in Cantonese, training in the language to help distinguish unfamiliar 

speech sounds and practice, recordings of typical adult and child productions, recordings of 

correct production of each consonant in the language, and more information about the vowels 

and tones within the language. 

Discussion 

Transcription Accuracy in a Non-Native Language 

Overall, listeners were able to transcribe Cantonese consonants from an audio recording with 

reasonable accuracy. Listeners had a higher rate of accuracy on shared English and Cantonese 

syllable-initial consonants /m, n, f, s, h, j, w, l/ and syllable-final consonants /p, t, k, m, n, ŋ/. 

Errors in transcription typically occurred on consonants specific to Cantonese (i.e., not found in 

English; e.g., /ts, tsh, kw, kwh/) and consonants transcribed with a diacritic (e.g., /ph, th, kw/).  

Consonants specific to Cantonese were typically transcribed as English consonants with the 

closest match in place, manner, and voicing (e.g., the voiceless alveolar affricate /tsh/ transcribed 

as the voiceless post-alveolar affricate /ʧ/), or using a consonant cluster (e.g., /kw/ transcribed as 

/kw/). Diacritics are used in Cantonese to distinguish between the aspirated and unaspirated 

plosive consonants (/ph, p/, /th, t/, and /kh, k/) and to reflect the coarticulation of /kw/ and /kwh/. 

These conventions are not shared by English, and the listeners typically transcribed the plosives 

as /p, b/, /t, d/, and /k, ɡ/ respectively, and the coarticulated consonants using a consonant cluster 

(/kw, ɡw/) (Figure 2).  

Aspiration and labialization are not phonemic contrasts in English. As such, diacritics are 

typically only used in narrow (phonetic) transcription of English, rather than a broad (phonemic) 
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transcription. The listeners indicated they clinically use broad transcription more often and rated 

themselves as having less skill in narrow transcription than broad transcription, despite the 

majority of listeners having been trained in both. These results may reflect the listeners’ comfort 

with using narrow transcription skill when relying purely on their auditory-perceptual judgment 

or the perceptual assimilation of non-native sounds to English sounds, particularly as aspiration 

has previously been reported to be transcribed unreliably (Amorosa et al., 1985). Accuracy of 

transcription improved when transcription of the target word was provided in Task 3 Condition 1, 

suggesting that the target transcription provided a guideline of the narrow transcription 

conventions for Cantonese. Consideration of the transcription mismatches suggests that when 

transcribing an unfamiliar consonant, listeners will match it to the International Phonetic 

Alphabet symbols and transcription conventions familiar to them. Figure 2 has been created to 

provide a transcription conversion chart for English-speaking SLPs when transcribing Cantonese 

speech. It was created by determining the Cantonese consonants from Task 2 (adult production) 

that were a) transcribed correctly at least 60% of the time (these are shaded in grey in the 

Appendix) and b) most frequently transcribed by the English-speaking SLPs for the other 

consonants.  

None of the investigated covariate factors (listeners’ proficiency in speaking another 

language, perceived transcription skill, musicality, confidence in working with multilingual 

clients, or transcription score on Task 2) significantly predicted accuracy of transcription when 

transcribing the speech of Cantonese-speaking children (Task 3). This was contrary to the 

hypotheses that listener factors associated with auditory-perceptual training (e.g., musical 

training) and experience speaking another language would lead to increased accuracy of 

transcription of a non-native language. It also should be noted that musicality and confidence in 

working with multilingual clients were significantly correlated with proficiency in speaking a 
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language other than English. However, the measures of musicality, broad transcription skill, and 

confidence were taken from a subjective self-rating scale, and the listeners’ transcription score on 

Task 2 did not take into account individual variability in transcription skill and ability to adapt to 

auditory-perceptions of a non-native language. Furthermore, the small sample size may not 

provide a true account of the influence of proficiency in languages other than English, and should 

not be taken to imply that that learning other languages is of little value for enhancing SLPs’ 

transcription skills. 

Identification of Speech Sound Errors 

The accuracy of identification of Cantonese children’s speech sound errors increased when 

listeners compared the child’s production to an audio recording of an adult model (Task 3 

Condition 2) and when provided with information about the Cantonese phonological system 

(Task 3 Condition 3). This supported the hypotheses that an adult model and information about 

the phonological system of a non-native language would improve the accuracy of auditory-

perceptual judgments in a non-native language. Why should both of these factors improve the 

accuracy of identification of speech sound errors? While transcription aims to objectively 

describe speech production, judgments about speech sound errors involve subjective estimates of 

normalcy and social acceptability (Shriberg, Kwiatkowski, & Hoffman, 1984). The recording of 

an adult producing the target word provided a model for subjective comparison of productions, 

while the information about the phonological system provides the non-Cantonese-speaking SLP 

with the objective reference points to determine whether the speech production was correct. This 

is consistent with previous reports that reference samples promote reliability of auditory-

perceptual judgments (Kent, 1996). 

Transcription of Speech Sound Errors 
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In task 3 the listeners were provided with the target transcription for comparison with the 

adult and the child productions, meaning if they judged the adult and child productions to be the 

same then they could use the transcription provided rather than relying on their own auditory-

perceptual judgment and transcription skill. This appears to have significantly reduced 

transcription error, although it is worth noting that listeners frequently identified a word as being 

produced correctly (i.e., with no speech sound errors), though made an error in their transcription 

(e.g., omitting the diacritic). This suggests that while the adult model may improve the accuracy 

of their auditory-perceptual judgments listeners are still likely to use the transcription 

conventions familiar to them rather than the conventions of the language being assessed.  

The audio recording of the Cantonese-speaking adult (Task 3 Condition 2) improved 

transcription accuracy, because listeners produced transcriptions that were closer to the expert 

transcription. This supported the hypothesis that an adult model would lead to increased accuracy 

of transcription of speech sound errors in a non-native language. Improvements were found for 

the majority of consonants, with the greatest improvement on consonants that did not share an 

exact phonetic match with English (e.g., syllable-initial /th, k, kh, kwh, ts/). Overall, these results 

suggest that an audio recording of an adult model provides a reference for the listener regarding 

the production of unfamiliar speech sounds (cf. Kent, 1996). These results are consistent with 

previous findings from a study investigating the reliability of transcription that concluded that it 

is easier to transcribe single words with an adult model (Pye, Wilcox, & Siren, 1988).  

The information about the Cantonese phonological system (Task 3 Condition 3) also had a 

significant effect to improve transcription accuracy. This supported the hypothesis that 

information about the phonological system of a non-native language would produce 

transcriptions that were closer to the expert transcription. In contrast to the effect of a recording 
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of an adult model, the provision of information about the Cantonese phonological system 

reduced some of the common mismatches in transcription associated with the Cantonese-specific 

consonants (e.g., /kw/). This suggests the language-specific phonological information provided 

guidelines for speech sounds and transcription conventions unfamiliar to the listener; however, 

this was not as effective as the reference of the recording of an adult model. 

Theoretical Implications 

The findings in this research are consistent with previous studies of cross-linguistic speech 

perception (e.g., Guion, Flege, Akahane-Yamada, & Pruitt, 2000; Sheldon & Strange, 1982; 

Tsukada, 2006) based on the predictions of models of equivalence classes in phonetic perception 

(Flege, 1987), such as the PAM (Best, 1991). These models propose that listeners perceptually 

assimilate the non-native speech sounds to the native phoneme categories that share the greatest 

similarity in phonetic characteristics (e.g., the Cantonese voiceless alveolar affricate /tsh/ 

perceived as the English voiceless post-alveolar affricate /ʧ/). It has also been shown that 

listeners may fail to show accurate perception of a phonetic contrast that is shared by the native 

and non-native languages, a phenomenon attributed to the articulatory-phonetic differences 

between the native and non-native consonants (Best, 1991; Tsukada, 2006). For example, French 

listeners of English had difficulty accurately perceiving the English central approximant /ɹ/, 

which is phonetically realized as a uvular fricative in French (Halle, Best & Levitt, 1999). In the 

current study, a similar event seems to have occurred with the plosive consonants /ph, p/, /th, t/, 

and /kh, k/, which occur in Cantonese as phonemic contrasts and in English as allophones. The 

accuracy of identification of speech sound errors was also consistent with previously described 

sources of variability in auditory-perceptual judgments, in particular phonemic false evaluation, 

or the mistaken recognition of phonemes that were not produced by the speaker (Buckingham & 
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Yule, 1987; Kent, 1996). A few auditory-perceptual judgment errors regarding the accuracy of a 

word made by the listeners were due to the addition of a consonant, most often a /w/, /j/ or a 

syllable-final glottal stop.  

Clinical Implications 

The finding that non-Cantonese-speaking SLP students are able to identify and transcribe 

speech sound errors in Cantonese has potential implications for the provision of speech 

assessment services to multilingual children by non-native speakers. Furthermore, the finding 

that the accuracy of the SLP students’ auditory-perceptual judgments can be improved by the 

provision of a recording of an adult model and information about the Cantonese phonological 

system suggests that there is the potential to provide SLPs with the tools to increase accuracy of 

transcription of English language learners. In addition, the effect of providing information about 

a non-native phonological system on the accuracy of transcription suggests that student SLPs 

benefit from education regarding transcription conventions. As part of that education, SLPs need 

to have thorough training in transcription to provide them with the baseline skills to assess the 

speech of both native English-speaking and multilingual children (International Expert Panel on 

Multilingual Children’s Speech, 2012). Additional professional development following 

graduation targeting this skill may also improve their clinical practice. 

Limitations and Future Research 

There were a number of limitations to this research that warrant further discussion. First, the 

within-subjects repeated measures design did not allow the researchers to determine any practice 

effects associated with transcribing Cantonese words across two tasks and four different 

conditions. An alternative method for future studies would be to include some listeners who 

complete the baseline condition four times, or two experimental conditions twice to more 
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accurately infer whether the improvements in accuracy of identification and transcription of 

speech sound errors were a result of the tested variables or an effect of training through exposure 

and practice in a non-native language.  

Second, while this research aimed to investigate the influence of listener demographic factors 

on their assessment of children’s speech in a non-native language, the measures used consisted of 

subjective reports from students gathered informally through the participant questionnaire from a 

small, predominantly monolingual sample. A more thorough investigation of these listener 

factors, particularly proficiency in languages other than English and clinical skills such as 

transcription, is needed to determine the extent of influence these factors may have on their 

auditory-perceptual judgments. Similarly, the effect of clinical experience should be investigated 

with practicing clinical SLPs, instead of student SLPs. 

This research was also limited to the study of one language pair (English and Cantonese). 

Further investigation is required to determine whether the ability to transcribe a non-native 

language and the improvements in accuracy of identification and transcription of speech sound 

errors is consistent across other languages. An increase in the number of English words 

transcribed in the initial baseline task would improve the ability to compare transcription skills in 

a native and non-native language. The use of other Cantonese SLPs to transcribe the children’s 

speech would have enhanced the validity of the accuracy of the target transcription. In addition, 

language-specific information required to achieve these results should be considered to determine 

what is appropriate or unnecessary to provide in an SLP assessment tool kit. 

Summary and Conclusions 

This study has shown that SLP students, with no exposure to or specific training in 

Cantonese, have some ability to transcribe the speech of Cantonese-speaking adults and children, 

and that access to information about the Cantonese phonological system and audio-recordings of 



30 

typical adults’ productions increases the accuracy of their auditory-perceptual judgments. While 

there was some individual variation in the ability of SLPs, these results provide initial support to 

suggest SLPs could assess and transcribe multilingual children’s speech when provided with the 

appropriate tools and training. 
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Appendix. Scoring definitions for transcription and identification accuracy 

Label Score Definition Example 
Whole word 1 Every consonant and diacritic within the word 

matched the transcription from the Cantonese 
expert SLP. No consonants were added or 
deleted. Vowels, diphthongs and tones were not 
scored. 

Expert: /thim/ 
Listener: /thVm/ 

 0 At least one consonant or diacritic did not match 
the expert transcription, or at least one 
consonant was added or deleted. 

Expert: /thim/ 
Listener: /dVm/ 

Syllable-
initial 
consonant 

2 The listener’s transcription of the syllable-initial 
consonant and diacritics matched the expert 
SLPs’ transcription. 

Expert: /thim/ 
Listener: /thVm/ 

 1 The listener’s transcription of the syllable-initial 
consonant did not match the transcription from 
the expert SLP but used a substitution consistent 
with a common interference pattern: 

• /pʰ, tʰ, kʰ/ sounds like [p, t, k] 
• /p, t, k/ sounds like [b, d, ɡ] 
• /kwh, kw/ sounds like [kw, ɡw] 
• /tsʰ/ sounds like [ʧ, th] 
• /ts/ sounds like [ʤ] 

Expert: /thim/ 
Listener: /tVm/ 

 0 The listener’s transcription of the syllable-initial 
consonant did not match the transcription from 
the expert SLP, did not use a substitution 
consistent with a common interference pattern, 
or was deleted. 

Expert: /thim/ 
Listener: /kVm/ 

Syllable-final 
consonant 

2 The listener’s transcription of the syllable-final 
consonant and diacritics matched the expert 
SLPs’ transcription. 

Expert: /thim/ 
Listener: /thVm/ 

 1 The listener’s transcription of the syllable-final 
consonant did not match the transcription from 
the expert SLP but used a substitution consistent 
with a common interference pattern: 

• /p, t, k/ sounds like [b, d, ɡ] 
• final /p, t, k/ deleted or a glottal stop 

Expert: /jit/ 
Listener: /jV/ 

 0 The listener’s transcription of the syllable-final 
consonant did not match the transcription from 
the expert SLP. 

Expert: /wun/ 
Listener: /wVd/ 

Identification 
accuracy 

1 The listener matched the expert SLP’s auditory-
perceptual judgment of the accuracy of the 
child’s production of the consonants within the 
word. 

Expert:  or  
Listener:  or  

 0 The listener did not match the expert SLP’s 
auditory-perceptual judgment of the accuracy of 
the child’s production of the consonants. 

Expert:  
Listener:  
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 Table 1. 

 Summary of tasks 

Task 1 2 3 

Condition   1 2 3 4 

Languages and speakers       

a) English adult       

b) Cantonese adult       

c)  Cantonese children       

Variables       

a) Target transcription       

b) Recording of adult model       

c) Information about the 
Cantonese phonological 
system 

      

Measures       

a) Accuracy of transcription of 
vowels 

      

b) Accuracy of transcription of 
consonants 

      

c) Accuracy of identification of 
speech sound errors 

      

Note 1. Task 1: English transcription (typical adult production); Task 2: Cantonese transcription (typical adult production); Task 3: 

Identification and transcription of Cantonese speech sound errors (typical and atypical children’s production). 
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Table 2. 

Accuracy and mismatches when transcribing Cantonese adult speech (Task 2). 

Consonant Rank  
(greatest 
to least 

accuracy) 

Correct 
(score=2) 

Partially 
correct  

(score=1) 

Incorrect 
(score=0) 

No. of 
occur- 
rences 

Most 
common 
transcription 
mismatch 

All other 
transcription 
mismatches 

Initial        

/p/ 18 1 
(3.0%) 

32 
(97.0%) 

0 
(0.0%) 

33 /b/ (97.0%) - 

/pʰ/ 14 5 
(7.6%) 

61 
(92.4%) 

0 
(0.0%) 

66 /p/ (92.4%) - 

/t/ 16 4 
(6.1%) 

59 
(89.4%) 

3 
(4.5%) 

66 /d/ (89.4%) /ɡ/ 

/tʰ/ 20 1 
(3.0%) 

16 
(48.5%) 

13 
(48.5%) 

33 /t/ (48.5%) /k, kʰ, dt, q, 

c/ 

/k/ 13 12 
(18.2%) 

54 
(81.8%) 

0 
(0.0%) 

66 /ɡ/ (81.8%) - 

/kʰ/ 15 2 
(6.1%) 

31 
(93.9%) 

0 
(0.0%) 

33 /k/ (93.9%) - 

/kw/ 19 1 
(3.0%) 

27 
(81.8%) 

5 
(15.2%) 

33 /kw/ (48.5%) /ɡw, k, ɡ, jw, 

kʰw/ 

/kwh/ 21 0 
(0.0%) 

28 
(84.8%) 

5 
(15.2%) 

33 /kw/ (81.8%) /kw, k, kʰw/ 

/m/ 7 59 
(89.4%) 

- 7 
(10.6%) 

66 /n/ (9.1%) /ɱ/ 

/n/ 9 58 
(87.9%) 

0 
(0.0%) 

8 
(12.1%) 

66 /ŋ/ (10.6%) /d/ 

/ŋ/ 24 0 
(0.0%) 

- 33 
(100%) 

33 /m/ (66.7%) /n, ɱn, ɲ, , 

ɱ/ Ø 

/f/ 1 33 
(100%) 

- 0 
(0.0%) 

33 - - 

/s/ 1 99 
(100%) 

- 0 
(0.0%) 

99 - - 

/h/ 6 30 
(90.9%) 

- 3 
(9.1%) 

33 /p/ (9.1%) - 

/ts/ 23 0 
(0.0%) 

8 
(24.2%) 

25 
(75.8%) 

33 /t/ (51.5%) / ʤ,d, b,ʧ, ʒ, 

ʢ, z/ 

/tsʰ/ 22 0 
(0.0%) 

37 
(56.1%) 

29 
(43.9%) 

66 /ʧ/ (47.0%) 
/t/ (40.9%) 

/tʰ, ts, ʤ, ʒ, 

z/ 
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/j/ 7 59 
(89.4%) 

- 7 
(10.6%) 

66 Ø (10.6%) - 

/w/ 11 21 
(63.6%) 

- 12 
(36.4%) 

33 Ø (24.2%) /m, j/ 

/l/ 4 63 
(95.5%) 

0 
(0.0%) 

3 
(4.5%) 

66 Ø (3.0%) /ð/ 

Final        

/p/ 8 29 
(87.9%) 

4 
(12.1%) 

0 
(0.0%) 

33 Ø (9.1%) /ʔ/ 

/t/ 10 45 
(68.2%) 

17 
(25.8%) 

7 
(10.6%) 

66 Ø (12.1%) /ʔ, θ, d, ð, ʢ , 
n/ 

/k/ 17 2 
(6.1%) 

22 
(66.6%) 

11 
(33.3%) 

33 Ø (42.4%) /p, ʔ, pf, ts/ 

/m/ 3 95 
(96.0%) 

- 4 
(4.0%) 

99 - /p, n, ʔ/, Ø 

/n/ 5 220 
(95.2%) 

- 11 
(4.8%) 

231 Ø (2.6%) /ŋ/ 

/ŋ/ 12 15 
(45.5%) 

- 18 
(54.5%) 

33 Ø (36.4%) /n, kn/ 

Total 
initial 

 448 
(46.8%) 

353 
(36.9%) 

156 
(16.3%) 

957   

Total  
final 

 406 
(82.0%) 

38 
(7.7%) 

51 
(10.3%) 

495   

Combined 
total 

 854 
(51.2%) 

391 
(26.9%) 

207 
(14.3%) 

1452   

Note. Consonants represent the correct syllable-initial or syllable-final consonant in each word. Errors across word 

lists occurred on 14 syllable-initial and 6 syllable-final target consonants. - = did not occur. Ø = omitted.
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Table 3.  

Intercorrelations among listener characteristics and transcription score on task 2  

 Proficiency 

speaking 

another 

language 

Broad 

transcription 

rating 

Musicality 

rating 

Confidence 

rating 

Transcription 

score (task 2) 

Proficiency 

speaking 

another 

language 

-- 

 

.411* .500** .524** .077 

Broad 

transcription 

rating 

 -- .328 -.023 -.144 

Musicality 

rating 

  -- .331 -.120 

Confidence 

rating  

   -- .148 

Transcription 

score (task 2) 

    -- 

* Correlation is significant at the 0.05 level (2-tailed) 
** Correlation is significant at the 0.01 level (2-tailed) 
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Table 4.  
Accuracy of transcription of individual consonants in typical and atypical Cantonese children’s 

speech (Task 3, conditions 1-4) 

 Condition 1 Condition 2 Condition 3 Condition 4 

Initial Correct Rank Correct Rank Correct Rank Correct Rank 

/p/ 18 (54.5%) 11 20 (60.6%) 12 17 (51.5%) 18 24 (72.7%) 12 

/pʰ/ 18 (54.5%) 12 21 (63.6%) 11 25 (75.8%) 10 28 (84.8%) 10 

/t/ 9 (27.3%) 22 9 (27.3%) 24 7 (21.2%) 25 12 (36.4%) 23 

/tʰ/ 12 (36.4%) 20 18 (54.5%) 19 18 (54.5%) 16 18 (54,5%) 21 

/k/ 6 (18.2%) 24 17 (51.5%) 21 16 (48.5%) 19 23 (69.7%) 14 

/kʰ/ 14 (42.4%) 17 20 (60.6%) 13 18 (54.5%) 15 24 (72.7%) 13 

/kw/ 6 (18.2%) 25 6 (18.2%) 25 12 (36.4%) 23 11 (33.3%) 24 

/kwh/ 12 (36.4%) 19 20 (60.6%) 14 19 (57.6%) 14 19 (57.6%) 18 

/m/ 33 (100%) 1 33 (100%) 1 32 (97.0%) 1 33 (100%) 1 

/n/ 16 (48.5%) 14 11 (33.3%) 23 12 (36.4%) 23 10 (30.3%) 25 

/ŋ/ 26 (78.8%) 9 28 (84.8%) 8 29 (87.9%) 7 31 (93.9%) 5 

/f/ 33 (100%) 1 33 (100%) 1 32 (97.0%) 1 32 (97.0%) 3 

/s/ 27 (81.8%) 8 27 (81.8%) 10 27 (81.8%) 8 30 (90.9%) 7 

/h/ 33 (100%) 1 33 (100%) 1 32 (97.0%) 1 33 (100%) 1 

/ts/ 8 (24.2%) 23 20 (60.6%) 16 16 (48.5%) 21 20 (60.6%) 16 
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/tsʰ/ 11 (33.3%) 21 15 (45.5%) 22 16 (48.5%) 20 20 (60.6%) 15 

/j/ 23 (69.7%) 10 28 (84.8%) 7 24 (72.7%) 11 27 (81.8%) 11 

/w/ 28 (84.8%) 7 28 (84.8%) 8 32 (97.0%) 1 30 (90.9%) 7 

/l/ 13 (39.4%) 18 18 (54.5%) 18 15 (45.5%) 22 13 (39.4%) 22 

Final         

/p/ 28 (84.8%)  30 (90.9%)  31 (93.4%)  30 (90.9%)  

/t/ 15 (45.5%) 6 19 (57.6%) 2 20 (60.6%) 5 19 (57.6%) 6 

/k/ 16 (48.5%) 16 20 (60.6%) 17 20 (60.6%) 12 19 (57.6%) 18 

/m/ 30 (90.9%) 15 31 (93.9%) 15 31 (93.4%) 13 32 (97.0%) 20 

/n/ 29 (87.9%) 4 29 (87.9%) 4 26 (78.8%) 6 29 (87.9%) 3 

/ŋ/ 17 (51.5%) 5 18 (54.5%) 6 18 (54.5%) 9 20 (60.6%) 9 

Total initial 346 

(55.2%) 

13 405 

(64.6%) 

20 399 

(63.6%) 

17 438 

(69.9%) 

17 

Total final 135 

(68.2%) 

 147 

(74.2%) 

 146 

(73.7%) 

 149 

(75.3%) 

 

Combined 

total 

481 

(58.3%) 

 552 

(66.9%) 

 545 

(66.1%) 

 586 

(71.0%) 

 

Note. These consonants represent the correct (score = 2) syllable-initial or syllable-final consonant in each word. 
Errors across word lists occurred on 14 syllable-initial and 6 syllable-final target consonants. Rank (greatest to least 
accuracy)



46 

Table 5.  

Multivariate ANOVA with repeated measures on the four conditions (1, 2, 3, 4) for task 3 
Measure Condition 1 Condition 2 Condition 3 Condition 4 Total 

 Mean 95% 
confidence 

interval 

Mean 95% 
confidence 

interval 

Mean 95% 
confidence 

interval 

Mean 95% 
confidence 

interval 

Mean 95% 
confidence 

interval 
Accuracy of 

identification of speech 

sound errors 

64.28 60.49-

68.07 

73.42 69.53-

77.32 

69.27 65.49-

73.06 

73.06 70.04-

76.07 

70.01 67.82-

72.20 

Transcription accuracy 

 

71.64 68.78-

74.51 

76.56 73.55-

79.58 

76.07 72.93-

79.22 

79.93 77.23-

82.63 

76.05 74.16-

77.94 

Source Type III 

Sum of 

Squares 

df Mean 

Square 

F Sig. Partial 

Eta 

Squared 

    

Conditions 2138.30 1 2138.30 21.42 .00** .41     

Conditions * CondOrder 218.57 1 218.57 2.19 .15 .07     
Note. Conditions = Condition 1 (baseline), condition 2 (+audio recording), condition 3 (+information), condition 4 (+audio recording + information).  
CondOrder = Condition order; that is, whether condition 2 or condition 3 was completed first in the counterbalancing for each participant. 
Covariates appearing in the model are evaluated at the following values: Listeners’ proficiency in speaking another language = 1.34, Broad transcription rating = 
5.69, Musicality = 4.14, Confidence in working with multilingual clients = 5.42, Score on transcription task 2 condition 1 = 64.19. 
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Figure 1. Average listener score across four conditions for identification of speech sound errors and accuracy of transcription 

accounting for covariates. Condition 1=baseline, Condition 2=recording of adult model, Condition 3=information about the 

Cantonese phonological system, Condition 4=all variables. a. Covariates appearing in the model are evaluated at the following 

values: Listeners’ proficiency in speaking another language = 1.34, Broad transcription rating = 5.69, Musicality = 4.14, 

Confidence in working with multilingual clients = 5.42, Score on transcription task 2 condition 1 = 64.19. 
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Word-initial consonants 

Cantonese  pʰ p tʰ t kʰ k kwh kw m n ŋ f s h tsʰ ts j w l 
English  p b t d k ɡ kw kw, 

ɡw 
m n m, 

n 
f s h ʧ, 

t 
ʤ, 
t 

j w l 

 

Word-final consonants 

Cantonese  p t k m n ŋ 
English  p t omitted m n ŋ, 

omitted 
 

 

Figure 2. Transcription conversion chart for English-speaking SLPs’ transcription of Cantonese.  

Shaded sections show matches between Cantonese and English-speaking SLPs’ transcription. 
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Supplemental Appendix. A comparison between Cantonese and English phonology (adapted from 

McLeod, 2012) 

Syllable-initial consonants 

Cantonese: 19 consonants /p, pʰ, t, tʰ, k, kʰ, kw, kwʰ, m, n, ŋ, f, s, h, ts, tsʰ, j, w, l/ 

English: 23 consonants /p, b, t, d, k, ɡ, m, n, θ, ð, f, v, s, z, ʃ, ʒ, h, ʧ, ʤ, j, w, ɹ, l/ 

 

Syllable-final consonants 

Cantonese: 6 consonants /p, t, k, m, n, ŋ/ 

English: 20+1 consonants /p, b, t, d, k, ɡ, m, n, ŋ, θ, ð, f, v, s, z, ʃ, ʒ, ʧ, ʤ, l/ (+ /ɹ/ in General 

American, Scottish and Irish English) 

 

Consonant clusters 

Cantonese: nil (/kw, kwʰ/ are coarticulated; some authors label them as consonant clusters) 

English (Australian): many 2 and 3 element consonant clusters in initial position including /pl, 

bl, kl, ɡl, fl, sl, pɹ, bɹ, tɹ, dɹ, kɹ, ɡɹ, θɹ, fɹ, ʃɹ, pj, fj, mj, nj, sm, sn, sp, st, sk, spl, spɹ, stɹ, skw/ and 

many 2 to 4 element consonant clusters in final position. 

 

Vowels 

Cantonese: 8 vowels /i, y, ɛ, œ, а, ɔ, u, ɐ/ + /ɪ, ɵ, ʊ/ (allophones of /i, œ, u/ respectively)  

English (Australian): 12 vowels /iː, ɪ, e, ӕ, ɐː, ɐ, ɔ, oː, ʊ, ʉː, ɜː, ǝ/i OR /i, ɪ, ɛ, ӕ, a, ʌ, ɒ, ɔ, ʊ, u, ɜ, ǝ/ ii 

 

Diphthongs 

Cantonese: 11 diphthongs /аi, ei, ɐi, ui, ɔi, аu, ɐu, iu, ou, ɵy/ + /ɛu/ (in colloquial Cantonese) 

English (Australian): 8 diphthongs /ӕɪ, ɑe, ǝʉ, ӕɔ, ɔɪ, ɪǝ, eː, ʊǝ/ i OR /eɪ, aɪ, oʊ, aʊ, ɔɪ, ɪǝ, ɛǝ, ʊǝ/ii 

 

Tones 

Cantonese: 9 tones. Tone 1 (T1) to T6 end with a vowel, diphthong or nasal. T7 to T9 end with a 

plosive. 
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English: nil 

 

Syllable shape 

Cantonese: C(0-1)V(0-1) C(0-1). The 6 possible syllables are: C, V, CV, VC, CVV, and CVC.  

/m/ and /ŋ/ can be words (without a vowel) (e.g., / / =唔 not, / / = 5, five) 

English: C(0-3)VC(0-4). The smallest syllable is V and the largest is CCCVCCCC strengths. 

 

Stress-timed or syllable-timed? 

Cantonese: Syllable-timed. Syllables are equally stressed, and each syllable carries a tone.  

English: Stress-timed. Syllables can be strong or weak. Stress also is used for emphasis. 

 

Varieties 

Cantonese: Cantonese is spoken by 96.5% of people in Hong Kong. Standard Cantonese is based 

on the Cantonese of Guangzhou, the capital city of Guangdong Province.  

English: many dialects including General American English, Received Pronunciation (England), 

Scottish English, Irish English, Australian English, New Zealand English, South African English 

etc. 

 

Writing system 

Cantonese: Chinese is nonalphabetic and consists of characters that represent lexical morphemes 

(words). Each syllable has a corresponding standard Chinese character.  

English: Roman script loosely related to phonetic realizations of the consonants and vowels. 

 
i Harrington, J., Cox, F., & Evans, Z. (1997). An acoustic phonetic study of broad, general, and cultivated Australian 
English vowels. Australian Journal of Linguistics, 17, 155-184. 
ii Mitchell, A. G. (1946). The pronunciation of English in Australia. Sydney: Angus & Robertson.  
 
Sources. Cantonese information was created by referring to: So (2007), To, Cheung, and McLeod 
(in press), and Zee (1999). Australian English information was created by referring to Cox (2012) 
and McLeod (2007b). Comparative data was created by referring to Chan and Li (2000), and 
Chang (2001). 
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