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ABSTRACT

The Journal of Studies in Language 35.4, 599-626. This study acoustically analyzes 

the production of English fricatives (/f/, /v/, /θ/, /ð/, /s/, /z/, /ʃ/, /ʒ/) by ten native 

speakers from the United States and 40 Chinese EFL learners (of various English 

proficiency levels). Six acoustic parameters proved to be capable of distinguishing 

places of articulation, voicing and vowel contexts from previous studies are 

considered: spectral mean (M1), variance (M2), skewness (M3), kurtosis (M4), 

relative amplitude and normalized duration. The statistical results reveal that: 

Firstly, the six acoustic parameters work differently in distinguishing places of 

articulation, voicing, and vowel contexts between native speakers and advanced 

learners and beginners. The effect of vowel context becomes weaker with the 

improvement of L2 proficiency. Secondly, Chinese EFL learners demonstrate 

significant differences in acoustic features with native speakers in English fricative 

production, which indicates that Chinese EFL learners face challenges in 

producing native-like English fricatives. Besides, advanced learners are found to 

demonstrate a performance more similar to native speakers (less significant 

differences in acoustic characteristics with native speakers) than beginners. Lastly, 

segmental substitutions errors of /v/-/w/ and /ʒ/-/r/ are observed in Chinese EFL 

learners. (Wonkwang University)
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1. Introduction

English fricatives are the largest group of English consonants in terms of 

manner of articulation, consisting of nine sounds, /f/, /v/, /θ/, /ð/, /s/, /z/, /ʃ/, /ʒ/, 

and /h/. They are produced with the air stream passing a narrow passage between 

two articulators which are brought and held sufficiently close together and cause 

some turbulence of the air. In studying the acoustic features of fricatives, spectral, 

amplitudinal, and temporal properties should be considered as they can provide 

robust and unique information about the acoustic features of fricatives.
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As per the pioneering study of fricatives conducted by Hughes and Halle (1956), fricatives can be potentially 

differentiated by spectral features. Shadle and Mair (1996) investigated spectral moments on fricatives produced by an 

American and a French speaker. They observed that the spectral moments varied across places of articulation and 

spectral skewness (M3) varied the least. Jongman et al. (2000) examined acoustic features of English fricatives 

produced by twenty American speakers in six vowel contexts. In their study, spectral, durational and amplitudinal 

features of eight English fricatives were studied. The results of the study showed that the four places of fricative 

articulation could be distinguished by static and dynamic acoustic properties such as spectral peak location, spectral 

moments (M1-M4), and both normalized and relative amplitude. This indicated that these acoustic properties could 

provide robust and unique information of all four places of articulation, in spite of speaker, vowel context, and voicing 

differences. Wilde (1995) studied acoustic cues in fricative-vowel boundaries and proposed that the temporal and 

spectral characteristics of voiced fricatives were more dependent on vowel context as compared to the same 

characteristics of voiceless fricatives. Wagner et al. (2006) conducted a research which focused on dynamic cues as 

formant transition to determine whether it contributed to the identification of the fricatives by listeners speaking 

different languages. The research results demonstrated that the identification of fricatives depended on whether the 

spectral characteristics of its friction sufficed to distinguish this fricative from all the other fricatives in the listener’s 

language. Maniwa et al. (2008) investigated the production of fricatives by ten female and male speakers in 

vowel-fricative-vowel contexts in both a conversational and a clear style using acoustic measures including spectral, 

amplitudinal, and temporal properties. This research aimed to characterize the adaptations in the clear production of 

English fricatives. The results showed that there were overall style effects since robust changes were observed in the 

durations, spectra and probably amplitude of clear fricative that are were in accordance with increased vocal effort that 

the speakers made to make their speech clear. Hence, all the previous studies mentioned above opines that the spectral, 

amplitudinal, and temporal properties provide robust and unique information of the acoustic features of fricatives and 

thus, should be considered in studying the acoustic features of English fricatives.

Inventories of English and Chinese fricatives are quite different. English fricatives are the largest group of English 

consonants in terms of manner of articulation, including nine sounds: /f/, /v/, /θ/, /ð/, /s/, /z/, /ʃ/, /ʒ/ and /h/. Chinese 

consists of only five fricatives /f/, /s/, /ɕ/, /ʂ/, /x/. Apart from the differences in place of articulation, another major 

difference between English and Chinese fricative is the absence of voiced fricative in Chinese. Unlike English 

fricatives, the Chinese fricatives cannot be grouped into voiceless-voiced pairs.

Table 1. Fricatives in English and Chinese

English Chinese

vl vd vl vd

Bilabial

Labio-dental /f/ /v/ /f/

dental /θ/ /ð/

Alveolar /s/ /z/ /s/

Palato-alveolar /ʃ/ /ʒ/ /ɕ/

Palatal /ʂ/

Velar /x/

Glottal /h/
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A comparison between English and Chinese fricatives are presented in Table 1. Apart from the similar fricatives 

labio-dental /f/ and alveolar /s/ in English and Chinese, English /v/,/θ/,/ð/,/z/,/ʃ/,/ʒ/ and /h/ are completely absent in 

Chinese. Also, Chinese /ɕ/,/ʂ/ and /x/ have no identical corresponding counterparts in English. It should be noted that for 

English voiceless palato-alveolar /ʃ/ and Chinese voiceless palato-alveolar /ɕ/, despite both having the same voicing and 

place of articulation, there is subtle difference in tongue position in the process of articulation. While producing Chinese 

/ɕ/, the front of the tongue is always close to the back portion of the alveolar ridge, rather than the blade of the tongue as 

in English /ʃ/. This subtle difference in tongue positions of English /ʃ/ and Chinese /ɕ/ results in a clear distinction 

between these two fricative sounds. As mentioned above, between the two languages while some of the fricatives are 

similar, some are completely absent in both the languages. Hence, when Chinese EFL learners speak English, the 

deep-rooted articulating habit in their L1 might lead to serious conflicts with the sound system of the target language.

In terms of the acquisition of English fricatives by Chinese EFL learners, it has been reported that the learners faced 

several difficulties in learning English fricatives (Gao, 2002). Cheng and He’s (2008) study is one of the researches 

which investigated the issues faced by Chinese EFL learners’ in English fricatives acquisition. They found that the most 

frequently occurring errors were substitution errors. Chinese EFL learners were highly likely to substitute /d/ for /ð/, /s/ 

for /z/, /w/ for /v/ respectively. It was observed that the learners were prone to replacing the new sounds in English with 

the similar sounds in Chinese as there are no /ð/, /z/, /v/ sounds in Mandarin Chinese. Besides, Zhang and Xiao (2011; 

2014) also found that the Chinese EFL learners tended to substitute various sounds for the English fricative sounds and 

had great difficulty in distinguishing /ð/ from /z/, /v/ from /w/, and /θ/ from /s/. Similar conclusions were drawn from 

other studies. Similar to Cheng and He’s (2008) study, Chen and Bi (2008) and Sui and Li (1998) also stated that 

substitution of English consonants, including fricatives, was a major issue for Chinese EFL learners. In addition, these 

researches also showed that the Chinese EFL learners also had difficulty in distinguishing between fricative /v/ and 

glide /w/. Furthermore, these researches attributed the phenomenon of substitution errors to a principle of ‘least effort’. 

This principle posits that when learners acquire new sounds that are not familiar to them, they are likely to use the most 

similar ones in L1 or L2 to substitute the target sounds so as to avoid the difficulty in pronunciation. Wu (2008), based 

on his comparison of the inventories of English and Chinese fricatives, followed by examination of the errors in Chinese 

students’ pronunciation of English fricatives, attributed the primary reasons for the substitution errors to the lack of 

equivalents in Mandarin Chinese and the negative transfer of learners’ L1. 

To summarize, previous studies suggests that the Chinese EFL learners exhibit various difficulties in producing and 

perceiving English fricatives; the primary reasons are the lack of real equivalents of English fricatives in Mandarin 

Chinese and the effect of L1 negative transfer. However, very few studies on the production of the Chinese EFL learners 

have been conducted in acoustic way. Thus, the prevalent understanding of the acoustic features of English fricatives 

produced by Chinese EFL learners should be investigated further. Therefore, the present study investigates the 

production of English fricatives by Chinese EFL learners from the aspect of acoustic features. Based on the differences 

in English and Chinese fricative inventories and previous studies on the production and perception of English fricatives 

by Chinese EFL learners, this study predicted that: 1) There might be significant differences in the acoustic features of 

English fricatives produced by native speakers and Chinese EFL learners, 2) L2 experience has been proposed as a 

possible factor which influences the acquisition of L2 speech (Bohn and Flege, 1990, 1992). As L2 experience 

increases, proficiency of L2 would also improve. As a result, advanced learners would exhibit closer performance to 
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native speakers than beginners.

The early version of the present study is presented in Seoul International Conference on Speech Science 2019 (SICSS 

2019) and the current version has been improved and extended from the early version. This study improved the 

experimental data by excluding information related to beginners who were found having significantly lower English 

proficiency as compared to other members of the same group. Then, the same amount of data from those who were 

closer to the average English proficiency of the whole group was included. Such approach enabled the English 

proficiency in the beginners group to be controlled more strictly. Additionally, to negate the influence of speech tempo 

and the variation of the volume of speakers’ voice, this study replaced overall noise amplitude and noise duration in the 

early version with relative amplitude (difference between noise and vowel amplitude) and normalized duration (ratio of 

frication duration over word duration). Furthermore, statistical analysis model was also revised. Three-way ANOVAs 

based on articulation, vowel context, and voicing as factors and the six acoustic parameters (the four spectral moments, 

relative amplitude and normalized duration) as the dependent variables were utilized. Besides, the interpretation of 

results was more elaborate and profound than those of early version and the introduction and method sections were also 

revised and supplemented.

2. Experiment

2.1 Subjects

Three groups of subjects participate in the experiment: 10 native speakers from the United States without any 

articulation disorder (5 males, 5 females, ranging in age from 24-29), 20 Chinese advanced EFL learners who were 

English majors in the Hebei Normal University for Nationalities in mainland China (10 males, 10 females, ranging in 

age from 21-22), and 20 EFL learners at beginner level who were all middle school students in The Third Middle School 

of Longhua County in Hebei Province, China (10 males, 10 females, ranging in age from 13-14). Taking dialectal 

influence into account, the 40 Chinese EFL learners in this experiment were all native speakers of Mandarin Chinese 

and came from the same region in China (Chengde city, Hebei province). The average years of English learning for the 

advanced learners was 12.75, while for the beginners it was merely 4.2. An independent samples t-test showed that there 

was a significant difference (p<.001) in years of English learning between the two learner groups, indicating that the 

advanced learners had significantly longer exposure time to English than the beginners.

As for the English proficiency of Chinese subjects, the advanced learners passed TEM 4 (Test for English Majors 

Band 4 in mainland China) with scores higher than 60 (65.35 in average). TEM 4 is in speciality aimed at English 

majors, and comprehensively tests examinee’s English vocabulary, grammar, reading, listening, and writing skills (an 

excerpt of TEM 4 from 2018 is shown in Appendix 1), which is administered by the National Advisory Committee for 

Foreign Language Teaching (NACFLT) on behalf of the Higher Education Department, Ministry of Education, 

People’s Republic of China. Being a criterion-referenced test, it is designed by strictly following the teaching 

requirements listed in the National College English Teaching Syllabus for English Majors and has been through several 

revisions during its development since the year of 1991. Now it has developed into a well-established English 

proficiency test in China. Jin and Fan (2011), and Tian (2015) proposed that TEM 4 is a reasonably reliable and valid 
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test and it is designed at an appropriate difficulty level as defined in the test specification. TEM 4 score is also found 

significantly correlated with learner’s learning effort and motivation (Chen, 2012). Besides, according to statistics, the 

pass rate for TEM 4 in mainland China in 2018 was only 51.79%, which means that even English majors might have 

some difficulty in passing TEM 4. Thus in the present study, the English proficiency of advanced learners who passed 

TEM 4 with scores higher than 60, was higher than the average level of English majors and far higher than the average 

level of college students in mainland China. On the other hand, for beginners, their average score in their Middle-School 

Entrance Examination was 76.65. The Middle-School Entrance Examination is a teenager-oriented test consisting of 

simple questions in the skills of English vocabulary and grammar, as well as straightforward tests of listening, reading, 

and writing ability (an excerpt from the Middle-School Entrance Examination, Hebei Textbook Edition, is presented in 

Appendix 2).

By comparing the difficulty differences between the two English proficiency tests, we can see that the difficulty of 

the TEM 4 is far higher than that of the Middle-School Entrance Examination. Even middle-school students who 

achieved top scores in the Middle-School Entrance Examination could struggle with the TEM 4. So, we conclude that 

there is a significant difference in English proficiency between the advanced learners’ group and beginners group in the 

present study.

2.2 Stimuli and Procedure

The stimuli used in this study were open syllables with eight target fricatives (/f/, /v/, /θ/, /ð/, /s/, /z/, /ʃ/, /ʒ/) in three 

different vowel contexts (/Ci/, /Ca/, /Cu/) and were embedded in carrier sentences “Say ___ to me”. /h/ is not studied 

because most previous researches on English fricatives exclude /h/ and /h/ is usually considered as the voiceless 

counterpart of the adjacent vowel (Ladefoged and Johnson, 2014). All the 50 speakers were required to read the 24 

randomized carrier sentences (8 fricatives * 3 vowel contexts) 3 times and recorded clearly by a Zoom H1 recorder. In 

order to avoid the turbulence caused by the direct impact of air flow on the microphone, the recorder was placed at a 45 

degree angle and 20cm away from the speaker’s mouth.

2.3 Measures and Statistical Analyses

The measurements in this study were based on Jongman et al. (2000)’s study on English Fricatives. We chose six 

spectral, amplitudinal, and temporal parameters that previous studies indicate might work with signal fricative contrasts 

(Table 2). Four spectral moments, which were spectral mean (M1), spectral variance (M2), skewness (M3), and kurtosis 

(M4) were measured as spectral parameters. As for as durational and amplitudinal parameters, normalized duration and 

relative amplitude were measured respectively.

M1 spectral mean, which is also referred to as "center of gravity", reflects an averaged energy concentration of the 

fricative spectrum. Specifically, it is a measure of mean of all peaks in the spectrum. Therefore, fricatives with higher 

frequency energy such as /s,z/ usually have higher spectral mean. M1 has been proved to be an effective acoustic 

parameter in distinguishing different places of articulation, voicing and vowel contexts. It is reported to be the highest 

for alveolar /s,z/, and the lowest for /ʃ,ʒ/. Non-sibilants /f,v/ and /θ,ð/ fall in between and M1 does not distinguish them 

(Jongman et al., 2000). Voiceless fricatives have higher spectral mean than voiced ones (Jongman et al., 2000) and 
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fricatives in /i/ context also show higher spectral means than those in /u/ context (Nittrouer et al., 1989; Nittrouer, 1995). 

In addition, M1 has also been found to be indicative of speech effort; in speech with higher effort, a fricative with higher 

effort tends to have a higher M1 value (Maniwa et al., 2009). M2 variance is a measure of standard deviation, 

demonstrating whether most energy is concentrated in a small range of frequencies or dispersed over a wide range. Thus 

variance is lower for the sibilant fricatives (/s,z,ʃ,ʒ/) which have more concentrated frequency energy and higher for the 

nonsibilants (/f,v,θ,ð/) whose frequency energy are more dispersed. Additionally, higher M2 is also reported to be an 

indicator of higher speech effort (Maniwa et al., 2009). M3 (skewness) is the spectral tilt, namely, the overall slant of the 

energy distribution. A positive skewness indicates a negative spectral tilt where the predominance of energy is in the 

lower frequencies. While a negative skewness suggests a positive spectral tilt and an energy concentration in the higher 

frequencies. Li (2008) found that M3 Skewness was useful in differentiating places of articulation and that higher 

skewness was caused by a more retracted fricative. M4 (kurtosis) indicates the peakedness of the distribution. A positive 

kurtosis means that a spectrum is clearly defined with well-resolved peaks, whereas a negative kurtosis demonstrates a 

relatively flat spectrum that is not clearly defined and has no clearly resolved peaks. Relative amplitude refers to noise 

amplitude minus vowel amplitude in dB. Normalized duration is the ratio of frication duration over word duration.

Table 2. Acoustic parameters considered in this study

Spectral parameters

Measurement Description

spectral mean It reflects the average energy concentration.

variance It reflects the energy range.

skewness It refers to the overall slant of the energy distribution, namely, the spectral tilt.

kurtosis It indicates the peakedness of the distribution. 

Amplitudinal parameters
Measurement Description

relative amplitude It is calculated by noise amplitude minus vowel amplitude in dB.

Temporal parameters
Measurement Description

Normalized duration It is the ratio of frication duration over word duration.

The segmentations of fricatives and vowels were based on both waveform and spectrogram. The onsets of fricatives 

were defined as the starting point of an increase in the frication noise amplitude in the waveform. The offset of the 

fricative was segmented at the offset of the frication noise and the first zero crossing of an increase in the glottal cycle in 

the following vowel. The onset of the vowel was determined as the onset of voicing as defined by the starting point of 

F1 in the spectrogram, as well as the onset of periodicity in the wave form. The vowel offset was segmented at the 

beginning of the closure of the following stop /t/. Figure 1 shows an example of the fricative and vowel segmentation.

A Praat script (Christian, 2013) which produces the first four spectral moments, noise duration and overall amplitude 

from fricative spectra was used. In this script the discrete Fourier transforms (DFTs) were averaged using 

time-averaging (Shadle, 2012). Within time-averaging, a number of DFTs were taken from across the duration of the 

fricative. These DFTs were averaged for each token and then the moments were calculated. The DFTs window size was 

set to be 15 ms and the window number to be 6. The analyzed duration of the fricative was always equivalent to the 

center 80% of the total duration, cutting off the transitions. The duration and amplitude of the vowels /i/, /a/ and /u/ 

following the fricatives were also measured for the calculation of relative amplitude and normalized duration.
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Fig. 1. Example of fricative and vowel segmentation in Praat

To investigate whether the four spectral moments, relative amplitude and normalized duration can distinguish places 

of articulation, voicing and vowel contexts in the production of English fricatives by native speakers, advanced learners 

and beginners, three-way ANOVAs for place of articulation, vowel context and voicing were conducted with the four 

spectral moments, relative amplitude and normalized duration as dependant variables for all the three subject groups.

To examine whether there are significant differences in acoustic features of English fricatives produced by native 

speakers and Chinese EFL learners, one-way ANOVAs with subject group as factor, the four spectral moments, relative 

amplitude and normalized duration as dependant variables were conducted for all the eight fricatives together as well as 

in each fricative respectively.

3. Results: Spectral, Amplitudinal, and Temporal Parameters

3.1 M1 Spectral mean

Three-way ANOVAs for the place of articulation, vowel context and voicing were conducted with M1 spectral mean 

as a dependant variable for all the three subject groups. Main effects were obtained for place of articulation for all the 

three groups (native speakers: [F(3,696)=64.740, p<.001; advanced learners: F(3, 1416)=394.293, p<.001; beginners: 

[F(3, 1416)=711.901, p<.001]), which meant that the spectral mean distinguished places of articulation in the 

production of all the three subject groups. To examine exactly how the spectral mean worked in distinguishing different 

places of articulation in the three groups of subjects, the Bonferroni post hoc test was conducted and the results showed 

that for both native speakers and advanced learners, M1 spectral mean was the highest for /s,z/ and the lowest for /ʃ,ʒ/, 

and this difference was significant (p<.001 and p<.001). /f,v/ and /θ,ð/ fell in between with /θ,ð/ significantly higher 

than /f,v/ (p<.05 and p<.001). This result indicated that, as was proposed by previous studies, M1 spectral mean served 

as an effective indicator of distinguishing different places of articulation for both native speakers and advanced learners. 
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While for beginners, even though M1 spectral mean could also distinguish different places of articulation, it showed 

different distinguishing pattern. For beginners it was the highest for /s,z/. /θ,ð/ followed and the difference between the 

two was significant (p<.01). /f,v/ and /ʃ,ʒ/ had significantly lower spectral means than /s,z/ and /θ,ð/ and the difference 

between them was not significant (p>.05) (Table 3 and Figure 2).

Table 3. Means of M1 spectral mean by place of articulation, voicing and vowel context (“N” = native speakers; “A” = 

advanced learners; “B” = beginners)

Labial /f,v/ Alveolar /s,z/ Dental /θ,ð/ Palato-alveolar /ʃ,ʒ/

M1

Spectral mean

(Hz)

N:5663

A:5057

B:3602

N:7369

A:8621

B:7918

N:6227

A:5786

B:7434

N:4465

A:3895

B:3279

Voiceless Voiced

N:6917

A:7222

B:7056

N:4945

A:4457

B:4060

/i/ context /a/ context /u/ context

N:5842

A:6002

B:5770

N:6022

A:5882

B:5709

N:5929

A:5635

B:5195

Fig. 2. Means of spectral mean for native speakers, advanced learners and beginners by place of articulation

Main effects of voicing in all the three groups were obtained (native speakers: [F(1, 696)=172.578, p<.001; advanced 

learners: F(1, 1416)=745.390, p<.001; beginners: [F(1, 1416)=1058.199, p<.001]), which showed that voiceless 

fricatives had spectral means at significantly higher frequencies than voiced fricatives in all the three subject groups 

(Table 3). This was in line with Jongman (2000)'s study, which might indicate that the three groups of speakers 

produced voiceless fricatives with higher speech effort since M1 was reported to be indicative of speech effort and 

higher speech effort would lead to a rising in M1.

A main effect was obtained for vowel context for advanced learners and beginners (advanced learners: F(2, 

1416)=4.566, p<.05; beginners: [F(2, 1416)=15.679, p<.001]). Bonferroni post hoc test showed that for both advanced 

learners and beginners, spectral mean in /u/ context was significantly lower than that in /i/ (p<.001), with /a/ fell in 
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between (Table 3). This result was in concordance with Nittrouer et al. (1989; 1995)'s studies where they related M1 

spectral mean with lip rounding. Therefore we proposed a possible reason that the lip-rounding effect in /u/ context 

might be a factor that could lower the value of spectral mean.

Place * vowel interactions were found in advanced learners and beginners groups (advanced learners: F(3, 

1416)=394.293, p<.001; beginners: [F(6, 1416)=8.246, p<.001]), which revealed that for the two groups of Chinese 

EFL learners, in distinguishing places of articulation, M1 spectral mean had different patterns in different vowel 

contexts. Besides, place * voicing interactions in all the three groups (native speakers: [F(3, 696)=21.806, p<.001; 

advanced learners: F(3, 1416)=92.790, p<.001; beginners: [F(3, 1416)=152.596, p<.001]) revealed that for all the three 

groups of speakers, differences in spectral mean between places of articulation were different between voiceless and 

voiced fricatives, that is, even though M1 spectral mean worked effectively in distinguishing places of articulation, it 

worked in different patterns between voiceless and voiced fricatives.

3.2 M2 Variance

Three-way ANOVAs for the place of articulation and vowel context were conducted with M2 spectral variance as a 

dependant variable for all the three subject groups. Main effects were obtained for place of articulation for all the three 

groups (native speakers: [F(3, 696)=352.195, p<.001; advanced learners: F(3, 1416)=158.711, p<.001; beginners: [F(3, 

1416)=206.378, p<.001]), which meant that the spectral variance distinguished places of articulation in the production 

of all the three subject groups. To examine exactly how the spectral variance worked in distinguishing different places 

of articulation in the three groups of subjects, the Bonferroni post hoc test was conducted and the results showed that 

that for the native speakers group M2 spectral variance was the highest for /f,v/ and /θ,ð/, and no significant difference 

was found between the two (p>.05). /s,z/ had significantly lower M2 than /f,v/ (p<.001) and /θ,ð/ (p<.001). /ʃ,ʒ/ had 

significantly the lowest spectral variance in all the four places of articulation. For Chinese advanced learners, they had 

exactly the same pattern of place contrast in M2 spectral variance as native speakers did, namely, /f,v/&/

θ,ð/>/s,z/>/ʃ,ʒ/. It can be seen that for both native speakers and advanced learners, M2 variance well distinguished the 

sibilants from the non-sibilants, which was in concordance with previous findings (Shadle and Mair, 1996; Jongman, 

2000). While for the beginners, M2 spectral variance did not distinguish sibilants from non-sibilants. It was the highest 

for /θ,ð/ as well as /s,z/, and there was no significant difference between the two (p>.05). /f,v/ had significantly lower 

spectral variance than /θ,ð/ and /s,z/. /ʃ,ʒ/ followed /f,v/ and showed significantly the lowest spectral variance in all the 

four places of articulation (Table 4 and Figure 3).

Main effects of voicing were obtained for Chinese advanced learners and beginners (advanced learners: F(1, 

1416)=15.463, p<.001; beginners: [F(1, 1416)=376.562, p<.001]), which showed that Chinese advanced learners and 

beginners had significantly higher spectral variances in voiceless fricatives than voiced fricatives (Table 4), which 

might also indicate that in the fricative production of advanced learners and beginners, speech effort of voiceless 

fricatives was higher than that of voiced fricatives.

Main effects were obtained for vowel context for Chinese advanced learners and beginners (advanced learners: F(2, 

1416)=7.167, p<.01; beginners: [F(2, 1416)=11.422, p<.001]). Bonferroni post hoc test showed that in the production of 

both advanced learners and beginners, spectral variances were significantly the highest in /u/ context and there was no 
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significant difference between those in /i/ and /a/ contexts (p>.05 and p>.05) (Table 4). This was in contrast with the 

result of M1, where the spectral mean in /u/ context was the lowest among the three vowel contexts. Conversely, even 

though there was no previous study reporting that M1 and M2 were conversely related, we attribute this finding to a 

reason that the effect of lip-rounding in /u/ context might be a factor leading to a rising in the value of spectral variance.

Table 4. Means of M2 variance by place of articulation, voicing and vowel context (“N” = native speakers; “A” = 

advanced learners; “B” = beginners)

Labial /f,v/ Alveolar /s,z/ Dental /θ,ð/ Palato-alveolar /ʃ,ʒ/

M2

Variance 

(Hz)

N:3993

A:3234

B:2673

N:2549

A:2665

B:3127

N:3884

A:3420

B:3221

N:1705

A:1990

B:1889

Voiceless Voiced

N:2986

A:2928

B:3138

N:3079

A:2727

B:2317

/i/ context /a/ context /u/ context

N:2986

A:2734

B:2692

N:3024

A:2787

B:2625

N:3089

A:2960

B:2865

Fig. 3. Means of variance for native speakers, advanced learners and beginners by place of articulation

Significant place * vowel interactions were obtained for advanced learners [F(6, 1416)=4.048, p<.001] and beginners 

[F(6, 1416)=2.636, p<.05], which revealed that for the two groups of Chinese EFL learners, differences in spectral 

variance between places of articulation were different between vowel contexts. Place * voicing interactions in all the 

three groups (native speakers: [F(3, 696)=32.786, p<.001; advanced learners: F(3, 1416)=71.868, p<.001; beginners: 

[F(3, 1416)=471.447, p<.001]) revealed that for all the three groups of speakers, the differences in spectral variance 

between voiceless and voiced fricatives were not in parallel between places of articulations. A significant voicing * 

vowel interaction was obtained only for beginners [F(2, 1416)=11.643, p>.001], which revealed that the spectral 

variance differences between voiceless and voiced fricatives had different patterns between vowel contexts for 

beginners.
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3.3 M3 Skewness

Three-way ANOVAs for the place of articulation and vowel context were conducted with M3 skewness as a 

dependant variable for all the three subject groups. Main effects were obtained for place of articulation for all the three 

groups (native speakers: [F(3, 696)=21.540, p<.001; advanced learners: F(3, 1416)=86.949, p<.001; beginners: [F(3, 

1416)=407.062, p<.001]). To examine exactly how the skewness worked in distinguishing different places of articulation 

in the three groups of subjects, the Bonferroni post hoc test was conducted and the results showed that in all the three 

groups, /s,z/ had significantly the lowest skewness in the four places of articulation, indicating that the alveolars had the 

strongest concentration of energy in the higher frequencies in all the three groups (Table 5 and Figure 4).

Main effects of voicing in all the three groups were obtained (native speakers: [F(1, 696)=33.537, p<.001; advanced 

learners: F(1, 1416)=204.094, p<.001; beginners: [F(1, 1416)=718.594, p<.001]), which meant that in the fricative 

production of all the three groups, voiced fricatives had stronger concentration of energy in the lower frequencies and 

voiceless fricatives showed stronger concentration of energy in the higher frequency range (Table 5).

A main effect was obtained for vowel only for beginners [F(2, 1416)=10.143, p<.001]. The Bonferroni post hoc test 

showed that in the production of beginners, spectral mean was significantly lower in /i/ context than /a/ and /u/ contexts, 

and the difference between /a/ and /u/ contexts was not significant (p<0.05) (Table 5). This result might be attributed to 

Li (2008)'s finding that higher skewness was caused by a more retracted fricative. As a following vowel, the front vowel 

/i/ might have an effect of lowering skewness for its preceding fricative. 

Table 5. Means of M3 skewness by place of articulation, voicing and vowel context (“N” = native speakers; “A” = 

advanced learners; “B” = beginners)

Labial /f,v/ Alveolar /s,z/ Dental /θ,ð/ Palato-alveolar /ʃ,ʒ/

M3

Skewness

N:0.837

A:2.753

B:7.221

N:-0.024

A:-0.408

B:-0.517

N:0.491

A:0.768

B:-0.27

N:0.943

A:2.158

B:3.286

Voiceless Voiced

N:0.29

A:0.23

B:0.015

N:0.833

A:2.405

B:4.846

/i/ context /a/ context /u/ context

N:0.625

A:1.192

B:1.870

N:0.532

A:1.459

B:2.602

N:0.628

A:1.303

B:2.819

A place * vowel interaction was obtained only for beginners [F(6, 1416)=4.740, p<.001], which revealed that for 

beginners, patterns of skewness differences between places of articulation were different between vowel contexts. 

Additionally, place * voicing interactions in all the three groups (native speakers: [F(3, 696)=39.159, p<.001; advanced 

learners: F(3,1416)=71.588, p<.001; beginners: [F(3, 1416)=312.748, p<.001]) revealed that for all the three groups of 

speakers, skewness showed different patterns of distinguishing voiceless from voiced fricatives in different places of 

articulations. A significant voicing * vowel interaction was obtained only for beginners [F(2, 1416)=12.240, p<.001], 

which showed that the patterns of skewness differences between voiceless and voiced fricatives were different between 

vowel contexts for beginners.
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Fig. 4. Means of skewness for native speakers, advanced learners and beginners by place of articulation

3.4 M4 Kurtosis

Three-way ANOVAs for the place of articulation, voicing and vowel context were conducted with M4 kurtosis variance 

as a dependant variable for all the three subject groups. Main effects were obtained for place of articulation for Chinese 

advanced learners and beginners (advanced learners: F(3, 1416)=24.242, p<.001; beginners: [F(3, 1416)=167.125, 

p<.001]). To examine exactly how the kurtosis worked in distinguishing different places of articulation in the three groups 

of subjects, the Bonferroni post hoc test was conducted and the results showed that for both advanced learners and 

beginners groups, /f,v/ had significantly the highest kurtosis in all the four places of articulation, followed by /ʃ,ʒ/ having 

the second highest kurtosis. And for /s,z/ and /θ,ð/, no significant difference was found between the two (Table 6 and 

Figures 5-6). This indicated that /f,v/ and /ʃ,ʒ/ had more clearly defined spectra with well-resolved peaks, whereas /s,z/ and 

/θ,ð/ demonstrated relatively flat spectra that were not clearly defined and had no clearly resolved peaks.

Main effects of voicing were obtained for Chinese advanced learners and beginners (advanced learners: F(1, 

1416)=73.844, p<.001; beginners: [F(1, 1416)=315.614, p<.001]), which indicated that Chinese advanced learners and 

beginners had more clearly defined spectra with well-resolved peaks in voiced fricatives (Table 6).

A main effect was obtained for vowel only for beginners [F(2, 1416)=4.282, p<.05]. Bonferroni post hoc test showed 

that in the production of beginners, kurtosis was significantly lower in /i/ context than in /a/ context, while the 

differences between /a/ and /u/ contexts, as well as between /i/ and /u/ contexts, were not significant (Table 6).

Significant place * vowel interactions were obtained for advanced learners [F(6, 1416)=3.147, p<.01] and beginners 

[F(6, 1416)=2.415, p<.05], which revealed that for the two groups of Chinese EFL learners, differences in kurtosis 

between places of articulation had different patterns between vowel contexts. Besides, place * voicing interactions in all 

the three groups (native speakers: [F(3, 696)=3.735, p<.05; advanced learners: F(3,1416)=28.903, p<.001; beginners: 

[F(3, 1416)=175.088, p<.001]) showed that for all the three groups of speakers, the differences in kurtosis between 

voiceless and voiced fricatives were different between places of articulations.

In addition, a significant voicing * vowel interaction was obtained only for beginners [F(2, 1416)=4.816, p<.01], 

which indicated that for beginners, the kurtosis differences between voiceless and voiced fricatives were not in parallel 

between vowel contexts, namely, even though M4 kurtosis worked effectively in distinguishing different vowel 

contexts, it worked differently between voiceless and voiced fricatives.
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Table 6. Means of M4 kurtosis by place of articulation, voicing and vowel context (“N” = native speakers; “A” = 

advanced learners; “B” = beginners)

Labial /f,v/ Alveolar /s,z/ Dental /θ,ð/ Palato-alveolar /ʃ,ʒ/

M4

Kurtosis

N:4.33

A:17.01

B:107.6

N:0.86

A:2.12

B:1.71

N:0.66

A:1.36

B:1.99

N:2.68

A:10.45

B:31.26

Voiceless Voiced

N:0.983

A:1.252

B:1.327

N:3.28

A:14.221

B:69.958

/i/ context /a/ context /u/ context

N:1.743

A:7.515

B:27.76

N:1.493

A:7.05

B:40.737

N:3.159

A:8.643

B:38.431

Fig. 5. Means of kurtosis for native speakers and advanced learners by place of articulation

Fig. 6. Mean of kurtosis for beginners by place of articulation by place of articulation

3.5 Relative Amplitude

Three-way ANOVAs for the place of articulation, voicing and vowel context were conducted with relative amplitude 

as a dependant variable for all the three subject groups. Main effects were obtained for place of articulation for all the 

three groups (native speakers: [F(3, 696)=192.933, p<.001; advanced learners: F(3, 1416)=234.965, p<.001; beginners: 
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[F(3, 1416)=62.500, p<.001]), indicating that the relative amplitude varied with place of articulation for all the three 

groups of speakers. To examine exactly how the relative amplitude differed between different places of articulation in the 

three groups of subjects, the Bonferroni post hoc test was conducted and the results showed that native speakers and 

Chinese advanced learners showed the same pattern of place contrast for relative amplitude. /f,v/ and /θ,ð/ had 

significantly the smallest relative amplitude and there was no significant difference between the two (p>.05). /s,z/ and /ʃ,ʒ/ 

had significantly the greatest relative amplitude and the differences between them were also not significant (p>.05). We can 

see that relative amplitude well distinguished the sibilants from the non-sibilants for both native speakers and advanced 

learners, with greater relative amplitude for sibilants /s,z,ʃ,ʒ/ than non-sibilants /f,v,θ,ð/. This meant that both native 

speakers and advanced learners tended to raise their voice to signify sibilants. While this was not the case for the beginners, 

they showed significantly the smallest relative amplitude for /f,v/ and the greatest for /ʃ,ʒ/. /s,z/ and /θ,ð/ fell in between 

and relative amplitude of /s,z/ was significantly greater than that of /θ,ð/ (p=0.016<0.05) (Table 7 and Figure 7).

Table 7. Means of relative amplitude by place of articulation, voicing and vowel context (“N” = native speakers; “A” = 

advanced learners; “B” = beginners)

Labial /f,v/ Alveolar /s,z/ Dental /θ,ð/ Palato-alveolar /ʃ,ʒ/

Relative 

Amplitude (dB)

N:-15.977

A:-16.124

B:-11.87

N:-5.115

A:-7.191

B:-8.741

N:-16.638

A:-15.452

B:-9.985

N:-4.31

A:-5.98

B:-6.377

Voiceless Voiced

N:-9.379

A:-9.866

B:-8.249

N:-11.641

A:-12.257

B:-10.237

/i/ context /a/ context /u/ context

N:-10.288

A:-10.916

B:-9.305

N:-10.847

A:-11.25

B:-8.663

N:-10.394

A:-11.02

B:-9.461

Main effects of voicing in all the three groups were obtained (native speakers: [F(1, 696)=21.943, p<.001; advanced 

learners: F(1, 1416)=49.816, p<.001; beginners: [F(1,1416)=46.554, p<.001]), which indicated that voiceless fricatives 

had greater relative amplitude than voiced fricatives in all the three subject groups (Table 7).

Fig. 7. Means of relative amplitude for native speakers, advanced learners and beginners by place of articulation
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A main effect was obtained for vowel only for beginners [F(2, 1416)=4.779, p<.01]. Bonferroni post hoc test showed 

that in the production of beginners, relative amplitude was the lowest in /u/ context and the greatest in /a/ context, and 

the difference between them was significant (p<.001). /i/ context fell in between and had no significant difference with 

/a/ and /u/ respectively (p>.05 and p>.05) (Table 7).

Significant place * vowel interactions were obtained for advanced learners [F(6, 1416)=5.533, p<.001] and beginners 

[F(6, 1416)=4.518, p<.001], which revealed that for the two groups of Chinese EFL learners, differences in relative 

amplitude between places of articulation were different between vowel contexts. Besides, place * voicing interactions 

in all the three groups (native speakers: [F(3, 696)=6.268, p<.001; advanced learners: F(3,1416)=28.323, p<.001; 

beginners: [F(3, 1416)=60.795, p<.001]) revealed that for all the three groups of speakers, even though relative 

amplitude worked effectively in distinguishing voicing, it worked in different patterns between different places of 

articulation.

However, there was no significant interaction effect between voicing and vowel context for all the three groups 

(native speakers: [F(2, 696)=.321, p=.726; advanced learners: F(2,1416)=1.487, p=.226; beginners: [F(2, 1416)=1.233, 

p=.292]), which indicated that in their fricative production, the relative amplitude differences between voiceless and 

voiced fricatives were in parallel between vowel contexts.

3.6 Normalized Duration

Three-way ANOVAs for the place of articulation and vowel context were conducted with normalized duration as a 

dependent variable for all three subject groups. The main effects were found in regards to place of articulation for all the 

three groups (native speakers: [F(3, 1416)=30.573, p<.001; advanced learners: F(3, 1416)=36.504, p<.01; beginners: 

[F(3, 1416)=6.732, p<.001]), which indicated that the normalized duration differed significantly between the four 

places of articulation for all three subject groups. To examine exactly how the normalized duration varied between 

different places of articulation in the three groups of subjects, the Bonferroni post hoc test was conducted and the results 

showed that normalized duration was the greatest for /θ,ð/ and lowest for /ʃ,ʒ/ in the production of both the native 

speakers and Chinese advanced learners, indicating both native speakers and advanced learners tended to pronounce 

dental /θ,ð/ with longer durations and palatal /ʃ,ʒ/ with shorter durations to signify their differences with other places of 

Table 8. Means of normalized duration by place of articulation, voicing and vowel context (“N” = native speakers; “A” 

= advanced learners; “B” = beginners)

Labial /f,v/ Alveolar /s,z/ Dental /θ,ð/ Palato-alveolar /ʃ,ʒ/

Normalized 

Duration

N:0.638

A:0.647

B:0.657

N:0.618

A:0.657

B:0.655

N:0.692

A:0.694

B:0.648

N:0.601

A:0.631

B:0.633

Voiceless Voiced

N:0.588

A:0.602

B:0.605

N:0.688

A:0.712

B:0.692

/i/ context /a/ context /u/ context

N:0.64

A:0.654

B:0.642

N:0.646

A:0.667

B:0.663

N:0.627

A:0.65

B:0.64
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articulation. While for beginners the case was different, it was /f,v/ that had the greatest normalized duration even 

though its differences with /θ,ð/ and /s,z/ were not statistically significant. The palato-alveolar /ʃ,ʒ/ was found to have 

the smallest normalized duration (Table 8 and Figure 8).

The main effects of voicing in all three groups were found (native speakers: [F(1, 696)=206.712, p<.001; advanced 

learners: F(1, 1416)=608.998, p<.001; beginners: [F(1, 1416)=443.623, p<.001]), which indicated that all the three 

groups of speakers produced voiced fricatives with longer durations than voiceless fricatives (Table 8).

The main effects were found for vowels context for Chinese advanced learners and beginners (advanced learners: 

F(2, 1416)=5.460, p<0.05; beginners: [F(2, 1416)=11.815, p<.001]). The Bonferroni post hoc test demonstrated that in 

the advanced learners’ production, normalized duration in /a/ context was significantly higher than that in /u/ context; 

however, there was no significant difference between /i/ and /a/ (p>0.05) nor between /i/ and /u/ (p>0.05). While for 

beginners, normalized duration for /a/ context was significantly higher than those in /i/ and /u/ contexts (p<0.001 and 

p<0.001). Normalized durations for /i/ and /u/ context showed no significant difference (Table 8).

Place * voicing interactions in all the three groups (native speakers: [F(3, 696)=6.398, p<.001; advanced learners: 

F(3,1416)=4.170, p<.01; beginners: [F(3, 1416)=6.572, p<.001]) revealed that for all the three groups of speakers, even 

though the normalized duration was different between voiceless and voiced fricatives, the pattern of difference was 

different between places of articulations. Additionally, a significant voicing * vowel interaction was obtained only for 

beginners [F(2, 1416)=3.588, p<.05], which revealed that for beginners, the normalized duration differences between 

voiceless and voiced fricatives were different between vowel contexts.

However, there was no significant interaction effect between the place of articulation and vowel context for all the 

three groups (native speakers: [F(6, 696)=.577, p=.749; advanced learners: F(6,1416)=.645, p=.835; beginners: [F(6, 

1416)=1.239, p=.283]), which is an indication that the differences in normalized duration between places of articulation 

demonstrated similar patterns in different vowel contexts.

4. Results: Between-Group Comparisons

To delve into whether there were significant differences in acoustic characteristics of English fricatives produced by 

native speakers and Chinese EFL learners, one-way ANOVAs were conducted for the subject group with the four 

Fig. 8. Means of normalized duration for native speakers, advanced learners and beginners by place of articulation
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moments, relative amplitude and normalized duration as dependent variables.

Generally, the statistical results for all eight fricatives gathered together demonstrated the main effects of the subject 

group in all six acoustic parameters (M1 spectral mean: [F(2, 3597)=4.670, p<.01; M2 variance: F(2, 3597)=14.075, 

p<.001; M3 skewness: [F(2, 3597)=47.986, p<.001]; M4 kurtosis: [F(2, 3597)=84.361, p<.001; normalized duration: 

F(2, 3597)=8.803, p<.001; relative amplitude: [F(2, 3597)=21.230, p<.001]), which indicated significant differences in 

the acoustic characteristics of English fricatives produced by native speakers, advanced learners and beginners. To 

examine exactly how the six acoustic parameters are different between native speakers, advanced learners and 

beginners, Tukey HSD post hoc test was conducted and the results showed that native speakers and beginners produced 

English fricatives with a significantly greater normalized duration than advanced learners (p<.001 and p<.001). For the 

four spectral moments and relative amplitude, the statistical results indicated that advanced learners demonstrated no 

significant difference from native speakers in M1 spectral mean (p>0.05), M4 kurtosis (p>0.05), and relative amplitude 

(p>0.05). Regarding M2 spectral variance and M3 skewness, although there were significant differences between native 

speakers and the two groups of EFL learners, advanced learners gave a closer performance to native speakers than the 

beginners.

To examine how the six acoustic parameters are different between the three subject groups for each of the eight 

fricatives, one-way ANOVAs with subject group as factor, the four moments, relative amplitude, and normalized 

duration as dependent variables were undertaken for each fricative respectively. Mean values of the six acoustic 

parameters by each fricative and the results of Tukey HSD post hoc test for pairwise comparative analysis are summed 

up in Tables 9 and 10. 

Table 9. Means of six acoustic parameters by each fricative (“N” = native speakers; “A” = advanced learners; “B” = 

beginners)

f v s z θ ð ʃ ʒ

Normalized 

Duration

N:0.597

A:0.596

B:0.617

N:0.678

A:0.697

B:0.697

N:0.57

A:0.588

B:0.612

N:0.666

A:0.725

B:0.698

N:0.616

A:0.644

B:0.614

N:0.768

A:0.744

B:0.682

N:0.568

A:0.58

B:0.574

N:0.641

A:0.682

B:0.692

Relative 

Amplitude 

(dB)

N:-15.14

A:-15.583

B:-14.254

N:-16.813

A:-16.665

B:-9.486

N:-2.864

A:-4.663

B:-6.369

N:-7.366

A:-9.719

B:-11.112

N:-17.082

A:-16.166

B:-8.286

N:-16.193

A:-14.738

B:-11.683

N:-2.428

A:-3.053

B:-4.086

N:-6.191

A:-8.907

B:-8.667

M1 

(Hz)

N:7606

A:7817

B:6489

N:3721

A:2296

B:716

N:8093

A:9090

B:8503

N:6644

A:8151

B:7333

N:7219

A:6848

B:7984

N:5235

A:4724

B:6883

N:4750

A:5133

B:5249

N:4179

A:2657

B:1308

M2 

(Hz)

N:4172

A:3815

B:4376

N:3814

A:2652

B:970

N:2094

A:2226

B:2836

N:3005

A:3103

B:3418

N:4157

A:3688

B:3024

N:3611

A:3151

B:3418

N:1522

A:1980

B:2316

N:1888

A:2001

B:1462

M3

N:-0.174

A:-0.183

B:0.241

N:1.85

A:5.69

B:14.2

N:0.2

A:-0.4

B:-0.75

N:-0.243

A:-0.42

B:-0.288

N:0.014

A:0.243

B:-0.489

N:0.967

A:1.293

B:-0.05

N:1.124

A:1.257

B:1.053

N:0.762

A:3.058

B:5.519

M4

N:-0.267

A:0.219

B:-0.297

N:8.92

A:33.81

B:215.5

N:1.27

A:2.71

B:2.07

N:0.45

A:1.52

B:1.35

N:-0.201

A:0.727

B:2.357

N:1.516

A:1.998

B:1.616

N:3.127

A:1.349

B:1.179

N:2.237

A:19.56

B:31.35
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Table 10. Summary of significant differences between the three subject groups in six acoustic parameters (“N” = 

native speakers; “A” = advanced learners; “B” = beginners; “>” = significantly higher or greater; “<” = 

significantly lower or smaller; “≈” = no significant difference)

f v s z θ ð ʃ ʒ

Normalized 

Duration

N≈A

N≈B

A<B

no significant 

difference

N≈A

N<B

A<B

N<A

N<B

A>B

N≈A

N≈B

A>B

N≈A

N>B

A>B

no significant 

difference

N<A

N<B

A≈B

Relative 

Amplitude

no significant 

difference

N≈A

N<B

A<B

N>A

N>B

A>B

N>A

N>B

A≈B

N≈A

N<B

A<B

N≈A

N<B

A<B

no significant 

difference

N>A

N>B

A≈B

M1

N≈A

N<B

A<B

N>A

N>B

A>B

N<A

N≈B

A>B

N<A

N≈B

A>B

N≈A

N<B

A<B

N≈A

N<B

A<B

N<A

N<B

A≈B

N>A

N>B

A>B

M2

N>A

N≈B

A<B

N>A

N>B

A>B

N≈A

N<B

A<B

N≈A

N<B

A<B

N>A

N>B

A>B

N>A

N≈B

A<B

N<A

N<B

A<B

N≈A

N>B

A>B

M3

N≈A

N<B

A<B

N<A

N<B

A<B

N>A

N>B

A>B

no significant 

difference

N≈A

N>B

A>B

N≈A

N>B

A>B

no significant 

difference

N<A

N<B

A<B

M4

N<A

N≈B

A>B

N≈A

N<B

A<B

N<A

N≈B

A≈B

N<A

N<B

A≈B

N<A

N<B

A<B

no significant 

difference

N>A

N>B

A≈B

N<A

N<B

A<B

In terms of the measurements of M1 spectral mean, we found significant differences between native speakers and 

Chinese EFL learners in all the eight fricatives. Advanced learners exhibited no significant difference to native speakers 

in /f/, /θ/, /ð/, while beginners had a significantly lower spectral mean than native speakers and advanced learners in /f/ 

and a higher spectral mean in /θ/ and /ð/. However, for /s/ and /z/, it was beginners who showed no significant 

difference to native speakers. Advanced learners produced these two fricatives with significantly higher spectral mean 

than native speakers and beginners. For /v/ and /ʒ/, native speakers had a significantly higher spectral mean than 

advanced learners and beginners. Finally, for /ʃ/, beginners had a significantly higher spectral mean than both native 

speakers and advanced learners (Tables 9-10 and Figure 9).

Fig. 9. Means of spectral mean for native speakers, advanced learners and beginners by each fricative
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M2 spectral variance also demonstrated interesting results. For /s/, /z/ and /ʒ/, there was no significant difference 

between native speakers and advanced learners, while beginners had significantly higher spectral variance than native 

speakers and advanced learners in /s,z/ and lower spectral variance in /ʒ/. However, for /f/ and /ð/, it was beginners who 

showed no significant difference with native speakers. Advanced learners produced these two fricatives with 

significantly lower spectral variance than native speakers and beginners. For /v/ and /θ/, native speakers had a 

significantly higher spectral mean than advanced learners and beginners. Finally, for /ʃ/, native speakers had a 

significantly lower spectral mean than advanced learners and beginners (Tables 9-10 and Figure 10).

Fig. 10. Means of spectral variance for native speakers, advanced learners and beginners by each fricative

For M3 skewness, there was no significant difference in /z/ and /ʃ/ between native speakers and Chinese EFL 

learners. Also, for /f/, /θ/ and /ð/, there was no significant difference between native speakers and advanced learners 

while beginners showed significantly higher skewness than native speakers and advanced learners in /f/ and 

significantly lower skewness in /θ/ and /ð/. For /s/, native speakers showed a significantly higher skewness than 

advanced learners and beginners. Finally, for /v/ and /ʒ/, beginners had a significantly higher spectral mean than native 

speakers and advanced learners, which might be a hint of the /v/-/w/ and /ʒ/-/ɹ/ substitution phenomena that occurs in 

the production of English fricatives by Chinese EFL learners (Tables 9-10 and Figure 11).

Fig. 11. Means of skewness for native speakers, advanced learners and beginners by each fricative
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M4 kurtosis of /ð/ was found to not be significantly different between native speakers and Chinese EFL learners. For 

/v/, there was no significant difference between native speakers and advanced learners, but beginners had significantly 

much higher kurtosis. However, for /f/ and /s/, it was beginners that demonstrated no significant difference with native 

speakers. Advanced learners produced these two fricatives with significantly higher kurtosis than native speakers. For /

θ/ and /ʒ/, native speakers had significantly lower kurtosis than advanced learners and beginners. For /z/ and /ʃ/, native 

speakers had significantly different kurtosis with the two groups of Chinese EFL learners: higher kurtosis for /ʃ/ and 

lower for /z/ (Tables 9-10 and Figures 12-13). Similar to M3 skewness, in the measurement of M4 kurtosis, we also 

regard the peculiarly higher kurtosis of /v/ and /ʒ/ as a signal of /v/-/w/ and /ʒ/-/ɹ/ subsititution errors.

Fig. 12. Means of kurtosis for native speakers and advanced learners by each fricative

Fig. 13. Means of kurtosis for beginners by each fricative

As for relative amplitude, there was no significant difference regarding /f/, /v/ and /ʃ/ between native speakers and 

Chinese EFL learners. For /θ/ and /ð/, there was no significantly difference between native speakers and advanced 

learners, while beginners had significantly greater relative amplitude. For /s/, native speakers showed significantly 

greater relative amplitude than advanced learners and beginners. Lastly, both advanced learners and beginners had 

significantly smaller relative amplitude than native speakers for /z/, /ʒ/, which indicated that neither of them gave a 

imilar performance to native speakers (Tables 9-10 and Figure 14).
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Fig. 14. Means of relative amplitude for native speakers, advanced learners and beginners by each fricative

With regard to fricative duration, in the statistical results, we found that there was no significant difference in /v/ and 

/ʃ/ between native speakers and Chinese EFL learners. For /f/, /s/ and /ð/, there was no significant difference between 

native speakers and advanced learners, while beginners showed significantly higher normalized duration than native 

speakers and advanced learners in /f/ and significantly lower normalized duration in /s/ and /ð/. For /z/, beginners had 

significantly greater normalized duration than native speakers and then advanced learners. For /θ/, both advanced 

learners and beginners showed no significant difference with native speakers; however, advanced learners had 

significantly greater normalized duration than beginners. Finally, both advanced learners and beginners demonstrated 

significantly greater normalized duration than native speakers for /ʒ/, which is a indication that neither of them gave a 

similar performance to native speakers (Tables 9-10 and Figure 15).

Fig. 15. Means of normalized duration for native speakers, advanced learners and beginners by each fricative

5. Discussion and Conclusion

Results show that the acoustic cues in English fricatives produced by Chinese EFL learners demonstrate some 

significant differences compared to native speakers. Also, different significant effects can be observed when comparing 



620 ∙ Zhang, Buyi ‧ Lee, Sook-hyang

The Journal of Studies in Language Vol. 35, No. 4, 2020

Chinese EFL learners at varying levels of English proficiency. 

Firstly, the six acoustic parameters were found able to distinguish between voicing, places of articulation, and vowel 

contexts. However, they worked differently between native speakers, advanced learners and beginners. M1, M2, M3, 

relative amplitude and normalized duration could distinguish place of articulation for all three groups of speakers. M4 

failed to distinguish the place of articulation in the production of native speakers, which followed Jongman (2000)’s 

study showing that the first three moments were more efficient acoustic cues for distinguishing between sibilants and 

non-sibilants than M4. In distinguishing voicing, significant effects were found for M1, M3, relative amplitude and 

normalized duration in the production of all the three groups. M2 and M4 were observed as incapable of distinguishing 

voicing for native speakers. However, the largest difference lay in the effect of vowel context. The six acoustic 

parameters were found capable of distinguishing different vowel contexts only for Chinese EFL learners. Besides, for 

beginners, the effects of vowel context were found in more acoustic parameters (normalized duration, relative 

amplitude, M1, M2, M3, M4) than advanced learners (only normalized duration and M2). These findings indicated that 

the production of English fricatives by Chinese EFL learners may be influenced more easily by the following vowels 

than native speakers, whereas that of native speakers tended to be more stable in different vowel contexts. Also, the 

difference between advanced learners and beginners might indicate that, with the improvement of English proficiency, 

the influence of different vowel contexts on English fricatives might become weaker in the production of EFL learners. 

Once the learners’ L2 proficiency gets closer to or reaches a native-like level, the influence of vowel contexts might 

reach a minimum degree or even disappear.

Statistical analyses on the comparison of the six acoustic parameters between the three groups of speakers were also 

conducted. Results showed that Chinese EFL learners demonstrated significant differences in acoustic features with the 

native speakers in the production of English fricatives and that the performance of advanced learners was more similar 

to that of native speakers than beginners. This demonstrated that Chinese EFL learners may face challenges in 

producing native-like English fricatives and that advanced learners give a better performance than beginners but not at 

a native-like level. In general, taking all the eight fricatives together into the analysis, native speakers and beginners 

produced English fricatives with significantly greater normalized duration than advanced learners. For the four spectral 

moments and relative amplitude, statistical results in ANOVA demonstrated that advanced learners showed no 

significant difference to native speakers in M1 spectral mean, M4 kurtosis and relative amplitude. As for M2 spectral 

variance and M3 skewness, although there were significant differences between native speakers and the two groups of 

EFL learners, advanced learners gave a closer performance to native speakers than beginners. 

Detailed analyses concentrating on each of the eight fricatives also generated similar results. As presented in Table 11 

and Table 12, both of the two Chinese EFL learners’ groups showed significant differences to native speakers in the 

acoustic features of each fricative and that the performance of advanced learners was more similar to that of native 

speakers than beginners. By comparing Tables 11 and 12, it can be seen that, in terms of the non-significant differences 

in the six acoustic parameters of native speakers, advanced learners and beginners, the production of English fricative 

by advanced learners was closer to that of native speakers, which indicated that L2 proficiency and experience played a 

part in the production of English fricatives by L2 learners. With the improvement of L2 proficiency and experience, 

EFL learners’ production of English fricatives would become more native-like. For advanced learners, /ð/ was the best 

produced fricative, and it showed no significant difference with native speakers in terms of M1 spectral mean, M3 
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skewness, M4 kurtosis, relative amplitude and normalized duration. /f/ and /θ/ followed inmediately after /ð/, 

demonstrating no significant difference with native speakers in M1 spectral mean, M3 skewness, relative amplitude and 

normalized duration. It can be found that, advanced learners had a good acquisition of the dentals (or interdentals) /

θ,ð/, even though these two sounds are absent in Mandarin Chinese. As proposed by Flege's Speech Learning Model 

(1995), whether success occurs to L2 production or not relies on the establishment of new phonetic categories for the L2 

segments. The success or failure in establishing a new phonetic category depends largely on the phonetic distance 

between the L1 and L2 sounds. And the chances of cross-language phonetic differences being distinguished increase 

with the degree of cross-language phonetic differences. So the well acquired the dentals (or interdentals) /θ,ð/ by 

advanced learners might be attributed to the fact that these two sounds do not have any counterparts in Mandarin 

Chinese and thus the learners can easily establish new phonetic categories for them when learning L2 English, which 

will help the learners to produce them more native-likely. As for /f/, it might be because English /f/ and Chinese /f/ are 

pronounced with the same place and manner of articulation, and are not acoustically different neither, the high 

similarity between English /f/ and Chinese /f/ helps the learners overcome the learning difficulties. /r/ is the worst 

acquired fricative. Except for M2 variance, significant difference with native speakers were found in all the other five 

acoustic parameters. According to Flege (1995), the formation of phonetic category for an L2 sound may be blocked by 

the mechanism of "equivalence classification". That is, when the discrepancy between L1 and L2 similar sounds is 

neglected and the two are equivalently classified, learning difficulty will arise and then lead to non-native 

pronunciation. Due to the auditory similarity between English /ʒ/ and Chinese /r/, the Chinese learners might easily 

regard English /ʒ/ as Chinese /r/ in the process of L2 acquisition. As a result, in their English production, they might 

mistakenly substitute Chinese /r/ for English /ʒ/, which would inevitably cause a large pronunciation difference with 

native speakers. As for the beginners, /f/ was also the best acquired fricative, with no significant difference with native 

speakers in M2 variance, M4 kurtosis, relative amplitude and normalized duration. The reason accounting for this was 

similar to that of advanced learners. While /ʒ/ was the worst acquired fricative, with all the six acoustic parameters 

being significantly different from native speakers. Similar to advanced learners, "equivalent classification" mechanism 

might also play a part in the production of /ʒ/ by beginners.

Table 11. Summary of non-significant differences between native speakers and advanced learners in six acoustic 

parameters 

f v s z θ ð ʃ ʒ

Normalized 

Duration

no significant 

difference

no significant 

difference

no significant 

difference

no significant 

difference

no significant 

difference

no significant 

difference

Relative 

Amplitude

no significant 

difference

no significant 

difference

no significant 

difference

no significant 

difference

no significant 

difference

M1 
no significant 

difference

no significant 

difference

no significant 

difference

M2 
no significant 

difference

no significant 

difference

no significant 

difference

M3
no significant 

difference

no significant 

difference

no significant 

difference

no significant 

difference

no significant 

difference

M4
no significant 

difference

no significant 

difference
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Table 12. Summary of non-significant differences between native speakers and beginners in six acoustic parameters

f v s z θ ð ʃ ʒ

Normalized 

Duration

no significant 

difference

no significant 

difference

no significant 

difference

no significant 

difference

Relative 

Amplitude

no significant 

difference

no significant 

difference

M1 
no significant 

difference

no significant 

difference

M2 
no significant 

difference

no significant 

difference

M3
no significant 

difference

no significant 

difference

M4
no significant 

difference

no significant 

difference

no significant 

difference

In addition, it was noteworthy that, by examination of acoustic parameters data and visual inspection on the 

spectrogram, we found the substitution phenomena in the fricative production of Chinese EFL learners as the previous 

studies reported. The Chinese EFL learners substituted /w/ for /v/ and /r/ for /ʒ/, as revealed by the peculiar skewness 

and kurtosis for /v/ and /ʒ/ as well as the spectrogram in Praat (Figures 16 and 17). We attribute these substitution errors 

to a principle of least effort, that is, when learners are confronted with new sounds that are not familiar to them, they 

tend to use the most similar examples (either in L1 or L2) to avoid the difficulty in pronunciation.

This study should be extended to three points. Firstly, although this study examined the production of English 

fricatives by Chinese EFL learners acoustically, the intelligibility of their production is still not known. That is, the 

question of to what degree native speakers perceive the English fricatives produced by Chinese EFL learners must be 

studied in future research. Secondly, the reasons for /v/-/w/ and /ʒ/-/r/ substitution error are still not clear. Why do 

Chinese EFL learners substitute /w/ for /v/, and /r/ for /ʒ/? Why not other sounds? Thirdly, the evidence for the 

substitution error /v/-/w/ and /ʒ/-/r/ given in this study (examination on acoustic parameters data and visual inspection n 

the spectrogram) is still lacking. Perception and production tests should be conducted in the future to investigate the 

substitution phenomena elaborately and in-depth.

Fig. 16. Spectrograms of /v/ produced by a native speaker (left) and a Chinese beginner (right)
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Fig. 17. Spectrograms of /ʒ/ produced by a native speaker (left) and a Chinese beginner (right)
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Appendix

Appendix 1. Excerpt of TEM 4 in 2019
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Appendix 2. Excerpt of Middle-School Entrance Examination of Hebei Textbook Edition
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