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Abstract 
The aim of this study is to investigate the effect of vowel context and language experience in the perceived 
similarity between L2 English fricatives and Thai sounds. The target English sounds being investigated were the 
sounds /v, f, w, θ, tʰ, s, ð, d, z, ʃ, t͡ʃ/. These sounds were elicited from four native English speakers in words in 
onset position and followed by three vowel contexts: high, low and back. Subjects were 54 Thai students divided 
into two groups: English-major and non-English-major. These Thai learners were asked to identify the sounds 
they heard with the Thai sounds that were closest in their perception. The findings showed that 1) all shared 
sounds were matched with the same L1 categories, suggesting that the existence of L2 sounds in the L1 sound 
system supports the perception; 2) most non-shared sounds, except English /θ/ were matched to Thai sounds that 
were suggested in previous literature; 3) the perceived similarity of English /θ/ and the L1 Thai sounds showed 
the effect of the vowel context in that this sound was mostly matched with Thai /f/ in the high and low vowel 
contexts whereas in the back vowel context, it was matched with Thai /s/; 4) the perceived similarities of both 
shared and non-shared sounds were affected by vowel context and language experience. The findings of this 
study shed light on the importance exploring perceived similarities and differences in the phonetic level rather 
than the phonological one. 
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1. Introduction 
Many studies have shown that when second language (L2) sounds do not exist in the first language (L1), L2 
learners have more difficulty learning them than when they exist in the L1 phonological system (e.g., Brière & 
Chiachanpong, 1980; Kitikanan & Al-Tamimi, 2012; Lambacher, Martens, Nelson, & Berman, 2001). In L2 
speech perception research, the fact that L2 learners often have difficulty categorising and discriminating L2 
sound contrasts that do not exist in their L1 has been supported by many research findings (Tyler, Best, 
Goldstein, & Antoniou, 2014). L2 sounds are believed to be perceived through the L1 sound system (Best & 
Tyler, 2007; Escudero, 2005; Flege, 1995; Lado, 1957). Hence the nonnative sound that is different from the 
native sound causes difficulty as the L2 learners will assimilate the L2 sound to the sound in their L1 sound 
system (Best & Tyler, 2007; Escudero, 2005) and the ‘mechanism of equivalence classification’ (Flege, 1995, p. 
239) might inhibit the ability to discriminate L2 sounds. To investigate L2 sound perception, the sound 
identification (e.g., Bohn & Flege, 1990; Hattori & Iverson, 2010) and discrimination tasks (e.g., Guion, Flege, 
Akahane-Yamada, & Pruitt, 2000; Lengeris, 2009) are well-known methods. The sound identification task is a 
task in which the L2 learners identify the sounds in terms of nonnative sound categories whereas the 
discrimination task is the task in which the L2 learners choose whether two sounds are the same or different.  

To make predictions for these two tasks, the perceptual assimilation task is, according to Strange and Shafer 
(2008), the most valid way to indicate the similarity degree of L1 and L2 sounds as compared to qualitative 
descriptions of articulatory-phonetic similarities, qualitative perceptual comparisons using narrow transcription 
of L2 segments, or acoustic comparison of L1 and L2 phones. According to the Perceptual Assimilation Model 
(PAM) (Best, 1995), the non-native sounds are perceived according to their similarities to or differences from 
the closest L1 sounds which can be measured by tasks that require L2 listeners to label the non-native sounds 
and rate them with goodness ratings. Both PAM and the Speech Learning Model (SLM) (Flege, 1995) propose 
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that the ability to produce and perceive the L2 sounds is based on the perceived phonetic similarities and 
discrepancies between the L1 and L2 sound categories.  

Many researchers have explored the perceived similarity between L1 and L2 sounds by L2 learners (e.g., 
Escudero & Williams, 2011; Holliday, 2016; Strange, Akahane-Yamada, Fitzgerald, & Kubo, 1996). Their 
findings showed that L2 learners assimilated the non-native sounds to their closest L1 categories. In addition, the 
perceived similarity between L1 and L2 sounds is context-dependent as shown by many studies For example, 
Levy (2009) examined the effects of L2 experience and consonantal context on the perceptual assimilation of 
Parisian French (PF) /y/ and /œ/ by American English learners. The listeners were divided into three groups: no 
experience (NoExp), formal instruction (ModExp) and formal-plus-immersion experience (HiExp). One finding 
showed the effects of L2 experience in that PF /y/ was significantly assimilated to /ju/ by ModExp group as 
opposed to by NoExp group and by HiExp group suggesting that learners have different degrees of perceived 
similarity depending on their L2 experience background. Another example is from the study of Holliday (2016) 
investigating the perception, identification and discrimination of Korean sibilants /sh/ and /s*/ (tense version of 
Korean /s/) by three groups of native Mandarin speakers: naïve listeners (NM), novice L2 learners (novice MK), 
advanced L2 learners (advanced MK). These fricatives were followed by one of these vowels: /a, i, u/. The 
perceptual assimilation findings showed that in the /a/ context, NM group perceived /sh/ as aspirated affricate 
much more often (61.8%) than both the novice MK (15%) and advanced MK groups (13.2%) suggesting that the 
perceived similarity is influenced by L2 experience and vowel context. While there are many studies on the 
perceived similarity of non-native vowels and these two factors, to the best of my knowledge, only the study of 
Holliday (2016) explored the effects of these two factors on the perceived similarity of non-native fricatives. 
Apart from that, the fricatives in Holliday’s study were Korean. There is no exploration of the effect of these two 
factors on the perceived similarity of L2 English fricatives yet. 

Regarding English and Thai fricatives, English has nine fricatives: /f, v, θ, ð, s, z, ʃ, ʒ, h/ while Thai has three: /f, 
s, h/. Hence /f, s, h/ are the sounds that exist in both L1 and L2 phonological system (shared sounds) whereas the 
other six sounds exist only in the L2 sound system (non-shared sounds). While there is a fair number of studies 
on the production of English fricatives by L2 Thai learners (Brière & Chiachanpong, 1980; Burkardt, 2008; 
Chunsuvimol & Ronakiat, 2000, 2001; Kitikanan, 2016; Kitikanan, Al-Tamimi, & Khattab, 2015; Richards, 
1966; Roengpitya, 2011; Sridhanyarat, 2015, 2017), the study of Pansottee (1992) is the only that was carried out 
to explore the discrimination of English fricatives and the effect of interstimulus interval on the sound perception 
of eight-year-old and six-year-old children. The stimuli in her study were three types: a phonemic sound pair (P), 
in which two sounds exist in L1 and L2 (/f/-/s/), a non-phonemic sound pair (NP), in which neither of the sounds 
exist in L1 (/θ/-/ʃ/) and phonemic and a non-phonemic sound pair (PNP), in which one sound exists in L1 and L2 
and the other exists in L2 only (/f/-/θ/, /f/-/ʃ/, /s/-/θ/ and /s/-/ʃ/). Her findings showed that older children were 
better at discriminating sound contrasts than the younger ones suggesting changes in their perceptual 
development. The findings of this study supports the view that higher language experience is positively 
correlated to the higher L2 sound discriminating ability. However, her study only investigated the target sound 
contrasts in /aː/, which might not provide the effect of the vowel context, and it based the hypotheses on the 
existence of the L2 sound as a phoneme in Thai sound system without exploring the perceived similarity. Hence 
it is interesting to investigate the perception of English fricative by L2 Thai learners with the perceived similarity 
in relation to language experience and vowel context to see the extent these two factors affect the L2 fricative 
perception. 

This study is a part of a research project exploring English fricative perception by L2 Thai learners. The target 
sounds in this study are /f, v, θ, ð, s, z, ʃ/. These target fricatives and the sounds that might cause confusion to the 
L2 learners are in three vowel contexts: high, low, back. The subjects were divided into two groups: 
English-major and non-English-major. The English-major subjects refers to the English-major students with 
phonetic training whereas the non-English-major subjects were non-English-major students without phonetic 
training. All subjects had studied English as a foreign language for almost 20 years; hence this study compares 
the effect of L2 experience in terms of ‘more versus less’ (Holliday, 2016, p. 35) rather than ‘some versus none’ 
(Holliday, 2016, p. 35). The aim of this study is to investigate the effect of the vowel context and language 
experience towards the perceived similarity of L2 English fricatives. The results of this study will show that L2 
fricatives are not encoded in terms of context-independent phonological categories.  

2. Vowel Context and L2 Speech Perception 
Many studies (e.g. Hardison, 2003; Schmidt, 1996) showed the effect of vowel context over the perception of 
target L2 sounds. For instance, Schmidt (1996) showed that Korean learners had difficulty discriminating 
English /m, n, j, p, t, k, h/ when they were in the back vowel context as compared to the high and low vowel 
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contexts. Similarly, Hardison (2003) showed that the perceptual scores of American English /ɹ/ and /l/ as 
perceived by Korean and Japanese learners were lowest in rounded vowels, suggesting negative influence of lip 
rounding on these two consonants. Lambacher et al. (2001) investigated the identification ability of English 
voiceless fricatives /f, s, ʃ, θ, h/by Japanese learners in five vowel contexts /i, ɛ, a, o, u/. Their findings showed 
that for /θ/, the identification rates were lowest in /ɛ/ vowel context. For /ʃ, s/, the most difficult vowel context 
was /i/. For /f, h/, /u/ was the most difficult vowel context for this group of learners. These suggest that the vowel 
context might affect the perceived similarity between L2 sounds and L1 sounds to a different degree. 

3. Language Experience and L2 Speech Perception 
Various studies (e.g. Bohn & Flege, 1990; Flege, Bohn, & Jang, 1997; Ingram & Park, 1997) have shown that 
L2 experience may increase the ability to discern the differences between L1 and L2 sounds. For example, in the 
study of Flege et al. (1997), L2 learners of German, Spanish, Mandarin and Korean were divided into 
experienced and inexperienced groups to investigate their production and perception of English vowels /i, ɪ, ɛ, 
æ/. The subjects had lived in the US with different length of residence: the mean of the experienced group was 
7.3 years whereas that for the inexperienced group was 0.7 years. The findings showed that the experienced 
group had higher ability to produce and perceive the English vowels than the inexperienced one. Bohn and Flege 
(1990) also explored the effect of experience towards these four English vowels /i, ɪ, ɛ, æ/ as perceived by L2 
German learners of English. These subjects were divided into two groups: experienced German and 
inexperienced German. The mean of duration of experienced listeners in terms of living in the L2 country was 
7.5 years whereas that of the inexperienced listeners was 0.6 years. The findings showed that the way the 
experienced German group distinguished /ɛ/ from /æ/ was similar to that of native English listeners in the way 
that they relied on spectral cues rather than temporal ones while the inexperienced German group did not.  

However, some studies (e.g. Bohn & Flege, 1990; Flege, Munro, & Fox, 1994; Munro, 1993) did not show the 
support of language experience over L2 learning. For example, even though Bohn and Flege (1990) found the 
positive effect of the language experience towards perceptual discrimination for /ɛ/-/æ/ as stated above, they did 
not find this factor useful in distinguishing /i/-/ɪ/. Similarly, Flege et al. (1994) had found no significant effect of 
language experience in the dissimilarity rating of stimuli of many English and Spanish vowels as perceived by 
L2 Spanish learners. It seems that the issue of the correlation between L2 experience and English learning is still 
inconclusive as they might be various internal and external factors at play. 

4. Research Questions and Hypotheses 
In this study, the research questions and hypotheses are as follows: 1) Are shared English sounds assimilated to 
the same Thai categories? It was hypothesised that the shared sounds would be assimilated to the same Thai 
categories as they were represented with the same IPA symbols suggesting that they were similar in terms of 
target-likeness. Hence the L2 Thai learners would select the L1 Thai categories that were represented with the 
same IPA symbols as the L2 sounds. 

2) Are non-shared English sounds assimilated to the closest Thai categories that are shown in previous studies of 
the production of English fricatives by L2 Thai learners? It was expected that the /v/ would be mostly classified 
as Thai /w/ (Chunsuvimol & Ronakiat, 2000, 2001); /θ/ as Thai /t/ (Brière & Chiachanpong, 1980; Burkardt, 
2008; Richards, 1966), /ð/ as Thai /d/ (Brière & Chiachanpong, 1980; Burkardt, 2008; Richards, 1966), /z/ as 
Thai /s/ (Brière & Chiachanpong, 1980; Richards, 1966), /ʃ/ as Thai /t͡ɕʰ/ (Brière & Chiachanpong, 1980) and /t͡ʃ/ 
as Thai /t͡ɕʰ/ (Kanokpermpoon, 2007). 

3) To what does extent perceptual assimilation of shared English sounds by L2 Thai learners vary as a function 
of language experience and vowel context? It was hypothesised that there would be no effect of language 
experience nor the vowel context on the perceptual assimilation of shared English sounds by L2 Thai learners as 
these sounds also occur in Thai sound system, L2 Thai learners, regardless of language experience should benefit 
from this resulting in the selection of the same phonemic categories as L2 shared sounds across vowel contexts. 

4) To what extent does perceptual assimilation of non-shared English sounds by L2 Thai learners vary as a 
function of language experience and vowel context? For the non-shared L2 sounds, it was predicted that 
non-English-major learners would assimilate them to the closest L1 categories with higher degree than the 
experienced ones and there would be the effect of the vowel contexts on these assimilations. 

5. Methodology 
5.1 Stimuli 

11 target English consonant sounds: /v, f, w, θ, tʰ, s, ð, d, z, ʃ, t͡ʃ/, i.e. the target fricatives /v, f, θ, s, ð, z, ʃ/, and 
the sounds that showed confusion with English fricatives /w, tʰ, d, t͡ʃ/, were produced in three vowel contexts: 
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high, low and back by four female native speakers of British English in real words in carrier phrase “Say...again” 
to ensure these consonants are not in absolute initial position. Speakers were recorded while producing the 
stimuli using a high-quality microphone with a frequency response from 15 Hz to 20 kHz. The distance between 
the microphone and the mouth of the speaker was 5 cm at a 45-degree angle. The microphone is connected to the 
recorder (Edirol R-44) and the sound files will be sampled at 44 kHz, bin mono channel (16-bit quantisation).  

The wordlists were produced by four speakers (five times for each word and each speaker). The total number of 
English stimuli was 660 (33 words (11 consonants × 3 vowels) × 4 speakers × 5 times). Each stimulus was 
checked for its target-likeness by four English phoneticians. These phoneticians also rated the stimuli for how 
good it is from (1) ‘bad example’ to (5) ‘very good example’ (Guion et al., 2000). To limit the number of stimuli 
that L2 learners had to listen, three fifth of the tokens for each word that were judged in the range of 4-5 were 
selected to be used for the experiments. Then after this selection process, the number of English stimuli was 396 
(11 consonants × 3 vowels) × 4 speakers × 3 times). Before running the perceptual experiments, the stimuli were 
extracted from the sound files in Praat. As fricatives and stops are difficult to hear on their own, we decided to 
extract the stimuli from the beginning of the target consonant and the following vowel. The selected portion was 
windowed by a parabolic function. The intensity was normalised to 65 dB.  

5.2 Subjects 

The participants in this study were divided into two groups: English-major and non-English-major. The 
English-major group consisted of 28 students majoring in English major and who had passed the phonetics 
training in the English Phonetics and Phonology module (mean = 19.04 years, range = 18-20 years). The 
non-English-major group consisted of 26 students studying for a non-English-major, i.e. students in Law major 
who had never been phonetically trained (mean = 19.88 years, range = 19-20 years). The difference between 
these two groups of learners is not only their background in phonetic training but also their English proficiency, 
i.e. the English-major group had higher level of English proficiency than the non-English-major group as shown 
in the average English score of English-major students, which was commonly higher than students of other 
majors. All participants were university students in Thailand. They learned English as EFL, i.e. mainly using 
English in a classroom context. All listeners reported no hearing nor language impairments, and they were paid 
for their participation.  

5.3 Procedure 

The participants listened to the stimuli in a quiet computer room at Naresuan University, Thailand. The 
experiment was run with a script on Praat MFC (Boersma & Weenink, 2016) on a PC computer. The participants 
heard the stimuli over the headphone. The instructions on the screen was: ‘You will hear a consonant-vowel 
sequence. Pay attention to the consonant sound and choose the Thai sound that is most similar to the sound you 
heard. Then rate the similarity of the Thai sound to the sound you heard on a scale from 1 (very different) to 7 
(very similar). The number of trials is 684, and you can break every 50 trials. You can see how far you are from 
the left top corner of the screen. To continue, click the mouse.’ Then they used the mouse to click one from eight 
L1 sound alternatives: ‘ฟ, ว, ต, ท, ส, ด, ช, จ’ which represented /f, w, t, tʰ, s, d, t͡ɕʰ, t͡ɕ/, respectively. To 
minimise English barrier, the instruction was in their L1. They could hear the sound as many times as they like 
by clicking ‘replay’ button. Once they were confident in their answer, they then clicked ‘OK’ button to move to 
the next stimulus. Participants heard all 684 stimuli which were 396 English and 288 Thai stimuli of Thai 
consonant sounds: /f, w, t, tʰ, s, d, t͡ɕʰ, t͡ɕ/. The stimuli were fully randomised with 
<PermuteBalancedNoDoublets> command in the script. The total process lasted for approximately 40-45 
minutes. 

5.4 Data Analysis 

After collecting data, the total number of responses was 21,384 (396 stimuli × 54 listeners). The responses were 
recorded on Praat and transferred to Excel to encode the observations. As the focus of this experiment is to 
explore the perception of English consonants through the Thai consonant sounds by L2 Thai learners, the data 
are shown in percentage of the responses for each Thai sound that were perceived as the most similar to the 
target English sounds with the means of the goodness of fit. Then following Lengeris (2009) and Guion et al. 
(2000), to combine the data of the identification and the goodness-of-fit into a single metric, the fit index for 
each English sound to an L1 consonant category was calculated by multiplying the percentage of the 
classification for the Thai consonant with 0.01, and then with the goodness of fit for each response for that L1 
consonant category. The interpretation of this fit index is that the higher the fit index, the more perceived 
similarity between that English sound and its most-frequently-identified L1 category. 
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The inferential statistic called linear mixed model (LMM) using the lme4 package (Bates, Maechler, Bolker, & 
Walker, 2016) in R statistical software (R Core Team, 2016) was used to generate the statistical findings. The 
dependent variable was the fit index. The independent variables were vowel context (high, low, back), language 
experience (English-major, non-English-major) and target English sound (/v, f, w, θ, tʰ, s, ð, d, z, ʃ, t͡ʃ/). As there 
was repetition in observations in listeners, the random intercept in this analysis was participant. To select the 
optimal model, the model with three-way interaction was compared to the model with two-way interaction with 
anova function. Then the two models were significantly different from one another; hence the model with 
smaller Akaike Information Criterion (AIC) was chosen (Zhang, 2013). To see the effect of vowel context and 
language experience, post-hoc tests were performed using the lsmeans package in R statistical software (Lenth, 
2014). The interpretation is that the higher fit index, the higher degree of the perceived similarity between the 
target English sound and the most frequent-identified Thai sound. For shared sound, the higher fit index refers to 
the greater ease to perceive the L2 sound; on the other hand, for non-shared sound, the higher fit index refers to 
the greater difficulty to perceive the L2 sound. 

6. Results and Discussion 
In terms of the classifications between L2 English /f, s, v, θ, ð, z, ʃ, w, tʰ,d, t͡ʃ/ and the closest Thai categories, the 
results showed that all shared L2 sounds were classified as the same sounds represented with the same IPA 
symbols as the closest L1 Thai sounds. This supports our first hypothesis that L2 learners had no difficulty 
learning the L2 sounds that also occur in their L1 sound system in terms of target-likeness as shown in many 
studies (e.g., Chunsuvimol & Ronakiat, 2000; Kitikanan, 2016). This finding suggests that the existence of the 
sounds in the L1 enhances the perception of the L2 shared sounds, and they suggest that the relationship between 
production and perception of the shared L2 sounds is one-to-one. 

For the non-shared L2 sounds, the findings were as follows: 1) English /θ/ in the high and low vowel contexts 
was mostly assimilated to Thai /f/ whereas English /θ/ in the back vowel contexts, and /z/ were mostly classified 
as Thai /s/; 2) most English /v/ tokens were classified as Thai /w/; 3) most English /ð/ tokens were classified as 
Thai /d/; 4) most English /ʃ/ and /t͡ʃ/ were classified as Thai /t͡ɕʰ/. The classifications of English /v, ð, z, ʃ, t͡ʃ/ 
support previous studies on the production of these sounds (Brière & Chiachanpong, 1980; Burkardt, 2008; 
Chunsuvimol & Ronakiat, 2000, 2001; Kanokpermpoon, 2007; Richards, 1966). This suggests that the 
production and perception are in the same direction, and it also supports that the L2 speech production is based 
on perception (Flege, 1995).  

The findings of English /θ/ in all vowel contexts were the only one that does not support the findings of previous 
production studies showing that this sound was mostly articulated as /t/ (Burkardt, 2008; Kitikanan, 2016). This 
might be due to different type of task between those studies and this study that those studies used the production 
task whereas this study used the perception task. The perceptual assimilation findings of English /θ/ showed the 
effect of the vowel context as English /θ/ in the back vowel context was mostly classified as Thai /s/ whereas 
English /θ/ in the high and low vowel contexts was mostly classified as Thai /f/. The inconsistency of the 
production and perception of English /θ/ by L2 Thai learners might suggest that the perception and production in 
L2 sound is not one-to-one relationship, and the perception does not always precede the production as suggested 
by Flege (1995). The finding that English /θ/ was differently matched with Thai sounds in different vowel 
contexts also suggests the effect of the vowel context over the L2 sound perceptual assimilation across the 
learners’ language experience. The assimilation of English /θ/ in the back vowel context that was different from 
the other two vowel contexts might be because the back vowel is produced with lip rounding and the tongue is 
back which might change the production of English /θ/ into slightly more backward and this articulatory feature 
is important cue for L2 Thai learners resulting in the selection of English /θ/ as Thai /s/ instead of Thai /f/ as in 
the other two vowel contexts. The classification of English /θ/ as Thai /f/ in the high and low vowel contexts is 
not surprising as shown in many studies on the learning of L2 English /θ/ that it is produced as /f/, such as in the 
L2 production of this sound by Chinese speakers (Deterding, 2006). Similarly the classification of English /θ/ as 
Thai /s/ in the low vowel context is not surprising either as shown in the production of English /θ/ by L2 learners 
of other linguistic backgrounds, such as German and European-French learners of English that often produce /s/ 
for English /θ/ (Hanulikova & Weber, 2010). The /s/ and /f/ are close sounds to English /θ/ as /f/ is phonetically 
similar to /θ/ whereas /s/ is phonologically similar to /s/ (Wester, Gilbers, & Lowie, 2007). Most findings of 
non-shared L2 sounds, except English /θ/ support our second hypothesis that non-shared English sounds would 
be assimilated to the closest Thai categories as shown in the previous studies of the production of English 
fricatives by L2 Thai learners 
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Table 1. Percentages of the categorisation of English fricatives into Thai consonant sounds with the mean of 
goodness of fit rating (1: very different, 7: very similar), the mean fit index for each English fricative and the fit 
index based on LMM classified according to vowel context and language experience. The number of 
categorisations by English-major students is 336 whereas those by non-English-major students is 312 

Target 
L2 
sounds 

Vowel Experience L1 closet 
consonant 

Percentage of 
identification 

Mean goodness 
of fit rating 

Fit index 
(Mean) 

Fit index 
(from 
LMM) 

Eng /f/ 

 

 

 

 

 

High 

Eng /f/ 78.27 4.57 3.58 3.55 

Non-Eng 79.49 4.85 3.86 3.88 

Low 

Eng 84.23 4.99 4.20 4.18 

Non-Eng 86.54 5.19 4.49 4.48 

Back 

Eng 95.24 4.90 4.67 4.66 

Non-Eng 96.47 5.21 5.03 5.02 

Eng /s/ 

High 

Eng /s/ 99.11 5.17 5.12 5.12 

Non-Eng 97.76 5.58 5.45 5.45 

Low 

Eng 99.11 4.93 4.89 4.88 

Non-Eng 97.76 5.07 4.96 4.94 

Back 

Eng 99.40 4.66 4.63 4.63 

Non-Eng 92.95 4.93 4.58 4.58 

Eng /v/ 

High 

Eng /w/ 78.57 3.57 2.81 3.54 

Non-Eng 84.94 4.43 3.76 4.45 

Low 

Eng 66.96 3.92 2.63 3.84 

Non-Eng 67.31 4.67 3.14 4.60 

Back 

Eng 68.45 3.25 2.22 3.23 

Non-Eng 62.18 4.37 2.72 4.30 

Eng /θ/ 

High 

Eng /f/ 68.75 4.53 3.11 3.07 

Non-Eng 70.83 4.83 3.42 3.48 

Low 

Eng 72.32 4.58 3.31 3.26 

Non-Eng 77.56 4.93 3.82 3.83 

Back 

Eng /s/ 73.51 3.51 2.58 2.55 

Non-Eng 81.41 4.71 3.83 3.84 

Eng /ð/ 

High 

Eng /d/ 63.39 3.72 2.36 2.30 

Non-Eng 44.55 4.25 1.89 1.67 

Low 

Eng 44.05 3.36 1.48 1.43 

Non-Eng 38.14 4.71 1.80 1.83 

Back 

Eng 65.18 2.63 1.71 1.72 

Non-Eng 36.22 3.81 1.38 1.21 

Eng /z/ 

High 

Eng /s/ 97.32 3.35 3.26 3.26 

Non-Eng 96.15 4.53 4.36 4.34 

Low 

Eng 91.37 3.86 3.53 3.53 

Non-Eng 94.55 4.72 4.46 4.46 

Back Eng 96.43 3.71 3.58 3.58 
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Non-Eng 91.35 4.85 4.43 4.38 

Eng /ʃ/ 
High 

Eng /t ͡ɕʰ/ 100.00 5.13 5.13 5.13 

Non-Eng 96.15 5.54 5.33 5.31 

Low 

Eng 98.51 4.91 4.84 4.83 

Non-Eng 91.03 5.41 4.92 4.88 

Back 

Eng 98.81 4.64 4.58 4.57 

Non-Eng 95.51 5.54 5.29 5.25 

Eng /w/ 

High 

Eng /w/ 99.70 5.20 5.18 5.19 

Non-Eng 99.04 5.34 5.29 5.28 

Low 

Eng 100.00 5.70 5.70 5.70 

Non-Eng 99.68 5.72 5.70 5.69 

Back 

Eng 100.00 4.75 4.75 4.75 

Non-Eng 99.68 5.17 5.15 5.15 

Eng /tʰ/ 
High 

Eng /tʰ/ 88.69 5.24 4.65 4.63 

Non-Eng 88.46 5.49 4.86 4.84 

Low 

Eng 80.95 4.96 4.02 4.00 

Non-Eng 78.53 5.17 4.06 4.01 

Back 

Eng 97.92 4.98 4.88 4.87 

Non-Eng 97.44 5.14 5.01 5.00 

Eng /d/ 

High 

Eng /d/ 97.62 5.22 5.10 5.09 

Non-Eng 94.55 5.71 5.40 5.38 

Low 

Eng 90.48 5.13 4.64 4.59 

Non-Eng 76.60 5.26 4.03 3.99 

Back 

Eng 99.11 4.72 4.68 4.67 

Non-Eng 96.47 5.30 5.11 5.10 

Eng /t͡ʃ/ 
High 

Eng 

/t ͡ɕʰ/ 

99.11 5.14 5.09 5.10 

Non-Eng 94.55 5.46 5.16 5.12 

Low 

Eng 98.51 5.22 5.14 5.13 

Non-Eng 96.47 5.50 5.31 5.25 

Back 

Eng 100.00 4.85 4.85 4.85 

Non-Eng 97.12 5.39 5.23 5.21 

 

Findings from pairwise comparisons show that the fit indexes were significantly higher in the English-major 
group than in the non-English-major group when English /d/ was perceived as Thai /d/ in the low vowel context 
(b = 0.59, SE = 0.26, df = 77.50, t = 2.26, p < 0.05) and when English /ð/ was perceived as Thai /d/ in the high 
vowel context (b = 0.62, SE = 0.28, df = 93.98, t = 2.26, p < 0.05). These findings might sound like they do not 
support the L2 phonological theorists (e.g., Best & Strange, 1992; Flege, 1995) proposing that L2 experience 
might enhance the ability to distinguish the differences between non-native and native sounds. In fact, in might 
be that Thai /d/ is very similar in terms of perceptual, acoustic and articulatory to English /d/ especially in the 
low vowel context as opposed to the other two vowel contexts. The reason why the English-major group 
identified English /ð/ as more similar to Thai /d/ in the high vowel context than the non-English-major group 
might be because of the similarity between these two sounds as shown in the realisation of /d/ that is often used 
for the production of English /ð/ in the speech of native speakers of English (Labov, 1969). 
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The fit indexes were significantly higher in non-English-major group as compared to English-major group when 
English /z/ was perceived as Thai /s/ in all vowel contexts, when English /v/ was perceived as Thai /w/ in all 
vowel contexts (b = -0.93, SE = 0.26, df = 74.58, t = -3.57, p < 0.01 for /z/ in the low vowel context; b = -1.08, 
SE = 0.26, df = 73.70, t = -4.16, p < 0.01 for /z/ in the high vowel context; b = -0.80, SE = 0.26, df = 74.40, t = 
-3.09, p < 0.01 for /z/ in the back vowel context; b = -0.76, SE = 0.27, df = 83.80, t = -2.85, p < 0.05 for /v/ in the 
low vowel context; b = -0.91, SE = 0.26, df = 77.81, t = -3.47, p < 0.01 for /v/ in the high vowel context; b = 
-1.07, SE = 0.27, df = 84.85, t = -3.98, p < 0.01 for /v/ in the back vowel context). The finding relating to the 
perceived similarity between English /z/ and Thai /s/ being higher in non-English-major rather than 
English-major groups supports many studies (Brière & Chiachanpong, 1980; Kitikanan, 2016; Richards, 1966) 
that suggest that this sound is difficult for L2 Thai learners, yet it suggests that the learning of English /z/ is 
possible with phonetic training. For the finding of the perceived similarity of English /v/ as Thai /w/ that was 
higher in non-English-major group rather than English-major one also supports many studies (Chunsuvimol & 
Ronakiat, 2000, 2001; Kitikanan, 2016; Richards, 1966) that this sound is difficult to learn for Thai learners, and 
it suggests the improvement of the learning with phonetic training. 

The same pattern was found when English /ʃ/ was perceived as Thai /t͡ɕʰ/ in the back vowel context (b = -0.67, 
SE = 0.26, df = 73.62, t = -2.60, p < 0.05), when English /θ/ was perceived as Thai /s/ in the back vowel context 
(b = -1.29, SE = 0.26, df = 79.34, t = -4.89, p < 0.01) and when English /θ/ was perceived as Thai /f/ in the low 
vowel context (b = -0.56, SE = 0.26, df = 80.28, t = -2.13, p < 0.05). The finding that the fit indexes were 
significantly higher in non-English-major group as compared to English-major group when English /ʃ/ was 
perceived as Thai /t͡ɕʰ/ in the back vowel context. This finding supports the study of Kitikanan (2016) showing 
the positive relationship between the back vowel context as opposed to the front low and front high vowel 
contexts, and the target-like realisation of English /ʃ/ produced by L2 Thai learners. This might be because the 
subjects in Kitikanan’s study were L2 Thai learners in the L2 country who had more exposure to English and 
used more English in their daily lives. Hence our finding suggests the requirement of the training for English /ʃ/ 
in the back vowel context to be able to distinguish English /ʃ/ from Thai /t ͡ɕʰ/. The findings that the fit indexes 
were significantly higher in non-English-major group as compared to English-major group when English /θ/ was 
perceived as Thai /s/ in the back vowel context and English /θ/ was perceived as Thai /f/ in the low vowel 
context. While there was no effects of vowel context in Kitikanan’s production study (2016), the effect of 
language experience was found in interaction with the vowel context in this study. This suggests that the 
variables that play role in production and perception might be different, and the ability of L2 Thai learners to 
distinguish English /θ/ from Thai /s/ in the back vowel context and Thai /f/ in the low vowel context can be 
improved with phonetic training. In addition, no effect of experience was found for the remaining results (p > 
0.05 for all other contrasts). 

Regarding the hypotheses, the third hypothesis predicted that there would be no effect of language experience 
and vowel context on the perceptual assimilation of shared English sounds. This hypothesis is supported except 
in the perceived similarity of English /d/ as Thai /d/ in the low vowel context. The last hypothesis predicted that 
non-English-major learners would assimilate non-shared English sounds to the closest L1 categories with higher 
degree than the English-major ones and there would be the effect of the vowel contexts on these assimilations. 
This hypothesis is partially supported in the perceived similarity of English /z/ as Thai /s/ and English /v/ as Thai 
/w/ across vowel contexts, English /θ/ as Thai /f/ in the low vowel context, English /θ/ as Thai /s/ and English /ʃ/ 
as Thai /t͡ɕʰ/ in the back vowel context as in these contexts, the non-English-major learners assimilated 
non-shared English sounds to the closest L1 sounds than the English-major ones. The effect of the vowel 
contexts was found in English /ð/, /θ/ and /ʃ/. However, only the finding of English /t͡ʃ/ as Thai /t͡ɕʰ/ is contrastive 
to this hypothesis as there was no effect of both factors on its perceived similarity.  

7. Conclusion 
Results of this study contribute to previous studies showing that the perceived similarity of L2 sounds to the L1 
categories does not occur in a context-independent manner (e.g., Levy, 2009; Strange, Akahane-Yamada, Kubo, 
Trent, & Nishi, 2001). Even in the shared L2 sounds where each of them was classified as the sounds 
represented with the same IPA symbols, the degree of the perceived similarities in each pair is affected by the 
vowel context and language experience. In the non-shared L2 sounds, the effects of these two factors also appear 
in the findings. These findings support both PAM and SLM in that the details in the phonetic level of these 
similarities and differences are needed before making precise predictions regarding cross-linguistic perceptual 
assimilation patterns.  

The findings of the perceived similarity of the L2 English fricatives in this study imply that the vowel context 
and language experience should be taken into account before designing a perceptual training of the L2 sounds. 
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For example, in the back vowel context, English /ʃ/ was perceived to be more similar to Thai /t͡ɕʰ/ in the 
non-English-major group as compared to in the English-major group while in the other two vowel contexts, no 
significant difference was found in the perceived similarity of these two sounds in two groups. This suggests that 
in the training of English /ʃ/, the non-English-major group should include more practice on the dissimilarities 
between English /ʃ/ and Thai /t ͡ɕʰ/ in the back vowel context than the English-major group. In the other two 
vowel contexts, these two groups of learners might receive the same amount of practice for English /ʃ/ and Thai 
/t ͡ɕʰ/. Previous studies showed that there is some training for the L2 Thai learners to learn L2 English fricatives 
both in terms of production (Imamesup, 2012; Isarankura, 2015) and perception (Lerdpaisalwong, 2015); 
nevertheless none of these studies have taken the vowel context and language experience into account. Future 
project of training the English fricatives for L2 Thai learners might create the training that provides variability of 
the target sounds as well as fits the language experience of the L2 learners and the vowel contexts.  
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