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Abstract: This paper aims to investigate the Thai monophthong pronunciation of Chinese
students speaking Thai as a second language (L2), and to examine how native Thai listen-
ers perceived these Chinese-accented Thai monophthongs. This study involves an acous-
tic analysis targeted on the Thai monophthongs articulated by Chinese students of Thai
(n=15) in a picture description task in terms of duration and quality. The participants ex-
hibited varying proficiency levels in different monophthongs, with the greatest difficulty
being with Thai back monophthongs and certain central monophthongs, including /5, 2:/,
/o, 01/, and /¥:/. Moreover, a perception experiment among 30 native Thai listeners proved
that Chinese students’ pronunciation of Thai monophthongs had varying levels of impact
on accentedness perception. Specifically, /w/, /¥/, /o/, /5/, and their long counterparts sig-
nificantly influenced accentedness perception. Conversely, /i/, /e/, [/, /a/, /u/, and their
long counterparts showed less robustness in predicting the level of accentedness. Among
the whole Thai monophthong inventory, teachers should prioritize those monophthongs
that significantly influence accentedness perception for teaching Thai pronunciation to Chi-
nese students.

Keywords: accentedness; monophthongs; second language acquisition; Thai

1. Introduction

For adult learners, acquiring a second language (L2) involves a variety of difficulties,
one of which is achieving good proficiency in the pronunciation of the target L2 (Bongaerts
etal., 1997; Levy & Hanulikova, 2019). The Critical Period Hypothesis in language acquisi-
tion claims that individuals who do not start learning an L2 before the age of 12 may find it
challenging to attain a level of proficiency comparable to that of native or near-native speak-
ers. This is particularly evident in the area of L2 pronunciation, which tends to deviate
from that of native speakers (Flege & Port, 1981; Tarone, 1987). In practice, adult learners
are rarely observed to attain a native-like accent in their L2, reflected in various phonetic
inaccuracies in their pronunciation. When they communicate with native speakers, how
closely their pronunciation resembles a native speaker is defined as the level of accent-
edness (Munro & Derwing, 1999). Factors such as the influence of their native language,
as well as other individual variables like attitude, age, and aptitude, can significantly im-
pact their pronunciation of L2, making L2 speakers have various degrees of accentedness
(Moyer, 2014). Regardless, a significant number of individuals learning L2 still seek out
a more native-like accent due to their belief that it guarantees effective communication.
Derwing (2003) found that L2 learners are typically aware of the fact that pronunciation
difficulties can cause communication challenges. That is to say, certain inaccuracies in pro-
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nunciation might hinder the comprehension of speech by listeners (Suzukida & Saito, 2019)
and can lead to disruptions in communication (Jenkins, 2000).

To attain a more authentic accent like that of a native speaker, it is crucial to receive
explicit pronunciation instructions as well as participate in dedicated pronunciation prac-
tice. Yet, pronunciation instruction is seldom treated as an independent topic, but rather
incorporated into other facets of L2 acquisition (Darcy et al., 2021). Consequently, L2 teach-
ers must confront the challenge of balancing the diverse range of pronunciation issues that
impact L2 learners with the limited time available to address all aspects of their pronun-
ciation difficulties in the classroom. Hence, the allocation of pronunciation teaching time
must be properly managed to ensure its optimal utilization. Put simply, L2 teachers fre-
quently need to determine which aspects of L2 are significant and hence deserve valuable
class time, while others may be considered less vital and can be deferred until a later, more
advanced level (Brown, 1988). Teachers need to prioritize which L2 pronunciation features
are worth fighting for and which are not. If a certain L2 feature can make L2 significantly
more accented, this feature should be highlighted as more urgent to solve in pronunciation
instruction. That is to say, determining which L2 features are associated to the degree of
accentedness can promote the efficiency of L2 instruction, since it can help L2 teachers to
make a hierarchy of the order of instruction.

Some researchers have attempted to determine which features in L2 pronunciation
are strongly associated with accentedness, in order to give priority to these features in pro-
nunciation instruction. A study conducted by Sereno et al. (2016) involved the acoustic
manipulation of L2 English pronunciation in native Korean speakers during a sentence
reading task. The researchers found that segmentals, rather than suprasegmental features,
played a significant influence in enhancing the accent of Korean-accented English. In a rig-
orous study conducted by Munro (1993), a group of 23 native Arabic speakers who spoke
English as their L2 were chosen to examine their vowel pronunciation within particular
word contexts. Analysis of the data indicated that Arabic speakers frequently encountered
difficulties with specific English vowels, especially those that lack direct counterparts in
Arabic. Moreover, the ratings from listeners revealed a greater level of accentedness in the
speech of Arabic speakers while pronouncing these challenging vowels. This confirms that
the pronunciation of these vowels has a key role in Arabic-accented English pronunciation.
Through an analysis of Korean-accented English, Chung and Kim (2021) discovered that
the F2-F1 values of /l/ in Korean-English speakers are notably lower than those in Korean,
but much higher than those of /l/ produced by native English speakers. The variations in
English liquids of Korean-accented English exhibit a negative correlation with the level
of accentedness. Particular emphasis should be placed on this specific phoneme while in-
structing native Korean speakers in English. A study conducted by Idemaru et al. (2018)
examined the impact of vowel F1 and F2 frequencies, stop VOT, and other features on the
level of accentedness in Chinese- and English-accented Japanese. The tone is a significant
determinant in forecasting the level of accent in foreign-accented Japanese.

Still, the studies of L2 pronunciation have been mostly limited to English due to its
widespread use as a lingua franca. Only a handful of studies dealing with the Thai lan-
guage can provide insights into the relationship of L2 pronunciation and the degree of
accentedness in Thai. A study conducted by Wayland (1997) investigated how native Thai
listeners perceived Thai vowels, consonants, and tones produced by native English speak-
ers. The results of the accentedness evaluation revealed that only level tones consistently
served as predictors of accentedness in English-accented Thai. Hou and Kraisame (2023)
conducted a study to empirically assess the acquisition of Thai final nasal consonants by
Chinese students and the accentedness perception of native Thai listeners. Native Thai
listeners perceived /n/ and /n/ as more accented than /m/. This suggests that /n/ and /n/
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should be regarded with more importance in the Thai pronunciation instruction for Chi-
nese students. Moreover, the findings of this study also revealed that the duration of the
final nasal consonant was the most reliable predictor for the accentedness of Chinese stu-
dents’ pronunciation, indicating that duration carried the highest importance among all
the acoustic features examined and needed further emphasis in the Thai pronunciation
instruction for Chinese students.

With the growing demand for cross-linguistic interaction between Chinese students
and native Thai speakers, it is crucial to focus on the pronunciation of Thai by Chinese stu-
dents. Several studies have demonstrated that Chinese students have various difficulties
in pronouncing Thai, with one of the most notable challenges being the pronunciation of
vowels. For instance, Yi (2017) conducted an acoustic study that examined the pronuncia-
tion of Thai vowels by three groups of Chinese speakers, Tai Lue, Naxi, and Yunnanese, by
using a wordlist reading task. She found that all three groups of Chinese speakers lacked
the same level of distinction in vowel length as native Thai speakers, and also exhibited
divergence from conventional Thai vowel quality. Nevertheless, the limited number of
participants and controlled data collection task hinder the ability to apply the findings to
different groups of Thai language learners. Thus, the specific issue with Chinese students’
Thai vowel pronunciation in more naturally connected speech remains unclear. In the con-
text of Thai monophthongs produced by Chinese students, if certain monophthongs are
perceived as more accented, it indicates that they have a greater significance in the com-
munication between Chinese students and native Thai speakers. These monophthongs
should therefore be highlighted in pronunciation instruction because they have the po-
tential to significantly influence the effectiveness of communication. Conversely, if certain
monophthongs are not perceived as more accented, it suggests that they are less important
in the communication between Chinese students and native Thai speakers.

Hence, this article has three distinct objectives: (1) to examine the acoustic features
in the pronunciation of Thai monophthongs between Chinese students of Thai and native
Thai speakers; (2) to examine how native Thai listeners perceive the level of accentedness
of Chinese-accented Thai monophthongs; (3) to investigate which Thai monophthongs are
the most reliable predictors for accentedness perception.

2. Materials and Methods

To address the three research objectives, we first compared the acoustic differences
of Thai monophthongs, the vowel duration and quality, produced by Chinese students of
Thai and native Thai speakers, and then identified which monophthongs carried a high
or low predictability of accentedness based on native Thai listeners’ judgment. Accord-
ingly, we split the research design into two dependent experiments, the production and
perception experiments. The production experiment entailed conducting an acoustic ex-
amination of the monophthongs articulated by Chinese students in comparison to those
produced by native Thai speakers. The perception experiment examined the accentedness
of Chinese students’ monophthongs by assessing how native Thai listeners perceived them.
In the third step, the combination of the production and perception experiments’ results
was employed to identify which monophthongs are the most reliable predictors for the
accentedness perception of native Thai listeners.

2.1. Production Experiment
2.1.1. Participants

The speakers in the production experiment consisted of a group of 15 Chinese stu-
dents who were studying Thai as an L2 in their third or fourth year at a Chinese public uni-
versity. Their age ranged between 21 and 23, with a mean of 22.7. Among the 15 Chinese
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students studying Thai, 12 originated from Shaanxi Province, two from Henan Province,
and one from Hebei Province. All Chinese speakers of Thai indicated exposure to Man-
darin Chinese from infancy and recognized Mandarin Chinese as their most fluent lan-
guage. Mandarin Chinese is the most predominant language in their daily lives, and they
also speak in Central Plain Mandarin as a dialect. However, they only occasionally use
their dialect with their family members. They acquired Thai in a formal educational en-
vironment after the age of 18. Exclusively female students were chosen to minimize the
influence of gender on acoustic analysis. In addition to Chinese students, we also selected
a group of 15 female Thai native speakers as the control group. They were undergraduate
students enrolled in various faculties of a public university in Thailand. Their age ranged
from 19 to 22, with a mean of 21.3. All 15 native Thai speakers came from Bangkok and
Nakhon Pathom Province, identifying Central Thai as their predominant and most profi-
cient language in everyday communication. None of the participants reported that they
experienced any difficulties with speaking or hearing.

2.1.2. Stimuli

A picture description task was designed to obtain speech samples from Chinese speak-
ers of Thai and native Thai speakers. The selection of this method was based on its ability
to promote natural speech production while also ensuring control over speech segmen-
tals (Trofimovich & Baker, 2007). Participants were instructed to provide a description of
the contents of pictures by utilizing the keywords that were associated with the picture,
which were designed to control the monophthongs of speech samples. Tingsabadh and
Abramson (1993) and Slayden (2009) state that there are nine monophthongs with dura-
tional contrast, resulting in a complete inventory of 18 monophthongs, including three
pairs of front monophthongs (i.e., /i/-/i/, /e/-/e:/, and [e/-/e:/), central monophthongs (i.e.,
[w/~fw/, /¥/-/¥:/, and /a/~/a:/), and back monophthongs (i.e., /u/~/u:/, Jo/-/o:/, and /o/-/>:/),
as shown in Figure 1.

Front Central Back

Close

g
o

Close-mid

Open-mid

€ o
€
Open & a

Figure 1. Thai monophthong chart (Slayden, 2009; Tingsabadh & Abramson, 1993).

In total, there were ten pictures, with each picture paired with three keywords. Thus,
there were a total of 30 keywords allocated to the pictures. Out of them, 18 keywords
were chosen to contain the targeted monophthongs, while the remaining 12 keywords were
added to complete the picture contents. In order to prevent mispronunciation caused by
lack of familiarity, the keywords were chosen exclusively from the Textbooks of Founda-
tion Thai 1-4, which were published by Peking University Press in 2011 and used by Chi-
nese participants during their language acquisition process. The keywords that fulfilled
the aforementioned criteria are presented in Table 1.



Languages 2025, 10, 11

50f 20

Table 1. Keywords used in the picture description task.

Keywords
Monophthongs
Short Monophthongs Long Monophthongs

fi, i/ Ngd /ma?.1i?/ ‘jasmine’ auA /lin.tei:/ ‘lychee’

/e, e:/ udindn /mé:.lek/ ‘magnet’ ngia /th4?.le:/ ‘ocean’

le, &/ WHUWY /nom.phé?/ ‘goat milk’ ﬁan [tk ke:/ ‘gecko’
/ua, wr:/ damiin /pla:.muik/ ‘squid’® nilda /nin.str/ ‘book’

s, %1/ Lwag 9 /j¥2.j¥?/ ‘ab undant’ WA / pPoép.tex:/ ‘encounter’
/a, a:/ audn /lin.tehak/ ‘drawer’ Wau1 / thin.na:/ ‘rice paddy’
fu, u/ ¥ / man.k"at/ ‘mangosteen’ a1 / ta?.pu:/ nail’

/o, 0/ nyean / kra?.teok/ ‘glass’ uaalx / ten.mo:/ ‘watermelon’
/3, 9:/ e / teha:w.kd?/ ‘islander’ anda / din.sd:/ “pencil’

2.1.3. Data Elicitation

In the data elicitation process, we divided it into three sets by randomly arranging
the order of the ten pictures. Each set was conducted on a different day. This allowed us
to collect data at least three times for each keyword to facilitate further acoustic analyses.
Participants were given ten seconds to prepare and fifteen seconds to describe each pic-
ture. There was a five-second interval between two successive pictures. The whole data
elicitation procedure was recorded by a professional audio recorder (Zoom H5) in a quiet
room and closely monitored by the researchers. Then, the keywords containing the tar-
geted monophthongs were excerpted from the picture description. The total number of
tokens collected through the recording was 1620 tokens (30 speakers x 18 monophthongs
x 3 sets = 1620 tokens). The acoustic analysis utilized the digital speech analysis software,
Praat (Version 6.1.53) (Boersma & Weenink, 2023).

The analysis focused on examining the duration and quality features of monoph-
thongs. The duration of monophthongs was measured by placing cursors on the wave-
form at the beginning of the first periodicity and the end of the final pitch period of each
monophthong, examining the total duration between the onset and offset of the monoph-
thong. There is a basic distinction between Mandarin Chinese and Thai. Thai contains
phonemically short and long vowels, while Mandarin Chinese does not. How Chinese
speakers of Thai produced a durational feature that is not present in their native language
was investigated. As for the quality of monophthongs, the first two formant frequencies (F1
and F2 hereafter) of each monophthong were measured. F1 and F2 arose from resonance
in the oral cavity and were potential cues in differentiating the places of articulation. To
minimize the potential interference of initial and final consonants on the formant analysis,
the study focused on the central portion of each monophthong’s duration. By narrowing
the analysis to the segment corresponding to 25% to 75% of the normalized 100% dura-
tion of each monophthong (Adank et al., 2004; Hagiwara, 2005; Roengpitya, 2002), the re-
search ensured that the measurements were taken from the most stable and representative
part of the monophthongs. This specific range was selected to avoid the dynamic acoustic
changes typically associated with the onset and offset of the vowel, where the influence
of adjacent consonants and coarticulatory transitions is more pronounced. The process
is visually represented in Figure 2, which illustrates the time range analyzed within the
normalized vowel duration.
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Figure 2. The duration and quality calculation of monophthongs.

2.2. Perception Experiment
2.2.1. Participants

In the perception experiment, a group of 30 individuals (6 males, 24 females) who
were monolingual native Thai speakers were selected as listeners. Their task was to evalu-
ate the degree of accentedness of the keywords produced by both Chinese speakers of Thai
and native Thai speakers using a 9-point Likert scale (1 = the most accented, 9 = the least
accented). The average age of the native Thai listeners was 22.5, with a range of 21 to 26. In
order to minimize the influence of listeners’ social backgrounds and language experience,
this study selected naive listeners who claimed to have little exposure to foreign-accented
Thai and did not have any systematic linguistic training. All of them reported no hearing
or speaking difficulties. Also, the 30 Thai native listeners in the perception experiment
were independent of those involved in the production experiment.

2.2.2. Data Elicitation

Before the actual rating session, the researcher conducted an online training session to
verify that the listeners fully understood the concept of accentedness. During the training
session, the listeners were introduced to the concept of accentedness, which refers to how
closely the pronunciation of an utterance resembles that of a native speaker with a nine-
point scale (1 = the most accented, 9 = the least accented) based on the definition used in
previous research (Trofimovich & Isaacs, 2012). We excerpted a total of 50 Thai words from
the picture descriptions for the training rating. None of these selected words were the same
for the actual rating. To test the consistency of the listeners’ scores in the training rating
session, the Cronbach’s « coefficient was calculated, for which a value of 0.81 demonstrated
that they rated in a consistent manner.

After the training session, the researcher conducted the actual perception experiment
via Zoom. Participants were instructed to position themselves in front of their laptops in a
noise-free environment, and to request the researcher to pause the experiment if there were
any troubles with the Internet connection or other disruptive problems. The perception
experiment involved a total of 1620 keyword tokens (30 speakers x 18 monophthongs
x 3 sets = 1620 tokens) collected from the production experiment. The 1620 tokens were
randomly presented to native listeners in order to obtain judgments of accentedness. The
participants were instructed to rely on their intuition when making judgments about the
level of accentedness and to utilize the 1 to 9 scales flexibly. To prevent tiredness and
boredom in the perception process, the entire perception experiment was split into two
distinct days. The researcher played the electronic audio files via Zoom. Each token was
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played to the listeners only once, with a three-second interval between each succeeding
token. Upon completion of the rating process, the listeners transmitted the digital rating
sheets back to the researcher for further evaluation. Native listeners also showed a high
degree of agreement in their accentedness rating, demonstrated by a high Cronbach’s o
coefficient of 0.85.

2.3. The Predictability of Monophthongs on Their Level of Accentedness

After conducting the production and perception experiments, a three-step statistical
analysis was used to determine which Chinese-accented Thai monophthongs significantly
predicted accentedness perception. Those monophthongs should be emphasized when
teaching Thai to Chinese students since they can potentially influence the communication
between Chinese speakers of Thai and native Thai speakers.

Step 1: Correlation analysis between accentedness and monophthong acoustic features

The first step involved performing a Pearson correlation analysis to determine the
bivariate correlation between the acoustic features of Thai monophthongs (specifically,
vowel duration and vowel quality) and the level of accentedness. All acoustic features
that showed a strong correlation were subjected to further examination.

Step 2: Principal component analysis of monophthong acoustic features

The next step consisted of carrying out a principal component analysis. The purpose
of this step was to group the monophthong acoustic features that were identified in the
previous step in order to enhance the interpretability of the dataset. During this step, all
the monophthong acoustic features were grouped into quantifiable components.

Step 3: Regression analysis of monophthong acoustic features on accentedness

The predictability identification of monophthongs on accentedness was accomplished
by a stepwise regression analysis in the final step. In this step, the components discovered
in the second step were used as the predictor variables, while the degree of accentedness
was used as the predicting variable. The regression analysis allowed us to identify signif-
icant predictors for accentedness. This analysis would yield two types of Thai monoph-
thongs produced by Chinese speakers of Thai, i.e., the monophthongs presented in the
components that served as highly reliable predictors for accentedness, and those that were
not successful in accurately predicting accentedness.

3. Results

The following sections present the results of the research. In the production experi-
ment, Chinese students demonstrated both similarities and differences in monophthong
pronunciation compared to native Thai speakers, namely in terms of vowel duration and
vowel quality. Moreover, Chinese students encountered varying levels of difficulty when
it came to distinct monophthongs. During the perception experiment, native Thai listen-
ers evaluated the monophthongs pronounced by Chinese students as more accented in
contrast to those produced by native Thai speakers. Following that, we performed a series
of statistical analyses to determine that certain monophthongs could significantly impact
on the perception of accentedness, which should be urgently addressed in the Thai pro-
nunciation instruction for Chinese students.

3.1. Production Experiment
3.1.1. Duration of Monophthongs

Figure 3 illustrates the average duration of each monophthong produced by Chinese
students of Thai and native Thai speakers, separately for front monophthongs (panel a),
for central monophthongs (panel b), and for back monophthongs (panel c). The durations
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between these two groups of participants were compared using a series of independent
t-tests. The results of these t-tests are also presented in Figure 3.

a. front monophthongs

ns
400

= CcH o8 313.05 290,25

[ * T, s

300

Duration/ms
5
=
L

100

/il 1i/

b. central monophthongs
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ns 400 ns

4004 312.64 277.64 273.86
300

ok
3004
162.08 200

200+

1004

0-L

Jw/ S/

c. back monophthongs

- 1
i 307.17

500
300

300 219.07
200

Duration/ms

1004

8

)

/u/ Jui/ /o/ Jo:/ /3/ 12/

Figure 3. Durations of monophthongs (* = significant level < 0.05, ** = significant level < 0.01,
ns = non-significant, and hereafter).

Generally speaking, Chinese students demonstrate the tendency to differentiate be-
tween the contrast of long and short monophthongs, showing the acquisition ability to
overcome the absence of such distinction in their own language, which does not phonem-
ically contrast short and long vowels. Also, Chinese students exhibit greater variability in
producing most short monophthongs compared to their longer counterparts, as evidenced
by the larger error bars observed for short monophthongs in Figure 3. This increased
production variability in short monophthongs can be attributed to several factors. First,
their shorter duration limits the time available for learners to adjust articulatory positions,
thereby increasing the likelihood of errors. Second, long monophthongs possess greater
acoustic stability, making them easier to perceive and replicate, whereas short monoph-
thongs require more rapid articulation and precise control. Additionally, the brevity of
short monophthongs poses perceptual challenges for learners, further complicating their
accurate production.

Furthermore, Chinese students’ production in both long and short monophthongs ex-
hibit greater duration compared to Thai native speakers, with only a limited number of
exceptions in /ii/ (Figure 3a) and /uu/ (Figure 3b), in which Chinese students produced
a shorter duration than native Thai speakers. Regarding short monophthongs, all short
monophthongs of Chinese students, except for /a/ (Figure 3c), have a significantly longer
duration than those of Thai native speakers. In terms of the long monophthongs, Chinese
students’ productions show a similar duration as Thai native speakers when articulating
most of the long monophthongs. Among the significant differences, only /¥:/ in Figure 3b
reaches a significant difference level of 0.01. Additionally, the monophthongs /o:/ and
/2:/ in Figure 3c also achieve a significance level of 0.05. The remaining long monoph-
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thongs of Chinese students do not display any significant differences from those of native
Thai speakers.

When comparing the front (Figure 3a), central (Figure 3b), and back monophthongs
(Figure 3c), it becomes evident that Chinese students encounter the greatest difficulty in
pronouncing the back monophthongs (i.e., /5, i/ and /o, o:/) and central monophthongs
(i.e., /¥, ¥1/). This is because, except for the duration of /u:/ which is not particularly sig-
nificant, the distinctions between the other back monophthongs are statistically significant
at a level of 0.05 at least, as shown in Figure 3c. Also, the duration differences of the cen-
tral monophthong pair /¥, ¥:/ also reaches the most significant level. Comparatively, they
demonstrate a similar duration production in particular front and other central monoph-
thongs to native Thai speakers. Specifically, their pronunciation of the /a/~/a:/ monoph-
thong is the most native among all monophthongs examined, since no significant differ-
ences exist in the durations of these two monophthongs. Furthermore, there are no signifi-
cant differences in the durations of long front monophthongs among Chinese students, as
seen in Figure 3a. This suggests that the long front monophthongs produced by Chinese
students are comparable to those of native speakers in terms of duration.

3.1.2. Quality of Monophthongs Produced by CH and TH

The mean formant frequencies (namely, F1 and F2) for each monophthong generated
by Chinese students of Thai and native Thai speakers are plotted in Figure 4. The data are
presented separately for front monophthongs in panel a, central monophthongs in panel
b, and back monophthongs in panel c. Independent t-tests were conducted to compare the
formant frequencies between the two groups of participants to see if they were different in
monophthong quality produced.

a. front monophthongs
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Figure 4. Formant frequencies of monophthongs (* = significant level < 0.05, ** = significant
level < 0.01, ns = non-significant, and hereafter).
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Overall, the quality of monophthongs produced by Chinese students is both compara-
ble and distinct from that of Thai native speakers, as manifested in distinct monophthongs.
Regarding front monophthongs (panel a), Chinese students’ pronunciations of /i/ and /e:/
closely resemble those of Thai native speakers. This is due to the similarity in the F1 and
F2 of these two monophthongs, which are not significantly different from those of native
speakers. On the other hand, Chinese students may find /e/ and its long counterpart to
be the most challenging front monophthongs. This is because their F2 values greatly dif-
fer from those of native speakers at a level of 0.01, and the F1 of /e/ likewise significantly
differs from that of native speakers at a level of 0.05.

With regard to the central monophthongs (panel b), Chinese students demonstrate
no difficulties with /a/ and its long counterpart, and both F1 and F2 values for this pair
of monophthongs do not significantly deviate from those of native speakers. In contrast,
Chinese students have the least native-like pronunciation of /¥:/ due to a significant dif-
ference of 0.01 in the F1 and F2 values compared with native speakers. When it comes
to producing the monophthongs of /wi/ and /ur:/, Chinese students show a higher degree
of deviation from native speakers in terms of F2. This deviation is statistically significant,
with a significance level of 0.01. Nevertheless, there are no significant differences in the F1
of these two monophthongs.

According to Figure 4¢, Chinese students encounter the most difficulty with the back
monophthongs, particularly with /o/, /o:/, /o/, and /o5:/. The F1 and F2 values of these four
monophthongs differ significantly from those of native speakers, with a significance level
of at least 0.05. This suggests that the quality of these monophthongs is markedly distinct
from that of native speakers. When it comes to the other two back monophthongs, /u/
and /u:/, Chinese students execute these at a highly proficient level, comparable to that of
native speakers. The F2 of /u/ is the only aspect that considerably deviates from that of
native speakers.

In addition to the mentioned differences in formant frequencies, Figure 5 below also
illustrates the articulation places of short and long monophthongs produced by Chinese
students of Thai (panels a and b) and native Thai speakers (panels c and d). The y-axis rep-
resents the F1 values, while the x-axis corresponds to the F2 values, allowing for a visual
representation of the monophthong positions in the acoustic space. Native Thai speak-
ers typically differentiate the position of articulation while pronouncing various monoph-
thongs. However, there is a significant amount of overlap in the place of articulation when
it comes to Chinese students’” production of both short (Figure 5a) and long monophthongs
(Figure 5b). An example of this is the pronunciations of /wi/ and /x¥/ along with their long
counterparts, which show a clear overlap. This suggests that Chinese speakers of Thai
struggle to differentiate between these two pairs of monophthongs. The most apparent
overlap is observed in the location where back monophthongs are articulated. The three
pairs of monophthongs produced by Chinese speakers have a significant overlap in their
position of articulation, as indicated in Figure 5a,b. This implies that Chinese students
of Thai face the most difficulty in accurately pronouncing Thai back monophthongs com-
pared to native speakers. On the other hand, Chinese students do not appear to have
much problem with the front monophthongs because their place of articulation is relatively
spread out in distinct areas.

The aim of the production experiment was to compare and identify the significantly
different acoustic features of monophthongs pronounced by Chinese speakers of Thai and
native Thai speakers. Table 2 presents a summary of the acoustic features comparison in
both monophthong duration and quality. Regarding the duration of monophthongs, the
most notable differences are found in the duration of short monophthongs. Chinese speak-
ers of Thai produced longer durations for all short monophthongs compared to native Thai
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speakers, except for /a/. The primary differences in monophthong quality occur mainly in
the back monophthongs, specifically /o/, /o:/, /o/, and /5:/. Furthermore, Table 2 also high-
lights the distinguishing quality features of other monophthongs, such as the F2 of /e/ and
w1/, as well as their long counterparts, and the F1 of /x/ and /¥:/, among others.
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Figure 5. Place of articulation of monophthongs produced by Chinese students of Thai.

Table 2. Acoustic feature differences between Chinese speakers and native Thai speakers in pro-
nouncing monophthongs. (Note: * = significant level < 0.05, ** = significant level < 0.01, ns = non-
significant, and hereafter).

Monophthongs Duration F1 F2
fi/ ** ns ns
fiz/ ns ns *
/e/ *% * *%
fei/ ns ns **
/S/ *% * ns
[e1/ ns ns ns
fw/ ** ns *%

Jasisds ns ns **
/Y/ *% *% ns
/XZ/ *% *% *%
/a/ ns ns ns
Jaz/ ns ns ns
/u/ *% ns *
fuz/ ns ns ns
/O/ *% * ¥4
/O:/ * 6% X4
/:)/ *% *% %
/OI/ * *% 3%

3.2. Perception Experiment

The accentedness perception results are displayed in Table 3, showing the average rat-
ings given by 30 native Thai listeners for target words containing monophthongs produced
by the two groups of speakers. The average accentedness score for native Thai speakers
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is 7.46, with a range of 6.45 to 8.87. On the contrary, Chinese speakers of Thai have an av-
erage score of 5.28 (with a range of 2.62 to 7.98). The non-native group has, on average, a
mean degree of accentedness that is 2.18 lower than that of native speakers, indicating that
native Thai listeners effectively detected a higher level of accentedness from non-native
speakers. The accentedness ratings were then subjected to an independent sample t-test,
which revealed a significant difference, t(28) = —5.17, p <0.01.

Table 3. Accentedness perception results.

Chinese Speakers of Thai Accentedness Native Thai Speakers Accentedness
No.1 6.71 No.1 7.83
No.2 3.48 No.2 8.87
No.3 2.62 No.3 7.59
No.4 4.77 No.4 6.54
No.5 5.12 No.5 8.57
No.6 5.01 No.6 7.35
No.7 3.47 No.7 7.36
No.8 6.67 No.8 6.88
No.9 5.34 No.9 6.51
No.10 4.77 No.10 7.17
No.11 6.05 No.11 6.45
No.12 5.66 No.12 7.83
No.13 7.98 No.13 8.25
No.14 4.58 No.14 7.16
No.15 7.01 No.15 7.52

Mean + SD 528 £1.46 Mean + SD 7.46 £0.73

Having determined the monophthongs that exhibit the most significant distinctions
between the two groups of speakers in the production experiment, we have also acquired
data on how native Thai speakers perceived these monophthongs in the perception experi-
ment. The results of the production and perception experiments served as two instruments
for further identification of the predictability of each monophthong on accentedness per-
ception. To proceed, it is necessary to determine which monophthongs have the greatest
predictability for the perception of accentedness. The monophthongs that have a greater
predictability for the perception of accentedness should be given priority, since they have
a greater impact on communication between Chinese speakers of Thai and native Thai
speakers. In contrast, Thai monophthongs that were not significantly associated with the
perception of accentedness should be less prioritized since they did not significantly hin-
der communication between Chinese speakers of Thai and native Thai speakers. This issue
may be handled at a more advanced stage of language acquisition.

3.3. The Predictability of Monophthongs for the Level of Accentedness

The identification of the predictability of monophthongs for the level of accentedness
involves three statistical steps: correlation analysis, principal component analysis, and re-
gression analysis. These steps were based on the data gained from both the production and
perception experiments, which constituted an in-depth procedure for eliminating the in-
significant monophthongs and identifying the most crucial monophthongs that impacted
the perception of accentedness. First, conducting a correlation study might help us identify
the Thai monophthongs that exhibited the most deviation when produced by Chinese stu-
dents. This is important because the greater the divergence of a Chinese-accented monoph-
thong was, the more it would influence the level of accentedness. Various monophthong
acoustic features were identified after the first step. Consequently, a principal component
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analysis was performed to group these monophthong acoustic features into measurable
components. Following that, a stepwise regression analysis was conducted as the last step
to determine which monophthongs had the most substantial predictability on the percep-
tion of accentedness.

Step 1: Correlation analysis between accentedness and monophthong acoustic features

In step 1, we conducted a Pearson correlation analysis to determine which acoustic fea-
tures of monophthongs were significantly correlated to accentedness perceived by native
Thai listeners. Table 4 displays that a total of 14 acoustic features exhibited a significant
correlation with accentedness at a p < 0.01. The correlation coefficients (r) quantify the
degrees of correlation between accentedness and acoustic features of monophthongs. Ac-
cording to Table 4, only the duration features of three short monophthongs (/w/, /¥/, and
/o/) reversely correlated with accentedness. In comparison, the quality of monophthongs
showed a stronger correlation with accentedness. The emphasis is particularly placed on
the quality of the back monophthongs /o:/, /o/, and /o:/ due to the significant correlation
shown between both the F1 and F2 of these three monophthongs and accentedness. Fur-
thermore, the quality features of some other monophthongs were shown to be correlated
with accentedness, such as the F2 of /e:/, /w/, /utz/, and /¥:/, and the F1 of /x/.

Table 4. The correlation between acoustic features of monophthongs and accentedness. (Note:
** = significant level < 0.01).

Vowel Features r P
[wi/ duration —0.640 0.000 **
/¥/ duration —0.525 0.003 **
/o/ duration —0.678 0.000 **

[/ F2 0.610 0.000 **
[/ F2 0.651 0.000 **
/x/ F1 0.700 0.000 **
/¥ F2 0.591 0.001 **
/o/ F2 0.528 0.003 **
Jo/ F1 —0.491 0.006 **
Jo:/ F2 —0.612 0.000 **
/o] F1 0.521 0.003 **
/o] F2 0.522 0.003 **
[0/ F1 0.558 0.001 **
[o:/ F2 0.553 0.002 **

Step 2: Principal component analysis of monophthong acoustic features

The correlation analysis revealed that 14 acoustic features of monophthongs were sig-
nificantly correlated with accentedness. In the second step, we employed a principal com-
ponent analysis to aggregate these variables and improve the interpretability of the data.
According to Table 5, the principal component analysis successfully reduced the number
of acoustic features from 14 to three components, while retaining the maximum amount
of information. The three components accounted for 74.34% of the variance in the original
14 acoustic features. Component 1 is multifaceted, including the duration features of three
short monophthongs (/¥/, /w/, and /o/), as well as the quality features of /o/, /wi/, and /ux:/.
Component 2 encompasses three distinct features of two back monophthongs, specifically,
the F1 of /o:/ and both the F1 and F2 of /o/. Regarding Component 3, it comprises five qual-
ity features associated with back and central monophthongs. These include the F2 of /o:/,
/o:/, and /¥:/, as well the F1 of /o:/ and /¥/.
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Table 5. Principal component analysis of acoustic features of monophthongs.

Components
Vowel Features 1 > 3
[¥/ duration —0.866
/o] F2 0.808
[w/ F2 0.745
Jut/ duration 0.675
/o/ duration —0.669
[/ F2 0.651
[o:/ F1 0.856
/o/ F1 0.794
/o] F2 0.659
[o:/ F2 —0.890
/o:/ F1 —0.665
[o:/ F2 0.626
/¥/ F1 0.546
[¥:/ F2 —0.519

Step 3: Regression analysis of monophthong acoustic features with accentedness

We then performed a stepwise regression analysis to evaluate the potential of the three
identified components to predict accentedness. The three components were used as inde-
pendent variables (predictor variables), while the accentedness score was considered the
dependent variable (predicted variables). Table 6 demonstrates that the stepwise regres-
sion analysis yielded a regression model containing the three previously found compo-
nents. This suggests that all three components are significant predictors of accentedness.
The adjusted R statistic indicates that Component 1, Component 2, and Component 3 col-
lectively account for 56.0% of the variance in accentedness. Furthermore, the predictability
of the three components varies, as indicated by the standardized coefficients. Component
3 has the highest level of reliability in predicting accentedness. A one-unit rise in Com-
ponent 3 corresponds to a 0.538 unit increase in the accentedness score. Component 2 is
the second most reliable predictor for accentedness, where an increase of one unit in Com-
ponent 2 predicts an increase of 0.424 units in accentedness. Component 1 has the lowest
predictive power for accentedness, where a one-unit increase in Component 1 equates to
a 0.369 unit increase in accentedness.

Table 6. The results of the regression analysis of monophthong acoustic features with accentedness.

. Independent 2 . 2 Standardized .
Dependent Variable Variables R Adjusted R 4 Coefficients Sig.
Component 3 0.605 0.560 0.000 0.538 0.000
Accentedness Component 2 0.424 0.002
Component 1 0.369 0.006

To elaborate, the monophthong features found in Component 3 are considered the
most crucial for perceiving accentedness, followed by those features contained in Com-
ponent 2 and Component 1. Five quality features of back and central monophthongs in
Component 3 greatly affect the perception of accentedness. These include the F2 of /o:/,
/o:/, and /¥:/, as well as the F1 of /o:/ and /x¥/. Furthermore, three notable features of back
monophthongs have a subordinate impact on the perception of accentedness, namely the
F1 of /o:/ and /o/, along with the F2 of />/. While having a minor effect on accentedness
perception, Component 1, which has multiple aspects, still accounts for the variance in ac-
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centedness to a certain degree. This includes the duration features of /x/, /w/, and /o/, as
well as the quality features of /o/, /w/, and /u:/.

First and foremost, our results reveal the relative weights of different monophthongs
in terms of their detrimental effects on accentedness perception. More specifically, our
findings indicate that certain monophthongs had a crucial impact on the perception of
accentedness, while others did not. Therefore, monophthongs that significantly contribute
to the perception of accentedness should be prioritized in pronunciation instruction, while
those that do not accurately predict the degree of accentedness should be saved to solve
at a more advanced level. The acoustic features of monophthongs and their predictability
in accentedness are summarized in Table 7 below. According to Table 7, there are a total
of eight monophthongs that have a significant predictability for accentedness. This means
that either their duration, F1, or F2 can successfully predict their accentedness perception.
These monophthongs include /w/, /ut/, /x/, /x:/, [o/, [0/, /5/, and /5:/. On the other hand,
the monophthongs /i/, /it/, /e/, lei/, €/, [ei/, [a/, [az/, /u/, and /u:/ have low predictability for
accentedness. This is because these monophthongs do not demonstrate their robustness
in predicting the level of accentedness.

Table 7. Acoustic features and their predictability for accentedness (marked by /).

Monophthongs Duration F1 F2

fil

fiz/

le/

fei/

el

et/

fw/ vV
fu/

¥/ vV Vv
/¥

/a/

faz/

u/

fuy/

o/ Vv
fo:/

/o/

2/

< <

OGN
L

4. Conclusions and Discussion

This paper has successfully identified Chinese-accented Thai monophthongs that bear
either a high or low predictability for the accentedness perception of native Thai listeners.
This was accomplished through a combination of production and perception experiments.
The monophthong pronunciation production of Chinese students in Thai was first com-
pared to that of native speakers in terms of duration and quality. Subsequently, native lis-
teners judged the degree of accentedness of these Chinese-accented Thai monophthongs.
The monophthongs /w/, /w/, /x/, /x:/, [0/, [o:/, /5/, and /o:/ demonstrated their substantial
predictability for the level of accentedness, potentially affecting the effectiveness of com-
munication between Chinese speakers of Thai and native Thai speakers. Conversely, the
monophthongs /i/, /it/, /e/, e/, [/, [/, /a/, [a:/, /u/, and /u:/ did not significantly contribute
to the perception of accentedness by native Thai listeners.

The most interesting part of our findings is that Chinese students of Thai exhibit vary-
ing levels of proficiency when confronted with distinct monophthongs, which could be
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explained by different theoretical frameworks. A significant source of the different profi-
ciency levels in Thai monophthong production is the differences or similarities between
the Chinese and Thai monophthong systems. Figure 6 illustrates that the monophthong
systems of Thai and Chinese display both similarities and differences, indicative of their
distinct phonological frameworks. Both languages exhibit similar monophthongs in the
front and back positions, including /i/ and /u/, along with the central monophthongs /a/
and /¥/. Nevertheless, substantial differences are seen. The Thai language possesses a more
complex monophthong inventory, encompassing duration distinctions and a broader spec-
trum of front monophthongs (/e/ vs. /e:/, /e/ vs. /e:/), central monophthongs (/w/ vs. /ur/),
and back monophthongs (/o/ vs. /o:/, /5/ vs. [5:/), which are not present in Chinese. In con-
trast, Chinese features the front rounded vowel /y/, absent in Thai, and does not exhibit
obvious duration distinctions. These distinctions highlight the complex diversity in vowel
quality, rounding, and centralization between the two systems, influencing the production
of Thai monophthongs by Chinese students.

Front Central Back Front Central Back
Close - Close
. u: iy u
i w: u
w
o:
Close-mid Close-mid

ofx

Open-mid

¥
i )
Open-mid
& 2%
€
a: a 8
Open Open
Thai

Chinese

Figure 6. Monophthong contrasts between Thai (Slayden, 2009, p. 4) and Chinese (Lee & Zee, 2003,
p- 110).

Chinese students demonstrated ability approaching that of native speakers in the pro-
duction of the monophthongs /i/, /a/, /u/, and their long counterparts. This high proficiency
in duration and quality can be ascribed to positive transfer from their native language, as
these monophthong phonemes are also present in Chinese phonology. Moreover, a com-
parison of the production of two pairs of central monophthongs, /ut/—/ut:/ and /x/-/¥/, re-
veals that Chinese students’ pronunciation of the /ur/—/ur:/ contrast closely resembles that
of native speakers, in stark contrast to their production of /¥/—/¥:/. Chinese students see
the monophthong phonemes /ur/—/ut/ as being new due to their absence in the Chinese
monophthong inventory. However, they are already acquainted with the monophthong
phonemes /x/—/x:/ present in their native language. The superior performance in novel
phonemes compared to existing phonemes aligns with the argument made by Flege and
Port (1981) in their Speech Learning Model (SLM). Based on the SLM, adults who are learn-
ing an L2 can develop phonetic categories for new sounds in the L2. As a result, they can
eventually produce these sounds accurately. However, sounds that are similar to their
L1 will continue to have a foreign accent even after a long period of exposure to the L2.
This is because the formation of categories for these sounds is hindered by equivalence
classification from their L1 (Bohn & Flege, 1992).

The observed differences in Chinese students” production of the monophthong con-
trasts /wi/=/ur:/ and /¥/—/¥:/ can be effectively explained using the Perceptual Assimilation
Model (Best, 1995; Best & Tyler, 2007). The /ur/~/ur/ pair, absent from the learners’ na-
tive phoneme inventory, likely constitutes a Two-Category assimilation pattern, allowing
students to perceive the monophthong as distinct and form new phonetic categories. This
facilitates more native-like production. In contrast, the /¥/—/x:/ pair corresponds to existing
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L1 phonemes, leading to Single-Category assimilation, where both monophthongs are as-
similated into a single native phonetic category. This perceptual equivalence classification
hinders the development of fine phonetic distinctions, resulting in less accurate production
compared to native speakers. These findings underscore the impact of the L1 phonetic in-
ventory on L2 sound acquisition (Best, 1995; Flege, 1995), highlighting the need for targeted
instruction to address perceptual challenges associated with L1 interference. Additional
studies are necessary to demonstrate more robust correlations between phonetic percep-
tion and production in L2 learning. Specifically, future research should explore the poten-
tial overlap between the abovementioned monophthong pairs among Mandarin speakers.
This overlap, potentially rooted in articulatory and acoustic similarities, may contribute to
the variability observed in F1 and F2 measurements. Investigating how L2 learners percep-
tually discriminate such similar L2 sounds and how this overlap affects their L2 production
is essential. Potential experimental approaches, such as perceptual discrimination tasks or
ultrasound imaging, could provide valuable insights into these phenomena.

Based on the performance of Chinese students on front, central, and back monoph-
thongs, it may be inferred that certain back monophthongs present the greatest challenge
for Chinese students. The phonological system of their native language potentially plays
an important part in their Thai back monophthong acquisition. Chinese students from
the Central Plains in this study struggled to accurately pronounce the Thai back monoph-
thongs /o, 0:/ and /o, o:/ because Mandarin Chinese, particularly in this dialect region, lacks
a true monophthong [0]. In Central Plains Mandarin, what appears as /-o/ in Pinyin is actu-
ally a diphthong [uo]. However, after labial consonants (b-, p-, m-, and £-), the medial [u]
is omitted in Pinyin, leading to the simplified notation /bo/, /po/, /mo/, and /fo/. Despite
this notation, the actual pronunciation still involves a diphthong (Duanmu, 2007; Wang,
1980). Consequently, Central Plains Mandarin speakers are unfamiliar with producing a
pure [o] as a monophthong, which likely contributes to their difficulty in mastering the dis-
tinct Thai monophthongs /o, o1/ and /5, :/. This phonological gap underscores a significant
challenge in acquiring accurate Thai pronunciation.

The ultimate goal of identifying the monophthongs that significantly influence ac-
centedness is to offer guidance in the pedagogy of Thai language for Chinese students.
When teachers are confronted with multiple errors, they should prioritize errors that tend
to influence accentedness more. This is because such errors are more likely to impact lis-
teners’ comprehension and speech processing. The findings of this study provide teachers
with valuable and specific guidance on how to enhance the spoken language skills of Thai
language learners. Rather than focusing on adding more features to work on, the study
suggests that teachers should concentrate on targeting only those features that are likely
to have a significant impact on listeners. It is crucial for teachers to consider that not all
individual speech sounds are equally important in L2 speech. Therefore, teaching specific
speech sounds should be given priority over others in pedagogy. Furthermore, the identi-
fication of segmentals with high and low predictabilities for accentedness might provide
insights for the development of teaching materials. By prioritizing segmentals with high
predictability for accentedness, this will increase the likelihood that the lexical items will
be immediately useful to students.

Beyond the challenges with monophthongs analyzed in this study, L2 learners also
face significant difficulties with other phonological features, such as diphthongs, initial
consonants, consonant clusters, final consonants, and tones. These challenges are often
shaped by the learners’ native language, which may transfer phonological patterns that
differ from those of Thai. For example, Chinese’s more limited range of consonant clusters
and tonal distinctions could hinder the accurate production of Thai sounds. Addressing
these difficulties requires pedagogical strategies that focus on raising L2 learners’ phono-
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logical awareness. Teachers could incorporate targeted exercises emphasizing the con-
trasts between Chinese and Thai phonological systems, such as minimal-pair drills for
tones or controlled pronunciation practice for diphthongs and consonant clusters. Addi-
tionally, the use of auditory—visual aids, such as spectrograms and tone contour graphs,
could help learners perceive and replicate unfamiliar features. Future research could fur-
ther support pedagogy by examining Chinese learners’ production of these features and
the influence of Chinese transfer. By framing the current study within this broader context,
we will gain a more comprehensive understanding of the interconnected nature of phono-
logical challenges in L2 acquisition, offering valuable insights for designing more effective
and targeted teaching practices.

Finally, it is also crucial to offer directions for future researchers to extend the findings
of the present study. Further studies should consider the listener effect in L2 perception.
The social and language backgrounds of listeners, including their L1 profiles, L2 compe-
tence, age, experience, familiarity with accents, and metacognition, are important features
that can influence the perception of L2 speech (Kang, 2012; Saito et al., 2019; Saito & Shin-
tani, 2016). Hence, future research can incorporate diverse groups of listeners with varying
social and linguistic backgrounds to ascertain whether they exhibit any disparities in L2
perception. Additionally, future studies should also integrate the impact of the task effect
into their research design, as the perception of accentedness can be influenced by the na-
ture of speaking activities. Research in L2 acquisition has demonstrated that different task
types can significantly affect how learners produce L2 speech (Crowther et al., 2018). The
cognitive demands imposed by various speaking tasks play a crucial role in shaping L2
language production. This study employed a picture description task, which minimized
cognitive load to control the influence of extraneous variables, such as lexicogrammatical
complexity. Future research could explore methods with higher cognitive demands, such
as interviews, to elicit L2 speech. This approach would provide deeper insights into how
L2 speech production varies across different speaking tasks. Furthermore, it is noteworthy
that the pronunciation of monophthongs accounted for 56.0% of the variance in accented-
ness, leaving 44.0% unexplained. In order to comprehensively comprehend the factors that
contribute to the accentedness of L2 speech, it is essential to examine a broader variety of
L2 features. This includes consonants, prosody, lexicon, grammar, and even pragmatic fea-
tures. By investigating the interaction of these features in the perception of L2, we can gain
a deeper understanding and enhance the communication dynamics between non-native
speakers and native speakers.
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