
 

Effects of Phonetic Training with Noise on EFL 

learners’ English Vowel Reception Thresholds   
 

Yuyao Qin  

School of Foreign Languages  

Jiangsu University of Science and Technology  

Zhenjiang, China 

211111101116@stu.just.edu.cn 

Jian Gong* 

School of Foreign Languages  

Jiangsu University of Science and Technology  

Zhenjiang, China 

j.gong@just.edu.cn 

Abstract—To investigate the effectiveness of perceptual 

training with noise on learners’ foreign vowel perception, a 

cohort of native Chinese listeners underwent intensive phonetic 

training to identify English vowels.  Speech Shaped Noise was 

presented during the training procedure. Listeners’ English 

vowel perception in noise ability was measured before and after 

training, by using a Vowel Reception Thresholds (VRT) metric, 

where the noise level was adjusted dynamically in an adaptive 

manner. Listeners’ vowel identification in quiet condition was 

also measured. Significant VRT decrease was evident after 

training, along with a significant improvement of vowel 

identification in quiet. A significant negative correlation 

between individual vowel’s VRT decrease and identification 

improvement was also found. These results indicated that high 

variability training with noise is effective and VRT can be used 

to quantify listeners’ vowel perception ability change.  

Keywords—English vowel perception, phonetic training, 

speech shaped noise, vowel reception threshold,  

I. INTRODUCTION  

Spoken communication in noisy conditions presents 
problems for all listeners, but non-native listeners typically 
have more difficulties than native listeners [1], [2], [3]. One of 
the main reasons for this is because non-native listeners are 
less effective in processing of context and speech cues in 
adverse conditions than native listeners. Also, the perceptual 
cues that non-native listeners rely on might be different from 
that of native listeners’ and are more easily masked by noise 
[4]. 

Normally the younger a learner starts learning L2, the 
better she/he be able to acquire L2 phonetic categories 
accurately. However, theoretical models in L2 perception 
claims that learners’ L2 sound leaning ability remains intact 
over the life span [5]. Over the past few decades, a large body 
of studies had demonstrated that high-variability perceptual 
training (i.e., using multi-talker, multi-phonetic environments, 
natural speech, etc.) is an effective method to improve adult 
learner’ L2 perception of consonants [6], [7], [8], vowels [9], 
[10], [11],[12], tones [13] and for production as well [14], [15]. 
Several recent studies have extended this high-variability 
training paradigm to learners’ L2 speech perception in adverse 
environment. For example, native Spanish speakers were 
trained to perceive English consonants with background noise, 
and their English consonant identification was improved after 
training [16], [17]. Malaysian listeners’ English phoneme 
discrimination under multi-talker babble was significantly 
improved by using high-variability training with multi-talker 
babble [18]. In another training study, native Chinese speakers 
were trained to identify English vowels in adverse acoustics 
background, and a significant performance improvement was 
evident after training [19]. The results from aforementioned 
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studies all demonstrated that the high-variability training 
paradigm is also effective in improving non-native speaker’s 
speech perception under noise conditions, and can help them 
to form more robust L2 sound categories [16], [17]. 

Usually, fixed noise levels are used in experiments of 
speech perception in noise, with just a few different signal-to-
noise ratios (SNR). This may call into question when the 
purpose of the experiment is to quantify listeners’ ability to 
perceive individual phonemes, because previous studies have 
demonstrated that a large range of SNRs is required for 
different phonemes to reach equal intelligibility [20]. Using 
some fixed SNRs for all phonemes may not accurately reflect 
the intelligibility for some sounds. Speech Reception 
Threshold (SRT) is commonly used to measure speech 
intelligibility in noise. However, most studies have applied the 
SRT procedure were to test native speech perception, with few 
trying to use it for non-native speech perception [21]. Recently, 
researchers employed SRT procedure to investigate non-
native consonant perception in noise [22], and found that SRT 
was a useful metric in quantifying the non-native consonant 
perception ability changes in training [23] 

Several recent studies indicated that at the phonemic level, 
vowel perception was significantly more difficult than 
consonant perception for English learners in China and the US 
[24], [25]. To the author’s knowledge, no study has ever 
adopted SRT procedure to measure the perception of English 
vowel in a training study. Therefore, the purpose of the current 
study is to investigate the effectiveness of perceptual training 
with noise on Chinese EFL learners’ English vowel perception, 
and to explore whether SRT can be a useful metric to quantify 
the vowel perception ability changes in noise. 

II. METHODS  

A. Methods  

A cohort of 20 native Chinese subjects, including 12 males 
and 8 females, participated in the current study. These subjects 
were students from Jiangsu University of Science and 
Technology with ages ranging from 19 to 30 years 
(M=23years.) No subject had reported any hearing or 
language problems, and all the subjects had passed a hearing 

test with pure-tone thresholds≤15dB HL at octave intervals 

between 250 and 8000Hz[26]. Subjects were all from the 
Northern Mandarin dialect spoken region (north of the 
Yangtze River). They were all EFL learners but majoring in 
various courses, and most of them had passed a standardized 
English test required for college students in China (college 
English test band 4, CET-4). These subjects were further 
randomly assigned to a control group and a training group, 
each contained 10 people. The control group only participated 
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in the pre- and post-tests, while the training group received 
intense phonetic training with noise in-between pre- and post-
tests. Subjects were paid for their participation. 

B. Speech Materials  

There were two tasks in both pre- and post-tests, namely 
an English Vowel Reception Threshold (VRT) test and an 
English vowel identification in quiet test. The same materials 
were used in the pre- and post-tests. The English vowels used 
in current experiments were 10 monophthongs /ɪ, i, e, æ, ʌ, ɑ, 
ɒ, ɔː, ʊ, u ː/and 5 diphthongs /eɪ, aɪ, ɔɪ, əʊ, aʊ/. These 15 
English vowels were put in /hVd/ frame and the corresponding 
15 words were heed, hid, head, hade, hard, had, hudd, hod, 
hoard, hood, who’d, hoad, hide, how’d, hoyd. These 15 words 
were all real English words, produced by three native British 
speakers (2 males and one female) in a natural manner, 
yielding a total of 270 tokens (15 vowels×3 speakers×6 
repetitions). 

The training materials were different from those used in 
the pre-test and post-test, including several different CVC 
frames (e.g., /bVd/, /bVt/, /fVd/). Recordings of these 
monosyllabic English words were made from another six 
speakers of British English (4 males, 2 females) who did not 
appear in the pre-test and post-test phase. There were 16 
training sessions in the current study. Each session included 4 
blocks of 150 trials (15 vowels×10 tokens), with 16 sessions 
yielding a total of 2400 trials (16 session ×150 trails). 
Therefore, there were 2400 CVC stimuli altogether in the 
training. 

Speech Shaped Noise (SSN) was used as the noise masker 
in the VRT test and training. The SSN was generated by 
passing white noise through a 50 coefficient filter with the 
shape of the long-term average spectrum derived from 200 
sentences in a British English corpus [27]. All stimuli were 
normalized to have equal root-mean-square (RMS) energy 
and the noise was added immediately prior to presentation. 
The signal-to-noise ratio (SNR) for each stimulus was 
adjusted dynamically according to the same SRT measure 
procedure in [22] and [28] for VRT test, while four levels of 
fixed SNRs were used in training (see sample stimuli in Fig.1). 

 

 

Fig.1. Samples of “hid” stimuli mixed with SSN. Top-left is the 

original clean speech, top-right, bottom-left and bottom-right are 

with SNR at 4dB, 0dB and -4dB respectively. 

 

 

C. Procedures 

1) Overall structure of the experiment: The experiment 

was carried out in a sound treated lab in Jiangsu University 

of Science and Technology, following the pre-test–training–

post-test paradigm. Subjects were asked to finish all the tasks 

individually over 6 consecutive days. Pre- and post-tests were 

carried out in the first and last day, and 4 sessions of training 

were given in-between, one per day. Stimuli were delivered 

via a AKG K271 MkII headphone and a RME Fireface 800 

sound card in all tasks, and the presentation of stimuli and 

collection of responses were controlled by a customized 

MATLAB [29] program. 

2) Forced choice identification paradigm: In the pre- and 

post-tests, subjects finished the English vowel identification 

in quiet test first, followed by the English VRT test. The 15 

alternatives forced choice identification paradigm was used 

in both tasks, in which the subjects were asked to assign the 

vowel they heard in each /hVd/ stimuli to one of the 15 

English vowel categories by clicking the corresponding 

button on a 3×5 on-screen button grid. The 15 /hVd/ frames 

(hid, heed, head, had, hudd, hard, hod, hoard, hood, hood, 

who’d , hade, hide, hoyed, hoad and how’d) were shown on 

the buttons. 

3) VRT test procedure: Different from the vowel 

identification in quiet test, the hVd stimuli were delivered 

together with noise in the English VRT test. The SNR for 

each hVd token was modified dynamically according to the 

history of subjects’ perception responses, following a 2-down 

1-up adaptive procedure [30], and the step size was fixed at 

2dB. For example, if the current SNR for an “hid” token was 

-4dB, and the listener gave an incorrect answer, then the SNR 

for the next “hid” token would be increased to -2dB (1-up). 

If the listener gave a correct answer, then the SNR for the next 

“hid” token would be kept at -4dB. If the listener could 

correctly identify the “hid” token at -4dB again, then the SNR 

for the third “hid” token would be decreased to -6dB (2-

down). The SRT for each vowel was calculated by averaging 

the SNR values for the last 5 tokens for that vowel, and was 

refer to as Vowel Reception Threshold (VRT) by analogy 

with SRT. Previous studies have demonstrated that different 

phonemes have various speech reception thresholds [20], 

[31], and if the initial SNR is set too high, the SRT might not 

be reliable due to the lack of convergence in the last 5 SNR 

values (i.e., where SNR values have been still continuously 

going down for the last few tokens) [22]. In the current study, 

the initial SNRs were set based on individual vowels rather 

than a fixed value for all sounds (see TABLE1), according to 

a pilot study. 

4) Training: The 16 training sessions were conducted over 

4 consecutive days, each containing 4 blocks. The CVCs 

were mixed with SSN at 4 different fixed SNRs of 3, 0, -3and 

-6dB, one for each block. Using different SNR values aimed 

to promote variability in the availability of speech cues in 

different noise level, and to simulate everyday noisy 

environments [16]. Similar to the English VRT test, the 15 

alternative forced choice identification paradigm was 

followed in the training. Subjects had to classify the vowel 

they heard in each CVC into one of the 15 categories. 

However, if the subjects gave an incorrect response, they 

would get feedback immediately, that is, the correct answer 

would be highlighted and the subject had to click the right 

answer and listen again to proceed. 
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TABLE I.  INITIAL SNRS FOR ENGLISH VOWELS 

 

III. RESULTS 

A. Vowel Reception Threshold 

Fig. 2 shows the mean Vowel Reception Thresholds over 
all vowels for control and training groups in pre- and post-tests. 
Repeated-measures ANOVA confirmed that there was a 
significant main effect of test (pre-post) [F (1, 18) = 83.50, p 
< 0.001, ηp

2= 0.823]and a significant main effect of group 
(control-train) [F (1, 18) =10.18, p = 0.005, ηp

2= 0.361]. The 
interaction between test and group was also significant [F (1, 
34) = 21.9, p < 0.001, ηp

2= 0.393]. Further simple effect 
analysis with Bonferroni adjustment revealed that there were 
significant differences of VRT between the two groups before 
training (p = 0.039) and after training (p = 0.002). There was 
a small but significant 4.90dB VRT change for the control 
group after training (6.42dB for pre-test and 1.52dB for post-
test, p < 0.001), while the training group’s VRT had a 
significant 10.71dB decrease (p < 0.001) from pre-test 
(1.14dB) to posttests (-9.58dB). Statistical result confirmed 
that training group had significant larger VRT decrease than 
control group (p<0.05). 

Fig.2. Vowel Reception Threshold before and after training 

B. Identification accuracy in quiet 

  The mean identification accuracy across all 15 vowels for 

both control and training groups in pre- and post-test are 

shown in Fig. 3. Repeated-measures ANOVA indicated that 

there was a significant test effect [F (1, 18) = 63.97, p < 0.001, 

ηp
2= 0.780], a significant group effect [F (1, 18) = 13.26, p = 

0.002, ηp
2= 0.424] and a significant test×group interaction [F 

(1, 18) = 4.87, p < 0.41, ηp
2= 0.213]. Further simple effect 

analysis with Bonferroni adjustment revealed that there was 

a significant difference between the control group (42%) and 

the training group (56%) before training (p < 0.05) and after 

training (55% for control and 79% for training, p<0.001). 

After training, the training group’s performance significantly 

improved (p < 0.001) and a significant change was also found 

for the control group (p < 0.001). Similar to the VRT results, 

statistical analysis confirmed that training group’s 

improvement was significantly larger than the control group 

(23% vs 13%, p<0.01). 

 
Fig.3. Identification accuracy before and after training 

C. Individual Vowels 

  1) Individual vowel’s VRT changes. Individual vowel’s 

VRT changes from pre- to post-test for the training group are 

shown in Fig. 4. It can be seen that all of the vowels 

demonstrated a VRT decrease after training. Paired-samples 

t-test indicated that 11 of them (/aɪ, aʊ, eɪ, ɔɪ, əʊ, iː, ɒ, ɔː, ʊ, 

uː, ʌ /) reached significance (p < 0.05), while the other 4 (/ɑː, 

æ, e, ɪ /) were not significant (p > 0.05). There were 7 vowels 

(/əʊ, eɪ, ʌ, ɔː, ɒ, aʊ, iː /) that demonstrated large VRT decrease 

(over 10dB) after training. The largest VRT change came 

from the diphthong / əʊ /, with a huge 26.44dB decrease after 

training. There were only 3 vowels (/ɔɪ, e, ɑ ː/) showed 

relatively small VRT decrease. In summary, these results 

indicated that training was generally effective in improving 

Chinese learners’ individual English vowel’ perception in 

noise 

 
Fig.4. Individual vowels’ VRT changes from pre-test to post-test 

2) Individual vowel’s identification accuracy changes. 

Individual vowel’s identification accuracy changes from pre- 

to post-test for the training group are shown in Fig. 5. It can 

also be seen that all of the vowels showed an identification 

increase after training. Paired-samples t-test indicated that 

most of them (/aɪ, aʊ, eɪ, ɔɪ, əʊ, iː, ɪ, ɒ, ʊ, uː, ʌ, æ, e /) reached 

significance (p<0.05), while only 2 (/ ɑ ː, ɔː /) were not 

                        

Vowel Initial SNR 

(dB) 

ɪ i: e æ ʌ ɑː ɒ ɔ: 

-6 -6 -6 -6 -6 -6 -8 -6 

Vowel Initial SNR 

(dB) 

ʊ u: eɪ aɪ ɔɪ əʊ aʊ  

-6 -6 -6 -10 -10 -10 -10  
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significant (p>0.05). There were 6 vowels (/əʊ, eɪ, ʌ, ɔː, aʊ, 

iː /) that demonstrated large identification accuracy increase 

(over 20%) after training. The largest identification changes 

also came from the diphthong / əʊ /, with a huge 58% increase 

after training. Only 3 vowels (/ɔɪ, ɑ ː, e/) showed small 

increase. Interestingly, statistical analysis revealed that there 

was a significant negative correlation between individual 

vowel’s VRT decrease and identification improvement (r = 

−0.887, p < 0.001), indicating a general tendency that, for 

Chinese learners, the more their performance improved in 

noise, the more their performance improved in quiet. 

 

Fig.5. Individual vowels’ correct identification changes from pre-test to 

post-test 

3) Individual vowel SNR evolution in VRT tests. Fig. 6 

showed the evolution of SNR presentation for each vowel 

during pre- and post-test for the training and control group 

respectively. Vowel reception thresholds were estimated by 

computing the across-listener mean threshold at each point in 

the presentation sequence, and then taking the mean over the 

final five SNR presentations as the VRT value. For the 

training group, SNR fell from pre- to post-test, and most 

vowels’ SNR became stable after training, which indicating 

an improvement in identifying vowels in noise. While for the 

control group, a few vowels’ SNR showed a slight fall, 

however, almost no vowel’s SNR became stable in the post-

test. 

 

 
Fig.6. Per-vowel SNR evolution in pre and post-test for training group (left) 

and control group (right) 

IV. DISCUSSION  

The primary purpose of this study was to investigate the 
effectiveness of phonetic training with noise on native 
Chinese EFL learners’ identification of English vowels. After 
just 16 sessions of intensive training, Chinese learners’ overall 
English VRT was significantly decreased, suggesting a 
significant improvement of vowel perception ability in noisy 
environment. This result is in line with several previous 
studies’ findings that indicate perceptual training with noise is 

generally an effective method to improve non-native 
perception in adverse acoustic conditions [16], [17], [18], [19]. 
It should be noted that there was also a VRT improvement 
from pre- to post-test for the control group in the present study. 
However, the much larger improvement for the training group 
was solid evidence that the training was effective. The VRT 
decrease for the control group might be due to task repetition 
effect or adaptation to the noise masker, reflecting the 
procedural learning suggested in [22] and [30]. 

Previous studies demonstrated that training under adverse 
conditions can not only benefit non-native perception in 
adverse environments, but can also improve learners’ 
perception performance in quiet condition [16], [17], [18], 
[19]. In the current study, Chinese learners’ overall English 
vowel identification accuracy improved significantly after 
training, providing new evidence that phonetic training in 
noise is an effective way to improve non-native perception in 
all conditions. In a previous training in noise study, an 
improvement of around 48 percentage points was observed for 
native Chinese listeners on English back vowel perception, 
after 6 sessions of training with about 180 training tokens for 
each vowel in total [19]. In the current study, a 23.3 percentage 
points improvement was achieved for native Chinese subjects 
using 160 tokens for each vowel all together in 16 training 
sessions. One possible reason may account for the discrepancy 
of the training effects between the two studies. That is, the 
current study had the pre-training score already above 50%, 
whereas the pre-training score in [19] was only 30%. The 
relative higher score in the current study might leave less room 
for improvement. Moreover, the training effect might be 
affected by a number of factors such as speech materials used 
(e.g., isolated vowels, vowels in CVC syllables or words], 
perception tasks (e.g., phonetic identification or 
discrimination of phonetic contrasts), listening environments 
(quiet or noise), and training frequency and duration (e.g., few 
days vs several weeks) [19]. 

Previous studies derived different results on whether 
training in noise is more effective than training in quiet. [19] 
found that training in noise was more effective than training 
in quiet for vowel perception in both quiet and noise 
conditions. However, [16] demonstrated that training in quiet 
led to better consonant identification performance in quiet 
while training in noise showed some advantages for noise 
conditions. The authors of [16] argued that training in quiet 
can maintain all the spectral and temporal information, while 
training in noise might lose some of them. However, listeners 
undergoing noise-based training might compensate for this by 
learning the noise-robust cues, leading to better performance 
in noise conditions. The current study didn’t directly tackle the 
issue of whether training in noise is more effective than 
training in quiet, however, the fact that there was a significant 
high correlation between VRT decrease and identification 
improvement indicated that Chinese learners could possibly 
benefit from the noise-based training and apply the robust 
perceptual cues they learned to both normal and adverse 
environments. 

A dynamic SRT procedure was applied in the current 
study to investigate Chinese learners’ non-native vowel 
perception in noise. All the vowels showed VRT decrease and 
SNR convergence after training. On top of that significant 
correlation was found between VRT decrease and 
identification improvement, which was similar to a previous 
study that applied SRT procedure in consonant perception 
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[23]. These results suggest that SRT can be a useful metric in 
quantifying the ability changes of non-native sound 
perception in noise, for both vowels and consonants. 

V. CONCLUSION 

High variability phonetic training with noise is a effective 
way to improve learners’ non-native vowel perception in both 
normal and adverse listening conditions. The VRT can be a 
useful metric in quantifying changes of ability for non-native 
vowel perception in noise. 
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