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ABSTRACT 

This paper investigates the effectiveness of two high 

variability phonetic training methods aimed at 

improving the perception of a subset of English 

vowels (/i ɪ æ ʌ ɜː/) and initial and final stops by 

Spanish/Catalan bilinguals. One-hundred L2 

learners of English were divided into 4 experimental 

groups and a control group. Experimental groups 

differed in training method (forced-choice 

identification (ID), AX categorical discrimination 

(DIS) and trained segment (vowels, stops).            

     Participants were tested on their ability to 

perceive the target sounds presented in non-words 

and real words before training, after training and 

two months later. Results revealed that both training 

methods proved effective. However, while the ID 

trainees improved and generalized learning to a 

greater extent than the DIS trainees on the 

perception of L2 Vowels; both training methods 

were equally effective when training L2 stops.  

     These results suggest that modifying the 

perception of different types of segment might 

require different training procedures. 

Keywords: High variability phonetic training, L2 

speech perception, L2 vowels, L2 consonants. 

1. INTRODUCTION 
 

High variability phonetic training (HVPT) has been 

found to have a positive effect on the ability to 

correctly perceive L2 consonant sounds [7, 8, 10, 

22] and L2 vowel sounds [9, 6]. Most studies found 

in the training literature focus on one segment only 

(vowels or consonants). The few HVPT studies that 

have trained both consonants and vowels in a 

controlled manner have reported different degrees of 

success with each segment [1, 3, 17]. For instance, 

Aliaga-Garcia and Mora [1] investigated the effect 

of six two-hour mixed-methods phonetic training 

sessions on the perception and production of the 

initial English stops (/p-b/ and /t-d/) and four 

English vowels (/æ-ʌ/ and /ɪ-iː/) by a group 

Catalan/Spanish native speakers. Whilst perception 

of all trained vowels was enhanced, only two 

consonant sounds improved as a result of the 

training regime.  

   In a different study, Cebrian and Carlet [3] 

assessed the effect of HVPT regime on the 

perception of four English consonant sounds (/v/-/b/ 

and /d/-/ð/) and two vowel pairs (/iː/-/ɪ/and /æ/-/ʌ/) 

by Catalan‐Spanish advanced learners of English.      

   Results pointed to a significant positive effect of a 

phonetic training method for a subset of the target 

consonants and vowels, namely /v/, /d/, /iː/, /ʌ/, /b/. 

The investigators suggested that different factors, 

such as metalinguistic knowledge, word frequency 

and vowel duration might have affected the 

perception of the different sounds. These studies 

(among others) provide empirical evidence that 

despite some similarities between vowel and 

consonant learning [12], these two segments require 

different degrees of effort from L2 learners [18] and 

might require different training procedures [16]. 

   Traditionally, most HVPT studies trained L2 

learners’ perception by means of discrimination 

(DIS) [15, 22] and/or identification (ID) training 

procedures [11, 13]. Despite the widely reported 

superiority of ID training [2,1,13], some studies that 

compared ID and Categorical DIS point to the fact 

that both training methods are effective when 

modifying learners’ perception of L2 sounds [5, 17, 

21]. For instance, Flege [5] directly compared these 

two procedures (AX categorical discrimination and 

forced-choice identification) in a study training 

Mandarin speakers in L2 English final stops. Results 

revealed that both types of training promoted gain, 

generalization and retention of learning to the same 

extent. The current paper reports the results of part 

of a study whose goal was to contrast the effect of 

two phonetic training regimes (ID and Categorical 

DIS) on the perception of L2 English vowels and L2 

English stops by Spanish/Catalan native speakers. 

Moreover, the study aimed at assessing if learning 

acquired through training generalized and was 

retained over a period of two months.  

 

2.  EXPERIMENT 

2.1 Participants 

 

One hundred Spanish/Catalan learners majoring in 

English Studies in a public university in Barcelona 

participated in this study and were divided into four 

experimental groups and a control group (CG). The 

experimental groups were a vowel identification 

group (ID_V), a vowel AX discrimination group 

(DIS_V), a consonant identification group (ID_C), 

and a consonant discrimination group (DIS_C). All 

subjects reported normal hearing and received 

course credit at study completion. Importantly, 89 

participants completed all training and testing tasks 

at T2 and only 63 at T3.  
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2.2 Design and Material 

 
All groups were assessed before training, after 

training and two months later (T1, T2 and T3). The 

experimental groups received training either on 

vowels or consonants by means of non-word 

stimuli. Assessment involved identification of CVC 

non-words and real words, so that real words 

assessed a type of generalization. Moreover, all 

talkers from testing and training differed, so that 

generalization to novel talkers was assessed along 

with the main effect of training. The CG performed 

transcription exercises on the Web transcription 

tool, an open source transcription platform [4].    

   Recordings of six southern British speakers (3 F; 3 

M) provided the training, testing and generalization 

stimuli. Recordings took place in a soundproof 

chamber in an English university and each word was 

recorded three times, with additional repetitions 

whenever necessary. Stimuli were embedded in the 

following carrier sentence It rhymes with “real 

word”, “non-word”. I say “non-word” now; I say 

“non-word” again.  

2.2.1 Testing Stimuli  

Testing stimuli consisted of unmodified CVC non-

words and real words produced by two speakers 

unheard at the training phase. 30 non-words and 10 

real words were used to test the perception of five 

southern British English vowels /æ, ʌ, ɪ, i, ɜː/, and 

24 CVC non-words and 24 real words to test the 

perception of stop consonants placed either on onset 

or coda position. In addition, 16 non-words and 8 

real words involving the vowels /e/ and /ɑː/ were 

included as testing fillers.   

2.2.2 Training stimuli 

Training stimuli consisted of 72 unmodified CVC 

non-words produced by four Southern British native 

talkers (2M, 2F). Every non-word contained one of 

the seven selected English vowels /æ ʌ ɪ iː ɜː e ɑː/ 

and one of the six English stop consonants /p t k b d 

g/ either initially or finally. The exact same words 

were used to train vowels and consonants; however, 

the consonant group was asked to attend to and 

identify the initial and final consonants that were 

part of the stimuli, whereas the vowel groups were 

asked to attend to and identify the vowel sounds 

present in the stimuli.  

2.2.3 Procedure  

 

The native Catalan subjects participated in five 30-

minute training sessions delivered by the freeware 

software TP [19]. Participants were told that the 

purpose of the study was to increase their ability to 

perceive L2 sounds. The DIS groups were trained by 

means of AX discrimination tasks consisting of 288 

trials (576 stimuli) and responded by clicking on 

“same” or “different”. The ID groups were trained 

by means of a 7-alternative forced-choice 

identification task for the vowel group, and a 6-

alternative forced-choice identification task for the 

consonant group. Training involved the same 576 

stimuli, in order to ensure that all groups were 

exposed to the same set of stimuli throughout 

training. Immediate feedback was provided after 

each trial indicating if their perceptual answer was 

correct or incorrect. When incorrect, the correct 

answer was informed. Moreover, global feedback 

was provided at the end of each session indicating 

the total number of hits and errors. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Main training effect and generalization to 

novel talkers 

 
Since training made use of non-word stimuli, the 

main effect of training will be evaluated by looking 

at the amount of gain in perception for non-words. 

Since talkers from testing and training differed, this 

data also reports the effects of generalization to 

novel talkers. The data for vowel trainees will be 

shown first, followed by the data for the consonant 

trainees.  

3.1.1 Vowel training groups 

 

Table 1 shows the percentage correct identification 

of non-words at T1, T2 and gain scores for the two 

groups trained on vowels (ID_V, DIS_V) and the 

CG. Since the groups did not differ statistically at 

pretest (F (2, 51) = .37, p = .68), the effect of 

training was explored by comparing the amount of 

gain for each group by means of a generalized linear 

mixed model (GLMM). Analysis yielded a 

significant main effect of group (F (2, 51) = 53.29, p 

<.01), and pairwise comparisons with a sequential 

Bonferroni correction revealed that both groups 

(DIS_V and ID_V) significantly outperformed the 

controls (p <.01 in both cases) in their improved 

identification of vowels, and that the ID_V 

significantly outperformed the DIS_V (p <.01). 

These results suggest that whilst both training 

methods are effective for training vowel perception, 

ID training may be superior to DIS training in 

directing the learners’ attention to specific L2 vowel 

sounds. 

 
Table 1. Percentage correct identification of non-

words at T1, T2 and gain scores by vowel trainees 

and CG 

       CG    DIS_V      ID_V 

  % (SD) % (SD) % (SD) 

T1 54.1 (9.9) 55.5 (6.5) 52.9 (9.5) 

T2 57.8 (10.2) 65.3 (9.7) 79.1 (13.3) 

GAIN 3.7  9.8  26.3  
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3.1.2 Consonant training groups  

 
Correct identification scores obtained by the 

consonant trained groups and CG at T1 and T2 and 

the respective gain scores are shown in Table 2. A  

GLMM model with position (initial, final) and 

group as fixed effects was conducted on the gain 

scores. Results revealed a significant effect of 

position (F (1, 96) = 11.096, p <.01), a significant 

effect of group (F (2, 96) = 9.662, p <.001), and no 

group by position interaction (F (2, 96) = 2.494, p 

>.05). Bonferroni pairwise comparisons revealed 

that both experimental groups significantly 

outperformed the controls (p <.01) and that the 

trained groups did not differ significantly from each 

other (p >.05). No effect emerged for the final 

consonants, despite the numerical advantage of the 

experimental groups (4.3-5.5% gain) over the 

controls (0.5%). This result indicates that both 

training methods were efficient in changing L2 

learners’ perception of initial stops to the same 

extent. However, no significant improvement was 

found with the final consonant stimuli in the present 

study. This may indicate that changing L2 learners’ 

perception of initial and final consonants require 

different amounts of training time. Recall that the 

sessions that participants received were divided into 

two equal parts, so that both initial and final stops 

could be trained. Taken together, the different 

results for initial and final consonants suggest that 

such a short amount of training is sufficient to 

positively modify L2 VOT perception; however, it 

is not sufficient to modify the perception of final 

stops. 

 
Table 2. Percentage correct identification of non-

words at T1, T2 and gain scores by consonant 

trainees and CG 

  CG DIS_C ID_C 

Initial Stops % (SD) % (SD) % (SD) 

T1 78.1(12.4) 69.5 (9.6) 72.8 (9.5) 

T2 79 (13.4) 82.3 (9.8) 88.7 (7.1) 

GAIN 0.9 12.8 15.9 

Final Stops % (SD) % (SD) % (SD) 

T1 69.1 (7.8) 70 (16.8) 69.9 (8.8) 

T2 69.6 (6.2) 74.3 (7.3) 75.4 (7.0) 

GAIN 0.5 4.3 5.5 

3.2 Generalization to real words  

3.2.1 Vowel training groups 

 
Table 3 shows the percentage correct identification 

of L2 vowel sounds embedded in real words at T1, 

T2, and the amount of gain for each of the three 

groups. The results yielded a significant main effect 

of group, (F (2, 51) = 9.16, p <.001). Sequential 

Bonferroni pairwise comparisons confirmed that 

only the ID_V group outperformed the CG, p <.05. 

Moreover, the ID_V group outperformed the 

DIS_V, indicating that generalization to L2 vowels 

embedded in real words only occurred after 

receiving identification training (p <.01). This result 

points to two important facts. First of all, it provides 

further evidence of the robustness of the ID training 

method, and secondly, it indicates that an ID 

training method is superior to a categorical DIS 

method when promoting generalization to real 

words stimuli, in line with previous research [11, 

22]. A possible explanation for this superiority 

might be connected to the presence of labels in the 

ID task, which provided learners with focus on 

phonetic form (i.e. phonetic symbols and/or 

orthography), which is said to impact speech 

perception [20].   

 
Table 3. Percentage correct identification of real 

words at T1, T2 and gain scores by vowel trainees 

and CG. 

  CG DIS_V ID_V 

  % (SD) % (SD) % (SD) 

T1 72.2 (11) 78.2 (9.7) 73.1 (11.2) 

T2 79.5 (10.3) 79.7 (11.1) 88.5 (9.5) 

GAIN 7.3  1.5  15.4  

 

 

3.2.2 Consonant training groups 

 
The percentage correct identification of L2 stops in 

real words at T1, T2, and the amount of gain for 

each of the three groups are shown in Table 4. 

 
Table 4. Percentage correct identification of real 

words at T1, T2 and gain scores by consonant 

trainees and CG 

  CG DIS_C ID_C 

Initial 

Stops 
% (SD) % (SD) % (SD) 

T1 80.9 (11) 77.5 (10.3) 75.2 (20.8) 

T2 83.2 (10) 81.9 (11.4) 88.3 (5.9) 

GAIN 2.3 4.4 13.1 

Final 

Stops 
% (SD) % (SD) % (SD) 

T1 65.5 (8.2) 69.3 (11.4) 66.7 (8.6) 

T2 68.3 (8.6) 72.3 (7.8) 71.7 (8.0) 

GAIN 2.9 3.1 5.1 

 

A GLMM model with position (initial, final) and 

group as fixed effects was conducted on the gain 

scores and yielded no significant effect of position 

(F (1, 96) =2.27, p >.05), no significant effect of 

group (F (2, 96) = 2.76, p >.05), and no group by 

position interaction (F (2, 96) = 1.79, p >.05). These 

results report no evidence of generalization to real 

words for any of the consonant trained groups. This 
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might be due to the reduced training time allocated 

for each consonant segment. 

 

3.3 Retention effects at T3 

 

This phase of the study assessed whether the 

improvements observed as a result of training were 

maintained after the training regime was over. To 

that effect, participants performed a delayed post-

test two months after the completion of training 

(T3). Importantly, fewer participants completed this 

last test and the total number of participants at this 

phase was less homogeneous among groups. There 

were 9 controls, 17 ID_V trainees, 12 DIS_V 

trainees, 12 ID_C participants and 13 DIS_C 

participants at T3. The results for the subset of 

participants that completed all training stages are 

shown next.  

3.3.1 Vowel training groups 

 
Correct identification percentages by the vowel 

trained groups and the controls at T1, T2 and T3 

were calculated and can be seen in Table 5. The 

three groups performed either numerically higher or 

similarly to T2 in T3, including the CG. 

 
Table 5. Percentage correct identification of non-words 

at T1, T2 and T3 by vowel trainees and CG. 

  CG   DIS_V       ID_V 

  % (SD) % (SD) % (SD) 

T1 56.7 (11.3) 53.0 (4.2) 51.8 (9.7) 

 T2 61.9 (11.1) 62.8 (9.4) 79.7 (9.3) 

T3 63.3 (14) 60.4 (8.2) 80.1 (8.3) 

 
Analyses with time as a fixed effect (T1, T2, T3) for 

each group showed no significant effect of time for 

the CG (F (2, 48) = 1.84, p >.05), confirming that 

this group performed similarly across all three 

testing times. Regarding the trained groups, results 

in each case yielded a significant effect of time (ID: 

F (2, 48) = 51.35, p <.01; DIS: F (2, 33) = 7.62, p 

<.01). Importantly, Bonferroni adjusted pairwise 

comparisons confirmed that the performance at T1 

significantly differed from the performance at T2 

and T3 (p < .001 in both cases). Moreover, the 

results at T3 did not differ from T2 results, revealing 

that L2 vowel learning acquired through training 

was maintained over a period of two months.  

 

3.3.2 Consonant training groups 

 
Correct identification scores for initial stops by the 

subset of participants at the three testing times are 

shown in Table 6. All groups performed 

numerically similarly or better at T3 than at T2, 

showing that no group experienced a large decline 

on the identification scores after two months.  

Table 6. Percentage correct identification of non-words 

at T1, T2 and T3 by vowel trainees and CG. 

  CG DIS_C ID_C 

Initial Stops %(SD) %(SD) %(SD) 

T1 79.2 (15) 71.8 (9.4) 71.0 (10.9) 

T2 82.6 (14.7) 84.6 (9.3) 88.4 (6.8) 

T3 80.2 (13.9) 86.4 (9.7) 84.3 (14.4) 

 

Analyses showed a significant effect of time for 

both trained groups (ID: (F (2, 33) = 11.46, p 

<.001) and DIS: (F (2, 36) = 9.369, p <.01)). 

Bonferroni adjusted pairwise comparisons 

confirmed that the performance at T1 significantly 

differed from the performance at T2 and T3 (p < 

.001 in both cases). Moreover, the results at T3 did 

not differ from T2 results. These results revealed 

that both groups were able to retain initial 

consonant learning two months after the training 

ended, which indicates that robust learning has 

taken place [13]. 

 

4. CONCLUSIONS 

 

This study assessed the effects of two perceptual 

methods and it demonstrated positive changes in L2 

learners’ perceptual abilities as a result of high 

variability phonetic training (HVPT). More 

specifically, the present investigation provided 

evidence that identification (ID) training is more 

effective than discrimination (DIS) training at 

improving perception of L2 vowel sounds, in line 

with some previous studies. This was true both with 

the perception of non-words as well as when testing 

generalization to real words. Nevertheless, 

categorical DIS training was also effective in 

improving vowel perception, even if to a lesser 

extent than ID training. Besides this, both methods 

were similarly found to retain the learning acquired 

through training. As regards to training consonant 

sounds, performance with final stops was not 

successfully enhanced by any of the two short 

training regimes under investigation. On the other 

hand, both ID and categorical DIS methods were 

found to promote gain and retention effects to a 

similar extent when training initial stops differing in 

VOT. This suggests that modifying the perception 

of different types of segment might require different 

training procedures and amounts of training time.  
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