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Abstract 

Prior investigations (Giannakopoulou et al., 2013) have indicated high variability phonetic 

training intervention can help L2 English adult learners change the perception of vowels 

such that they shift their attention to primary cues (spectral features) rather than secondary 

cues (e.g. duration) to correctly identify vowels in L2. This experiment explores if high-

variability training impacts on L2 adult learners’ production of L2 speech. Production 

samples from a prior experiment were used to conduct ratings of accuracy 

(Giannakopoulou, 2012). In the current experiment, the production samples were 

transcribed and rated for accuracy by twenty native English listeners. The intelligibility 

levels of L2 learners’ speech samples as indexed by higher accuracy in transcription were 

observed as having been rated higher following training than prior to training. The 

implications of the results are considered with regard to theories on the connection between 

speech production and perception, and Flege’s (1995) Speech Learning Model. 
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Introduction 

In the domain of L2 spoken language acquisition non-native speakers can struggle with 

non-native phonetic contrasts. It has been, for instance, observed that monolingual 

Japanese speakers have problems with the discrimination of the English /r/-/l/ contrast 

(Goto, 1971). Similarly, monolingual Arabic speakers show difficulty discriminating the 

/b/-/p/ contrast (Flege and Port, 1981). There is evidence that high-variability phonetic 

training (HVPT) can be used to help non-native learners perceive non-native categories 

more accurately. For example, several studies showed that Japanese learners of English 

learned the difference between /r/ and /l/ phonetic categories successfully using HVPT. As 

a result, they were able to use this perceptual learning to understand novel speakers and 

novel tokens (Lively, Logan and Pisoni, 1993; Logan et al., 1991; Yamada, 1993). 

 

HVPT is a unique form of computer-assisted pronunciation training (CAPT) (Thomson, 

2011) where more than one voice is used to generate multiple target sounds of different 

words that are presented in multiple phonetic contexts, and L2 learners need to select the 

label that represents the sound they perceived. They then obtain information on response 

accuracy in the form of instant feedback. The HVPT has been used in prior research to 

enhance listeners’ phonemic identification (Pisoni et al., 1994; Uther et al., 2007) and its 

use in teaching L2 learners with enhanced perception of L2 English vowels (e.g. Nishi and 

Kewley-Port, 2007a, 2008) and consonants (Bradlow et al., 1997) has been well 

documented. 
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HVPT can be contrasted to training that makes use of low variability input (LV), research 

on which first laid the groundwork for devising high-variability training approaches 

(Bradlow, 2008). In LV training approaches, trainees are presented with stimuli that are 

produced by only one talker (e.g. Strange and Dittman, 1984). One of the first studies to 

use a low-variability approach had Japanese speakers undergoing training on the English 

[r]–[l] contrast by raising learners’ sensitivity to small differences between the speech 

sounds (Strange and Dittman, 1984). The training evaluated the extent to which the trained 

stimuli and training task could be learnt and it assessed the extent to which there can be 

generalizability to novel stimuli and novel task. It was found that although Japanese 

trainees’ responses to synthetic stimuli could be modified with discrimination training, 

there was no generalization to words that were naturally produced (Strange and Dittman, 

1984).  

 

A later study that trained Japanese listeners on the same contrast using the low variability 

training approach aimed to find out whether presenting exaggerated exemplars that can be 

discriminated at the beginning of the training could lead to a generalization of exaggerated 

exemplars to less exaggerated exemplars. As a result, it was hypothesized that when the 

acoustic distance between training stimuli is gradually reduced, listeners could eventually 

discriminate between natural exemplars (McCandliss et al., 2002). The study found that 

the training group did indeed reveal enhanced native like identification and discrimination 

after training. However, no significant differences existed between the trained and 

untrained groups during testing on a new continuum of the contrast. 

 



 5 

Previous studies that made use of both HV and LV input in second language phonetic 

training, showed that although both HV and LV groups consisting of Cantonese learners 

of English revealed improvement after being trained on English vowel contrasts for ten 

sessions, the HV group did outperform the LV group, with the HV group also generalizing 

more on identification tasks (Wong, 2012). Similarly, a training study that trained Dutch 

learners of Japanese on a consonant contrast for five sessions provided evidence for HV 

training resulting in better learning and generalization in an identification task compared 

to training with LV input (Sadakata and McQueen, 2013). 

 

These findings on the differential effects of HV and LV training have been replicated by 

more recent research. For example, a study that trained adult Spanish learners on a French 

vowel contrast via a production training that included either HV or LV talker input, showed 

after three training sessions that though accuracy in production did enhance for both HV 

and LV conditions, only in the HV condition was there a generalization to stimuli presented 

by a novel speaker (Kartushina & Martin, 2019). It was also found that compared to the 

LV condition, the HV condition revealed more stable speech productions. 

 

It has been suggested that high-variability phonetic training not only has a positive effect 

on the ability to distinguish non-native phonemic contrasts, but it can also positively affect 

speech production to render more towards native-like production (Bradlow et al., 1997). 

For example, L1 Japanese speakers’ perception training that led to improved identification 

of English /r/-/l/ also resulted in the improved production of English /r/-/l/ following 

training because production samples were of higher intelligibility than prior to training 
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(Bradlow et al., 1997). Prior investigations have shown L2 speakers’ accuracy in 

pronunciation was able to influence native English listeners’ general level of intelligibility 

of L2 speech (Purcell and Suter, 1980; Varonis and Gass, 1982). It can therefore be said 

that perceptual learning is able to assist L2 speakers in gaining a non-native perceptual 

contrast. A transfer of perceptual learning by L2 speakers onto their L2 speech production 

can clearly occur. Thereby we can understand how L2 speakers’ process of learning non-

native phonetic contrasts can influence their regulation over how that contrast is generated 

(Bradlow et al., 1997). 

 

Bradlow et al. (1999) were the first to demonstrate enhanced perception and production of 

/r/-/l/ minimal pairs. Here Japanese trainees’ production was evaluated by among others 

presenting American English listeners with word stimuli in minimal-pair identification and 

open-set transcription tasks. Since then, subsequent perceptual training studies that used 

different languages were able to show significant improvements in production after 

perceptual training (Lambacher et al., 2002; Wang et al., 2003; Thomson, 2011; Huensch 

and Tremblay, 2015). For example, Wang et al. (2003) had American native speakers 

undergoing training to perceive Mandarin tones to find out if learnt contrasts could be 

perceptually transferred to production. Participants produced a set of Mandarin words prior 

to and following training that native Mandarin listeners assessed in an identification task. 

Results showed significant tone production enhancement following perceptual training, 

with improved production extending to novel stimuli (Wang et al. 2003).  
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Recently, connections between speech perception and speech production were also 

reported by studies that trained Cantonese learners on English vowel contrasts (Wong, 

2014, 2015b) and that used contrasts set in wider settings of discourse (Huensch, 2016). 

Similarly, more recent research, in which Argentinian L2 learners of English underwent 

perceptual training in the acquisition of word-initial voiceless stops, revealed improved 

performance in the productions of /p/ and /t/ from pre-test to post-test (Alves and Luchini, 

2017). 

 

One study trained 22 Mandarin learners to recognise ten Canadian English vowels that was 

generated by 21 native speakers (Thomson, 2011). Target vowels were presented in 

monosyllabic frames by means of a HVPT technique to provide L2 learners with multiple 

speakers and contexts in which vowels were learnt. Learners indicated their response 

through the selection of one of the ten salient pictures that represented each vowel category. 

Learners were provided with both visual and auditory feedback. It was found that training 

significantly enhanced learners’ vowel intelligibility in both trained and untrained contexts 

(Thomson, 2011). Similarly, a more recent study explored the impact of perceptual training 

on Korean L2 learners’ perception and production of English syllable structures reported 

perceptual training to improve production and generalizability to new word stimuli and 

speakers in production and perception thereby pointing out that the production and 

perception systems in L2 are connected (Huensch and Tremblay, 2013). 

 

Similar as in the case of Thomson’s (2011) training study the perceptual training study by 

Giannakopoulou and colleagues (2013) intended to discover if L2 listeners’ attention can 
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be turned to information, particularly cues important for performing accurate perceptual 

identification so that during their identification and discrimination between L2 phonetic 

segments, they can accurately weight the cues (Giannakopoulou et al., 2013). Specifically, 

L2 learners underwent training with natural and modified duration stimuli with a minimal 

pair list on the tense-lax /i:/-/I/ vowel contrast. Similar to prior research that yielded an 

enhanced perceptual effect in Japanese learners of L2 English with regard to the /r-l/ 

contrast (Nishi and Kewley-Port, 2007a), the training protocol in Giannakopoulou et al. 

(2013) consisted of Greek learners of L2 English being trained on a smaller number of 

word pairs and being exposed to a higher number of word pairs during testing to investigate 

if learning can be generalised. Specifically, the pre- and post-training tests used trained and 

untrained words articulated by an unfamiliar speaker. Only the Greek speakers took part in 

the training, with ten participants undergoing training on natural duration stimuli, while ten 

other participants underwent training on modified duration stimuli (Giannakopoulou et al., 

2013). The comparison between Greek and English speakers on how they use duration and 

spectral information was the focus of the pre-training test session. By contrast, the post-

training test session was conducted to find out if training significantly influenced cue 

weighting and vowel perception. 

 

Pre-training test findings indicated English native speakers applied duration cues as 

secondary cues, and made use of spectral cues as primary cues. However, Greek learners 

of L2 English made use of duration cues as primary cues, which is indicated by their 

decreased performance for the tasks in which spectral information determined 

identification and discrimination performance (Giannakopoulou et al., 2013). Within the 
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condition in which training made use of natural vowel stimuli, post-training findings 

showed Greek L2 speakers of English to weight spectral cues as secondary, while 

weighting duration cues as primary. By contrast, within the condition, in which training 

made use of modified duration stimuli, performance was enhanced for the modified 

duration stimuli tasks as well as natural duration stimuli in the post-training test.  

Overall, the result that high-variability perceptual training can assist in the re-learning of 

perceptual weighing of cues implies that HVPT seems to represent a stable technique to 

enhance results in perceptual identification, and in the acquisition of speech sound 

categories within a second language. It was also demonstrated that learning was generalised 

in that L2 learners did generalise to untrained words (Giannakopoulou et al., 2013), a trend 

also observed by Thomson (2011) as discussed earlier. The present study adds to the 

existing literature exploring whether native Greek speakers of L2 who underwent HVPT 

not only showed a difference in perception (Giannakopoulou, 2012; Giannakopoulou et al., 

2013), but also whether this resulted in differences in production (specifically increased 

intelligibility) when producing the trained L2 vowels. 

 

Thus, the aim of this experiment was to find out if perceptual training enhances production 

as evaluated through an orthographic transcription task that was completed by native 

English listeners. This would help assess the extent to which the Greek adult trainees’ 

production changes through HVPT, specifically in enhancing overall word intelligibility. 

Based on prior investigation (e.g. Bradlow et al., 1999), the hypothesis was posited that 

speech as generated by the Greek adult trainees will be more intelligible after perceptual 

training than before. Based on previous research the current study included a word 
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condition (e.g. Bradlow et al., 1997, 1999), and also included a sentence condition to find 

out if the effect of HVPT on words does also extend to words produced within a sentence 

environment. 

 

Method 

Design 

A within-subjects design was used for the orthographic transcription task. The independent 

variables are represented by time (pre- versus post-training), item type (word or sentence 

type), and speaker (speaker 1-8). The dependent variable includes intelligibility, the 

measurement of which occurred via the task of orthographic transcription. 

 

Participants 

Eight native Greek learners of L2 English participated in the speech recording task. All 

participants were female, aged 20-30 years (mean age 27.4) and acquired their education 

in English as L2 that ranged between 8-9 years at school in Greece, and had spent not more 

than 2 weeks in an English-speaking environment (see Giannakopoulou et al., 2013 for 

further details on the non-native participants). Native speakers’ samples were taken from 

two monolingual native English speakers (2 female) aged 20 (mean age 20) to compare 

native listeners’ rating performance on both non-native and native samples. They were 

undergraduate students recruited from university and who received course credits for their 

participation.  
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A separate set of 20 listeners was recruited to rate the non-native and native speech 

samples, who were native speakers of English (16 female, 4 male) (mean age 19) from the 

Southeast England region. Each of them declared to have regular hearing and orthographic 

abilities. They were undergraduate students who were recruited from university. They 

received course credits for their participation. 

 

Materials and Apparatus 

Recording Materials with native and non-native Speakers 

Materials in the current study consisted of minimal pair words and sentences. Words, for 

instance, were ‘sit’ and ‘seat’. Sentences, for instance, were ‘Please take a seat’ and ‘Sit 

down please’ (see the Appendix for more information). 

The materials of the current study were produced by a group of native English speakers 

and a group of native Greek learners of L2 English. Specifically, in the current study native 

English speakers’ samples were taken from two monolingual native English speakers using 

a digital voice recorder (VN-712PC Olympus). The monolingual English speakers were 

recorded reading out aloud the list of words and sentences in a clear voice.  

 

The speech stimuli produced by native Greek speakers as learners of L2 English were taken 

from a previous training study (see Giannakopoulou et al. 2013) who read out in a clear 

voice the same list of words and sentences before and after undergoing HVPT. They were 

recorded using a digital voice recorder (VN-712PC Olympus) with a microphone (Andoer 

Microphone Sidande Mic-01) attached.  
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Training material in Giannakopoulou et al. (2013) 

The training stimuli were generated via 2 male and 2 female speakers in what is deemed 

typical Southern British English. They were presented in two styles: with a normal and a 

modified vowel duration. The training stimuli included nineteen minimal pairs of words. 

 

 

Rating Materials with native Speakers 

The minimal pair words and sentences formed the samples that were rated by the native 

English listeners in the present experiment. The display of stimuli occurred on a laptop 

with the e-prime software installed (Schneider et al. 2002a, b) via headphones (Sennheiser 

HD429) at a comfortable listening volume. Each participant’s responses, which were 

submitted using the computer keyboard, were documented via the e-run software 

application.  

 

Procedure 

Training procedure in Giannakopoulou et al. (2013) 

The HVP training included ten 30-minute sessions over a two-week duration. Participants 

were presented with minimal pairs, with each word of the pair being presented in an 

auditory and a visual mode. Every training session consisted of 304 trials that were 

delivered randomly. There was a four-time presentation of each minimal word pair. The 

visual stimuli stayed on the screen until the participant responded with a mouse click on 

the selection of words on the screen (see Giannakopoulou et al. 2013).  
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After each trial, participants received feedback and had the opportunity to listen to the 

auditory stimulus. Participants were also given the opportunity to correct themselves in 

‘Correction’ trials that were presented when they gave incorrect responses. Feedback on 

correct and incorrect responses was delivered via happy and sad cartoon animations 

respectively. In addition, every correct answer led to the presentation of a coin, with the 

amounts of coins giving information on the number of correctly answered trials. There was 

a training of ten participants on the natural duration stimuli, while ten other participants 

underwent training on the modified duration stimuli (see Giannakopoulou et al. 2013). 

 

Recording Procedure with native and non-native Speakers 

The speech samples were produced by eight native Greek learners of L2 English who read 

out in a clear and loud voice the list of words and sentences (see Materials for a description 

of the stimuli contained in the list) prior to participating in the pre-test and HVPT sessions. 

The same procedure was repeated after participants had completed all perceptual training 

sessions and the post-test as reported in Giannakopoulou et al. (2013). Two recordings 

were produced by each participant (before and after perceptual training). Although in 

Giannakopoulou et al. (2013) more participants completed the perceptual training protocol, 

recordings for production data was only available for 8 participants in the current study. 

All participants completed a short demographic and linguistic questionnaire. This study 

was ethically approved by the Ethics committee at the Psychology Department at 

university. All participants filled in a consent form prior to participating and were debriefed 

following participation.  
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The native speech samples were produced by two monolingual English speakers who read 

out in a clear and loud voice the same list of words and sentences as the non-native Greek 

speakers. The native speech samples were collected to compare native listeners’ rating 

performance on both non-native and native samples. The two monolingual English 

speakers completed a short demographic and linguistic questionnaire. They filled in 

consent form prior to participating and were debriefed following participation. This study 

was ethically approved by the Ethics committee at the Psychology Department at 

university. 

 

Rating Procedure with native Speakers 

In the rating task, twenty native English listeners completed a transcription and a 

confidence rating task. They carefully listened to every word stimulus and typed out using 

the keyboard within the space that was displayed on the screen what they heard. The 

orthographic transcription task represented a measurement of intelligibility of speakers’ 

speech (Giolas and Epstein, 1963; Tikofsky and Tikofsky, 1964; Yorkston and Beukelman, 

1981; Garcia and Cannito, 1996; Hustad, 2008). Participants then indicated on a Likert 

scale from 0-6 how confident they were in how accurate their transcription was (0=very 

confident; 6=not very confident at all). The presentation of a novel word stimulus occurred 

500 milliseconds following listeners’ rating of their confidence in their transcription. An 

arrow that appeared for 200 milliseconds indicated the presentation of the next word. The 

software e-prime was used to conduct the session. There was a random presentation of 

stimuli. 
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This study was ethically approved by the Ethics committee at the Psychology Department 

at university. All participants filled in a consent form prior to participating and were 

debriefed following participation. 

 

Data Analysis 

To analyze the transcription of the words and sentences (see supplementary materials for 

full list of words and sentences), a three-way within-subjects ANOVA (time, speaker, item) 

was made use of. The words and sentences were generated prior to and following the HVPT 

by L1 Greek learners of L2 English. Comparable to previous investigations (Bradlow and 

Bent, 2002; Bradlow and Alexander, 2007; Smiljanić and Bradlow, 2011; Munro and 

Derwing, 1999; Lane, 1963), no word candidates by native speakers were accepted in this 

transcription task where there was an incomplete match of the word in the stimulus 

utterance. When transcribed words were identified totally correctly, they were accepted. 

With this approach there was no ambiguity about whether near hits occurred because of 

typos or the presented word was not really identified. Thus, transcription data were 

analyzed on a binary basis, with words that are correct without ambiguity receiving the 

highest score of 1, while those that were unambiguously incorrect received the lowest score 

of 0. Responses were then averaged across words and sentences for each rater.  

Results 

Transcription 

The boxplots below compare native listeners’ transcription of the two native English 

speakers and the eight non-native speakers of English. The plots show that at both word 

level (see Figure 1) and sentence level (see Figure 2), native English speakers on the whole 
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were perceived as more intelligible than the non-native speakers of English, with apparent 

more pronounced differences between native and non-native speakers at word level.  

 

Figure 1: Average marker of the two native speaker’ speech samples (NS1 and NS2) and boxplots of the non-

native speakers’ speech samples as transcribed by native listeners at word level. 
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Figure 2: Average marker of the two native speaker’ speech samples (NS1 and NS2) and boxplots of the non-

native speakers’ speech samples as transcribed by native listeners at sentence level. 

 

The data showed higher accuracy in the transcription of samples produced at word level (F 

(1, 19) =11.081; p < .05; η²p = .368; see Figure 3) and sentence level (F (1, 19) =12.679; p 

< .05; η²p = .400; see Figure 4) following HVPT compared to baseline accuracy. This 

suggests that there is improved intelligibility after high-variability phonetic training.  

 

Figure 3: Native speakers’ transcription accuracy of Greek speakers’ speech samples at word level. Error 

bars show +/- 1 standard error from the mean. 
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Figure 4: Native speakers’ transcription accuracy of Greek speakers’ speech samples at sentence level. Error 

bars show +/- 1 standard error from the mean. 

 

There was an interaction between time and speaker at word level (F (7, 133) = 4.379; p < 

.05; η²p = .609; see Figure 5) and sentence level (F (7, 133) = 2.589; p < .05; η²p = .120; 

see Figure 6), which indicates intelligibility improved for some speakers from pretest to 

posttest. 
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Figure 5: Native speakers’ transcription accuracy of Greek speakers’ speech samples in interaction with time 

(pre; post) at word level. 

 

 

Figure 6:  Native speakers’ transcription accuracy of Greek speakers’ speech samples in interaction with time 

(pre; post) at sentence level. 
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As expected, the finding that post-training accuracy levels improved after training 

compared to baseline accuracy confirms that vowel intelligibility can be improved through 

high-variability training at word and sentence level for L2 learners’ not only perception but 

also is arguably transferred to production of L2 speech. This result appears to confirm the 

benefit of using stimuli from a multiplicity of speakers and phonetic contexts, and of 

targeted training. In particular, high-variability phonetic training, in which specific cues 

are absent, and one attends to important ones, could be considered to potentially assist L2 

learners in perceptually reorganising cues, so that cues, which initially were regarded as 

secondary cues, are turned into primary ones (Lively, Logan & Pisoni, 1993; Logan et al., 

1991; Yamada, 1993). This could convert the perceptual advantage of improving 

identification and discrimination of non-native speech contrasts into practical use during 

L2 speech production (Bradlow et al., 1997, 1999).  

 

By suggesting that high-variability perceptual identification training can positively impact 

on L2 learners’ perception and production of L2 speech, this study could be regarded to 

support prior research that showed perceptual improvement that followed high-variability 

training perceptual improvement could be moved to L2 learners’ production of L2 speech 

(e.g. Lambacher et al., 2005; Lengeris, 2008; Huensch, 2016; Wong, 2014; 2015b). This is 

also in line with studies that have demonstrated the same effect on L2 learners’ perception 

and production of L2 speech using perceptual training methods (Logan & Pruitt, 1995; 

Ylinen et al., 2010). This outcome is in line with the conclusions of a recent meta-analysis 

that reviewed literature of the past 25 years to understand the question whether perception 
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training can enhance the production of phonemes in L2 (Sakai & Moorman, 2018). 

Specifically, it was shown that if perception training was strictly regulated, it resulted in 

medium-sized enhancements in speech perception (d = 0.92, SD = 0.96) and small 

enhancements in speech production (d = 0.54, SD = 0.45).  

 

In Giannakopoulou et al.’s study (2013) the HVPT was of perceptual nature and Greek 

adult learners did not receive explicit training in speech production compared to prior 

investigations (e.g. Kartushina et al., 2015; Kartushina & Martin, 2019) that trained L2 

learners on L2 vowels with production training to investigate the link between production 

and perception. The finding of improved intelligibility in L2 speech production in the 

current study therefore can be considered to have occurred due to acquired knowledge from 

the perceptual domain to the production domain, especially as pre-training test results were 

at chance level for the L2 learner group as reported in Giannakopoulou et al. (2013). The 

finding of perceptual learning being transferred onto speech production could be explained 

by the possibility that during high-variability training L2 speakers might have undergone 

a perceptual adjustment to the gestural features of the English /i:/ and /I/ distinction 

(Fowler, 1986), which is not present in their L1 (Evans & Martín-Alvarez, 2016; Lively, 

Logan & Pisoni, 1993; Ylinen et al., 2010). Specifically, based on the information they 

received from the auditory mode, it can be suggested that the Greek L2 adult learners did 

change their L2 /i:/ and /I/ phonetic categories (Fowler, 1986), as a result of perceptual 

training (Grenon, Kubota, & Sheppard, 2019). 
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According to this direct-realist approach, L2 speakers’ /i:/ and /I/ phonetic categories might 

have been more accurately defined after the high-variability training, which then must have 

directed their L2 speech production at post-test (Fowler, 1986). This view suggests that the 

L2 speakers’ modifications to their phonetic categories can be seen in both speech 

perception and production. Support for this view comes from a recent study (Evans & 

Martín-Alvarez, 2016) that trained Spanish speakers on the English /i/-/ɪ/ contrast, and that 

suggested that perceptual training could be sufficient to at least partly enhance the 

production of phonemes. 

 

Compared to the direct-realist approach, the motor theory assumes that speech production 

and speech perception share a collective representation in form of a phonetic module that 

mediates both processes of speech perception and speech production (Liberman and 

Mattingly, 1989). In contrast to the direct-realist approach, the motor theory therefore 

posits that speech perception and speech production are more closely connected. By this 

view, the observed enhancement in L2 speech production by adult L2 learners could be 

theorised to be the result of adult L2 learners modifying their articulatory commands during 

the perceptual training. According to this view, the subsequent alterations to the adult L2 

learners’ internal phonetic representation that is shared by the domains of perception and 

production could be considered to explain the observed effect of perceptual learning onto 

enhanced speech production (Liberman & Mattingly, 1989). Accordingly, the motor 

system is considered to be used for the process of speech perception (Galantucci, Fowler 

& Goldstein, 2009). This would also be in line with findings from imitation and shadowing 

(that is direct repetition without requesting imitation) experiments that indicated a dialogue 
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between speech perception and speech production (Goldinger, 1998; Goldinger et al., 

2000). Accordingly, phonetic properties that one perceives can influence phonetic 

properties that one produces on a quite brief time-scale. 

 

Although the present data do not conclusively support the direct realist approach or the 

motor theory, the result that adult L2 learners’ perceptual learning improved their 

intelligibility in L2 speech production without any direct training in speech production, 

indicates that a mental representation exists that is shared by the perceptual domain and the 

production domain, and that integrates the processes of speech perception and production. 

In that regard, the present data are in line with the direct-realist approach and the motor 

theory. 

 

Though in the present study individual differences between L2 speakers in producing 

English as L2 that is perceived as intelligible were evident, the observation of increased 

intelligibility in L2 learners’ speech as result of high-variability training could be 

considered to support the Speech Learning Model (SLM) by Flege (1995). This model 

argues that the amount of experience L2 learners have with L2 can positively influence L2 

learners’ pronunciation accuracy. In Giannakopoulou (2012)’s training study L2 learners 

were exposed to increased quantity and quality of phonetic experience in L2 English in 

form of stimuli from a multiplicity of speakers and phonetic contexts during HVPT, which 

in the present study led to an improved performance in intelligibility at word and sentence 

level by Greek L2 adult learners at post-training test. The observed higher intelligibility in 

L2 learners’ speech after training can therefore be considered to provide support for SLM. 
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Moreover, according to SLM, L2 speakers can improve in L2 speech production through 

perceptual training when the auditory-acoustic phonetic space utilised for both speech 

perception and production is reorganised. The present data with regard to intelligibility 

support the SLM by showing that in adult second-language learning shifts in perception 

could be transferred to changes in production. 

 

The original study by Giannakopoulou et al (2013) included in total 20 participants, of 

which ten participated in a perceptual training condition that used natural duration stimuli, 

and ten took part in a perceptual training condition that used modified duration stimuli. It 

should be noted that, for the goal of the present experiment, the ten adult participants who 

had participated in the natural duration condition were asked to record samples before and 

after HVPT training as the natural duration condition exposed them to what is a 'natural' 

sounding input they had during perceptual training. However, due to incomplete data 

recordings, there were only eight non-native speakers whose samples were evaluated for 

intelligibility in the present experiment. The small amount can be argued to limit the 

generalization of the current finding.  

 

Moreover, one needs to point out that the present experiment did not include a control 

group of native Greek learners of L2 English who did not undergo HVPT or who underwent 

a different type of training. Therefore in contrast to prior research, (e.g. Bradlow et al., 

1999), the current study did not compare the performance of the non-native speakers’ 

speech production to the speech production of a control group whose L2 speech production 
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was assessed by native English listeners. Such a comparison would have been useful to 

fully confirm the effectiveness of HVPT for the intelligibility of non-native speakers’ 

speech production. It could therefore be argued that the improvements in intelligibility as 

shown by the native Greek learners of L2 English in the current experiment could have 

come from testing at pre-test and post-test level and not from HVPT training. 

 

The outcomes of the current experiment also lead one to ask if the approach of high 

variability provides a larger advantage when it comes to creating a long-term improvement 

in speech production compared to different techniques such as low-variability training 

interventions (e.g. Strange and Dittman, 1984). The main advantage of the high-variability 

procedure regarding perceptual learning is that it leads to learning that is highly 

generalized. This approach can be considered as specifically valuable when it comes to 

enhancing speech production since speech production involves knowing how phonetic 

categories can differ in various segmental and prosodic contexts. Future research could aim 

to understand how low-variability training might assist non-native learners’ acquisition of 

non-native phonetic categories, and how its effects might differ from high-variability 

approaches when it comes to producing intelligible speech.  

 

Future research could therefore make efforts to understand to which extent variability in 

the input actually represents an advantage for adult second-language learners in acquiring 

non-native speech sounds (e.g. Sinkevičiūte et al., 2019). One source of concern here is 

that since the existing literature in the field of psychology is affected by publication bias, 

where non-significant results are not reported or might not be included in journals 
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(Rosenthal, 1979), it is unlikely that phonetic training studies that will be conducted and 

might not find any benefits of variability on generalization will be published. It also has to 

be noted that compared to what was included in past phonetic training studies (e.g. Evans 

& Martin-Alvarez, 2016) in terms of sample size, to find significant differences between 

HV and LV training, future phonetic training studies would need to use considerably large 

sample sizes (Dong et al., 2019). 

 

Future research could therefore make use of a higher number of L2 learners who could 

participate in the high-variability perceptual identification study (e.g. Dong et al., 2019), 

and a higher number of participants per condition (Clopper and Pisoni, 2004; Perrachione 

et al., 2011), include a larger set of vowels in training rather than selected vowel contrasts 

(Hwang and Lee, 2015; Nishi & Kewley-Port, 2008), and make use of a longer training 

period (Strange and Dittmann, 1984), and longer training sessions (Aliaga-Garcia, 2020). 

Future research could use samples in the perceptual rating study that were recorded in a 

natural setting with experimental control over confounding variables. 

 

What future investigations also could do is carrying out accent ratings to evaluate the 

strength of L2 learners’ accents before and after undergoing high-variability training. 

According to SLM, it is the high use of L1 that creates the stronger accent in L2 speech in 

L2 learners than in low-L1-use L2 learners (Flege et al., 1997). This can occur due to both 

L1 and L2 phonetic elements being co-activated when L2 learners produce L2. Similar to 

previous research (Bradlow et al., 1997), it would be of relevance to explore if improved 

perception and improved production did occur in parallel in each adult L2 learner. This 
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would allow one to see whether the processes of speech perception and production occurred 

at the same rate in each adult L2 learner. Thus, future research could compare the extent of 

improvement in each adult L2 learner’s speech perception and production and find out if 

those with the most enhanced performance in perceptual learning do also improve the most 

in speech production. 

One could speculate and find similar to prior research (Bradlow et al., 1997) that the 

processes of speech production and perception might not proceed at the same rate in each 

adult L2 learner. This would be in support of previous evidence that showed that though 

speech production and perception are intimately connected, learning within the area of 

production does not necessarily follow learning in the perceptual domain (Goto, 1971; 

Sheldon and Strange, 1982; Yamada et al., 1994), thus suggesting that the processes of 

learning underlying in these areas seem different in individual adult L2 learners. 

 

In conclusion, following on the previous study in which high-variability training was found 

to positively influence Greek L2 adult learners’ vowel quality identification and 

discrimination, the present study appears to provide evidence in support of the speech 

learning model (SLM) by Flege, and for the usefulness of the high-variability training in 

improvement of L2 production. 

  

Specifically, this study appears to suggest that by providing increased quantity and quality 

of phonetic experience in the form of stimuli from a multiplicity of speakers and phonetic 

contexts, the high-variability approach can lead to enhancing L2 learners’ production of 

L2 speech in terms of intelligibility. However, more research is needed with a larger sample 
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size and the inclusion of a control group to fully substantiate the effectiveness of HVPT 

for enhancing non-native speakers’ extent of intelligibility in their speech production in 

English as a second language.  

Word count: 5925 words 
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Appendices: Supplementary Materials 

List of words and sentences 

Blip 
Bitter 

Bleep 
Beater 

Itch 
Fit 
Fist 

Each 
Feet 
Feast 

Lick 
Litter 

Leak 
Litre 

Sit 
Slip 
Ship 

Seat 
Sleep 
Sheep 

 
 
• He eats salad and is very fit. 
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• He has smelly feet. 
 
• Please, take a seat. 
 
• Sit down, please. 
 
• He likes feeding the sheep. 

 
• I love my sleep and cannot get up in the morning. 
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Figure 4 
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Figure 6 
 
 
 
 
 
Figure captions 
 
Figure 1: Average marker of the two native speaker’ speech samples (NS1 and NS2) and boxplots of the non-

native speakers’ speech samples as transcribed by native listeners at word level. 

Figure 2: Average marker of the two native speaker’ speech samples (NS1 and NS2) and boxplots of the non-

native speakers’ speech samples as transcribed by native listeners at sentence level. 

Figure 3: Transcription accuracy of Greek-speakers’ speech samples by native speakers at word level. Error 

bars show +/- 1 standard error from the mean. 

Figure 4: Transcription accuracy of Greek speakers’ speech samples by native speakers at sentence level. 

Error bars show +/- 1 standard error from the mean. 

Figure 5: Transcription accuracy of Greek speakers’ speech samples by native speakers in interaction with 

time (pre; post) at word level. 

Figure 6: Transcription accuracy of Greek speakers’ speech samples by native speakers in interaction with 

time (pre; post) at sentence level. 
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