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Abstract 

High-Variability Phonetic Training (HVPT) has been shown to 
be effective in improving the perception of even the hardest 
second-language (L2) contrasts. However, little is known as to 
whether such training can improve phonological processing at 
the lexical level. The present study tested whether this type of 
training also improves word recognition. Adult proficient 
French late learners of English completed eight online sessions 
of HVPT on the perception of English word-initial /h/. This 
sound does not exist in French and has been shown to be 
difficult to process by French listeners both on the prelexical 
(Mah, Goad & Steinhauer, 2016) and the lexical level (Melnik 
& Peperkamp, 2019). In pretest and posttest participants 
completed an identification task as well as a lexical decision 
task. The results demonstrated that after training the learners’ 
accuracy had improved in both tasks. The theoretical and 
applied implications are discussed.  

Keywords: second language acquisition; lexical processing; 
word recognition; speech perception; phonetic training 

Introduction 
It is well known that producing and perceiving non-native 

speech sounds can be very challenging (for reviews, see 
Piske, MacKay & Flege, 2001; Sebastián-Gallés, 2005). In 
the realm of perception, much research has shown that with 
auditory training, the difficulty of perceiving even the hardest 
non-native sounds can be reduced. The most common 
training paradigm used to improve second language (L2) 
perception is High-Variability Phonetic Training (HVPT). 
HVPT uses multiple natural exemplars of the target sounds 
in a variety of phonetic environments. This variability 
enhances the process of building novel phonological 
categories. Importantly, perceptual training involves 
immediate corrective feedback that provides information to 
participants about their performance and promotes rapid 
learning by driving the learner’s attention to the relevant 
phonetic cues of the sounds to be learned (Homa & Cultice, 
1984; Logan, Lively & Pisoni, 1991). The effectiveness of 
this technique has been shown in many studies in a variety of 
languages, using several target contrasts and structures, 
including vowels (Carlet & Cebrian, 2014; Lee & Lyster, 
2016), consonants (Kim & Hazan, 2010; Shinohara & 
Iverson, 2018), tones (Wang et al. 1999; Wang, Jongman, & 
Sereno, 2003), and syllable structure (Huensch & Tremblay, 

2015). Moreover, both high- and low-proficiency speakers 
benefit from HVPT (Iverson, Pinet & Evans, 2012), and 
HVPT generalizes to new tokens and new speakers (Lively et 
al., 1994; Okuno & Hardison, 2016). Finally, it gives rise to 
long-term retention of the new categories (Lively et al., 
1994), and it helps to improve L2 production (for a review, 
see Sakai & Moorman, 2018). 

Although the effectiveness of HVPT is well studied, most 
previous work focused exclusively on prelexical perception, 
using identification or discrimination tasks. The difficulty 
with the perception of L2 sounds, though, is paralleled by less 
efficient lexical processing (e.g., Pallier, Colomé & 
Sebastián-Gallés, 2001; Weber & Cutler, 2004). Thus, truly 
successful training should also enhance performance at the 
lexical level. While prelexical processing only involves a 
phonetic analysis, lexical processing is more complex as it 
additionally requires mapping the incoming speech signal 
onto phonological representations stored in memory, and the 
performance gap between native and non-native listeners in 
L2 speech perception increases as the tasks have greater 
lexical involvement (Díaz et al., 2012).  

So far, the only studies on the effect of prelexical auditory 
training on lexical processing focused on naïve listeners’ 
ability to learn words in a tonal language (Cooper & Wang, 
2011; Ingvalson, Barr & Wong, 2013). Both studies found 
that naïve English listeners’ ability to learn words involving 
difficult tone contrasts improved after auditory training. To 
our knowledge, no studies have directly assessed the effect of 
auditory training on enhancing word recognition in L2 
learners. 

We focused on the perception of the English sound /h/ by 
intermediate French learners of English. As /h/ does not exist 
in French, French listeners – even those who are fluent in 
English – have difficulty perceiving the contrast between the 
presence vs. absence of /h/ in English stimuli (Mah et al., 
2016). At the lexical level, proficient French learners of 
English tend to accept nonwords such as usband (cf. 
husband) and, to a lesser extent, hofficer (cf. officer), as real 
words (Melnik & Peperkamp, 2019). Thus, they have 
difficulty not only in perceiving the contrast between /h/ and 
silence, but also in distinguishing between words and 
nonwords that differ only in the presence vs. absence of /h/.  
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Importantly, there is an almost perfect one-to-one mapping 
in English of the grapheme <h> onto the phoneme /h/. Most 
French L2 speakers know how to correctly write /h/-initial 
words. They are also instructed that <h> is rarely silent in 
English and that it is pronounced as /h/. If after training 
learners start better perceiving /h/, they might thus be able to 
also improve their recognition of /h/-initial English words 
even if they have imprecise phonological representations of 
such words, since they can rely on the orthography. 

In the current study we trained French learners on the 
perception of English /h/ in a pretest–training–posttest 
design. In pretest and posttest, participants performed an 
identification task aimed at testing their phonetic perception 
of /h/, and a lexical decision task aimed at testing their 
processing of /h/ at the lexical level. In the posttest, the 
identification task also tested for generalization to novel 
items. In the identification task we used /h/- and vowel-initial 
nonwords as stimuli. In the lexical decision task we used 
words and nonwords, where the test nonwords were created 
from /h/-initial and vowel-initial words by removing or 
adding /h/, respectively.  

Training was administered on-line, and consisted of eight 
sessions of an identification task using minimal pairs of real 
words (such as air-hair), with corrective feedback.1 We 
expected the training to enhance performance in the 
identification task at posttest, thus replicating the findings of 
previous studies on the effectiveness of HVPT in improving 
phonetic perception of L2 sounds. Moreover, if the effect of 
training extends to lexical processing, performance in lexical 
decision should likewise improve with training.  

Method 

Pretest-Posttest-Generalization: Identification 
 
Stimuli 
For the pre- and posttest we selected 100 pairs of nonwords. 
The members of each pair differed in the presence or absence 
of an initial /h/ (e.g. /hasp/ – /asp/). Forty pairs were 
monosyllabic, 40 dissyllabic and 20 trisyllabic. Ten English 
vowels (ʌ, ɒ, a, ɪ, ɛ, iː, ʌɪ, əʊ, eɪ, aʊ) were used in the first (or 
only) syllable, thus creating a large amount of variability in 
phonetic context.  

An additional 30 pairs of nonwords (10 monosyllabic, 10 
disyllabic and 10 trisyllabic, containing the 10 vowels 
mentioned above) were selected to test for generalization at 
the end of the posttest.  Half of the pairs were recorded by a 
male, and the other half by a female native of American 
English. 
 
Procedure 

                                                           
1 Training can be done either with nonwords (e.g., Yamada, 1991) 

or with real words (e.g., Logan et al., 1991). Here, we chose to use 
real words because repeated exposure to a large number of 
nonwords during training might have induced a bias to excessively 
accepting nonwords in the lexical decision task in pre-  and posttest. 

Participants were tested individually in a soundproof booth. 
In each trial they were presented auditorily with a stimulus; 
their task was to press as quickly as possible the key labelled 
“h” with their dominant hand if they thought the nonword 
started with the sound /h/, and to press the key labelled “no 
h” with their non-dominant hand if they thought it did not 
start with /h/. There were 194 trials divided over two blocks. 
Trials were presented in a semi-random order such that no 
more than four trials of the same type (vowel-initial or /h/-
initial) and no more than three trials recorded by the same 
speaker appeared in a row. 

The first block started with a practice phase of six trials, 
during which participants received feedback. In the case of 
an incorrect response or no response within 2500 ms, the trial 
was repeated until the correct response was given. During the 
test phase, participants received no feedback and if they did 
not give a response within 2500 ms the next trial was 
presented. An interval of 1000 ms elapsed between the 
participant’s response or the time-out - whichever came first 
- and the presentation of the next trial. 

At the end of the posttest only, 60 trials with the 30 
additional nonword pairs were used to test for generalization. 

Pretest-Posttest: Lexical decision  
 

Stimuli 
The stimuli were the same as in Melnik & Peperkamp (2019). 
They consisted of 80 English test words, 40 starting with /h/ 
(e.g., husband) and 40 with a vowel (e.g. officer), recorded 
by the same male American English speaker who recorded 
stimuli for the identification task. They consisted of nouns, 
verbs and adjectives, and contained between two and four 
syllables. The /h/-initial and the vowel-initial words did not 
differ in mean frequency in the Subtlex database (Brysbaert 
& New, 2009) or in mean number of syllables (both t < 1).2 

Each word  was paired with a nonword, created by deleting 
or adding /h/ at the beginning (e.g. husband  usband, 
officer  hofficer). In addition, there were 240 English 
control words (nouns, verbs and adjectives), none of which 
starting with /h/. They were matched for mean frequency and 
mean number of syllables with the test words. Each control 
word was paired with a nonword created by replacing, 
deleting or inserting one phoneme other than /h/. 

The test and control minimal pairs were divided into two 
equal groups, one for pretest and one for posttest, respecting 
the matching in terms of frequency and number of syllables. 
The pretest stimuli were further divided into two 
counterbalancing lists: list A and list B. Each of them 
contained only one member of each pretest minimal pair. For 
instance, if the word husband was in list A, its nonword 
counterpart usband was in list B. The posttest stimuli were 
divided into lists C and D following the same principle. Thus, 

2 The familiarity of these words was evaluated by a separate group 
of 45 adult French learners of English in an online rating 
questionnaire. The /h/- and vowel-initial words that were chosen for 
the experiment did not differ in mean familiarity (t = 1.0, p > 0.1). 
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no list contained both members of a given word–nonword 
pair. Each of the four lists contained 10 /h/-initial and 10 
vowel-initial words, 10 /h/-initial and 10 vowel-initial 
nonwords, as well as 60 control words and 60 control 
nonwords. Finally, for a practice phase there were two 
additional words and two additional nonwords, none 
involving /h/. 
 
Procedure 
In pretest half of the participants were randomly assigned to 
one of the two pretest lists (list A or list B). In posttest, 
participants who previously heard the list A were given the 
list C, while participants who previously heard the list B, 
were now given the list D. Hence, participants heard only one 
of the members of each word-nonword pair throughout the 
whole experiment.  

The procedure was identical to that in Melnik & 
Peperkamp (2019): Participants performed a speeded 
auditory lexical decision task. In each trial they heard a word 
or a nonword and had to answer if the item was an English 
word. They were instructed to use their dominant hand for 
“yes”- and their non-dominant hand for “no”-responses on a 
button box. There were 160 trials divided over two blocks, 
each containing the same number of test and control stimuli. 
Trials were presented in a semi-random order such that 
between one to three control trials appeared between two 
experimental ones, and that no more than four trials of the 
same type (word or nonword) appeared in a row. 

The first block started with a practice phase of four trials 
with control items, during which participants received 
feedback (‘correct’ or ‘wrong’ written on the screen). In the 
case of an incorrect response or no response within 2500 ms, 
the trial was repeated until the correct response was given. 
During the test phase, participants received no feedback and 
if they did not give a response within 2500 ms the next trial 
was presented. An interval of 1000 ms elapsed between the 
participant’s response or the time-out and the presentation of 
the next trial. 

Training: Identification 
 

Stimuli 
We selected 59 minimal pairs of real words differing in the 
presence or absence of an initial /h/. Given the limited 
number of such minimal pairs, we used both frequent words 
(e.g. hair-air) and infrequent ones (e.g. hosier-osier) words. 
However, word frequency was not considered to have an 
impact, as the task used in training was prelexical.  

Four different speakers, two men and two women, 
recorded the items. One of the male speakers and one of the 
female speakers were those who recorded the stimuli for the 
nonword identification task used in pretest and posttest, with 
the male speaker having also recorded the stimuli for the 
lexical decision task. 
 
Procedure 

The training consisted of eight high-variability phonetic 
training sessions. In the first four sessions participants heard 
one speaker per session. In the following four sessions they 
heard a pair of speakers in each session, such that all four 
male-female combinations were used.  

All training sessions were run at the participants’ homes 
through internet. The online training sessions were designed 
using the JsPsych library (de Leeuw, 2015) in JavaScript. 
Before each training session participants received by email a 
link to the corresponding training session webpage. Stimuli 
were presented at a comfortable listening level, set 
individually. The details of each training session (e.g., 
participant details, day and time of completion, RTs and 
responses) were automatically sent to the MySql database 
after the completion of each session. Participants could only 
do one session per day and there could be no more than one 
day in between two sessions. Thus, the whole course of 
training was completed in eight to fifteen days.  

In each trial participants first saw the two response 
alternatives written on the screen (e.g. “hair – air”).  The word 
starting with /h/ was always displayed on the left, and the 
word without /h/ always on the right. The auditory stimulus 
was played 800 ms later. The task was to press as quickly as 
possible the left arrow key if the word started with /h/ and the 
right arrow key otherwise. When the participant pressed the 
key, the corresponding word was highlighted in bold. If the 
response was correct, the word “Correct” written in green 
appeared in the middle of the screen, in between the two 
alternatives. If it was incorrect, the word “Wrong” written in 
red appeared on the screen, followed after 1000 ms by 
auditory feedback of the form: “The word was not: XXX. It 
was: YYY”, spoken by the same speaker as the stimulus itself. 
For instance, if the stimulus played was the word “hair” but 
the participant chose instead the word “air”, the word 
“Wrong” was displayed on the screen and the phrase “The 
word was not: air. It was: hair” was played. 

If no response was given within 2500 ms, the words “Too 
slow” appeared on the screen. An interval of 1000 ms elapsed 
between the participant’s response or the time-out - 
whichever came first - and the presentation of the next trial. 
There were 118 trials in each session, and trials were 
presented in a random order. Each session lasted from 15 to 
20 min, depending on the accuracy of the participant. 

Participants 

Participants were French intermediate learners of English, 
recruited from among university students (about half of 
which in an English department). In order to avoid ceiling 
performance or insufficient knowledge of English 
vocabulary, only participants whose accuracy in pretest was 
below 80% in the identification task and above 70% on 
control items in the lexical decision task went through the 
training and posttest. Of the 51 participants who did the 
pretest, 25 satisfied these criteria, out of whom a total of 24 
completed the study and were included in the data analysis. 
Among these participants, there were 12 women and 12 men, 
aged between 19 and 32 (mean: 22.3), who had started 
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learning English at school. They filled in a questionnaire to 
self-evaluate their speaking, listening, reading, vocabulary 
and grammar skills in English and French, on a scale from 1 
to 10. The overall mean score was 6.4 (SD = 1.6) for English 
and 9.4 (SD = 0.9) for French.  
None of the participants reported a history of speech or 
language problems. They received a small payment after the 
pretest, and those who underwent training received a second, 
larger, payment when they came back to the laboratory for 
the posttest. 
 

Results 
 

Pretest-Posttest-Generalization: Identification  

Prior to analysis, we discarded responses with a reaction time 
of 0 ms. Figure 1 displays the identification accuracy of 
participants in pretest, posttest and generalization. As the 
identification task is a signal detection task, we used the A' 
statistic, which provides a non-parametric, unbiased, index of 
sensitivity (here: to the difference between words and 
nonwords), with 0.5 indicating chance performance and 1.0 
perfect performance. A repeated measures ANOVA by 
participant with the factor Session (Pretest vs. Posttest vs. 
Generalization), revealed a main effect of Session (F(2,46) = 
26.75, p < .001), with the accuracy improving from an 
average A score of 0.74 in pretest to 0.86 in posttest and 0.86 
in generalization. Bonferroni-adjusted pairwise t-tests 
revealed that there was a significant difference between 
pretest and posttest (p < .01), as well as between pretest and 
generalization (p < .01). There was no difference between the 
performance in the posttest and in the generalization (p = 
.82).   
 

 
Figure 1. Boxplots of A scores in the identification task in 
pretest, posttest, and generalization. The red dots represent 

individual participants; the lines link each participant’s 
performance in the three sessions. The black cross marks 

indicate mean A scores in each session.  
 

Pretest-Posttest: Lexical Decision  

Prior to analysis, we discarded responses with 0 ms reaction 
time. Figure 2 displays the accuracy of participants on the test 

items in pretest and posttest. As the participants had a strong 
bias for ‘yes’-responses (shown by their low accuracy scores 
on test nonwords), we used the A' statistic as in the analysis 
of performance in the identification task.  

We carried out a repeated measures ANOVA by 
participant with the factors Session (pretest vs. posttest), 
Condition (test vs. control) and Lists (AC vs. BD), as well as 
an interaction between Session and Condition. We found 
main effects of Session (F(1, 23) = 39.36, p < .001) and 
Condition (F(1, 23) = 73.93, p < .001), and a Session X 
Condition interaction (F(1, 23) = 30.87, p < .001). Pairwise t-
tests revealed that the interaction was due to the fact that in 
control items, the effect of Session was not significant, while 
in test items, there was a significant difference between 
pretest and posttest (p < .001), with the accuracy improving 
from an average A score of 0.62 in pretest to 0.82 in posttest. 
There was no effect of the counterbalancing factor Lists. 

 

 
 

Figure 2. Boxplots of A scores in the lexical decision task 
in pretest and posttest. The red dots represent individual 

participants; the lines link each participant’s performance in 
both sessions. The black cross marks indicate mean A 

scores in each session. 
 

Discussion 
The present study examined if phonetic training can enhance 
the recognition of words that contain a difficult non-native 
sound. We tested French learners with intermediate 
proficiency in English on both their prelexical perception and 
their lexical processing of stimuli containing /h/. This sound 
does not exist in French, and French listeners tend to confuse 
it with silence (Mah et al., 2016). The participants underwent 
eight sessions of High-Variability Phonetic training, and 
were tested in pretest and posttest by means of an 
identification and a lexical decision task.  

We found that participants improved in both tasks in 
posttest compared to pretest. For the identification task, we 
also observed generalization to new items. The results for this 
task are in accordance with results from previous studies that 
used HVPT. Concerning the lexical decision task, this is the 
first piece of evidence that HVPT can improve not only 
prelexical but also lexical processing. As mentioned in the 
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introduction, successful word recognition depends on the 
correct decoding of the speech signal and the matching of this 
percept to the phonological representation stored in long-
term memory (Pisoni & Luce, 1987). If listeners have 
difficulty with at least one of those aspects, then word 
recognition might be less effective. Evidence that this is the 
case is shown by the fact that in the lexical decision task 
during pretest, the test items involving the difficult sound /h/ 
yielded higher error rates than the control items. Note that 
performance on control items was very good in both pre- and 
posttest (mean A score 0.94). As the test and control items 
were matched in frequency, this indicates that the difficulty 
participants encountered with the test items was caused by 
the presence of /h/ and not by a lack of English vocabulary. 
Importantly, this difficulty was clearly reduced after training, 
as in posttest participants made less errors on the test items 
with /h/ than in pretest, while their performance did not 
change on control items.  

Our findings have both theoretical and practical 
implications. From a theoretical point of view, they shed light 
on the relationship between prelexical and lexical processing 
in L2 learning. It is generally agreed upon that speech 
processing involves several stages, ranging from auditory 
processing, phonetic and phonological analysis, to word 
recognition and lexical access (Pisoni & Luce, 1987). In a 
study on Dutch L2 learners’ processing of the English /æ/-/ε/ 
contrast, Díaz et al. (2012), found that the performance gap 
between native and non-native listeners increases as the tasks 
have greater lexical involvement. This is likely due to the fact 
that different perceptual tasks tap into different processing 
levels, thus requiring different skills and involving different 
amounts of cognitive load. Our finding that improvement in 
prelexical perception is paralleled by an improvement in 
lexical processing suggests a bottom-up sequential order in 
learning. Although at a specific time point in learning the 
proficiency in prelexical perception might be ahead of that in 
lexical processing, a rapid improvement in the former might 
give rise to change in the latter. This is in accordance with the 
Automatic Selective Perception model (Strange, 2011), 
which proposes that L2 phonological processing is less 
automatic and therefore requires more attentional resources 
than phonological processing in L1. Consequently, while the 
performance of learners might be good on relatively simple 
prelexical tasks, where they can exclusively focus their 
attention on crucial phonetic cues, the same performance 
level might not be obtained in tasks requiring the processing 
of more complex stimuli and attention to other information, 
such as word meaning. According to this model, the 
processing of simple tasks becomes more automatic and 
nativelike as proficiency grows. Thus, in our study, training 
possibly rendered the prelexical processing more efficient, 
thus allowing participants to allocate more cognitive 
resources to the lexical level of processing. 

A similar finding on the benefit of phonetic training for 
higher processing levels was reported in a study on the 
perception of L2 speech in noise (Lengeris & Hazan, 2010). 
Adverse listening conditions such as a high signal-to-noise 

ratios (SNRs) have been shown to involve increased 
cognitive load and to have greater negative effects for speech 
perception in non-native than in native listeners (for a review, 
see Lecumberri et al., 2010). In this study, it was shown that 
HVPT in quiet improves the perception of a difficult L2 
sound in noise.  

On the practical side, the current findings could have 
implications for language teaching. The above-mentioned 
aspects of speech processing – lexical perception and 
perception of speech in noise – are inherent elements of “real 
life” language processing. The fact that they can be improved 
by relatively short HVPT is encouraging. Moreover, our 
training was administered online and not in a well-controlled 
laboratory setting; it can thus easily complement traditional 
language teaching methodologies. Finally, we note that 
participants of our study reported that being trained on real 
words was very motivating, as they had the occasion not only 
to enhance their perception but to learn new words as well. 

To conclude, we showed that even short online HVPT can 
improve both prelexical and lexical processing of a difficult 
L2 sound. Future research should test if these improvements 
are retained in the long term. Furthermore, although we 
observed significant improvements, only some participants 
were at ceiling in posttest. Thus, further studies should look 
at the effect of training length on learning outcomes. This 
would help us understand if there is an upper limit of 
improvement in lexical processing that training can induce. 
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