U " B % Diposit digital

de documents
Universitat Autonoma de la UAB
de Barcelona

This is the accepted version of the journal article:

Carlet Foresti, Angelica; Cebrian, Juli. «The roles of task, segment type, and
attention in L2 perceptual training». Applied Psycholinguistics, Vol. 43 Num. 2
(2022), p. 271-299. 29 pag. DOI 10.1017/s0142716421000515

This version is available at https://ddd.uab.cat/record /274876

IN .
under the terms of the - COPYRIGHT license


https://ddd.uab.cat/record/274876

The roles of task, segment type and attention in L2 perceptual training.

Angélica Carlet, Juli Cebrian

Abstract

Previous studies show that attention plays an important role in second language (L2) phonetic
attainment. This study compares the effect of two high variability phonetic training methods
(identification (ID) and categorical AX discrimination (DIS)) on specifically targeted sounds
and on implicitly exposed but untargeted sounds. Four groups of Spanish/Catalan bilingual
learners of English were trained on either a subset of English vowels (/i: 1 & A 3:/) or word-
initial and word-final stops. The study also examined if the potential effect of training
generalized to new stimuli and persisted two months after training. Results revealed that
trainees significantly outperformed the controls in their identification of targeted sounds, and
improvement generalized to new stimuli and was maintained after training, showing the
efficacy of both training methodologies. However, while all trainees performed similarly with
initial stops, ID trainees outperformed DIS trainees in vowel perception. Interestingly, only
DIS trainees showed a significant improvement in the perception of untargeted sounds,
indicating that this training method (possibly due to the absence of labels and the exposure to
two physically present stimuli in each trial) may be more suited to enhance learners' perception

of both targeted and untargeted sounds.
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Introduction

This study assesses the role of three factors (namely attention, target segment and type of
perceptual task) in second language (L2) phonetic learning during a high-variability phonetic
training (HVPT) regime in a foreign language instructional setting. Itis well known that this
environment is characterized by limited native input (Mufioz, 2008; Saito, 2015) and
consequently little improvement in L2 pronunciation is generally reported (Darcy et al., 2012,
Mufoz, 2008). Current L2 speech models such as the Perceptual Assimilation Model (PAM-
L2, Best & Tyler, 2007), the Native Language Magnet Model (Kuhl & Iverson, 1995) and the
Speech Learning Model (Flege, 1995a; and its revised version, Flege and Bohn’s (2021) SLM-
r) emphasize the role of experience in accurate L2 speech perception and production. HVPT,
which simulates the phonetic variability characteristic of real speech by means of the inclusion
of variable stimuli (i.e., from multiple talkers, phonetic contexts, stimuli types), becomes an
important learning tool in this context, as it offers an alternative source of specialized input and
specific focus on challenging L2 sounds in order to trigger the necessary processes required for
L2 category learning. Perceptual training has been shown to be efficient in improving learners’
ability to perceive (Iverson & Evans, 2009; Logan et al., 1991, among others) and to a lesser
extent produce directly targeted L2 sounds (e.g., Iverson et al., 2012; see Sakai & Moorman,
2017 for a review).

To date, a fair amount of HVPT studies have been carried out looking at different L1-
L2 language combinations, different target structures and methodologies, and reporting varying
degrees of success (see Bradlow (2008) and Thomson (2018) for detailed reviews of phonetic
training studies). These studies provide empirical evidence that L2 learners’ perception can be

modified as a result of laboratory training provided highly variable stimuli and appropriate



tasks are applied. The efficacy of phonetic training is typically evaluated by assessing L2
learners’ changes in perceptual and/or production abilities as a consequence of training,
particularly in comparison to a group of untrained learners. Importantly, evidence of stronger
or robust learning is provided when there is generalization of learning to untrained structures
and retention of learning beyond the immediate training effect (Bradlow, 2008; Flege, 1995b;
Logan & Pruit, 1995;Sakai & Moorman, 2017).

According to Logan and Pruitt (1995), the choice of training and generalization tasks
is critical in order to understand the processes that underlie successful perceptual learning.
Although both identification (ID) and discrimination (DIS) training tasks may be useful in
training different perceptual skills (Logan & Pruitt, 1995), ID training has been said to be more
effective and to lead to greater generalization effects than DIS training (Jamieson & Morosan,
1986; Strange & Dittmann, 1984). A possible reason might be the fact that ID procedures force
listeners to attend to relevant between-category variability, while DIS tasks focus on within-
category variability (Jamieson & Morosan, 1986). However, the superiority of ID tasks is often
concluded from comparisons across studies, and studies that used auditory discrimination
tasks, in which “same” trials involve physically identical stimuli. Flege (1995b) directly
compared a categorical AX discrimination task and a forced-choice identification task in a
study involving Mandarin speakers’ perception of English unreleased final /t/ and /d/. Results
revealed that both types of training enhanced perception and promoted generalization of
learning equally, challenging previous results and views on each methodology. Similarly, three
recent studies have also shown the effectiveness of both ID and DIS tasks when training
perception of tone contrasts (Wayland & Li, 2008), coda nasals (Nozawa, 2015), and the /r/-/1/
contrast (Shinohara & Iverson, 2018). Still, greater improvement with 1D tasks has been

reported for vowel perception (Nozawa, 2015), and for the perception of the /z/ vs. /dz/ contrast



in coda position, a difficult contrast for Japanese learners of English (Law et al., 2019). Task
effectiveness may thus also depend on the typeand the level of difficulty of the target structure.

The current study follows up on these investigations and expands them by looking at
the effect of the two types of HVPT methods — identification (ID) and categorical
discrimination (DIS) - on the perception of targeted (i.e., trained) and untargeted (i.e., present
in the stimuli but untrained) sounds. In particular, this study investigates how HVPT affects
the perception of a subset of Standard Southern British English (SSBE) vowels and stops by
native speakers of Spanish and Catalan. Furthermore, this study addresses the issue of whether

the knowledge obtained through training generalizes to new stimuli and is retained over time.
Training attention

In the fields of cognitive science and L2 speech, several studies have addressed the
issue of attention. However, studies that have investigated the role of attention and explicit
instruction are still scarce in the L2 phonetic training literature (e.g., Alves & Luchini, 2017;
Pederson & Guion-Anderson, 2010; Nozawa, 2015). Attention is the cognitive process that
allows learners to select and focus on specific stimuli in the input, while ignoring others
(Schmidt, 2001). In L2 acquisition, researchers evaluate what kind of information learners
pay attention to in the input, as it has been reported that not all information present in the
stimuli is targeted (Broadbent, 1958). Importantly, paying attention has been found to be a
pre-requisite for learning to take place (Schmidt, 2001), and greater attention control may

lead to improved performance in the L2 (Mora & Mora-Plaza, 2019).

Regarding the role of attention in L2 sound perception, Pederson and Guion-
Anderson (2010) suggest that attention orienting, which is the “aligning of attention with a
source of sensory input or an internal semantic structure stored in memory” (Posner, 1980,
p.4), is crucial in order to perceive L2 sounds accurately. In the L2 speech literature,

researchers have attempted to manipulate attention orienting through three different



methods: a) input enhancement (e.g., Smith, 1993), b) cue enhancement (e.g., Jamieson &
Morosan, 1986), and c) instruction manipulation (e.g., Alves & Luchini, 2017; Pederson &
Guion-Anderson, 2010; Nozawa, 2015). As the latter case is the most closely related to the
present investigation, a few studies that orient attention through instruction will be reviewed

next.

Pederson and Guion-Anderson (2010) tested if directed attention promoted learning
of phonetic information. The authors controlled participants’ attention by training two
groups of 21 English monolingual speakers on Hindi vowels and initial stop consonants
with the exact same stimuli (i.e., 27 monosyllabic words beginning with one of the target
stops and containing one of the target vowels). However, while one group was told to attend
to vowels present in the stimuli, the other group was instructed to attend to consonants
present in the same stimuli. Both groups of learners were trained by means of identification
training with immediate feedback on the targeted (i.e., trained) segment. Testing consisted
of a DIS task, which assessed learners’ perception of the targeted and untargeted segments,
that is, vowels and consonants for both groups. Their findings showed that ID training was
successful in improving learners’ perceptual abilities on the targeted sounds (this was found
for the consonants, but not for the vowels, which were accurately discriminated already at
pretest); however, training did not promote improvement with the untargeted
segments. This result was replicated in a later study involving non-native consonants and
tones, where improvement was only found with targeted contrasts (Chen & Pederson,
2021).The authors concluded that directing attention to specific target sounds with explicit
instruction may be effective in promoting learning of the targeted sounds. Nozawa (2015)
trained four different groups of Japanese learners of English on vowels and final nasal
sounds with the exact same stimuli. Testing and training stimuli involved words containing

seven American English vowel soundsembedded in /bVb/, /bVd/, bVg/, lbVm/, /bVn/ and



/bV1/ contexts. Two groups were trained on vowel perception, one by means of an 1D task
and the other by means of a categorical AXB task. The other two groups were trained on
nasal consonant perception, also by means of the same tasks. Testing assessed the
participants’ perception of both vowels and nasals, independently of the focus of their
training. Interestingly, results patterned differently for vowels and consonants. The ID
group improved on vowel identification, outperforming the other experimental group, and
thus suggesting that 1D is superior to ABX DIS for training L2 vowels. However, DIS was
as effective as ID for training word-final nasals. Furthermore, the two vowel-oriented
groups showed a tendency of improvement with the untargeted sounds, as the nasal
identification after training was numerically enhanced, albeit non-significantly (possibly
due to a small sample size, n = 7 per group). This finding suggests that simple exposure to
sounds present in the stimuli may result in greater sensitivity to those sounds even if they

are not the training focus.

Another study assessed whether explicit instruction had an impact on the
effectiveness of a HVPT procedure (Alves & Luchini, 2017). The authors tested the
identification and production of English word-initial voiceless stops by 24 Argentinian
Spanish speakers. Participants were divided into two experimental groups and a control
group. Both experimental groups were trained to identify voiced and voiceless stops with
the same set of stimuli (voiced stop stimuli had 0 VOT and voiceless stimuli had long-lag
VOT). However, one group was explicitly taught that initial voiceless stops in English are
aspirated, and were instructed to attend to these segments, whereas the other group was not
aware of which phonological aspect they should attend to during training. Both groups
showed enhanced perception after the training regime, but a significant improvement in the
production of two out of the three trained segments (/p/ and /t/) was observed only with the

group in which learners were told to attend to the target stops. These findings suggest that



instruction, awareness of trained sounds and attention may play an important role in HVPT
studies. Moreover, Nozawa’s (2015) findings point to the possibility that, so long as
sufficient and balanced exposure to targeted and untargeted sounds is provided, perception
in both targeted and untargeted conditions may be enhanced. The present study thus aims
to explore this issue further. Note that while training studies often make use of CVC stimuli
in order to train a given target phone (typically either the consonants or the vowels), hardly
any studies have investigated the effect of exposure to the untargeted sounds present in the
CVC training stimuli trial after trial. It is possible that exposure to non-targeted contrasts
present in the training stimuli across trials may be implicitly attended to by the learners in

the course of a specifically designed training regime.

With these issues in mind, this study aims to assess the effects of two different
training methods (categorical DIS and ID) on the perception of targeted and untargeted
segments (namely vowels and stop consonants in both initial and final position) by
Spanish/Catalan learners of English. Following previous studies that relate the efficacy of
a training method to evidence of learning beyond the object of training (Flege, 1995b;
Logan and Pruitt, 1995), this study also aims to assess if training gains generalize to new
(i.e., untrained) stimuli and new voices, and if training benefits are maintained beyond the
training period. In order to investigate this, two groups of learners were trained on vowels
and two groups were trained on consonants. All groups were trained using the exact same

stimuli and were tested on both consonants and vowels.

Training vowels and consonants

Previous research points to the fact that vowels and consonants are perceived
differently — e.g., perceptual phoneme boundaries are more sharply defined for consonants
than for vowels — (Fry et al., 1962; Strange, 2007), involve different levels of processing in

order to be learned (Pisoni, 1973), activate different neuronal patterns when processed



(Carreiras & Price, 2008) and thus may require different types of L2 phonetic training
(Nozawa, 2015). For instance, Aliaga-Garcia and Mora (2009) investigated the effect of six
two-hour mixed-methods HVPT sessions on the perception and production of initial
English stops (/p-b/ and /t-d/) and four English vowels (/ee-A/ and /1-i/) by a group of
Catalan/Spanish native speakers. The tasks included articulatory explanations, perception
tasks and practice with a production-based software. Training was effective in modifying
learners’ perceptual categorization of English /p/ and /b/. Moreover, a significant
modification towards longer VOT production for the voiceless bilabial stop /p/ and a
marginally significant effect for the alveolar voiceless stop /t/ were found. As for the
vowels, training resulted in significantly enhanced discrimination scores for all target
sounds. However, no improvement on vowel production accuracy, as examined
acoustically in terms of first and second formant changes from pre-test to post-test, was
observed. Interestingly, the findings of this study suggest that the phonetic training regime
applied, which combined perceptual and production training tasks, promoted pronunciation
gains differently for vowels and consonants. Moreover, the authors reported that the effect

of phonetic training was found to be different in perception and in production.

Studies involving perceptual training only have also revealed different results for
different target phones. In a study involving Catalan/Spanish bilinguals, Cebrian and Carlet
(2014) assessed the effect of a three-week HVPT regime on the perception of four English
consonant sounds (/v/-/b/ and /d/-/8/) and two vowel pairs (/i:/-l/and /ee/-/a/) by advanced
learners. The results showed a significant positive effect of training for a subset of the target
consonants and vowels, namely /v/, /d/, /i:/, /al and marginally for /b/. Interestingly, a non-
native sound such as /v/ was already relatively successfully identified at pre-test and
improved around 10% due to training. On the other hand, the English /i:/, which has been

reported to have a near-identical counterpart in Catalan and Spanish (Cebrian, 2019, 2021),



was the least successfully identified vowel at the outset of the study. The investigators
suggested that different factors might have influenced the studies’ outcomes: the advanced
learners’ phonetic and metalinguistic knowledge in the case of Nv/-/b/ and /e&e/-Ia/, word
frequency differences in the case of /d/-/d/, and the influence of vowel duration in the /i./-
N/ distinction. Specifically, the tense vowel was more successfully identified when
preceding a voiced consonant than a voiceless consonant, and the opposite held true for the
lax vowel /i/. This over-reliance ontemporal cues was also found in previous L2 perceptual
studies (Aliaga-Garcia & Mora, 2009; Cebrian, 2006; Kivisto-de Souza & Carlet, 2014).
Thus, the findings in Cebrian and Carlet (2014) add to the existing HVPT literature by
providing empirical evidence that the learnability of different target sounds may not be
affected homogeneously, and underscore the role of context-dependent variability in L2
perception. Finally, further exploring the relationship between vowel and consonant
acquisition, Lee and Hwang (2016) trained a group of 12-year-old Korean learners of
English by means of identification tasks. The stimuli consisted of highly variable large sets
of English vowel and consonant distinctions, covering the entire vowel and consonant
systems of English. Results revealed that consonants were initially better identified and

obtained greater improvement than vowels.

Still, some similarities between training vowels and training consonants have been
reported. For instance, Lerdpaisalwong (2015) explored if training set size had an effect on
consonant training. Expanding on Nishi and Kewley-Port’s (2007) findings that training on
a full set of vowels is more beneficial than training on a subset of vowels, Lerdpaisalwong
trained two groups of Thai EFL learners on vowels and consonants with different training
set sizes. The results provided empirical evidence that full set training is also more

beneficial in the case of consonants. Lerdpaisalwong suggests that while vowels and



consonants differ in many respects, as far as training set size exposure is concerned, there

is a relationship between the acquisition of L2 vowels and consonants.

Further studies contrasting vowel and consonant training are needed to understand
better which methods are more effective with each type of sound. For instance, the
discussion about the effectiveness of training tasks (ID vs. DIS) may not be settled without
considering that learning consonants and vowels does not entail the same degree of effort
from L2 learners (Pereira, 2014). A few previous studies have concluded that both 1D and
DIS tasks can lead to significant perceptual improvement, but these studies have focused on
only one type of segment (Flege, 1995b; Shinohara & Iverson, 2018; Wee et al., 2019). To
date, one study has suggested that 1D tasks may be more suitable for training vowel
identification than DIS tasks (Nozawa, 2015; c.f. Wee et al., 2019), and that there might be

an increased sensitivity to untrained segments as a result of training (Nozawa, 2015).

All in all, the studies described above report training benefits for both vowels and
consonants. However, some results indicate different degrees of improvement for different
types of trained sounds (Aliaga-Garcia & Mora, 2009; Cebrian & Carlet, 2014), which may
be linked to differences in the way consonants and vowels are perceived and processed (Fry
et al., 1962; Pisoni, 1973; Strange, 2007). Finally, few previous studies have examined the
role of attention in L2 speech acquisition (Guion & Pederson, 2007; Pederson & Guion-
Anderson, 2010), and one study has found evidence of training effects on untrained
segments (Nozawa, 2015). Taking all of this into consideration, the questions motivating

the current study are the following:

1. Is HVPT equally effective for training L2 vowel and L2 stop identification?

Which type of task, ID or categorical DIS, if any, is more suitable for each type of sound?



2. Can HVPT have an effect on the identification of untargeted as well as targeted

L2 segments? Which type of training task, ID or categorical DIS, is more effective?

3. Does the effect of HVPT generalize to novel stimuli and persist two months after
training? Which type of training task, 1D or categorical DIS, is more effective for promoting

generalization and retention of learning?

These research questions are addressed in a single study in which two groups of
learners are trained on vowels and two groups are trained on consonants (either with 1D or
DIS tasks), while all participants are tested on both vowels and consonants, and the results
obtained at pre-test are compared with results obtained at post-test, a generalization test and
a delayed post-test. Improvement as a result of training, generalization and retention of
knowledge are predicted to occur with targeted sounds (Pederson & Guion-Anderson, 2010;
Nozawa, 2015) due to the role of feedback (Logan & Pruitt, 1995) and explicit instruction
(Alves & Luchini, 2017). However, improvement of untargeted sounds might also occur if
an indirect but continuous exposure to untargeted structures is provided in the training
regime, as tendencies found in previous work may suggest (Nozawa, 2015). Despite the
predicted overall improvement, the performance with vowels and consonants may differ,
as vowels and consonants may differ in the way they are perceptually categorized (Fry et
al., 1962; Strange, 2007), may involve different levels of processing (Pisoni, 1973) and may
benefit from different types of perceptual training (Nozawa, 2015). Following the few
previous studies that contrasted the two tasks investigated here (ID and categorical DIS),
we may predict that ID can be more appropriate for training vowels (Nozawa, 2015),
whereas both training tasks might be equally effective for training consonants (Flege,

1995b; Nozawa, 2015, Shinohara & Iverson, 2018).



Methods

Participants

Eighty-nine bilingual Catalan/Spanish speakers (14 male, 75 female; Mean age = 19.9,
SD:1.36) participated in the present study. All participants were second-year English majors at
Universitat Autonoma de Barcelona, in Barcelona, Spain. They were enrolled in an
introductory phonetics and phonology course, and received course credit for their participation.
At the time of testing, participants were also enrolled in their third semester of instrumental
English courses, corresponding to a level of English between upper-intermediate and advanced
(approximately a B2/C1 level in the Common European Framework of Reference for
Languages: Learning, Teaching, Assessment (CEFRL, Council of Europe, 2001)).
Participants’ mean age of first exposure to English was six (ranging from 2 to 12) and the mean
number of years of formal instruction was 13 (ranging from 5 to 27). Moreover, none of the
participants reported having spent longer than four months in an English-speaking country or
reported having any vision or hearing difficulties. Participants were distributed among five
homogeneous groups based on the global perceptual scores obtained at pre-test: four
experimental groups and a control group (CG). The experimental groups were trained on either
consonants (C) or vowels (V), either by means of discrimination tasks (DIS_V, DIS_C) or

identification tasks (ID_V, ID_C)

Target sounds and stimuli
The target sounds were the five Standard Southern British English (SSBE) vowels /i: 1& A 3:/
and the six SSBE stop consonants /p t k b d g/, placed either word initially or finally, since
these English sounds are challenging for Catalan/Spanish learners of English (Aliaga-Garcia

& Mora, 2009; Cebrian et al., 2021; Fullana & Mora, 2007).



Training stimuli

The training material consisted of 72 unmodified CVC non-words produced by four
different SSBE native speakers (two males and two females) adding up to a total of 288
stimuli. Recordings took place in a soundproof chamber at the speech laboratory at
University College London, in London, United Kingdom. A rhyming carrier sentence was
used to ensure the desired pronunciation of the nonsense words (e.g., It rhymes with badge,
dagde. | say dadge now. | say dadge again. Recordings were carried out using Cool edit
2000 software, a Rode NT-1AX microphone, Edirol UA25 audio interface and were
digitized at a 44.1 kHz sampling rate and 16 bit quantification. The use of non-words made
it possible to obtain a single and balanced set of stimuli with an equal number of word pairs
used to train consonant contrasts and vowel contrasts. In addition, non-words eliminate a
potential effect of word familiarity, and have been found to be more efficient than real
words for training non-native contrasts (Ortega et al., 2021; Thomson & Derwing, 2016).
As a general rule, the first non-word produced in the carrier sentence (before a pause) was
extracted, so that most stimuli contained a naturally released final stop. In a few cases when
the first word was not accurately pronounced or clearly articulated, the non-word produced
before a vowel (again) or before a consonant (now) were selected. Importantly, all selected
stimuli were validated by three native English speakers who correctly identified and
positively rated the stimuli.

Table 1 presents all the non-word stimuli used in training. The stimuli were designed
to train participants explicitly on either the consonant contrasts or the vowel contrasts, while
exposing all participants to both vowel and consonant contrasts across trials. To that effect

every non-word contained one of the five selected English vowels /& a1i: 3:/ (plus /e/ and /a:/)}



and one of the six English stops /p tk b d g/ either initially or finally, so that the same stimuli
could be used in vowel perception and consonant perception training. For instance, vap, vup,
vab and vub were used to train vowel trainees on the /e&e/-/a/ distinction (vap vs. vup, vab vs.
vub), while implicitly exposing trainees to the final consonant voicing distinction across trials
(vap vs. vab, vup vs. vub). Moreover, the same quadruplet of non-words was used to train
consonant trainees on the final consonant voicing distinction /p/-/b/ (vap vs. vab, vup vs. vub)
while indirectly exposing trainees to the vowel /&/-/a/ distinction across trials (vap vs. vup, vab
vs. vub). As can be seen in Table 1, each quadruplet contrasted one of the target vowel pairs
(fel-Inl, W-/i:/, la:/-13:/, le/-/3:/; see footnote i), and at the same time, one of the target stops

pairs (/t/-/d/, Ib/-[d/, Ik/-Ig/) either in initial or final position.

*Insert Table 1 here*

Testing stimuli

Testing stimuli included a total of 81 non-words produced by two novel SSBE speakers
(one male and one female). Since these speakers were not heard by learners during the training
phase, testing assessed generalization to novel talkers. The 81 stimuli consisted of a subset of
the training words, 30 non-words to test vowels (5 target vowels x 6 words), 24 non-words (6
target consonants x 2 contexts — word initial and word final — x 2 words) to test stops, 19 non-
words (12 for consonants and 7 vowels) as practice tokens, and eight non-words as used as
fillers. The generalization stimuli consisted of 68 novel CVVC non-words in total (34 non-words
x 2 talkers). There were 24 new consonant words (6 target consonants x 2 contexts — word
initial and word final — x 2 words) and 10 new vowel words (5 target vowels x 2 words)

produced by two familiar talkers from training.



Procedure

Training Tasks

Participants were assigned to one of the four experimental groups. Two groups were
trained on L2 vowel perception, one by means of a forced choice identification task and one
by means of a categorical AX discrimination task, and the other two groups received training
on L2 stops by means of the same tasks. The categorical AX discrimination task consisted of
288 trials involving the vowel and consonant pairs described in Table 1 above. Each trial
consisted of a contrasting pair of non-word stimuli, each non-word produced by a different
talker, with an interstimulus interval (ISI) of 1.15 seconds. Importantly, the order of the two
non-words and of the talkers was counterbalanced throughout the experiment. The
identification training task consisted of 576 trials, including 288 stimuli (72 words x 4
speakers), with two repetitions of each stimulus. Two repetitions were included in order to
assure that trainees were exposed to the same stimuli and the same number of trials in both
training regimes (ID and DIS), following Flege (1995b). The procedure of the training tasks

used and the response options were the same as with the testing tasks, as explained below.
Training consisted of five sessions of approximately 25-35 minutes for all experimental
groups. However, whilst vowel trainees were exposed to L2 vowel sounds for the whole
amount of time, the consonant training time was halved, so that consonant trainees were
exposed to both initial and final stops in each session. The order of the two segments was
alternated, and participants were instructed to take a quick break before starting the following
training session. The CG performed transcription exercises on the online platform The web
transcription tool (Cooke et al., 2005), so that CG received a similar amount of target language
instruction as the other groups without specific perceptual training. The training (and testing)

tasks were administered using the software TP 3.1 (Rauber et al., 2012), which provided



immediate feedback on the directly trained segments after each trial and global feedback at the

end of each session indicating the overall accuracy score.

Testing Tasks

Perception was evaluated 3 times (pre-test, post-test and delayed post-test) by means of
forced choice identification tasks. Pre and post-test were administered immediately before and
after training, respectively, and the delayed post-test was administered two months after the
training was over. In the case of consonants, two tests were created: one for initial and one for
final stops. The response options were the letters that represent the stops consonants in both
the L1 and the L2, namely “p ,” “t ,” “k ,” “b ,” “d_,” and “g_” for initial consonants, and
“p k7 b, d,”and “_g” for final consonants. The vowel identification test had
seven response alternatives consisting of phonetic-like symbols (the software did not accept
phonetic fonts) together with two real words illustrating each sound tested to make sure the
intended vowel was recognized, namely /e&e/ ash, mass, // sun, thus, /l/ fish, his, /i./cheese, leaf,
/3:/ earth, first, /e/ less, west and /a:/arm, palm. Recent work has shown that keywords and
phonetic symbols are similarly effective as labels in identification training (Fouz-Gonzélez &
Mompean, 2020). The words used to illustrate each sound were carefully selected by trying to
minimize the use of stops as CVC onsets or codas, so they would be as dissimilar to the stimuli
as possible. The total number of trials including both consonant and vowel trials was 251,
including 19 practice trials and 216 test trials. The latter consisted of 96 trials to test stops (48
for initial and 48 for final stops; 6 consonants x 2 words x 2 talkers x 2 repetitions), 120 trials
testing vowels (5 vowels x 6 wordsx 2 talkers x 2 repetitions) and 16 fillers. The generalization
test, which was administered with the post-test, assessed both trained/targeted and

untrained/untargeted sounds and the test layout and response options were exactly the same as



the ones used for the post-test. The generalization test thus consisted of 136 trials, that is, 48
trials for initial consonants and 48 trials for final consonants (6 consonants x 2 wordsx 2 talkers

X 2 repetitions) and 40 trials for vowels (5 vowels x 2 words x 2 talkers x 2 repetitions).

Results

The effects of two HVPT methods (ID and categorical DIS) on targeted and
untargeted segments were analysed by comparing the participants’ performance at pre-test,
post-test, generalization test and delayed post-test. First, gain scores (i.e., the difference
between post-test and pre-test scores) were computed and a series of linear mixed models
were conducted on gain scores exploring the effects of (training) group and segment type.
Then, a set of generalized linear mixed models were carried outto assess generalization and
retention results separately for each segment type. The measure in this case was score
(correctly or incorrectly identified) at each testing time. Thus, the results for each group at
pre-test, post-test and generalization test were evaluated first, exploring the effects of group
and test. Similarly, the results for pre-test, post-test and delayed test were examined for the
participants who completed the delayed test (recall that a subset of participants did not
complete the last test). For all statistical analyses (linear mixed models and generalized
linear mixed models), several models were considered, which included the independent
variables in each case and their interactions as the fixed effects, and different combinations
of random intercepts and slopes for participant and stimulus. In all cases, the best fitting
model, based on the lowest Akaike Information Criterion (AIC) obtained, was a model that
included a random intercept for participant. In fact, for every analysis, the results for the
different statistical models were very similar in terms the levels of significance obtained

and the results of the pairwise comparisons. IBM Corp (2017) software was used. The



results for vowel-trained groups are presented first, followed by the results for consonant-

trained groups.
Vowel training groups

Correct identification scores at pre-test and post-test, gain scores and generalization
scores for the two groups trained on vowels (ID_V, DIS_V) and the control group are
shown in Table 2. As can be observed, the three groups performed numerically better at
post-test than at pre-test on the identification of the targeted segment, vowels. This is
particularly evident in the case of the ID_V group, withan increase of 26 percentage points,
and also observed with the DIS_V group (9.8 increase). The numerical improvement
obtained by the control group (3.7 percentage points) may be due to familiarity with the
test, after having completed the same test at pre-test. It may also reflect a small general
improvement from exposure to English in their studies. The results for the untargeted
sounds were less notable and less consistent, as only the DIS_V group appeared to show

some improvement (7.7 increase with final consonants).

*Insert Table 2 here *

As the groups did not differ statistically at pre-test (F(4, 95) = .078, p =.614), the
effect of training was explored, first, by comparing the amount of gain for targeted and
untargeted sounds in a series of linear mixed-effects models. The best fitting model was a
linear mixed model exploring the fixed effects group (ID, DIS and CG), segment type
(vowels, initial consonant and final consonant) and a group by segment type interaction,
with a random intercept for participant. The analysis revealed a significant main effect of

group (F(2, 153) = 6.32, p =.002), and segment type (F(2, 153) = 46.83, p < .001) and a



significant group by segment type interaction (F(4, 153) = 22.11, p < .001). Pairwise
comparisons with a Bonferroni correction confirmed that the two experimental groups
outperformed the controls (overall increase from pre- to post-test: ID_V:7.1, DIS V:6.3,
vs. CG:1.7; p<.001,d=.77and p =.01, d = .59, respectively)i’. This is illustrated in Figure
1. The effect of segment type can be explained by the fact that the targeted segments
(vowels) obtained higher gains, namely a 13.3 increase, than the untargeted segments
(initial consonants: -0.03, final consonants: 2.2). This was confirmed by Bonferroni
pairwise comparisons (vowels vs initial consonants: p < .001, d = 1.77; vowels vs final
consonants. p <.001, d= 1.47). No significant difference was found between the initial and
final consonants (p =.433). The group by segment type interaction can be explained by the
identification group’s much greater difference in gain between vowels and consonants in

comparison to the other groups, as is illustrated in Figure 2.
*Insert Figure 1 Here *

*Insert Figure 2 Here *

The effect of training group on each segment type was analyzed next comparing the
results for the pre-test, post-test and generalization test. Recall that the generalization test
assessed the identification of new stimuli produced by familiar (training) talkers. As can be
observed from Table 2, regarding vowels, both vowel-trained groups obtained generalization
scores that were equal or even higher than post-test scores. Interestingly, despite a small
improvement from pre-test to post-test, the control group also performed comparatively well
with the new stimuli, albeit reaching lower identification scores than the trained groups. A
GLMM analysis, with test (pre-test, post-test, generalization), group (CG, DIS_V and ID_V)
and their interaction as fixed effects, and a random intercept for participant yielded a significant

effect of test (F(2, 15111) = 168.65, p <.001), group (F(2, 15111) = 11.02, p < .001), and a



significant interaction (F(4, 15111) = 38.86, p < .001). Bonferroni-adjusted pairwise
comparisons confirmed that groups did not differ at pre-test and both training groups
outperformed the controls both at post-test (ID_V - CG: p<.001,d=1.77; DIS_ V- CG:p =
.035, d =1.96) and generalization test (ID_V - CG: p<.001,d =1.09; DIS V- CG:p =.044,
d=.72). The ID_V group also outperformed DIS_V at post-test (p <.001, d = 1.18). Inaddition,
the pre-test scores for both experimental groups (ID_V and DIS_V) were significantly lower
than their post-test scores (p < .001, d = 1.25 and p < .001, d = 1.26, respectively) and
generalization scores (p < .001, d = 2.25 and p < .001, d = 2.83 respectively). CG’s small
improvement from pre- to post-test (54%-58%) proved significant too (p = .019, d = .64).
Interestingly, CG’s generalization scores (68%) were also significantly higher than pre-test (p
<. 001, d = 1.45) and post-test scores (p = .007, d= 1.23). Still, CG’s generalization scores
(68%) were significantly lower than DIS V’s (76%, p =.044, d = 0.72) and ID_V’s (80%, p
<.001, d =1.09) scores, as indicated above.

Regarding initial stops, the GLMM, with the same characteristics as the analysis of
vowels, yielded no significant effects and no interaction for initial consonants (group: F(2,
7767) =.285, p =.752; test: F(2, 7767) = .066, p = .937; test by group: F(4, 7767) = 1.263, p
=.282). In the case of the final stops, there was a significant effect of test (F(2, 7767) = 8.35,
p <.001) and a test by group interaction (F(4, 7767) = 2.593, p = .035), but no effect of group
(F(2, 7767) = .66, p = .516). For all three groups, generalization scores were lower than pre-
test or post-test scores. DIS_V was the only group to show improvement from pre-test to post-
test (65 to 72%, p < .001, d = .63), but this improvement was not evident with new stimuli
(61%).

In brief, the two vowel-trained groups improved their identification of the targeted
sounds (vowels) and showed generalization effects, with ID_V showing the greatest

improvement. The controls also show improvement and generalization with vowels but they



were always outperformed by the trainees. Regarding untargeted sounds, only DIS_V revealed

some improvement for final stops, although the improvement did not generalize to new stimuli.

Consonant training groups

Table 3 shows the correct identification scores obtained at pre-test and post-test, the
gain score and the results of the generalization test for the consonant training groups (ID_C,
DIS_C)and CG. The results show that in general all groups obtained the lowest correct
identification scores for vowels (53-56%), followed by the scores for final stops (65-71%)
and initial stops (70-78%). The consonant training groups obtained numerically higher
scores at post-test than at pre-test for the targeted segments (initial and final consonants).
But only the DIS group shows a notable numerical difference with the untargeted sounds

(from 55% at pre-test to 64.7% at post-test).

*Insert Table 3 here*

As can be observed the DIS_C group’s identification of initial and final consonants
improved by 12.8 and 4.3 percentage points, respectively, from pre-test to post-test,
whereas the ID_C group’s improvement for initial and final consonants reached 15.9 and
5.5, respectively. The amount of gain evidenced by the control group in this case was
comparatively small (0.9 increase for initial consonants and 0.5 for final consonants). A
linear mixed model with group (ID, DIS and CG), segment type (vowels, initial consonant
and final consonant) and a group by segment type interaction as fixed effects and random
intercept for participant revealed a significant effect of group (F (2, 144) = 8.71, p <.001),
and segment type (F (2, 144) = 7.40, p =.001) and a significant interaction (F (4, 144) =

7.06, p < .001). Bonferroni-adjusted pairwise contrasts revealed that the trained groups



significantly outperformed the controls (DIS_ C —CG: p<.001,d =.85;ID_ C-CG:p =
.008, d = .69) on the overall performance (targeted and untargeted segments) and did not
differ significantly from each other (p =.226). The overall gain across segment types for
each of the three groups is illustrated in Figure 3. The effect of segment type is explained
by the greater improvement with initial stops than with the other two segment types, which
was confirmed by Bonferroni pairwise comparisons (p =.002, d = .73 when comparing
with vowels and p = .002, d = .71 when comparing with final consonants). The group by
segment type interaction is explained by the fact that while the control group obtained
similar results for different segment types, the trained groups, particularly the ID group,

showed greater differences between segment types (see Figure 4).
*Insert Figure 3 Here*

*Insert Figure 4 Here*

As previously done with the vowel training groups, GLMM analyses were carried
out to explore the effectsof testand group for each segment type separately. Again, the best
fitting model was a GLMM with group (ID_C, DIS_C, GG), test (pre-test, post-test,
generalization) and their interaction as fixed effects and a random intercept for participant.
Regarding the targeted segments (consonants), the results for initial consonants yielded a
significant effect of test (F (2, 7287) = 42.8, p <.001) and a significant interaction (F (4,
7287) = 8.62, p < .001), but no main effect of group (F (2, 7287) = 1.44, p = .236).
Bonferroni-adjusted pairwise comparisons revealed one more time that groups did not
differ at pre-test, but ID_C outperformed CG (p =.004, d =.92) and marginally DIS_C (p
=.054) at post-test. In addition, the difference between post-test and pre-test was significant

for both trained groups (ID_C: 16 percentage points, p < .001, d =1.49; DIS C: 13



percentage points, p < .001, d = 1.04), but not for CG (0.9 increase, p = .01). Finally,
improvement generalized to new stimuli for both trained groups (generalization scores were
significantly higher than pre-test scores (p <.001, d =.99 for ID_Cand p <.001, d = 1.05

for DIS_C) and equal to post-test scores).

Regarding final stops, the GLMM in this case yielded a significant effect of test
(F(2, 7287) = 4.9, p = .007), but no group effect (F(2, 7287) = 2.41, p = .09) and no
interaction (F (4, 7287) = 1.16, p = .329). Pairwise comparisons showed that only ID_C's
difference between pre-test and post-test (5.5 percentage points) was significant (p = .032,
d = .63), and improvement generalized to new stimuli (post-test results and generalization
results did no differ significantly). Interestingly, when looking at the untargeted segments
(vowels) the pattern observed earlier with the vowel training groups is replicated as the DIS
group shows the greatest improvement (9.7 percentage points). The GLMM analysis
yielded a significant test effect (F(2, 14231) = 45.49, p <.001), a marginal effect of group
(F(2, 14231) = 2.72, p = .066) and a significant interaction (F(4, 14231) = 8.39, p <.001).
Bonferroni pairwise comparisons showed that DIS_C trainees outperformed ID_C at post-
test (p = .032, d =.90). As was found for the vowel-trained groups, all groups obtained
higher vowel identification scores in the generalization test than in the post-test, but
DIS_C'sscores were significantly higher than CG's (p =.046,d=.75)and ID_C's(p=.002,

d = 1.51).

In summary, consonant-trained groups significantly improved their identification of
targeted sounds (initial stops), outperforming the controls and showing generalization to
new stimuli. This outcome was also found with final stops for ID_C, albeit to a lesser extent.
Similar to what was found with the vowel-trained groups, DIS trainees, but not ID trainees,
showed significant improvement and generalization effects with untargeted sounds

(vowels).



Delayed post-test results

The delayed post-test was administered two months after the post-test to assess the
long-term effects of the training. The scores obtained by each group and test can be seen in
Table 4. Unfortunately, not all of the original participants returned to complete the delayed
post-test. Thus, only the results of the trainees that were present at all three testing times
were analysed (71% of the original participants, namely CG: 9 learners; ID_V:17; DIS V:
12; ID_C: 12; DIS_C: 13). Hence scores at pre- and post-test shown in Table 4 differ
slightly from those shown in previous tables. As in the case of the generalization results,
delayed post-test results were particularly relevant when a significant improvement from

pre-test to post-test was observed (Flege, 1995b; Cebrian & Carlet, 2014).

*Insert Table 4 here *

As can be seen in Table 4, for all groups the delayed post-test results were either
numerically higher or similar to the post-test results. Each group’s performance on each
segment type was submitted to a series of GLMM analyses in the same fashion as was done
for the pre-test, post-test and generalization results. Regarding the vowel-trained groups
and their results for targeted sounds (vowels), a GLMM with time (pre-test, post-test and
delayed post-test), group (ID_V, DIS_V, CG) and their interaction as the fixed effect and a
random intercept for participant yielded significant effects of test (F(2, 13671) = 164.5, p
<.001), group (F(2, 13671) = 8.25, p < .001), and a significant interaction (F(4, 13671) =
42.92, p <.001). Bonferroni-adjusted pairwise comparisons confirmed that groups did not
differ at pre-test. For ID_V and DIS_V, post-test results (80% and 63%, respectively) and

delayed post-test results (80% and 60%) did not differ.



In addition, the pre-test scores for both experimental groups (ID_V and DIS_V)
were significantly lower than their post-test scores (p <.001,d =3.77 and p <.001, d =
1.17, respectively) and delayed post-test scores (p <.001,d=3.44 and p <.001,d =.97).The
same pattern of results of improvement with CG observed for the whole group also emerged
at this time, as CG's scores showed an improvement from pre- to post-test as well (57-62%,
p =.019, d = .94), and their results at delayed test was also significantly higher than at pre-
test (p < .001, d = 1.14).1i Still, the experimental groups’ (ID_V and DIS_V)scores were
significantly higher than CG's both at post-test (p <.001, d = 1.79 and p < .001, d = .09,
respectively) and delayed post-test (p < .001, d = .96 and p < .001, d = .91). With respect
to the untargeted sounds, the GLMM vyielded no significant effects and no interaction
concerning initial stops (test: F(2, 5463) = .951, p = .386; group: F(2, 5463) = 1.53, p =
.734; test by group: F(4, 5463) = 1.96, p =.098). Finally, there was a marginal effect of test
in the analysis of final stops (F(2, 5463) = 2.882, p =.56), but no effect of group (F(2, 5463)
= 1.119, p =.327) and no interaction (F(4, 5463) = 1.932, p =.102). Follow-up pairwise
comparisons indicated that only in the case of DIS_V there was a significant improvement
from pre- to post-test (64-72%, p = .01, d = .51), which was maintained at delayed post-test

(71%, p = .01, d = .48).

The same statistical analyses were conducted regarding the consonant-trained
groups. One more time, the best model was a GLMM with test, group and their interaction
as fixed effects and a random intercept for participant. With respect to the targeted sounds,
the analysis of the initial stops yielded a significant effect of test (F(2, 4887) = 39.8, p <
.001) and a test by group interaction (F(4, 4887) = 4.33, p = .002), but no effect of group
(F(2,4887) =0.21, p =.813). Bonferroni-adjusted pairwise comparisons revealed that ID_C
and DIS C’sresults at pre-test (71% and 72%) differed significantly from post-test results

(88% and 85%, p <.001,d =1.61 and p <.001, d =1.02, respectively) and delayed post-



test (84% and 86%, p < .001, d =.78 and p < .001, d = 1.16, respectively), and there was
no difference between the two post-training tests. CG’s scores at pre-, post- and delayed
post-test did not differ. The analysis of final stops yielded no significant results (test: F(2,
4887) = 1.84, p = .159; group: F(2, 4887) = .31, p = .734; test by group: F(4, 4887) = 0.49,
p = .746). Unlike the previous analysis involving the whole group, where ID C’s
improvement from pre- to post-test in final stop identification reached significance (70% to
75%), the numerical difference between pre- and post-test did not reach significance in the
current analysis (71% to 75%). The lack of significance is probably related to the smaller
group size. Regarding untargeted sounds (vowels), the GLMM indicated a significant effect
of test (F(2, 12231) = 35.8, p <.001) and a test by group interaction (F(4, 12231) = 7.3, p
<.001), but no effect of group (F(2, 12231) = 0.84, p=.433). In this case, the original result
was replicated as DIS_C were found to improve significantly from pre- to post-test (54%-
64%, p <.001, d = 1.37) and improvement was maintained at the delayed post-test (65%, p

<.001, d =1.39).

To summarize, the analysis of the pre-test, post-test and delayed post-test results for
the participants who completed all three tests follows very closely the results obtained for
the whole group regarding the effect of training on targeted and untargeted sounds: vowel
trained groups improved on vowels (to a greater extent than CG), consonant groups
improved on initial stops, and DIS-trained groups showed improvement on untargeted
sounds. Importantly, the fact that delayed post-test scores replicated post-test scores in all
cases Where there was an improvement from pre-test to post-test provides ample evidence

for retention of knowledge after training, both for vowels and for consonants.

Discussion and conclusions



This study examined the roles of attention, segment type and perceptual task in L2
learning by assessing the effectiveness of two HVPT training methods (ID vs. categorical
DIS) on the perception of targeted and untargeted L2 sounds by Spanish/Catalan learners.
More specifically, it investigated the effect of each training method on different segment
types by comparing the perception of five SSBE vowels (/i: 1 & A 3:/) and the stop
consonants in word initial and word final position. Two experimental groups were trained
on vowels and two groups were trained on stop consonants, in a five-session training regime
involving the exact same set of stimuli for all trainees. All trainees and a control group of
untrained learners were tested on their identification of vowels and stops before,
immediately after, and 2 months after training. The overall findings confirm the positive
effect of HVPT in enhancing L2 learners’ perceptual abilities, in line with previous studies
(e.g., Bradlow, 2008; Thomson, 2018). This study provides strong evidence that both 1D
and DIS tasks are effective methods for training to perceive L2 vowels and initial
consonants, although ID may be more suitable in the case of vowels. In addition, both tasks
equally contribute to generalization and to retention of learning two months after the
training regime ended. Moreover, the results show that the DIS method also facilitates
learning of untargeted sounds. Finally, results for the untrained control group showed that
CG also improved in their identification of vowels (but not of consonants). Still, the trained
groups’ improvement was of a significantly greater magnitude than CG’s. CG’s results may
reflect an effect of task familiarity after having completed the pre-test, or may show an
effect of continuous exposure to English at university, or metalinguistic knowledge
acquired in their English phonetics course. Still, the superiority of the trained groups’ results
across segment types, and particularly of ID_V on vowels, strongly support the
effectiveness of HVPT. These findings are discussed below in light of the questions raised

in the introduction.



Segment types and tasks

Regarding the effect of training on the sounds that are the focus of training (targeted
sounds), the results show that both training tasks are efficient. However, in the case of the
vowels, the ID task resulted in significantly greater gains (by 26 percentage points) than the
DIS task (9.8 percentage points), thus appearing to be better suited for training L2 vowels.
This result is in line with Nozawa (2015), who found that the ID method was superior to
DIS in promoting L2 vowel gains. By contrast, Wee et al. (2019) report that both types of
task were equally effective for training the perception of English /i:/-h/ by Japanese
speakers. Still, several differences exist between these studies. Nozawa’s study and the
current study involved natural stimuli and included a variety of vowels. On the other hand,
the training and testing stimuli in Wee et al. were drawn froma /i:/-/i/ temporal and spectral
continuum, and the study’s focus was on cue-weighting, thus examining a different type of
perceptual skill. Further, unlike the current study, neither Nozawa (2015) nor Wee et al.
(2019) included a control (untrained) group in their design, or a test of generalization or of
retention of knowledge. Thus, the evidence provided in the current study is stronger and
points to a greater effect of identification training for vowel perception. The possible
reasons for this benefit are further discussed below, when summarizing the results for

vowels and stops.

Regarding stops, both training methods promoted gains in the identification of stops
in onset position to the same extent. This result replicates earlier findings showing the
positive effect of both training methods on the identification of final stops by Mandarin
learners (Flege, 1995b), coda nasals by Japanese learners (Nozawa, 2015) and on the
identification of /r-I/ by Japanese learners of English (Shinohara & Iverson, 2018).
However, little evidence of training effect was observed for targeted final stop consonants

in the current study (ID_C’s improvement from 70% to 75% was significant, albeit of a



small size effect, but notably smaller than ID C’s and DIS_C’s improvement with initial
stops from 73% to 89% and from 69.5% to 82%, respectively). The greater difficulty when
identifying the coda stops may be due to the fact that the final stop voicing distinction is
non-existent in the learners’ L1 (Flege, 1989). Moreover, the training time for consonants
was quite limited (five thirty-minute sessions divided into two tasks, one for each word-
position). This may suggest that training final consonant perception requires a longer
amount of time and effort than training initial consonant perception. Flege (1995b) used
seven training sessions and obtained improvement. It is also possible that the lack of an
effect of training on the identification of final stops lies in the fact that final stop voicing
contrasts are cued by the preceding vowel duration in English (among other cues), and thus
are usually perceived more continuously than categorically (Pisoni, 1973). In addition, the
difference between short lag and long lag VOT for initial stops may be a more robust cue
than the more gradient vowel duration differences cuing final stops (Burnham, 1986). All
in all, these results point to the fact that the trainability of initial voicing contrasts might be
relatively easy in comparison to other distinctions (Strange & Dittmann, 1984), and can be

modified through perceptual training (Collet et al., 2013).

Thus, regarding the first research question, this study has shown that HVPT is
effective for training L2 vowel and L2 initial stop identification. However, the 1D task
proved superior for L2 vowel training, while both tasks seem to be equally effective for
training initial stops. This difference may be due to the fact that consonants and vowels may
involve different training procedures (Nozawa, 2015) and different amounts of training,
since consonants and vowels do not entail the same degree of effort on the part of L2
learners (Aliaga-Garcia & Mora, 2009; Pereira, 2014). Moreover, the phonetic and
phonological differences between consonants and vowels may explain the different results

obtained with different training tasks. For example, vowels and consonants have been found



to be perceived differently (Fry et al., 1962; Strange, 2007), require different levels of
processing when learned (Pisoni, 1973), and activate different neuronal patterns when
processed (Carreiras & Price, 2008). According to Liberman et al. (1967), consonants are
generally more acoustically stable than vowels, which facilitates perception. Regarding the
difference between the tasks, ID tasks are said to enhance between category sensitivity and
involve higher levels of phonological encoding that are more relevant for L2 categorization,
whereas DIS tasks tend to promote within-category sensitivity and tap into lower levels of
phonological encoding (Iverson et al., 2012; Jamieson & Morosan, 1986; Logan & Pruitt,
1995). It may be the case that training through higher levels of phonological encoding is
more beneficial for vowel perception, since vowels are perceived more continuously than
categorically (Strange, 2007). On the other hand, initial stops benefit equally from a task
which trains higher level of phonological encoding and a task which trains lower level of
phonetic processing, which may be connected to the acoustic stability found in consonants

(Liberman et al., 1967).v

Training attention

Another noteworthy outcome of this study was the effect of HPTV on untargeted but
implicitly exposed segments, showing that L2 learning may occur even without “attention
orienting” (Posner, 1980) and explicit instruction. This result goes in line with Alves and
Luchini (2017), who found that while specific instruction led to some improvement in VOT
production, an overall improvement in the identification of stops was found for all trained
groups regardless of the presence of explicit instruction. Further, Nozawa (2015) found that
the two vowel-oriented groups increased the accuracy with which they identified L2 coda
nasals present in the stimuli without any specific training on these specific segments. On the

other hand, Pederson and Guion-Anderson (2010), who trained one group of English speakers



on Hindi vowel contrasts and another group on Hindi stop contrasts, observed improvement in
the identification of trained contrasts only. Still, Pederson and Guion-Anderson’s study differs
from the Alves and Luchini (2017), Nozawa (2015) and the current study in that Pederson and
Guion-Anderson tested monolingual speakers on non-native contrasts (as opposed to L2
learners who already had some experience with the L2), and tested identification-trained
participants by means of discrimination tasks, thus using a different type of measure from the
other studies.

In any event, the pattern of results in the current paper reveals an effect of training on
untargeted sounds for both vowels and final consonants when a categorical DIS task (DIS_C
on vowels, DIS_V on final consonants) was applied. A few possible reasons for this difference
between ID and DIS tasks in their ability to have an effect on untargeted sounds are considered.
First, it is relevant to consider that the ID task introduces one stimulus at a time to the learner,
which might force learners to directly compare the given stimulus with a previously stored
mental representation of the corresponding sound category (covert task type, Bohn, 2002). By
contrast, a categorical DIS task exposes learners to two physically present stimuli to be
compared at every trial (overt task type, Bohn, 2002), which in turn might increase learners’
awareness of the untargeted segments. A second and related explanation may be connected to
the nature of the responses in each task (same/different response vs. responses that represent
actual sound categories), as discussed below. A third explanation is related to the fact that DIS
tasks might enhance within-category variability awareness, instead of between-category
variability, as the ID task (see Logan & Pruitt, 1995). Since the perception of final consonants
is partly cued by the within-category properties present in the preceding vowel sounds, the
Spanish/Catalan learners might have been able to apply the enhanced awareness of the
preceding vowel duration differences when identifying final consonants. In addition, the

forced-choice ID method strictly directed learners’ focal attention to the input which was



considered important for further processing (i.e. the target sounds). This is due to the presence
of labels in this task, which forces learners to categorize each stimulus as one of the options
provided (Jamieson & Morosan, 1986). On the other hand, the absence of such labels in the
same/different DIS task may allow listeners to pay attention to the whole stimulus (targeted
and untargeted segments). Furthermore, the difference between the two training tasks is also
evident in the nature of the feedback they provide. In the ID task feedback consists of revealing
the identity of the crucial sound in the stimulus. Thus ID feedback was more explicit and
involved focus on the target sounds, i.e., focus on form (Long, 1991), since it involved the
information of specific symbols and common spellings for each sound. According to Long
(1991), focus on form consists of an occasional shift of attention to linguistic code features.
Thus, it can be said that an 1D task succeeded in orienting learners’ focal attention solely to the
target sounds while abstracting away from other cues present in the stimuli. This is in line with
Pederson and Guion-Anderson (2010)’s findings, since their participants only showed gains on
the directly-trained segment. By contrast, the feedback received through the DIS training was
more implicit, since it strictly reflected the listeners’ capacity to distinguish between the two
sounds, not their ability to relate the given sound to a response category represented by a
symbol or spelling. The DIS training may have allowed learners thus to focus their attention

on any cues present in the stimuli.

Interestingly, DIS_V was the training method that enhanced learners’ perception of
final stops the most from pre to post-test (7.7 percentage points), followed by ID_C (5.5
percentage points). This finding provides further evidence of the interaction between
consonant and vowel cues (Recasens & Mira, 2015; Steinlen, 2005). It is possible that
DIS V trainees were able to detect the vowel duration cue to final obstruent voicing
(Raphael, 1972; Roach, 2000) through the vowel training regime received, which provided

exposure to obstruent voicing contrasts across trials (e.g., vab — vub and vap — vup). Recall



that previous studies have reported that Spanish/Catalan learners of English may be
sensitive to phonetically conditioned vowel duration differences determined by the voicing
nature of the following obstruent (Cebrian, & Carlet, 2014). Hence, DIS 'V may have been
able to detect the relationship between vowel duration and final obstruent voicing by
contrasting stimuli from subsequent trials, and then apply this knowledge correctly when
identifying the coda stops. Since this systematic variation in vowel duration of the
preceding vowel is a within-category characteristic (i.e. vowels becoming shorter when
preceding a voiceless sound), it would make sense that only DIS trainees would become
sensitive to such cue. Hence, the within-category differences present in vowels may not be
necessary or strictly relevant for the identification of the vowel target sounds (Jamieson &
Morosan, 1986), but they might be an applicable cue for the identification of the final stop
that follows this given vowel, explaining the cross-training effect here observed.

The DIS_C group also significantly improved in their identification of the untargeted
segments (vowels), with a 9.7% gain from pre to post-test, despite not having received specific
feedback on this segment. This may also be related to the role of preceding vowel duration in
the final stop distinction. Being trained on final stops, participants may have been directed to
focus their attention on the vowel duration cue (Raphael, 1972; Roach, 2000) rather than
attempting to rely solely on the more variable characteristics of the final stop. In fact, this
enhanced ability with vowels as an effect of consonant training has previously been reported
in a different area of study: L1 phonological therapy. Inan unpublished study, Stemberger (J.
Stemberger, personal communication, September 8", 2015) observed that, by training pre-
schoolers with phonological impairment on consonant sounds, the infants improved their
ability of producing consonant and vowel sounds.

In brief, regarding the second research question, the results suggest that DIS training is

more likely than ID training to have an impact on untargeted L2 sounds (vowels and final



stops), since this type of task does not direct learners’ attention exclusively to the target sounds
and/or limit the learners’ perception to the given labels (Polka, 1992). This is one of the key
contributions of this study, since it shows that explicit instruction and “attention orienting”
(Posner, 1980) are not the sole pre-requisites for L2 perception learning to take place in an

HVPT approach.

Evidence of robust learning

The third research question involved the effect of high variability perceptual
training on generalization to novel items and retention of learning after two months of the
training completion. First of all, improvement from pre-test to post-test already shows one
type of evidence of generalization as testing stimuli were produced by different talkers from
training stimuli. Thus, learners were able to apply the learning received from exposure to
training stimuli to new voices. Regarding the generalization to novel non-words, the gain
on the targeted segments for all experimental groups was maintained or even increased
when tested on different words produced by familiar talkers. The positive generalization
results on targeted segments and the large effect sizes obtained in both cases confirm that
both training methods here applied (ID and categorical DIS) promoted generalization
effects that went beyond the training stimuli, providing evidence of robustness of learning
(Logan & Pruitt, 1995). Regarding the generalization scores of untargeted sounds, only the
DIS_C generalized the learning outcomes to novel non-word stimuli, confirming the
efficacy of this training method and the strength of the effect on untargeted segments. On
the other hand, the DIS_V training group was not found to generalize the improvement on
untargeted segments (final consonants) to novel non-word stimuli. It is possible that the
improvement previously observed (from pre-test to post-test) was stimuli-specific, not

being consolidated enough to promote generalization to novel tokens (Logan & Pruitt,



1995). In fact, all groups tended to be more successful in the generalization test than at
posttest in their identification of vowels, even CG. The exception was ID_V, whose results
were equally high at post-test and generalization test, and were always higher than the other
groups’. It is possible that the vowels in the generalization non-word stimuli were easier to
identify than vowels in pre- and post-test due to a more careful articulation, or to a greater
familiarity with the voices, as the novel stimuli were produced by the same talkers as the
pre- and post-test stimuliv. Still, ID_V, DIS_V and DIS_C’s generalization scores were
significantly higher than CG’s, supporting the idea that the results were related to the

training received.

Turning our attention to the retention effects, the results showed that all
experimental groups were able to maintain the post-test scores at the delayed post-test phase
for the targeted sounds, that is, vowels for vowel trainees and initial consonants for
consonant trainees. These results revealed that training effects on targeted sounds can be
retained even after the training regime is over, in line with several previous studies
(Bradlow et al.,1999; Nishi & Kewley-Port, 2007;Wang & Munro, 2004). Interestingly, the
categorial AX DIS methods also promoted long term effects on the untargeted sounds that
had originally shown improvement with training (vowels for the DIS C and final
consonants for the DIS_V). This result confirms that the training effect observed with the
untargeted sounds was consolidated. According to Flege (1995b), if knowledge acquired
during training is retained over time, it might indicate that robust L2 categories have been
established in the L2 learners’ perceptual space. Moreover, it confirms the relevance of
phonetic training as an L2 teaching tool and the importance of using this tool in the L2

classroom.

Limitations and final conclusions



This study had some limitations, such as a possible task familiarity effect for ID
training groups, since testing involved only an ID task, and, although the talkers were
different, the testing words were a subset of the training words. However, ID trainees
outperformed DIS trainees only in the case of vowel-trained groups, as the performance
was comparable in the case of consonant-trained groups. Thus, it remains unclear whether
a task familiarity effect could have influenced the outcomes of the present study. Another
limitation involves the difference in duration of training between consonants and vowels.
Recall that in the case of stop consonants the total amount of training time was halved in
order to train initial and final stops. According to Flege (1989), learners should be exposed
to a large number of trials in order for training to work, especially when the L2 feature is
non-existent in the L1. Thus the shorter length of training for consonants might have limited
its impact on the results, as shown by the lack of significant improvement with final stops.
Future research should aim to assess cross-training effects for consonants and vowels with
longer and equal amounts of training time. Furthermore, it may be the case that the
improvement on untargeted vowels resulted from learners’ attention to the preceding vowel
as a cue to final stop voicing and thus was the consequence of final stop training only. Thus
it would be more appropriate to train initial and final stops separately to fully evaluate the
effect of training on both the targeted and the untargeted sounds. Finally, the current study
focused on a particular population (English-major undergraduates with knowledge of
phonetics). Although previous research has found training to be effective for different levels
of proficiency (Iverson etal. 2012), further research is also necessary toassess if the training
regimes used in the current study would be equally beneficial to learners of different levels
of L2 English. The current findings about the overall effect of HVPT, and especially the

effect on untargeted sounds, can be examined further by investigating generalization to



additional types of L2 sound contrasts, contexts and populations, as well as exploring its

practical implications for second/foreign language pronunciation teaching.

In conclusion, the present investigation provided evidence that different training
methods (ID and categorical DIS) play different roles when training L2 vowels and L2
consonants. An ID method was found to enhance L2 vowel perception to a greater extent
than a categorical DIS method, whereas both methods were equally effective in modifying
initial consonant perception, and ID promoted some improvement of final stop
identification. In addition, the DIS method was found to enhance the perception of the
untargeted but implicitly exposed sounds, showing that controlled exposure to stimuli might
be able to enhance listeners’ sensitivity even when their focal attention is not oriented solely
towards the target sound. It suggests that the learners trained by a DIS method were able to
reorient their attention to different cues present in the stimuli which contributed to the
perception of both the targeted and the untargeted L2 sounds. Since the majority of training
studies make use of CVC words as training stimuli, this may be an important result. This is
because whilst training one type of segment, the implicit exposure to the untargeted
segments present in the stimuli may contribute to learners’ overall perception. In line with
these results, a combination of both tasks (ID and categorical DIS) is suggested in order to
enhance different perceptual abilities and maximize the effects of training (Cebrian &
Carlet, 2014; Shinohara & lverson, 2018). Perhaps DIStasks can be used at the early stages
of training (Logan & Pruit, 1995) and ID can be introduced once the learners are more
familiar with the different categories of the target sounds (Shinohara & Iverson, 2018).
Nevertheless, it is relevant to note that previous studies have shown that L2 learners find
an ID task more motivating and enjoyable than a DIS task, described as more demanding
and tiring (Carlet, 2017; Flege, 1995b). In that regard, a greater contribution from L2

training studies may be achieved by examining not only the efficacy of the training regime



but also participants’ opinions about the training tasks to assess the practical applications

of phonetic training.
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"'In the case of English /3:/, it was contrasted with two potentially confusable vowels, /a:/ and
lel, so that within trial contrasts (DIS task) and across trial contrasts (1D task) involved /a:/-
/3:./ and /e/-3:/ pairs. There were 12 pairs illustrating the /&/-/a/contrast, 12 for the /i/-
/i:/contrast, 6 pairs for the /a:/-/3:/ and 6 for the /e/-/3:/ contrast.

I Cohen's d is given as a measure of effect size (e.g., Cohen, 1988). Following Plonsky &
Oswald (2014), the benchmarks for small, medium and large effect sizes are .40, .70 and 1,
respectively, for between groups comparisons, and .60, 1 and 1.40 for within groups
comparisons.

it CG was the group with the lowest number of participants who completed the delayed post-
test (9 of the original 16). It is possible that the subset of participants who completed all tests
were also the best performers. In fact, a comparison between these 9 participants and the
remaining 7 at pre- and post-test does show that the former were more successful than the
latter. This may also explain the relatively high CG scores at the delayed post-test.

™ An anonymous reviewer suggested that another explanation for the different results
obtained for stops and vowels may be related to differences between these segments in the
extent to which the target phones map onto the closest L1 categories. Since the current study
did not specifically select target L2 sounds on the basis of differences in L2 to L1 mapping,
this is issue is left for future study.

v All stimuli presented vowels between obstruents, half before a final voiced obstruent, half
before a final voiceless obstruent. Thus it is unlikely that the higher scores in vowel
identification at the generalization test are a consequence of the phonetic context.
Specifically, the novel stimuli were dack, pag, dut, jud, vert, derg, fip, pid, geep and keeb.
Recall that all stimuli were similarly accurately identified by native English speakers in a
stimuli validation task (see section “Training Stimuli™).
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Table 1.

Training stimuli organized by vowel contrast (columns) and consonant contrast (rows)

&-A I-i: 3:-a:/3:-¢€
td_# dadge-tadge  deedge-teedge  darge-targe dedge-tedge
dudge-tudge  didge-tidge derge-terge*  derge-terge*
p/b_# pav- bav peedge-beedge parsh-barsh perf-berf
puv —buv pidge-bidge persh-bersh peff-beff
kig_# kak-gak keedge-geedge  karch-garch  ketch-getch
kuk-guk kidge-gidge kerch-gerch*  kerch-gerch*
# t/d zat -zad jeet-jeed zart-zard chert-cherd
zut —zud jit-jid zert-zerd chet-ched
# p/b vap -vab veep-veeb jarp-jarb jep-jeb
vup —vub vip-vib jerp-jerb* jerp-jerb*
# kig vak -vag veek-veeg vark-varg vek-veg
vuk —vug vik-vig verk-verg* verk-verg*

Note. # - initial; # - final. Rows show consonant contrasts (dadge-tadge) and columns illustrate
vowel contrasts (dadge-dudge). * Itemsthatappeartwice on the list. Some /3:/ items appeartwice as /3./ was

contrasted with /a:/ in half the trials and with /e/ in the other half.



Table 2.

Pre-test, post-test, gain scores and generalization to new stimuli for targeted and untargeted sounds obtained
by the vowel groups and CG

CG DIS V ID .V

Vowels % SD % SD % SD

Pre-test 541 99 55.5 6.5 529 95
Post-test 578 10.2 65.3 9.7 79.1 133

Gain 37 42 9.8 7.6 263 7.6
Generalization newwords 68.4 12.4 75.9 8.3 804 9.8

Initial consonants % SD % SD % SD
Pre-test 78.1 124 74.3 9.7 776 119
Post-test 79 134 76.7 114 742 119

Gain 09 56 2.4 10.3 34 94
Generalization newwords 79.9 8.7 78.8 7.4 758 11.0
Final consonants % SD % SD % SD
Pre-test 69.1 7.8 64.7 145 71 6.4

Post-test 69.6 6.29 724 6.9 69.4 10

Gain 05 45 7.7 13.2 -16 8.2

Generalization new words 64.9 1i.4 66.8 9.2 64.2 8.2




Table 3.

Pre-test, post-test, gain scores and generalization to new stimuli for targeted and untargeted sounds obtained
by consonant trained groups and CG

CG DIS C ID C
Initial consonants % sD % SD % SD
Pre-test 781 124 695 96 728 95
Post-test 79 134 823 98 887 7.1
Gain 09 56 128 11 159 106

Generalization newwords 799 115 815 87 853 7.8

Final consonants % SD % SD % SD
Pre-test 69.1 78 70 168 699 88
Post-test 696 6.2 743 73 754 70

Gain 05 45 43 139 55 89

Generalization newwords 65.0 7.9 702 6.8 729 65

Vowels % SD % SD % SD
Pre-test 541 99 55 75 562 101
Post-test 578 102 647 84 553 122

Gain 37 42 97 74 -09 79

Generalization newwords 684 11.3 758 8.2 629 8.9




Table 4.

Pre-test, post-testand delayed post-test scores for targeted and untargeted sounds (data from participants who
completed all tests).

CONTROL DIS V ID V DIS C ID C
Vowels % SD % SD % sSD % SD % sSD
PRE 56.7 11.3 53 4.2 51.8 9.7 53.8 7.6 57.4 105
POST 61.9 111 62.8 9.4 79.7 9.3 64 9.3 57.3 10.6
DELAYED 70.0 14 60.4 8.2 80.1 8.3 65.2 175 60 8.3
POST
Initial % sSD % SD % sD % SD % SD
consonants
PRE 79.2 15 72.9 95 80 111 71.8 9.4 71 10.9
POST 82.6 14.7 74.3 11.7 754 12.2 84.6 9.3 88.4 6.8
DELAYED 80.2 13.9 76.7 105 78.3 124 86.4 9.7 84.3 14.4
POST
Final consonants % SD % SD % SD % SD % SD
PRE 729 5.9 63.7 17.9 71.7 6.3 73.2 9 71.2 8.6
POST 715 6.4 71.7 6.6 70.6 9 75.6 6.3 75.2 6
DELAYED 74.1 7.6 70.8 6.9 74.1 6.5 76.3 7.4 75.2 75

POST




Figure 1.

Overall gain obtained by vowel trained groups and control group (CG) across segments
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Figure 2.

Gain score for targeted and untargeted sounds obtained by vowel trained groups and CG
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Figure 3.

Overall gain obtained by consonant trained groups and control group (CG)
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Figure 4.

Group by segment gain on targeted and untargeted sounds obtained by consonant training groups and CG

o |
©

40
)
{

—_—

-
e
|

Gain
20

' e

|
$ |
! |
0 — B '
- ' — '
| ' : :
o t [ — - . — | .
| — S i P T— \ e

(o] 8 o '

| I I I | |
Final Cs. Initial Cs. Vowels | Final Cs. Initial Cs. Vowels
CG DIS C

T T T
Final Cs. Initial Cs. Vowels
ID_C




