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Abstract

We use the freely available program Praat to create a vowel-training application for
learners of English familiar with IPA transcription. The application is easy to operate,
allowing users to change the training difficulty, providing the listeners with immediate
feedback, and adapting to their performance during a training session. To evaluate the
effectiveness of the Trainer, performance of 59 Czech learners during a single training
session and across multiple sessions was tracked. Results showed improvement both
between sessions and within sessions. In the final training session, vowel identification
accuracy showed considerable resistance to gradual addition of increasing levels of noise.
Testing the trainer with additional 52 learners showed significantly higher error-rates for
low-frequency words and supported the importance of top-down lexical effect in vowel
identification.
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1. Introduction

Our intention in this paper is to contribute towards one of Tracy Derwing’s not-
so-utopian goals for second language pronunciation teaching (Derwing 2010),
namely to the goal of developing easy-to-use and useful software. We present
a computer application “English Vowel Trainer” created by the second author
with the use of the freely available program Praat (Boersma and Weenink 2019).
The application, originally intended for EFL learners in tertiary education who
study English as an academic subject, is designed to help upper-intermediate-to-
advanced EFL learners to enhance their speech perception skills in English and
improve accuracy of their phonological representations of English vowel sounds.
Central to this effort is the assumption that accurate perception of L2 sounds
underlies their accurate representations in memory and precedes their accurate
production (Escudero 2007). Though far from being uniformly accepted in the
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literature (for other views see e.g. Sheldon and Strange 1982), the perception-
production link has found strong empirical support (e.g. Baker and Trofimovich
2006, Flege, MacKay and Meador 1999, Jia, et al. 2006), including results
of perceptual training studies (Bradlow, Akahane-Yamada, Pisoni and Tohkura
1999, Motohashi-Siago and Hardison 2009) and classroom instruction studies
(Kissling 2014).

In our effort to improve the learners’ perceptual abilities, we further assume
that speech sound learning can stretch past puberty, into and across adulthood.
Adult learners’ sound categories are not necessarily fossilized and can change
in response to new input even at later phases of L2 learning. Studies of
immersion acquisition show that the amount of experience with an L2 crucially
correlates with accuracy of segmental production (Flege, Frieda, Walley
& Randazza 1998, Flege and Liu 2001). However, in foreign-language learning
settings, where exposure to interactional native speech is scarce and L1 use
prevails over the use of L2, a reattunement of L2 sound categories may be
difficult. Limitations on input quantity and quality naturally imposed by such
learning environment need to be compensated for. We see the means of such
compensation in effective, i.e. sound-focused, age- and proficiency-adjusted,
instruction that includes intensive (if not extensive) exposure to structured, and
possibly also modified, speech input in audio-materials. A recent study indicates
that explicit (computer-delivered) phonetics instruction built into a foreign
language classroom can indeed lead to improved perception of L2 sounds for
a range of language proficiencies but may especially benefit more advanced
learners (Kissling 2015). The effect of form-focused classroom instruction and
perception training on learners’ L2 phonological representations is further
enhanced by providing explicit corrective feedback (Lee and Lyster 2015).

A number of laboratory studies confirm that focused phonetic training
facilitates L2 sound learning even in post-pubertal learners (most recently,
e.g. Shinohara and lverson 2018, Grenon, Kubota and Sheppard 2019). The very
successful high variability phonetic training (HVPT) paradigm has been used to
demonstrate that in a relatively short time (e.g. the total of 15-22.5 hours over
3-4 weeks in Bradlow et al., 1999; 6 hours over 1-2 weeks in Iverson, Pinet
& Evans 2012; 13.5 hours over a month in Nishi and Kewley-Port 2007), adult
learners whose attention is directed to specific phonetic dimensions of L2 speech
sounds placed in multiple phonetic environments and recorded by multiple
voices, substantially improve their ability to make L2 phonetic contrasts, they
generalize the training to new instances, and show significant gains on delayed
post-tests. Some HVPT studies document improvements in perception leading
to improvements in speech production (e.g. Bradlow et al. 1999, Shinohara and
Iverson 2018) while other studies indicate that effectiveness of HVPT is
modulated by individual differences in perceptual abilities (e.g. Perrachione,
Lee, Ha and Wong 2011).

Feedback, which plays an important role in the HVPT paradigm, is typically
not available to listeners participating in distributional training studies that have
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recently started to appear (Escudero and Williams 2014). These studies are
designed to test whether, like children, even adult learners can learn sound
categories from passive experiencing of frequency distributions of speech
sounds that vary along a specific phonetic dimension: can they form sound
category representations solely based on exposure to these distributions? In the
course of a distributional training session, L2 learners are predicted to learn new
contrasts implicitly, just from hearing an abundance of exemplars falling near
the opposite ends of an acoustic continuum and a limited number of tokens from
the middle of the continuum (bimodal distribution). The bimodally-trained
learners’ ability to discriminate between the contrasting sounds before and after
the training is compared to that of learners exposed to a unimodal distribution,
in which the frequency of tokens is distributed normally along the acoustic
continuum with a single peak in the middle. Some studies indicate that an
exposure of a few minutes might induce a lasting change in L2 sound
representations (Escudero and Williams 2014). If corroborated, such type of
training could have a great pedagogical potential. However, currently, the ability
of adult learners to benefit from distributional learning is far from established
(Wanrooij, Boersma and van Zuijen 2014, Wanrooij, Boersma and Benders
2015, Wanrooij, De Vos and Boersma 2015). And even the HPVT paradigm,
whose positive effect on L2 learners’ phonetic abilities has been documented
by ample research, has not yet been widely tested in pedagogical contexts (for
a discussion see Barriuso and Hayes-Harb 2018).

The above mentioned laboratory experiments use rigorous research
methodology, often involving manipulated and/or artificially enhanced speech
input with the goal to address carefully formulated theoretical issues. In this
paper, conversely, we follow a purely pedagogical aim of describing a training
tool originally created for the purpose of expanding EFL learners’ limited
opportunities for listening practice, learning to recognize English vowel
phonemes and transcribe them in the International Phonetic Alphabet (IPA). Our
Vowel Trainer is based on the assumption that explicit knowledge of phonology
and conscious focused attention on natural sounds used in real words can affect
L2 learning. In fact, the idea of learning unconsciously from distributional
statistics is in direct opposition to what we are doing when in our classes we
engage our students in building metalinguistic knowledge by teaching them the
English inventory of vocalic categories and the relationships of those categories
in the vowel space, and by teaching them IPA. In listening and transcription
exercises we give our students immediate overt feedback trying to increase their
awareness of correct vowel identifications. What can such explicit knowledge do
for a learner’s representation of sounds, and their perception and production
skills? While learning IPA symbols for English vowels may have
a consciousness-raising function informing learners about all the existing sound
categories, it alone does not have an effect on the learner’s perceptual and
production targets, i.e. the implicit knowledge of categories underlying their
performance in English. However, being trained to label vowel sounds with the
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IPA symbols during focused intensive listening while receiving immediate
feedback may have such an effect.

Although our Vowel Trainer application does not assume any profound
knowledge of English phonetics, it does improve the learner’s familiarity with
the IPA transcription symbols and with the notion of vowel space. While the
phonetic alphabet is routinely taught to university students of English
in phonetics courses, which are often a required component of English
programmes, other EFL learners may first need to learn the IPA transcription
symbols for vowels, although some forms of simplified phonetic transcription
are in fact even part of most lower-level English language textbooks.
We consider IPA a useful tool in perceptual vowel training. It is useful for
a learner to think of individual vowel sounds as perceptual objects that they need
to recognize and distinguish from other such objects. Conscious focus on distinct
transcription symbols explicitly forces the awareness of there being distinct
vowel categories. That can benefit especially an EFL learner whose
L1 inventory of distinctive vowels is smaller compared to that of English and
thus the L1 biases them towards perceptual assimilation of L2 vowels to L1
vocalic categories and consequently a reduced interlanguage system of vowel
contrasts. We believe that IPA symbols are useful to all learners, not only those
with high level of proficiency in English or with a developed metalinguistic
knowledge of English. Outside academic English language studies,
the effectiveness of IPA for teaching pronunciation has been acknowledged,
for example, by recommendations in literature on teaching diction in choral
singing (Dekaney, 2003).

2. EFL learners who used the English Vowel trainer in the current study

The learners who tested the English Vowel Trainer for the purposes of this paper
were young Czech adults in their early twenties, all first-year college students
majoring in English (Palacky University Olomouc). Despite individual variation
within the group, they all had achieved a relatively high level of proficiency
in English. The entry proficiency level into the English language programme
is B2 and all students are required to pass an exam at C1 level in their first
academic year (for B2 and C1 proficiency levels refer to Verhelst et al. 2009).
The degree of foreign-accentedness varies across these learners. In an earlier
accent-rating study conducted with a different but equivalent learner population,
18 undergraduate English majors at Palacky University were judged by English
native listeners, American mid-west college students, on a nine-point Likert
scale where 1 was a strong foreign accent and 9 was native-like pronunciation
(Simackova and Podlipsky 2016). The mean accentedness scores in that study
ranged between 2.3 and 6.2. Several specific pronunciation features can be
identified as typical of Czech accent in English (Simackova and Podlipsky
2012). The accent has its typical suprasegmental characteristics (Volin
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and Skarnitzl 2010), segmental features observable in connected speech
(Simackova, Kolatova and Podlipsky 2014), consonantal features (Skarnitzl and
Sturm 2016) as well as vocalic features. Our learners’ productions of English
vowels, even at the relatively advanced levels of proficiency, continue to betray
cross-linguistic influence of the small and relatively symmetrical Czech vocalic
system, with vowel length distinctions in five long — short phoneme pairs /i: - 1,
e -¢ a -a, 0 -0, u - ul.t Specific vocalic difficulties of Czech learners of
English documented in research studies include e.g. spectral non-differentiation
of GOOSE and FOOT? or of DRESS and TRAP vowels (Simackova and
Podlipsky 2018, Simackova 2003), non-reduction of unstressed vowels (Volin,
Weingartova and Skarnitzl 2013), or no durational adjustments in the context of
a following fortis obstruent (Skarnitzl and Sturm 2016). Although
unquestionably all the various aspects of Czech EFL learners’ interlanguage
phonology deserve attention during pronunciation practice, our training
programme targets vowels, specifically identification of vowel phonemes.

3. The English Vowel Trainer
3.1. The Praat script

The English Vowel Trainer was created with the use the Praat Demo Window.
Praat is excellent for creating learning software like our Trainer because of its
versatility and programmability. The potential users, both instructors and
learners, will appreciate Praat’s easy availability and flexibility, allowing them
to customize the Trainer to their needs. In this section we describe the key
features of the English Vowel Trainer and indicate all the settings that can be
adjusted in the script as it is now implemented (summarized in Table 4 in the
Appendix). As the first step, the user opens and runs the script in Praat and the
programme’s blue interface, shown as white in Figure 1 (top left), appears on the
screen. The user is instructed to press the spacebar to hear the first stimulus,
i.e. an English word containing the target vowel (the stressed vowel
in polysyllabic words). They may be allowed to replay the stimulus. The
possibility of replay and the number of replays can be adjusted in the script (see
the Appendix). In response to the perceived stimulus, the user clicks on an IPA
symbol on the screen to identify the target vowel. Correctness of their response
and their reaction time are recorded.

1 The high front vowels are represented by different IPA symbols [i:]-[1]. The qualitative
differentiation was documented in Skarnitzl & Volin (2012), and its importance for perception
shown in Podlipsky, Skarnitzl & Volin (2009).

2 We use J.C. Wells’ keywords to refer to English vowel phonemes (Wells, 1982).
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Figure 1. Screen shots of the English VVowel Trainer interface. Clockwise: beginning of a trial —
active buttons in blue (light grey in print); correct response feedback in green (medium grey in
print); incorrect response feedback (with the orthography option) in red (dark grey in print); two
incorrect responses feedback with the correct answer and orthography revealed

The user receives immediate visual feedback on their response. Following
a correct answer, the circle around the selected symbol turns green (Figure 1, top
right). In case of a wrong answer, the circle turns red and the audio stimulus is
automatically replayed. It is possible to allow the user to also have
a simultaneous orthographic feedback shown on the screen outside the vowel
space (Figure 1, bottom left). This is done by a simple adjustment of the script
(see the Appendix). If the learner’s response is wrong again, both incorrectly
selected IPA symbols are shown in red. The stimulus is replayed and the correct
symbol is shown in green. (Figure 1, bottom right). On completing the whole
training session, the user is given a summary feedback in the form of the
percentage of correct responses and the mean response time. Data about the
learner’s individual trials within a training session, including the vowel identity,
response correctness, response time, and number of replays, are saved in a text
log file in the folder Results.

Importantly, the training is adaptive; the selection of the stimuli to be
presented varies as a function of how well the learner has been performing
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on identifying individual vowels. At the beginning of a training session, all
of the 11 British English stressed monophthongs /i, 1, ¢, &, 3, A, a, », 2, U, W/
(Ladefoged and Johnson 2011) are repeated in a randomized order for a given
number of times. In the current version of the script, the length of this
“diagnostic” phase is set to three occurrences of each vowel but this is easily
adjustable (see the Appendix). Following the diagnostic part of the training, the
stimuli are presented in rounds of maximally 17 trials. At the beginning of each
round, a list of stimuli is created drawing on the 11 stressed-monophthong vowel
set. As mentioned above, the stimulus list adapts dynamically to the learner’s
responses so that there is more emphasis on problematic items. The vowels that
were incorrectly identified in a given number (the current setting is four) of their
most recent occurrences have a greater chance to be included in the next round:
with our setting, if 2/3 of the recent responses to a vowel or more were wrong,
then the vowel must occur at least twice in the new round; if less than 2/3 but
more then 1/3 of responses were wrong, the vowel must be included at least
once, if misidentified in less than 1/3 of the recent cases, then the vowel may
(but does not necessarily) drop out from a round. Correctly identified vowels
may be dropped completely from the rest of the training session. With our
setting the number of the trial after which well-answered vowels should start
dropping out is set to 60 but that again can be adjusted in the script (see the
Appendix). The length of the training session is given in the total number of
trials. The Trainer, used with our learners as reported below, had the number of
the last trial set to 200. Also, in the course of the training, the learner is offered
a pause after every x (in our case 25) trials.

3.2. The training stimuli

The current demo version of the English Vowel Trainer used citation forms of
words spoken in the Standard Southern British English accent by both male and
female voices. The source of the stimuli, representing the 11 stressed vowels of
SSBE, was the online OneLook Dictionary Search (https://www.onelook.com/).
Both open-class and closed-class words were included. The stimuli varied in
length. In polysyllabic words the learners were instructed to focus on the vowel
in the stressed syllable.

The user, a learner or an instructor, has the option in the Trainer to increase
the difficulty of the vowel-identification task by adding noise to the recording
and thus degrading the sound quality. This is done by a simple setting in the
script (see the Appendix). The noise level can be constant or it can be set
to change dynamically, with the signal-to-noise ratio (SNR) decreasing
gradually. The onset of adding noise can also be set, e.g. the user selects the
number of the trial after which noise starts to be added. The SNR then changes
linearly from its initial value on trial t+1 (40 dB in the setting we used in the last
session) to a separately defined value (20 dB in our setting) on the last trial.
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The difficulty of the vowel identification task can also be influenced by the
choice of the stimulus words if we assume that top-down lexical processing
plays a role (Samuel, 2001). Training learners to recognize English vowel
sounds as they are used in existing meaningful words rather than in isolation
or in non-words makes for a more realistic language task but we have
to consider to what extent the learner’s knowledge of a word affects their
perception and identification of the target vowel. When a learner hears a word
they know, the mental representation of that word becomes active and they are
likely to identify the target vowel phoneme also on the basis of that information
rather than purely on the basis of the acoustic signal. Factors that influence
availability of lexical information and thus affect the rate and accuracy of vowel
phoneme identification include the overall frequency of the word, the length of
the word and also its lexical complexity, which increases when the word’s sound
image evokes multiple semantic representations. For instance, this can happen to
a member of minimal pair when a merger of two vowel categories results
in perceptual confusability with its competitor (Broersma, 2012). A learner’s
inaccurate processing of the acoustic signal leads to an activation of an incorrect
lexical representation, which in turn leads to misidentification the vowel
category. Naturally, providing the user of the Trainer with the orthographic
representation of a stimulus word also affects word recognition. Therefore, the
Trainer never presents the spelled form of the stimulus word to the learner
before they make their first response, i.e. even if the Show Orthography
parameter is on, the word is shown in writing only after the user’s initial
response (along with the positive or negative feedback on that answer).

It can be expected that a stimulus set made up of rarely-occurring unfamiliar
words and words with minimal-pair competitors will present the user with
a greater challenge than a set of lexically simple and/or high-frequency
monosyllabic words. In this scenario, when the lexical information is not readily
available, the learner is forced to rely on the acoustic information about the
target vowel. However, short frequent words should also be included in the
training. Immediate negative feedback may force the learner to pay a closer
attention to the quality of the vowels in some of those early-learned words and
re-evaluate their possibly inaccurate representations. When Czech learners of
English are consistently penalized for selecting /e/ in response to words such as
map, fat, or back but receive positive feedback if they choose the same vowel
category in words such as mess, pet, or neck, they might begin to tune in to the
gualitative differences between TRAP and DRESS vowels. Since the stimulus
set can be made sufficiently large for individual lexical items not to be repeated
within a single training session, any improvement (e.g. on TRAP vs. DRESS or
STRUT tokens) should mean learning at the level of the vowel category rather
than learning pronunciation of specific words.

The noise-masking option and the lexical difficulty option were tested with
two separate groups of EFL learners during piloting of the VVowel Trainer.
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4. Piloting the Vowel Trainer
4.1. Pilot 1 — with a final session using noise-masking

In total, 59 bachelor students attending the English phonetics course (i.e. three
complete classes) participated in this phase of piloting the Trainer that consisted
in 4 weekly training sessions. Nineteen students participated in a single training
session only. Next, 26 students completed two training sessions without noise,
and 14 students completed three training sessions without noise. Out of these
40 students, 36 continued to the last session with gradually increasing noise-
masking of the stimuli after trial 20 (with the SNR decreasing from 40 dB on
trial 21 to 20 dB on the last, 200th trial). The four sessions were one week apart
for those students who participated in all of them and one or two weeks apart for
those who missed a session. The training was conducted in a computer lab with
students wearing circumaural headphones and proceeding through each training
session at their own pace. The training was limited to the maximum
of 12 minutes. Altogether 326 stimuli of varying length were used in these
training sessions, pronounced by multiple female and male voices and they
included 167 monosyllabic words, 112 disyllabic words, 40 words with three
and 7 words with four syllables. One replay of a stimulus was allowed. In case
of an incorrect answer, the same stimulus was presented once more, and if the
user’s answer was wrong again, the correct answer was revealed (and the
stimulus replayed automatically).

Since we do not have data to make a pre-test vs. post-test performance
comparison, we demonstrate the usefulness of the English Vowel Trainer
by looking at the learners’ progress, i.e. changes in correctness of their
responses, over the course of a training session and also by looking at their
progress across the three consecutive noise-free training sessions. A logistic
regression model was fit to the data set to estimate the impact of Trial (1 through
200), Session (1 through 3), Vowel and Response latency (in s) on the likelihood
that the learners would identify a stimulus correctly. Robustness of learning in
the three noise-free conditions was subsequently evaluated by looking for any
drop in correct identification in the final session with the gradually increasing
levels of noise-masking. In a regression model, learners’ response accuracy to
noisy stimuli was regressed against the number of the trial. Table 1 summarizes
learners” vowel identification performance in percentages of correct and
incorrect responses in the four sessions of Pilot 1. Table 2 presents the results of
logistic regression models on the data from the sessions without and with noise.
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Table 1. Mean percentages of correct and incorrect responses in Pilot 1, Sessions 1-3 without
noise, Session 4 with noise

Sessions

without noise with noise
1 2 3 4
% Correct | 65.69 | 73.35 | 73.94 76.38
% Incorrect | 34.31 | 26.65 | 26.06 23.57

Table 2. VVowel identification accuracy regression models for Czech EFL learners' (HLM
LOGIT); *p <.1; **p <.01; ***p <.001

Sessions without noise | Session with noise

Estimate SE Estimate SE
Session 2 0.324** 0.16
Session 3 0.341* 0.19

Trial 0.002*** 0 -0.002*** 0
Response latency -0.148*** 0.01
KIT as reference category:

TRAP -2.661*** 0.17
LOT -2.157*** 0.17
BIRD -2.098*** 0.17
STRUT -2.062*** 0.17
BATH -1.951*** 0.17
THOUGHT -1.900*** 0.17
FOOT -1.782%*** 0.17
GOOSE -1.715%*** 0.17
DRESS -1.689*** 0.17
FLEECE -0.819*** 0.19

Constant 2.937%** 0.2 1.378*** | 0.11

Log Likelihood -11615.56 -2884.33
N 21323 5419
N groups 113 36

It follows from the adaptive nature of our training tool that increases in correct
identification over the course of a training session as well as between sessions
are unlikely to be dramatic. The emphasis on problematic vowels means that
incorrectly identified vowels get preference for selection in the upcoming trials.
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Therefore, improvement over time may appear smaller than it is in reality. This
may be why the mean percentage of correct responses in session 3 seen in Table
1 remained virtually the same as in session 2 (along with the fact that several
participants skipped session 2 and session 3 was in fact their second session).
Still, the logistic regression model confirmed that the increases in accuracy
between Session 1 and 2, and between Sessions 1 and 3, as represented by the
means shown in Table 1, were significant, and also that the increasing number
of the trial significantly predicted a small increase of the probability of correct
responses within each of the noise-free sessions overall (Table 2). The
significance of the response latency predictor indicates that correct decisions
tended to require less time to make.

Considering the learners’ ability to identify the vowel categories in the noise-
masked stimuli used in Session 4, we find some support for a lasting effect
of the preceding training. As shown in Table 1, the overall performance in the
last training session with noise was even somewhat better compared to the last
session without noise, and although the likelihood of correct vowel identification
decreased over the course of the session, i.e. with the increasing trial number
(see Table 2), this overall decrease was only mild considering that the SNR
dropped from the initial 40 dB to the final 20 dB.

The logistic regression model also allows us to assess how accurately the
learners identified each of the eleven vowel categories. Identification accuracy
of the individual vowel monophthongs was measured against the KIT vowel
as the reference category, since it was earlier shown that /i/ is the most
accurately produced English vowel in speech of Czech EFL learners (Simackova
and Podlipsky 2018), and also since it had the highest identification accuracy in
the present results: as seen in Table 2, all other vowel categories had
significantly lower likelihood of correct answers. In Table 2 the wvowel
categories are ordered from those with the greatest negative difference from KIT
(the vowel TRAP) to the lowest (the vowel FLEECE). Table 3 then shows
a confusion matrix for the vowel identification, pooling data across the three
noise-free sessions. The order of the vowels in the matrix is motivated
phonetically; their reordering according to the percentages of correct responses
in grey cells corresponds exactly to the order given in Table 2 (with the
exception of the BATH and THOUGHT that are reversed but have very similar
values of the estimates in Table 2 as well as of the percentages in Table 3).

The poor performance on the vowel /&/ was expected. The relatively high
proportion of correct responses for its predicted competitor, /e/, may reflect the
phonetic similarity of the English lax /e/ to the Czech short /e/ and its
identification accuracy parallels more accurate pronunciation of /e/ compared
to /@/ in productions of EFL learners from the same learner population
(Simackova and Podlipsky 2018). However, the same production data showed
that /&/ and /e/ are easily confused in these EFL learners’ speech, and that
compared to the other English monophthongs, both /ee/ and /e/ display increased
within-speaker variation, as well as substitutions between each other in
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pronunciation of individual lexical items. In Simackova and Podlipsky (2018),
learners’ productions of /&/ showed little lowering or retraction as compared
with /e/. In this respect, the production data do not match the current vowel
identification data elicited in Pilot 1. The confusion matrix of identification
outcomes in percentages for each English monophthong (Table 3), shows that
the low front /ee/ was misidentified more often as a back or central vowel (/a/,
or /a/) than as the front /¢/.

Regarding FLEECE and KIT, the current vowel identification scores (Table
3) do correspond to the production results in Simackova and Podlipsky (2018).
Qualitatively, SSBE high front /1/ and /i/ closely acoustically resemble the Czech
short — long pair /1/-/i:/. The KIT vowel followed by the FLEECE vowel are the
most accurately perceived and most authentically produced vowels by Czech
EFL learners. For the last contrasting pair tested in Simackova and Podlipsky
(2018), FOOT and GOOSE, it was found that learners’ productions of the two
vowels were less native-like, differentiated only in duration and not significantly
in spectral quality. The less reliable differentiation of /u/-/uv/ in the production
data is paralleled by increased mutual confusability of GOOSE-FOOT compared
to FLEECE-KIT in the present identification results (Table 3). Similarly, Table 3
suggests that the vowel identification errors elicited for the BATH — STRUT and
LOT — THOUGHT pairs are related to poorer differentiation between the pair
members in spectral quality.

It has to be noted that besides perceptual confusability of the English vowel
sounds to the Czech learners, some proportion of incorrect responses was surely
due to confusability of the IPA symbols themselves.

Table 3. Vowel categories selected by the learners (Response vowels) in response to a stimulus
(Stimulus vowel); bold numbers in grey cells are percentages of correct responses

Stimulus vowel

i I € & 3 A a D h) 4 u
i | 885 | 5.0 03 |13 | 03|04 |06 | 05]|02]09
1| 77 | 950| 20 | 1.7 | 49 | 07 | 09 | 15 | 20 | 06 | 1.0
€| 25 755|100| 76 | 1.0 | 1.1 | 04 | 03 | 1.0 | 0.7
® 123 (564 | 45 | 22 | 46 | 05 | 0.7 | 0.6 | 11
3 | 13 57 | 45 | 648 | 28 | 23 | 16 | 16 | 16 | 14

17 | 120 | 47 [ 679 |155| 57 | 10 | 1.2 | 1.0
20 | 122 | 23 | 130|702 | 41 | 31 | 0.7 | 04
02 | 02| 40 | 71 | 31 |644|175| 41 | 0.7
06 | 28 | 19 | 1.7 | 203|696 | 3.4 | 18
02 | 22 | 20 | 24 06 | 1.8 | 725 | 175
u 04 (01| 12| 08 03 | 18 | 142 | 735

Response vowels
>

8| e

5

(=]
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4.2. Pilot 2 — Effects of lexical knowledge

In Pilot 2, the English Vowel Trainer was tested with three different stimulus
sets. The intention was to vary the difficulty of vowel identification by
manipulating the availability of top down lexical cues. Three complete classes
of first-year bachelor students attending the English phonetics course were
engaged in Pilot 2. Only performance of students who completed all
3 consecutive weekly sessions is reported here (52 students in total). For each
session a different set of audio stimuli was created. In Session 1, the stimulus set
included 195 monosyllabic words varying in frequency and the availability
of minimal-pair competition. All vowel categories were represented in the
stimulus set, with the number of tokens in a category ranging between 17 and
21. This stimulus set was modified in Session 2 by replacing 48 words with
monosyllabic lower-frequency words each having a minimal pair competitor.
The replacement was biased towards the difficult vowel /&/ and its contrast with
/el and /a/, so that 10 new TRAP-words were introduced, as well as 5 new
DRESS- and 5 new STRUT-words forming actual TRAP-DRESS and TRAP-
STRUT minimal pairs. Five new GOOSE words and five new FOOT words
were used, each potentially forming a minimal pair with FLEECE and KIT
words respectively. This was done in order to test possible misperceptions due to
the fronted pronunciation of /u/ and /u/ that has become common in SSBE
(Cruttenden 2013). Three new words for the vowels /i, 1, 3, 9, », a/ were
included. In Session 3, 48 stimulus words from Session 2 were again replaced,
this time with disyllabic trochees of low frequency and if possible also forming
potential or actual minimal pairs with other low-frequency words. The
replacement followed the same pattern as in Session 2, i.e. there were 10 new
TRAP words, 5 new words for DRESS, STRUT, GOOSE, and FOOT vowels,
and 3 new words for each of the remaining six monophthongs. Thus, for
example, the TRAP vowel was presented to the learners in words act, ash, bag,
bat, cash, cat, clash, crash, fact, fat, flat, chat, man, mat, rat, smash, tact, that
in Session 1, in words gnat, ham, hatch, mag, pap, rack, rag, sac, scat, tat as
well as ash, bag, cash, clash, crash, chat, mat, smash in Session 2, and in aster,
bangle, barrow, clatter, lattice, mantle, pallet, raffle, shatter, tanner, gnat, mag,
rack, sac, ash, bag, cash, chat in the final Session 3. After an initial incorrect
answer two attempts for a correction were allowed.

In Pilot 2 we were interested in the cross-session comparison. A Repeated
Measures ANOVA on the mean proportion of correct responses with Session as
the within subject variable (3 levels) confirmed the significant main effect of
Session (F [2, 102] = 60.004, p < .0001). Pairwise Tukey HSD tests showed
a significant decrease in the proportion of correct responses between Sessions 1
and 2 and between Sessions 2 and 3, p < .01 (see Figure 2).

The results indicate that lexical knowledge indeed facilitated vowel
recognition. The learners were most accurate in Session 1 when they heard
a mixture of short, i.e. monosyllabic, words varying in overall frequency. When
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25% of the original stimuli were replaced with a set of monosyllabic words
of low frequency and increased lexical complexity in Session 2, vowel
identification became less accurate. Further replacement of monosyllabic words
with disyllabic low-frequency words in Session 3 reduced identification
accuracy even further.
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Figure 2. Mean proportion of correct responses in Pilot 2 across Sessions 1, 2 and 3
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Figure 3. Mean proportion of correct responses to each English stressed monophthong in Pilot 2.
Left: all sessions combined. Right: sessions separated: full circle — session 1, empty circle —
session 2, empty triangle — session 3.

The group’s success in identifying individual vowels represented in Figure 3
mirrors the performance of the learners in Pilot 1 as shown by the differences
between individual vowel results in Table 3. The contribution of lexical
knowledge to the identification rate is seen in Figure 3 Right, which shows how
the learners performed on each vowel across the three sessions. Compared to
Session 1, the correctness of responses changed in the expected direction, i.e.
dropped, for vowels /i, 1, €, A, a, 0, 9/ in Sessions 2, and for vowels /e, 3, A, a, 9/
in Session 3 compared to Session 1. The vowels previously identified as less
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difficult for the learners (in Simackova and Podlipsky 2018, and in Pilot 1) did
not show any deterioration across sessions, which however is also due to the fact
that for these vowels only few tokens were replaced between sessions.

5. Summary

The goal of this paper was to introduce a computer tool for practicing perception
and identification of English monophthongs. The Praat-based English Vowel
Trainer is intended for English learners at the intermediate-to-advanced level of
proficiency to be used for individual practice at home or in a computer
classroom, possibly with assistance from an English language instructor. It can
also be used to lend variability to an English pronunciation or English phonetics
class. The requirements for using the Trainer include downloading the free
software Praat into one’s computer, acquiring a pair of head phones, but also
having basic knowledge of the IPA symbols for English vowels.

The demo version of the English Vowel trainer has been tested with the help
of advanced EFL learners attending an introductory phonetics class at the
English Department of Palacky University Olomouc. Tracking their performance
in the course of a training session and across three consecutive training sessions
has shown that using the Trainer can improve learners’ vowel perception. In the
future we intend use pre-training vs. post-training tests in order to corroborate
the efficacy of the Trainer as a tool for learning English vowel identification.
The Praat script for the Demo version of the English Vowel trainer is available
from link: https://anglistika.upol.cz/fileadmin/userdata/FF/katedry/kaa/docs/
vowel_ipa_trainer.zip.
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Appendix

Table 4. List of settings that can be changed in the English VVowel Trainer script.

Variable name in the Value of the variable Description of the variable Script
script in the current setting line
addNoise = =0 (in Session 4 the Should noise be added to the signal? 69
setting was 1) 1is yes.
snr = =40 If addNoise = 1, setting the speech-to- 70
noise ratio.
noiseOnset = =20 If addNoise = 1, after which trial 72
should noise be added?
dynamic.noise = =1 If addNoise = 1, is noise level 74
dynamic (with a gradually decreasing
SNR)?
1is yes.
finalSnr = =20 Signal-to-noise ratio of the last trial. 75
The value defined in the variable snr
is then the initial SNR.
n.initial.repetitions = =3 Diagnostic phase: number of initial 77
repetitions of all 11 SSBE vowels
n.criterion = =4 How many last occurrences of a 81
vowel does the script look at to
determine how many times the vowel
will be repeated in the next round of
trials?
drop.trial = =60 After how many trials should well- 84
answered vowels start dropping out?
cutoff2 = =213 What is the mean occurrence of errors 87
cutoffl = =1/5 in the last relevant trials (whose
number is defined in the variable
n.criterion), i.e. levels for requiring at
least 2, 1, and O tokens in the
upcoming round?
lastTrial = =200 Stop the training session after this 96
many trials.
pauseAfter = =25 Pause the training session after this 99
many trial. The participant can
resume by clicking.
maxReplays = =2 Maximum number of times one 102
stimulus can be replayed
repeatWrong = =1 The number of times the user can 105
repeat their attempt after a wrong
answer.
showOrthography = =1 After the users response the word is 108

shown in orthography along with
correct/incorrect answer feedback, if
setto 1.






