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Abstract

This study investigated whether speaker variability in phonetic training benefits vowel learnability
by Arabic learners of English. Perception training using High-Variability stimuli in laboratory
studies has been shown to improve both the perception and production of Second Language sounds
in adults and children and has become the dominant methodology for investigating issues in
Second Language acquisition. Less consideration is given to production training, in which Second
Language learners focus on the role of the articulators in producing second language sounds. This
study aimed to assess the role of speaker variability by comparing the effect of using High-
Variability and Low-Variability stimuli for production training in a classroom setting. Forty-six
Arabic children aged 9-12 years were trained on 18 Standard Southern British English vowels in
five training sessions over two weeks and were tested before and after training on their vowel
production and category discrimination. The results indicate that Low-Variability stimuli may be more
beneficial for children, however, High-Variability stimuli may alter some phonetic cues. Furthermore, the
results suggest that production training may be used to improve the perception and production of Second
Language sounds, but also to inform the design of Second Language pronunciation learning programmes
and theories of Second Language acquisition.
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Introduction

Learning to perceive and produce the sounds of a second language (L2) is a significant
challenge for L2 learners, due to the influence of the mappings between acoustic-phonetic
properties of first language (L1) speech and abstract-categories (phonemes) formed during L1
acquisition. Models of L2 speech learning such as the Perceptual Assimilation Model of L2 speech
Learning (PAM-L2, Best & Tyler 2007; Tyler, 2019) and the Speech Learning Model (SLM, Flege
1995, 2002; Flege & Bohn, 2021) characterise this influence according to the acoustic-phonetic
similarity between L2 sounds and L1 phonemes. SLM classes L2 sounds as being identical,
similar, or dissimilar to L1 phonemes: L2 sounds that are similar, but not identical, to an existing
L1 phoneme are more challenging to learn (i.e., perceive and/or produce) accurately as they are
perceived and produced as the L1 phonemes (e.g., English speakers producing the unaspirated
Spanish consonants /p/, /t/, /d/ with the increased aspiration found in English, Gonzéalez Lopéz &
Counselman, 2013; Gorba & Cebrian, 2023). PAM-L2 considers contrasts (rather than individual
phonemes) and predicts L2 contrasts will be more challenging to learn if both phonemes in the
contrast are similar to a single L1 phoneme, as they will be perceived and produced as the L1
phoneme (e.g., the difficulty that L1-Japanese speakers have with L2-English /r/-/l/ contrast due
to the perceived similarity of both /r/ and /I/ to the Japanese /r/, Bradlow, Pisoni, Akahane-Yamada
& Tohkura., 1997).

The influence of the L1 phonological system on L2 speech learning can be overcome by
increased exposure to L2 sounds, which helps a listener focus on more salient cues for L2 sounds
or contrasts (lverson, Hazan & Bannister, 2005; Yuan & Archibald, 2022), resulting in more native
like perception and/or production, regardless of whether exposure comes from real-world
communication (Flege, Takagi & Mann, 1996; Ingvalson, McClelland & Holt, 2011), formal
instruction in the classroom (Camus, 2019), or from phonetic training in the laboratory (Logan,
Lively& Pisoni, 1991; Kvasyuk, Putistina, & Savateeva, 2021). In particular, exposure from
laboratory-based phonetic training has been shown to produce considerable improvements in
perception and production (Thomson, 2018), and is increasingly used to investigate issues in L2
speech learning research, such as (i) the extent to which L1-attuned perceptual systems can adapt
to L2 sounds (Hattori & lverson, 2009), and (ii) how this adaption varies by age and/or experience
(Ingvalson, Lansford, Federova, & Fernandez, 2017), (iii) how the organisation of L1 perceptual
systems can influence L2 perception and production (Iverson & Evans, 2009), and (iv) the extent
to which L2 perception and production are linked (Melnik-Leroy, Turnbull, & Peperkamp, 2021).

The current study aimed to train Arab children, who are learning English as a second
language, to pronounce Standard British English vowels giving them articulatory instructions with
the aid of computer assisted learning for vowel interface. Given that Training on L2 phonemes,
improves learning, and that speaker variability has been mostly used in perceptual training, this
study is incorporating speaker variability in production training which has been given less
consideration in the literature compared to perceptual training. Moreover, to the authors’
knowledge, a few studies, if any, have investigated the role of speaker variability in training Arab
children to articulate English vowels using low vs. high speaker variability stimuli with a child-
friendly computer assisted learning interface.

The main objective of the current study is to help Arab children learn English vowels
production and perception by giving them some articulatory instructions on how to produce these
vowels. Another objective of this study is to test whether high or low speaker variability might be
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more beneficial for vowel learning with children. An additional objective is to build a teaching
tool that can be used in a classroom setting to improve L2 pronunciation skill. The following
questions were asked. To what extent does articulatory instructions help children learn English
vowels? and what is the effect of speaker variability on learning English vowels by Arab children
who are learning English?

Literature Review
Phonetic Training

Phonetic training requires participants to focus explicitly on either their perception of
L2 phonemes (perception training) or their production of L2 phonemes (production training).
Perception Training

Perception training uses a forced-choice task where participants listen to words
containing L2 phonemes (/i:/ as in peel) and identify the word from a closed set of alternatives
(e.g., peel, pill, pail, pile). Feedback consists of a binary correct/incorrect visual (or audio-visual)
response after every trial and an overall accuracy score presented at the end of each session.
Laboratory-based perception training is effective in improving L2 perception in both adults
(Iverson & Evans, 2007; Shinohara & Iverson, 2013b) and in children (Shinohara & lverson,
2013a). In addition, perception-focused training has been found to improve L2 perception, and the
improvement proceeds to improvement in phoneme production (e.g., Thomson, 2011; cf. Sakai &
Moorman, 2018; Shinohara & lverson, 2021). However, production-focused training, has been
found to improve production (the trained domain), but the improvement in perception (the
untrained domain) is not always consistent. Some studies found that production training improves
productions and perception (e.g., Kartushina, Hervais-Adelman, Frauenfelder, & Golestani, 2015;
Cibelli, 2022), while others found that production training only improves phoneme production, but
not perception (e.g., Baese-Berk, 2019; Zhang, Cheng, Qin, & Zhang, 2021).

Production Training

In production training, participants listen to words containing L2 phonemes and repeat
them out loud. Feedback focuses on accuracy in pronunciation rather than perception, and can take
many forms, including (i) participants’ self-correction from listening to recordings of their
imitations and comparing them to the productions of native speakers (Hattori, 2010), (ii)
examining visual feedback derived from the participants’ productions such as spectrograms
(Olson, 2014), formant plots (Kartushina & Martin, 2019) or ultrasound images (d’Apolito, et al.,
2017), (iii) direct feedback from co-participants accuracy in identifying productions in a classroom
setting (Linebaugh & Roche, 2015), and (iv) corrective feedback derived using automatic speech
recognition (Neri et al., 2008; Evers & Chen, 2022, see also Cucchiarini, & Strik, 2018, for
review).

Production training has been shown to improve the production of L2 sounds (Lopéz &
Counselman, 2013; Taimi et al., 2014). For example, Taimi et al., (2014) trained 7-10-year-old
L1-Finnish girls on the L2-Swedish /y:/ — /u:/ contrast using listen-and-repeat production training
and found that after short training sessions of only two days, participants’ productions of the L.2-
Swedish vowel /u:/ was closer to L1-Swedish productions in the F2 dimension. However, the
effects of production training on L2-perception are limited (e.g., Kartushina et al., 2015), and in a
study comparing three groups of perception training, production training and a hybrid perception-
and-production training focussing on the SSBE vowels /1/ and /i:/, Wong (2013) found that the
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production training group did not improve their perception after training. More positive results,
however, were reported by Linebaugh and Roche (2015), who used production training with L1-
Arabic speakers on the L2-English contrasts /&e/ — /a/, /g/ — /d3/ and /3/ — /o/, including visual and
verbal instruction regarding the position of vocal tract articulators. After only one training session,
participants’ accuracy in the perception of the /&/ — /a/ and /g/ — /d3/ contrasts had improved.

Variability in Phonetic Training Materials

A key issue in phonetic training is developing training materials that are optimal for
training (Carlet & Cebrian, 2019). In particular, being able to generalize learning to new speakers
and new words has been shown to depend on the variability in the training materials, with most
perception training research showing an advantage for ‘High Variability’ (HV) training materials
(Lively, Logan & Pisoni, 1993; Kartushina & Martin, 2019), where variability can be introduced
by a variety of means: using signal processing to manipulate specific acoustic cues of a phonetic
category (Kondaurova & Francis, 2010; Iverson et al., 2005; Cheng, Zhang, Fan & Zhang, 2019),
using different phonetic contexts (Strange et al., 2007), presenting multiple versions of the same
token produced by multiple speakers (Giannakopoulou et al., 2017), a combination of using
multiple phonetic contexts with multiple speakers (Sadakata & McQueen, 2013), or by
manipulating specific acoustic cues in tokens that are produced by multiple speakers in multiple
contexts (Giannakopoulou, Uther & Ylinen, 2013). Although HV training using multiple speakers
has become the dominant approach in laboratory-based approaches to L2 learning (Thomson,
2018), differences in operationalisation of ‘high variability’ make it difficult to draw conclusions
about the advantages of HV across different studies, or to determine what aspect of variability
confers an advantage (Kartushina & Martin, 2019; Zhang, Qin, & Zhang, 2021). Some studies
found that speaker variability does not affect learners’ performance (e.g., Zhang et al., 2021;
Wiener, Chan & Ito, 2020). Furthermore, HV training materials may not yield greater benefits for
some phonetic categories, transfer to different tasks (Thomson, 2011) or be effective for all age
groups (Hwang & Lee, 2015; Giannakopoulou et al., 2017). For example, Giannakopoulou,
Brown, Clayards & Wonnacott (2017), investigated whether adults and children would benefit in
the same way from HV or Low-Variability (LV) training materials and found that children’s
perception only improved with LV materials.

Very few studies have focused on the role of variability in training materials using
production training. For example, Kartushina and Martin (2019) contrasted HV (five speakers)
and LV (one speaker) in L2 production training for the L2-French /e/-/¢/ contrast using an imitation
task. Participants received visual feedback in the form of a formant plot comparing the first two
formants of the participants’ vowels compared to those of the target speaker. They found that only
LV production training resulted in more accurate vowel productions. These results suggest that
children may not benefit from HV phonetic training.

The Current Work

As outlined above, increased exposure to L2 sounds using perception training with HV
training materials in the laboratory has been given considerable attention in L2 research, primarily
with adults. Less attention has been given to production training and the role variability in training
materials may play with this type of training. Furthermore, a few production-training studies have
been carried out with children. Finally, most phonetic training has taken place in the laboratory
and usually focuses on one or two phonetic contrasts considered difficult for particular L2 learners.
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The current work describes the Computer Assisted Learning of Vowels interface
(CALVin), software designed to be used for production training in a classroom with children. A
group-training programme in the classroom was chosen over traditional laboratory training, to
partly overcome the artifice of laboratory training, but also to try and retain the children’s
engagement with the training over multiple training sessions. Furthermore, it would be valuable to
demonstrate if production training based on L2 research can translate into classroom environments,
and whether data collected from classroom environments can be of value to L2 researchers
(Linebaugh & Roche, 2015), as the use of such training in the classroom is not widespread
(Barriuso & Hayes-Harb, 2018), and only a few studies (Wang & Munro, 2004; Ueda &
Hashimoto, 2019) have attempted to bridge the gap between laboratory research findings and the
techniques used in teaching programs.

The production training in the current study operationalised variability using multiple
speakers, using four speakers for High-Variability (HV) and one speaker for Low-Variability
(LV). The training focuses on the learning of 18 SSBE vowels as most production training studies
have trained only a small number of contrasts (Taimi, Jahi, Alku, & Peltola, 2014; Kartushina et
al., 2019), and previous work has shown that perception training with a full set of vowels produces
better learning outcomes (Nishi & Kewley-Port, 2007).

Participants in the training study were native Arabic speakers from Saudi Arabia, who
speak the Hijazi dialect found mainly in the western region of Saudi Arabia. This dialect has 8
monophthongs: /i:/, i/, la:l, [al, lu:/, lul, le:l, lo:/, and two diphthongs /aj/, /aw/ (Jarrah, 1993).
Standard southern British English (SSBE), has twenty vowels: /i:/, /1/, /e/, /3:/, /&/, /a:/, v/, /3:/,
/n/, il ol e/, Jav/, lav/, [avl, [val, 19/, eal, /o1/, and /1a/ (Wells, 1982), which are more confusable
for Arabic learners of SSBE than consonants (Evans and Alshangiti, 2018), and therefore form the
focus of this study. The current study aims to investigate the effect of speaker variability in
production training on vowel perception and production. Given the difference in the vowel
inventory between Arabic and English, it can be assumed that some vowels would fall into new
vowel categories which may make learning the L2 vowels easy according to SLM. On this account,
learners may assimilate two different vowels into two different categories, which leads to an
accurate perception of L2 phonemes. We hypothesised that children might benefit from lower
speaker variability and that training would help children learn to produce L2 vowels more
accurately, but maybe their vowel perception would not improve.

Methods

The current study used articulatory training with the aid of a child-friendly computer assisted
learning interface to investigate the effect of speaker variability on SSBE vowels acquisition by
Arab children. The data was collected using a quantitative approach presented by pre- and post-
test to measure any possible improvement after the training.

Participants

Forty-six native Arabic-speaking children aged 9-12 years old (median=11, mean
age=10.7, SD=0.9) were recruited for the training study and randomly assigned to one of 2 training
conditions, LV (one speaker) or HV (four speakers). Participants were recruited from a public
girls’ school in Jeddah, Saudi Arabia, and had little exposure to English input. They learn English
at school from non-native English teachers, and they started learning the English alphabets and
basic reading when they were eight years old. Therefore, orthography and identification tasks were
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avoided, so they were asked to repeat words, presented with ,child friendly visual aids to help them
produce certain vowels, and categorise vowels in an oddity task that does not involve orthography.
None of the participants reported any speech, hearing, or language impairments. All participants
and their parents gave informed consent in writing, and the study was carried out with the
permission of the ethics committee of King Abdulaziz University.

Research Instruments
Training materials

The training materials consisted of SSBE words (see Appendix A) and isolated SSBE
vowels. The words were derived from 18 SSBE vowels (/i:/, 1/, /e/, /3:/, I/, la:/, v/, /3], IA/, I/,
/vl, let/, a1/, /av/, /av/, leal, /a1/, /1a/) embedded in monosyllabic words, selected to represent
objects that would be familiar to the children, and informally judged to be imagable (Ellis and
Beaton, 1993). In the training software words and vowels were grouped according to vowel
clusters shown to be highly confusable for Arabic learners of English (Evans and Alshangiti,
2018): High/front: /i:/, //, /e/; Open /&/, /a/, /o/; Central/low-back; /1a/, /ea/, /3:/; /a:/, /3:/; Back
/vl, ha:/, /av/, /av/; Diphthongs: /ev/, /at/, /o1/. Words were arbitrarily assigned as ‘keywords’ and
‘example words’.

Audio and Video Stimuli

All audio and video stimuli were recorded in sound attenuated recording booths at
University College London. The audio and video recordings of the keyword and example words
were recorded simultaneously. Four native SSBE speakers (2 male, 2 female) recorded each word
three times and the best recording (i.e., free of vocal artefacts) was selected for use in training. The
words were presented to the speakers via a computer in a random order to avoid list intonation.
The audio stimuli were recorded using 16-bit resolution at 44.1 kHz, bandpass filtered using
PRAAT (Boersma & Weenink, 2016) between 60 Hz — 20 kHz with 10 Hz smoothing,
downsampled to 22,050 Hz, and equalized for amplitude at 70 dB. The resulting audio was also
used to replace the lower-quality audio in the video recordings: the replacement audio and video
were manually aligned using Lightworks (https://lwks.com/) and the video was cropped for display
in CALVin using FFMPEG (https://www.ffmpeg.org/).

The isolated vowels (audio-only) were recorded by one of the SSBE male speakers at the
same time as the word list, and post-processed in the same way as the audio for the keyword and
example words. In addition, all speakers recorded a short extract from A Bear Called Paddington
(Bond, 1958). For the HV condition, sentences from each speakers’ recording were spliced
together to form a single ‘multi-speaker” extract used to familiarise participants with the speakers’
voices.

Image Stimuli

The images for the keywords, example words, and the mid-sagittal section animation
of the isolated vowels, were created by the third author using Inkscape (Harrington and Engelen,
2004; images for the keywords and example words are available from
https://github.com/mwibrow/CALVin-images).
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Pre-test and Post-Test Stimuli

Recordings of English hVd-words, and bVd-words (see Appendix B and C) covering
containing the 18 vowels used in the training materials were recorded by 4 SSBE speakers (two
males, two females). None of these speakers had recorded the training materials, so the pre-test
and post-test measured generalization to new stimuli and speakers. The speakers recorded each
word three times, and the best recording (i.e., free of vocal artefacts, etc.) was selected.

Research Procedure
Training

Participants were randomly assigned to groups made up of four to five children for each
session. This setting was particularly designed to give pronunciation feedback in classroom setting
rather than restricting the training to laboratory settings. Participants in both training groups (HV
vs. LV) completed five training sessions, a maximum of one session per day, with all training
sessions were completed over two weeks. Participants in the HV training condition were trained
with four speakers: one per session for the first four sessions and then a mixture of all four speakers
in the final session. Participants in the LV training condition were trained using a single speaker
for all training sessions.

All training sessions were facilitated by an instructor (the first author), a native Arabic
speaker who is fluent in English. All sessions used ‘CALVin’, training software based on
(Alshangiti, 2015) rewritten and adapted for use with children (source code available from
https://github.com/mwibrow/CALVin) and was presented via a laptop controlled by the instructor.

Before training, participants were familiarised with the speaker(s) by listening to the
Paddington Bear story (single speaker version for LV training; multi-speaker version for HV
training) while looking at pictures of the story on slides. Then the instructor explained how opening
the jaw, and moving the tongue and lips affect the way different vowels are produced. This part of
the training aimed to enable participants to become aware of how their articulators move and how
this changes the vowel they produce.

In each training session, participants sat around a table, facing the laptop, which was
connected to a high-quality speaker and a microphone. The instructor selected the appropriate
speaker, vowel group, and keyword, to ensure that no vowel group or keyword was repeated.
Within each vowel group, the instructor selected a keyword and presented it to the participants
(Figure one, top-left), followed by the isolated vowel for that keyword, explaining (in Arabic) how
to produce the vowel using the vocal tract animation in the software (Figure one, top-right). Then,
for each example word (Figure one, bottom left), participants watched video recordings of the
speaker producing an example word (Figure one, bottom-right). Participants took turns to record
their production of the keywords, isolated vowels, and example words, so they could compare their
recordings to those of the native speakers as this "self-perception” (i.c., listening to one’s own
production) has been argued to help in learning L2 sounds (Baker & Trofimovich, 2006).

These steps were repeated for the other vowels in the vowel group. Each session ended
with a review of the vowels covered, led by the instructor, and lasted approximately 45 minutes.
Each training session then proceeded in the same way. The training procedure was the same for
all training groups, the only difference was the number of speakers, in the HV group (four
speakers) and in the LV group (one speaker).
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Figure 1. Selected screenshots from CALVin with keywords, the animated vocal tract,
example words and native-speaker videos.

Pre- and Post-Tests

Participants completed all pre-test and post-test tasks individually in a quiet room.
Participants were familiarised with the tasks by completing a short practice session before the tests,
and there was a short break between each task.

Category Discrimination Task

Category discrimination was measured using an oddity task. On each trial, participants
heard 3 bVd-words where two words were the same and one was different. Participants were asked
to judge which one was different, giving their response by clicking on a box labelled ‘A’, ‘B’ or
‘C’, where the first word was ‘A’, the second as ‘B’, and the third word as ‘C’. They received no
feedback and were not able to replay the stimuli. There were 15 pairs of vowels e.g., /n/—/o/ each
played six times, three times with /p/, and three times with /o/ as the odd stimulus, with the odd
stimulus played first, second or third, giving a total of 90 trials. The task took 30 minutes, with a
break after every 30 trials. The vowel pairs were /e/-/1/, /v/- /a:/, /v/-/a/, Ia/-1al, la/-13:1, Ia/-ldl,
/3:/-1el, lav/-lavl, lell-/el, lev/-/all, lav/-//, [&l- IAl, [i:/-11], 1al-leal, [91/-/2:].
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Word Imitation Task.

Participants listened to recordings of 18 hVd-words (produced by one SSBE female
speaker), and after each word they waited until they heard a tone, and then repeated the word out
loud (the tone was added to avoid children relying on using the phonological loop (Baddeley et
al., 1984).

To assess production accuracy, five monolingual native-SSBE speakers (22-46 years
old, median 30 years old) were recruited from the University College London Psychology subject
pool to carry out a listening task using recordings of the children’s hVd-word productions as
stimuli. To avoid listener fatigue, 10% of the stimuli were played to all listeners and the remaining
90% were split evenly between the listeners. For each stimulus, listeners identified the word from
a closed set, and then rate how ‘native-like’ the stimulus was on a Likert scale from one (poor) to
seven (native-like). Each listener identified and rated 460 stimuli and was only able to hear each
stimulus once.

Results

Independent samples t-tests on the pre-test category discrimination % correct and vowel
intelligibility proportion correct scores, showed that all children, regardless of age and training
condition performed similarly, confirming that there was no significant difference between the
groups at pre-test, p >.05. All further analyses therefore investigate potential differences as a result
of training conditions.

Perception task: Category Discrimination

As displayed in Figure two, the training groups performed differently from pre-test to
post-test in category discrimination accuracy. To test for potential effects of training, a linear
mixed effects model was fit with the score as an outcome variable, with fixed effects of test (pre
vs post), group (HV vs LV) and their two-way interaction. The model was fit with a maximal
random effects structure, which includes the random slope of the participant. The model indicated
that the main effect of the test was significant, ¥? (1) = 9.122, p<.05. The planned contrast showed
that the performance was better at the post-test, b= 0.045, SE=0.0143, z=2.161, p<.01, indicating
a change in the category discrimination accuracy after training. The effect of the training group
was significant, ¥? (1) = 6.5, p<.05. The model also showed that the interaction between the training
group and the test is reaching significance, ¥* (1) = 3.60, p=.05. The contrast between factors
confirmed that the LV group performed slightly better at the post-test than the HV group, b=-
0.1998, SE=0.0924, z=2.161, p<.05.

To investigate vowel improvement in percentage after training, confusion matrices were
built for each group at the pre- and post- test (see tables one to four in Appendix D). As shown in
the matrices, for the HV group, there were some improvements in vowels ranging between 3%-
7%, but for the vowel /i:/ as in beat, there was an 11% improvement in accuracy after training. For
the LV group, there was a noticeable (more than 10%) improvement for six vowels after training.
There was a 15% improvement for /ea/ as in bared, 16% improvement for /&/, as in bat, 14%
improvement for /3:/ as in bert, 18% improvement for /ou/ as in boat, 11% improvement for /o/ as
in bot, and 12% improvement for /o1/ as in buoyed. These percentages confirmed that participants
in the LV improved their vowel learning better than those in the HV group. To see if the difference
in these six vowels (/&/, /eal, /3:/, /av/, Iv/, /o1/) are significant, a linear mixed effect was built with
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the vowel pairs that include these six vowels(/&/- /a/,/1a/-/eal, leal-/3:1,/a:/-/3:/, IA/-ID/, [a/-/3:1,/a1/-
/a:/av/-/av/). The model was built with test, group and their interaction as fixed factors and random
slope of vowel pair and participant as random factors. The effect of test was significant, ¥ (1) =
8.67, p<.05, at the post test, b=0.0715, SE=0.019, t=3.58, p<.001. There was no significant effect
of the training group, but there was a significant interaction between test and group, the LV group
performed slightly better at the post-test than the HV group, b=-0.057, SE=0.029, t=-1.978, p<.05.

.

100

75

50

Accuracy (%)

25

LV HV
Group

Test Pre ‘ Post

Figure 1. Boxplot to show category discrimination accuracy percent correct at the pre-test (white
boxes) and post-test (grey boxes) split by training group.

Production: Word imitation task

Acoustic Analysis

The acoustic measurements were made in PRAAT (Boersma & Weenink, 2016). The stimuli
were located manually, and then the first formant (F1) and the second formant (F2) were extracted
using hand corrected LPC analyses. Formant frequencies were measured from the midpoint of the
vowel (as mentioned above). All F1 and F2 raw values were checked for any value 2 standard
deviations outside the range, and these measurements were hand corrected, as necessary. All
duration measurements were taken from the beginning of the F2 transitions to the end of the F2
transitions.

Spectral Analysis

To accommodate age related differences in vocal tract size between the children and SSBE
speakers, each speaker’s formant data were normalised according to Lobanov (1971), using the
equivalent formulation described in Flynn and Foulkes (2011), where the normalized formant
values were calculated as the z-scores for each formant for each speaker.
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Figure three displays the average F1 and F2 vowel measurements produced by the participants
at the pre and post-tests. The vowel plot shows some subtle changes from pre-test to post-test; /o/
and /u/ shift closer to the SSBE reference vowels, the /u:/ vowel is more fronted after training
especially for the LV group, and the central vowel /3:/ appears to be more centralised at the post-
test. A linear mixed model was fit with test (pre, post) and training group (LV, HV) as fixed factors.
The random factors were crossed intercepts for participant and stimulus with a random slope for
test. There were no significant differences in either F1 or F2, p>.05, confirming that there were no
reliable changes in the F1 and F2 values from pre to post-test in either training group.

LV HV
-2
[ i u
% *U: g—oU: “° su 2
AEl Ie® D! D:
g I U(’} Die ? i . -
3 0 el D U ¢o
9 3:\ S0 0, 3:3: *D
: @ ‘3 +Q Se K 4 4 «Q
1 e AY 2 A 7\1
x% ] e
e
2 * e
2 1 0 1 -2 2 1 0 1 2
F2 (Lobanov)

e Pre-test ® Post-test ¢ SSBE

Figure 2. F1/F2 plot of monophthongs produced in hVd-words at pre-test (smaller, grey filled
circles) and post-test (larger filled black circles). SSBE speakers used in training diamonds are
included as reference points. Data from children in the HV condition is displayed in the right-hand
panel, and data from children in the LV condition is displayed in the left-hand panel.

Duration
Figure four displays the duration of monophthongs at the pre and post-tests. As shown in the

figure, participants produced longer vowels in the post-test. A linear mixed model showed
significant effects of test y? (1) = 32.771, p<.05, indicating that there was a change in the overall
duration of the vowels from pre-test to post-test. There was also a significant effect of group, ¥
(1) = 4.185, p<.05 and a significant interaction between test and group, %2 (1) = 8.615, p<.05.

Post-hoc analyses comparing the training effects from pre-test to post-test demonstrated that
vowel duration was significantly longer at the post-test for the two training groups, p<.001, such
that the duration range changed to better match native speakers after training. Participants in the
HV group produced longer vowels at the post-test than those in the LV group, b=16.69, SE=6.007,
z=2.54, p<.001. However, the difference between groups was small.

To investigate which vowels changed in duration after training, the vowels were divided into
two groups: GI(1, e, A, v, v) and G2 (&, a:, 3:, i;, 0;, u: ), and were analysed separately in
comparison to the vowel duration produced by SSBE speakers. For both vowel groups, a separate
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linear mixed model was fit with the test, group, and their interactions as fixed factors, and random
intercept of vowel and participant as random factors.

For the G1(1, e, A, v, u), The effect of the test was significant, 2 (1) = 20.83, p<.05, but the
effect of the group was not. However, the interaction between test and group was significant, ?
(1) = 12.4, p<.001, in which participants in the HV group produced longer vowels at the post test,
b=29.939, SE=8.502, t=3.52, p<.00. This may indicate that the variability aspect helped learners
to change their vowel duration to better match that of the native speakers.

For the G2 (=, a:, 31, i, o, u:), There was a significant effect of test, y? (1) = 145.6, p<.001, at
the post test, b= 55.408, SE=7.18, t=7.8, p<.001. There was no significant effect of the training
group or the interaction between test and group, which indicates that for this vowel group, learners
changed their vowel duration after training regardless of their training group.

600
450
300
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Duration (ms)

HV SSBE
Group

Test Pre - Post

Figure 3. Boxplot to show the duration of monophthongs at the pre-test (grey boxes) and post-test
(black boxes) for children in the LV and HV training groups. SSBE speakers are included for
reference.
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Figure 4. Boxplot to show intelligibility of Arabic children’s vowel production accuracy at the
pre- white boxes and post-test black boxes.
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Due to a large number of stimuli, listeners identified and rated a common 10% of the
recordings. To test the level of inter-rater-agreement (i.e., whether the raters used the scale in the
same or similar way), a Pearson’s correlation was calculated between the 5 raters to see if they
were using the scale in the same way. There was no correlation between the raters scores, r=.09,
p>.05, indicating a poor consistency in ratings amongst the raters. Therefore, for the following
models, the ‘rater’ was added as a random factor.

Figure five displays vowel intelligibility accuracy at the pre-test and post-test for both training
groups. Both groups performed similarly but there appears to be a subtle advantage for LV group
in the post-test. A linear mixed model fit by maximum likelihood was built for the identification
data based on the correct/incorrect binomial responses, with Test and Group and their interactions
as fixed factors and the random intercept of participants and vowel as random factors. The model
indicated that there was a significant effect of test y? (1) = 10.97, p<.05, which indicates that
participants improved their vowel production from pre-test to post-test. The planned contrasts
indicated that participants were more intelligible at the post-test, b= 0.447, SE=0.032, z=3.55,
p<.05. The model also showed a significant effect of the training group, % (1) = 7.65, p<.05, and
the orthogonal contrast showed that LV group were slightly more intelligible than the HV group,
b= 0.374, SE=0.141, z=2.645, p<.05. However, there was no significant interaction between test
and group, p>.05. This model showed an overall accuracy for all the vowels.

To investigate which vowels have improved after training, confusion matrices were created
(Appendix D) to show the percent correct of each word. As these matrices show, there was a
difference in vowel improvements after training. For the HV group, there were some
improvements for most of the vowels averaging from 4%-7% improvements, but some vowels had
more than 10% improvements. There was 12% improvement for the vowel /et /as in hayed, 25%
improvement for /3:/ as in heard, 16% for /ov/ as in hoed, and 26% improvement for /u/ as in hood.
For the LV group, there was a general improvement in most of the vowels ranging from 4% to
10% improvement, but for some vowels the improvement was more than 10%. There was a 22%
improvement for /ea/, as in haired, 20% improvement for /er/, as in hayed, 25% improvement for
fiz/, as in heed, 15% improvement for /o:/, as in hoard, and 15% improvement for /ouv/, as in hoed,
14% for /u/, as in hood, 13% for /a/, as in hud, and 20% improvement for /u:/, as in who’'d. Given
that participants in both groups improved their vowel production for these 8 vowels (/i:/, /3:/, /2:/,
/al, i/, v/, lav/, Jeal), a mixed-effect model was built for the accuracy of this vowel group with
test, group and their interaction as fixed factors and random intercept of vowel and participant as
random factors. There was a significant effect of group, ¥? (1) = 7.07, p<.05, where the LV group
performance was significantly different from that of the HV group, b=0.085, SE=0.033, t=2.52,
p<.05. There was also a significant effect of test, ¥ (2) = 15.6, p<.05, at the post test, b= -0.106,
SE=0.034, t=-3.12, p<.05, but there was no significant interaction between group and test.
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Figure 5. Boxplots of accent ratings for the SSBE listeners. The stimuli were the h-V-d words at
the pre-test (light grey) and post-test (black) produced by Arabic children.

Figure six shows the vowel rating produced by Arabic children, the figure shows that there
is a slight difference between pre-test and post-test, but no big difference between training groups.
A linear mixed effects model was built for the rating scores. The best-fitting model indicated that
there was a significant effect of the test, 2 (1) = 9.522, p < .05, which suggests a difference in
performance between the pre-test and the post-test. The contrast showed that the rating at the post-
test was slightly higher, b=-0.308, SE=0.095, p<.05. There was no significant effect of group, and
there was no significant interaction between group and test, which indicates that participants
improved their accent after training regardless of their training group.

In short, the results showed that articulatory effected vowel learning. For the category
discrimination and vowel intelligibility, there was an advantage for the LV condition, which
indicates that the LV was possibly more beneficial for children who learning a second language.
The results from the acoustic analysis showed a small change of the formant values after training,
however, participants’ vowel duration seemed to improve to get closer to the vowel duration values
produced by SSBE speakers. This might indicate that children used their L1 cue, duration, to
acquire L2 vowels.

Discussion
The current study investigated the effect of speaker variability in production training on
SSBE vowel learning. Arabic children were trained to produce 18 SSBE vowels by receiving
articulatory instructions using a computer assisted vowel learning interface (CALVin). The
training was either with multiple HV, or a single talker, LV. Their production was assessed by an
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objective (acoustic) and a subjective measure (native speakers’ ratings), while their perception was
measured by a category discrimination task.

To answer the first research question of whether articulatory instructions helped in vowel
learning, the training helped the participants to improve some vowels. Inspection of the acoustic
data showed that participants made small changes to certain monophthongs, /3:, a:, v/ and the
closing diphthongs /e9, 19/ in the F2 dimension, in that these vowels were produced with more
native-like realizations. Although this change was not significant overall, it might indicate that
children had started to acquire vowel targets that do not exist in their L1. This is possible because
none of these vowels exists in Arabic, they found these easier to acquire than those where there is
a competing, nearby Arabic vowel, such as /e/. This is in line with the predictions of theories of
L2 learning such as the SLM (Flege, 1995) which proposes that the greater the distance between
the L2 and L1 categories is, the more likely it is that the phonetic differences between the sounds
will be detected, and a new phonetic category will eventually be established.

Why was the amount of improvement so small, particularly in terms of changes in acoustic
measurements? One possibility is that the task we used to measure production, an imitation task,
over-estimated performance at the pre-test. Although we designed our imitation task so that
children could not rely on using the phonological loop when repeating the words, it is possible that
they were still able to use what they heard to support their own production. However, Cleland,
Scobbie, Nakai & Wrench (2015) used a similar imitation and subsequent identification task to
assess the production of unfamiliar vowel contrasts at the pre-tests; children were not able to
accurately imitate at the pre-test only 5% of sounds identified correctly, but production improved
to 32% accuracy at the post-test. Another possibility is that the number of training sessions limited
improvement. Participants only completed 5 training sessions, and although previous studies have
found improvement both in intelligibility with this number of sessions in children (Evans &
Martin-Alvarez, 2016), it is possible that children, in the current study, of a similar age but with
less English experience may require more sessions in order to show any greater improvement. The
number of vowels trained may also have affected learning. Previous studies have shown that for
adults, training with a full set of vowels is more effective than learning with a subset (Nishi &
Kewley-Port, 2007). Consequently, we decided to train children with the full vowel inventory,
rather than focusing on a smaller number of challenging contrasts. However, some studies that
have trained with a small number of contrasts (e.g., Cleland et al., 2015; Evans & Martin-Alvarez,
2016) have shown much larger improvements and so it is possible that if we had trained children
on a subset of vowels, children would have shown greater improvement. Another reason for the
small changes in vowel production might have to do with the richness of input. Although children
were trained with all 18 vowels, the number of different stimuli was relatively large: 54 words,
alongside AV recordings produced by between one and four SSBE speakers depending on training
condition. It may be that, coupled with the relatively small number of training sessions, meant that
children did not receive enough training to show a significant change in vowel formant values.

Although the acoustic analysis of vowel production showed no significant change, children
were more intelligible after training. This shows that despite the advantage of using objective
measures for production accuracy (Delvaux, Huet, Piccaluga & Harmegnies, 2013), providing
information about native speakers’ perception of vowel quality is also important. Especially since
the objective measures showed a slight change and the subjective measures confirmed that change
to be significant. The findings for production training are in line with previous studies that showed
that children can benefit from production training (cf. Cleland et al., 2015; Taimi et al., 2014).
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Though these studies have used different measures (using ultrasound as a visual feedback and
listen and repeat method), and therefore any differences in results might have to do with the
methods used to assess participants’ production.

The second research question was whether speaker variability affects vowel learning. Our
results indicated an advantage of the LV group (cf. Evans & Martin-Alvarez, 2016), while both
HV and LV groups were able to generalize their learning to the imitation of unfamiliar speakers
and words, participants in the LV were more intelligible. This is in contrast to production training
studies with adults where only HV training has been shown to generalize to the imitation of a new
speaker (Kartushina & Martin, 2019). A possible explanation for LV advantage is that learners
might find it easier to remember how a particular speaker produces a given sound and can use this
as the basis for their own production. This might be particularly true for children, who find it harder
than adults to adapt to variations within their own language, due to an increased processing cost
(Bent & Atagi, 2015, 2017). Adapting to multiple speakers, even those with a similar accent, may
therefore introduce an added processing cost which means that children have fewer cognitive
resources for learning a new articulatory target (cf. Antoniou & Wong, 2015). This may have been
still harder for our children who were tested in a non-immersion setting, where they do not
regularly hear native English speakers.

That being said, the HV training showed some advantage on the phonetic cue level, where
children in the HV group improved their vowel duration to better match that of the SSBE speakers
more than the LV group. This might indicate that HV training helps children change some cues
that are salient for discriminating L2 phonemes, as has been shown with adults (e.g., Iverson et al.,
2005). Therefore, we can argue that adaptation to different speakers could have an initial
processing cost, but with more training sessions, children may benefit further from exposure to
multiple speakers. For practical reasons, it was only possible to conduct a relatively small number
of training sessions. One possibility then, is that if children completed more training sessions, all
children would have improved more, but those in the HV training condition might have improved
in their production as much as, or perhaps more than those in the LV condition.

Unlike our hypothesis, Production Training appeared to improve vowel perception: both HV
and LV groups improved in their performance on a category discrimination task. Participants in
the LV group improved their perception in a number of vowels (/3:/,/a/, /av/, /ea/, /o1/) more than
those in the HV group ( tables one to four, in Appendix D). These vowels improved more than the
rest of vowels, perhaps because they are not assimilated to any L1 vowel category. Given that this
group of vowels do not exist in participants’ L1 vowel inventory, which is according to the
perceptual assimilation model leads to better phonemic perception (Best, 1995). Participants in the
LV group might have used the articulatory information they received during training to learn to
perceive this group of vowels accurately.

A previous study with adults using a similar training paradigm (Alshangiti, 2015) found that
production training led to improvements in production but not in perception (cf. Hattori, 2010;
Baese-Berk, 2019). Based on these studies, one might hypothesize that training is domain-specific
and therefore any improvements in production as a result of training, would not lead to improved
performance on a category discrimination task. However, in the current study, all children
improved in their performance on this task after training. Additionally, those in the LV group
appeared to improve more than those in the HV group. However, while improvement was very
small for both groups: 5.3% for the LV and 0.8% for the HV group, this result offers a modest
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suggestion about a link between the two speech domains, and that production training may improve
perception.

Our results from the perception task are in line with results reported by (Kartushina et al.,
2015) who trained adult French speakers with no experience of Danish, in their production of two
Danish vowel contrasts, and found a subtle change in their perception. Their participants also
received five training sessions of similar duration to ours. However, because they were trained on
a smaller number of contrasts, this meant that they received approximately one hour of training
per vowel. Even so, adults only showed a very small amount of improvement in perception, 4.56%,
consistent with other training studies (e.g., Akahane-Yamada et al., 1998; Bradlow et al., 1999)
and similar to what we find with a much smaller amount of training per vowel. Kartushina et al.
(2015) argue that their participants may have shown reduced training benefits in perception
because their category discrimination task contrasted speakers from male and female voices, but
in training participants had only been exposed to vowels produced by a speaker of their own
gender. They argue that to have been able to succeed at the discrimination task, participants needed
to have established abstract, speaker-independent representations for the new vowel contrasts, and
that the single-speaker training is not sufficient for learners to be able to do this. Our results suggest
that at least for children this may not be the case; LV training may instead mean that they have the
cognitive resources needed to start to establish new representations or learn to map the incoming
signal to their existing underlying representations (cf. Iverson & Evans, 2009).

Conclusion

This study investigated the effect of speaker variability in training Arab children on
producing SSBE vowels. The current work shows that children can benefit from production
training. After training, children improved in their production and perception of SSBE vowels,
suggesting a modest link between the two speech domains. However, these improvements were
small, probably due to the number of vowels covered and the limited number of training sessions.
Likewise, it is unclear whether children might benefit from variability in training. Children in the
LV condition improved more in terms of intelligibility, and category discrimination, while children
in the HV showed some subtle cue shifting after training. While the current study presents some
benefits or production training with children using LV training, further research could investigate
the benefit of training material variability with fewer vowel contrasts in different learning
environments (e.g., contrasting immersion vs. non-immersion settings) and what the implications
of this are for L2 learning.
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haired, hoyed, hear.

bout, boat, bared, beard, buoyed, bet, booed, poot, put, port, pout, beard.

Table 1. A confusion matrix for the HV group at the pre-test showing the percent correct of the

Appendices

Appendix A

Word list
ball, bears, bees, bike, book, boys, cake, card, cat, clock, coat, coin, cot, cow, cup, cut,
food, foot, gate, gears, hat, house, kite, knife, knot, leg, lid, loaf, mat, men, mouse, nurse, nuts,
park, paws, pears, piers, pin, ring, road, room, seed, shark, shirt, skirt, spade, squares, suit, sword,
tears, teeth, ten, toys, wood.

Appendix B

hVvd-words
heed, hid, head, heard, had, hard, hod, hoard, who’d, hood, hud, hayed, hide, how’d, hoed,

Appendix C

bVd-words
The bVd-words include some additional words in /bVt/ and /pVt/ contexts as some vowels
do not form real words in the /b\Vd/ context: beat, bit, bet, bait, bite, bart, bat, bot, but, bird, bought,

Appendix D

category discrimination task, the matrix shows the expected and the actual response.

Expected/

Actual
response

bait

bared

bart

bat

beard

beat

bert

bet

bird

bit

bite

board

boat

bot

bout

buoyed

but

poot

put

bait

70

12

18

bared

45

20

35

bart

61

11

13

15

bat

47

53

beard

41

59

beat

68

32

bert

39

61

bet

14

73

13

bird

56

44

bit

10

12

70

bite

21

14

64

board

70

30

boat

68

32

bot

27

52

21

bout

26

74

buoyed

39

61

but

23

21

14

42

poot

61

39

put

23

77
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Table 2. A confusion matrix for the HV group at the post-test showing the percent correct of the
category discrimination task, the matrix shows the expected and the actual response.

Expected/
Actual
response bait | bared | bart | bat | beard | beat | bert | bet | bird | bit | bite | board | boat | bot | bout | buoyed | but | poot | put

bait 71 14 14

bared 51 20 30

bart 66 11 12 12

bat 53 47

beard 38 62

beat 79 21

bert 36 64

bet 16 65 19

bird 68 32

bit 8 16 67 | 10

bite 22 11 | 67

board 71 29

boat 71 29

bot 20 55 24

bout 38 62

buoyed 32 68

but 23 | 22 13 42

poot 68 32

put 35 | 65

Table 3. A confusion matrix for the LV group at the pre-test showing the percent correct of the
category discrimination task, the matrix shows the expected and the actual response

Expected/
Actual
response bait | bared | bart | bat | beard | beat | bert | bet | bird | bit | bite | board | boat | bot | bout | buoyed | but | poot | put

bait 74 14 12

bared 34 26 40

bart 57 16 11 16

bat 44 56

beard 36 64

beat 78 22

bert 49 51

bet 18 65 17

bird 64 36

bit 9 15 65 | 11

bite 17 17 | 66

board 67 33

boat 63 38

bot 24 49 27

bout 28 72

buoyed 44 56
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but 24 24 13 39
poot 64 36
put 43 57

Table 4. A confusion matrix for the LV group at the post-test showing the percent correct of the
category discrimination task, the matrix shows the expected and the actual response.

Expected/
Actual
response bait | bared | bart | bat | beard | beat | bert | bet | bird | bit | bite | board | boat | bot | bout | buoyed | but | poot | put

bait 69 19 13

bared 49 16 35

bart 60 15 13 12

bat 60 40

beard 31 69

beat 74 26

bert 35 65

bet 9 69 22

bird 61 39

bit 9 12 69 | 10

bite 17 10 | 72

board 71 29

boat 81 19

bot 16 60 24

bout 29 71

buoyed 32 68

but 21 25 11 44

poot 60 40

put 39 |61
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