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Abstract: Japanese adults and Spanish-Catalan children received auditory phonetic training for English vowels using a novel
paradigm, a version of the common children’s card game Concentration. Individuals played a computer-based game in which
they turned over pairs of cards to match spoken words, drawn from sets of vowel minimal pairs. The training was effective for
adults, improving vowel recognition in a game that did not explicitly require identification. Children likewise improved over
time on the memory card game, but not on the present generalisation task. This gamified training method can serve as a plat-
form for examining development and perceptual learning. VC 2023 Author(s). All article content, except where otherwise noted, is
licensed under a Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

High-variability phonetic training (HVPT; Logan et al., 1991) has successfully improved phonetic perception by adult
second-language learners across a range of contrasts (e.g., Lively et al., 1993; Nishi and Kewley-Port, 2007; Wang et al.,
1999). Listeners use a computer program in which they hear a word with talker and phonetic variability between trials,
identify the word or phoneme, and are given feedback. That being said, children do not seem able to make full use of
HVPT; they can improve with training but typically do not have the same plasticity advantages over adults that are found
in real-world language learning, and younger children often learn less than older children (Brekelmans, 2020; Heeren and
Schouten, 2010; Shinohara and Iverson, 2021; Wang and Kuhl, 2003; cf. Giannakopoulou et al., 2013). HVPT was not
designed to be engaging for children. Moreover, adult work has concluded that HVPT is facilitated by pre-existing first-
and second-language category knowledge (Iverson et al., 2005; Iverson and Evans, 2009). Identification training may,
therefore, be less effective for young children, who are typically lacking in second-language experience and also have
incompletely developed categories in their first language.

To address this issue, the HVPT identification task has recently been combined with a high-variability category
discrimination task (Shinohara and Iverson, 2018), which is often used as a proxy for identification assessment among lis-
teners who may not know the category labels (Gottfried, 1984). A category discrimination task involves presenting listeners
with two or more stimuli, having them give a discrimination judgment (e.g., which stimulus is different), but with same
stimuli not being acoustically identical (e.g., the same word spoken by two different talkers). Such a task is considered
phonetic/categorical rather than acoustic, because of the lack of an acoustic match among stimuli that are meant to be
considered the same. Moreover, tasks involving stimulus variability and memory demands are thought to make it harder
for listeners to rely on echoic-memory encodings and depend more on covert abstract encodings (e.g., phonetic categories
or labels; e.g., Iverson and Kuhl, 2000). We have found that combined category and auditory discrimination training can
produce similar results as identification training among Japanese adults learning English /r/ and /l/, although word or pho-
neme identification is not explicitly required (Shinohara and Iverson, 2018). Likewise, when discrimination and identifica-
tion are combined in training, along with other elements, such as animations, to make the task more game-like, Japanese
children can improve on English /r/ and /l/ more than Japanese adults, although learning is greater among teenagers than
among the youngest children (Shinohara and Iverson, 2021).

We present here a further step toward making phonetic training more game-like and appropriate for children,
by creating a computer-based audio version of a common children’s card-matching game, often called Concentration or
Memory. This game is played with a shuffled deck of cards laid face-down in a grid. Players turn over cards two at a time,
take cards away if they match, and turn them face-down again if they do not match. The objective is to find matching
pairs of cards by remembering the locations of cards turned over in previous rounds. Parents sometimes report that their
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children are better at this than adults, which may be true individually but has not been found across a sample; Krøjgaard
et al. (2019) found that completion times for standard games (visual card matching) were about the same for adults
[mean (M)¼ 86 s] and 8-year-olds (M¼ 87 s) and slightly slower for 6-year-olds (M¼ 109 s). Our version is similar to the
traditional game, except that a word is played when a card is flipped over on a computer screen. The face of the card can
be unmarked (i.e., same design for every card, with matching based on sound only) or have a picture that can also be
matched. A match in the present implementation is the same word spoken by two different talkers, selected among cards
with words from the same cluster of vowel minimal pairs (e.g., field, filled, failed, filed). The game is similar to a category
discrimination task in that it requires words to be matched across talkers without requiring the words to be identified, but
it is performed as an interactive game rather than as a trial-by-trial test and with a higher memory load that has a visual-
spatial component. Our aim is to provide an initial evaluation of whether this game can improve second-language pho-
netic perception, with a broader goal of developing tools for examining age-related plasticity in speech perception that
have practical applications for child learning.

This research fits with trends to gamify language learning (see Acquah and Katz, 2020). These efforts have been
mostly driven by practical learning outcomes and advances in speech technology rather than being designed to test scien-
tific hypotheses, although a production training game based on speech technology has been used successfully in phonetic
perception experiments (Ylinen et al., 2021). Wade and Holt (2005) developed an animated shooting game to examine
implicit auditory category learning (i.e., when sound recognition is not an explicit requirement of the game); adults can
improve on stimuli used in the game (e.g., Japanese learners of English /r/ and /l/), but this training effect has not robustly
generalised to untrained stimuli (Lim and Holt, 2011; Saito et al., 2022). The present memory-card training paradigm sim-
ilarly allows implicit learning to be explored by manipulating the pictures on the cards and other feedback (e.g., no picture
for explicit learning; matched pictures for implicit learning), except within a less visually and motorically complex game,
compared to a shooting task, that many parents and children already like to play.

In separate experiments, we trained Japanese adults and Spanish-Catalan bilingual children (6–7 years old) on
southern British English vowels. The two groups were a convenience sample, with Japanese adults being tested first
because they could perform the tasks online without supervision, followed by testing in a school classroom in Spain, where
we were permitted to test in post-lockdown stages of the COVID-19 pandemic. In each game, listeners had 14 cards with
vowel minimal pair words spoken by two British English speakers. Participants clicked on pairs of cards, and an animal
photo was revealed as the pairs were matched and removed. Learning was evaluated with pre/post-tests using English min-
imal pair words that were not part of the training set and were produced by different speakers.

2. Experiment 1: Japanese adults

Japanese has five spectrally distinct monophthongal vowels, /a, i, u, e, o/, and a quantity distinction; many English vowels
assimilate into the same Japanese category (Lengeris, 2009), and HVPT has been shown to be effective for Japanese adults
(Nishi and Kewley-Port, 2007). HVPT normally involves lab visits with structured training sessions. Our training program
was designed instead for participants to use their own phones and laptops, with participants given a target of 200 games
to complete within 10 days and flexibility with how to achieve this goal.

All participants completed pre- and post-training tests of vowel identification and category discrimination, with
words and speakers that were not included in the training stimuli. Participants completed the pre/post-tests both in quiet
and in noise, with the aim of reducing performance below ceiling for the most accurate listeners (see Lengeris and Hazan,
2010). We used two noise types, babble and single-talker maskers, to further examine whether learning differentially inter-
acted with energetic and informational masking (Brungart, 2001). Our initial hypothesis was that the added memory load
and attention required by this game may produce a larger effect for single-talker maskers, given that more attention is
required to ignore an intelligible talker.

2.1 Method

2.1.1 Subjects

Eighteen adult native speakers of Japanese completed the pre-test, and 12 of these completed all training sessions and the
post-tests. All subjects were aged between 18 and 59 years (M¼ 31 years). Twelve participants were residents of Japan at
the time of the experiment, and six were recruited from the Japanese community in London, including one subject who
had been in the Netherlands for 3 years.

2.1.2 Stimuli and apparatus

All tests were conducted using software written by us using JAVASCRIPT, PHP, and MYSQL, designed to run within a web
browser on the participant’s own phone or computer. Subjects were asked to wear headphones and test themselves in a
quiet location without interruptions. All recordings had 44 100 16-bit samples/s but were compressed to MP3 format for
faster internet delivery.

The stimuli were natural recordings of English vowels used in previous HVPT experiments (Iverson and Evans,
2009; Iverson et al., 2012). There were 14 vowels, arranged into clusters of three or four based on a hierarchical clustering
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analysis of second-language confusion matrices previously collected in our lab: /i, I, aI, eI/, /E, A, a, ˆ/, /`, @U, O/, and
/u, aU, ˘/. This clustering was used to reduce the number of response options on each pre/post-trial and to allow for a
wider range of minimal pair words within the memory card game. The pre/post-test stimuli comprised recordings of ten
speakers (half male and female) of southern British English, producing these vowels in bVt words (beat, bit, bet, Burt, bat,
Bart, bot, but, bought, boot, bait, bite, bout, boat). The memory card stimuli were produced by a different group of two
female and two male speakers of southern British English, with nine minimal pair phonetic contexts recorded for each
vowel cluster (e.g., Ben-barn-ban-bun, field-filled-field-failed, cod-code-chord, shoot-shout-shirt).

The pre/post-stimuli were presented either without noise, with babble, or with a single-talker masker. The noise
was identical to that used in Song et al. (2020). The single-talker masker was a female speaker of Southern British English
reading stories that were processed to remove any pauses; listeners heard a random segment of the story during each trial.
The babble was created from 12 stories read by the same talker, with each story processed to remove pauses. The signal-
to-noise ratio was set to þ3 dB in both conditions, a level that we have found has a minimal behavioral effect for native
speakers but begins to reduce performance by non-native speakers (Song et al., 2020).

2.1.3 Procedure

Each identification trial involved playing a single stimulus and displaying three or four word response options depending
on the cluster (e.g., beat, bit, bite, bait). The listener clicked on the word they thought was correct, without an opportunity
to hear it again, and received feedback indicating whether they were right or wrong. There were 84 trials: two repetitions
� 3 noise conditions � 14 vowels, with the speaker chosen randomly on each trial.

Each category discrimination trial involved playing three words by three speakers in synchrony with three ani-
mated frogs. Two words were the same, and one was different. Listeners had to choose the different one and received feed-
back. There were 54 trials within each test: 18 vowel pairs (i.e., all within-cluster pairs) � 3 noise conditions, with the
speakers and oddball positions chosen randomly.

For each memory card game, participants saw 14 cards placed in a 3� 5 grid with one missing position. Each
card had a different recording, comprising 2 talkers � 7 words (i.e., minimal pairs combined from three- and four-vowel
clusters, such as field, filled, field, failed, cod, code, chord). The word clusters, speakers, and position of the words in the
grid were chosen randomly. Participants clicked on pairs of cards, with a word played when each card was turned over.
The underside of each card had identical markings such that matching was by sound only. Non-matching cards were
turned back over. Matching cards were removed and progressively revealed an animal photo underneath the cards; the
photo was randomly selected from a database such that each game had a different photo. Participants also saw the ortho-
graphic form of the word following a match. Participants were instructed to complete 200 games within 10 days, with their
participation tracked by the software and a readout at the top of the display indicating the number of games played. In
total, subjects spent 158min, on average, actively playing the game to complete 200 games of training. Their best game
thus far was also displayed (i.e., minimum number of moves and time to complete the game), and a button displayed the
top ten scores from the participant group as a whole (anonymized with subject codes).

2.2 Results

Figure 1 displays the pre/post-results and performance on the memory card game during training. The statistical analyses
were mixed models calculated using the lme4 package (Bates et al., 2015) in R, with the CAR package (Fox and Weisberg,
2019) used to obtain p-values within a type II analysis of deviance table; all fixed effects are described below, and random
slopes were not included because the models did not converge in the pre/post-analyses. A logistic mixed-model analysis of

Fig. 1. Violin plots displaying improvements in Japanese adults’ English vowel perception in terms of identification and category discrimina-
tion accuracy before and after training and progressively faster completion times during memory-card training. Memory card games were
binned into blocks of 20 games for display purposes; game order was entered linearly in statistical analyses.
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the identification trials, with by-subject and by-item random intercepts, demonstrated that there was a significant main
effect of training, v2 (1)¼ 23.94, p< 0.001, and a significant interaction with the noise condition, v2 (2)¼ 11.48, p< 0.001.
The participants averaged 0.74 proportion correct at the pre-test and 0.82 proportion correct at the post-test, with learning
being greatest in the babble condition (MPre¼ 0.70, MPost¼ 0.85). There was no significant main effect of noise, p> 0.05.
A logistic mixed-model analysis of the category discrimination trials, with by-subject by-item random intercepts, also dem-
onstrated that there was a significant main effect of training, v2 (1)¼ 6.74, p¼ 0.009 (MPre¼ 0.77, MPost¼ 0.81). There
was no significant main effect or interaction with noise, p> 0.05. It is notable that the improvement in identification was
greater, although the memory card game was more similar to category discrimination than the identification task. Finally,
a linear mixed-model analysis of the time to complete each game, with by-subject random intercepts, demonstrated that
there was a significant effect of order, v2 (1)¼ 57.442, p< 0.001, with less time required to complete each game as training
progressed. The time to complete a game was highly correlated with the number of moves, r¼ 0.89. In summary, there is
clear evidence that memory-card training works for Japanese adults and English vowels, with evidence of learning within
training as well as improvements for untrained tasks, words, and talkers.

3. Experiment 2: Spanish-Catalan children

Children, 6–7 years old, participated in this study as part of their school English classes on the island of Majorca (Spain).
The Majorcan dialects of Catalan and Spanish are both official languages on Majorca, both are spoken at school, and one
or both were spoken at home by the children. Spanish has a five-vowel system, /a, i, u, e, o/, and Majorcan Catalan has
eight vowels, /a, E, e, i, @, u, O, o/. The study was conducted in four 90-min classes over 2 weeks. The interface was the
same as in experiment 1, except that children used school-provided laptops and headphones at their desks, and an experi-
menter had centralised control over the programs.

Pilot testing with children suggested that they were able to play the game with unmarked cards (i.e., audio-only),
but they enjoyed the game more when there were symbols on the underside of the cards. In the symbols þ audio version
of the game, we used emoji-like symbols organised in themes (e.g., facial expressions, food). The symbols and audio words
were not related in meaning, but matching words always had matching symbols. In addition to making the task easier and
more engaging, the symbol condition was designed to test implicit learning (Lim and Holt, 2011); children heard the
words but did not need to correctly perceive and remember the words to perform the task. Blocks of the category discrim-
ination task were interleaved with the memory card games, allowing us to track performance throughout training rather
than adopting the strict pre/post-test design of experiment 1. Within each session, participants thus had tasks changing
between category discrimination, audio-only memory cards, and symbol þ audio memory cards. There was no identifica-
tion task, owing to the children being relatively new to English.

3.1 Method

3.1.1 Subjects

Thirty children (mean age¼ 6; 3 years, all born the same calendar year) were recruited from a primary school in the town
of Inca in Majorca, Spain. These children are exposed to Spanish and the Majorcan dialect of Catalan at school on a daily
basis. Parental responses to a language background questionnaire revealed that five children spoke a language other than
Spanish or Catalan at home; they were allowed to participate in class, but their data were omitted from the analysis. One
child was omitted because they were only present for two sessions. Of the remaining children, 13 spoke Catalan at home
(typically Spanish as well), and 11 spoke only Spanish at home.

3.1.2 Stimuli and apparatus

The stimuli and apparatus were the same as in experiment 1, except that the testing was conducted on school-supplied
headphones and laptops, and there were no conditions with added noise.

3.1.3 Procedure

The tasks were fundamentally the same as in experiment 1, except for the order and number of trials. The children were
divided into two classes (i.e., about 15 students in a class), and each class played the games for four sessions of their
English lessons. Given that category discrimination was tested throughout the 4 days, we used untrained words and speak-
ers on the first and last days only for generalisation tests (CD-U) and had trained words and speakers on the second and
third day (CD-T). As described above, there was an audio-only version of the memory card game with identical markings
on the underside of each card (MC-A) and a symbol þ audio version in which there were matching emoji-like symbols
underneath the cards that were semantically unrelated to the simultaneous word (MC-SA). The participants completed the
tasks in the following order: (day 1) CD-U, MC-A, CD-U, MC-SA, CDU; (day 2) CD-T, MC-SA, CD-T, MC-A, CD-T;
(day 3) CD-T, MC-A, CD-T, MC-SA, CD-T; (day 4) CD-U, MC-SA, CD-U, MC-A, CD-U. The children completed as
many trials as they could during each test block, and the length of each block was determined by the experimenter at the
time of testing (i.e., depending on the amount of time remaining in the class and the number of trials completed by most
children, which was monitored via a control panel on the experimenter’s phone). Each class lasted 90min, but that
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included time for other classroom activities, set-up time, and breaks; the aim was to have 30min of testing time. Given
the realities of testing classrooms full of young children, the numbers of trials were not entirely uniform. For example, one
class was unable to complete the final two phases on the first day because they ran out of time, and seven children missed
one session because of COVID-19 absences. This non-uniformity can be accommodated in mixed-model statistics. Over
the entire course of testing, children spent an average of 85min on category discrimination tasks (533 trials), 30min on
audio-only memory card games (14 games; 378 clicks on card pairs), and 28min on symbol þ audio memory card games
(27 games; 414 clicks on card pairs), including active game-playing time only.

3.2 Results

The statistical analyses were mixed models calculated using the lme4 package (Bates et al., 2015) in R, with the CAR pack-
age (Fox and Weisberg, 2019) used to obtain p-values within a type II analysis of deviance table; all fixed effects are
described below, and random slopes were not included because our models did not converge in the pre/post-analyses. For
the category discrimination task, a logistic analysis with by-subject and by-item random intercepts demonstrated that there
was a significant main effect of training day, v2 (1)¼ 5.87, p¼ 0.015, but as displayed in Fig. 2, children actually became
worse when they reached the final day (M¼ 0.56, 0.58, 0.55, and 0.49 proportion correct, respectively, for days 1–4).
Similarly, there was a significant main effect of test block within days, v2 (1)¼ 15.45, p< 0.001, with children becoming
worse on this task as each day progressed (MBlock 1¼ 0.59, MBlock 3¼ 0.51). Children spontaneously reported that they
became bored with the category discrimination task (e.g., asking whether they could play a different game). Thus, we do
not have evidence that training improved the perception of untrained stimuli or words, and we think that the results were
task related rather than reflecting a genuine decline in English vowel perception. There was also a main effect of home lan-
guage, with children from Spanish-only homes scoring lower than the children from Catalan speaking homes,
v2 (1)¼ 7.87, p¼ 0.005 (MCatalan¼ 0.60, MSpanish-only¼ 0.48), suggesting that the greater number of vowel categories in
Catalan, or their more bilingual experience, aided vowel perception. There were no other significant main effects or inter-
actions, p> 0.05.

In contrast, children improved over time on the auditory-only memory card game (Fig. 2) and spontaneously
reported that they preferred the memory card games over category discrimination. A linear mixed model, with by-subject
random intercepts and the log game-completion time as a dependent measure, demonstrated that there was a significant
difference in the times to complete auditory-only and symbol þ auditory games, v2 (1)¼ 876.61, p< 0.001, and a signifi-
cant interaction between memory card condition and training day, v2 (1)¼ 9.69, p¼ 0.002. As displayed in Fig. 2, children
were faster at completing the game when there were symbols (M¼ 64 s) than with audio only (M¼ 131 s). Given that
there was a large difference between the game conditions, the analysis was rerun separately for audio-only and symbol
þ audio games. There was a significant effect of training day for the audio-only game, v2 (1)¼ 12.31, p< 0.001, with chil-
dren becoming faster at the game over time (M¼ 150, 132, 121, and 121 s, respectively, for days 1–4), but no significant
training effect for the symbol þ audio game, v2 (1)¼ 0.86, p¼ 0.357. In this case, the symbol þ audio game essentially
acted as a control, suggesting that there was learning in the auditory-only condition beyond any changes in their abilities
to perform the task itself and no evidence of incidental learning in the symbol þ audio condition. Finally, there were no
significant effects of language background in the memory card game, with the closest being a main effect of language back-
ground in the analysis with both game conditions, v2 (1)¼ 3.22, p¼ 0.072. The direction was the same as in the category
discrimination game (i.e., faster for children who speak Catalan at home; MCatalan¼ 82 s, MSpanish-only¼ 90 s), but this mea-
sure may be less sensitive to language background given the additional task demands of the game (e.g., memory). As in
experiment 1, the time to complete a game was highly correlated with the number of moves, r¼ 0.90.

Fig. 2. Violin plots showing that Catalan-Spanish children decrease in category discrimination performance over the 4 days of training but
improve in their time to complete audio-only memory card games. They do not change significantly in terms of their speed in performing the
symbol þ audio version of the memory card game.
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4. General discussion

The results demonstrate that a memory-card trainer can improve English vowel perception by Japanese adults and that
Spanish-Catalan young children are willing and able to play this game. Our evidence is weaker that this improved child
performance, given that performance declined on the category discrimination task. However, there was evidence of learn-
ing for children within the memory card game for the audio-only condition and significantly less learning in the symbol
þ audio game that could be performed by matching symbols.

Earlier work found that children and adults perform similarly on memory card games (Krøjgaard et al., 2019).
In the present study, we found that children playing symbol þ audio memory card games (mean¼ 62 s per game)
approached the speed of adults matching audio only (mean¼ 47 s per game), but the children were more than twice as
slow on the auditory-only game (mean¼ 129 s per game). This could be due to the better vowel category discrimination
skills of the adults in our study, but it is possible too that children have a specific difficulty with the auditory-only game
because of their less mature verbal short-term memory and phonological awareness (e.g., Snowling and Hulme, 1994). We
have speculated that this maturational factor may limit the effectiveness of auditory training for children (Shinohara and
Iverson, 2021), and one way around this limitation may be the inclusion of symbols in the memory card game. We do not
have evidence here of incidental learning in the symbols þ audio condition, but there could have been a floor effect due
to symbols being easy; it is conceivable that incidental auditory learning may have been found if our category discrimina-
tion task had been more effective. Additional experiments are required to test factors such as incidental learning, generali-
sation, and developmental changes. We can conclude, for now, that this memory-card training paradigm works for adults
and is engaging for young children.
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