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ARTICLE INFO ABSTRACT
Keywords: Language development during the 1st year of life is characterized by perceptual attunement:
Perceptual attunement following language-general perception, a decline in the perception of non-native phonemes and a
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parallel increase in or maintenance of the perception of native phonemes. While this general
pattern is well established, there are still many gaps in the literature. First, most evidence doc-
umenting these patterns comes from “Minority world countries” with only a limited number of
studies from “Majority world countries”, limiting the range of languages and contrasts assessed.
Second, few studies test both the developmental patterns of native and non-native speech
perception in the same group of infants, making it hard to draw conclusions on simultaneous
decline in non-native and increase in native speech perception. Such limitations are in part due to
the effort that goes into testing developing speech sound perception, where usually only
discrimination of one contrast per infant can be tested at a time. The present study thus set out to
assess the feasibility of assessing a given infant on their discrimination of two speech sound
contrasts during the same lab visit. It leveraged the presence of documented patterns of the
improvement of native and the decline of non-native phoneme discrimination abilities in Japa-
nese, therefore assessing native and non-native speech perception in Japanese infants from 6 to
12 months of age. Results demonstrated that 76 % of infants contributed discrimination data for
both contrasts. We found a decline in non-native speech perception evident in discrimination of
the non-native /1/-/1/ consonant contrast at 9-11, but not at 11-13 months of age. Additionally, a
parallel increase in native speech perception was demonstrated evident in an absence of native
phonemic vowel length discrimination at 6-7 and 9-11 months and a discrimination of this
contrast at 11-13 months of age. These results, based on a simultaneous assessment of native and
non-native speech perception in Japanese-learning infants, demonstrate the feasibility of
assessing the discrimination of two contrasts in one testing session and corroborate theoretical
proposals on two hallmarks of perceptual attunement: a decrease in non-native and a facilitation
in native speech perception during the first year of life.

1. Introduction

To acquire a specific language, infants need to learn the phonemes of that language. This process starts with language-universal
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speech sound discrimination; however, infants become attuned to the phonemes of their ambient language during the first year of life.
In other words, infants start their lives with a remarkable ability to discriminate many of the phoneme contrasts present in world
languages. During the first year this ability gradually decreases such that infants’ ability to discriminate non-native contrasts declines.
This decrease in non-native speech perception is positively related to infants’ later language skills (Kuhl et al., 2005; Kuhl &
Rivera-Gaxiola, 2008). Indeed, efficient experience-dependent pruning has been demonstrated to be an important part of development
during highly plastic periods (Doupe & Kuhl, 1999).

Attunement refers not only to the experience-dependent decline in non-native, but also the experience-dependent improvement in
native perception. Hence, research on perceptual attunement should benefit from examining the parallel development of non-native
and native speech discrimination.

Extensive research has shown that infants’ ability to discriminate non-native phonetic contrasts declines during the first year of life.
In a seminal study, Werker & Tees (1984) demonstrated discrimination of the Hindi retroflex-dental contrasts and Nthlakampx
glottalized velar versus uvular contrasts in English-learning 6-8-month-old but not in 10-12-month-old infants. Additional studies
emerged attesting successful non-native consonant discrimination in 6-8-month-old and a lack thereof in 10-12-month-old infants
(Best & McRoberts, 2003; Best et al., 1995; Kuhl et al., 2006; Tsao et al., 2006; Tsushima et al., 1994). These studies suggest that
younger infants can discriminate phonetic contrasts absent in their ambient language without specific experience, whereas the same is
not the case in older infants.

Multiple theoretical models have been proposed to account for the observed decline in non-native speech perception (Best &
McRoberts, 2003; Burnham et al., 1991; Diamond et al., 1994; Lalonde & Werker, 1995; Werker, 1995; Werker & Pegg, 1992). The role
of language exposure in the decline in non-native speech perception is unanimously emphasized, although assumed pathways through
which this happens differ: The Perceptual Assimilation Model/Articulatory Organ account (PAM/AO, Best, 1994, 1995; Best &
McRoberts, 2003) assumes that exposure to the ambient language leads to acquisition of the articulatory patterns underlying the
ambient speech. When non-native speech sounds are perceived, they are assimilated to the articulatory patterns of native sounds,
which results in a decline in the discrimination of non-native sounds. The Native Language Magnet account (NLM, Kuhl, 1994, 2000)
suggests that the exposure to native speech sound categories warps perception, such that speech sound prototypes start acting as
perceptual magnets that decrease the distance between such a prototype and surrounding sounds within an ambient language phonetic
category and increase the distance in the region of ambient language phonetic boundaries. As a result, the discrimination of non-native
boundaries decreases. The Native Language Neural Commitment account (NLNC, Kuhl, 2004; Kuhl et al., 2005) suggests that the
strengthening of neural connections to ambient sounds lead to decline in perception of non-native sounds. The Processing Rich In-
formation from Multi-dimensional Interactive Representations framework (PRIMIR, Curtin & Werker, 2007; Werker & Curtin, 2005)
assumes that infants use general learning mechanisms together with filters such as perception biases, developmental stage, and specific
language learning tasks to track statistical regularities in the input and learn only information that are linguistically relevant. This
subsequently leads to decline in non-native sound discrimination as this is linguistically irrelevant. Furthermore, three of these models
(NLM, Kuhl, 1994, 2000, NLNC, Kuhl, 2004; Kuhl et al., 2005, and PRIMIR, Curtin & Werker, 2007; Werker & Curtin, 2005) propose
that changes in perception are not limited only to non-native speech perception but occur in native speech perception as well. Indeed,
these models suggest that the exposure to and acquisition of acoustic and statistical properties of the ambient language facilitates
infants’ native speech perception.

Regarding the facilitation in infants’ native speech perception during the first year of life, the behavioral evidence is limited (Choi
et al., 2023; Kuhl et al., 2006; Liu & Kager, 2016). Kuhl et al. (2006) assessed 6-8- and 10-12-month-old American and Japanese
infants’ discrimination of the /ia/-/la/ consonant contrast. This contrast is native for American English- and non-native for
Japanese-learning infants. In particular, Japanese infants are exposed to an /J/ sound that is articulatory different from American
English /1/ and /1/ with variable pronunciation that might be realized anywhere on the continuum between /1/ and /1/ (Ladefoged &
Maddieson, 2001). Hence, Japanese infants learn a unimodal distribution for these sounds perceptually assimilating them to Japanese
/1/ (Best & Strange, 1992). Whereas no difference in the discrimination of American English /1/ and /1/ was found between American
and Japanese-learning infants at 6-8 months, at 10-12 months there was an increase in discrimination in American infants and a
decrease in Japanese infants, suggesting an increase in native and a decrease in non-native speech perception. The majority of other
studies assessing non-native versus native speech perception document a pattern of maintenance, rather than improvement, of native
discrimination ability. For instance, Tsushima et al. (1994) examined 6-8-month-old and 10-12-month-old Japanese-learning infants’
perception of non-native /J-1/ and native /w-y/ contrasts. Their results demonstrated that younger infants could discriminate both
contrasts, whereas older infants could discriminate only the native /w-y/ contrast demonstrating the maintenance in the perception of
native contrast.

One likely reason for the paucity of behavioral studies on native improvement is the very fact that infants can discriminate many
contrasts at birth; thus, infants’ initial sensitivity to certain native contrasts might explain the lack of further improvement in their
perception. We want to remark that meta-analytic evidence nevertheless finds an increase in effect sizes for native perception over the
first 14 months of life, but this pattern might be hard to find in a single study (Tsuji & Cristia, 2014). Therefore, in order to assess the
relationship between non-native decline and native improvement, it would be informative to use a native contrast that is not well
discriminated early in life, and that can hence improve over exposure. Only a limited number of studies demonstrates that some native
contrasts are hard for infants to discriminate at a younger age, but the perception of these improves over time. For example, Korean
infants do not discriminate the native stop contrast at 4-6 and 7-9 months of age, with discrimination appearing only around 12
months of age (Choi et al., 2023). Similarly, Dutch infants showed an improvement in discrimination of native /1/-/1/ vowels from 5 to
15 months of age (Liu & Kager, 2016). Furthermore, Japanese infants cannot discriminate the long-short vowel contrasts at 4 months,
with discrimination emerging sometime between 7.5 and 9 months of age (Mugitani et al., 2009; Sato et al., 2010).
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Another gap in the literature is the lack of studies that assess both native and non-native speech perception in infants from “Majority
World Countries” (Alam, 2008) with almost 90 % of all speech perception studies coming from “Minority World Countries” and 45 %
being conducted with English-learning infants (Singh et al., 2022). Hence, the present study assessed the developmental patterns of
native and non-native speech perception in Japanese-learning infants. Speech perception in Japanese-learning infants constitutes only
6 % of total speech perception infancy research (Singh et al., 2022). Furthermore, previous studies on speech perception in
Japanese-learning infants assessed solely native (Mugitani et al., 2009; Sato et al., 2010) or solely non-native speech perception (Kuhl
et al., 2006) with only one study (Tsushima et al., 1994) assessing both native and non-native speech perception in the same group of
Japanese-learning infants. Having only one study that tested both native and non-native speech perception in same group of
Japanese-learning infants warrants replication, especially given that this study suffers from a small sample size (10 to 13 participants
per group in final analysis).

The goal of the present study was to assess two hallmarks of perceptual attunement, the decline in non-native speech sound
discrimination and the improvement in native speech sound discrimination, in infants from the same Japanese language background.
In order to do so, it is necessary to choose a non-native contrast that shows declining discrimination, as well as a native contrast that
shows improving discrimination over the same time span. In Japanese, the previously mentioned studies on non-native /1/-/1/
discrimination (Kuhl et al., 2006; Tsushima et al., 1994) document a decline in the discrimination of this contrasts. In addition,
Japanese also offers a documented case of native improvement in speech sound discrimination, namely Japanese-acquiring infants’
discrimination of the native vowel length contrast. In the Japanese language the long-short vowel distinction is phonemic, used to
distinguish word meanings. For example, the words /obasan/ and /oba:san/ differ only in the length of the vowel /a/, but they have
different meanings (aunt and grandmother, respectively). Hence, Japanese infants eventually need to acquire this distinction in order
to distinguish word meanings. Previous studies suggest that whereas 4-month-old infants cannot discriminate the long-short vowel
contrasts, this ability develops sometime between 7.5 and 9 months of age (Mugitani et al., 2009; Sato et al., 2010). One proposed
reason why this contrast is hard to distinguish without ample language experience is its distributional properties. Although a canonical
short vowel in Japanese is around 100 ms long and a canonical long vowel is around 200 ms long, in reality these two vowel types show
two properties that could impede their discrimination. First, short vowels are much more frequent than long vowels, making up the
majority of vowel sounds (94 %). Second, these short vowels vary in actual pronunciation length between 30 and 1000 ms (Bion et al.,
2013), with lengthening happening due to a multitude of reasons, among them phrase-final lengthening or emphasis. The distribution
of long vowels falls completely within that of short vowels, meaning that infants need to extract the vowel length distinction from a
rather unimodal distribution. As such, Japanese offers a native (vowel length) and non-native (/1/-/1/) speech sound contrast with
documented improvement and decline, respectively, and which can be well grounded in the particular distributional characteristics of
these contrasts in the context of the native language.

Infants’ native speech perception was assessed via the long-short /a/-/a:/ vowel contrast. Regarding non-native speech perception,
this was examined via the North American English /i/ - /1/ consonant contrast, reviewed further above. Based on previous literature,
we hypothesised: i) an increase in native speech perception evident in no discrimination at 6 months, and discrimination at 10 months
(Mugitani et al., 2009; Sato et al., 2010); ii) a decrease in non-native speech perception evident in discrimination at 10 months and an
absence or a decrease in discrimination at 12 months (Kuhl et al., 2006; Tsushima et al., 1994).

In addition, we examined the feasibility of assessing discrimination of both types of speech sound contrasts in one testing session
per infant, by sequentially testing each infant on both native and non-native discrimination. Our study design allowed us to assess the
within-participant relationship between native and non-native perception, for those age groups where we assessed both types of
contrasts at the same time. This design choice offers both a methodological contribution on the feasibility to run two habituation
experiments in one session and allowed us to assess iii) whether native and non-native perception were correlated.

1.1. Experiment 1

In Experiment 1, we assessed the ability of 6-7-month-old Japanese-learning infants to discriminate a native long-short vowel
duration contrast that is phonemic in Japanese. Based on previous studies, we expect no discrimination of this contrast in 6-month-old
infants (Sato et al., 2010).

2. Method
2.1. Participants

Thirty (18 females) full-term born monolingual Japanese-learning 6-7-month-old infants participated in Experiment 1 (Mean Age =
6.79, SD = 0.53, Age range = 6.03 — 8.00). An additional 9 infants were tested but excluded from the final sample due to crying (7) and
experimental error (2). According to G*Power 3 (Faul et al., 2007) calculations, the minimum sample size for an alpha of 0.05 and
effect size of 0.58 (Sato et al., 2010) to achieve a 90 % power for our planned analysis is 27 participants indicating that our sample size
is sufficient to detect an effect if there is a one. The University of Tokyo ethical committee approved the study. Participants were
recruited via a university laboratory database of families who have expressed interest to take part in infancy research. Before the
experiment, caregivers signed informed consent form on their infant’s behalf. All infants received a 1000-yen book voucher as a gift for
their participation in the study.
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2.2, Stimuli

To test infants’ discrimination of the long-short vowel contrasts, we used the two-syllable non-words /mana/ versus /ma:na/
differing only in the duration of the first vowel /a/, with the mean duration of /ma/ being significantly shorter (M = 133.12 ms, SD =
40.36) than /ma:/ (M = 239.20 ms, SD = 18.56, 95 % CIs of difference [86.16, 125.99], t(17) = 11.24, p < .000, d = 3.38). The words
/mana/ and /ma:na/ did not differ in mean pitch. These stimuli were previously used in Sato et al.’s (2010) study on vowel perception
in Japanese infants. The /ma:na/ stimuli were recorded by a female native speaker of Japanese, whereas the /mana/ stimuli were
created by shortening the steady part of the first vowel in /ma:na/ to ensure that stimuli did not differ in acoustic features other than
the duration of the vowel. From these instances both /ma:na/ and /mana/ were chosen randomly and four stimulus lists were created,
two with 10 repetitions of the word /ma:na/ and two with 10 repetitions of the word /mana/ with around 1.5-seconds interval be-
tween the repetitions and with total duration of the list around 15 s. They are described in detail in Sato et al. (2010). As for pretest and
posttest trials, a female native speaker of Japanese was recorded repeating the word /panta/.

2.3. Procedure

The experiment was conducted in a dimly lit soundproof laboratory room and was controlled via the Habit X 2.0 software (Habit X
2.0; Oakes et al., 2019) on a Windows computer. Visual stimuli were presented on a 23-inch screen and audio stimuli were delivered
through two forward-facing loudspeakers positioned below the screen. Infants sat on their caregiver’s lap in front of the screen.
Caregivers listened to the music over noise-cancelling headphones to conceal the auditory stimuli presented to an infant. The
experimenter observed the infant from an observation room through a video camera and recorded infants’ looks to the screen by
pressing a key on the experimental computer keyboard. The experimenter was holding the key when infants were looking to the screen
and was releasing the key when infants were not looking to the screen. These key presses were logged via experimental software and
were used in analyses. Infants’ looks were recorded on a video camera as well.

The current study employed the modified visual habituation paradigm (Stager & Werker, 1997). In this type of paradigm, infants
are habituated to one type of stimuli in the habituation phase, and then are presented during the test phase with another kind of stimuli
(switch trials) and the same kind of stimuli (same trials). The paradigm consists of 4 phases: pre-test, habituation, test, and post-test.
Before each trial, an attention getter was presented, and as soon as the infant looked to the screen, the experimenter pressed the key on
the experimental computer keyboard to start the next trial. The pre-test and post-test phases consisted of one trial each. During the
trial, infants saw visual animation of rotating wheel, and listened to a repetition of the audio stimulus “panta”. A comparison of looking
behavior during pre- and post-test can indicate whether infants become fatigued or uninterested over the course of the experiment.
During the habituation phase, one of the four lists of either vowel length was presented randomly together with a visual stimulus (red
and black static checkerboard). The habituation phase lasted until infants reached the habituation criterion or the maximum of 28
habituation trials. The habituation criterion was reached when average looking time in one habituation block/window (four trials) was
less than 65 % of infants’ average looking time to the first/basis window (first four habituation trials). Next, infants proceeded to the
test phase, which consisted of four test trials, with the first two test trials presenting stimuli of different vowel length (switch trials)
followed by two trials presenting stimuli of the same vowel length (same trials) as in the habituation phase. Thus, infants who were
habituated with /ma:na/, in the test phase heard two trials of /mana/ (switch trials) and then two trials of /ma:na/ (same trials). On
the other hand, infants who were habituated with /mana/, in the test phase were presented with two trials of /ma:na/ (switch trials)
and then with two trials of /mana/ (same trials).

2.4. Data analysis

To compare infants’ looking time between the same and switch trials, a linear mixed effects model (LME) was fitted using the lmer
function of the Ime4 package (Bates et al., 2015) in R (R Core Team R, 2020). The LME model was fitted with Trial (same vs. switch),
Habituation Stimulus (short vs. long vowel), and their interaction as the independent variables, a random intercept’ for Participants,
and infants’ looking time” as the dependent variable. Habituation Stimulus was included in the model given previous findings on
asymmetrical perception of phonemes in infants, that is a better discrimination of sound contrast presented in one direction compared
to discrimination of the same sound contrast presented in the opposite direction (Mugitani et al., 2009; Polka & Bohn, 2011). All factor
variables were dummy coded. The significant effects of predictors and interactions were assessed using ANOVAs with Satterthwaite’s
method using the anova function of the ImerTest package (Kuznetsova et al., 2017). As a measure of effect size Cohen’s d was calculated
from the F-statistic using the function F to d from the package effectsize (Ben-Shachar et al., 2021). Whenever models showed sig-
nificant effects, post hoc analyses were conducted using Tukey tests from the package emmeans (Lenth, 2019). We additionally assessed
infants’ sustained interest in the task by comparing their looking times during the pre-test and post-test trial with a paired t-test, as well
as the potential influence of the habituation phase on results by comparing habituation times of infants habituated with the long versus
short vowel using a t-test for independent samples.

! Based on Akaike information criterion (AIG), the model with random intercept for participant (AIC: 2228.341) provided a better fit than model
with Trial by-participant slope (AIC: 2230.619).

2 An additional LME model with log-transformed looking times was fitted, and the results were comparable to those of this model (see Sup-
plementary Material S1 for model output).
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3. Results

The LME results demonstrated no significant main effect of Trial, F(1, 88) = 4.09, p = 0.05, Cohen’s d = .43 (95 % CIs [.01,.85]) (see
Table 1 for full model). Infants’ looking time to the switch trials (M = 6433 ms, SD = 3008) did not differ significantly from their
looking times to the same trials (M = 5375 ms, SD = 2710) (Fig. 1). Furthermore, there was no significant main effect of Habituation
Stimulus on infants’ looking time (F(1, 28) = .25, p = .62, Cohen’s d = .19 (95 % CIs [—.55,.93])), and no significant interaction
between Trial and Habituation Stimulus (F(1, 88) = .17, p = .68, Cohen’s d = .09 (95 % CIs [—.33,.51])).

Regarding habituation times, a t-test for independent samples demonstrated no difference in infants’ mean looking times during the
habituation phase between infants habituated with short versus long vowels (short: n = 16, M = 8447.19 ms, SD = 2336; long: n = 14,
M = 8750.64 ms, SD = 1916), t(27.9) = .39, p = .70, Cohen’s d = 0.15 (95 % CIs [—.60,.89]).

Finally, a paired t-test showed that looking time during pretest trials (M = 16,334 ms, SD = 2885) was significantly longer than
looking time during posttest trials (M = 14,806 ms, SD = 3846), t(29) = —2.37, p < .05, Cohen’s d = 0.44 (95 % CIs [0.06, 0.82]),
suggesting that infants might have lost interest or were fatigued during the test phase.

Hence, the results suggest that 6-7-month-old Japanese infants failed to discriminate the vowel length contrast between /mana/
and /ma:na/. Though fatigue or loss of interest during the test phase might have contributed to these results, not discriminating the
vowel length contrast at this age is consistent with previous findings (Mugitani et al., 2009; Sato et al., 2010). There was no evidence
for asymmetrical perception of vowel length contrast.

3.1. Experiment 2

The results of Experiment 1 demonstrated that 6-7-month-old Japanese-learning infants could not perceive the difference between
the short and long vowel contrast. In Experiment 2, we examined the discrimination of the vowel length contrast in 9-11-month-old
infants. This age was chosen based on previous studies that demonstrated discrimination of the vowel length contrast around this age
(Mugitani et al. 2009; Sato et al., 2010). Additionally, at this age we also tested the same infants’ discrimination of the non-native /1/
versus /1/ consonant contrast in order to examine native and non-native speech perception in parallel. Since discrimination of this
contrast is well attested at the younger age (Kuhl et al., 2006; Tsushima et al., 1994) and in order to balance the resources with study
goals, this contrast was not tested in Experiment 1.

3.2. Participants

Forty-three full-term born monolingual Japanese-learning 9-11-month-old infants participated in Experiment 2. Of these, 9 par-
ticipants were excluded from native vowel condition due to fussiness (4), not completing the task due to the caregiver judging the
infant to be too upset to continue (3), not habituating (1), and crying (1). Hence, the final sample for the analysis of native vowel
discrimination consisted of 34 infants (19 females, Mean Age = 10.43, SD =.84, Age range = 9.08 — 11.41). Regarding the non-native
experiment, 10 participants were excluded due to fussiness (2), not completing the task due to the caregiver judging the infant to be too
upset to continue (5), not habituating (2), and crying (1). One of the excluded infants overlapped between the native and non-native
experiment. Thus, the final sample for analysis of non-native consonant discrimination included 33 infants (20 females, Mean Age =
10.44, SD =.87, Age range = 9.05 — 11.41). Based on G*Power 3 calculations (Faul et al., 2007), the minimum sample size for native
vowel discrimination analysis was 27 participants (see Experiment 1), and for non-native consonant discrimination analysis the
minimum sample size for an alpha of 0.05 and effect size of 0.60 (Tsushima et al., 1994) to achieve a 90 % power is 26 participants.
Hence, our sample size for both native and non-native analysis is sufficient to detect an effect if there is an effect.’

3.3. Stimuli

For native speech perception, stimuli were the same as in Experiment 1. Regarding non-native speech perception, we chose the
words “right” /ia1t/ and “light” /la1t/ that differ only in the first sound. Note that although these are real words in English, they are not
known words to Japanese infants. To create the audio stimuli, a female native speaker of Canadian English was recorded repeating
these words. The eight best instances of each word were chosen, and two stimulus lists were created, one with 10 repetitions of the
word “right” /sa1t/ and one with 10 repetitions of the word “light” /lait/ with around 1.5-seconds interval between the repetitions (two
words in each of the lists occurred twice) and with total duration of the list around 15 s. The stimuli did not differ significantly in
duration (7) = —1.82, p = .11, Cohen’s d = 0.69 (95 % CIs [—0.15, 1.49]) (“right” /ia1t/: M = 422.63, SD = 44.4; “light” /lait/: M =
387.63, SD = 42.2), nor in mean fundamental frequency t(7) = —0.05, p = .96, Cohen’s d = 0.02 (95 % CIs [—0.72, 0.76]) (“right”
/Jait/ M =174.66, SD = 9.04, “light” /lait/: M = 174.28, SD = 23.8). For posttest/pretest trials, the same audio stimuli were used as in
Experiment 1.

3 Additional analysis was conducted with only infants who completed both native and non-native tasks (N = 25). These results are reported in
Supplementary Material S2.
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Table 1
Summary of LME model fitted with Trial (same vs. switch), Habituation Stimulus (short vs. long vowel), and their interaction as the independent
variables, a random intercept for Participants, and infants’ looking time as the dependent variable.

Predictors B SE t CI P
(Intercept) 5250.29 750.47 7.00 3763.61-6736.96 < 0.001
Trial [Switch] 829.82 753.61 1.10 -663.08-2322.72 0.27
Habituation stimulus [short] 233.81 1027.62 0.23 -1801.90-2269.52 0.82
Trial [Switch] * Habit 427.93 1031.93 0.42 -1616.31-2472.17 0.68
vowel [short]

Marginal R? / Conditional R? 0.03 /0.35

20000 20000 20000

6-7m 9-11m 11-13m
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Fig. 1. Mean looking times for the same (red) and switch trials (blue) in response to long-short vowel contrast in 6-7- (left), 9-11- (middle), and
11-13-month-old (right) infants. Note. The circles represent the individual data points, “x” symbols represent the means, the horizontal lines within
the boxes represent the median, the ends of the vertical lines represent the minimum and maximum values, and the boxes encompass the inter-
quartile ranges.

3.4. Procedure

The same procedure as in Experiment 1 was used for both native and non-native stimuli. Regarding non-native speech perception,
during the habituation phase infants heard repetitions of either “right” /ia1t/ or “light” /la1t/. Once they habituated, they proceed to
the test phase, consisting of four trials, two switch and two same trials. Infants who were habituated with “right” /iait/, in the test
phase heard two trials of “light” /lait/ (switch trials) and then two trials of “right” /ia1t/ (same trials). On the other hand, infants who
were habituated with “light” /la1t/, in the test phase were presented with two trials of “right” /ia1t/ (switch trials) and then with two
trials of “light” /lart/ (same trials). Each infant participated in both experiments with a short break between the sessions. The break
lasted on average between five and 10 min during which caregivers and infants played with toys and books in the child friendly
laboratory main room. The order of experiments was randomized.

3.5. Data analysis

The main data analysis was conducted in the same way as in Experiment 1, separately for native and non-native contrasts, except
that an additional factor was included in the LME model. Thus, the LME model was fitted with Trial (same vs. switch), Habituation
Stimulus (short vs. long vowel), and Task Order (native vs. non-native) and their interaction as the independent variables, a random
intercept for Participants,® and infants’ looking time® as the dependent variable. Inclusion of Task Order in the model allowed an
assessment of whether there was a difference in looking time to switch and same trials between infants who conducted native
experiment first and infants who did non-native experiment first.

4. Results
4.1. Native speech perception

The LME results demonstrated no significant main effect of Trial, F(1, 84) = .61, p = .44, Cohen’sd = .17 (95 % CIs [—.26,.60]) (see
Table 2 for full model). There was no significant difference in infants’ looking time to the switch (M = 6929 ms, SD = 4068) compared
to their looking times to the same trials (M = 6044 ms, SD = 3526) (Fig. 1). Hence, contrary to our expectations, the results suggest that
9-11-month-old Japanese infants failed to discriminate the vowel length contrast between /mana/ and /ma:na/. Furthermore, there

4 This model was better fit than a model with Trial by-participant slope for both native (AIC: 2134.46, 2138.09) and non-native speech perception
(AIC: 2345.34, 2345.47).
5 LME models with log-transformed looking times yielded comparable results (see Supplementary Material S1 for model outputs).
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Table 2
Summary of LME model fitted with Trial (same vs. switch), Habituation Stimulus (short vs. long vowel), and Task Order (native vs. non-native) and
their interaction as the independent variables, a random intercept for Participants, and infants’ looking time as the dependent variable.

Predictors B SE t CI p

(Intercept) 4830.58 1237.74 3.90 2377.17-7284.00 < 0.001

Trial [Switch] -753.11 1150.30 -0.66 -3033.19-1526.98 0.51

Habituation stimulus [short] 1396.80 1260.22 1.11 -1101.17-3894.77 0.27

Task order [native first] 904.58 1279.17 0.71 -1630.95-3440.12 0.48

Trial [Switch] * 293.52 1171.19 0.25 -2027.97-2615.01 0.80
Habituation stimulus [short]

Trial [Switch] * Task order 2082.60 1188.80 1.75 -273.80-4439.00 0.08
[native first]

Marginal R? / Conditional R? 0.09 / 0.45

was no significant main effect of Habituation Stimulus on infants’ looking time (F(1, 26) = 1.91, p = .18, Cohen’s d = .54 (95 % CIs
[—.25, 1.32])), and no significant interaction between Trial and Habituation Stimulus (F(1, 84) = .06, p = .80, Cohen’s d = .05 (95 %
CIs [—.37,.48])) suggesting no asymmetry in vowel length perception in 9-11-month-old Japanese infants. Also, the fitted model
showed no significant main effect of Task Order (F(1, 26) = 2.95, p = .10, Cohen’s d = .67 (95 % CIs [—.12, 1.46])) and no significant
interaction between Task Order and Trial (F(1, 84) = 3.07, p = .08, Cohen’s d = .38 (95 % CIs [—.05,.81])) suggesting no difference in
looking time to switch versus same trials between infants who completed the native compared to infants who completed the non-native
task first.

Next, regarding habituation times, a t-test for independent samples demonstrated no difference in infants’ mean looking times
during the habituation phase between infants habituated with short versus long vowels (short: n = 14, M = 8170.07 ms, SD = 2480;
long: n = 20, M = 7847.06 ms, SD = 2373), t(27.33) = —.38, p = .71, Cohen’s d = —.15 (95 % CIs [—.90,.61]).

A paired t-test showed that there was no significant difference in looking times during pretest trials (M = 16,151 ms, SD = 3547)
compared to looking times during the posttest trials (M = 14,377 ms, SD = 4456), t(33) = —1.81, p = .08, Cohen’s d = —.32 (95 % CIs
[—.66,.04]), suggesting that infants did not lose interest in the task or become fatigued during the test phase.

Thus, the results suggest that 9-11-month-old infants could not discriminate the native vowel length contrast and did not show
asymmetries in their speech perception.

4.2. Non-native speech perception

The LME results demonstrated a significant main effect of Trial, F(1, 96) = 13.38, p < 0.001, Cohen’s d = .75 (95 % CIs [.33, 1.16])
with infants’ looking times to the switch trials (M = 4769 ms, SD = 3014) significantly longer compared to infants’ looking time the
same trials (M = 3475 ms, SD = 1985) (see Table 3 for full model and see Fig. 2). Thus, the results suggest that 9-11-month-old
Japanese infants discriminated non-native /i/-/1/ consonant contrast. Additionally, results showed no significant main effect of
Habituation Stimulus on infants’ looking time (F(1, 30) = 2.93, p = .10, Cohen’s d = .62 (95 % CIs [—.11, 1.35])), and no significant
interaction between Trial and Habituation Stimulus (F(1, 96) = 0.96, p = .33, Cohen’s d = .20 (95 % CIs [—.20,.60])) suggesting no
asymmetry in vowel length perception at 9-11 months of age. Furthermore, there was no significant main effect of Task Order (F(1, 30)
=1.47,p = .24, Cohen’s d = .44 (95 % CIs [—.29, 1.16])) and no significant interaction between Task Order and Trial (F(1, 96) = .004,
p = .95, Cohen’s d = .01 (95 % CIs [—.39,.41])) suggesting no difference in looking time to switch versus same trials between infants
who completed the native compared to infants who completed the non-native task first.

Regarding habituation times, a t-test for independent samples demonstrated no difference in infants’ mean looking times during the
habituation phase between infants habituated with /1/ versus /1/ sound (/1/: n =17, M = 5176.01 ms, SD = 2043; /1/:n=16, M =
6104.84 ms, SD = 2257), (30.21) = 1.24, p = .23, Cohen’s d = .45 (95 % CIs [—.28, 1.17]).

A paired t-test showed no significant difference in infants’ total looking time during pretest (M = 13,424 ms, SD = 4797) compared
to the posttest phase (M = 13,471 ms, SD = 4684), t(32) = .05, p = .96, Cohen’s d = .01 (95 % CIs —.34,.36]).

The results of this experiment demonstrated that 9-11-month-old Japanese infants are able to discriminate the non-native con-
sonant contrast with no asymmetry in their discrimination.

4.3. Correlation between native and non-native speech perception

Finally, Pearson correlation coefficients were calculated to examine the relationship between performance on native versus per-
formance on non-native speech perception. This was only done for the 25 infants who completed both native and non-native ex-
periments by calculating the correlation between difference in looking time to switch versus same trials. Results showed a weak
negative correlation between the variables that did not reach statistical significance, r(23) = —.0.14, p = .51.

4.4. Experiment 3

The results of Experiment 2 demonstrated discrimination of the non-native speech contrast by 9-11-month-old Japanese-learning
infants and no evidence of discrimination of the native vowel length distinction. The latter was unexpected based on previous studies,
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Table 3
Summary of LME model fitted with Trial (same vs. switch), Habituation Stimulus (“right” /a1t / vs. “light” /la1t/), and Task Order (native vs. non-
native) and their interaction as the independent variables, a random intercept for Participants, and infants’ looking time as the dependent variable.

Predictors B SE t CI p
(Intercept) 4273.15 553.94 7.71 3176.75-5369.54 < 0.001
Trial [Switch] 1660.53 566.38 2.93 539.50-2781.55 <0.01
Habituation stimulus [“right” /ia1t/] -734.36 758.68 -0.97 -2236.01-767.28 0.34
Task [native] -814.56 758.68 -1.07 -2316.21-687.08 0.29
Trial [Switch] * Habituation stimulus [“right” /1a1t/] -761.88 775.73 -0.98 -2297.26-773.50 0.33
Trial [Switch] * Task 50.42 775.73 0.07 -1484.96-1585.80 0.95
[native]
Marginal R? / Conditional R? 0.15 / 0.42
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Fig. 2. Mean looking times for the same (red) and switch trials (blue) in response to the non-native /./-/1/ consonant contrast in 9-11- (left) and
11-13-month-old (right) infants. Note. The circles represent the individual data points, “x” symbols represent the means, the horizontal lines within
the boxes represent the median, the end of the vertical lines represent the minimum and maximum values, and the boxes encompass the inter-
quartile ranges.

and we therefore decided to assess the native contrast again in 11-13-month-old infants. In Experiment 3, we therefore assessed the
discrimination of both vowel length and non-native consonant contrasts in 11-13-month-old Japanese-learning infants. We hypoth-
esised that 11-13-month-old infants will be able to discriminate the native vowel contrast (Mugitani et al., 2009; Sato et al., 2010),
while at the same time failing to discriminate the non-native consonant contrast (Kuhl et al., 2006; Tsushima et al., 1994).

4.5. Participants

Forty-one full-term born monolingual Japanese-learning 11-13-month-old infants participated in Experiment 3 (see Experiment 1
and Experiment 2 for the minimum sample size calculations). Of these, 12 participants were excluded from native vowel analysis due
to not completing the task due to the caregiver judging the infant to be too upset to continue (8), not habituating (3), and crying (1).
Hence, the final sample for vowel analysis consisted of 28 infants (16 females, Mean Age = 12.22, SD = 0.68, Age range = 11.51 —
13.77). Regarding the non-native experiment, 13 participants were excluded due to not completing the task due to the caregiver
judging the infant to be too upset to continue (8), not habituating (3), and crying (2). Thus, the final sample for consonant analysis
included 28 infants (14 females, Mean Age = 12.23, SD = 0.67, Age range = 11.51 — 13.70). Seven of the excluded infants overlapped
between the native and non-native experiment.®

4.6. Stimuli and procedure

The stimuli and procedure were identical to those in Experiments 1 and 2.

6 Additional analysis was conducted with only infants who completed both native and non-native tasks (N = 21). These results are reported in
Supplementary Material S2.
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4.7. Data analysis

The data analysis was conducted in the same way as in Experiment 2.
5. Results
5.1. Native speech perception

The LME results’ demonstrated a significant main effect of Trial, F(1, 81) = 18.21, p < 0.0001, Cohen’s d = .95 (95 % ClIs [.49,
1.40]) with infants’ looking times to the switch trials (M = 6773 ms, SD = 4048) significantly longer than looking time to same trials
(M = 4552 ms, SD = 3393) (see Table 4 for full model and see Fig. 1). Hence, the results suggest that 11-13-month-old Japanese infants
discriminated the vowel length contrast between /mana/ and /ma:na/. Additionally, results showed no significant main effect of
Habituation Stimulus on infants’ looking time (F(1, 25) = .001, p = .97, Cohen’s d = .01 (95 % CIs [—.77,.80])), however, there was a
significant interaction between Trial and Habituation Stimulus (F(1, 81) = 5.47, p < .05, Cohen’s d = .52 (95 % ClIs [.08,.96])) sug-
gesting an asymmetry in vowel length perception in 11-13-month-old infants. A posthoc Tukey test demonstrated significantly longer
looking times to the to the switch (M = 7389 ms, SD = 4364) compared to the same trials (M = 4764 ms, SD = 3226) in infants who
were habituated with /ma:na/ (p = .02), but no such effect in infants habituated with /mana/. Furthermore, the fitted LME model
demonstrated no significant main effect of Task Order (F(1, 25) = .32, p = .58, Cohen’s d = .23 (95 % CIs [—.56, 1.01])), but a sig-
nificant interaction between Trial and Task Order (F(1, 81) = 5.16, p < .05, Cohen’s d = .50 (95 % ClIs [.06,.95])). The posthoc Tukey
test showed that infants who first participated in the non-native experiment exhibited significantly longer looking times to the switch
trials (M = 6299 ms, SD = 3860) compared to the same trials (M = 3721 ms, SD = 2916), p = .003). However, it should be noted that
there is an overlap between habituation stimulus that infants heard and the order of experiment. Specifically, 15 infants participated in
the native experiment first and were habituated with the long vowel, 11 infants did the non-native experiment first and were
habituated with the short vowel, and 2 infants participated in native experiment first and heard the short vowel in habituation phase.
Thus, it is hard to disentangle whether the observed effects were due to the habituation stimulus or the order of experiments.

With regards to habituation times, a t-test for independent samples demonstrated a significant difference in infants’ mean looking
times during habituation phase, t(25.59) = 2.32, p < 0.05, Cohen’s d = .92 (95 % CIs [.10, 1.72]). Infants who were habituated with
long vowels exhibited a longer mean looking time during habituation phase (n = 15, M = 8699.75 ms, SD = 2290) compared to infants
habituated with short vowels (short: n = 13, M = 6707.15 ms, SD = 2239). This might suggest that infants were slower in processing
the long vowels compared to short vowels.

A paired t-test showed no significant difference in looking times during pretest trials (M = 15,534 ms, SD = 3709) compared to the
looking times during the posttest trials (M = 15,981 ms, SD = 4150), t(27) = .42, p = .68, Cohen’s d = .08 (95 % CIs [—.30,.46]),
suggesting that infants did not lose interest in the task or become fatigued during the test phase.

Thus, the results of this experiment demonstrated that 11-13-month-old Japanese infants are able to discriminate the native vowel
length contrast. In addition, they exhibited asymmetrical perception with infants perceiving the difference from long-to-short, but not
the short-to-long vowel change. Asymmetries were also found in habituation times, where infants took longer to habituate to long than
to short vowels.

5.2. Non-native speech perception

The results® demonstrated no significant main effects for Trial (F(1, 81) = 3.97, p = .05, Cohen’s d = .44 (95 % CIs [.00,.88]))
suggesting no significant difference in infants’ looking time to the switch trials (M = 3581 ms, SD = 2283) compared to their looking
times to the same trials (M = 4368 ms, SD = 3204) (see Table 5 for full model and see Fig. 2). Also, there was no significant main effect
of Habituation Stimulus (F(1, 25) = 1.04, p = .32, Cohen’s d = .41 (95 % CIs [—.39, 1.20])), and no significant interaction between
Trial and Habituation Stimulus (F(1, 81) = .33, p = .57, Cohen’s d = .13 (95 % CIs [—.31,.56])). Additionally, the results showed no
significant main effect of Task Order (F(1, 25) = .54, p = .47, Cohen’s d = .30 (95 % CIs [—.50, 1.08])) and no significant interaction
between Trial and Task Order (F(1, 82) = .33, p = .57, Cohen’s d = .13 (95 % CIs [—.31,.56])).

Next, regarding the habituation times, a t-test for independent samples demonstrated no difference in infants’ mean looking times
during habituation phase between infants habituated with /i1/ versus /1/ sound (/4/:n = 13, M = 5733.6 ms, SD = 1655; /1/:n = 15, M
= 5287.6 ms, SD = 1696), t(25.60) = —.70, p = .49, Cohen’s d = —.28 (95 % CIs [—1.05,.50]).

Furthermore, a paired t-test demonstrated no significant difference in infants’ looking time during pretest (M = 14,040 ms, SD =
4765) compared to the posttest phase (M = 13,572 ms, SD = 5365), t(27) = —.51, p = .61, Cohen’s d = —.10 (95 % CIs —.48,.28]).

5.3. Correlation between native and non-native speech perception
There was no significant correlation between performance on native versus performance on non-native speech perception, r(19) =
7" AIC for model with random intercept for participant was 2061.60 and AIC for model with Trial by-participant slope was 2050.98.

8 Based on AIC model with random intercept for participant (AIC: 1995.60) was better fit than model with Trial by-participant slope (AIC:
1995.70).
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Table 4
Summary of LME model fitted only with infant with Trial (same vs. switch), Habituation Stimulus (short vs. long vowel), and Task Order (native vs.

non-native) and their interaction as the independent variables, a random intercept for Participants, and infants’ looking time as the dependent
variable.

Predictors B SE t CI P
(Intercept) 945.49 2461.33 0.38 -3935.42-5826.39 0.70
Trial [Switch] 7988.25 2490.99 3.21 3048.52-12,927.98 < 0.01
Habituation stimulus [short] 2775.47 2284.86 1.22 -1755.51-7306.44 0.23
Task order [native first] 3818.55 2333.23 1.64 -808.33-8445.42 0.11
Trial [Switch] * Habituation stimulus [short] -5409.75 2312.40 -2.34 -9995.33--824.17 < 0.05
Trial [Switch] * Task order -5363.25 2361.35 -2.27 -10,045.89-—-680.61 < 0.05
[native first]

Marginal R? / Conditional R? 0.13/0.41

Table 5

Summary of LME model fitted with Trial (same vs. switch), Habituation Stimulus (“right” /a1t / vs. “light” /la1t/), and Task Order (native vs. non-
native) and their interaction as the independent variables, a random intercept for Participants, and infants’ looking time as the dependent variable.

Predictors B SE t CI P
(Intercept) 4276.92 657.4 6.51 2973.28-5580.56 < 0.001
Trial [Switch] -854.58 606.34 -1.41 -2056.96-347.81 0.16
Habituation stimulus [“right” /Ja1t/] 2106.04 1800.35 1.17 -1464.13-5676.21 0.25
Task order [native first] -1655.92 1800.35 -0.92 -5226.09-1914.25 0.36
Trial [Switch] * Habituation stimulus [“right” /ia1t/] -953.69 1660.52 -0.57 -4246.57-2339.18 0.57
Trial [Switch] * Task order 953.58 1660.52 0.57 -2339.30-4246.45 0.57
[native first]

Marginal R? / Conditional R? 0.04 /0.43

0.27,p = .23.

Thus, the results suggest that 11-13-month-old Japanese infants could not discriminate the non-native phoneme contrast /1/ - /1/
and did not exhibit asymmetry in their non-native consonants discrimination.

6. Discussion

The current study assessed the developmental patterns of native and non-native speech perception in monolingual Japanese-
learning infants from 6 to 12 months of age. Native speech perception was assessed via the long-short vowel contrast in 6-7-
(Experiment 1), 9-11- (Experiment 2), and 11-13-month-old infants (Experiment 3). Results confirmed previous findings of an
improvement in native discrimination, though at a later time-point than previously reported (Mugitani et al., 2009; Sato et al., 2010).
Non-native speech perception was assessed via the North American English /i/ - /1/ consonant contrast at 9-11 (Experiment 2) and
11-13 months of age (Experiment 3). Results demonstrated discrimination at 9-11, but not at 11-13 months of age corroborating the
previous findings (Kuhl et al., 2006; Tsushima et al., 1994). In the following paragraphs, these results will be discussed in detail.

Regarding native speech perception, infants at 6-7 and 9-11 months of age failed to discriminate the difference between short and
long vowels, whereas they were able to discriminate the same contrast at 11-13 months. These results accord previous findings
demonstrating a facilitation in Japanese infants’ discrimination of the native vowel length contrast during the first year of life (Sato
et al., 2010).

Compared to earlier findings (Mugitani et al., 2009; Sato et al., 2010), infants in the present study acquired the long-short vowel
distinction at a slightly later age (between 11-13 as opposed to between 7.5-9 months of age). A possible explanation for this might be
cohort effects (Schaie, 1965), a proposal that social, cultural, or historical events of any given era systematically affect infants’
development. Social factors relevant to the present study are: being born during the covidl19 pandemic (Charney et al., 2021),
excessive exposure to various electronic devices (Madigan et al., 2020), use of media devices by caregivers during caregiver-infant
interaction (Nomkin & Gordon, 2021), and a lower number of breastfeeding mothers (Lovcevic, 2023). These factors have been
found to cause delays in various aspects of children’s language development during the first years of life, and might have affected the
development of speech perception, one of the first developmental milestones in language development. Although we did not collect
data on these factors, these societal changes should be considered when comparing the results of current developmental studies with
the studies conducted a more than a decade ago. Another possible explanation for the absence of vowel length discrimination at 9-11
months might be the low power of infant studies, especially in studies with younger infants (Bergmann et al., 2018), that might lead to
variation in the results of statistical evaluations between samples. Both possible explanations illustrate the importance of replicating
infant results in order to reach generalizable conclusions.

Regarding non-native speech perception, our results demonstrated a decrease in infants’ ability to discriminate the non-native /1/ -
/1/ consonant contrast at around 11 months of age. Hence, these findings are consistent with a large body of evidence indicating
discrimination of non-native consonant contrasts in younger infants without previous exposure that declines around 12 months of age
(Best & McRoberts, 2003; Best et al., 1995; Kuhl et al., 2006; Tsao et al., 2006; Tsushima et al., 1994; Werker & Tees, 1984).
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To our knowledge, this is one of the rare studies that tested both native and non-native speech perception in one group of Japanese-
learning infants, allowing a parallel assessment of native and non-native speech perception. Whereas our results suggest an increase in
native and a decrease in non-native speech perception, we did not find a significant correlation between infants’ performance on the
native and the non-native speech perception tasks. This does not necessarily mean that there is no association between native and non-
native speech perception, but it might be due to the cross-sectional nature of the study design. Indeed, due to the cross-sectional design
we could not assess a correlation in decline versus improvement in speech perception which might provide more insights on the as-
sociation between native and non-native speech perception over development.

Previous evidence demonstrated the existence of perceptual asymmetries in both vowel and consonant perception evident in easier
discrimination of vowel or consonant quality contrasts presented in one direction compared to discrimination of the same contrast
presented in the opposite direction (Kuhl et al., 2006; Polka & Bohn, 2011; Tsuji et al., 2015). Our results demonstrated asymmetries in
native speech perception in 11-13-month-old Japanese-learning infants evident in easier discrimination of the change from
long-to-short vowel compared to change from short-to-long vowel. Different from qualitative contrasts, which have often been found
early on, this asymmetry in vowel quantity perception has previously been suggested to stem from experience-dependent development
from more acoustically based towards more phonologically based perception. Mugitani et al. (2009) demonstrated symmetrical
perception of the vowel length contrast in 10-month-old Japanese-learning infants, and asymmetrical discrimination in 18-month-old
infants. Their interpretation of developing phonological discrimination of the vowel length contrast is consistent with near infrared
spectroscopy evidence indicating bilateral hemodynamic activation during the acoustic processing of the vowel length contrast in
younger infants, with phonemic discrimination appearing around 13 months of age evident in left dominant hemodynamic activation
(Minagawa-Kawai et al., 2007).

The asymmetry within this framework could be interpreted such that the short vowel acts as a reference point in the discrimination
of the vowel length contrast, making it easier to detect the change towards it than vice versa. It is possible that the exposure to a much
higher quantity of short compared to long vowels in Japanese infants’ input (Bion et al., 2013) leads to this status as referent points.

Our additional results of longer habituation times to long compared to short vowels in 11-13-month-olds are consistent with this
interpretation, such that these longer habituation times might be related to slower processing speed (Poli et al., 2024) with infants
needing more time to process the less encountered and more variable long compared to the frequently encountered short vowel
stimuli.

The methodological contribution of the current study consists in the completion of two habituation sessions during one lab visit.
This allowed an assessment of both native and non-native speech perception in one group of infants all acquiring the same native
language. This, in turn, enabled us to examine a parallel developmental pattern in infants’ native and non-native speech perception.
Our results demonstrated that the order of task presentation (native first versus non-native first) did not influence infants’ performance
in the test phase. This suggests that it is not only possible to conduct the two habituation sessions in one visit, but that infants’ per-
formance on a subsequent task is not influenced by their participation in the first task.

A final contribution of the present study was to replicate the effects found in only two previous studies each, which, given the low
power and resulting low replicability of infant perception studies (Bergmann et al., 2018) is a worthwhile endeavour. At the same time,
we contribute data from a relatively underrepresented population, given that most research has been limited to “Minority World
Countries” (Alam, 2008) with only 10 % of speech perception research coming from “Majority World Countries” including Asian
countries although they represent 60 % of world population (Singh et al., 2022). Furthermore, our study contributes to perception of
vowel length research given that only 2 % of vowel perception studies assess vowel length with majority of studies focusing on vowel
quality perception (Singh et al., 2022).

One of the limitations of the current study is testing two different types of contrasts, a non-native qualitative consonant contrast,
and a native quantitative vowel contrast. Despite these differences, we chose these two contrasts since there is a documented decline in
sensitivity for the former, and a documented improvement in sensitivity for the latter in the previous literature on Japanese infants,
providing a good test case for assessing perceptual attunement to native and non-native contrasts. Moreover, although perceptual
attunement generally is documented to occur earlier for vowel quality contrasts (around 6 months, but see Gotz et al., 2024) compared
to consonant quality contrasts (between 10 and 12 months) (Best & McRoberts, 2003; Polka & Bohn, 1996), previous studies in
Japanese have already documented that this timeline is delayed with regard to the Japanese phonemic vowel length contrast (Mugitani
et al., 2009; Sato et al., 2010), aligning the timeline of attunement in the two chosen contrasts.

7. Conclusion

The present study was designed to assess the two defining features of perceptual attunement, the decline in non-native and the
improvement in native speech perception during the first year of life. Unlike most previous studies that examined these in infants from
distinct language backgrounds, we assessed both non-native and native sound discrimination in infants from the same language
background (Japanese). The results demonstrated a decrease in non-native consonant contrast discrimination at around 11 months of
age, and a parallel increase in native vowel length discrimination. Hence, our results support the theoretical proposals of perceptual
attunement during the first year of life marked by a decrease in non-native and a parallel increase in native speech perception.
Furthermore, the present results indicate the feasibility of testing both non-native and native speech perception in one session
providing the pathway for future studies on perceptual attunement and its relations with infants’ language development.
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