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Infants in the Philippines

Rowena Garcia®® % 3, Michael C. Valdez®, and Natalie Boll—Avetisyan2

2 Department of Linguistics, University of Potsdam
3 Department of Speech Pathology, University of the Philippines Manila

Studies suggest that infants initially show universal discrimination abilities. However, this narrative has
been heavily based on Indo-European languages. It has also been proposed that infants’ speech sound
discrimination is affected by acoustic salience, such that acoustically subtle contrasts are not dis-
criminated until the end of an infant’s first year. Furthermore, others have suggested an influence of
word position and positional frequency in discrimination abilities. In Study 1, we analyzed a child-
directed corpus of Tagalog and found that the /n/-/y/ contrast is more frequent in the word-final than
word-initial position, which might make the contrast easier to discriminate in the final than initial
position. In three preregistered field psycholinguistic studies, we tested the nasal discrimination
abilities of Tagalog-learning infants in the Philippines (total n = 60) using a habituation task and the
central fixation paradigm. Experiment 1 tested 4- to 6-month-olds’ discrimination of /na/ and /ya/, while
Experiment 2 tested 10- to 12-month-olds. Experiment 3 tested 4- to 6-month-olds’ discrimination of
/an/ and /ar)/. We found that only the 10- to 12-month-olds showed discrimination of /na/ and /na/. The
4- to 6-month-olds did not show discrimination of the contrast in the word-initial nor in the final
position. These results are in line with the acoustic salience account and with previous findings of
studies in Asia showing a late discrimination of native contrasts. We discuss language- and context-

specific factors that can explain these results.

Public Significance Statement

This research helps us better understand how infants growing up in the Philippines perceive speech,
which is essential for acquiring their ambient language.
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Numerous studies have provided evidence that infants show a
universal ability to discriminate phonetic contrasts from birth (Eimas,
1974, 1975; Jusczyk, 1997; Kuhl, 2004; Sundara et al., 2018; Werker,
2018; Werker et al., 1981; Werker & Tees, 1999). However, within
their first year of life, they become specialized to their ambient
language such that they retain or improve their ability to discriminate
phonetic differences that are contrastive in their language, but their
ability to discriminate noncontrastive differences declines (e.g.,
Anderson et al., 2003; Kuhl et al., 2006; Lovcéevi¢ & Tsuji, 2024;
Polka et al., 2001; Werker & Curtin, 2005; Werker & Tees, 1984; for
reviews, see Kuhl, 2004; Tsuji & Cristia, 2014; Werker, 2024). This
initial ability to discriminate contrasts is claimed to provide infants
with the readiness to learn their ambient language, that is, any lan-
guage of the world (Werker, 2018). However, the empirical evidence
for this supposed universal discrimination ability from birth is far
from universal (e.g., Kotera et al., 2024; Liu & Kager, 2016; Nam
et al., 2025; Rosslund et al., 2024; Schonhuber et al., 2019). First,
most of the present studies come from North American and Western
European populations growing up with Indo-European languages
(Singh et al., 2022). Second, it has been claimed that phonetic dis-
crimination is modulated by other factors such as acoustic salience
(Chladkova & Paillereau, 2020; Narayan, 2019), phoneme frequency
(Anderson et al., 2003), and phoneme position (Zamuner, 2006);
resulting in later discrimination of some contrasts.

In this research, we aim to contribute to diversifying our evidence
base by testing an understudied Austronesian language and testing
infants outside of North America and Western Europe. Particularly,
we tested the phonetic discrimination abilities of Tagalog-learning
infants in the Philippines, which to our knowledge have not been
tested so far. More importantly, given the properties of Tagalog,
these field experiments also shed light on the effects of acoustic
salience, phoneme frequency, and phoneme position on infants’
discrimination abilities.

Sampling Bias in Phonetic Discrimination Research

In areview of phonetic discrimination studies in the past 50 years,
Singh et al. (2022) reported that almost 50% of published studies on
monolingual infants tested participants who were learning English,
and 25% tested infants who were learning other Indo-European
languages. This sampling bias is problematic for the generalizability
of acquisition theories given the wide variation in the properties of
the languages of the world and the manifold contexts in which
infants acquire language; making the diversification of our research
essential (Aravena-Bravo et al., 2024; Kidd & Garcia, 2022; Singh,
2024; Singh et al., 2022).

Importantly, recent studies conducted in Asia, particularly on
infants learning Thai (Kra-Drai), Korean (Altaic), and Japanese
(Japonic) crucially show only later discrimination even of native
contrasts (Choi et al., 2024; Lovcevi¢ & Tsuji, 2024; Mazuka et al.,
2022; Sato et al., 2010, 2012; Shin et al., 2018). For instance, Choi et
al. found that 4- to 9-month-olds did not show discrimination of
native Korean native lenis /p/ and aspirated /p"/ stop contrast, and
only the 10- to 12-month showed a weak sensitivity to the contrast.
In Thai, only the 10- to 12-month-olds discriminated the native
voiceless /p/ from the voiceless aspirated /p"/, but not the 4- to 6-
month-olds nor the 7- to 9-month-olds (Mazuka et al., 2022). It is
striking that these studies conducted in Asia similarly show later
discrimination of native contrasts, even though these languages are

genetically unrelated and show large differences in their prosody
and phoneme inventories. In this research, we expanded our research
base by examining another Asian language from another language
family (Austronesian), and by testing infants in a Global South
country (the Philippines).

Influence of Acoustic Salience

It has been proposed that not all phonetic contrasts are distin-
guishable in similar ways, but that the trajectory of infant phonetic
discrimination is affected by the acoustic nature of the contrast and
in particular, the contrast’s acoustic salience (Archer & Curtin,
2018; Archer et al., 2016; Chladkova & Paillereau, 2020; Narayan,
2019; Narayan et al., 2010; Rosslund et al., 2024). Narayan (2019)
explained that phonetic contrasts can be plotted on an acoustic
salience scale with complete acoustic separation at one end and
acoustic overlap (based on a relevant acoustic dimension, e.g., F2
transition) at the other end. The more the acoustic features or
psychophysical properties of a contrast overlap, the lower its
salience and thus the more difficult it will be to discriminate (for
details on the acoustic cues that affect acoustic saliency of different
contrasts, see Narayan, 2019). Aside from the raw acoustic details,
salience is also based on how easily a contrast is perceived by
adults (Narayan, 2019). In reviews of previous studies, it has been
argued that experiments showing discrimination involved con-
trasts which are acoustically salient (e.g., Eimas, 1974; Moffitt,
1971) while those showing a lack of or difficulty in discrimination
(e.g., Bosch & Sebastian-Gallés, 2003; Polka et al., 2001) can be
attributed to low acoustic salience of the contrast (Chladkova &
Paillereau, 2020; Narayan, 2019).

One example of a contrast with low acoustic salience is /n/-/n/.
Narayan (2008) showed that the contrast between /na/ and /na/ is less
salient compared with the /na/ and /ma/ contrast, for example. In
Tagalog, a language which has both these nasal contrasts in the
initial as well as final position of a syllable, /n/ and /g/ in the initial
position are acoustically very similar in their F2 and F3 values as
well as in dynamic energy change. Perceptually, adult native speakers
of Tagalog made more mistakes in discriminating /na/ and /na/
compared with /na/ and /ma/. Following up on this with infants,
Narayan et al. (2010) tested infants’ discrimination of the same nasal
contrasts using the central fixation paradigm. In this paradigm, infants
sit on their caregiver’s lap while facing a monitor. Along with the
visual stimulus, an auditory stimulus is presented, and the infants’
looks to the screen are taken to indicate the infants’ attention to the
auditory stimulus. Infants were presented with either /na/ or /na/ until
they had habituated (based on a set habituation criterion) to it. After
the habituation phase, infants were given one same (same stimulus as
in the habituation) and one change (different from the habituation
stimulus) test trial. Discrimination was indicated by longer looks to
the screen in the change compared with the same test trial. Narayan et
al. found that 4-month-old Canadian English-learning infants dis-
criminated the salient /ma/ and /na/ contrast but not the /na/ and
/pa/ contrast—at an age at which universal discrimination is usually
found. They also found that infants in Canada who were also exposed
to Philippine languages including Tagalog showed discrimination of
the native /na/ and /ma/ contrast only at 10—12 months. These results
suggest that even if a contrast is present in the ambient language, if
acoustic salience is low, discrimination will be difficult for infants.
According to Narayan (2019), infants may need enough experience
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with the ambient language (potentially via exposure to and use of
lexical minimal pairs) to be able to discriminate a subtle contrast, that
is why only the older age group showed discrimination.

However, Sundara et al. (2018), using a slightly different method
but crucially, the same acoustic stimuli, showed countervailing
evidence that American English-learning infants can discriminate
/na/ and /na/ at the age of 4 and 6 months. They explained that their
paradigm (i.e., an infant-controlled paradigm wherein the trial
stopped if the child looked away for more than one consecutive
second) was more sensitive in capturing infants’ discrimination
abilities compared with Narayan et al. (2010). Additionally, the two
studies differed in the habituation criterion used, trial length, and
interstimulus interval within the trials; resulting in longer habitu-
ation in Sundara et al.’s study compared with Narayan et al.’s.
Sundara et al. predicted that if Tagalog-learning infants would be
tested using their more sensitive method, even younger infants will
show discrimination of the subtle /na/ and /na/ contrast. This pre-
diction is directly tested in the present study.

Influence of Phoneme Frequency and Position

Other factors, beyond acoustic salience, have been shown to
affect infants’ discrimination abilities. One such factor is the fre-
quency of the contrast and another factor is the position at which it
occurs. Regarding frequency, studies have shown that infants are
sensitive to the distributional properties of the speech signal that
they are exposed to (Guenther & Gjaja, 1996; Jusczyk et al., 1990,
1994; Kuhl, 1993; Saffran et al., 1996) and that this affects phonetic
discrimination (Maye et al., 2002). Anderson et al. (2003) showed
that more frequent categories are learned earlier than less frequent
ones, resulting in an early decline in infants’ ability to discriminate
nonnative contrasts which are related to a frequent category in their
ambient language. They tested 8.5-month-old infants’ discrimina-
tion of nonnative contrasts and found that infants performed more
poorly in discriminating a nonnative contrast which was related to
the more frequent contrast in their language (i.e., coronal stop),
compared with a nonnative contrast which was related to the less
frequent contrast in their language (i.e., dorsal stop). These previous
findings indicate that more frequent contrasts in the ambient lan-
guage might be learned earlier than less frequent contrasts. Given
that infants’ phonetic representations are perhaps initially tied to
positions instead of being abstract categories that are independent of
position or variation (Archer et al., 2016), it is possible that if a
contrast occurs more often in the word-final position than in the
initial position, infants will show earlier discrimination of the former
than the latter.

Regarding the position of phonemes, infants seem to show more
sensitivity to contrasts in word-initial compared with word-final
position (Archer et al., 2016; Jusczyk et al., 1999; Swingley, 2005;
Wang & Seidl, 2015; Zamuner, 2006). For example, Zamuner found
that 10-month-old Dutch-learning infants could discriminate a
voicing (i.e., /t/-/d/) and a place of articulation contrast (i.e., /p/-/t/,
/p/-/k/) in the initial, but not in the final position of words. The author
explained that contrasts in the initial position may be at an advantage
because of their higher salience and their more consistent production
compared with contrasts in the final position. Moreover, position
has also been shown to affect phonotactic learning. Wang and Seidl
(2015) familiarized 8- and 12-month-olds with bisyllabic nonwords
which contained fricatives in either the onset of the second syllable

or the coda position of the first syllable. Only the 12-month-olds
showed learning of the phonotactic pattern, and crucially, only when
the fricative was in the onset position.

To give a preview, in Study 1, we show that in Tagalog, the /n/-/n/
contrast occurs more often in the word-final than word-initial
position. Hence, based on positional frequency, it might be easier to
discriminate this subtle nasal contrast in the final compared with the
initial position. However, given the previous findings on infants’
lower sensitivity to speech sounds in the final position, it is also
possible that the frequency advantage will not be observed.

Tagalog-Learning Infants in Metro Manila

Tagalog is an understudied Western Austronesian language from
the Philippines with almost 33 million native speakers and 54
million second-language users (Eberhard et al., 2025). The language
has three nasals, namely /m, n, and n/, which can occur in all syllable
and word positions (Bondoc et al., in press; Schachter & Otanes,
1972). Tagalog-learning infants usually grow up in multilingual
communities, with exposure to English, and/or additional local
languages (Amora et al., 2020; Mahboob & Cruz, 2013; Philippine
Statistics Authority, 2023a). Families living in urban communities
such as Metro Manila also have good access to English mass and
print media (Ledesma & Morris, 2005) as well as to English content
on the internet (Philippine Statistics Authority, 2023b). In the
Philippines, language dominance is related to socioeconomic status
(SES), such that the higher the SES of a family, the more English
they speak, and the less Tagalog-dominant they are (Amora et al.,
2020; Ledesma & Morris, 2005). In this research, we tested
Tagalog-learning infants from Tagalog-dominant families in Caloocan,
the city with the fourth highest poverty incidence (i.e., not having
sufficient income to meet basic needs; 2%) in the National Capital
Region in 2023 (Philippine Statistics Authority, 2024). Testing
participants from this population also answers the call for diver-
sification of our science (Kidd & Garcia, 2022; Singh et al., 2022,
2024), which serves as a good test of the supposed universality of
our theories on phonological development and brings us closer
to identifying the potential causes of differences in the results of
previous studies and therefore the conditions under which phonetic
discrimination is observed.

The Current Research

In this research, we investigated whether Tagalog-speaking in-
fants can discriminate the subtle nasal contrast /n/-/y/ in the word-
initial and word-final position, directly testing if the reason for the
lack of discrimination in the Narayan et al.’s (2010) study with
Tagalog-learning infants was due to lack of methodological sen-
sitivity, as suggested by Sundara et al. (2018). Through a corpus
study and three habituation experiments, we aimed to shed light on
the role of acoustic salience, phonemic frequency, and a phoneme’s
word position on phonetic discrimination. We tested two age groups:
4- to 6-month-olds, the age during which universal discrimination is
typically found, as well as 10- to 12-month-olds, an age at which
language-specific perception is usually found, following Narayan
et al.

Under the acoustic salience account (Chladkova & Paillereau,
2020; Narayan, 2019; Narayan et al., 2010), only the older 10- to
12-month-olds will be able to discriminate the subtle /n/ and /y/
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contrast, and not the 4- to 6-month-olds. Under the universal dis-
crimination account (Kuhl, 2004; Kuhl et al., 2006, 2008; Sundara
et al., 2018), even the younger group will show discrimination of
all contrasts. Additionally, if phoneme frequency affects infants’
phonetic discrimination (Anderson et al., 2003), the 4- to 6-month-
olds might show better discrimination of the /n/ and /y/ contrast in
the position where it is more frequent. If contrasts in the word-final
position are discriminated later than contrasts in the initial position
(Zamuner, 2006), Tagalog-learning infants will show earlier dis-
crimination of the subtle contrast in the word-initial than in the
word-final position.

We first present an analysis of Tagalog child-directed speech to
have a more precise picture of the input that infants may receive and
therefore, to be able to make specific predictions for the frequency
account. Experiments 1-3 report field habituation experiments
following Sundara et al.’s (2018) procedure, and importantly, using
Narayan et al.’s (2010) stimuli that were also used by Sundara et al.,
to enhance comparability with the two previous studies. Experiment
1 focuses on 4- to 6-month-olds’ discrimination of /n/ and /y/ in the
word-initial position, that is, /na/ and /na/. Experiment 2 reports on
testing the same contrast with 10- to 12-month-olds. Experiment 3
reports on 4- to 6-month-olds’ discrimination of the /n/ and /y/
contrast in the word-final position, that is, /an/ and /an/.

It must be noted that the current experiments differed from those
of Narayan et al. (2010) and Sundara et al. (2018) in the following
ways: first, compared with Narayan et al., the infants presumably
had more exposure to Tagalog, and they lived in an urban area in the
Philippines instead of in an urban area in North America. Second, as
there is currently no psycholinguistic child lab in the Philippines,
infants had to be tested in a field context, where noise (e.g., electric
fan) and visual distractions could not be controlled as well as in labs
used in previous studies on phonetic discrimination. Field-based
experiments with infants have worked in other studies including our
own (Foushee & Srinivasan, 2024; Omane et al., 2023, 2024), and
we built on our prior experience with field-based experiments with
older children in the Philippines (Garcia et al., 2020, 2021, 2023;
Garcia & Kidd, 2020). This field context also necessitated recruiting
a wider age range of participants compared with studies conducted
in labs with a database of potential participants.

Corpus Analysis
Method
Corpus Data

To estimate the frequency of occurrence of the nasal phonemes in
the input that Tagalog-learning children hear, we analyzed Garcia
and Kidd’s (2022) Tagalog child-directed speech corpus. An infant-
directed corpus would have been more appropriate, but the current
corpus was the only one available to us. The corpus comprised 1-hr
recordings of interactions between 20 pairs of children (ages: 2.01—
3.10) and their caregivers. The participants were recorded at their
homes while using a given set of materials including toys and picture
books. The corpus was not phonetically transcribed, but since
Tagalog has a transparent writing system (Himmelmann, 2005), it
was possible to perform calculations on these orthographic tran-
scriptions. The ELAN transcriptions were in a format similar to
minCHAT which meant that transcribers wrote what they heard and
indicated the dictionary form of this production (e.g., nandun vs.

nandoon), preserving phonetic information in the transcription.
However, given that the corpus was not designed for a phonological
study, transcribers were not required to indicate phonological pro-
cesses like assimilation.

Procedure and Preprocessing

The ELAN transcriptions were first converted to .cha format so
they could be compatible with CLAN (MacWhinney, 2000). Using
CLAN, words that begin and end with a nasal were extracted along
with their token frequencies. We acknowledge that a syllable-level
analysis would be more informative than our current word-level
analysis, but there is currently no automated way to do this for
Tagalog. The first author, who is a native speaker of Tagalog,
manually marked the proper nouns (e.g., names of the children),
sounds (e.g., hmm), and errors due to spelling of words (e.g., ng was
printed out as an output for words that start with /n/, but this word is
pronounced as /nan/), for these to be excluded.

We found a total of 2,284 word forms that contained nasal con-
sonants in word-initial or word-final position, with a total token
frequency of 30,027. Note however that each different spelling or
production of a word was considered as different forms (e.g., nandun
was considered different from nandoon), which we did not correct for
as this did not influence the frequency counts of our phonemes of
interest. A total of 68 forms with 2,973 tokens were excluded because
they were proper nouns, sounds, or transparency errors.

Transparency and Openness

The calculations were done in R Version 4.2.2 (R Core Team,
2022). The data and script are available on the Open Science
Framework at https://osf.io/8v659/ (Garcia et al., 2025). This study
was not preregistered. All data exclusions are reported.

Results and Discussion

Table 1 shows the token frequency of the nasal phonemes in the
remaining 2,216 forms, with a total token frequency of 27,054. The
results show that the dental /n/ is the most frequent nasal phoneme
in both the word-initial and word-final positions. For the word-
initial position, /1/ is the least frequent, making up only 4% of the
nasal phonemes. However, in the word-final position, /n/ com-
prised 40% of the nasal phonemes. These indicate that children
hear /1/ more in the word-final than in word-initial position, and
they receive more input discriminating /y/ from /n/ in the final
compared with the initial position. If phoneme frequency affects
phonological development (Anderson et al., 2003), it is expected

Table 1

Token Frequency of the Nasal Phonemes in the Word-Initial and
Word-Final Positions in Garcia and Kidd’s (2022) Tagalog Child-
Directed Speech Corpus

Phoneme Word-initial position Word-final position
/m/ 2,398 (22%) 473 (3%)

/n/ 8,088 (74%) 9,275 (57%)
Iyl 403 (4%) 6,417 (40%)

Note. The percentage of occurrence for each phoneme at each position is
enclosed in parentheses.
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that infants will discriminate this subtle contrast earlier in the
word-final compared with the initial position.

Experiment 1: 4- to 6-Month-Olds’
Discrimination of /na/ and /ya/

Method

In this preregistered experiment (https://osf.io/82v49), we inves-
tigated 4- to 6-month-old Tagalog-learning infants’ discrimination of
the subtle /n/ and /y/ contrast in the word-initial position.

Participants

We aimed to reach a total sample size of 20 Tagalog-learning
infants on the basis of a power analysis using Sundara et al.’s (2018)
data, which showed that 20 participants would be enough to observe
a main effect of test trial condition. We had to recruit a total of 30
from Metro Manila (19 boys, 11 girls) with a mean age of 166 days
(range = 124-206) in order to reach our target of 20. Ten had to be
excluded because of the following reasons: fussiness/crying (one
boy), shorter looking times to the posttest trial compared with the
average of the last three trials in the habituation phase (three boys,
four girls), and for failing the inclusion criteria (one boy was from an
English-dominant family, one boy was premature). The rest fulfilled
our inclusion criteria: they were born full-term (at least 37 weeks of
gestation), came from Tagalog-dominant families, and none had any
reported history of hearing impairment or chronic illness. Half the
recruited participants also had exposure to other languages through
their caregivers (14 to English, one to Bisaya), and 80% had
exposure to English through media. The 20 included participants
had a mean age of 165 days (range = 124-205). Families were given
P500 and a small gift for their participation. Additionally, families
were provided with flyers containing information on language
stimulation techniques and other tips on how to support children’s
language development. Ethical approval was obtained from the
University of the Philippines Manila’s Research Ethics Board.

Infants were recruited through advertisements in local health
care and birthing (lying-in) centers and on social media, as well as
through snowball sampling. Staff of community centers connected
us with families of infants. We also distributed flyers among care-
givers in the community church, markets, and so forth. The flyers
contained information about the study and a link to a short registration
form which determined whether they satisfied the inclusion criteria.
Whenever families preferred that we register them for the study, we
conducted short interviews and filled out the short registration form
ourselves. We adjusted to the families’ preferred ways of contact (e.g.,
via Facebook Messenger, SMS), sent them several reminders of the
testing appointment, and made appointments flexible.

Materials

We used Narayan et al. (2010) three tokens of /na/ and /pa/
produced by a female native speaker of Tagalog (see Appendix A for
the acoustic properties of the tokens). On the basis of these, we
generated our audio stimuli: one habituation and one test audio
stimulus for /na/, and the same for /na/. For the /na/ stimuli, the /na/
tokens were concatenated on R (the three tokens were repeated five
times and arranged in random order, resulting in 15 tokens), with
each token being played every 1.267 s, resulting in a 19 s. file. The

/na/ test trial contained the same 15 tokens, but had a different first
token from the /na/ habituation trial. The same was done for the /na/
trials. One salient change test trial was created for /ma/ similarly,
using tokens from Narayan et al.

For the pretest and posttest phases, an audio stimulus which was
saliently different from the target nasal stimuli was used: three tokens
of /bok/ spoken by another female native speaker of Tagalog were
concatenated. Similar to the habituation and test trials, each token was
repeated five times each and arranged in random order, resulting in 15
tokens; but here, each token was played every 1.067 s, resulting in a
shorter 16 s long single audio stimulus. The perceived loudness of all
the concatenated audio stimuli was normalized to —23.0 Loudness
Units Full Scale using Audacity. These resulting audio stimuli were
then combined with a static colorful checkerboard picture to create
video files, using DaVinci Resolve. These video files served as the
experimental trials. Lastly, a chime sound was also combined with a
video of moving circles to create an attention getter for the trials.

Procedure

Participants were tested individually in a community hall in
Caloocan City, Metro Manila. Given that infant studies are not
common in the country, the research needed to be conducted in a
location that the community associates with legitimate and trust-
worthy endeavors. Temporary adjustments were made to make one
of the community hall’s rooms more suitable for testing, such as the
addition of curtains, fans, and room dividers. We also prepared a mat
and toys for infants who needed a break.

Infants sat on their caregiver’s lap while they were both facing a
15.6 in. laptop monitor with an eye-tracker (Tobii Pro X3-120) on
the bottom bezel and a webcam on top. The speakers were hidden
behind the monitor, and the keyboard was covered by a piece of
cloth to lessen distractions. The experimenter sat behind a wooden
panel, controlled the experiment using an external keyboard and
another monitor, and observed the participant through the webcam
footage. The experimenter pressed and held a button on the key-
board to indicate that the infant was looking at the screen and
released this button when the infant was looking away. The webcam
footage of the participant was also recorded for offline coding.

We used an infant-controlled central fixation procedure following
Sundara et al. (2018), and combined this with mobile eye tracking.
Each experiment session started with a 5-point calibration using
Tobii Pro Lab 1.118. A video of a moving rattle with sound was used
to mark the calibration points. If the accuracy degree was below five,
the experimenter proceeded to the experiment. If not, recalibration
of all or some of the calibration points was done once. Caregivers
wore a darkened pair of sunglasses, so their eyes would not be
detected by the eye-tracker. The collection of eye data was needed
for a separate study and the results from the eye tracking are not
reported here.

The experiment was conducted on Psychopy 2022.2.5 (Peirce
et al., 2019) using the Titta toolbox (Niehorster et al., 2020), as it
allowed for the simultaneous use of an eye-tracker and the coding
of looks and looks away from the screen. Before each trial, the
attention getter was presented. Once the infant looked at the screen,
the trial started. A trial ended if a child looked away for more than 1 s
or upon reaching the end of the video stimulus. In the pretest, test,
and posttest phases, if a child accumulated a looking time of less
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than 2 s in a trial, this trial was repeated once. The visual stimulus
presentation covered 1,720 x 880 pixels of the full HD screen.

The pretest phase consisted of a single /bok/ trial. The pretest
phase was followed by the habituation phase. Half the infants were
assigned to the /na/ habituation condition, while the other half were
assigned to the /pa/ habituation condition. The habituation video
stimulus was played multiple times until the habituation criterion
was reached (i.e., the sum of the looks to the last three trials was less
than 50% of the sum of the looks to the longest three consecutive
trials) or a maximum of 25 trials had been played. There were a
minimum of six trials before the habituation phase ended. Moreover,
because of the difficulty in programming the sliding comparisons in
Psychopy for determining if the habituation criterion had been
reached, the experiment was programed such that the last three
habituation trials might have an overlap with the longest three
habituation trials, for example, last three trials were Trials 13-15,
and the longest three trials were Trials 11-13. However, there was
no instance of this in the analyzed data for Experiment 1. Those who
did not reach the habituation criterion within 25 trials were excluded
from the analysis. After the habituation phase, the test phase began.
The test phase consisted of one “same” (similar stimulus as in the
habituation, i.e., /na/ for those who got the /na/ habituation con-
dition) and one “subtle change” trial (i.e., /na/ for those who got the
/na/ habituation condition) which were presented in a counterbalanced
order across participants, as well as one “salient change” trial (i.e., a
/ma/ trial) that always occurred at the end of the test phase. The
addition of a final test trial which was not part of the habituation phase
for any participant is not typical for this paradigm. We collected this
data as an attempt to also get information about the infants’ dis-
crimination of a more salient contrast, that is, /m/ versus /n/ or /y/.
A separate experiment would have been more appropriate to
address this, but given the conditions related to the fieldwork, par-
ticularly the restricted time for participant recruitment, we included
this additional test item, which arguably did not have any influence on
the more crucial test trials. The experiment ended with a posttest
phase using the same /bok/ trial as in the pretest phase. Those who did
not show longer looks to the posttest trial compared with the average
of their looks to the last three habituation trials were excluded from the
analysis, following Sundara et al. (2018). This exclusion was to
ensure that infants included in the analyses dishabituated to the
posttest trials and were still paying attention to the stimuli during the
latter part of the experiment.

Data Analysis

As preregistered, the dependent variable was the accumulated
looking time per test trial (same trial, change trial). Looking behavior
was manually coded live during the experiment, and additionally
recorded by an eye-tracker. Moreover, all the test trials were also
coded frame-by-frame offline by a research assistant who was blind to
the conditions. The offline coding accounted for false continuations of
the trials (i.e., trial continued even if the child looked away for more
than one consecutive second) due to the needed reaction time of the
experimenter to indicate a look away; which meant that looks after
more than 1 s of look away were not included in the accumulated
looking time for a test trial. Here, we present a statistical analysis
using the offline coding,' but the analysis with the live coding results
were very similar and can be found on Open Science Framework at
https://ost.io/8v659/. We fitted linear mixed-effects models using the

Imer function of the lme4 package (Version 1.1-35.5, Bates et al.,
2015). The models included the main effects and interaction of
habituation stimulus (/na/ or /pa/) and test trial conditions (same,
subtle change), and a random participant intercept. To inspect sig-
nificant interaction of variables, the emmeans package (Version
1.10.5, Lenth, 2024) was used. As an exploratory analysis, we also
fitted linear mixed models with the test trial condition being either
the same or the salient change trial.

Transparency and Openness

This study’s design and analysis were preregistered on the Open
Science Framework at https://osf.io/82v49. We report all data ex-
clusions, as well as how we determined the sample size. The manual
offline coding was done in ELAN 6.7 (ELAN, 2023), and the cal-
culations were done in R Version 4.2.2 (R Core Team, 2022). The
data and script are available at the Open Science Framework at https://
osf.io/8v659/. The pretest/posttest materials as well as the attention
getter can be obtained from the authors upon request. The nasal tokens
were generously shared with us by Chandan Narayan.

Results

Table 2 shows the mean accumulated looking times for
the pretest, habituation, and posttest phases (based on the live
coding), as well as the mean number of habituation trials. The
looking times for the same and subtle change test trials are
presented in Figure 1.

The linear mixed-effects model showed a main effect of habit-
uation stimulus (see Table 3) such that those who were habituated to
the velar /na/ looked longer overall to the test trials compared with
those who were habituated to the dental /na/. Neither the effect of the
test condition nor any other effect was significant.

Our exploratory analysis comparing the same test trial with the
salient change /ma/ trial showed an interaction of habituation
stimulus and test condition (see Appendix B). There were no other
significant effects observed. Inspection of the significant interaction
showed a diverging direction of the looking times for the habituation
trials: those who were habituated with /na/ showed more looks to
the change compared with the same test trial (Estimate: —0.81, SE:
0.67, p = .24), while it was the other way around for those who were
habituated with /na/ (Estimate: 1.44, SE: 0.74, p = .07). However,
these test condition differences were not significant.

Discussion

The lack of a significant effect of test trial conditions indicate that
we have no evidence for 4- to 6-month-olds’ discrimination of the
subtle /n/ and /n/ contrast in the word-initial position. This result
indicates that among the three studies, including the current one,
which have tested the subtle /n/-/n/ contrast at this age, only one
(Sundara et al., 2018) has found evidence of sensitivity to this subtle
contrast.

The significant effect of habituation—with longer looking times
for test trials from infants habituated with /ga/ compared with those
habituated by /na/—might be due to the lower frequency of /y/

! Sundara et al. (2018) analyzed the manually coded online data, while
Narayan et al. (2010) analyzed offline-coded data.
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Table 2

Average Looking Times in Seconds for the Different Experiment Phases and the Average Number of Habituation Trials in Experiments 1-3
Phase Experiment 1: 4- to 6-month /na/ vs. /na/  Experiment 2: 10- to 12-month /na/ vs. /na/  Experiment 3: 4- to 6-month /an/ vs. /an/

Pretest phase 10.35 (4.30) 10.43 (4.79) 10.58 (4.63)

Habituation phase 64.05 (26.55) 72.41 (50.77) 72.10 (39.54)

Habituation trials 9.15 (3.36) 9.7 (3.36) 10.15 (3.98)

Posttest phase 7.97 (3.93) 8.85 (4.37) 8.88 (4.17)

Note. Standard deviations are enclosed in parentheses.

compared with /n/. It is possible that the former group was more Participants

attentive than the latter because their habituation stimulus was more
interesting, given that they have lesser chances of encountering /1/
compared with /n/ in daily life. This is in line with previous studies
showing that infants generally look longer at novel compared with
familiar stimuli (Fagan, 1970; Fantz, 1964). This explanation is also
supported by the current finding that infants assigned to the /pa/
habituation phase also had a longer mean length of habituation phase
compared with those who were habituated to /na/ (/na/: 71.41 s vs.
/ma/: 56.68 s).

The exploratory analysis indicates that 4- to 6-month-olds also
did not show evidence of discriminating the more salient /n/ versus
/m/ contrast. Note, however, that no infant group was habituated to
/ma/, and the addition of another change trial is not common in this
paradigm.

Given these results, we conducted the same experiment on older
infants. In Experiment 2, we tested 10- to 12-month-old Tagalog-
learning infants on their discrimination of the subtle /n/ and /y/
contrast.

Experiment 2: 10- to 12-Month-Olds’
Discrimination of /na/ and /ya/

Method

In this preregistered experiment (https://osf.io/3aqwy/), we inves-
tigated 10- to 12-month-old Tagalog-learning infants’ discrimination of
the subtle /n/ and /1)/ contrast in the word-initial position.

Figure 1
Average Accumulated Looking Times for the Same and Subtle
Change Test Trials per Habituation Stimulus in Experiment 1
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Note. See the online article for the color version of this figure.

The target number of participants and recruitment method were
the same as in Experiment 1. We tested a total of 35 Tagalog-
learning infants from Metro Manila (21 boys, 14 girls) with a mean
age of 362 days (range = 278-396). All were born full-term and did
not have any history of hearing impairment or chronic illness. Fifteen
had to be excluded for the following reasons: fussiness/crying (two
boys), shorter looking times to the posttest trial compared with the
average of the last three trials in the habituation phase (four boys, five
girls), differing direction of test trial results between manual live data
and eye-tracking data (two boys, one girl) and failing the inclusion
criteria (one boy was only 9 months). Among the recruited infants,
49% also had exposure to English through their caregivers and 91%
through media. Data from 20 infants (M,g. = 367 days, range = 319-
396) were analyzed.

Materials

The same materials as in Experiment 1 were used.

Procedure

The same procedure as in Experiment 1 was followed.

Data Analysis

The same analysis as in Experiment 1 was performed. Additionally,
as preregistered, we combined the data from Experiments 1 and 2, and
tested for an effect of age on the infants’ looking times to the test
trials. The additional models included the main effects and in-
teractions of age (4 to 6, 10 to 12), habituation stimulus (/na/ or
/ma/) and test trial conditions (same, subtle change), and a random
subject intercept.

Transparency and Openness

The same procedure as in Experiment 1 was followed. The results
of the combined analysis of Experiments 1 and 2 can be found in the
study’s Open Science Framework at https://ost.io/8v659/. Below,
we report the results of Experiment 2.

Results

Table 2 shows the mean accumulated looking times for the
pretest, habituation, and posttest phases, as well as the mean
number of habituation trials. The looking times for the same and
subtle change test trials are presented in Figure 2. The linear
mixed-effects model showed a main effect of test condition (see
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Table 3
Main Effects and Interaction in Experiment 1

Predictor Estimate SE t )4
(Intercept) 491 0.69 7.05 <.01
Habituation trial -1.76 0.69 -2.54 .02
Test condition 0.31 0.47 0.67 51
Habit x Test —0.44 0.47 -0.95 .35

Note. SE = standard error.

Table 4), such that there were more looks to the subtle change trial
compared with the same trial. There were no other significant effects.
Our exploratory analysis comparing the same test trial with the salient
change /ma/ trial showed no significant effects (see Appendix C).

Discussion

The analysis of data from Experiment 2 revealed that 10- to 12-
month-olds showed discrimination of the subtle /n/ and // contrast
in the word-initial position. Both studies that tested infants’ dis-
crimination of this subtle contrast at this age (Narayan et al., 2010,
and the present study) have shown that 10- to 12-month-olds can
discriminate the /n/ and /y/ contrast. Narayan et al. (2010) argued
for an effect of saliency in discrimination, such that discriminating
more subtle contrasts takes longer to acquire compared with
discriminating more salient contrasts. The data from Experiments 1
and 2 also support this claim.

The finding from the current exploratory analysis showing no
discrimination of the salient /na/ versus /ma/ contrast in the 10- to
12-month-olds, despite discrimination of the subtle /na/ and /na/
contrast, seems unlikely. We take this result to suggest that the
addition of a salient change trial at the end of the test phase, which
was not used for habituation of any group of children, may not be
methodologically appropriate for assessing infants’ ability to dis-
criminate the contrast.

Because of lack of evidence for 4- to 6-month-olds’ discrimi-
nation of the subtle /n/ and /n/ contrast in the word-initial position, in

Figure 2
Average Accumulated Looking Times for the Same and Subtle
Change Test Trials per Habituation Stimulus in Experiment 2
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Experiment 3, we tested whether the contrast is easier to discrim-
inate and is thus discriminated earlier in the word-final position
compared with the initial position. If frequency has an influence on
phonetic discrimination (Anderson et al., 2003), and given the
higher frequency of the contrast in Tagalog word-final than initial
position, it is possible that 4- to 6-month-olds can discriminate this
contrast in the word-final position but not in the initial position.
However, if infants are more sensitive to contrasts in the initial than
in the word-final position (Zamuner, 2006), there might be no
advantage of the higher frequency of the /n/ and /n/ contrast in the
word-final compared with the word-initial position.

Experiment 3: 4- to 6-Month-Olds’
Discrimination of /an/ and /ar/

Method

In this preregistered experiment (https://osf.io/3aqwy/), we inves-
tigated 4- to 6-month-old Tagalog-learning infants’ discrimination of
the subtle /n/ and /1/ contrast in the word-final position.

Participants

The target number of infants and recruitment method were the
same as in Experiments 1 and 2. We tested a new group of 4- to 6-
month-old Tagalog-learning infants from Metro Manila (n = 32, 18
boys and 14 girls) with a mean age of 157 days (range = 120-206).
All were born full-term and did not have any history of hearing
impairment or chronic illness. Twelve had to be excluded for the
following reasons: fussiness/crying (four boys, three girls), and
shorter looking times to the posttest trial compared with the average
of the last three trials in the habituation phase (two boys, three girls).
Among the recruited infants, 53% also had exposure to other
languages through their caregivers (14 to English, one to Bisaya, one
to Kapampangan, one to Bikol) and 84% had exposure to English
through media. Data from 20 infants (M = 157 days, range = 120-
196) were analyzed.

Materials

Three tokens each of /an/, /ag/, and /am/ from the same speaker
as the Narayan et al. (2010) recordings which were used in
Experiments 1 and 2, were generously provided to us by Chandan
Narayan. These tokens were concatenated to form the habituation
and test trials. See Appendix A for the acoustic properties of the
stimuli. Note that the F2 offset of /an/ and /an/ are far apart from each
other, which might add salience to the contrast. The creation of the
stimuli was the same as in Experiment 1.

Procedure

The same procedure as in Experiment 1 was followed.

Data Analysis

The same analysis as in Experiment 1 was performed. Additionally,
as preregistered, we combined the data from Experiments 1 and 3, and
tested for an effect of word position of the contrast on the infants’
looking times to the test trials. The additional models included the
main effects and interactions of position (word-initial vs. word-final),
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Table 4
Main Effects and Interaction in Experiment 2

Predictor Estimate SE t )4
(Intercept) 6.86 0.85 8.09 <.01
Habituation trial 0.88 0.85 1.03 32
Test condition -2.25 0.61 -3.72 <.01
Habit x Test -0.21 0.61 —0.34 74

Note. SE = standard error.

habituation stimulus (/na/ or /na/), and the test conditions (same, subtle
change), and a random subject intercept.

Transparency and Openness

The same procedure as in Experiment 1 was followed. The results
of the combined analysis of Experiments 1 and 3 can be found in the
study’s Open Science Framework at https://osf.io/8v659/. Below,
we report the results of Experiment 3.

Results

Table 2 shows the mean accumulated looking times for the
pretest, habituation, and posttest phases, as well as the mean number
of habituation trials. The looking times for the same and change test
trials are presented in Figure 3. There were no significant effects
observed in the planned (see Table 5) nor in the exploratory analysis
comparing the same test trial with the salient change /ma/ trial (see
Appendix D).

Discussion

The results showed no evidence that 4- to 6-month-old Tagalog-
learning children can discriminate the subtle /n/ and /y/ contrast in
the word-final position. Because of the null result, we do not have
evidence to show that the higher frequency of this contrast in the
word-final than in the word-initial position makes it easier to

Figure 3
Average Accumulated Looking Times for the Same and Subtle
Change Test Trials per Habituation Stimulus in Experiment 3
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discriminate. It is possible that there was no frequency advantage
because infants are also more sensitive to contrasts in the word-
initial than in the final position (Zamuner, 2006). From the current
findings, we also do not have evidence that 4- to 6-month-olds can
discriminate /n/ and /m/ in the word-final position.

General Discussion

Through a corpus analysis and three field habituation experiments
closely following Sundara et al.’s (2018) method, we tested
Tagalog-learning infants’ ability to discriminate the subtle /n/-/n/
contrast in the word-initial and word-final positions. In doing so, we
tested the universal discrimination account (Kuhl, 2004; Kuhl et al.,
2006, 2008; Sundara et al., 2018), which predicts that infants can
discriminate all contrasts at birth, and the acoustic salience account
(Chladkova & Paillereau, 2020; Narayan, 2019; Narayan et al.,
2010), which predicts that subtle contrasts take long to acquire, and
are not discriminable at birth. Additionally, we tested if phoneme
frequency affects infants’ phonetic discrimination (Anderson et al.,
2003), such that contrasts in the more frequent position are acquired
earlier than contrasts in the less frequent position; and last, if
contrasts in the word-final position are discriminated later than
contrasts in the initial position (Zamuner, 2006). Our results
indicate that the 10- to 12-month-old group was able to dis-
criminate the subtle /n/ and /i/ contrast. However, the younger 4- to
6-month-old group did not show discrimination of the subtle
contrast in either word-initial or word-final position. These results
have both methodological and theoretical implications that we
discuss below.

From a methodological perspective, the present study was among
the very first that probe infants’ speech sound discrimination in
infants growing up in the Global South, particularly in Southeast
Asia. One reason for the lack of infant perception studies in these
regions of the world might be the lack of availability of babylabs.
With the present result of 10- to 12-month-olds showing discrim-
ination of a subtle contrast, we demonstrate that the methodology of
setting up a mobile lab for experimental field studies can be suc-
cessfully applied.

From a theoretical perspective, the current data best support the
acoustic salience account. It is possible that infants need enough
experience with their ambient language (Narayan et al., 2010),
namely exposure and use of lexical minimal pairs to be able to
discriminate a subtle contrast (Narayan, 2019). Because of
the need for experience, only older infants show evidence of
discrimination. The current findings are more in line with Narayan
et al. (2010) data from Tagalog-learning infants in Canada than
with Sundara et al.’s (2018) data from English-learning infants in
the United States of America. As we closely followed Sundara
et al.’s method, the present study suggests that the lack of dis-
crimination in the Narayan et al.’s study may not solely be
attributed to lack of methodological sensitivity.

Our current data do not provide evidence supporting the fre-
quency-based phonetic discrimination account (Anderson et al.,
2003), as we did not find an earlier discrimination of the more
frequent /n/-/y/ contrast in the word-final position compared with the
word-initial position. As the younger group did not show discrimi-
nation of the contrasts, we also do not have evidence that contrasts in
the word-final position are discriminated later than contrasts in the
initial position (Zamuner, 2006). It is possible that we did not observe
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Table 5
Main Effects and Interaction in Experiment 3

Predictor Estimate SE t )4
(Intercept) 4.73 0.55 8.56 <.01
Habituation trial 0.21 0.55 0.37 71
Test condition 0.01 0.53 0.01 .99
Habit x Test -0.29 0.53 —0.54 .59

Note. SE = standard error.

a frequency advantage, as this was canceled out by the lack of
sensitivity of infants to contrasts in the word-final position. The effect
of phoneme frequency and position can potentially be answered by
testing an older group on discriminating the /n/-/n/ contrast in the
word-final position. If older infants show discrimination of the subtle
contrast only in the initial position (as in Experiment 2), but not in the
word-final position, this will suggest that contrasts in the word-final
position are discriminated later than those in the initial position, even
if the contrast is more frequent in the final than initial position. This
awaits further research.

Cumulatively, the previous and current findings indicate that
infants aged 4 to 6 months can discriminate the subtle /n/-/1/ contrast
under certain conditions, although it is more challenging for them
compared with infants aged 10 to 12 months. The big question
remains—how come the 4- and 6-month-old English-learning in-
fants in Sundara et al.’s (2018) study showed discrimination of the
same subtle nasal contrast which does not exist in the word-initial
position in their language, but not the younger Tagalog-learning
infants whose language natively has this contrast? One possibility is
that the English-learning infants were processing the stimuli at a
more surface, acoustic level. This follows one of Zamuner’s (2006)
explanations for the discrepancy in their finding of lack of dis-
crimination of Dutch-learning 10-month-olds of stops in the final
position, compared with Jusczyk’s (1977) finding of discrimination
in English-learning 2-month-olds. Zamuner explained that the
English-learning infants might have discriminated the stimuli based
solely on auditory cues, while the older Dutch-learning infants
might have tried to access a phonetic mechanism to process the
stimuli. This implies that the infants were paying attention to dif-
ferent cues, with the Tagalog-learning group potentially trying to
identify words during the task.

A second possibility is that cross-linguistically and/or cross-
culturally, infants differ in their developmental trajectory of
showing sensitivity to specific aspects contained in the speech
signal. Interestingly, our findings are in line with studies conducted
in Asia which show late discrimination of native contrasts (/p/-/p"/
in Korean: Choi et al., 2024; /p/-/p"/ in Thai, /p/ vs. /b/ in Japanese:
Mazuka et al., 2022; /a/-/a:/ in Japanese: Sato et al., 2010; /t/-/tt/
in Japanese: Sato et al., 2012; /s/-/s*/ in Korean: Shin et al., 2018).
It might be straightforward to assume that potential language
similarities could be the common ground for why speech sound
development in infants in Asia would be different. However, these
languages are not genetically related and they differ in structural
characteristics. For example, their phoneme inventories differ both
in number and types of phonemes, and their prosodic structures are
different too. Tagalog neither has lexical tone (unlike Thai) nor
pitch accents (unlike Japanese). The only notable similarity relates
to the syllable structure: all languages prefer simple syllables

(mostly CV, V, VC, CVC; even if some consonant clusters are
allowed in Thai and Korean, and in loanwords in Tagalog). The
reasons for the later discrimination found in studies in Asia compared
with others can only be answered by future research. Notably, to geta
deeper understanding of similarities and differences, it is important to
conduct controlled cross-linguistic comparisons, as in the present
study, where the method was nearly identical to Sundara et al. (2018)
yet the results were different. Cross-linguistic differences in con-
trolled comparative settings have also been reported in the past, for
example, by Piot et al. (2024) who found differences in sensitivity to
low-salient consonant cluster contrasts in French and German-
learning infants. Such results show that developmental paths may
differ between infants learning different languages and in different
environments. For now, the studies in Asia indicate that if we test
beyond the small set of Indo-European languages reported in prior
studies, the theories based on these latter findings may no longer
hold. In the next subsection, we discuss other factors that might affect
phonetic discrimination.

In terms of broader phonological development theories, the
current findings are compatible with both attunement and perceptual
learning theories (Aslin & Pisoni, 1980). Attunement claims that
innate sensitivities are enhanced by experience, while perceptual
learning theory claims that experience is required to induce the
sensitivities in the first place. Following Narayan et al. (2010), it is
possible that infants are initially only sensitive to more salient
contrasts which they refine by experience. However, teasing these
two theories apart would require further testing, particularly cov-
ering nonnative contrasts, as well as more salient native contrasts.
The current findings do not provide evidence to fully support the
native language magnet theory-expanded (Kuhl et al., 2008) which
states that during the first year of life, infants’ learning of the
statistical and prosodic distributions of their language alters their
neural structure, leading to stronger neural connections for these
ambient regularities, and eventual use of these learned patterns in
more complex linguistic tasks such as word learning (Kuhl, 2004).
This model predicts universal discrimination of contrasts before 6
months and improvement in infants’ ability to perceive native
contrasts during the remaining half the first year. The current results
do show improvement as only the older group showed discrimi-
nation of the subtle contrast, but they do not provide evidence for
universal discrimination at a younger age.

Other Factors Affecting Phonetic Discrimination

Another potential explanation for the lack of evidence for nasal
discrimination in the younger group in the current research is their
low SES (Gonzalez-Gomez et al., 2021; Singh et al., 2022). Singh
et al. (2022) showed that 6- to 12-month-old infants’ discrimination
of a native contrast (i.e., /ba/-/da/) was predicted by the family’s
SES, such that the higher the family SES, the better the discrimi-
nation of a native contrast. In particular, maternal occupation
predicted discrimination, which the authors proposed to be due to
different factors. One of these is mother—child engagement, with
mothers with higher education or who work in higher status pro-
fessions providing more stimulation to their children, resulting in
better language sensitivity. Another is the increased financial capital
of families with a mother who works in higher status professions.
This higher income provides families with access to resources that
stimulate language development (e.g., books) and allows them to



gies, are reserved.

g, and similar technolo

All rights, including for text and data mining, Al training

&

TAGALOG-LEARNING INFANTS’ NASAL DISCRIMINATION 11

engage with the infants to a greater extent, enabling parents to
provide higher quantity and quality of infant-directed speech
to their children, compared with families with lower SES (see
Melvinetal., 2017, for how a linguistically rich environment may
be more critical for early phonetic discrimination compared with
a high family SES). We did not have information on maternal
occupation in the current research, but the experiments were
conducted in the city with the 4th highest poverty incidence in the
National Capital Region in 2023 (Philippine Statistics Authority,
2024). Additionally, 84% of the mothers and 88% of the fathers in
the current research did not have a college diploma, which
severely limits one’s chance of getting a job, more so, one that
pays more than the minimum wage in the country (Philippine
Business for Education, 2024).

Aside from the family SES, infants’ bilingualism might have also
influenced the current results. While some studies suggest simi-
larities in phoneme development for monolingual and bilingual
infants (Fennell & McDonald, 2024; Mousley et al., 2024), others
have shown differences (Bosch & Sebastian-Gallés, 2003; Burns et
al., 2007; Garcia-Sierra et al., 2011; Liu & Kager, 2016; Singh et al.,
2017, 2018). For instance, Garcia-Sierra et al. (2011) found that only
the 10- to 12-month-old Spanish English bilinguals and not the 6- to
9-month-olds showed evidence of neural discrimination of Spanish
and English contrasts. The authors explained that this late discrim-
ination of native contrasts by bilinguals might be because bilinguals
have to remain more open to variations (e.g., a variation may be
contrastive in one of their languages, but not in the other) and less
neurally committed, given the higher variability in the input that they
receive, compared with monolinguals of the same age. Bilinguals
would need enough exposure to their languages to be able to identify
the areas where their languages have opposing or the same rules
(Singh et al., 2024). Although the participants of the present study are
from Tagalog-dominant families, 47% had exposure to English
through their caregivers and 91% through media.

Although we found significant effects of test conditions for the
older group, indicating that the method worked, the field conditions
in the current experiments might have affected the results. For
example, it was quite hot in the testing room. Despite the use of
electric fans, some infants became irritable and cried because of the
heat (as explained by their caregivers) leading to dropout. Compared
with most studies on phonetic discrimination, the current experi-
ments were not conducted under lab conditions. This situation
means that there were more external noise (e.g., electric fans) and
distractions during the experiments, compared with those in other
studies. On the one hand, such a situation is possibly more eco-
logically valid, as it is more similar to the infants’ daily environment
than lab conditions. On the other hand, the settings used in the
paradigm were based on lab studies. For example, the field dis-
tractions could have potentially affected when infants habituate to
the stimuli, and in this case, perhaps the set habituation criterion
based on lab studies was inappropriate. One way to test this is by
creating similar nonlab conditions in labs which have previously
shown discrimination of subtle contrasts.

Despite the nonlab conditions of our experiments, we were able to
address our research questions and to identify potential future di-
rections of study. Conducting such field experiments in low-
resource countries and populations without developmental labs can
be one of the ways to address the lack of diversity in infant research
(Singh et al., 2022) and language acquisition (Kidd & Garcia, 2022)

and developmental science (Singh et al., 2025) in general. We
believe that if developmental science is serious in making our science
more diverse and inclusive, we should embrace the imperfect con-
ditions of field psycholinguistic research for now, and recognize such
studies as an informative first step into understanding how infants
around the world, and not just in the Global North, acquire language.

Conclusion

Overall, we found discrimination of the subtle /n/-/y/ contrast
only in 10- to 12-month-old Tagalog-learning children and not in 4-
to 6-month-olds. Our findings provide supporting evidence to the
claim that acoustic salience has an influence on infant phonetic
discrimination. The current research underlines the importance of
conducting studies in underrepresented populations, which in the
future will hopefully be able to show the exact conditions under
which infants show sensitivity to a phonetic contrast.
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Appendix A

Average Acoustic Measurements of the Stimuli Tokens Used in Experiments 1-3

Item Nasal duration (ms) Total duration (ms) F2 onset/offset (Hz) F3 onset/offset (Hz) F1 midpoint (Hz) F2 midpoint (Hz)
/na/ 122.42 506.56 1799.71 2816.14 948.97 1505.88
/nyal 121.98 485.56 1592.70 2599.66 924.10 1496.41
/ma/ 132.40 501.60 1365.19 2531.27 937.42 1437.45
/an/ 253.57 440.36 1897.64 2649.53 333.78 1505.43
an/ 242.78 430.51 1265.44 2752.02 289.04 1205.22
Jam/ 243.72 418.39 1345.13 2580.06 304.88 1383.33

Note. The values for the word-initial nasals reported here differ slightly from those reported in Narayan et al. (2010), which is probably due to a

difference in how these properties were measured.
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Appendix B

Main Effects and Interaction in the Exploratory Salient

Change Analysis in Experiment 1

15

Predictor Estimate SE t P
(Intercept) 491 0.83 5.93 <.01
Habituation trial —1.08 0.83 —1.31 21
Test condition 0.32 0.5 0.63 .53
Habit x Test -1.13 0.5 -2.25 .04
Note. SE = standard error.

Appendix C
Main Effects and Interaction in the Exploratory Salient
Change Analysis in Experiment 2

Predictor Estimate SE t p
(Intercept) 5.08 0.56 9.11 <.01
Habituation trial -0.01 0.56 —0.01 99
Test condition -0.47 0.56 —0.85 40
Habit x Test 0.68 0.56 1.22 23
Note. SE = standard error.

Appendix D
Main Effects and Interaction in the Exploratory Salient
Change Analysis in Experiment 3

Predictor Estimate SE t p
(Intercept) 4.81 0.65 7.43 <.01
Habituation trial 0.19 0.65 0.29 a7
Test condition -0.07 0.41 —0.17 .87
Habit x Test -0.27 0.41 —0.66 52

Note. SE = standard error.
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